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(54) HOT WATER SUPPLY SYSTEM

(57)  Overall energy efficiency of a hot water supply
system including a heat pump heating unit and an aux-
iliary heating unit is optimized. Provided are a hot water
storage tank, a hot water delivery unit for supplying hot
water from the hot water storage tank to a use side, a
heat pump heating unit for boiling water in the hot water
storage tank, and an auxiliary heating unit capable of
heating the hot water supplied to the hot water delivery
unit. Performed are a heat pump isolated operation that
boils water in the hot water storage tank using the heat
pump heating unit, and an auxiliary heating combined
operation that simultaneously performs heating of hot
water using the auxiliary heating unit as well as boiling
when the amount of heat is insufficient only by boiling
using the heat pump heating unit. Boiling in a first mode
of the heat pump isolated operation has higher heating
capability and lower heat pump efficiency than those of
boiling in a second mode. The boiling in the first mode is
performed in a 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 hot
water is estimated or a large amount of hot water is ac-
tually delivered.
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Description
TECHNICAL FIELD

[0001] The presentinventionrelatestoa hotwater sup-
ply systemthatincludes a heat pump heating unitcapable
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 pump heating unit when hot water in the hot water
storage tank runs out. In this manner, supply of the hot
water to the hot water supply terminal is secured even
when the hot water in the hot water storage tank runs out.

SUMMARY OF THE INVENTION
<Technical Problem>

[0003] 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 oper-
ation 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.

[0004] 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
auxiliary heating unit. Accordingly, when a shortage of
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 capa-
bility 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.

[0005] 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.
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<Solution to Problem>

[0006] A hotwater supply system of the present inven-
tion includes a hot water storage tank that stores hot wa-
ter, a hot water delivery unit that supplies the hot water
from the hot water storage tank to a use side, 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 heat-
ing unit when an amount of heat is insufficient only by
the boiling of the hot water in the hot water storage tank
using the heat pump heating unit. The heat 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 second mode. 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 alarge
amount of the hot water is actually delivered.

[0007] According to this configuration, total energy ef-
ficiency of the entire hot water supply system can be op-
timized by reducing the proportion of the heating amount
generated by the auxiliary heating unit in the heating
amount of the entire system.

[0008] Inthehotwatersupply system described above,
the heating capability of the boiling in the first mode may
be higher than a heating capability at which COP may
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 heat-
ing unit.

[0009] This configuration reduces a decrease in the
primary energy efficiency of the heat pump heating 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.
[0010] The hot water supply system described above
may further include a hot 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
first mode when the hot water storage amount becomes
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a second hot water storage amount smaller than the first
hot water storage amount.

[0011] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a de-
crease in the amount of hot water in the hot water storage
tank, thereby optimizing the overall energy efficiency of
the hot water supply system.

[0012] The above hot water supply system may 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.

[0013] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a de-
crease in the amount of hot water in the hot water storage
tank as a result of delivery of a large amount of hot water
during filling of hot water, thereby optimizing the overall
energy efficiency of the hot water supply system.
[0014] The hot water supply system described above
may further include: a hot water delivery amount detec-
tion 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
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 in-
formation storage unit. In this case, the boiling in the first
mode is performed when delivery of the hot water not
predicted by the hot water delivery prediction unit is ex-
ecuted 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.

[0015] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a de-
crease in the amount of hot water in the hot water storage
tank, thereby optimizing the overall energy efficiency of
the hot water supply system.

[0016] The hot water supply system may further in-
clude: a hot water storage amount detection unit that de-
tects a hot water storage amount in the hot water storage
tank; a hot water delivery amount detection unit that de-
tects 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 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 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 storage unit.
In this case, the boiling in the first mode is performed
when the scheduled hot water delivery amount is larger
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than a total value of the hot water storage amount de-
tected by the hot water storage amount detection unit
and a scheduled hot water storage amount at the sched-
uled hot water delivery time of an operation by the boiling
in the second mode.

[0017] This configuration can reduce operation of the
auxiliary heating unit performed in accordance with a de-
crease in the amount of hot water in the hot water storage
tank, thereby optimizing the overall energy efficiency of
the hot water supply system.

[0018] 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 mecha-
nism, and an evaporator each connected to the refriger-
ant circuit. A frequency of the compressor in the boiling
in the first mode may be higher than a frequency of the
compressor in the boiling in the second mode at a same
outside air temperature.

[0019] This configuration can produce a heating capa-
bility necessary for the boiling in the first mode by in-
creasing the frequency of the compressor.

[0020] 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 exchang-
er, an expansion mechanism, and a usage-side heat ex-
changer 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 first mode may be larger than
a number of revolutions of the fan in the boiling in the
second mode at a same outside air temperature.
[0021] This configuration can produce a heating capa-
bility necessary for the boiling in the first mode by in-
creasing the number of revolutions of the fan.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a configuration diagram of a hot water sup-
ply 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
accordance with 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 is a flowchart for describing an operation of
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
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hotwater supply system according to Modification A.
FIG. 8 is a flowchart for describing an operation of a
hotwater supply system according to Modification B.
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

[0023] 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) de-
livers 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

[0024] The heat pump unit 2 includes a refrigerant cir-
cuit 41 where a refrigerant circulates. The refrigerant cir-
cuit 41 is constituted by a compressor 11, an outdoor
heat exchanger (heat source side heat exchanger) 12,
an expansion valve (one example of expansion mecha-
nism) 13, and a hot water supply heat exchanger (usage-
side heat exchanger) 16 connected to each other via a
refrigerant pipe 40. Afan 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.

[0025] In aboiling 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 arrows
R1inFIG. 1, and returns to the compressor 11 after pass-
ing 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 hot water for hot water supply
is heated by heat exchange between the high-tempera-
ture 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.
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(1-2) Configuration of hot water circuit unit 3

[0026] The hot water circuit unit 3 is connected to the
hot water supply heat exchanger 16. The hot water circuit
unit 3 is configured to circulate hot water by connecting
the hot water storage tank 5, a pump 17, and the hot
water 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 pump 17
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.

[0027] Hot water that exchanges heat with the refrig-
erant flowing through the hot water supply heat exchang-
er 16 circulates in the hot water circuit unit 3. Specifically,
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 ex-
changer 16. In addition, hot water heated by the hot water
supply heat exchanger 16 is returned to the hot water
storage tank 5.

[0028] 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 temper-
ature of the hot water flowing from the hot water supply
heatexchanger 16. The hot water storage tank 5 includes
a plurality of hot water storage temperature sensors 5a
to 5d (hot water storage amount detection unit), and de-
tects a hot water storage amount based on water tem-
peratures detected by each of the hot water storage tem-
perature sensors 5a to 5d. Note that the outside air tem-
perature sensor 21, the hot water delivery temperature
sensor 22, and the hot water storage temperature sen-
sors 5a to 5d described above may be any sensors as
long as the detected temperatures can be output to a
control unit 30.

(1-3) Configuration of hot water supply terminal 10 and
gas heater 6

[0029] Hot water in the hot water storage tank 5 of this
configuration is delivered via the hot water supply termi-
nal 10. The gas heater 6 is disposed between the hot
water storage tank 5 and the hot water supply terminal
10, and has a heating unit 6a. The hot water storage tank
5, the gas heater 6, and the hot water 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.

[0030] A flow rate sensor 23 (flow rate detection unit)
is provided in the water pipe 46, and detects a flow rate
of the hot water supplied from the hot water storage tank
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5 to the hot water supply terminal 10. Alternatively, the
flow rate sensor 23 may be provided in a water 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
detected.

[0031] 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 stor-
age 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 time of supply of hot water from the
hot water storage tank 5 to the hot water supply terminal
10. The operation performed by the hot water supply sys-
tem 1 is classified into a heat pump isolated operation
for performing only the boiling operation, an auxiliary
heating isolated operation for performing only the addi-
tional heating operation, and an auxiliary heating com-
bined operation for simultaneously performing both the
boiling operation and the additional heating operation.

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

[0032] The control unit 30 of the hot water supply sys-
tem 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 de-
livery 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 com-
pressor 11, the fan 15, the heating unit 6a, and an actu-
ator such as the pump 17. 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.

[0033] The hot water runout determination unit 31 de-
termines whether or not a hot water storage amount in
the hot water storage tank 5 has decreased (the propor-
tion of hot water in the hot water storage tank 5 has de-
creased) and the hot water has run out (whether the boil-
ing operation needs to be performed). According to the
presentembodiment, the hot water runout determination
unit 31 determines the need for the boiling operation to
cope with runout of the hot water (a state that the hot
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water storage amount has become a predetermined val-
ue or smaller) caused by a decrease in the proportion of
the hot water in the hot water storage tank 5 when the
temperature detected by the hot water storage temper-
ature 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 delivery target temperature is input
from the user by operation of the remote controller 20.
[0034] The COP curve storage unit 32 stores a plurality
of COP curves. The plurality of COP curves corresponds
to various outside air temperatures and hot water delivery
target temperatures. As shown in FIG. 3, each of the
COP curves indicates a heating capability (compressor
frequency) 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 heat-
ing capability. As shown in FIG. 3, the COP of the heat
pump unit 2 has a maximum value b at a heating capa-
bility a1.

[0035] 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 stor-
age unit 32 stores a plurality of COP curves. Accordingly,
the COP curve calculation unit 33 obtains a COP curve
corresponding to the outside air temperature and the hot
water delivery target temperature at 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.

[0036] The efficiency calculation unit 34a calculates
primary energy efficiency of the heat pump unit 2 based
on the COP 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 cal-
culate the primary energy efficiency. Accordingly, as
shown in FIG. 4, the primary energy efficiency curve cal-
culated based on the COP curve indicates the heating
capability of the heat pump unit 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 efficien-
cy. As shown in FIG. 4, the curve of the primary energy
efficiency 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.

[0037] The capability derivation unit 35 derives the
heating capability of the heat pump unit 2 based on the
COP curve in FIG. 3. The capability derivation unit 35
sets the heating capability of the boiling operation in ac-
cordance with an amount of water allowed to be boiled
by a predetermined time described below and a predicted
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hot water delivery amount, or other operating conditions.
The heating capability of the gas heater 6 during execu-
tion 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 de-
livery of the hot water from the hot water supply terminal
10, and then based on an insufficient heating capability
of the heat pump unit 2.

[0038] 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. Spe-
cifically, the boiling control unit 36 controls the frequency
of the compressor 11 and the number of revolutions of
the fan 15 during the boiling operation based on the heat-
ing capability of the heat pump unit 2 derived by the ca-
pability derivation unit 35. The boiling control unit 36
maintains 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.
[0039] 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.
[0040] 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 stor-
age 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.

[0041] The hot water delivery prediction unit 39 ana-
lyzes, as a pattern, the time zone and the hot water de-
livery amount when a large amount of hot water is deliv-
ered for the user based on the history information stored
in the history information storage unit 38 described
above. The hot water delivery amount and the hot water
delivery time are predicted based on this pattern of de-
livered hot water. The control unit 30 compares, at pre-
determined time intervals (e.g., at intervals of ten min-
utes), a hot water storage amount detected by the hot
water 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 with-
in 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 con-
trol unit 30 instructs a start of the boiling operation.

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

[0042] 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
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auxiliary heating isolated operation for heating hot water
supplied from the hot water storage tank 5 to the hot
water supply terminal 10 using only the gas heater 6, and
the auxiliary heating combined operation for simultane-
ously executing the boiling operation using the heat pump
unit 2 and the additional heating operation using the gas
heater 6.

[0043] The boiling operation is performed in a case
where the hot water storage amountin the hot water stor-
age tank 5 decreases, or where a large delivery amount
of hot water is predicted by the hot water delivery predic-
tion unit 39. The heat pump isolated operation of the boil-
ing 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 heating
combined operation is performed in a case where the
amount of heat is insufficient for supplying hot water at
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 the hot water storage tank 5 using
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 even when the hot water storage amount
in the hot water storage tank 5 decreases.

(2-1) Description of normal boiling mode (example of boil-
ing in second mode)

[0044] According to the present embodiment, the op-
eration in the normal boiling mode is performed when 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 small-
er, or in a night time zone in which an inexpensive elec-
tricity charge is set without estimation of delivery of hot
water for a long time. The operation in the normal boiling
mode is also performed when the current hot water stor-
age amount falls below the hot water delivery amount
predicted by the hot water delivery prediction unit 38 with-
in two hours from the current time.

[0045] 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 pro-
duce 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 tar-
get temperature based on the heating capability a1. Dur-
ing the operation in the normal boiling mode, the heat
pump unit operates at the capability maximizing the heat
pump efficiency.
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(2-2) Description of rapid boiling mode (example of boil-
ing in first mode)

[0046] 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.
[0047] 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 equal-
ized with the primary energy efficiency of the gas heater
6. Accordingly, as shown in FIG. 4, the capability deriva-
tion unit 35 derives a2 as the 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 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 the number of
revolutions of the pump 17 such that the hot water deliv-
ery temperature detected by the hot water delivery tem-
perature sensor 22 becomes a hot water delivery target
temperature based on the heating capability a2.

[0048] After the hot water delivery temperature detect-
ed by the hotwaterdelivery temperature sensor22 reach-
es the hot water delivery target temperature, the com-
pressor 11 is so controlled as to operate at a frequency
(frequency corresponding to the heating capability a2)
higher than a frequency (frequency corresponding to the
heating capability a1) during operation in the normal boil-
ing mode. In addition, the pump 17 is so controlled as to
operate ata number of revolutions larger than the number
of revolutions of the pump 17 during operation in the nor-
mal boiling mode. In this manner, the pump 17 is driven
at 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 in-
creases, 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 operation in the nor-
mal boiling mode while maintaining a constant hot water
delivery temperature.

(2-3) Description of auxiliary heating combined operation

[0049] According to the present embodiment, the aux-
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iliary heating combined operation is performed when the
temperature of hot water supplied from the hot water stor-
age tank 5 to the hot water supply terminal 10 becomes
lower than the temperature desired by the user with a
shortage of the hot water storage amount in the hot water
storage tank 5.

[0050] When the auxiliary heating combined operation
is performed, the capability derivation unit 35 initially de-
rives 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 such that the hot
water delivery temperature detected by the hot water de-
livery temperature sensor 22 becomes a hot water deliv-
ery target temperature based on the heating capability
al. 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 ref-
erence to flowchart

[0051] An operation of the hot water supply system 1
according to the present embodiment will be described
with reference to FIG. 5. The flowchart in FIG. 5 describes
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 following S represents
a step number.

[0052] Instep S1,itis determined whether a hot water
storage amount in the hot water storage tank 5 is appro-
priate for the additional boiling operation based on a tem-
perature detected by the hot water storage temperature
sensor 5d provided on a bottom of the side surface of
the hot water storage tank 5. When the temperature of
the hot water storage temperature sensor 5d is lower
than x degrees (e.g., 60 degrees), it is determined that
additional boiling is allowed to be performed.

[0053] 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
hotwater delivery amount is calculated from a water sup-
ply temperature at the current time, and a hot water sup-
ply set temperature or hot water filling set temperature
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
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delivery amount (step S3), and starts the operation in the
normal boiling mode using the heat pump unit 2 (step
S4). 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.
Thereafter, the boiling control unit 36 performs the boiling
operation while controlling the frequency of the compres-
sor 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 hot water 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 cur-
rent hot water storage amount. Accordingly, the process
returns to step S1 and continues determination as to
whether additional boiling operation is allowed to be per-
formed.

[0054] 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 de-
livered, the operation in the normal boiling mode is con-
tinued (step S6), and it is determined whether the addi-
tional boiling operation is allowed for the hot water stor-
age 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 de-
termination that the additional boiling is not allowed, the
boiling operation is terminated. When the temperature
detected by the hot water storage temperature sensor
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 compared with the current hot water
storage amount. When the current hot water storage
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.

[0055] Whenhotwaterisdeliveredin step S5, the proc-
ess further proceeds to step S9. In step S9, itis checked
whether or not the predicted hot water delivery amount
until the time T stored in step S3 can be generated by
normal boiling. In other words, a current insufficient hot
water amount is calculated and compared with a water
amount allowed to be boiled by the operation in the nor-
mal boiling mode. The insufficient hot water amount (pre-
dicted hot water delivery amount until the time T) is cal-
culated 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 con-
troller 20. When the currentinsufficient 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
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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
hot water storage amount becomes insufficient at the
time T.Inthis case, the operationis switched to the boiling
operation by the operation in the rapid boiling mode (step
S10). In this case, the capability derivation unit 35 des-
ignates a2 as the heating capability of the heat pump unit
2. The boiling control unit 36 performs the boiling oper-
ation 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 a2.

[0056] 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 temperature detected
by the hot water storage temperature sensor 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 compared with 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, itis considered that a sufficient hot water
storage amount has been generated. 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
amountis again compared with the water amount allowed
to be boiled by the operation in the normal boiling mode.

(4) Description of heat pump isolated operation with ref-
erence to time chart

[0057] 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 diagram showing an example
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 stor-
age amount in the hot water storage tank 5 (left axis) and
the hot water delivery amount (right axis), while the hor-
izontal 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.

[0058] 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 boiling mode,
and 45 L/H of water in the operation in the rapid boiling
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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 pre-
diction unit 39 predicts 10 L of hot water delivery from a
time t4 to a time t5 (19: 10 to 19: 30), and 97.5L of hot
water delivery (not shown) from a time t7 (20:00). It is
assumed that hot water delivery is not predicted at a later
time.

[0059] Atthe time O, whether the additional boiling op-
eration is allowed for the hot water storage tank 5 is de-
termined as shown in step S1 shown 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 with-
in 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 hotwater 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 boiling mode is start-
ed (step S4).

[0060] Afterthe startof the operation in the normal boil-
ing 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 t1,
whereby the boiling operation by the operation in the nor-
mal boiling mode is continued (step S6). In the period
from the time t0 to the time t1, the operation in the normal
boiling mode is continued, and determinations from S5
to S8 are repeated.

[0061] Subsequently, delivery of hotwateris 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 (107.5L) can be
generated by the time t7 (20:00) by the boiling operation
as the operation in the normal boiling mode. The hot wa-
ter 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 X 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).

[0062] After the operation in the rapid boiling mode is
started, determinations in steps S11 and S12 in the flow-
chart in FIG. 5 are made. However, the scheduled hot
water delivery amount within two hours (107.5L) is larger
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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 S12 are similarly
repeated, and the operation in the rapid boiling mode is
continued.

[0063] 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 5L (30 L/H X ten
minutes). In other words, the currentinsufficient hot water
amount becomes equal to or smaller than the water
amount allowed to be boiled by the operation in the nor-
mal boiling mode. In this case, it is predicted that a suf-
ficient hot water storage amount can be generated by
the operation in the normal boiling mode. 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.

[0064] 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 de-
termined 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 de-
livery 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.

[0065] 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
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 condition where
a shortage of the amount of heat is likely to be produced
by the operation in the normal boiling mode with an es-
timation of delivery of a large amount of hot water or
actual delivery of a large amount of hot water. In this
case, the heating ratio of the auxiliary heating combined
operation can be reduced by performing rapid boiling by
the operation in the rapid boiling mode. Accordingly, the
total energy efficiency of the overall hot water supply sys-
tem 1 improves.

(5) Modifications

[0066] Various modifications will be hereinafter de-
scribed. Configurations of the following modifications are
similar to the corresponding configurations of the embod-
iment described above except for the configurations par-
ticularly noted. Accordingly, description of the similar
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configurations will be omitted, and only parts different
from the corresponding parts of the embodiment de-
scribed above will be described below.

(5-1) Modification A

[0067] In Modification A, the operation in the rapid boil-
ing 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 boiling mode based
on determination of runout, i.e., determination that the
hot 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 boil-
ing mode with an estimation of delivery of a large amount
of hot water or actual delivery of a large amount of hot
water. The hot water storage amount is checked based
on the temperatures detected by the hot water storage
temperature sensors 5ato 5d attached to the side surface
ofthe hotwater 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 be-
comes 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 temper-
ature sensor 5b to atemperature lower than the hot water
target storage temperature by a predetermined temper-
ature or more. Thereafter, the operation in the rapid boil-
ing mode is performed when the hot water storage
amount becomes a second hot water storage amount
(e.g.,20L)smaller than thefirst hot water storage amount
with a decrease in the temperature of the hot water stor-
age temperature sensor 5a provided above the hot water
storage temperature 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.

[0068] FIG. 7 is aflowchart of the present modification.
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 temper-
ature sensor 5b is lower than y degrees, it is determined
that the hot water storage amount is a predetermined
value (first predetermined value, such as 40 L) or smaller,
in a state of runout of hot water. 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 S103
and step S105 until the temperature detected by the hot
water storage temperature sensor 5b becomesy degrees
or higher. When the temperature detected by the hot wa-
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ter 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 suffi-
cient. In this case, the boiling operation is terminated.
[0069] On the other hand, when delivery of the hot wa-
ter is confirmed in step S103, the process proceeds to
step S104. In this step, itis determined whether the tem-
perature detected by the hot water storage temperature
sensor 5a disposed above the hot water storage temper-
ature sensor 5b on the hot water storage tank 5 is lower
than zdegrees (e.g., 60 degrees). Itis 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 on which runout of
hot water has been determined. When the detected tem-
perature is z degrees or higher, the process proceeds to
step 105. In this step, the operation in the normal boiling
mode is performed while repeating determinations in step
S103 and step S105 until the temperature detected by
the hot water storage temperature sensor 5b becomes
y degrees or higher.

[0070] 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 oper-
ation in the rapid boiling mode, the temperature detected
by the hot water storage temperature sensor 5a is meas-
ured (step S107). The operation in the rapid boiling mode
is continued until the detected temperature becomes z
degrees or higher. When the detected temperature be-
comes equal to or higher than z degrees, the operation
is switched to the operation in the normal boiling mode
(step S108). Thereafter, the boiling operation is contin-
ued. Subsequently, it is checked whether or not the ru-
nout of hot water is continuing based on the temperature
detected by the hot water storage temperature sensor
5b. When the runout state of hot water is cancelled with
the detected temperature of y degrees or higher, the boil-
ing operation is terminated.

[0071] According to this configuration, the frequency
of execution of the auxiliary heating combined operation
can be reduced even when the hot water delivery pattern
cannot be analyzed using the hot water delivery predic-
tion unit 39 in the absence of the history information ac-
cumulated 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 heat-
ing 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 efficiency of the over-
all hot water supply system 1 improves by simple control.
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(5-2) Modification B

[0072] In modification B, the operation in the rapid boil-
ing mode is performed in a case where a hot water filling
instruction for supplying hot water at a target temperature
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.

[0073] FIG. 8is aflowchartof the present modification.
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 T1
of the control unit 30. In this case, checking of the timer
T1 continues until the timer T1 reaches o minutes (e.g.,
five minutes) in step S203. When the timer T1 reaches
o minutes, the timer T1 is reset (step S204). Thereatfter,
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 boiling mode is started (step
S206). It is estimated that water has been supplied to a
lower part of the hot water storage tank 5 with an elapse
of a predetermined time counted by the timer T1 from
reception of the hot water filling instruction to the start of
the boiling operation.

[0074] 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 setamount 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 temper-
ature sensor 5d provided on the bottom of the side sur-
face of the hot water storage tank 5 becomes x degrees
(e.g., 60 degrees) or higher (step S209), or until the
measurement time of the timer T2 reaches B minutes
(e.g., 20 minutes) (step S210). When the temperature
detected by the hot water storage temperature sensor
5d becomes equal to or higher than x degrees, or in a
case of an elapse of g minutes, the timer T2 is reset (step
S211) with termination of the boiling operation.

[0075] According to this configuration, the frequency
of execution of the auxiliary heating combined operation
can be reduced even when the hot water delivery pattern
cannot be analyzed using the hot water delivery predic-
tion unit 39 in the absence of the history information ac-
cumulated in the history information storage unit 38, such
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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 capac-
ity 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 gas
heater (auxiliary heating unit) 6 needs to be operated. In
this case, the rapid boiling can be started in an earliest
possible stage by starting the operation in the rapid boil-
ing mode at the time of an issue of the hot water filling
instruction. Accordingly, the frequency of execution of
the auxiliary heating combined operation is reduced, and
energy efficiency of the overall hot water supply system
1improves. After completion offilling of hot water, bathing
is predicted. Accordingly, delivery of a large amount of
hot water using a shower is predicted. By continuously
performing 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-
tion of filling of hot water. Accordingly, energy efficiency
of the overall hot water supply system 1 improves.

[0076] In the present modification, the operation in the
rapid boiling mode is started o minutes after reception of
the hot water filling instruction. Alternatively, the opera-
tion in the rapid boiling mode may be started immediately
after reception of the instruction. When the operation in
the rapid boiling mode 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 aux-
iliary heating combined operation can be reduced.

(5-3) Modification C

[0077] 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 dur-
ing the operation in the normal boiling mode. Alternative-
ly, whether the water can be boiled by the operation in
the normal boiling mode may be checked when the out-
side air temperature detected by the outside air temper-
ature sensor 21 becomes a predetermined temperature
orlower, orfalls 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 efficien-
cy of the overall hot water supply system 1 improves.

[0078] 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-
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perature or lower, or drops by a predetermined temper-
ature or more, rather than actual delivery of hot water.
Alternatively, whether the water can be boiled by the op-
eration 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 prede-
termined temperature or higher, or increases by a pre-
determined temperature or more. In this manner, the fre-
quency 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

[0079] Accordingto the embodiment described above,
the efficiency calculation unit 34a derives the primary en-
ergy 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
rapid boiling mode based on a comparison between the
primary energy efficiency of the heat pump unit 2 and the
primary energy efficiency of the gas heater 6. Alterna-
tively, a usage charge of the heat pump unit 2 may be
calculated based on the COP curve obtained by the COP
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.

[0080] FIG.9showsarelationship betweenthe heating
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-
sumption per unittime by a unit 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 ca-
pability 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.

[0081] 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 pro-
duce 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 tar-
get temperature based on the heating capability a1. In
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other words, during the operation in the normal boiling
mode, the heat pump unit 2 operates at the capability
maximizing heat pump efficiency.

[0082] On the other hand, 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 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 heat-
ing capability a3 until the hot water delivery temperature
detected by the hot water delivery temperature sensor
22 reaches a hot water delivery target temperature.
[0083] This configuration can reduce a rise of the us-
age 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

[0084] In addition, for example, a carbon emission
amount of the heat pump unit 2 may be calculated based
on the COP 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.

[0085] 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 Mod-
ification F, the control unit 30 includes a carbon emission
amount calculation unit 34c. The carbon emission
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 elec-
tric 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 ca-
pability during power generation by COP. As shown in
FIG. 10, the carbon emission amount per unit capability
varies in accordance with the heating capability, and be-
comes a minimum value g at the heating capability a1.
On the other hand, the carbon emission amount per unit
capability of the gas heater 6 is a constant carbon emis-
sion amount h regardless of the heating capability.
[0086] 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 pro-
duce a heating capability maximizing COP in the COP



23 EP 3 663 670 A1 24

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 tar-
get 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.

[0087] On the other hand, 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 carbon emission amount of the heat pump
unit 2 is equalized with the carbon emission amount 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 ca-
pability a4 until the hot water delivery temperature de-
tected by the hot water delivery temperature sensor 22
reaches a hot water delivery target temperature.

[0088] 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

[0089] Accordingto 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 boiling mode
is equalized with the primary energy efficiency d of the
gas heater 6. However, the setting of the heating capa-
bility is not limited to this manner of setting. Various set-
tings may be adopted as long as such conditions that the
heating capability of the heat pump unit 2 during the op-
erationin 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 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 boiling mode
are metin a state that the outside air temperature is equal-
ized.

[0090] Similarly, according to Modification D and Mod-
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 pump unit 2 during the operation in the rapid boiling
mode is equalized with those of the gas heater 6. How-
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ever, 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 operation in the rapid boiling mode is higher than the
heat pump efficiency of the heat pump unit 2 during the
operation in the normal boiling mode are met in a state
that the outside air temperature is equalized.

[0091] Concerning Modification D, it is sufficient if the
heating capability in the rapid boiling mode 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 the usage charge per unit capability
of the gas heater 6. In addition, concerning Modification
E, itis sufficient if the heating capability in the rapid boiling
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 boiling mode is equal to or lower than the carbon
emission amount per unit capability of the gas heater 6.
[0092] In addition, concerning the heating capability
during the operation in the normal boiling mode, a1 is
derived as the heating capability of the heat pump unit 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

[0093] According to the embodiment described above,
the boiling control unit 36 controls the frequency of the
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 ca-
pability, instead of orin addition to this method, the boiling
control unit 36 may control the number of revolutions of
the fan 15 disposed at a position facing the outdoor heat
exchanger 12 such that the hot water delivery tempera-
ture detected by the hot water delivery temperature sen-
sor 22 becomes the hot water delivery target temperature
based on the heating capability a2.

[0094] In this case, after the hot water delivery temper-
ature detected by the hot water delivery temperature sen-
sor 22 reaches the hot water delivery target temperature,
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 rev-
olutions 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
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than the number of revolutions of the pump 17 during the
operation in the normal boiling mode. In this manner, the
pump 17 isdriven at alarger 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 operation
in the normal boiling mode while maintaining a constant
hot water delivery temperature.

[0095] The embodiment of the present invention has
been described above with reference to the drawings.
However, it should be understood that specific configu-
rations are not limited to those described in the embod-
iment. The scope of the present invention is defined not
by the embodiment described above, but by the scope
of the claims, and further includes meanings equivalent
to the claims and all modifications within the scope of the
claims.

[0096] 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, the auxiliary heating unit is not limited to the
gas heater 6. Accordingly, as the auxiliary heating unit,
the hot water supply system 1 may have another heating
unit such as an electric heater. The present invention is
applicable aslong as the auxiliary heating unit constituted
by a heating means 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 pri-
mary energy efficiency of the heat pump unit2 when com-
pared at the heating capability maximizing COP of the
heat pump unit 2. Examples of these heating means in-
clude an electric heater and gas or other combustion-
type heating means.

INDUSTRIAL APPLICABILITY

[0097] Whenthe presentinventionisapplied, 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

[0098]

2 Heat pump unit (heat pump heating unit)

5 Hot water storage tank

5ato5d Hot water storage temperature sensor (hot
water storage amount detection unit)
Gas heater (auxiliary heating unit)

10 Hot water supply terminal (hot water delivery
unit)

10a Bathtub

11 Compressor
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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

[0099]

Claims

[Patent Literature 1] JP 2013-113495 A

1. A hot water supply system comprising:

a hotwater storage tank (5) that stores hot water;
a hot water delivery unit (10) that supplies the
hot water from the hot water storage tank (5) to
a usage side;

a heat pump heating unit (2) that boils the hot
water in the hot water storage tank (5); and

an auxiliary heating unit (6) capable of heating
the hotwater supplied from the hot water storage
tank (5) to the hot water delivery unit (10),
wherein the hot water supply system is capable
of performing:

a heat pump isolated operation that boils
the hot water in the hot water storage tank
(5) using the heat pump heating unit (2); and
an auxiliary heating combined operation
that simultaneously performs boiling of the
hot water in the hot water storage tank (5)
and heating of the hot water using the aux-
iliary 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),

the heat pump isolated operation includes
boilingin a firstmode and boilingina second
mode having heating capabilities different
from each other,

the heating capability of the boiling in the
first mode is higher than the heating capa-
bility of the boiling in the second mode, and
heat pump efficiency of the boiling in the
firstmode is lower than heat pump efficiency
of the boiling in the second mode, and

the boiling in the first mode is performed in
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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 deliv-
ered.

The hot water supply system according to claim 1,
wherein the heating capability of the boiling in the
first mode is higher than a heating capability at which
COP is maximized at an outside air temperature at
thattime, 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).

The hot water supply system according to claim 1 or
2, further comprising a hot water storage amount de-
tection unit (5a to 5d) that detects a hot water storage
amount in the hot water storage tank (5),

wherein the boiling in the second mode 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 second mode 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.

The hot water supply system according to claim 1 or
2, further comprising a bathtub (10a) to which the
hot water 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
hotwater ata targettemperature to the bathtub (10a)
is issued.

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

a hot water delivery amount detection unit (23)
that detects a hot water delivery amount sup-
plied from the hot water storage tank (5) to the
hot water delivery unit;

a history information storage unit (38) that stores
history information indicating a hot water deliv-
ery amount detected by the hot water delivery
amount detection unit, and a hot water delivery
time; and

a hot water delivery prediction unit (39) that pre-
dicts a scheduled hot water delivery amount and
a scheduled hot water delivery time based on
the history information stored in the history in-
formation storage unit (38),
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wherein the boiling in the first mode is performed
when delivery of the hot water not predicted by
the hot water delivery prediction unit (39) is ex-
ecuted at a time of operation of the heat pump
heating unit (2) for storing the scheduled hot wa-
ter delivery amount predicted by the hot water
delivery prediction unit (39) in the hot water stor-
age 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) that detects a hot water storage amount
in the hot water storage tank (5);

a hot water delivery amount detection unit (23)
that detects a hot water delivery amount sup-
plied from the hot water storage tank (5) to the
hot water delivery unit (10);

a history information storage unit (38) that stores
history information indicating a hot water deliv-
ery amount detected by the hot water delivery
amount detection unit (23), and a hot water de-
livery time; and

a hot water delivery prediction unit (39) that pre-
dicts a scheduled hot water delivery amountand
a scheduled hot water delivery time based on
the history information stored in the history in-
formation storage unit (38),

wherein the boiling in the first mode is performed
when the scheduled hot water delivery amount
is larger than a total value of the hot water stor-
age amount detected by the hot water storage
amount detection unit (5ato 5d) and a scheduled
hot water storage amount at the scheduled hot
water delivery time of an operation by the boiling
in the second mode.

7. The hot water supply system according 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

afrequency of the compressor (11) in the boiling
in the first mode 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 system according to any one
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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 pump heating unit (2) further including 70
a fan (15) that 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 15
a number of revolutions of the fan (15) in the
boiling in the first mode is larger than a number
of revolutions of the fan (15) in the boiling in the
second mode ata same outside air temperature.
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