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Description

Technical Field

[0001] The present invention relates to a heat pump
water heater and a method for controlling the same.

Background Art

[0002] Conventionally, as a heat pump water heater,
a water heater disclosed by PTL 1 is known. PTL 1 dis-
closes that a consumed heat amount in the last few days
is stored, and when a current heat storage amount is
smaller than the maximum consumed heat amount in the
last few days, it is determined that shortage of hot water
is likely to occur due to the large consumed heat amount,
and thus, a remaining hot water amount at a time of start-
ing heating is increased to start a heating operation early
so as to prevent hot water shortage.

Citation List

Patent Literature

[0003] {PTL 1}
Japanese Unexamined Patent Application, Publication
No. 2004-60948.
[0004] EP2261574 describes a heat-pump hot water
apparatus for storing hot water at a desired temperature
in a hot water storage tank by using midnight power.

Summary of Invention

Technical Problem

[0005] In a case of a heat pump water heater, in gen-
eral, a heat pump is operated to store hot water in a hot
water storage tank during an off-peak period as inexpen-
sive as possible, such as a night rate period (for example,
from 0:00 to 8:00). In this case, it is preferable that electric
power in the night rate period is used as efficiently as
possible to avoid heating operation in a daytime rate pe-
riod in which electric power rate is relatively expensive.
[0006] The present invention has been made in view
of these circumstances, and an object of the present in-
vention is to provide a heat pump water heater which
sets an appropriate heat storage amount based on a past
use result and uses as much electric power in a time
period in which an electric power rate is relatively inex-
pensive as possible to perform heating, thereby allowing
energy saving to be achieved, and a method for control-
ling a heat pump water heater.

Solution to Problem

[0007] A first aspect of the present invention is a heat
pump water heater performing heating so as to make hot
water in a hot water storage tank having a preset stored

hot water temperature target value and a preset stored
hot water amount target value by using as much electric
power in a time period in which an electric power rate is
relatively inexpensive as possible, including: acquisition
means acquiring a minimum heat storage amount per
day from past use result data including a heat storage
amount or a remaining hot water amount and a hot water
supply load; target value change means changing at least
one of the stored hot water temperature target value and
the stored hot water amount target value when the min-
imum heat storage amount is higher than a predeter-
mined proper range; and trial calculation means perform-
ing trial calculation of a minimum heat storage amount
of a day by using the stored hot water temperature target
value and the stored hot water amount target value after
change and a hot water supply load of a day in the past
use result data, and wherein, if the minimum heat storage
amount is higher than an upper limit value of the proper
range, the target value change means decreases the
stored hot water temperature target value with priority
until the minimum heat storage amount obtained by trial
calculation by the trial calculation means falls within the
proper range, and if the stored hot water temperature
target value reaches a predetermined lower limit value,
the target value change means decreases the stored hot
water amount target value, while if the minimum heat
storage amount is lower than a lower limit value of the
proper range, the target value change means increases
the stored hot water amount target value with priority until
the minimum heat storage amount obtained by trial cal-
culation by the trial calculation means falls within the
proper range, and if the stored hot water amount target
value reaches a predetermined upper limit value, the tar-
get value change means increases the stored hot water
temperature target value.
[0008] Alternatively, a minimum remaining hot water
amount may be used instead of the minimum heat stor-
age amount.
[0009] According to the aforementioned heat pump
water heater, in a case where the stored hot water tem-
perature target value and the stored hot water amount
target value for a next day and afterwards are changed
depending on the use result data, if it is determined that
the minimum heat storage amount is excessive from the
use result data, the stored hot water temperature target
value is decreased with priority, and if the stored hot water
temperature target value reaches the lower limit value,
the stored hot water amount target value is decreased.
If it is determined that the minimum heat storage amount
is insufficient from the use result data, the stored hot wa-
ter amount target value is increased with priority, and if
the stored hot water amount target value reaches the
upper limit value, the stored hot water temperature target
value is increased.
[0010] In this way, if a stored hot water temperature is
set to be as low as possible and a hot water amount is
set to be as large as possible, it is possible to operate a
heat pump in an efficient operation range, and thus, en-
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ergy saving can be achieved. Furthermore, by setting the
stored hot water temperature to be as low as possible, it
is possible to decrease precipitation of scale.
[0011] Since the stored hot water temperature target
value and the stored hot water amount target value are
updated by referring to the use result data periodically,
the heat storage amount is made appropriate so that en-
ergy saving can be achieved.
[0012] The heat pump water heater may have a con-
figuration in which, the stored hot water temperature tar-
get value and the stored hot water amount target value
are set for each day, the acquisition means acquires the
minimum heat storage amount for each day, and the tar-
get value change means changes at least one of the
stored hot water temperature target value and the stored
hot water amount target value of a day in which the min-
imum heat storage amount is outside the proper range.
[0013] The heat pump water heater may have a con-
figuration in which, the stored hot water temperature tar-
get value and the stored hot water amount target value
are set for weekdays and for holidays, separately, the
acquisition means acquires the minimum heat storage
amount of weekdays and the minimum heat storage
amount of holidays, separately, and the target value
change means changes at least one of the stored hot
water temperature target value and the stored hot water
amount target value for weekdays if the heat storage
amount of weekdays is outside the proper range, while
changes at least one of the stored hot water temperature
target value and the stored hot water amount target value
for holidays if the minimum heat storage amount of hol-
idays is outside the proper range.
[0014] The heat pump water heater may have a con-
figuration in which, the acquisition means acquires the
minimum heat storage amount from use result data of a
previous day, and the target value change means chang-
es at least one of the stored hot water temperature target
value and the stored hot water amount target value if the
minimum heat storage amount is higher than the prede-
termined proper range, and sets the stored hot water
temperature target value and the stored hot water
amount target value for a next day.
[0015] A second aspect of the present invention is a
method for controlling a heat pump water heater perform-
ing heating so as to make hot water in a hot water storage
tank having a preset stored hot water temperature target
value and a preset stored hot water amount target value
by using as much electric power of a time period in which
an electric power rate is relatively as inexpensive as pos-
sible, the method including: an acquisition step of acquir-
ing a minimum heat storage amount per day from past
use result data including a heat storage amount, a re-
maining hot water amount and a hot water supply load;
a target value change step of changing at least one of
the stored hot water temperature target value and the
stored hot water amount target value if the minimum heat
storage amount is higher than a predetermined proper
range; and a trial calculation step of performing trial cal-

culation of a minimum heat storage amount of a day by
using the stored hot water temperature target value and
the stored hot water amount target value after change
and a hot water supply load of a day in the past use result
data, and wherein, in the target value change step, if the
minimum heat storage amount is higher than an upper
limit value of the proper range, the stored hot water tem-
perature target value is decreased with priority until the
minimum heat storage amount obtained by trial calcula-
tion by the trial calculation means falls within the proper
range, and if the stored hot water temperature target val-
ue reaches a predetermined lower limit value, the stored
hot water amount target value is decreased, while if the
minimum heat storage amount is lower than a lower limit
value of the proper range, the stored hot water amount
target value is increased with priority until the minimum
heat storage amount obtained by trial calculation by the
trial calculation means falls within the proper range, and
if the stored hot water amount target value reaches a
predetermined upper limit value, the stored hot water
temperature target value is increased. Advantageous Ef-
fects of Invention
[0016] The present invention provides an effect that
energy saving can be achieved.

Brief Description of Drawings

[0017]

{Fig. 1}
Fig. 1 illustrates a schematic configuration of a heat
pump water heater according to an embodiment of
the present invention.
{Fig. 2}
Fig. 2 is a function block diagram of a hot water sup-
ply control unit illustrated in Fig. 1.
{Fig. 3}
Fig. 3 illustrates an example of minimum heat stor-
age amounts for each day which are acquired by an
acquisition unit illustrated in Fig. 2.
{Fig. 4}
Fig. 4 illustrates a general relationship between a
performance coefficient and a stored hot water tem-
perature of a heat source machine.
{Fig. 5}
Fig. 5 is a flowchart illustrating procedures of
processing executed by a schedule updating unit.
{Fig. 6}
Fig. 6 is a flowchart illustrating procedures of
processing executed by the schedule updating unit.
{Fig. 7}
Fig. 7 is a flowchart illustrating procedures of
processing executed by the schedule updating unit.
{Fig. 8}
Fig. 8 is a flowchart illustrating procedures of
processing executed by the schedule updating unit.
{Fig. 9}
Fig. 9 illustrates an example of a balance sheet of
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hot water supply load created based on use result
data for a certain day stored in a use result data
storage unit.
{Fig. 10}
Fig. 10 illustrates an example of the balance sheet
of hot water supply load created from the use result
data.
{Fig. 11}
Fig. 11 illustrates an example of the balance sheet
of hot water supply load illustrated in Fig. 10, in which
a stored hot water temperature target value and a
stored hot water amount target value are changed
such that a minimum heat storage amount obtained
by trial calculation falls within a proper range.
{Fig. 12}
Fig. 12 illustrates an example of the balance sheet
of hot water supply load created from the use result
data.
{Fig. 13}
Fig. 13 illustrates an example of the balance sheet
of hot water supply load illustrated in Fig. 12, in which
a stored hot water temperature target value and a
stored hot water amount target value are changed
such that a minimum heat storage amount obtained
by trial calculation falls within a proper range.
{Fig. 14}
Fig. 14 illustrates an example of the balance sheet
of hot water supply load illustrated in Fig. 12, in which
a stored hot water temperature target value and a
stored hot water amount target value are changed
such that a minimum heat storage amount obtained
by trial calculation falls within a proper range.

Description of Embodiments

[0018] Hereinafter, description will be given of an em-
bodiment of a heat pump type hot water heater and a
method for controlling the same according to the present
invention, with reference to the drawings.
[0019] Fig. 1 illustrates a schematic configuration of a
heat pump water heater according to an embodiment of
the present invention. As illustrated in Fig. 1, a heat pump
water heater 1 includes a heat source machine 2 heating
low-temperature water with a heat pump, and a hot water
storage tank 3 which stores high-temperature water heat-
ed by the heat source machine 2.
[0020] In the heat pump water heater 1, low-tempera-
ture water is supplied to the hot water storage tank 3 by
a water supply pump 5, via a water supply pipe 4. Low-
temperature water supplied to the hot water storage tank
3 is fed to a circulation pipe 6, a flow rate of the low-
temperature water is adjusted by a circulation pump (not
illustrated) of the heat source machine 2 disposed in the
circulation pipe 6, and the low-temperature water ex-
changes heat with a refrigerant having a high tempera-
ture in a heat exchanger for water (not illustrated) so that
the low-temperature water is heated. High-temperature
water after heating is fed back to the hot water storage

tank 3 through the upper part of the hot water storage
tank 3 via the circulation pipe 6. The high-temperature
water stored in the hot water storage tank 3 is supplied
to a non-illustrated hot water supply faucet such as a
bathtub faucet via a hot water supply pipe 7.
[0021] In the hot water storage tank 3, a hot water
amount sensor (not illustrated) for measuring a remaining
hot water amount and a temperature sensor (not illus-
trated) for measuring a stored hot water temperature are
disposed. In the water supply pipe 4, a flow rate sensor
(not illustrated) for measuring a water supply amount is
disposed. In the hot water supply pipe 7, a flow rate sen-
sor (not illustrated) for measuring a hot water supply
amount is disposed. A value measured by the aforemen-
tioned sensors is transmitted to a hot water supply control
unit 10, which will be described below, and is stored in
the hot water supply control unit 10 as use result data,
and also is used for controlling the heat source machine
and the like.
[0022] Heating control of low-temperature water in the
heat pump water heater 1 is performed by the hot water
supply control unit 10. The hot-water supply control unit
10 holds a schedule in which a stored hot water temper-
ature target value and a stored hot water amount target
value are set for each day. According to the schedule,
the heat source machine 2 and the water supply pump
5 are operated so that a heat storage amount (stored hot
water temperature x stored hot water amount) corre-
sponding to the schedule is stored in the hot water stor-
age tank 3. Here, heating operation of low-temperature
water by the heat source machine 2 is performed by using
as much electric power of a time period in which an elec-
tric power rate is relatively as inexpensive (for example,
the night power rate, etc.) as possible.
[0023] Fig. 2 is a function block diagram of the hot water
supply control unit 10. As illustrated in Fig. 2, the hot
water supply control unit 10 includes a schedule storage
unit 11, a use result data storage unit 12 that stores past
use result data and a schedule updating unit 13 that up-
dates a schedule stored in the schedule storage unit 11
based on the past usage result data. The hot water supply
control unit 10 includes a non-illustrated water supply
pump control unit that provides the water supply pump 5
with an operation command, a non-illustrated heating
control unit that provides the heat source machine 2 with
a command value of hot water target temperature, etc.,
and the like. For the flow rate control of the water supply
pump 5 and the operation control of the heat source ma-
chine 2 which are performed based on the stored hot
water temperature target value and the stored hot water
amount target value, a known technique may be applied
as appropriate, and thus, detailed description thereof is
omitted.
[0024] In the schedule storage unit 11, a stored hot
water temperature target value and a stored hot water
amount target value for each day are set.
[0025] In the use result data storage unit 12, for exam-
ple, a minimum heat storage amount, a remaining hot
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water amount, a hot water supply load, a heat source
machine’s heat capacity of a previous week and the like
are stored as past use result data, while associating the
data with a date and a day. Thereby, it is possible to
create, for example, a balance sheet of water supply load
as illustrated in Fig. 9, based on certain use result data
stored in the use result data storage unit 12, allowing a
grasp of changes in heat storage amount of the hot water
storage tank, hot water supply load, and heat source ma-
chine’s heat capacity of a day.
[0026] The schedule updating unit 13 includes an ac-
quisition unit 21, a target value change unit 22, and a trial
calculation unit 23.
[0027] The acquisition unit 21 acquires a minimum
heat storage amount for each day from the past use result
data stored in the use result data storage unit 12. For
example, the acquisition unit 21 reads out the use result
data of the previous week from the use result data storage
unit 12, and acquires the minimum heat storage amount
for each day of the previous week, as illustrated in Fig. 3.
[0028] The target value change unit 22 determines
whether a day in which the minimum heat storage amount
is outside a preset predetermined proper range exists or
not among the minimum heat storage amounts for each
day acquired by the acquisition unit 21. If a day in which
the minimum heat storage amount is outside the proper
range exists, the target value change unit 22 changes
the stored hot water temperature target value and the
stored hot water amount target value of the day. For ex-
ample, if heat storage amounts for each day acquired by
the acquisition unit 22 result in ones illustrated in Fig. 3,
the stored hot water temperature target values and the
stored hot water amount target values for Mondays and
Wednesdays are changed.
[0029] Specifically, if the minimum heat storage
amount is higher than the upper limit value of the proper
range, the target value change unit 22 decreases the
stored hot water temperature target value with priority
until the minimum heat storage amount obtained by trial
calculation by the trial calculation unit 23, which will be
described later, falls within the proper range. If the stored
hot water temperature target value reaches a predeter-
mined lower limit value, the target value change unit 23
decreases the stored hot water amount target value.
[0030] If the minimum heat storage amount is lower
than the lower limit value of the proper range, the target
value change unit 22 increases the stored hot water
amount target value with priority until the minimum heat
storage amount obtained by trial calculation by the trial
calculation unit 23, which will be described later, falls
within the proper range. If the stored hot water amount
target value reaches a predetermined upper limit value,
the target value change unit 22 increases the stored hot
water temperature target value.
[0031] As illustrated in Fig. 4, in a heat source machine
including a heat pump, generally, as a stored hot water
temperature increases, a coefficient of performance
(COP) decreases. The coefficient of performance is a

value obtained by dividing a heat capacity (kW) by a con-
sumed power (kW), and the higher coefficient of perform-
ance means higher efficiency. For this reason, in the
present embodiment, when the stored hot water temper-
ature target value and the stored hot water amount target
amount are changed, the stored hot water temperature
is set to be as low as possible so that the heat source
machine 2 is operated in an efficient operation range.
Thereby, reduction in power consumption is achieved.
[0032] Every time the stored hot water temperature tar-
get value or the stored hot water amount target amount
is changed by the target value change unit 22, the trial
calculation unit 23 refers to the past use result (supply
hot water load, more specifically) of the day to perform
trial calculation of a minimum heat storage amount for
the changed stored hot water temperature target value
or the changed stored hot water amount target amount.
Specifically, the trial calculation unit 23 calculates a stor-
age heat amount for each time period by multiplying the
stored hot water temperature target value by the stored
hot water amount target value in the changed operation
pattern (operation time), and also operates change of the
hot water storage tank in a day, from the supply hot water
load for each time period of the past use result of the day,
so that the minimum heat storage amount of the day is
calculated.
[0033] Next, the procedures of processing executed
by the aforementioned schedule updating unit 13 of the
hot water supply control unit 10 are described, with ref-
erence to Fig. 5 to Fig. 8. The schedule updating unit 13
of the hot water supply control unit 10 executes the fol-
lowing processing to update the schedule, for example,
once a week.
[0034] First, use result data of a previous week is read
out from the use result data storage unit 12 (step SA1 in
Fig. 5), and a minimum heat storage amount of each day
is acquired (step SA2).
[0035] Then, it is determined whether a day in which
a minimum heat storage amount is outside the predeter-
mined proper range exists or not (step SA3), and if a day
in which a heat storage amount is outside the predeter-
mined proper range does not exist, it is determined that
the schedule is not required to be updated and the
processing is ended ("NO" in step SA3). In contrast, if a
day in which a heat storage amount is outside the pre-
determined proper range exists, the day is extracted
(step SA4) and target value change processing is respec-
tively executed on each extracted day (step SA5).
[0036] In the target value change processing, first, it is
determined whether the minimum heat storage amount
of the extracted day is lower than the lower limit value of
the proper range or not (step SB1 in Fig. 6), and if the
minimum heat storage amount is not lower than the lower
limit value of the proper range ("NO" in step SB1), it is
determined that the minimum heat storage amount is
higher than the upper limit value of the proper range to
execute target value change processing for the purpose
of reducing the heat storage amount (step SB2). If the
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minimum heat storage amount is lower than the lower
limit value of the proper range ("YES" in step SB1), target
value change processing is executed for the purpose of
increasing the heat storage amount (step SB3).
[0037] In the target value change processing for the
purpose of reducing the heat storage amount, first, it is
determined whether the current stored hot water temper-
ature target value is a preset lower limit value of a stored
hot water temperature or not (step SC1 in Fig. 7), and if
the stored hot water temperature target value is not the
lower limit value ("NO" in step SC1), the stored hot water
temperature target value is changed to the lower limit
value (step SC2). Thereafter, trial calculation of a mini-
mum heat storage amount is performed with use of the
changed target value (step SC3), and it is determined
whether the minimum heat storage value obtained by
trial calculation is within the proper range (step SC4). As
a result of the determination, if not within the proper range
("NO" in step SC4), it is determined whether the minimum
heat storage amount obtained by trial calculation in step
SC3 is higher than the upper limit value of the proper
range or not (step SC5).
[0038] As a result of the determination, if the minimum
heat storage amount obtained by trial calculation is high-
er than the upper limit value of the proper range ("YES"
in step SC5), the heat storage amount is required to be
further decreased, and thus, the stored hot water amount
target value is changed to a value decreased by a pre-
determined amount α (step SC6), and the processing
returns to step SC3. In contrast, if the minimum heat stor-
age amount obtained by trial calculation is equal to or
lower than the upper limit value of the proper range in
step SC5 ("NO" in step SC5), it is determined the mini-
mum heat storage amount is lower than the lower limit
value of the proper range. That is, in this case, due to
change of the stored hot water temperature target value
to the lower limit value in step SC2, the heat storage
amount becomes too low, and the heat storage amount
is required to be increased. Thus, the stored hot water
temperature target value is increased by a predetermined
value β (step SC7), and the processing returns to step
SC3. Accordingly, trial calculation of the minimum heat
storage amount is performed again with use of the up-
dated target value (step SC3). Then, a loop from step
SC3 to step SC7 is repeated until the minimum heat stor-
age amount falls within the proper range in step SC4. If
the minimum heat storage amount falls within the proper
range ("YES" in step SC4), the schedule stored in the
schedule storage unit 11 is updated to a target value as
of that time (step SC8), and the processing is ended.
[0039] In the present processing, the stored hot water
temperature target value is increased in step SC7. How-
ever, in a case where the stored hot amount is still insuf-
ficient even if the stored hot water amount is increased
to the upper limit value by increasing the stored hot water
to increase the heat storage amount, the stored hot water
temperature target value may be increased. In such
processing, the stored hot water temperature target value

can be set to be as low as possible, and thus, the heat
source machine 2 can be operated in an efficient tem-
perature range.
[0040] In the target value change processing for the
purpose of increasing the heat storage amount in step
SB3 in Fig. 6, first, it is determined whether a current
stored hot water amount target value is the upper limit
value of the preset stored hot water amount (step SD1
in Fig. 8). If the current stored hot water amount target
value is not the upper limit value ("NO" in step SD1), the
stored hot water amount target value is changed to a
value increased by a predetermined value α (step SD2).
At that time, the stored hot water amount target value is
increased with the upper limit value of the stored hot wa-
ter amount as an upper limit. Thereafter, trial calculation
of a minimum heat storage amount is performed by using
the changed target value (step SD3), and it is determined
whether the minimum heat storage amount obtained by
trial calculation is within the proper range (step SD4). As
a result of the determination, if the minimum heat storage
amount is not within the proper range ("NO" in step SD4),
the processing returns to step SD1.
[0041] Accordingly, until the minimum heat storage
amount obtained by trial calculation falls within the proper
range or the stored hot water amount target value reach-
es the upper limit value, the processing from steps SD1
to SD4 is repeatedly executed so that the stored hot water
amount target value is stepwise increased. If the stored
hot water amount reaches the upper limit value before
the minimum heat storage amount obtained by trial cal-
culation in step SD3 falls within the proper range ("YES"
in step SD1), it is determined whether the stored hot water
temperature target value is the upper limit value or not
(step SD5). As a result of the determination, if the stored
hot water temperature target value is not the upper limit
value ("NO" in step SD5), the stored hot water tempera-
ture target value is changed to a value increased by the
predetermined value β (step SD6). Here, the stored hot
water temperature target value is increased with the up-
per limit value of the stored hot water temperature as an
upper limit. Then, the changed target value is used to
perform trial calculation of the minimum heat storage
amount (step SD7), and it is determined whether the min-
imum heat storage amount obtained by trial calculation
is within the proper range (step SD8).
[0042] As a result of the determination, if the minimum
heat storage amount obtained by trial calculation is within
the proper range ("YES" in step SD8), the target value
as of that time is written into the schedule to update the
schedule (step SD9). In contrast, if the minimum heat
storage amount is not within the proper range in step
SD8, the processing returns to step SD5. Accordingly,
until the minimum heat storage amount obtained by trial
calculation falls within the proper range or the stored hot
water temperature target value reaches the upper limit,
the processing of increasing the stored hot water tem-
perature target value is repeated. If the minimum heat
storage amount falls within the proper range before the
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stored hot water temperature target value reaches the
upper limit value ("YES" in step SD8), the target value
as of that time is written into the schedule to update the
schedule, and the processing is ended.
[0043] In contrast, if the stored hot water temperature
target value reaches the upper limit value before the min-
imum heat storage amount falls within the proper range,
the heat storage amount cannot be increased any more.
In this case, the schedule is updated, for example, by
writing the upper limit values of the stored hot water tem-
perature target value and the stored hot water amount
target value into the schedule. In this case, there is a high
possibility that a heat amount stored in the hot water stor-
age tank 3 with night electric power is lower than a con-
sumption amount. Therefore, there is a need for a meas-
ure such as increasing a hot water amount to be stored
in the hot water storage tank by operating a heat pump
during the daytime, for example. In this case, for example,
if the remaining hot water amount in the hot water storage
tank 3 is equal to or lower than a predetermined thresh-
old, it is possible to take a measure such as operating
the heat source machine 2.
[0044] Fig. 9 to Fig. 14 illustrate an example of a bal-
ance sheet of hot water supply load for a day. Fig. 9
illustrates a case where a minimum heat storage amount
of the day is within the proper range. Fig. 10, which illus-
trates an example of a balance sheet of hot water supply
load created from the use result data, illustrates a case
where the minimum heat storage amount of the day is
higher than the upper limit value of the proper range. In
this case, the aforementioned processing of changing
the target value for the purpose of decreasing the heat
storage amount illustrated in Fig. 7 is executed, and thus,
the stored hot water temperature target value and the
stored hot water amount target value are changed such
that the minimum heat storage amount obtained by trial
calculation is within the proper range, as illustrated in Fig.
11.
[0045] Fig. 12, which illustrates an example of the bal-
ance sheet of hot water supply load created from the use
result data, illustrates a case where the minimum heat
storage amount of the day is lower than the lower limit
value of the proper range. In this case, the aforemen-
tioned processing of changing the target value for the
purpose of increasing the heat storage amount illustrated
in Fig. 8 is executed, and thus, the stored hot water tem-
perature target value and the stored hot water amount
target value are changed such that the minimum heat
storage amount obtained by trial calculation is within the
proper range, as illustrated in Fig. 13. In Fig. 13, for ex-
ample, it is found that, in the schedule, the operation time
period of the heat source machine 2 is extended by an
hour due to increase in stored hot water amount target
value, and the operation is stopped at nine o’clock. In
this way, in a case where even if the heat source machine
2 is operated during a night rate period, the stored hot
water temperature target value and the stored hot water
amount target value which are set in the schedule are

not achieved, it is required to operate the heat source
machine 2 also in a normal rate period. In Fig. 13, a pre-
determined heat storage amount is secured by continu-
ously extending the operation time period of the heat
source machine 2, while in Fig. 14, a heat storage amount
is increased by temporarily stopping the operation of the
heat source machine 2 at eight o’clock when the night
power rate period ends, and operating again the heat
source machine 2 in the time period when the hot water
supply load increases (here, a time period from 18:00 to
19:00).
[0046] As described so far, according to the heat pump
water heater 1 of the present embodiment, in a case
where the stored hot water temperature target value and
the stored hot water amount target value of a next day
and afterwards are changed depending on use result da-
ta, if it is determined that the heat storage amount is ex-
cessive from the use result data, the stored hot water
temperature target value is decreased with priority, and
if the stored hot water temperature target value reaches
the lower limit value, the stored hot water amount target
value is decreased. If it is determined that the heat stor-
age amount is insufficient from the use result data, the
stored hot water amount target value is increased with
priority, and if the stored hot water amount target value
reaches the upper limit value, the stored hot water tem-
perature target value is increased.
[0047] In this way, if the stored hot water temperature
is set to be as low as possible and the hot water amount
is set to be as large as possible, it is possible to operate
the heat source machine 2 in an efficient operation range,
and thus, energy saving can be achieved. By setting the
stored hot water temperature to be as low as possible, it
is possible to decrease precipitation of scale.
[0048] The schedule is updated by referring to the use
result data periodically, and thus, the heat storage
amount is made appropriate so that efficient heating is
possible. Accordingly, energy saving can be achieved.
[0049] In the present embodiment, the stored hot water
temperature target value and the stored hot water
amount target value are set for each day, but the present
invention is not limited to this. For example, the stored
hot water temperature target value and the stored hot
water amount target value of a certain day may be set
based on use result data of a previous day, or the stored
hot water temperature target value and the stored hot
water amount target value may be set for weekdays and
for holidays, separately. In this case, for a minimum heat
storage amount for weekdays/holidays, an average val-
ue may be used, or the lowest minimum heat storage
amount of the minimum heat storage amounts may be
used.
[0050] In the present embodiment, the stored hot water
temperature target value and the stored hot water
amount target value are changed with use of the mini-
mum heat storage amount, but such stored hot water
temperature target value and stored hot water amount
target value may be changed with use of a minimum re-

11 12 



EP 2 913 596 B1

8

5

10

15

20

25

30

35

40

45

50

55

maining hot water amount instead of the minimum heat
storage amount.
[0051] The present invention is not limited only to the
aforementioned embodiment, and various modifications
can be performed within a scope of the present invention.

{Reference Signs List}

[0052]

1 heat pump water heater
2 heat source machine
3 hot water storage tank
4 water supply pipe
5 water supply pump
6 circulation pipe
7 hot water supply pipe
10 hot water supply control unit
11 schedule storage unit
12 use result data storage unit
13 schedule updating unit
21 acquisition unit
22 target value change unit
23 trial calculation unit

Claims

1. A heat pump water heater performing heating so as
to make hot water in a hot water storage tank (3),
having a preset stored hot water temperature target
value and a preset stored hot water amount target
value, by using as much electric power in a time pe-
riod in which an electric power rate is relatively as
inexpensive as possible, characterized in that it
comprises:

acquisition means (21) configured to acquire a
minimum heat storage amount per day from past
use result data including a heat storage amount
or a remaining hot water amount and a hot water
supply load;
target value change means (22) configured to
change at least one of the stored hot water tem-
perature target value and the stored hot water
amount target value when the minimum heat
storage amount is higher than a predetermined
range; and
calculation means (23) configured to perform
calculation of a minimum heat storage amount
of a day by using the stored hot water temper-
ature target value and the stored hot water
amount target value after change and a hot wa-
ter supply load of a day in the past use result
data, wherein,
if the minimum heat storage amount is higher
than an upper limit value of the predetermined
range, the target value change means (22) de-

creases the stored hot water temperature target
value with priority until the minimum heat stor-
age amount obtained by calculation by the cal-
culation means (23) falls within the predeter-
mined range, and if the stored hot water tem-
perature target value reaches a predetermined
lower limit value, the target value change means
(22) decreases the stored hot water amount tar-
get value, and
if the minimum heat storage amount is lower
than a lower limit value of the predetermined
range, the target value change means (22) in-
creases the stored hot water amount target val-
ue with priority until the minimum heat storage
amount obtained by calculation by the calcula-
tion means (23) falls within the predetermined
range, and if the stored hot water amount target
value reaches a predetermined upper limit val-
ue, the target value change means (22) increas-
es the stored hot water temperature target value.

2. The heat pump water heater of Claim 1, wherein
the stored hot water temperature target value and
the stored hot water amount target value are set for
each day,
the acquisition means (21) acquires the minimum
heat storage amount for each day, and
the target value change means (22) changes at least
one of the stored hot water temperature target value
and the stored hot water amount target value for a
day in which the minimum heat storage amount is
outside the predetermined range.

3. The heat pump water heater of Claim 1, wherein
the stored hot water temperature target value and
the stored hot water amount target value are set for
weekdays and for holidays, separately,
the acquisition means (21) acquires the minimum
heat storage amount for weekdays and for holidays,
separately, and
the target value change means (22) changes at least
one of the stored hot water temperature target value
and the stored hot water amount target value for
weekdays if the minimum heat storage amount of
weekdays is outside the predetermined range, and
changes at least one of the stored hot water temper-
ature target value and the stored hot water amount
target value for holidays if the minimum heat storage
amount of holidays is outside the predetermined
range.

4. The heat pump water heater of Claim 1, wherein
the acquisition means (21) acquires the minimum
heat storage amount from use result data of a pre-
vious day, and
the target value change means (22) changes at least
one of the stored hot water temperature target value
and the stored hot water amount target value if the
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minimum heat storage amount is higher than the pre-
determined range, and sets the stored hot water tem-
perature target value and the stored hot water
amount target value for a next day.

5. The heat pump water heater of any one of Claims 1
to 4, wherein a minimum remaining hot water amount
is used instead of the minimum heat storage amount.

6. A method for controlling a heat pump water heater
performing heating so as to make hot water in a hot
water storage tank (3), having a preset stored hot
water temperature target value and a preset stored
hot water amount target value, by using as much
electric power in a time period in which an electric
power rate is relatively as inexpensive as possible,
the method being characterized in that it compris-
es:

an acquisition step of acquiring a minimum heat
storage amount per day from past use result da-
ta including a heat storage amount or a remain-
ing hot water amount and a hot water supply
load;
a target value change step of changing at least
one of the stored hot water temperature target
value and the stored hot water amount target
value if the minimum heat storage amount is
higher than a predetermined range; and
a calculation step of performing calculation of a
minimum heat storage amount of a day by using
the stored hot water temperature target value
and the stored hot water amount target value
after change and a hot water supply load of a
day in the past use result data, wherein,
in the target value change step,
if the minimum heat storage amount is higher
than an upper limit value of the predetermined
range, the stored hot water temperature target
value is decreased with priority until the mini-
mum heat storage amount obtained by calcula-
tion in the calculation step falls within the pre-
determined range, and if the stored hot water
temperature target value reaches a predeter-
mined lower limit value, the stored hot water
amount target value is decreased, and
if the minimum heat storage amount is lower
than a lower limit value of the predetermined
range, the stored hot water amount target value
is increased with priority until the minimum heat
storage amount obtained by calculation in the
calculation step falls within the predetermined
range, and if the stored hot water amount target
value reaches a predetermined upper limit val-
ue, the stored hot water temperature target val-
ue is increased.

Patentansprüche

1. Wärmepumpenwassererhitzer, der eine Erwärmung
durchführt, um Heißwasser in einem Heißwasser-
speichertank (3), der einen voreingestellten Sollwert
für die Temperatur von gespeichertem Heißwasser
und einen voreingestellten Sollwert für die Menge
von gespeichertem Heißwasser aufweist, unter Ver-
wendung von möglichst viel Strom in einem Zeit-
raum, in dem der Strompreis relativ günstig ist, zu
erzeugen, dadurch gekennzeichnet, dass er um-
fasst:

Erfassungsmittel (21), die dafür ausgelegt sind,
eine Mindestwärmespeichermenge pro Tag aus
früheren Verbrauchsergebnisdaten, die eine
Wärmespeichermenge oder eine Menge von
verbleibendem Heißwasser und eine Heißwas-
serversorgungslast beinhalten, zu erfassen,
Sollwertveränderungsmittel (22), die dafür aus-
gelegt sind, mindestens einen von dem Sollwert
für die Temperatur von gespeichertem
Heißwasser und dem Sollwert für die Menge von
gespeichertem Heißwasser zu verändern, wenn
die Mindestwärmespeichermenge höher als ein
vorbestimmter Bereich ist, und
Berechnungsmittel (23), die dafür ausgelegt
sind, eine Berechnung einer Mindestwärme-
speichermenge eines Tages unter Verwendung
des Sollwertes für die Temperatur von gespei-
chertem Heißwasser und des Sollwertes für die
Menge von gespeichertem Heißwasser nach
der Veränderung und einer Heißwasserversor-
gungslast eines Tages in den früheren Ver-
brauchsergebnisdaten durchzuführen, wobei
wenn die Mindestwärmespeichermenge höher
als ein oberer Grenzwert des vorbestimmten
Bereichs ist, die Sollwertveränderungsmittel
(22) den Sollwert für die Temperatur von gespei-
chertem Heißwasser vorrangig verringern, bis
die durch Berechnung durch die Berechnungs-
mittel (23) erhaltene Mindestwärmespeicher-
menge innerhalb des vorbestimmten Bereichs
liegt, und, wenn der Sollwert für die Temperatur
von gespeichertem Heißwasser einen vorbe-
stimmten unteren Grenzwert erreicht, die Soll-
wertveränderungsmittel (22) den Sollwert für die
Menge von gespeichertem Heißwasser verrin-
gern, und
wenn die Mindestwärmespeichermenge niedri-
ger als ein unterer Grenzwert des vorbestimm-
ten Bereichs ist, die Sollwertveränderungsmittel
(22) den Sollwert für die Menge von gespeicher-
tem Heißwasser vorrangig anheben, bis die
durch Berechnung durch die Berechnungsmittel
(23) erhaltene Mindestwärmespeichermenge
innerhalb des vorbestimmten Bereichs liegt,
und, wenn der Sollwert für die Menge von ge-
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speichertem Heißwasser einen vorbestimmten
oberen Grenzwert erreicht, die Sollwertverän-
derungsmittel (22) den Sollwert für die Tempe-
ratur von gespeichertem Heißwasser anheben.

2. Wärmepumpenwassererhitzer nach Anspruch 1,
wobei
der Sollwert für die Temperatur von gespeichertem
Heißwasser und der Sollwert für die Menge von ge-
speichertem Heißwasser für jeden Tag eingestellt
sind,
die Erfassungsmittel (21) die Mindestwärmespei-
chermenge für jeden Tag erfassen, und
die Sollwertveränderungsmittel (22) mindestens ei-
nen von dem Sollwert für die Temperatur von ge-
speichertem Heißwasser und dem Sollwert für die
Menge von gespeichertem Heißwasser für einen
Tag verändert, an dem die Mindestwärmespeicher-
menge außerhalb des vorbestimmten Bereichs liegt.

3. Wärmepumpenwassererhitzer nach Anspruch 1,
wobei
der Sollwert für die Temperatur von gespeichertem
Heißwasser und der Sollwert für die Menge von ge-
speichertem Heißwasser für Wochentage und Fei-
ertage getrennt eingestellt sind,
die Erfassungsmittel (21) die Mindestwärmespei-
chermenge für Wochentage und für Feiertage ge-
trennt erfassen, und
die Sollwertveränderungsmittel (22) mindestens ei-
nen von dem Sollwert für die Temperatur von ge-
speichertem Heißwasser und dem Sollwert für die
Menge von gespeichertem Heißwasser für Wochen-
tage verändern, wenn die Mindestwärmespeicher-
menge von Wochentagen außerhalb des vorbe-
stimmten Bereichs liegt, und mindestens einen von
dem Sollwert für die Temperatur von gespeichertem
Heißwasser und dem Sollwert für die Menge von ge-
speichertem Heißwasser für Feiertage verändert,
wenn die Mindestwärmespeichermenge von Feier-
tagen außerhalb des vorbestimmten Bereichs liegt.

4. Wärmepumpenwassererhitzer nach Anspruch 1,
wobei
die Erfassungsmittel (21) die Mindestwärmespei-
chermenge aus Verbrauchsergebnisdaten von ei-
nem vorangegangenen Tag erfassen, und
die Sollwertveränderungsmittel (22) mindestens ei-
nen von dem Sollwert für die Temperatur von ge-
speichertem Heißwasser und dem Sollwert für die
Menge von gespeichertem Heißwasser verändern,
wenn die Mindestwärmespeichermenge höher als
der vorbestimmte Bereich ist, und den Sollwert für
die Temperatur von gespeichertem Heißwasser und
den Sollwert für die Menge von gespeichertem
Heißwasser für einen nächsten Tag einstellen.

5. Wärmepumpenwassererhitzer nach einem der An-

sprüche 1 bis 4, wobei eine Mindestmenge von ver-
bleibendem Heißwasser anstelle der Mindestwär-
mespeichermenge verwendet wird.

6. Verfahren zur Steuerung eines Wärmepumpenwas-
sererhitzers, der eine Erwärmung durchführt, um
Heißwasser in einem Heißwasserspeichertank (3),
der einen voreingestellten Sollwert für die Tempera-
tur von gespeichertem Heißwasser und einen vor-
eingestellten Sollwert für die Menge von gespeicher-
tem Heißwasser aufweist, unter Verwendung von
möglichst viel Strom in einem Zeitraum, in dem der
Strompreis relativ günstig ist, zu erzeugen, wobei
das Verfahren dadurch gekennzeichnet ist, dass
es umfasst:

einen Erfassungsschritt des Erfassens einer
Mindestwärmespeichermenge pro Tag aus frü-
heren Verbrauchsergebnisdaten, die eine Wär-
mespeichermenge oder eine Menge von ver-
bleibendem Heißwasser und eine Heißwasser-
versorgungslast beinhalten,
einen Sollwertveränderungsschritt des Verän-
derns von mindestens einem von dem Sollwert
für die Temperatur von gespeichertem
Heißwasser und dem Sollwert für die Menge von
gespeichertem Heißwasser, wenn die Mindest-
wärmespeichermenge höher als ein vorbe-
stimmter Bereich ist, und
einen Berechnungsschritt des Durchführens ei-
ner Berechnung einer Mindestwärmespeicher-
menge eines Tages unter Verwendung des Soll-
wertes für die Temperatur von gespeichertem
Heißwasser und des Sollwertes für die Menge
von gespeichertem Heißwasser nach der Ver-
änderung und einer Heißwasserversorgungs-
last eines Tages in den früheren Verbrauchser-
gebnisdaten, wobei
während des Sollwertveränderungsschritts,
wenn die Mindestwärmespeichermenge höher
als ein oberer Grenzwert des vorbestimmten
Bereichs ist, der Sollwert für die Temperatur von
gespeichertem Heißwasser vorrangig verringert
wird, bis die durch Berechnung in dem Berech-
nungsschritt erhaltene Mindestwärmespeicher-
menge innerhalb des vorbestimmten Bereichs
liegt, und, wenn der Sollwert für die Temperatur
von gespeichertem Heißwasser einen vorbe-
stimmten unteren Grenzwert erreicht, der Soll-
wert für die Menge von gespeichertem
Heißwasser verringert wird, und
wenn die Mindestwärmespeichermenge niedri-
ger als ein unterer Grenzwert des vorbestimm-
ten Bereichs ist, der Sollwert für die Menge von
gespeichertem Heißwasser vorrangig angeho-
ben wird, bis die durch Berechnung in dem Be-
rechnungsschritt erhaltene Mindestwärmespei-
chermenge innerhalb des vorbestimmten Be-
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reichs liegt, und, wenn der Sollwert für die Men-
ge von gespeichertem Heißwasser einen vor-
bestimmten oberen Grenzwert erreicht, der Soll-
wert für die Temperatur von gespeichertem
Heißwasser angehoben wird.

Revendications

1. Dispositif de chauffage d’eau de pompe à chaleur
effectuant un chauffage de manière à obtenir de
l’eau chaude dans un réservoir de stockage d’eau
chaude (3), ayant une valeur cible de température
d’eau chaude stockée prédéterminée et une valeur
cible de quantité d’eau chaude stockée prédétermi-
née, en utilisant autant que possible la puissance
électrique dans une période de temps dans laquelle
un tarif d’énergie électrique est relativement bon
marché, caractérisé en ce qu’il comprend :

des moyens d’acquisition (21) configurés pour
acquérir une quantité de stockage de chaleur
minimum par jour à partir de données de résultat
d’utilisation passée comprenant une quantité de
stockage de chaleur ou une quantité d’eau chau-
de restante et une charge de fourniture d’eau
chaude ;
des moyens de changement de valeur cible (22)
configurés pour changer au moins l’une de la
valeur cible de température d’eau chaude stoc-
kée et de la valeur cible de quantité d’eau chau-
de stockée lorsque la quantité de stockage de
chaleur minimum est supérieure à une plage
prédéterminée ; et
des moyens de calcul (23) configurés pour ef-
fectuer le calcul d’une quantité de stockage de
chaleur minimum d’un jour en utilisant la valeur
cible de température d’eau chaude stockée et
la valeur cible de quantité d’eau chaude stockée
après un changement et une charge de fourni-
ture d’eau chaude d’un jour dans les données
de résultat d’utilisation passée, dans lequel,
si la quantité de stockage de chaleur minimum
est supérieure à une valeur de limite supérieure
de la plage prédéterminée, les moyens de chan-
gement de valeur cible (22) diminuent la valeur
cible de température d’eau chaude stockée en
priorité jusqu’à ce que la quantité de stockage
de chaleur minimum obtenue par calcul par les
moyens de calcul (23) tombe dans la plage pré-
déterminée, et si la valeur cible de température
d’eau chaude stockée atteint une valeur de limi-
te inférieure prédéterminée, les moyens de
changement de valeur cible (22) diminuent la
valeur cible de quantité d’eau chaude stockée,
et
si la quantité de stockage de chaleur minimum
est inférieure à une valeur de limite inférieure

de la plage prédéterminée, les moyens de chan-
gement de valeur cible (22) augmentent la va-
leur cible de quantité d’eau chaude stockée en
priorité jusqu’à ce que la quantité de stockage
de chaleur minimum obtenue par calcul par les
moyens de calcul (23) tombe dans la plage pré-
déterminée, et si la valeur cible de quantité d’eau
chaude stockée atteint une valeur de limite su-
périeure prédéterminée, les moyens de chan-
gement de valeur cible (22) augmentent la va-
leur cible de température d’eau chaude stockée.

2. Dispositif de chauffage d’eau de pompe à chaleur
selon la revendication 1, dans lequel
la valeur cible de température d’eau chaude stockée
et la valeur cible de quantité d’eau chaude stockée
sont établies pour chaque jour,
les moyens d’acquisition (21) acquièrent la quantité
de stockage de chaleur minimum pour chaque jour,
et
les moyens de changement de valeur cible (22)
changent au moins l’une de la valeur cible de tem-
pérature d’eau chaude stockée et de la valeur cible
de quantité d’eau chaude stockée pour un jour dans
laquelle la quantité de stockage de chaleur minimum
est à l’extérieur de la plage prédéterminée.

3. Dispositif de chauffage d’eau de pompe à chaleur
selon la revendication 1, dans lequel
la valeur cible de température d’eau chaude stockée
et la valeur cible de quantité d’eau chaude stockée
sont établies pour les jours de la semaine et pour
les jours de congé, séparément,
les moyens d’acquisition (21) acquièrent la quantité
de stockage de chaleur minimum pour les jours de
la semaine et pour les jours de congé, séparément,
et
les moyens de changement de valeur cible (22)
changent au moins l’une de la valeur cible de tem-
pérature d’eau chaude stockée et de la valeur cible
de quantité d’eau chaude stockée pour les jours de
la semaine si la quantité de stockage de chaleur mi-
nimum des jours de la semaine est à l’extérieur de
la plage prédéterminée, et changent au moins l’une
de la valeur cible de température d’eau chaude stoc-
kée et de la valeur cible de quantité d’eau chaude
stockée pour les jours de congé si la quantité de
stockage de chaleur minimum des jours de congé
est à l’extérieur de la plage prédéterminée.

4. Dispositif de chauffage d’eau de pompe à chaleur
selon la revendication 1, dans lequel
les moyens d’acquisition (21) acquièrent la quantité
de stockage de chaleur minimum à partir des don-
nées de résultat d’utilisation d’un jour précédent, et
les moyens de changement de valeur cible (22)
changent au moins l’une de la valeur cible de tem-
pérature d’eau chaude stockée et de la valeur cible
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de quantité d’eau chaude stockée si la quantité de
stockage de chaleur minimum est supérieure à la
plage prédéterminée, et établissent la valeur cible
de température d’eau chaude stockée et la valeur
cible de quantité d’eau chaude stockée pour un jour
suivant.

5. Dispositif de chauffage d’eau de pompe à chaleur
selon l’une quelconque des revendications 1 à 4,
dans lequel une quantité d’eau chaude restante mi-
nimum est utilisée au lieu de la quantité de stockage
de chaleur minimum.

6. Procédé pour commander un dispositif de chauffage
d’eau de pompe à chaleur effectuant un chauffage
de manière à obtenir de l’eau chaude dans un réser-
voir de stockage d’eau chaude (3), ayant une valeur
cible de température d’eau chaude stockée prédé-
terminée et une valeur cible de quantité d’eau chau-
de stockée prédéterminée, en utilisant autant que
possible l’énergie électrique dans une période de
temps dans laquelle un tarif d’énergie électrique est
relativement bon marché, le procédé étant caracté-
risé en ce qu’il comprend :

une étape d’acquisition pour acquérir une quan-
tité de stockage de chaleur minimum par jour à
partir de données de résultat d’utilisation passée
comprenant une quantité de stockage de cha-
leur ou une quantité d’eau chaude restante et
une charge de fourniture d’eau chaude ;
une étape de changement de valeur cible pour
changer au moins l’une de la valeur cible de tem-
pérature d’eau chaude stockée et de la valeur
cible de quantité d’eau chaude stockée si la
quantité de stockage de chaleur minimum est
supérieure à une plage prédéterminée ; et
une étape de calcul pour effectuer le calcul d’une
quantité de stockage de chaleur minimum d’un
jour en utilisant la valeur cible de température
d’eau chaude stockée et la valeur cible de quan-
tité d’eau chaude stockée après un changement
et une charge de fourniture d’eau chaude d’un
jour dans les données de résultat d’utilisation
passée, dans lequel,
à l’étape de changement de valeur cible,
si la quantité de stockage de chaleur minimum
est supérieure à une valeur de limite supérieure
de la plage prédéterminée, la valeur cible de
température d’eau chaude stockée est diminuée
en priorité jusqu’à ce que la quantité de stockage
de chaleur minimum obtenue par calcul à l’étape
de calcul tombe dans la plage prédéterminée,
et si la valeur cible de température d’eau chaude
stockée atteint une valeur de limite inférieure
prédéterminée, la valeur cible de quantité d’eau
chaude stockée est diminuée, et
si la quantité de stockage de chaleur minimum

est inférieure à une valeur de limite inférieure
de la plage prédéterminée, la valeur cible de
quantité d’eau chaude stockée est augmentée
en priorité jusqu’à ce que la quantité de stockage
de chaleur minimum obtenue par calcul à l’étape
de calcul tombe dans la plage prédéterminée,
et si la valeur cible de quantité d’eau chaude
stockée atteint une valeur de limite supérieure
prédéterminée, la valeur cible de température
d’eau chaude stockée est augmentée.
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