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Description

TECHNICAL FIELD

[0001] The present invention relates to a hot water
supply system that includes a heat pump heating unit
capable of supplying hot water to a hot water storage
tank.

BACKGROUND ART

[0002] A hot water supply system conventionally
known is capable of storing, in a hot water storage tank,
hot water generated using a heat pump heating unit, and
further heating the hot water supplied from the hot water
storage tank to a hot water supply terminal using a gas
heater. For example, the hot water supply system dis-
closed in Patent Literature 1 (JP 2013‑113495 A) per-
forms a heating operation using the gas heater as well as
boiling of water in a hot water storage tank using the heat
pumpheatingunitwhenhotwater in thehotwater storage
tank runsout. In thismanner, supplyof thehotwater to the
hot water supply terminal is secured even when the hot
water in the hot water storage tank runs out.
[0003] EP 2 559 953 A1 discloses a hot water supply
system comprising: a hot water storage tank (5) config-
ured to store hot water; a hot water delivery unit config-
ured to supply the hot water from the hot water storage
tank to a usage side; a heat pumpheating unit configured
to boil the hot water in the hot water storage tank; and an
auxiliary heating unit configured to heat the hot water
supplied from the hot water storage tank to the hot water
delivery unit, wherein the hot water supply system is
configured to perform a heat pump isolated operation
that boils the hotwater in the hotwater storage tank using
the heat pump heating unit, the heat pump isolated
operation includes boiling in a first mode and boiling in
a secondmode having heating capabilities different from
each other, and the heating capability of the boiling in the
first mode is higher than the heating capability of the
boiling in the second mode, and heat pump efficiency
of the boiling in the first mode is lower than heat pump
efficiency of the boiling in the second mode.

SUMMARY OF THE INVENTION

<Technical Problem>

[0004] The heat pump heating unit is generally oper-
ated at a heating capability (frequency) that maximizes
heat pump efficiency (COP) in accordance with an out-
side air temperature regardless of a required amount of
heat. In other words, the heat pump heating unit is uni-
formly operated at the heating capability (frequency) that
maximizes COP in both of a case where a sufficient
amount of heat can be secured only by the boiling opera-
tion using the heat pump heating unit, and a case where
heating by the gas heater is required due to a shortage of

the amount of heat as a result of delivery of a large
amount of hot water, for example.
[0005] Meanwhile, when COP of the heat pump heat-
ing unit is converted into primary energy efficiency and
compared with primary energy efficiency of an auxiliary
heating unit such as a gas heater, the efficiency of the
heat pump heating unit is often higher than that of the
auxiliaryheatingunit.Accordingly,whenashortageof the
amount of heat occurs, i.e., hot water in the hot water
storage tank runs out, for example, at the time of boiling
by the heat pump heating unit having the heating cap-
ability described above, optimal overall energy efficiency
of the system including the heat pump heating unit and
the auxiliary heating unit is difficult to achieve in some
cases by performing operation together with heating by
the auxiliary heating unit.
[0006] An object of the present invention is to provide a
hot water supply system including a heat pump heating
unit and an auxiliary heating unit and capable of optimiz-
ing overall energy efficiency of the system.

<Solution to Problem>

[0007] A hot water supply system of the present inven-
tion includes a hot water storage tank that stores hot
water, a hot water delivery unit that supplies the hot water
from thehotwater storage tank toauseside, a heat pump
heating unit that boils the hot water in the hot water
storage tank, and an auxiliary heating unit capable of
heating the hot water supplied from the hot water storage
tank to the hot water delivery unit. The hot water supply
system is configured to perform a heat pump isolated
operation that boils the hot water in the hot water storage
tank using the heat pump heating unit, and an auxiliary
heating combined operation that simultaneously per-
forms boiling of the hot water in the hot water storage
tank and heating of the hot water using the auxiliary
heating unit when an amount of heat is insufficient only
by theboilingof thehotwater in thehotwater storage tank
using theheat pumpheatingunit. Theheat pump isolated
operation includes boiling in a first mode and boiling in a
second mode having different heating capabilities. The
heating capability of the boiling in the first mode is higher
than the heating capability of the boiling in the second
mode, and heat pump efficiency of the boiling in the first
mode is lower than heat pump efficiency of the boiling in
the secondmode. In addition, the boiling in the first mode
is performed in a predetermined condition where a short-
age of the amount of heat is likely to be caused by the
boiling in the second mode in a state where a large
amount of delivery of the hot water is estimated or a large
amount of the hot water is actually delivered.
[0008] According to this configuration, total energy
efficiency of the entire hot water supply system can be
optimized by reducing the proportion of the heating
amount generated by the auxiliary heating unit in the
heating amount of the entire system.
[0009] In the hot water supply system described
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above, the heating capability of the boiling in the first
mode may be higher than a heating capability at which
COPmay be maximized at an outside air temperature at
that time. In addition, primary energy efficiency of the
boiling in the first mode may be equal to or higher than
primary energy efficiency during isolated operation of the
auxiliary heating unit.
[0010] This configuration reduces a decrease in the
primary energy efficiency of the heat pumpheating unit to
efficiency lower than the primary energy efficiency of the
auxiliary heating unit, thereby reducing a drop of the
overall energy efficiency of the hot water supply system.
[0011] The hot water supply system described above
may further include ahot water storage amount detection
unit that detects a hot water storage amount in the hot
water storage tank. The boiling in the second mode may
be started when the hot water storage amount detected
by the hot water storage amount detection unit becomes
smaller than a first hot water storage amount. The boiling
in the second mode may be switched to the boiling in the
firstmodewhen thehotwater storageamount becomesa
second hot water storage amount smaller than the first
hot water storage amount.
[0012] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a
decrease in the amount of hot water in the hot water
storage tank, thereby optimizing the overall energy effi-
ciency of the hot water supply system.
[0013] The above hot water supply systemmay further
include a bathtub 10a to which the hot water is supplied
from the hot water delivery unit. The boiling in the first
mode may be performed when a hot water filling instruc-
tion for supplying the hot water at a target temperature to
the bathtub 10a is issued.
[0014] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a
decrease in the amount of hot water in the hot water
storage tank as a result of delivery of a large amount of
hotwater during fillingof hotwater, therebyoptimizing the
overall energy efficiency of the hot water supply system.
[0015] The hot water supply system described above
may further include: a hot water delivery amount detec-
tion unit that detects ahotwater delivery amount supplied
from the hot water storage tank to the hot water delivery
unit; a history information storage unit that stores history
information indicating a hot water delivery amount de-
tected by the hot water delivery amount detection unit,
and a hot water delivery time; and a hot water delivery
prediction unit that predicts a scheduled hot water deliv-
ery amount and a scheduled hot water delivery time
based on the history information stored in the history
information storage unit. In this case, the boiling in the
firstmode is performedwhen delivery of the hot water not
predicted by the hot water delivery prediction unit is
executed at a time of operation of the heat pump heating
unit for storing the scheduled hot water delivery amount
predicted by the hot water delivery prediction unit in the
hot water storage tank by the scheduled hot water deliv-

ery time.
[0016] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a
decrease in the amount of hot water in the hot water
storage tank, thereby optimizing the overall energy effi-
ciency of the hot water supply system.
[0017] The hot water supply system may further in-
clude: a hot water storage amount detection unit that
detects a hot water storage amount in the hot water
storage tank; a hot water delivery amount detection unit
that detects a hot water delivery amount supplied from
the hot water storage tank to the hot water delivery unit; a
history information storage unit that stores history infor-
mation indicating a hot water delivery amount detected
by the hot water delivery amount detection unit, and a hot
water delivery time; and a hot water delivery prediction
unit that predicts a scheduled hot water delivery amount
and a scheduled hot water delivery time based on the
history information stored in the history information sto-
rage unit. In this case, the boiling in the first mode is
performed when the scheduled hot water delivery
amount is larger thana total valueof thehotwater storage
amount detected by the hot water storage amount detec-
tion unit and a scheduled hot water storage amount at the
scheduled hot water delivery time of an operation by the
boiling in the second mode.
[0018] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a
decrease in the amount of hot water in the hot water
storage tank, thereby optimizing the overall energy effi-
ciency of the hot water supply system.
[0019] In the hot water supply system, the heat pump
heating unit may include a refrigerant circuit through
which a refrigerant circulates, the refrigerant circuit in-
cluding a compressor, a radiator, an expansion mechan-
ism, and an evaporator each connected to the refrigerant
circuit. A frequency of the compressor in the boiling in the
first mode may be higher than a frequency of the com-
pressor in the boiling in the second mode at a same
outside air temperature.
[0020] This configuration can produce a heating cap-
ability necessary for the boiling in the first mode by
increasing the frequency of the compressor.
[0021] In the hot water supply system, the heat pump
heating unit may include a refrigerant circuit through
which a refrigerant circulates, the refrigerant circuit in-
cluding a compressor, a heat source side heat exchan-
ger, an expansion mechanism, and a usage-side heat
exchanger each connected to the refrigerant circuit. The
heat pump heating unit may further include a fan that
feeds air to the heat source side heat exchanger to cause
heat exchange. In this case, a number of revolutions of
the fan in the boiling in the firstmodemay be larger than a
number of revolutions of the fan in the boiling in the
second mode at a same outside air temperature.
[0022] This configuration can produce a heating cap-
ability necessary for the boiling in the first mode by
increasing the number of revolutions of the fan.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a configuration diagram of a hot water
supply system according to an embodiment of the
present invention.
FIG. 2 is a configuration diagram of a control unit of
the hot water supply system in FIG. 1.
FIG. 3 is a diagram showing a change in COP in
accordancewith a change in a heating capability of a
heat pump unit.
FIG. 4 is a diagram showing a change in primary
energy efficiency in accordance with the change in
the heating capability of the heat pump unit.
FIG. 5 isa flowchart for describinganoperationof the
hot water supply system in FIG. 1.
FIG. 6 is a time chart for describing the operation of
the hot water supply system in FIG. 1.
FIG. 7 is a flowchart for describing an operation of a
hotwater supply systemaccording toModificationA.
FIG. 8 is a flowchart for describing an operation of a
hotwater supply systemaccording toModificationB.
FIG. 9 is a diagram showing a change in a usage
charge per unit capability in accordance with a
change in the heating capability of the heat pump
unit.
FIG. 10 is a diagram showing a change in a carbon
emission amount per unit capability in accordance
with a change in the heating capability of the heat
pump unit.

DESCRIPTION OF EMBODIMENTS

(1) Configuration of hot water supply system 1

[0024] FIG. 1 is a configuration diagram of a hot water
supply system 1 according to an embodiment of the
present invention. The hot water supply system 1 in-
cludes a heat pump unit 2 (heat pump heating unit), a
hot water circuit unit 3 having a hot water storage tank 5,
and a gas heater 6 (one example of auxiliary heating
unit). The heat pump unit 2 generates hot water to be
stored in the hot water storage tank 5. A hot water supply
terminal 10 (one example of hot water delivery unit)
delivers hot water from the hot water storage tank 5.
The hot water in the hot water storage tank 5 is further
heated by the gas heater 6 as needed before delivery.

(1‑1) Configuration of heat pump unit 2

[0025] The heat pump unit 2 includes a refrigerant
circuit 41 where a refrigerant circulates. The refrigerant
circuit 41 is constituted by a compressor 11, an outdoor
heat exchanger (heat source sideheat exchanger) 12, an
expansionvalve (oneexampleof expansionmechanism)
13, and a hot water supply heat exchanger (usage-side
heat exchanger) 16 connected to each other via a re-

frigerant pipe 40. A fan 15 is disposed in such a position
as to face the outdoor heat exchanger 12. An outside air
temperature sensor 21 detects an outside air tempera-
ture.
[0026] In a boiling operation for storing hot water in the
hot water storage tank 5, the refrigerant discharged from
the compressor 11 sequentially flows to the hot water
supply heat exchanger 16, the expansion valve 13, and
the outdoor heat exchanger 12 as indicated by arrowsR1
in FIG. 1, and returns to the compressor 11 after passing
through the outdoor heat exchanger 12 to constitute a
heating cycle. In this case, the hot water supply heat
exchanger 16 functions as a condenser, while the out-
door heat exchanger 12 functions as an evaporator. In
this boiling operation, the hotwater for hotwater supply is
heated by heat exchange between the high-temperature
refrigerant having entered from the discharge side of the
compressor 11 and the hot water for hot water supply in
the hot water supply heat exchanger 16.

(1‑2) Configuration of hot water circuit unit 3

[0027] The hot water circuit unit 3 is connected to the
hotwater supply heat exchanger 16. The hot water circuit
unit 3 is configured to circulate hot water by connecting
thehotwater storage tank5, apump17,and thehotwater
supply heat exchanger 16 via a water pipe 45. The
discharge side of the pump 17 of the hot water circuit
unit 3 is connected to a hot water inlet of the hot water
supply heat exchanger 16, and the suction side of the
pump17 is connected to one end of the hot water storage
tank 5. A hot water outlet of the hot water supply heat
exchanger 16 is connected to the other end of the hot
water storage tank 5.
[0028] Hot water that exchanges heat with the refrig-
erant flowing through the hot water supply heat exchan-
ger 16 circulates in the hot water circuit unit 3. Specifi-
cally, when the boiling operation is performed, hot water
caused to flow from the hot water storage tank 5 by the
pump 17 is supplied to the hot water supply heat exchan-
ger 16. In addition, hot water heated by the hot water
supply heat exchanger 16 is returned to the hot water
storage tank 5.
[0029] A hot water delivery temperature sensor 22 is
disposed in the vicinity of the hot water outlet of the hot
water supply heat exchanger 16, and detects a tempera-
ture of the hot water flowing from the hot water supply
heat exchanger 16. Thehotwater storage tank5 includes
a plurality of hot water storage temperature sensors 5a to
5d (hotwater storageamount detectionunit), anddetects
ahotwater storageamount basedonwater temperatures
detected by each of the hot water storage temperature
sensors 5a to 5d. Note that the outside air temperature
sensor 21, the hot water delivery temperature sensor 22,
and the hot water storage temperature sensors 5a to 5d
described above may be any sensors as long as the
detected temperatures can be output to a control unit 30.
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(1‑3) Configuration of hot water supply terminal 10 and
gas heater 6

[0030] Hot water in the hot water storage tank 5 of this
configuration is delivered via the hot water supply term-
inal 10. The gas heater 6 is disposed between the hot
water storage tank5and thehotwater supply terminal 10,
and has a heating unit 6a. The hot water storage tank 5,
the gas heater 6, and the hotwater supply terminal 10 are
connected via a water pipe 47. The gas heater 6 is
capable of heating the hot water supplied from the hot
water storage tank 5 before the hot water is supplied to
the hot water supply terminal 10. The hot water supply
terminal 10 can supply the hot water in the hot water
storage tank 5 for use by a user, and also supply the hot
water to a bathtub 10a.
[0031] A flow rate sensor 23 (flow rate detection unit) is
provided in the water pipe 46, and detects a flow rate of
thehotwater supplied from thehotwater storage tank5 to
the hot water supply terminal 10. Alternatively, the flow
rate sensor 23may beprovided in awater pipe other than
the water pipe 46 as long as the amount of the hot water
supplied from the hot water storage tank 5 can be de-
tected.
[0032] As described above, the hot water supply sys-
tem 1 includes the heat pump unit 2 (heat pump heating
unit) capable of supplying hot water to the hot water
storage tank 5, and the gas heater 6 (auxiliary heating
unit) capable of heating hot water supplied from the hot
water storage tank 5 to the hot water supply terminal 10.
The hot water supply system 1 is capable of performing a
boiling operation for storing hot water in the hot water
storage tank 5 using the heat pump unit 2, and an addi-
tional heating operation for heating hot water supplied
from the hot water storage tank 5 as necessary using the
gas heater 6 at the timeof supply of hotwater from thehot
water storage tank 5 to the hot water supply terminal 10.
The operation performed by the hot water supply system
1 is classified into a heat pump isolated operation for
performingonly theboilingoperation, anauxiliaryheating
isolatedoperation for performingonly theadditional heat-
ing operation, and an auxiliary heating combined opera-
tion for simultaneously performingboth theboiling opera-
tion and the additional heating operation.

(1‑4) Configuration of control unit 30 of hot water supply
system 1

[0033] The control unit 30 of the hot water supply
system 1 includes a CPU, a ROM, a RAM (none of them
shown), and others. As shown in FIG. 2, the control unit
30 of the hot water supply system 1 includes a hot water
runout determination unit 31, a COP curve storage unit
32, a COP curve calculation unit 33, an efficiency calcu-
lation unit 34a, a capability derivation unit 35, a boiling
control unit 36, a hot water delivery control unit 37, a
history information storage unit 38, and a hot water
delivery prediction unit 39. The input side of the control

unit 30 is connected to the hot water storage temperature
sensors 5a to 5d attached to a side surface of the hot
water storage tank 5, a remote controller 20, the outside
air temperature sensor 21, the hot water delivery tem-
perature sensor 22, and the flow rate sensor 23. The
output side of the control unit 30 is connected to the
compressor 11, the fan 15, the heating unit 6a, and an
actuator such as the pump17. An input received from the
remote controller 20 is transmitted to each of the heat
pump unit 2 and the hot water circuit unit 3.
[0034] The hot water runout determination unit 31 de-
termineswhetheror not ahotwater storageamount in the
hotwater storage tank 5hasdecreased (the proportion of
hot water in the hot water storage tank 5 has decreased)
and the hot water has run out (whether the boiling opera-
tion needs to be performed). According to the present
embodiment, the hot water runout determination unit 31
determines theneed for the boiling operation to copewith
runout of the hot water (a state that the hot water storage
amount has become a predetermined value or smaller)
caused by a decrease in the proportion of the hot water in
the hot water storage tank 5 when the temperature de-
tected by the hot water storage temperature sensor 5b
attached to the side surface of the hot water storage tank
5 is lower than a hot water storage target temperature by
a predetermined temperature or more. A hot water de-
livery target temperature is input from the user by opera-
tion of the remote controller 20.
[0035] TheCOPcurve storageunit 32 stores a plurality
of COP curves. The plurality of COP curves corresponds
to variousoutsideair temperaturesandhotwaterdelivery
target temperatures.Asshown inFIG.3, eachof theCOP
curves indicates a heating capability (compressor fre-
quency) represented on the horizontal axis, and COP on
the vertical axis to show the heating capability of the heat
pump unit 2 and the COP at the corresponding heating
capability. As shown in FIG. 3, the COP of the heat pump
unit 2 has a maximum value b at a heating capability a1.
[0036] When the need for the boiling operation is de-
termined, the COP curve calculation unit 33 calculates a
COP curve based on the outside air temperature and the
hot water delivery target temperature at that time. Ac-
cording to the present embodiment, the COP curve sto-
rageunit 32storesaplurality ofCOPcurves.Accordingly,
the COP curve calculation unit 33 obtains a COP curve
corresponding to the outside air temperature and the hot
waterdelivery target temperatureat that time fromamong
the COP curves stored in the COP curve storage unit 32.
The outside air temperature is a temperature detected by
the outside air temperature sensor 21. The hot water
delivery target temperature is a temperature input by the
remote controller 20.
[0037] The efficiency calculation unit 34a calculates
primary energy efficiency of the heat pump unit 2 based
on theCOP curve obtained by the COP curve calculation
unit 33. According to the present embodiment, the effi-
ciency calculation unit 34a uses a primary energy con-
version coefficient of 0.369 for each COP curve to calcu-
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late the primary energy efficiency. Accordingly, as shown
in FIG. 4, the primary energy efficiency curve calculated
based on the COP curve indicates the heating capability
of the heat pumpunit 2, and the primary energy efficiency
at the corresponding heating capability, on the horizontal
axis representing the heating capability and the vertical
axis representing the primary energy efficiency. As
shown in FIG. 4, the curve of the primary energy effi-
ciency calculated based on the COP curve has a max-
imum value c at the heating capability a1. In FIG. 4, the
primary energy efficiency of the gas heater 6 is indicated
as d.
[0038] The capability derivation unit 35 derives the
heating capability of the heat pump unit 2 based on the
COPcurve inFIG.3.Thecapability derivationunit 35sets
the heating capability of the boiling operation in accor-
dance with an amount of water allowed to be boiled by a
predetermined time described below and a predicted hot
water delivery amount, or other operating conditions. The
heating capability of the gas heater 6 during execution of
the auxiliary heating combined operation is derived from
a difference between the temperature of the hot water
supplied from the hot water storage tank 5 and the
temperature of the hot water obtained at the time of
delivery of the hot water from the hot water supply term-
inal 10, and then based on an insufficient heating cap-
ability of the heat pump unit 2.
[0039] The boiling control unit 36 controls a frequency
of the compressor 11, a number of revolutions of the
pump 17, and a number of revolutions of the fan 15.
Specifically, the boiling control unit 36 controls the fre-
quency of the compressor 11 and the number of revolu-
tions of the fan 15 during the boiling operation based on
the heating capability of the heat pump unit 2 derived by
the capability derivation unit 35. The boiling control unit
36maintains a constant frequency of the compressor 11,
and controls the number of revolutions of the pump 17 to
obtain a hot water delivery target temperature.
[0040] The hot water delivery control unit 37 controls
the heating unit 6a of the gas heater 6 during the addi-
tional heating operation performed at the time of delivery
of hot water based on the heating capability of the gas
heater 6 derived by the capability derivation unit 35.
[0041] The history information storage unit 38 stores a
hot water delivery amount per unit time detected by the
flow rate sensor 23 as history information in association
with a measurement time. The history information sto-
rage unit 38 stores, as history information, a fluctuation
tendency of the hot water delivery amount for each time
zone in one day (or each day of the week), and a total hot
water delivery amount, for example.
[0042] The hot water delivery prediction unit 39 ana-
lyzes, as a pattern, the time zone and the hot water
delivery amount when a large amount of hot water is
delivered for the user based on the history information
stored in thehistory information storageunit 38described
above. The hot water delivery amount and the hot water
delivery time are predicted based on this pattern of

delivered hot water. The control unit 30 compares, at
predetermined time intervals (e.g., at intervals of ten
minutes), a hot water storage amount detected by the
hotwater storage temperature sensors 5a to 5d of the hot
water storage tank 5 with a hot water delivery amount
predicted by the hot water delivery prediction unit 38
within a predetermined time (e.g., two hours) from a
current time. When the predicted hot water delivery
amount is larger than the hot water storage amount
herein, the control unit 30 instructs a start of the boiling
operation.

(2) Description of heating operation by hot water supply
system 1

[0043] As described above, the hot water supply sys-
tem 1 is configured to perform the heat pump isolated
operation for performing the boiling operation for the hot
water storage tank 5 using only the heat pump unit 2, the
auxiliary heating isolated operation for heating hot water
supplied from thehotwater storage tank5 to thehotwater
supply terminal 10 using only the gas heater 6, and the
auxiliary heating combined operation for simultaneously
executing theboilingoperationusing theheatpumpunit 2
and the additional heating operation using the gas heater
6.
[0044] The boiling operation is performed in a case
where the hot water storage amount in the hot water
storage tank 5 decreases, or where a large delivery
amount of hot water is predicted by the hot water delivery
prediction unit 39. The heat pump isolated operation of
the boiling operation includes an operation in a normal
boiling mode described below (one example of boiling in
second mode), and an operation in a rapid boiling mode
(one example of boiling in first mode). The auxiliary
heatingcombinedoperation isperformed inacasewhere
theamountof heat is insufficient for supplyinghotwaterat
a desired temperature to the user even after the boiling
operation, such as a case where a large amount of hot
water exceeding the hot water storage amount in the hot
water storage tank 5 is delivered. In this case, the addi-
tional heating operation is performed for further heating
hotwater supplied from thehotwater storage tank5using
the heating unit 6a in parallel with the boiling operation. In
this manner, hot water at a desired temperature is sup-
plied to the user evenwhen the hotwater storage amount
in the hot water storage tank 5 decreases.

(2‑1) Description of normal boiling mode (example of
boiling in second mode)

[0045] According to the present embodiment, the op-
eration in the normal boilingmode is performedwhen the
hot water storage amount in the hot water storage tank 5
becomes a predetermined value (e.g., 40 L for a tank
capacity of 100 L of the hot water storage tank 5) or
smaller, or in a night time zone in which an inexpensive
electricity charge is set without estimation of delivery of
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hot water for a long time. The operation in the normal
boiling mode is also performed when the current hot
water storage amount falls below the hot water delivery
amount predicted by thehotwater delivery prediction unit
38 within two hours from the current time.
[0046] When the operation in the normal boiling mode
is performed, the capability derivation unit 35 derives a1
as the heating capability of the heat pump unit 2 to
produce a heating capability maximizing COP in the
COP curve in FIG. 3. Thereafter, the boiling control unit
36 controls the frequency of the compressor 11 and the
number of revolutions of the pump 17 until the hot water
delivery temperature detected by the hot water delivery
temperature sensor 22 reaches a hot water delivery
target temperature based on the heating capability a1.
During the operation in the normal boilingmode, the heat
pump unit operates at the capability maximizing the heat
pump efficiency.

(2‑2) Description of rapid boiling mode (example of
boiling in first mode)

[0047] On the other hand, the operation in the rapid
boiling mode is performed when the hot water storage
amount needs to be rapidly increased. According to the
present embodiment, the operation in the rapid boiling
mode is executed when a sufficient hot water storage
amount is difficult to generate by the operation in the
normal boiling mode. For example, the operation in the
rapid boiling mode is executed when the boiling is not
completed by a predetermined time by the operation in
the normal boiling mode due to delivery of hot water not
predicted by the hotwater delivery prediction unit 39 after
a start of the operation in the normal boiling mode per-
formed in response to a state where the current hot water
storage amount falls below a scheduled hot water deliv-
ery amount within two hours from the current time.
[0048] When the operation in the rapid boiling mode is
performed, the capability derivation unit 35 derives a
heating capability of the heat pump unit 2 at which the
primary energy efficiency of the heat pump unit 2 is
equalized with the primary energy efficiency of the gas
heater 6. Accordingly, as shown in FIG. 4, the capability
derivation unit 35 derives a2 as the heating capability of
the heat pump unit 2 at which the primary energy effi-
ciency of the heat pump unit 2 is equalized with the
primary energy efficiency d of the gas heater 6 based
on a curve of the primary energy efficiency calculated
based on the COP curve. Thereafter, the boiling control
unit 36 controls the frequency of the compressor 11 and
thenumberof revolutionsof thepump17such that thehot
water delivery temperature detected by the hot water
delivery temperature sensor 22 becomes a hot water
delivery target temperature based on the heating cap-
ability a2.
[0049] After the hot water delivery temperature de-
tected by the hot water delivery temperature sensor 22
reaches the hot water delivery target temperature, the

compressor 11 is so controlled as to operate at a fre-
quency (frequency corresponding to the heating capabil-
ity a2) higher than a frequency (frequency corresponding
to the heating capability a1) during operation in the
normal boiling mode. In addition, the pump 17 is so
controlled as to operate at a number of revolutions larger
than the number of revolutions of the pump 17 during
operation in the normal boiling mode. In this manner, the
pump17 is drivenat a larger number of revolutions during
the operation in the rapid boiling mode. Accordingly, the
flow rate of hot water circulating through the hot water
circuit unit 3 increases, whereby the amount of hot water
stored in the hot water storage tank 5 per unit time can
increase in comparison with that amount during opera-
tion in the normal boiling mode while maintaining a con-
stant hot water delivery temperature.

(2‑3) Description of auxiliary heating combined opera-
tion

[0050] According to the present embodiment, the aux-
iliary heating combined operation is performed when the
temperature of hot water supplied from the hot water
storage tank 5 to the hot water supply terminal 10 be-
comes lower than the temperature desired by the user
with a shortage of the hot water storage amount in the hot
water storage tank 5.
[0051] When the auxiliary heating combined operation
is performed, the capability derivation unit 35 initially
derives a1 as the heating capability of the heat pump
unit 2 to produce a heating capability maximizing COP in
the COP curve in FIG. 3. Thereafter, the boiling control
unit 36 controls the frequency of the compressor 11 and
thenumberof revolutionsof thepump17such that thehot
water delivery temperature detected by the hot water
delivery temperature sensor 22 becomes a hot water
delivery target temperature based on the heating cap-
ability a1. The heating capability of the gas heater 6 is
derived based on the insufficient heating capability of the
heat pump unit 2 after the heating capability of the heat
pump unit 2 is derived. Thereafter, the gas heater 6 is
operated by the hot water delivery control unit 37. In the
auxiliary heating combined operation, the heat pump unit
2 is also operated at a capability maximizing heat pump
efficiency, similarly to the operation in the normal boiling
mode.

(3) Description of heat pump isolated operation with re-
ference to flowchart

[0052] An operation of the hot water supply system 1
according to the present embodiment will be described
with reference toFIG. 5.Theflowchart inFIG.5describes
a flow of a process of the heat pump isolated operation
performed by the control unit 30. In the description, S
represents a step, and a number followingS represents a
step number.
[0053] In step S1, it is determined whether a hot water
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storage amount in the hot water storage tank 5 is appro-
priate for the additional boiling operation based on a
temperature detected by the hot water storage tempera-
ture sensor 5d provided on a bottomof the side surface of
thehotwater storage tank5.When the temperatureof the
hot water storage temperature sensor 5d is lower than x
degrees (e.g., 60 degrees), it is determined that addi-
tional boiling is allowed to be performed.
[0054] In subsequent step S2, the current hot water
storage amount detected by the hot water storage tem-
perature sensors 5a to 5d of the hot water storage tank 5
is compared with a scheduled hot water delivery amount
predicted by the hot water delivery prediction unit 39
within two hours from the current time. The scheduled
hot water delivery amount is calculated from a water
supply temperature at the current time, and a hot water
supply set temperature or hot water filling set tempera-
ture set by the user using the remote controller 20.When
the current hot water storage amount is smaller than the
scheduled hot water delivery amount within two hours
herein, the control unit 30 stores a time T as a time two
hours after the current time, and the scheduled hot water
delivery amount (step S3), and starts the operation in the
normal boilingmodeusing theheat pumpunit 2 (stepS4).
Thecapability derivationunit 35derives a1as theheating
capability of the heat pump unit 2 to produce a heating
capabilitymaximizingCOP in theCOPcurve. Thereafter,
the boiling control unit 36 performs the boiling operation
while controlling the frequency of the compressor 11 and
the number of revolutions of the pump 17 in such a
manner as to produce the heating capability a1. On the
other hand,when the current hotwater storage amount is
larger than the scheduled hot water delivery amount
within two hours in step S2, the scheduled hot water
delivery amount within two hours from the current time
is considered to be sufficiently covered by the current hot
water storage amount. Accordingly, the process returns
to step S1 and continues determination as to whether
additional boiling operation is allowed to be performed.
[0055] When the operation in the normal boiling mode
is started in step S4, the flow rate sensor 23 checks
whether or not hot water is delivered from the hot water
supply terminal 10 in step S5. When no hot water is
delivered, the operation in the normal boiling mode is
continued (step S6), and it is determined whether the
additional boiling operation is allowed for the hot water
storage amount in the hot water storage tank 5 (step S7).
When the temperature detected by the hot water storage
temperature sensor 5d is 60 degrees or higher with
determination that the additional boiling is not allowed,
the boiling operation is terminated. When the tempera-
ture detected by the hot water storage temperature sen-
sor 5d is lower than 60 degrees with determination that
the additional boiling is allowed, the process proceeds to
step S8. In this step, the scheduled hot water delivery
amount within two hours is comparedwith the current hot
water storage amount. When the current hot water sto-
rage amount is larger than the scheduled hot water

delivery amount within two hours in step S8, the boiling
operation is terminated. When the current hot water
storage amount is smaller than the scheduled hot water
delivery amount within two hours, the process returns to
step S5 to check whether or not hot water is delivered.
[0056] When hot water is delivered in step S5, the
process further proceeds to step S9. In step S9, it is
checked whether or not the predicted hot water delivery
amountuntil the timeTstored instepS3canbegenerated
bynormalboiling. Inotherwords, acurrent insufficient hot
water amount is calculated and compared with a water
amount allowed to be boiled by the operation in the
normal boiling mode. The insufficient hot water amount
(predicted hot water delivery amount until the time T) is
calculated based on the water supply temperature, and
the hot water supply set temperature or the hot water
filling set temperature set by the user using the remote
controller 20. When the current insufficient hot water
amount is smaller than the water amount allowed to be
boiled by the operation in the normal boiling mode, the
process proceeds to step S6. In this case, the boiling
operation by the operation in the normal boiling mode is
continued, and determinations in foregoing steps S7 to
S8 are made. On the other hand, when the current
insufficient hot water amount is larger than the water
amount allowed to be boiled in the normal boiling mode,
it is predicted that the hotwater storageamount becomes
insufficient at the time T. In this case, the operation is
switched to the boiling operation by the operation in the
rapid boiling mode (step S10). In this case, the capability
derivation unit 35 designates a2 as the heating capability
of the heat pump unit 2. The boiling control unit 36 per-
forms the boiling operation while controlling the fre-
quency of the compressor 11 and the number of revolu-
tions of the pump 17 in such a manner as to produce the
heating capability a2.
[0057] After the operation in the rapid boiling mode is
started, whether the additional boiling operation is al-
lowed is checked based on the temperature detected
by the hot water storage temperature sensor 5d (step
S11). When the temperature detected by the hot water
storage temperature sensor 5d is 60 degrees or higher,
the boiling operation is terminated. When the tempera-
ture detected by the hot water storage temperature sen-
sor 5d is lower than 60 degrees, the process proceeds to
step S12. In this step, the scheduled hot water delivery
amount within two hours is comparedwith the current hot
water storage amount. When the scheduled hot water
delivery amount within two hours is smaller than the
current hot water storage amount, it is considered that
a sufficient hot water storage amount has been gener-
ated. Accordingly, the boiling operation is terminated.
When the scheduled hot water delivery amount within
two hours is larger than the current hot water storage
amount, the process returns to step S5. In this case, the
current insufficient hot water amount is again compared
with the water amount allowed to be boiled by the opera-
tion in the normal boiling mode.

5

10

15

20

25

30

35

40

45

50

55



10

15 EP 3 663 670 B1 16

(4) Description of heat pump isolated operation with re-
ference to time chart

[0058] Described next will be the operation of the hot
water supply system 1 described with reference to the
flowchart of FIG. 5 and performed in a hot water delivery
state in FIG. 6. FIG. 6 is a diagramshowinganexample of
a hot water delivery situation and a boiling situation in a
time zone from the evening to the night, as a period in
which the boiling operation is generally more frequently
performed due to a large amount of hot water delivery in
one day. The vertical axis represents the hot water sto-
rage amount in the hotwater storage tank 5 (left axis) and
the hot water delivery amount (right axis), while the
horizontal axis represents time. A solid line indicates a
change in the actual hot water storage amount, while a
broken line indicates a change in the hot water storage
amount predicted at a time t0.
[0059] The hot water storage tank 5 can store 100 L of
hot water in total. The heat pump unit 2 can boil 30 L/H of
water by the operation in the normal boilingmode, and 45
L/H of water in the operation in the rapid boiling mode.
The hot water delivery amount and the hot water storage
amount are checked every ten minutes. At the time t0
(18:00), the hot water storage amount in the hot water
storage tank 5 is 50 L. The hot water delivery prediction
unit 39 predicts 10 L of hot water delivery froma time t4 to
a time t5 (19: 10 to 19: 30), and97.5Lof hotwater delivery
(not shown) from a time t7 (20:00). It is assumed that hot
water delivery is not predicted at a later time.
[0060] At the time t0, whether the additional boiling
operation is allowed for the hot water storage tank 5 is
determinedas shown in stepS1shown in the flowchart in
FIG. 5. At the time t0, the temperature of the hot water
storage temperature sensor 5d is lower than 60 degrees,
and it is determined that additional boiling is allowed to be
performed. Accordingly, the process proceeds to step
S2, and the current hot water storage amount (50 L) is
compared with the scheduled hot water delivery amount
predicted by the hot water delivery prediction unit 39
within two hours from the current time (step S2). As
described above, it is predicted herein that hot delivery
is executed twice, i.e., 10 L of hot water delivery and 97.5
L of hot water delivery within two hours, i.e., by 20:00
(time t7), whereby 107.5 L of hot water delivery in total is
predicted. In this case, the current hot water storage
amount is smaller than the scheduled hot water delivery
amount until time t7. Accordingly, the time t7 and 107.5 L
as the scheduled hot water delivery amount are stored
(step S3), and the operation in the normal boilingmode is
started (step S4).
[0061] After the start of the operation in the normal
boiling mode, the flow rate sensor 23 checks whether or
not hot water is delivered from the hot water supply
terminal 10 (step S5). No hot water is delivered until
the time 11, whereby the boiling operation by the opera-
tion in the normal boiling mode is continued (step S6). In
the period from the time t0 to the time t1, the operation in

thenormal boilingmode is continued,anddeterminations
from S5 to S8 are repeated.
[0062] Subsequently, delivery of hotwater is confirmed
at the time t1 (18:40) (step S5). In this case, the process
proceeds to step S9, where it is checked whether or not
the predicted hot water delivery amount (107.5 L) can be
generated by the time t7 (20:00) by the boiling operation
as the operation in the normal boiling mode. The hot
water storage amount at the time t1 is 62.5 L, whereby
an insufficient hot water amount is 45 L. The water
amount allowed to be boiled by the operation in the
normal boiling mode until the time t7 is 40 L (30 L/H ×
one hour and 20 minutes). In other words, the current
insufficient hot water amount is larger than the water
amount allowed to be boiled by the operation in the
normal boiling mode, whereby the operation is switched
to the operation in the rapid boiling mode (step S10).
[0063] After the operation in the rapid boiling mode is
started, determinations in steps S 11 and S 12 in the
flowchart inFIG. 5aremade.However, the scheduledhot
water delivery amount within two hours (107.5 L) is larger
than the current hot water storage amount (62.5 L),
whereby the operation in the rapid boiling mode is con-
tinued. At the times t2 to t5, steps S9 to S 12 are similarly
repeated, and the operation in the rapid boiling mode is
continued.
[0064] At the time t6 (19:50), the insufficient hot water
amount becomes 5 L in step S9, and the water amount
allowed to be boiled by the operation in the normal boiling
mode until the time t7 also becomes 5 L (30 L/H × ten
minutes). In otherwords, thecurrent insufficient hotwater
amount becomes equal to or smaller than the water
amount allowed to be boiled by the operation in the
normal boiling mode. In this case, it is predicted that a
sufficient hot water storage amount can be generated by
theoperation in thenormal boilingmode.Accordingly, the
process proceeds to step S6, and the operation in the
rapid boiling mode is switched to the operation in the
normal boiling mode. Subsequently, the process pro-
ceeds to step S7 and step S8, but the operation in the
normal boiling mode is continued.
[0065] At the time t7 (20:00), no delivery of hot water is
confirmed in step S5, and the operation in the normal
boiling mode continues (step S6). Subsequently, it is
determined that additional boiling is allowed to be per-
formed in step S7. However, the hot water storage
amount becomes 97.5 L for the scheduled hot water
delivery amount of 97.5 L within two hours (until 22:00)
(hot water is delivered only once at 20:00) in step S8. In
this case, the hot water storage amount is equal to or
larger than the scheduled hot water delivery amount,
whereby the boiling operation (operation in the normal
boiling mode) is terminated.
[0066] As described above, according to the hot water
supply system 1 of the present embodiment, the rapid
boiling operation is performed on condition that a suffi-
cient hot water storage amount is not generated by the
boiling operation in the normal boiling operation in a state
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that the current hot water storage amount is smaller than
the hot water delivery amount predicted by the hot water
delivery prediction unit 39 within a predetermined time
from the current time, as an example of a conditionwhere
a shortage of the amount of heat is likely to be produced
by the operation in the normal boiling mode with an
estimation of delivery of a large amount of hot water or
actual delivery of a largeamount of hotwater. In this case,
the heating ratio of the auxiliary heating combined opera-
tion can be reduced by performing rapid boiling by the
operation in the rapid boilingmode. Accordingly, the total
energy efficiency of the overall hot water supply system1
improves.

(5) Modifications

[0067] Various modifications will be hereinafter de-
scribed. Configurations of the following modifications
are similar to the corresponding configurations of the
embodiment described above except for the configura-
tions particularly noted. Accordingly, description of the
similar configurations will be omitted, and only parts
different from the corresponding parts of the embodiment
described above will be described below.

(5‑1) Modification A

[0068] In Modification A, the operation in the rapid
boiling mode is performed in a case where the hot water
storage amount further decreases even after a start of
boiling by the operation in the normal boilingmode based
ondeterminationof runout, i.e., determination that thehot
water storage amount in the hot water storage tank 5 is
smaller than a predetermined value, as an example of a
condition where a shortage of the amount of heat is likely
to be produced by the operation in the normal boiling
mode with an estimation of delivery of a large amount of
hotwater or actual delivery of a largeamount of hotwater.
The hot water storage amount is checked based on the
temperaturesdetectedby thehotwater storage tempera-
ture sensors 5a to 5d attached to the side surface of the
hot water storage tank 5. According to this example, the
operation in the rapid boiling mode is performed in the
following case. The operation in the normal boiling mode
is started when the hot water storage amount becomes
equal to or smaller than a first hot water storage amount
(e.g., 40 L for 100 L which is the tank capacity of the hot
water storage tank 5) with a decrease in the temperature
detected by the hot water storage temperature sensor 5b
to a temperature lower than the hot water target storage
temperature by a predetermined temperature or more.
Thereafter, the operation in the rapid boiling mode is
performed when the hot water storage amount becomes
a second hot water storage amount (e.g., 20 L) smaller
than the first hot water storage amount with a decrease in
the temperature of the hot water storage temperature
sensor 5a provided above the hot water storage tem-
perature sensor 5b on the hot water storage tank 5 to a

temperature lower than the hot water storage target
temperature by a predetermined temperature or more.
[0069] FIG. 7 is a flowchart of the presentmodification.
In step S101, it is determined whether the temperature
detected by the hot water storage temperature sensor 5b
is lower than y degrees (e.g., 60 degrees). When the
temperature detected by the hot water storage tempera-
ture sensor 5b is lower than y degrees, it is determined
that the hot water storage amount is a predetermined
value (first predetermined value, suchas40L) or smaller,
in a state of runout of hotwater. In this case, the operation
in the normal boiling mode is started (step S102). After
the start of the operation in the normal boiling mode,
whether hot water is delivered from the hot water supply
terminal 10 is checked (step S103).When no hot water is
delivered, the operation in the normal boiling mode is
performed while repeating determinations in step S 103
and step S105 until the temperature detected by the hot
water storage temperature sensor 5b becomes y de-
grees or higher. When the temperature detected by the
hot water storage temperature sensor 5b becomes equal
to or higher than y degrees, it is determined that the hot
water storage amount in the hot water storage tank 5 is
sufficient. In this case, the boilingoperation is terminated.
[0070] On the other hand, when delivery of the hot
water is confirmed in step S103, the process proceeds
to step S104. In this step, it is determined whether the
temperature detected by the hot water storage tempera-
ture sensor 5a disposed above the hot water storage
temperature sensor 5b on the hot water storage tank 5 is
lower than z degrees (e.g., 60 degrees). It is determined
herein whether the hot water storage amount reaches a
second predetermined value (e.g., 20 L) which is smaller
than the first predetermined value based onwhich runout
of hot water has been determined. When the detected
temperature is z degreesor higher, the processproceeds
to step 105. In this step, the operation in the normal
boiling mode is performed while repeating determina-
tions in step S103 and step S105 until the temperature
detected by the hot water storage temperature sensor 5b
becomes y degrees or higher.
[0071] When the detected temperature is lower than z
degrees, the hot water storage amount is the second
predetermined value or smaller. In this case, it is deter-
mined that the increase in the hot water storage amount
produced by the operation in the normal boiling mode is
insufficient. Accordingly, the operation in the rapid boiling
mode is started (step S106). After the start of the opera-
tion in the rapid boiling mode, the temperature detected
by the hot water storage temperature sensor 5a is mea-
sured (step S 107). The operation in the rapid boiling
mode is continued until the detected temperature be-
comes z degrees or higher. When the detected tempera-
ture becomes equal to or higher than z degrees, the
operation is switched to the operation in the normal
boiling mode (step S108). Thereafter, the boiling opera-
tion is continued. Subsequently, it is checked whether or
not the runout of hot water is continuing based on the
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temperature detected by the hot water storage tempera-
ture sensor 5b. When the runout state of hot water is
cancelled with the detected temperature of y degrees or
higher, the boiling operation is terminated.
[0072] According to this configuration, the frequency of
execution of the auxiliary heating combined operation
can be reduced evenwhen the hot water delivery pattern
cannot be analyzed using the hot water delivery predic-
tion unit 39 in the absence of the history information
accumulated in the history information storage unit 38,
such as a case immediately after the power source is
turned on. Accordingly, energy efficiency of the overall
hot water supply system 1 improves. In addition, the
auxiliary heating combined operation is predicted based
on the hot water storage amount obtained by the hot
water storage temperature sensors 5a to 5d provided on
the hot water storage tank 5. Accordingly, energy effi-
ciency of the overall hot water supply system 1 improves
by simple control.

(5‑2) Modification B

[0073] In modification B, the operation in the rapid
boiling mode is performed in a case where a hot water
filling instruction for supplying hot water at a target tem-
perature to the bathtub 10a has been issued from the
user using the remote controller 20, as an example of a
condition where a shortage of the amount of heat is likely
to be produced by boiling in the normal boiling operation
with an estimation of delivery of a large amount of hot
water or actual delivery of a large amount of hot water.
[0074] FIG. 8 is a flowchart of the presentmodification.
In step S201, whether or not a hot water filling instruction
has been issued is checked. When the issue of the hot
water filling instruction is confirmed, the process pro-
ceeds to step S202 to start measurement of the timer
T1of the control unit 30. In this case, checkingof the timer
T1 continues until the timer T1 reaches α minutes (e.g.,
five minutes) in step S203. When the timer T1 reaches α
minutes, the timer T1 is reset (step S204). Thereafter,
whether filling of hot water is continuing is checked (step
S205). When the hot water filling instruction is not con-
tinuing at this time, the process returns to step S201 and
waits until a next hot water filling instruction is issued.
When the hot water filling instruction is continuing, the
boiling operation in the rapid boilingmode is started (step
S206). It is estimated that water has been supplied to a
lowerpart of thehotwater storage tank5withanelapseof
a predetermined time counted by the timer T1 from
reception of the hot water filling instruction to the start
of the boiling operation.
[0075] When the operation in the rapid boiling mode is
started, it is checked whether filling of hot water is com-
pleted (step S207). Completion of filling of hot water is
determined based on determination that the amount of
hot water supplied to the bathtub 10a has reached a hot
water set amount for filling, or on a termination instruction
from the remote controller 20. When it is determined in

step S207 that filling of hot water has been completed,
measurement with the timer T2 starts (step S208). The
operation in the rapid boiling mode continues while re-
peating determinations in steps S209 and S210 until the
temperature detected by the hot water storage tempera-
ture sensor 5d provided on the bottom of the side surface
of the hot water storage tank 5 becomes x degrees (e.g.,
60 degrees) or higher (step S209), or until the measure-
ment time of the timer T2 reaches β minutes (e.g., 20
minutes) (stepS210).When the temperature detectedby
the hot water storage temperature sensor 5d becomes
equal toorhigher thanxdegrees, or ina caseof anelapse
of β minutes, the timer T2 is reset (step S211) with
termination of the boiling operation.
[0076] According to this configuration, the frequency of
execution of the auxiliary heating combined operation
can be reduced evenwhen the hot water delivery pattern
cannot be analyzed using the hot water delivery predic-
tion unit 39 in the absence of the history information
accumulated in the history information storage unit 38,
such as a case immediately after the power source is
turned on. Accordingly, energy efficiency of the overall
hot water supply system 1 improves. In particular, when
the capacity of the hot water storage tank 5 is relatively
small, it is highly probable that hot water in the hot water
storage tank 5 runs out by filling of hot water, and that the
gasheater (auxiliaryheatingunit) 6needs tobeoperated.
In this case, the rapid boiling can be started in an earliest
possible stage by starting the operation in the rapid
boilingmode at the time of an issue of the hot water filling
instruction.Accordingly, the frequencyof executionof the
auxiliary heating combined operation is reduced, and
energy efficiency of the overall hot water supply system
1 improves.After completionof fillingofhotwater, bathing
ispredicted.Accordingly, deliveryof a largeamount of hot
water using a shower is predicted. By continuously per-
forming the operation in the rapid boiling mode, the
frequency of execution of the auxiliary heating combined
operation can be reduced even in a case where delivery
of a large amount of hot water is predicted after comple-
tionof fillingof hotwater.Accordingly, energyefficiency of
the overall hot water supply system 1 improves.
[0077] In the present modification, the operation in the
rapid boiling mode is started αminutes after reception of
the hot water filling instruction. Alternatively, the opera-
tion in the rapid boilingmodemay be started immediately
after reception of the instruction. When the operation in
the rapid boilingmode is started immediately after recep-
tion of the instruction, a larger amount of water can be
boiled. As a result, the frequency of execution of the
auxiliary heating combined operation can be reduced.

(5‑3) Modification C

[0078] According to the present embodiment, whether
the predicted hot water delivery amount until the time T is
allowed to be generated by the operation in the normal
boiling mode is checked when hot water is delivered
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during the operation in the normal boiling mode. Alter-
natively,whether thewater canbeboiled by theoperation
in the normal boiling mode may be checked when the
outside air temperature detected by the outside air tem-
perature sensor 21 becomes a predetermined tempera-
ture or lower, or falls by a predetermined temperature or
more, rather than at the time of actual delivery of hot
water. In this manner, the frequency of execution of the
auxiliary heating combined operation can be reduced
even when the amount of water allowed to be boiled
by the operation in the normal boiling mode decreases
as a result of a drop of the outside air temperature during
the operation in the normal boiling mode. Accordingly,
energy efficiency of the overall hot water supply system1
improves.
[0079] In addition, for example, whether boiling can be
performed by the operation in the normal boiling mode
may be checked when the temperature of water to be
mixed (water supply temperature) at the time of supply of
hot water from the hot water storage tank 5 to the hot
water supply terminal 10 becomes a predetermined tem-
perature or lower, or drops by a predetermined tempera-
ture or more, rather than actual delivery of hot water.
Alternatively, whether the water can be boiled by the
operation in the normal boiling mode may be checked
when the hot water supply set temperature or the hot
water filling set temperature set by the user becomes a
predetermined temperature or higher, or increases by a
predetermined temperature or more. In this manner, the
frequency of execution of the auxiliary heating combined
operation can be reduced even when the predicted hot
water delivery amount required by a predetermined time
T increases during the operation in the normal boiling
mode. Accordingly, energy efficiency of the overall hot
water supply system 1 improves.

(5‑4) Modification D

[0080] According to the embodiment described above,
the efficiency calculation unit 34a derives the primary
energy efficiency of the heat pump unit 2 based on the
COP curve obtained by the COP curve calculation unit
33, and calculates the heating capability of the operation
in the rapidboilingmodebasedonacomparisonbetween
the primary energy efficiency of the heat pump unit 2 and
the primary energy efficiency of the gas heater 6. Alter-
natively, a usage charge of the heat pump unit 2 may be
calculated based on theCOPcurve obtained by theCOP
curve calculation unit 33, and compared with a usage
charge of the gas heater 6 to derive the heating capability
of the operation in the rapid boiling mode.
[0081] FIG. 9 shows a relationship between the heat-
ing capability (horizontal axis) and the usage charge per
unit heating capability (vertical axis) for the heat pump
unit 2 and the gas heater 6. In Modification E, the control
unit 30 includes a usage charge calculation unit 34b. The
usage charge calculation unit 34b calculates a usage
charge per unit heating capability based on the COP

curve obtained by the COP curve calculation unit 33.
Each usage charge is calculated by multiplying a con-
sumptionper unit timebyaunit price of the usage charge.
The power consumption of the heat pump unit 2 is cal-
culated by dividing the heating capability by COP. Ac-
cordingly, as shown in FIG. 9, the usage charge per unit
capability varies in accordance with the heating capabil-
ity, and becomes a minimum value e at the heating
capability a1. On the other hand, the usage charge per
unit capability of the gas heater 6 is a constant usage
charge f regardless of the heating capability.
[0082] When the operation in the normal boiling mode
is performed, the capability derivation unit 35 derives a1
as the heating capability of the heat pump unit 2 to
produce a heating capability maximizing COP in the
COP curve in FIG. 3. Thereafter, the boiling control unit
36 controls the frequency of the compressor 11 and the
number of revolutions of the pump 17 until the hot water
delivery temperature detected by the hot water delivery
temperature sensor 22 reaches a hot water delivery
target temperature based on the heating capability a1.
In other words, during the operation in the normal boiling
mode, the heat pump unit 2 operates at the capability
maximizing heat pump efficiency.
[0083] On the other hand, when the operation in the
rapid boilingmode is performed, the capability derivation
unit 35derivesaheatingcapability of theheatpumpunit 2
at which the usage charge of the heat pump unit 2 is
equalized with the usage charge of the gas heater 6.
Accordingly, as shown in FIG. 9, the capability derivation
unit 35 derives, based on a usage charge curve calcu-
lated based on the COP curve, a heating capability a3 of
the heat pump unit 2 at which the usage charge of the
heat pump unit 2 is equalized with the usage charge f of
the gas heater 6. Thereafter, the boiling control unit 36
controls the frequency of the compressor 11 and the
number of revolutions of the pump 17 based on the
heating capability a3 until the hotwater delivery tempera-
ture detected by the hot water delivery temperature sen-
sor 22 reaches a hot water delivery target temperature.
[0084] This configuration can reduce a rise of the
usage charge of the heat pump unit 2 from the usage
charge of the gas heater 6, thereby reducing a rise of the
usage charge of the overall hot water supply system 1.

(5‑5) Modification E

[0085] In addition, for example, a carbon emission
amount of the heat pump unit 2 may be calculated based
on theCOP curve obtained by the COP curve calculation
unit 33, and compared with a carbon emission amount of
the gas heater 6 to derive the heating capability of the
operation in the rapid boiling mode.
[0086] FIG. 10 shows a relationship between the heat-
ing capability (horizontal axis) and the carbon emission
amount per unit heating capability (vertical axis) for the
heat pump unit 2 and the gas heater 6. According to
Modification F, the control unit 30 includes a carbon
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emission amount calculation unit 34c. The carbon emis-
sion amount calculation unit 34c calculates a carbon
emission amount per unit heating capability based on
the COP curve obtained by the COP curve calculation
unit 33. Each carbon emission amount is obtained by
dividing a carbon dioxide emission coefficient per unit
capability by device efficiency. The heat pump unit 2 is
driven by electric power. Accordingly, a carbon emission
amount per unit capability of the heat pump unit 2 is
calculated by dividing a carbon dioxide emission amount
per unit capability during power generation by COP. As
shown in FIG. 10, the carbon emission amount per unit
capability varies in accordance with the heating capabil-
ity, and becomes a minimum value g at the heating
capability a1. On the other hand, the carbon emission
amountperunit capability of thegasheater6 isaconstant
carbon emission amount h regardless of the heating
capability.
[0087] When the operation in the normal boiling mode
is performed, the capability derivation unit 35 derives a1
as the heating capability of the heat pump unit 2 to
produce a heating capability maximizing COP in the
COP curve in FIG. 3. Thereafter, the boiling control unit
36 controls the frequency of the compressor 11 and the
number of revolutions of the pump 17 until the hot water
delivery temperature detected by the hot water delivery
temperature sensor 22 reaches a hot water delivery
target temperature based on the heating capability a1.
In other words, during the operation in the normal boiling
mode, the heat pump unit 2 operates at the capability
maximizing heat pump efficiency.
[0088] On the other hand, when the operation in the
rapid boilingmode is performed, the capability derivation
unit 35derivesaheatingcapability of theheatpumpunit 2
at which the carbon emission amount of the heat pump
unit 2 is equalizedwith the carbonemissionamount of the
gas heater 6. Accordingly, as shown in FIG. 10, the
capability derivation unit 35 derives, based on a carbon
emission amount curve calculated based on the COP
curve, a heating capability a4 of the heat pump unit 2 at
which the carbon emission amount of the heat pump unit
2 is equalized with the carbon emission amount h of the
gas heater 6. Thereafter, the boiling control unit 36 con-
trols the frequency of the compressor 11 and the number
of revolutions of the pump 17 based on the heating
capability a4 until the hot water delivery temperature
detected by the hot water delivery temperature sensor
22 reaches a hot water delivery target temperature.
[0089] This configuration can reduce a rise of the car-
bon emission amount of the heat pump unit 2 from the
carbon emission amount of the gas heater 6, thereby
reducing a rise of the carbon emission amount of the
overall hot water supply system 1.

(5‑6) Modification F

[0090] According to the embodiment described above,
the heating capability of the heat pump unit 2 is derived

such that the primary energy efficiency at the heating
capability (a2) in the operation in the rapid boilingmode is
equalized with the primary energy efficiency d of the gas
heater 6. However, the setting of the heating capability is
not limited to thismanner of setting. Various settingsmay
be adopted as long as such conditions that the heating
capability of the heat pump unit 2 during the operation in
the rapid boiling mode is higher than the heating cap-
ability (a1) during the operation in the normal boiling
mode, and that the heat pumpefficiency of the heat pump
unit 2 during the operation in the rapid boiling mode is
lower than the heat pump efficiency of the heat pump unit
2 during the operation in the normal boilingmode aremet
in a state that the outside air temperature is equalized.
[0091] Similarly, according to Modification D andMod-
ification F described above, the heating capability of the
heat pump unit 2 is derived such that the usage charge
per unit capability or the carbon emission amount per unit
capability at the heating capability (a3 or a4) of the heat
pumpunit 2 during the operation in the rapid boilingmode
is equalized with those of the gas heater 6. However, the
setting of the heating capability is not limited to this
manner of setting. Various settings may be adopted as
long as such conditions that the heating capability of the
heat pump unit 2 during the operation in the rapid boiling
mode is higher than the heating capability (a1) during the
operation in the normal boiling mode, and that the heat
pump efficiency of the heat pump unit 2 during the opera-
tion in the rapid boilingmode is higher than theheat pump
efficiency of the heat pump unit 2 during the operation in
thenormal boilingmodearemet in astate that theoutside
air temperature is equalized.
[0092] Concerning Modification D, it is sufficient if the
heating capability in the rapid boilingmode is higher than
the heating capability at which COP is maximized at the
outside air temperature at that time, and if the usage
charge per unit capability in the rapid boiling mode is
equal to or lower than theusagechargeperunit capability
of the gas heater 6. In addition, concerning Modification
E, it is sufficient if the heating capability in the rapidboiling
mode is higher than the heating capability at which COP
is maximized at the outside air temperature at that time,
and if the carbon emission amount per unit capability in
the rapid boilingmode is equal to or lower than the carbon
emission amount per unit capability of the gas heater 6.
[0093] In addition, concerning the heating capability
during the operation in the normal boiling mode, a1 is
derivedas theheatingcapabilityof theheatpumpunit 2 to
produce the heating capability maximizing COP in the
COP curve. However, various settings may be estab-
lished within a range where the heating capability during
the operation in the normal boiling mode produces rela-
tively high COP.

(5‑7) Modification G

[0094] According to the embodiment described above,
the boiling control unit 36 controls the frequency of the
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compressor 11 based on the heating capability a2 until
the hot water delivery temperature detected by the hot
water delivery temperature sensor 22 reaches the hot
water delivery target temperature in the operation in the
rapid boiling mode. However, for setting the heating
capability, instead of or in addition to this method, the
boiling control unit 36 may control the number of revolu-
tions of the fan 15 disposed at a position facing the
outdoor heat exchanger 12 such that the hot water de-
livery temperature detected by the hot water delivery
temperature sensor 22 becomes the hot water delivery
target temperature based on the heating capability a2.
[0095] In this case, after the hot water delivery tem-
perature detected by the hot water delivery temperature
sensor 22 reaches the hot water delivery target tempera-
ture, the fan 15 is controlled at the number of revolutions
(number of revolutions based on the heating capability
a2) larger than the number of revolutions (number of
revolutions based on the heating capability a1) during
the operation in the normal boiling mode. In addition, the
pump 17 is controlled at the number of revolutions larger
than the number of revolutions of the pump 17 during the
operation in the normal boiling mode. In this manner, the
pump17 is drivenat a larger number of revolutions during
the operation in the rapid boiling mode. Accordingly, the
flow rate of hot water circulating through the hot water
circuit unit 3 increases, whereby the amount of hot water
stored in the hot water storage tank 5 per unit time can
increase in comparison with that amount during opera-
tion in the normal boiling mode while maintaining a con-
stant hot water delivery temperature.
[0096] The embodiment of the present invention has
been described above with reference to the drawings.
However, it should be understood that specific config-
urations are not limited to those described in the embodi-
ment. Thescopeof thepresent invention isdefinednot by
theembodiment described above, but by the scopeof the
claims, and further includes all modifications within the
scope of the claims.
[0097] For example, in the embodiment and modifica-
tions described above, the hot water supply system 1
includes the gas heater 6 as the auxiliary heating unit.
However, theauxiliaryheatingunit is not limited to thegas
heater6.Accordingly, as theauxiliaryheatingunit, thehot
water supply system 1 may have another heating unit
such as an electric heater. The present invention is
applicable as long as the auxiliary heating unit consti-
tuted by a heatingmeans other than the heat pump unit 2
has primary energy efficiency lower than that of the heat
pump unit 2. More specifically, the primary energy effi-
ciency of the auxiliary heating unit is lower than the
primary energy efficiency of the heat pump unit 2 when
compared at the heating capability maximizing COP of
the heat pump unit 2. Examples of these heating means
include an electric heater and gas or other combustion-
type heating means.

INDUSTRIAL APPLICABILITY

[0098] When thepresent invention is applied, improve-
ment of total energy efficiency of an overall hot water
supply system is achievable by reducing a proportion of a
heating amount generated by an auxiliary heating unit in
a heating amount of the entire system.

REFERENCE SIGNS LIST

[0099]

2 Heat pump unit (heat pump heating unit)
5 Hot water storage tank
5a to 5d Hot water storage temperature sensor (hot

water storage amount detection unit)
6 Gas heater (auxiliary heating unit)
10 Hot water supply terminal (hot water delivery

unit)
10a Bathtub
11 Compressor
12 Outdoor heat exchanger (heat source side

heat exchanger)
13 Expansion valve (expansion mechanism)
15 Fan
16 Hot water supply heat exchanger (usage-

side heat exchanger)
23 Flow rate sensor (hot water delivery amount

detection unit)
30 Control unit
38 History information storage unit
39 Hot water delivery prediction unit
41 Refrigerant circuit

CITATION LIST

PATENT LITERATURE

[0100] [Patent Literature 1] JP 2013‑113495 A

Claims

1. A hot water supply system comprising:

a hot water storage tank (5) configured to store
hot water;
a hot water delivery unit (10) configured to sup-
ply the hot water from the hot water storage tank
(5) to a usage side;
a heat pump heating unit (2) configured to boil
the hot water in the hot water storage tank (5);
and
an auxiliary heating unit (6) configured to heat
the hot water supplied from the hot water sto-
rage tank (5) to the hot water delivery unit (10),
wherein
the hot water supply system is configured to
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perform a heat pump isolated operation that
boils the hot water in the hot water storage tank
(5) using the heat pump heating unit (2),
the heat pump isolated operation includes boil-
ing in a first mode and boiling in a second mode
having heating capabilities different from each
other, and
the heating capability of the boiling in the first
mode is higher than the heating capability of the
boiling in the second mode, and heat pump
efficiency of the boiling in the first mode is lower
than heat pump efficiency of the boiling in the
second mode,
characterized in that:

the hot water supply system is further con-
figured to perform an auxiliary heating com-
bined operation that simultaneously per-
formsboilingof thehotwater in thehotwater
storage tank (5) in the second mode and
heating of the hot water using the auxiliary
heating unit (6) when an amount of heat is
insufficient only by the boiling of the hot
water in the hot water storage tank (5) using
the heat pump heating unit (2); and
the boiling in the firstmode is performed in a
predetermined condition where a shortage
of the amount of heat is likely to be caused
by the boiling in the second mode in a state
where a large amount of delivery of the hot
water is estimated or a large amount of the
hot water is actually delivered.

2. The hot water supply system according to claim 1,
wherein theheatingcapability of theboiling in thefirst
mode is higher than a heating capability at which
COP is maximized at an outside air temperature at
that time, and primary energy efficiency of the boiling
in the first mode is equal to or higher than primary
energy efficiency during isolated operation of the
auxiliary heating unit (6).

3. The hot water supply system according to claim 1 or
2, further comprising a hot water storage amount
detection unit (5a to 5d) configured to detect a hot
water storage amount in the hot water storage tank
(5),

wherein theboiling in thesecondmode is started
when the hot water storage amount detected by
the hot water storage amount detection unit (5a
to 5d) becomes smaller than a first hot water
storage amount, and
the boiling in the secondmode is switched to the
boiling in the first mode when the hot water
storage amount becomes a second hot water
storage amount smaller than the first hot water
storage amount.

4. The hot water supply system according to claim 1 or
2, further comprising

abathtub (10a) towhich thehotwater is supplied
from the hot water delivery unit (10), wherein
the boiling in the first mode is performed when a
hot water filling instruction for supplying the hot
water at a target temperature to the bathtub
(10a) is issued.

5. The hot water supply system according to claim 1 or
2, further comprising:

a hot water delivery amount detection unit (23)
configured to detect a hot water delivery amount
supplied from the hot water storage tank (5) to
the hot water delivery unit;
a history information storage unit (38) config-
ured to store history information indicating a hot
water delivery amount detected by the hot water
delivery amount detection unit, and a hot water
delivery time; and
a hot water delivery prediction unit (39) config-
ured to predicts a scheduled hot water delivery
amount and a scheduled hot water delivery time
based on the history information stored in the
history information storage unit (38),
wherein the boiling in the firstmode is performed
when delivery of the hot water not predicted by
the hot water delivery prediction unit (39) is
executed at a time of operation of the heat pump
heating unit (2) for storing the scheduled hot
waterdeliveryamountpredictedby thehotwater
delivery prediction unit (39) in the hot water
storage tank (5) by the scheduled hot water
delivery time.

6. The hot water supply system according to claim 1 or
2, further comprising:

a hot water storage amount detection unit (5a to
5d) configured to detects a hot water storage
amount in the hot water storage tank (5);
a hot water delivery amount detection unit (23)
configured to detects a hot water delivery
amount supplied from thehotwater storage tank
(5) to the hot water delivery unit (10);
a history information storage unit (38) config-
ured tostoreshistory information indicatingahot
water delivery amount detected by the hot water
delivery amount detection unit (23), and a hot
water delivery time; and
a hot water delivery prediction unit (39) config-
ured to predicts a scheduled hot water delivery
amount and a scheduled hot water delivery time
based on the history information stored in the
history information storage unit (38),
wherein the boiling in the firstmode is performed
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when the scheduled hot water delivery amount
is larger than a total value of the hot water
storage amount detected by the hot water sto-
rage amount detection unit (5a to 5d) and a
scheduled hot water storage amount at the
scheduled hot water delivery time of an opera-
tion by the boiling in the second mode.

7. The hot water supply systemaccording to any one of
claims 1 to 6,

wherein the heat pump heating unit (2) includes
a refrigerant circuit (41) through which a refrig-
erant circulates, the refrigerant circuit (41) in-
cluding a compressor (11), a heat source side
heat exchanger (12), an expansion mechanism
(13), and a usage-side heat exchanger (16)
each connected to the refrigerant circuit (41),
the hot water is supplied to the hot water storage
tank (5) using the usage-side heat exchanger
(16), and
a frequency of the compressor (11) in the boiling
in the firstmode is higher than a frequency of the
compressor (11) in the boiling in the second
mode at a same outside air temperature.

8. The hot water supply systemaccording to any one of
claims 1 to 6,

wherein the heat pump heating unit (2) includes
a refrigerant circuit (41) through which a refrig-
erant circulates, the refrigerant circuit (41) in-
cluding a compressor (11), a heat source side
heat exchanger (12), an expansion mechanism
(13), and a usage-side heat exchanger (16)
each connected to the refrigerant circuit (41),
the heat pumpheating unit (2) further including a
fan (15) configured to feeds air to the heat
source side heat exchanger (12) to cause heat
exchange,
the hot water is supplied to the hot water storage
tank (5) using the usage-side heat exchanger
(16), and
a number of revolutions of the fan (15) in the
boiling in thefirstmode is larger thananumberof
revolutions of the fan (15) in the boiling in the
secondmodeat a sameoutsideair temperature.

Patentansprüche

1. Heißwasserversorgungssystem, das aufweist:

einenHeißwasserspeichertank (5), der konfigu-
riert ist, Heißwasser zu speichern;
eine Heißwasserabgabeeinheit (10), die konfi-
guriert ist, das Heißwasser aus dem Heißwas-
serspeichertank (5) an eine Verwendungsseite

zu liefern;
eine Wärmepumpen-Heizeinheit (2), die konfi-
guriert ist, das Heißwasser im Heißwasserspei-
chertank (5) zum Kochen zu bringen; und
eine Zusatzheizeinheit (6), die konfiguriert ist,
das von dem Heißwasserspeichertanktank (5)
an die Heißwasserabgabeeinheit (10) gelieferte
Heißwasser zu erwärmen,
wobei
das Heißwasserversorgungssystem konfigu-
riert ist, einen isolierten Wärmepumpenbetrieb
durchzuführen, der das Heißwasser in dem
Heißwasserspeichertanktank (5) unter Verwen-
dung der Wärmepumpen-Heizeinheit (2) zum
Kochen bringt,
der isolierte Wärmepumpenbetrieb das Kochen
ineinemerstenModusunddasKochen ineinem
zweiten Modus mit voneinander verschiedenen
Heizleistungen umfasst, und
die Heizleistung des Kochens im ersten Modus
höher ist als die Heizleistung des Kochens im
zweiten Modus, und die Wärmepumpen-Effi-
zienz des Kochens im ersten Modus niedriger
ist als die Wärmepumpen-Effizienz des Koch-
ens im zweiten Modus,
dadurch gekennzeichnet, dass:

das Heißwasserversorgungssystem ferner
konfiguriert ist, einen kombinierten Zusatz-
heizbetrieb durchzuführen, der gleichzeitig
das Kochen des Heißwassers im Heißwas-
serspeichertanktank (5) im zweiten Modus
und das Erwärmen des Heißwassers unter
Verwendung der Zusatzheizeinheit (6)
durchführt, wenn eine Wärmemenge nur
durch das Kochen des Heißwassers im
Heißwasserspeichertanktank (5) unter Ver-
wendung der Wärmepumpen-Heizeinheit
(2) unzureichend ist; und
das Kochen im ersten Modus in einem vor-
bestimmten Zustand durchgeführt wird, in
dem ein Mangel an Wärmemenge wahr-
scheinlich durch das Kochen im zweiten
Modus in einem Zustand verursacht wird,
in demeinegroßeAbgabemengedesHeiß-
wassers geschätzt wird oder eine große
Abgabemenge des Heißwassers tatsäch-
lich geleifert wird.

2. Heißwasserversorgungssystem nach Anspruch 1,
wobei die Heizleistung des Kochens im ersten Mo-
dus höher ist als eine Heizleistung, bei der ein COP
bei einer Außenlufttemperatur zu diesem Zeitpunkt
maximiert ist, und die Primärenergieeffizienz des
Kochens im ersten Modus gleich oder höher ist als
die Primärenergieeffizienz während des isolierten
Betriebs der Zusatzheizung (6).
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3. Heißwasserversorgungssystem nach Anspruch 1
oder 2, das ferner aufweist:

eine Heißwasserspeichermengen-Erfassungs-
einheit (5a bis 5d), die konfiguriert ist, eineHeiß-
wasserspeichermenge indemHeißwasserspei-
chertanktank (5) zu erfassen,
wobei das Kochen in dem zweiten Modus gest-
artet wird, wenn die von der Heißwasserspei-
chermengen-Erfassungseinheit (5a bis 5d) er-
fasste Heißwasserspeichermenge kleiner als
eineersteHeißwasserspeichermengewird, und
das Kochen im zweiten Modus auf das Kochen
im ersten Modus umgeschaltet wird, wenn die
Heißwasserspeichermenge eine zweite Heiß-
wasserspeichermenge erreicht, die kleiner als
die erste Heißwasserspeichermenge ist.

4. Heißwasserversorgungssystem nach Anspruch 1
oder 2, das ferner aufweist:

eine Badewanne (10a), an die das Heißwasser
von der Heißwasserabgabeeinheit (10) abge-
geben wird, wobei
das Kochen imerstenModus durchgeführt wird,
wenn eine Heißwasser-Füllanweisung zum Zu-
führen des Heißwassers mit einer Solltempera-
tur zu der Badewanne (10a) ausgegeben wird.

5. Heißwasserzufuhrsystem nach Anspruch 1 oder 2,
das ferner aufweist:

eine Heißwasserabgabemengen-Erfassungs-
einheit (23), die konfiguriert ist,
eineHeißwasserabgabemengezuerfassen,die
von dem Heißwasserspeichertanktank (5) zu
der Heißwasserabgabeeinheit zugeführt wird;
eine Verlaufsinformations-Speichereinheit (38),
die konfiguriert ist, Verlaufsinformationen zu
speichern, die eine von der Heißwasserabga-
bemengen-Erfassungseinheit erfasste Heiß-
wasserabgabemenge und eine Heißwasserzu-
fuhrzeit anzeigen; und
eine Heißwasserabgabe-Vorhersageeinheit
(39), die konfiguriert ist, eine geplante Heißwas-
serabgabemenge und eine geplante Heißwas-
serabgabezeit basierend auf den in der Verlauf-
sinformations-Speichereinheit (38) gespeicher-
ten Verlaufsinformationen vorherzusagen,
wobei das Kochen im ersten Modus durchge-
führt wird, wenn die Abgabe des Heißwassers,
die nicht von der Heißwasserabgabe-Vorhersa-
geeinheit (39) vorhergesagt wird, zu einer Be-
triebszeit der Wärmepumpen-Heizeinheit (2)
ausgeführt wird, um die geplante Heißwasse-
rabgabemenge, die von der Heißwasserliefe-
rungs-Vorhersageeinheit (39) vorhergesagt
wird, in dem Heißwasserspeichertanktank (5)

bis zu der geplanten Heißwasserabgabezeit
zu speichern.

6. Heißwasserversorgungssystem nach Anspruch 1
oder 2, das ferner aufweist:

eine Heißwasserspeichermengen-Erfassungs-
einheit (5a bis 5d), die konfiguriert ist, eineHeiß-
wasserspeichermenge indemHeißwasserspei-
chertanktank (5) zu erfassen;
eine Heißwasserabgabemengen-Erfassungs-
einheit (23), die konfiguriert ist,
eineHeißwasserabgabemengezuerfassen,die
von dem Heißwasserspeichertanktank (5) an
die Heißwasserabgabeeinheit (10) geliefert
wird;
eine Verlaufsinformations-Speichereinheit (38),
die konfiguriert ist, Verlaufsinformationen zu
speichern, die eine von der Heißwasserabga-
bemengen-Erfassungseinheit (23) erfasste
Heißwasserabgabemenge und eine Heißwas-
serabgabezeit angeben; und
eine Heißwasserabgabe-Vorhersageeinheit
(39), die konfiguriert ist, eine geplante Heißwas-
serabgabemenge und eine geplante Heißwas-
serabgabezeit basierend auf den in der Verlauf-
sinformations-Speichereinheit (38) gespeicher-
ten Verlaufsinformationen vorherzusagen,
wobei das Kochen im ersten Modus durchge-
führt wird, wenn die geplante Heißwasserabga-
bemenge größer ist als ein Gesamtwert der
Heißwasserspeichermenge, die von der Heiß-
wasserspeichermengen-Erfassungseinheit (5a
bis 5d) erfasst wird, und eine geplante Heiß-
wasserspeichermenge zur geplanten Heißwas-
serabgabezeit einesBetriebsdurchdasKochen
im zweiten Modus.

7. Heißwasserversorgungssystemnach einemderAn-
sprüche 1 bis 6,

wobei die Wärmepumpen-Heizeinheit (2) einen
Kältemittelkreislauf (41) umfasst, durch den ein
Kältemittel zirkuliert, wobei der Kältemittelkreis-
lauf (41) einen Verdichter (11), einen wärme-
quellenseitigen Wärmetauscher (12), einen Ex-
pansionsmechanismus (13) und einen nut-
zungsseitigen Wärmetauscher (16) umfasst,
die jeweils mit demKältemittelkreislauf (41) ver-
bunden sind,
das Heißwasser dem Heißwasserspeichertank
(5) unter Verwendung des nutzungsseitigen
Wärmetauschers (16) zugeführt wird und
eineFrequenzdesVerdichters (11) beimSieden
imerstenModushöher ist als eineFrequenzdes
Verdichters (11) beimKochen imzweitenModus
bei derselben Außenlufttemperatur.
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8. Heißwasserversorgungssystemnach einemderAn-
sprüche 1 bis 6,

wobei die Wärmepumpen-Heizeinheit (2) einen
Kältemittelkreislauf (41) umfasst, durch den ein
Kältemittel zirkuliert, wobei der Kältemittelkreis-
lauf (41) einen Verdichter (11), einen wärme-
quellenseitigen Wärmetauscher (12), einen Ex-
pansionsmechanismus (13) und einen nut-
zungsseitigen Wärmetauscher (16) umfasst,
die jeweils mit demKältemittelkreislauf (41) ver-
bunden sind, wobei die Wärmepumpen-Heiz-
einheit (2) ferner einen Ventilator (15) umfasst,
der konfiguriert ist, Luft zum wärmequellenseiti-
gen Wärmetauscher (12) leitet, um einen Wär-
meaustausch zu bewirken,
das Heißwasser dem Heißwasserspeichertank
(5) unter Verwendung des nutzungsseitigen
Wärmetauschers (16) zugeführt wird und
die Anzahl der Umdrehungen des Ventilators
(15) beim Kochen im ersten Modus größer ist
als dieAnzahl derUmdrehungendesVentilators
(15)beimKochen imzweitenModusbei gleicher
Außenlufttemperatur.

Revendications

1. Système d’alimentation en eau chaude, compre-
nant :

un réservoir de stockaged’eau chaude (5) prévu
pour stocker de l’eau chaude ;
une unité de distribution d’eau chaude (10) pré-
vue pour fournir l’eau chaude du réservoir de
stockage d’eau chaude (5) à un côté d’utilisa-
tion ;
une unité de chauffage de pompe à chaleur (2)
prévue pour faire bouillir l’eau chaude dans le
réservoir de stockage d’eau chaude (5) ; et
uneunité dechauffageauxiliaire (6) prévuepour
chauffer l’eau chaude fournie par le réservoir de
stockage d’eau chaude (5) à l’unité de distribu-
tion d’eau chaude (10),
où
ledit système d’alimentation en eau chaude est
prévupourappliquer un fonctionnement isoléde
pompe à chaleur faisant bouillir l’eau chaude
dans le réservoir de stockage d’eau chaude (5)
au moyen de l’unité de chauffage de pompe à
chaleur (2),
le fonctionnement isolé de la pompe à chaleur
comprend l’ébullition dans un premier mode et
l’ébullition dans un deuxième mode dont les
performances de chauffage diffèrent, et
la performance de chauffage pour l’ébullition
dans le premier mode est supérieure à la per-
formance de chauffage pour l’ébullition dans le

deuxième mode, et l’efficacité de la pompe à
chaleur pour l’ébullition dans le premier mode
est inférieure à l’efficacité de la pompe à chaleur
pour l’ébullition dans le deuxième mode,
caractérisé en ce que
ledit système d’alimentation en eau chaude est
enoutreprévupour effectuer un fonctionnement
combiné de chauffage auxiliaire qui réalise si-
multanément l’ébullition de l’eau chaude dans le
réservoir de stockage d’eau chaude (5) dans le
deuxièmemode et le chauffage de l’eau chaude
au moyen de l’unité de chauffage auxiliaire (6)
lorsqu’une quantité de chaleur est insuffisante
uniquementpar l’ébullitionde l’eauchaudedans
le réservoir de stockage d’eau chaude (5) au
moyen de l’unité de chauffage de pompe à
chaleur (2) ; et
l’ébullition dans le premier mode est effectuée
dans un état prédéterminé où une insuffisance
de la quantité de chaleur est susceptible d’être
causée par l’ébullition dans le deuxième mode
dans un état où une grande quantité de livraison
d’eau chaude est estimée ou une grande quan-
tité d’eau chaude est effectivement livrée.

2. Système d’alimentation en eau chaude selon la re-
vendication 1,
où la performance de chauffage de l’ébullition dans
le premier mode est supérieure à une performance
de chauffage à laquelle le COP est maximisé à une
température d’air extérieur à ce moment-là, et l’effi-
cacité énergétique primaire de l’ébullition dans le
premier mode est égale ou supérieure à l’efficacité
énergétique primaire pendant le fonctionnement
isolé de l’unité de chauffage auxiliaire (6).

3. Système d’alimentation en eau chaude selon la re-
vendication 1 ou la revendication 2, comprenant en
outre :

une unité de détection de quantité de stockage
d’eau chaude (5a à 5d) prévue pour détecter
une quantité de stockage d’eau chaude dans le
réservoir de stockage d’eau chaude (5),
où l’ébullition dans le deuxième mode est dé-
clenchée lorsque la quantité d’eau chaude dé-
tectée par l’unité de détection de la quantité
d’eau chaude (5a à 5d) devient inférieure à
une première quantité d’eau chaude, et
l’ébullition dans le deuxième mode est commu-
tée vers l’ébullition dans le premier mode
lorsque la quantité d’eau chaude stockée de-
vient une deuxième quantité d’eau chaude stoc-
kée inférieure à la première quantité d’eau
chaude stockée.

4. Système d’alimentation en eau chaude selon la re-
vendication 1 ou la revendication 2, comprenant en
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outre :

une baignoire (10a) à laquelle l’eau chaude est
fournie par l’unité de distribution d’eau chaude
(10), où
l’ébullition dans le premier mode est effectuée
lorsqu’une instruction de remplissage d’eau
chaude est émise pour fournir de l’eau chaude
à température de consigne à la baignoire (10a).

5. Système d’alimentation en eau chaude selon la re-
vendication 1 ou la revendication 2, comprenant en
outre :

une unité de détection de quantité d’eau chaude
fournie (23) prévue pour détecter une quantité
d’eau chaude fournie par le réservoir de stoc-
kage d’eau chaude (5) à l’unité de distribution
d’eau chaude ;
une unité de mémorisation d’informations d’his-
torique (38) prévue pour stocker des informa-
tions d’historique indiquant une quantité d’eau
chaude fournie détectée par l’unité de détection
de quantité d’eau chaude fournie et une période
de fourniture d’eau chaude ; et
une unité de prévision de fourniture d’eau
chaude (39) prévue pour prévoir une quantité
de fourniture d’eau chaude programmée et une
période de fourniture d’eau chaude program-
mée sur la base des informations d’historique
stockées dans l’unité de mémorisation d’infor-
mations d’historique (38),
où l’ébullition dans le premier mode est effec-
tuée si une fourniture d’eau chaude non prévue
par l’unité de prévision de fourniture d’eau
chaude (39) est effectuée lors d’une période
de fonctionnement de l’unité de chauffage de
pompe à chaleur (2) pour stocker la quantité de
fourniture d’eau chaude prévue par l’unité de
prévision de fourniture d’eau chaude (39) dans
le réservoir destockaged’eauchaude (5) lorsde
la période de distribution d’eau chaude prévue.

6. Système d’alimentation en eau chaude selon la re-
vendication 1 ou la revendication 2, comprenant en
outre :

une unité de détection de quantité de stockage
d’eau chaude (5a à 5d) prévue pour détecter
une quantité de stockage d’eau chaude dans le
réservoir de stockage d’eau chaude (5) ;
une unité de détection de quantité d’eau chaude
fournie (23) prévue pour détecter une quantité
d’eau chaude fournie par le réservoir de stoc-
kage d’eau chaude (5) à l’unité de distribution
d’eau chaude (10) ;
une unité de mémorisation d’informations d’his-
torique (38) prévue pour stocker des informa-

tions d’historique indiquant une quantité d’eau
chaude fournie détectée par l’unité de détection
de quantité d’eau chaude fournie (23) et une
période de fourniture d’eau chaude ; et
une unité de prévision de fourniture d’eau
chaude (39) prévue pour prévoir une quantité
de fourniture d’eau chaude programmée et une
période de fourniture d’eau chaude program-
mée sur la base des informations d’historique
stockées dans l’unité de mémorisation d’infor-
mations d’historique (38),
où l’ébullition dans le premier mode est effec-
tuée si la quantité de fourniture d’eau chaude
programmée est supérieure à la valeur totale de
la quantité de stockage d’eau chaude détectée
par l’unité de détection de quantité de stockage
d’eau chaude (5a à 5d) et à une quantité de
stockage d’eau chaude programmée lors de la
période de fourniture d’eau chaude program-
mée d’un fonctionnement par ébullition dans
le deuxième mode.

7. Système d’alimentation en eau chaude selon l’une
des revendications 1 à 6,

où l’unité de chauffage de pompe à chaleur (2)
comprenduncircuit réfrigérant (41)oùcirculeun
réfrigérant, ledit circuit réfrigérant (41) compre-
nant un compresseur (11), un échangeur de
chaleur côté source de chaleur (12), un méca-
nisme de détente (13) et un échangeur de cha-
leur côté utilisation (16), connectés chacun au
circuit réfrigérant (41),
l’eau chaude est fournie au réservoir de stoc-
kaged’eau chaude (5) aumoyende l’échangeur
de chaleur côté utilisation (16), et
une fréquence du compresseur (11) lors de
l’ébullition dans le premier mode est supérieure
à une fréquence du compresseur (11) lors de
l’ébullition dans le deuxièmemode à une même
température d’air extérieur.

8. Système d’alimentation en eau chaude selon l’une
des revendications 1 à 6,

où l’unité de chauffage de pompe à chaleur (2)
comprenduncircuit réfrigérant (41)oùcirculeun
réfrigérant, ledit circuit réfrigérant (41) compre-
nant un compresseur (11), un échangeur de
chaleur côté source de chaleur (12), un méca-
nisme de détente (13) et un échangeur de cha-
leur côté utilisation (16), connectés chacun au
circuit réfrigérant (41), ladite unité de chauffage
de pompe à chaleur (2) comprenant en outre un
ventilateur (15) prévu pour alimenter en air l’é-
changeurdechaleur côtésourcedechaleur (12)
afin de provoquer un échange de chaleur,
l’eau chaude est fournie au réservoir de stoc-

5

10

15

20

25

30

35

40

45

50

55



21

37 EP 3 663 670 B1 38

kaged’eau chaude (5) aumoyende l’échangeur
de chaleur côté utilisation (16), et
le nombre de tours du ventilateur (15) lors de
l’ébullition dans le premier mode est supérieur
au nombre de tours du ventilateur (15) lors de
l’ébullition dans le deuxièmemode à une même
température d’air extérieur.

5

10

15

20

25

30

35

40

45

50

55



22

EP 3 663 670 B1



23

EP 3 663 670 B1



24

EP 3 663 670 B1



25

EP 3 663 670 B1



26

EP 3 663 670 B1



27

EP 3 663 670 B1



28

EP 3 663 670 B1



29

EP 3 663 670 B1



30

EP 3 663 670 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2013113495 A [0002] [0100] • EP 2559953 A1 [0003]


	bibliography
	description
	claims
	drawings
	cited references

