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(54) HEAT STORAGE SYSTEM

(57) The present invention has an object to provide
a heat storage system capable of saving energy while
reliably avoiding both depletion of a heat storage amount
for application using high temperature heat and depletion
of a heat storage amount for application using middle
temperature heat.

The heat storage system of the present invention
includes: a first heat utilization path configured to use
heat stored in a first region on an upper side in a tank; a
second heat utilization path configured to mainly use heat
stored in a second region below the first region in the
tank; and control means for performing, when it is pre-
dicted that a heat storage amount for a demand of the
first heat utilization path is insufficient while a heat stor-
age amount for a demand of the second heat utilization
path is sufficient, a first region heating operation for feed-
ing a liquid to heating means using a middle feed path
for feeding the liquid through a pipe connected to a middle
height portion of the tank to the heating means, and re-
turning the liquid heated by the heating means through
a pipe connected to an upper portion of the tank into the
tank.
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Description

Technical Field

[0001] The present invention relates to a heat storage system.

Background Art

[0002] A heat storage system that stores a high temperature liquid in a tank to store heat is widely used. One type of
the heat storage system is a hot water storage type hot water supply system. The hot water storage type hot water
supply system is applied when a heating power of heating means is relatively low or when start-up of the power in
activation of the heating means is slow as compared to an instantaneous hot water supply system. In the hot water
storage type hot water supply system, hot water is previously generated by the heating means and stored in the tank
so as to prevent depletion of hot water in the tank for generation of a hot water supply load. Then, the hot water in the
tank is used to accommodate the hot water supply load.
[0003] Some hot water storage type hot water supply systems have, in addition to a function of supplying hot water
for directly discharging hot water from a hot water tap, a function of reheating lukewarm bathwater by heat exchange
with high temperature hot water in the tank. In such a system, heat needs to be previously stored in the tank so as to
prevent shortage of a heat amount also for heat load of reheating bathwater.
[0004] Patent Literature 1 discloses a hot water storage type hot water supply system in which a hot water supply
available heat storage amount and a bathwater-reheating available heat storage amount are calculated based on tem-
perature distribution in a tank, and when the heat storage amounts are insufficient as compared to predicted hot water
supply loads and bathwater-reheating loads, heating means is activated to feed cold water in a lower portion of the tank
to the heating means and heat the water, and the heated hot water is returned to an upper portion of the tank to increase
the heat storage amounts in the tank.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent No. 5106567
Patent Literature 2: Japanese Patent Laid-Open No. 2011-2121

Summary of Invention

Technical Problem

[0006] Bathwater-reheating requires heat at a higher temperature than hot water supply. Thus, even if the tank contains
stored heat at a middle temperature that does not reach a temperature available for bathwater-reheating, the stored
heat cannot be used for bathwater-reheating. In the conventional hot water storage type hot water supply system, if a
heat storage amount available for bathwater-reheating is insufficient while a heat storage amount available for hot water
supply is sufficient, performing a heating operation to increase the heat storage amount available for bathwater-reheating
unnecessarily increases a heat amount for hot water supply unavailable for bathwater-reheating. This shows room for
improvement in terms of energy saving.
[0007] Also, in the conventional hot water storage type hot water supply system, if the heating operation is performed
to increase a heat storage amount available for bathwater-reheating and then hot water supply is performed before
bathwater-reheating, a hot water supply load that can be normally accommodated by stored heat at a middle temperature
is accommodated by stored heat at a high temperature. This also shows room for improvement in terms of energy saving.
Also in the same case, the heat storage amount at a high temperature for bathwater-reheating is reduced by hot water
supply, which tends to again cause shortage of the heat storage amount for bathwater-reheating.
[0008] The present invention has been made to solve the problems as described above, and has an object to provide
a heat storage system capable of saving energy while reliably avoiding both depletion of a heat storage amount for
application using high temperature heat and depletion of a heat storage amount for application using middle temperature
heat.
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Solution to Problem

[0009] A heat storage system of the invention includes: a tank configured to store a liquid so as to form temperature
stratification with a high temperature upper side and a low temperature lower side; heating means for heating the liquid;
a first heat utilization path configured to use heat stored in a first region that is a part on a upper side in the tank; a
second heat utilization path configured to mainly use heat stored in a second region below the first region in the tank;
a lower feed path configured to take out the liquid through a pipe connected to a lower portion of the tank, the lower feed
path feeding the liquid to the heating means; a middle feed path configured to take out the liquid through a pipe connected
to a middle height portion of the tank, the middle feed path feeding the liquid to the heating means; feed path switching
means for switching between the lower feed path and the middle feed path; an upper return path configured to return
the liquid heated by the heating means through a pipe connected to an upper portion of the tank into the tank; and control
means for predicting whether a heat storage amount for a demand of the first heat utilization path is sufficient or insufficient,
predicting whether a heat storage amount for a demand of the second heat utilization path is sufficient or insufficient,
and performing, when it is predicted that the heat storage amount for the demand of the first heat utilization path is
insufficient while the heat storage amount for the demand of the second heat utilization path is sufficient, a first region
heating operation for feeding the liquid to the heating means using the middle feed path, and returning the liquid heated
by the heating means into the tank using the upper return path.

Advantageous Effects of Invention

[0010] According to the heat storage system of the present invention, the first heat utilization path that uses the heat
stored in the first region in the tank is separated from the second heat utilization path that uses the heat stored in the
second region below the first region in the tank, and when it is predicted that a heat storage amount in the first region
is insufficient while a heat storage amount in the second region is sufficient, the first region heating operation is performed.
This increases only the heat storage amount in the first region without increasing the heat storage amount in the second
region, thereby saving energy. For application that does not require a high temperature, the second heat utilization path
is used to avoid a reduction in the heat storage amount at a high temperature for use in the first heat utilization path.
This increases exergy efficiency, and can reliably avoid depletion of the heat storage amount at a high temperature for
use in the first heat utilization path.

Brief Description of Drawings

[0011]

Figure 1 is a configuration diagram of a hot water storage type hot water supply system that is a heat storage system
according to Embodiment 1 of the present invention.
Figure 2 is a block diagram showing flows of signals in the hot water storage type hot water supply system according
to Embodiment 1 of the present invention.
Figure 3 is a flowchart showing a process when a control means controls an additional heating operation in the hot
water storage type hot water supply system according to Embodiment 1 of the present invention.
Figure 4 diagrammatically show temperature distribution along a height direction in a tank of a conventional hot
water storage type hot water supply system as a comparative example.
Figure 5 diagrammatically show temperature distribution along a height direction in a tank of a conventional hot
water storage type hot water supply system as a comparative example.
Figure 6 diagrammatically shows changes in temperature distribution in the tank when the hot water storage type
hot water supply system of Embodiment 1 performs a first region heating operation.
Figure 7 diagrammatically shows changes in temperature distribution in the tank when the hot water storage type
hot water supply system of Embodiment 1 performs a second region heating operation.
Figure 8 diagrammatically shows changes in temperature distribution in the tank when the hot water storage type
hot water supply system of Embodiment 1 performs a normal heating operation

Description of Embodiment

[0012] Now, with reference to the drawings, an embodiment of the present invention will be described. Throughout
the drawings, like components are denoted by like reference numerals, and overlapping descriptions will be omitted.
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Embodiment 1

[0013] Figure 1 is a configuration diagram of a hot water storage type hot water supply system that is a heat storage
system according to Embodiment 1 of the present invention. As shown in Figure 1, a hot water storage type hot water
supply system 1 of this embodiment 1 includes a tank 10, heating means 12, a water feed pump 31, a water feed pump
32, a bathtub pump 33, a mixing valve 41, a mixing valve 42, a feed path switching valve 71, a return path switching
valve 72, a bathwater-reheating heat exchanger 5, pipes described later, control means 100, or the like.
[0014] In the tank 10, water is stored so as to form temperature stratification with a high temperature upper side and
a low temperature lower side. The tank 10 is kept filled with water. A capacity of the tank 10 is not particularly limited,
but for example, is generally about 300 L to 600 L. The tank 10 has an upper portion, a middle height portion, and a
lower portion from above. One end of a lower feed pipe 301a and one end of a water supply pipe 302 are connected to
the lower portion of the tank 10. The other end of the lower feed pipe 301a is connected to the feed path switching valve
71. The other end of the water supply pipe 302 is connected to a water source such as waterworks. Low temperature
water supplied from the water source flows through the water supply pipe 302 into the tank 10. A pressure reducing
valve (not shown) is provided in a middle of the water supply pipe 302. Pressure of the water source is reduced to
predetermined pressure by the pressure reducing valve and then acts in the tank 10.
[0015] One end of a middle pipe 308c and one end of a middle temperature water pipe 303b are connected to the
middle height portion of the tank 10. The other end of the middle pipe 308c is divided into a middle feed pipe 308a and
a middle return pipe 308b. The middle feed pipe 308a is connected to the feed path switching valve 71. The middle
return pipe 308b is connected to the return path switching valve 72. The other end of the middle temperature water pipe
303b is connected to the mixing valve 42. The level of a connecting position between the middle temperature water pipe
303b and the tank 10 is preferably equal to or lower than the level of a connecting position between the middle pipe
308c and the tank 10. The level of the connecting position between the middle temperature water pipe 303b and the
tank 10 may be higher than the level of the connecting position between the middle pipe 308c and the tank 10, but, in
that case, is preferably close to the level of the connecting position between the middle pipe 308c and the tank 10. In
this Embodiment 1, the middle pipe 308c and the middle temperature water pipe 303b are both connected to a slightly
upper side than just half the height of the tank 10. In the description below, hot water taken out of the tank 10 through
the middle pipe 308c and hot water taken out of the tank 10 through the middle temperature water pipe 303b are referred
to as "middle temperature water" for convenience.
[0016] One end of an upper return pipe 301d, one end of a high temperature water pipe 303a, one end of a reheating
feed pipe 307a, and one end of a reheating return pipe 307b are connected to the upper portion of the tank 10. The
other end of the upper return pipe 301d is connected to the return path switching valve 72. The other end of the high
temperature water pipe 303a is connected to the mixing valve 42. In the description below, hot water taken out of the
tank 10 through the high temperature water pipe 303a is referred to as "high temperature water", and hot water taken
out of the tank 10 through the reheating feed pipe 307a is referred to as "heat source water" for convenience. The other
end of the reheating feed pipe 307a is connected to a heat source water inlet of the bathwater-reheating heat exchanger
5. The other end of the reheating return pipe 307b is connected to a heat source water outlet of the bathwater-reheating
heat exchanger 5. The water feed pump 32 is connected to a middle of the reheating return pipe 307b, which is at a
lower temperature than the reheating feed pipe 307a.
[0017] The heating means 12 has a function of heating water. The heating means 12 is configured using, for example,
a heat pump, that is, a refrigeration cycle. When the heat pump is used, a fluid to be subjected to heat exchange with
a refrigerant on a low pressure side may be any fluid such as outdoor air, groundwater, or solar hot water. Preferably,
a heating power of the heating means 12 can be variably set. When the heat pump is used, for example, variably setting
a rotational speed of a compressor using inverter control allows the heating power to be variably set. A refrigerant used
in the heat pump may be CO2 suitable for delivery of high temperature hot water. However, in order to increase operation
efficiency in a characteristic operation of the present invention, a refrigerant that does not used in a supercritical state
of the refrigerant is desirable, and for example, a typical fluorocarbon refrigerant, or a refrigerant such as propane and
isobutane is preferable. In the description below, hot water heated by the heating means 12 is referred to as "heated
water" for convenience.
[0018] The feed path switching valve 71 and an inlet of the heating means 12 are connected by a feed pipe 301b. The
water feed pump 31 is connected to a middle of the feed pipe 301b, which is at a lower temperature than a return pipe
301c descried later. The feed path switching valve 71 can switch between the lower feed pipe 301a and the middle feed
pipe 308a so as to be selectively connected to the feed pipe 301b. Figure 1 shows a state where the feed path switching
valve 71 connects the middle feed pipe 308a to the feed pipe 301b. If the water feed pump 31 is driven in this state, the
middle temperature water is taken out of the tank 10 through the middle pipe 308c, and the middle temperature water
is fed through the middle feed pipe 308a, the feed path switching valve 71, and the feed pipe 301b to the heating means
12. Such a path corresponds to a middle feed path. On the other hand, if the feed path switching valve 71 switches the
lower feed pipe 301a to be connected to the feed pipe 301b and then the water feed pump 31 is driven, the low temperature
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water is taken out of the tank 10 through the lower feed pipe 301a, and the low temperature water is fed through the
feed path switching valve 71 and the feed pipe 301b to the heating means 12. Such a path corresponds to a lower feed
path. The feed path switching valve 71 corresponds to feed path switching means for switching between the lower feed
path and the middle feed path.
[0019] An outlet of the heating means 12 and the return path switching valve 72 are connected by the return pipe
301c. The return path switching valve 72 switches between the upper return pipe 301d and the middle return pipe 308b
so as to be selectively connected to the return pipe 301c. Figure 1 shows the return path switching valve 72 connecting
the upper return pipe 301d to the return pipe 301c. If the water feed pump 31 is driven in this state, heated water heated
by the heating means 12 is returned through the return pipe 301c, the return path switching valve 72, and the upper
return pipe 301d into the tank 10. Such a path corresponds to an upper return path. On the other hand, if the return path
switching valve 72 switches the middle return pipe 308b to be connected to the return pipe 301c and then the water feed
pump 31 is driven, heated water heated by the heating means 12 is returned through the return pipe 301c, the return
path switching valve 72, the middle return pipe 308b, and the middle pipe 308c into the tank 10. Such a path corresponds
to a middle return path. The return path switching valve 72 corresponds to return path switching means for switching
between the upper return path and the middle return path.
[0020] One end of a hot water supply pipe 305a is further connected to the mixing valve 42. The mixing valve 42 mixes
the middle temperature water flowing in from the middle temperature water pipe 303b and the high temperature water
flowing in from the high temperature water pipe 303a, and causes the mixed hot water to flow out to the hot water supply
pipe 305a. The mixing valve 42 can adjust a mixing ratio between the middle temperature water and the high temperature
water. The mixing valve 42 can also cause only the middle temperature water to flow out to the hot water supply pipe
305a without being mixed with the high temperature water, and cause only the high temperature water to flow out to the
hot water supply pipe 305a without being mixed with the middle temperature water.
[0021] The other end of the hot water supply pipe 305a is connected to the mixing valve 41. A water supply branch
pipe 304 branching from a downstream side of the pressure reducing valve of the water supply pipe 302 and one end
of a hot water supply pipe 305b are further connected to the mixing valve 41. The other end of the hot water supply pipe
305b is connected to a hot water tap such as a shower and a bathtub 6. The mixing valve 41 adjusts a mixing ratio
between hot water flowing in from the hot water supply pipe 305a and low temperature water flowing in from the water
supply branch pipe 304 to adjust a hot water supply temperature. The hot water adjusted in temperature by the mixing
valve 41 is discharged through the hot water supply pipe 305b from the hot water tap such as a shower, or discharged
into the bathtub 6 and stored. Hot water at about 40°C for a bath is stored in the bathtub 6. In the description below, hot
water stored in the bathtub 6 is referred to as "bathwater" for convenience.
[0022] A bathwater pipe 306b takes the bathwater out of the bathtub 6, and feeds the bathwater to the bathwater-
reheating heat exchanger 5. The bathwater-reheating heat exchanger 5 performs heat exchange between the heat
source water taken out from the upper portion of the tank 10 and the bathwater. A bathwater pipe 306a returns the
bathwater heated in the bathwater-reheating heat exchanger 5 to the bathtub 6. The bathtub pump 33 is connected to
a middle of the bathwater pipe 306b, which is at a lower temperature than the bathwater pipe 306a. For an operation of
reheating the bathtub 6, the water feed pump 32 and the bathtub pump 33 are driven. Thus, the heat source water at a
high temperature taken out of the tank 10 is fed through the reheating feed pipe 307a to the bathwater-reheating heat
exchanger 5. Also, the bathwater taken out of the bathtub 6 is fed through the bathwater pipe 306b to the bathwater-
reheating heat exchanger 5. The bathwater-reheating heat exchanger 5 performs heat exchange between the heat
source water and the bathwater. The bathwater draws heat from the heat source water, and thus the heat source water
is reduced in temperature and returned through a reheating return pipe 307b into the tank 10. The bathwater receives
heat from the heat source water, and is thus increased in temperature and returned through the bathwater pipe 306a
into the bathtub 6.
[0023] The control means 100 controls operations of the heating means 12, the water feed pump 31, the water feed
pump 32, the bathtub pump 33, the mixing valve 41, the mixing valve 42, the feed path switching valve 71, and the return
path switching valve 72. The tank 10 is provided with hot water storage temperature sensors 501a to 501f at intervals
along height direction. In the shown configuration, six hot water storage temperature sensors 501a to 501f are provided,
but temperature sensors of a number enough for measuring temperature distribution in the tank 10 with high accuracy
may be provided.
[0024] A heating temperature sensor 502 for detecting a temperature of the heated water heated by the heating means
12 is provided in the return pipe 301c. A water supply temperature sensor 504 for detecting a temperature of the low
temperature water supplied from the water source, that is, a water supply temperature is provided in the water supply
pipe 302. A high temperature water temperature sensor 503a for detecting temperatures of the high temperature water
and the heat source water taken out from the upper portion of the tank 10 is provided on the tank 10. A middle temperature
water temperature sensor 503b for detecting a temperature of the middle temperature water taken out of the tank 10 to
the middle temperature water pipe 303b is provided in the connection between the middle temperature water pipe 303b
and the tank 10. A hot water supply temperature sensor 505 for detecting a temperature of the hot water supplied to the
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hot water tap and the bathtub 6 is provided in the hot water supply pipe 305b. A bathwater temperature sensor 506 for
detecting a temperature of the bathwater fed from the bathtub 6 to the bathwater-reheating heat exchanger 5 is provided
in the bathwater pipe 306b. The bathwater temperature sensor 506 can be used as means for detecting a temperature
of the bathtub 6 by regularly operating the bathtub pump 33. A heat source water return temperature sensor 507 for
detecting a temperature of the heat source water returning from the bathwater-reheating heat exchanger 5 to the tank
10 is provided in the reheating return pipe 307b. Instead of the configuration in which the heat source water return
temperature is directly detected and obtained by the heat source water return temperature sensor 507, the heat source
water return temperature may be obtained by estimation based on a temperature of the heat source water before heat
exchange detected by the high temperature water temperature sensor 503a, a temperature of the bathwater before heat
exchange detected by the bathwater temperature sensor 506, a rotational speed of the water feed pump 32, a rotational
speed of the bathtub pump 33, or the like. A hot water supply flow rate sensor 601 for detecting an amount of hot water
supplied to the hot water tap and the bathtub 6 is provided in the hot water supply pipe 305b.
[0025] Figure 2 is a block diagram showing flows of signals in the hot water storage type hot water supply system 1
according to Embodiment 1 of the present invention. As shown in Figure 2, the control means 100 includes heat storage
amount calculation means 101, required heat amount prediction means 104, heating operation control means 105, valve
control means 106, target temperature setting means 107, pump control means 108, or the like.
[0026] Information from a timer 701 as time detection means, the hot water storage temperature sensors 501a to 501f,
the heating temperature sensor 502, the high temperature water temperature sensor 503a, the middle temperature water
temperature sensor 503b, the water supply temperature sensor 504, the hot water supply temperature sensor 505, the
bathwater temperature sensor 506, the heat source water return temperature sensor 507, and the hot water supply flow
rate sensor 601 is input to the control means 100. The control means 100 controls the heating means 12, the water feed
pump 31, the water feed pump 32, the bathtub pump 33, the mixing valve 41, the mixing valve 42, the feed path switching
valve 71, and the return path switching valve 72 based on the input information. The control means 100 is connected
so as to be able to communicate with a user interface device (not shown) such as a remote controller device provided
in, for example, a bath room or a kitchen.
[0027] The target temperature setting means 107 sets a target hot water supply temperature that is a target temperature
of hot water supplied from the hot water supply pipe 305b to the hot water tap and the bathtub 6, and a target bathtub
temperature that is a target temperature when the bathtub 6 is reheated and increased in temperature, based on user’s
instructions or the like input to the user interface device.
[0028] The heat storage amount calculation means 101 calculates, based on temperature distribution information
detected by the hot water storage temperature sensors 501a to 501f, a hot water supply available heat storage amount
that is a heat storage amount available for supplying hot water to the hot water tap and the bathtub 6 out of a heat
storage amount of the hot water in the tank 10. For example, the heat storage amount calculation means 101 can
integrate a value obtained by multiplying a difference between a hot water storage temperature of each portion in the
tank 10 and the water supply temperature, which is a reference temperature of heat energy, by density and specific heat
of water with respect to the capacity of the tank 10, thereby calculating the hot water supply available heat storage
amount. Here, the heat storage amount calculation means 101 may calculate the hot water supply available heat storage
amount only for a region of hot water whose temperature is not less than a predetermined temperature (for example,
45°C) in the tank 10.
[0029] The heat storage amount calculation means 101 calculates, based on the temperature distribution information
detected by the hot water storage temperature sensors 501a to 501f and the target bathtub temperature set by the target
temperature setting means 107, a bathwater-reheating available heat storage amount that is a heat storage amount
available for bathwater-reheating out of the heat storage amount of the hot water in the tank 10. In the bathwater-
reheating operation, the bathwater in the bathwater-reheating heat exchanger 5 draws heat from the heat source water
at a high temperature fed to the bathwater-reheating heat exchanger 5, and thus the heat source water is reduced in
temperature and then returned through the reheating return pipe 307b to the tank 10. Thus, heat energy available for
bathwater-reheating out of heat energy of the hot water in the tank 10 is a portion obtained by subtracting the heat source
water return temperature from the hot water storage temperature. Thus, the heat storage amount calculation means
101 can integrate a value obtained by multiplying a difference between the hot water storage temperature of each part
in the tank 10 and the heat source water return temperature, which is a reference temperature of heat energy, by density
and specific heat of water with respect to the capacity of the tank 10, thereby calculating the bathwater-reheating available
heat storage amount. Here, the heat source water return temperature is predicted based on the target bathtub temperature
set by the target temperature setting means 107, and the bathwater temperature detected by the bathwater temperature
sensor 506. For example, the heat source water return temperature may be predicted by assuming that the temperature
of the bathtub 6 is constant at the target bathtub temperature, and adding a predetermined temperature difference
depending on performance of the bathwater-reheating heat exchanger 5 to the temperature. Alternatively, the heat
source water return temperature may be predicted by assuming that the temperature of the bathtub 6 is constant at an
average value between a current temperature of the bathtub 6 and the target bathtub temperature, and adding the
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predetermined temperature difference to the temperature.
[0030] As described later, in this Embodiment 1, a heat storage amount in the tank 10 below the connecting position
between the tank 10 and the middle temperature water pipe 303b is used for supplying hot water to the hot water tap
and the bathtub 6. A heat storage amount in the tank 10 above the connecting position between the tank 10 and the
middle temperature water pipe 303b is used for reheating the bathtub 6. In this view, the heat storage amount calculation
means 101 may calculate a hot water supply available heat storage amount in a region below the connecting position
between the tank 10 and the middle temperature water pipe 303b, and calculate a bathwater-reheating available heat
storage amount in a region above the connecting position between the tank 10 and the middle temperature water pipe
303b.
[0031] The required heat amount prediction means 104 predicts a heat storage amount required for avoiding depletion
of the heat storage amount in the tank 10 as described below. First, the required heat amount prediction means 104
predicts a hot water supply required heat storage amount that is a heat storage amount required for a hot water supply
load that is a load for supplying hot water from the hot water supply pipe 305b to the hot water tap and the bathtub 6.
The required heat amount prediction means 104 predicts the hot water supply required heat storage amount based on
information on user’s past actual use of hot water supply or a predetermined design value. In a case of prediction based
on the information on user’s past actual use of hot water supply, for example, there is a method of daily storing and
learning an actual hot water supply load for each time period based on information from, for example, the timer 701, the
hot water supply temperature sensor 505, and the hot water supply flow rate sensor 601, and predicting a required heat
amount so as to avoid depletion of the heat storage amount in the tank 10 for the learned actual hot water supply load
also in view of a case where a heating operation with a predetermined heating power is simultaneously performed. The
required heat amount can be obtained by subtracting an amount of heat that can be generated by the heating means
12 at predetermined time intervals from a sum of loads at the time intervals. In a case where a required heat amount is
calculated for all cases that can be set as a start time and a finish time of the predetermined time intervals, and the
required heat amount is determined using a maximum value thereof, a most reliable required heat amount can be
obtained. In a case of determining a required heat amount based on a predetermined design value, for example, there
is a method of setting a large required heat amount (for example, 300 L at 42°C) for a time period when a large volume
of hot water supply load is generally predicted (for example, 5 to 11 p.m.), and setting a small required heat amount (for
example, 50 L at 42°C) for the other time periods.
[0032] The required heat amount prediction means 104 predicts a bathwater-reheating required heat storage amount
that is a heat storage amount required for a bathwater-reheating load that is a load for reheating the bathtub 6 based
on information on user’s past actual use of bathwater-reheating or a current temperature and hot water amount of the
bathtub 6, or both. The bathwater-reheating load is a heat amount required for increasing the temperature of the bathtub
6 from the current temperature to a target bathtub temperature. The bathwater-reheating load is calculated by multiplying
the hot water amount (for example, 200 L) in the bathtub 6 by a difference between the target bathtub temperature (for
example, 40°C) and the current temperature of the bathtub 6 (for example, 30°C), density of water, and specific heat of
water.
[0033] Here, as the value of the hot water amount in the bathtub 6, for example, a typical value (for example, 200 L)
may be used, or a value set by the user with a user interface device may be used. The hot water amount in the bathtub
6 may be calculated by integrating a flow rate detected by the hot water supply flow rate sensor 601 when hot water is
stored in the bathtub 6. Water level detection means such as a pressure sensor may be provided in the bathwater pipes
306a, 306b, and the hot water amount in the bathtub 6 may be obtained from a water level detected by the water level
detection means. As a relationship between the hot water amount and the water level in the bathtub 6, a relationship
between a hot water amount and a water level detected by the hot water supply flow rate sensor 601 when the hot water
is stored in the bathtub 6 may be initially learned, or information on a size of the bathtub 6 may be input to the control
means 100.
[0034] In a case of a system that learns and stores past bathwater-reheating loads, a bathwater-reheating load on the
day may be predicted based on a maximum value or an average value within a past predetermined period of the learning
results. Here, the bathwater-reheating load may be learned using a value calculated based on the hot water amount in
the bathtub 6 and a difference in temperature between at start and at finish of the bathwater-reheating operation.
Alternatively, the bathwater-reheating load may be learned using a value calculated based on a rate of flow circulated
through the bathwater pipes 306a, 306b and a difference in temperature between at an outlet and at an inlet for the
bathwater of the bathwater-reheating heat exchanger 5. The rate of flow circulated through the bathwater pipes 306a,
306b may be detected by a flow rate sensor (not shown), or detected indirectly from a control signal to the bathtub pump 33.
[0035] The required heat amount prediction means 104 may set the bathwater-reheating load itself as a bathwater-
reheating required heat storage amount, or set a value obtained by subtracting an amount of heat that can be generated
by the heating means 12 during the bathwater-reheating operation from the bathwater-reheating load as a bathwater-
reheating required heat storage amount.
[0036] The heating operation control means 105 controls a heating operation described later so as to avoid depletion
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of the heat storage amount in the tank 10 for the predicted hot water supply load and bathwater-reheating load.
[0037] The valve control means 106 controls an operation of the mixing valve 41 so that a hot water supply temperature
detected by the hot water supply temperature sensor 505 is close to the target hot water supply temperature set by the
target temperature setting means 107. The valve control means 106 controls an operation of the mixing valve 42 so that
a temperature of hot water fed from the mixing valve 42 to the mixing valve 41 is the target hot water supply temperature
or higher. In the example in Figure 1, a channel configuration is shown in which the middle temperature water and the
high temperature water are mixed or either the middle temperature water or the high temperature water is selected, and
then the water is mixed with the low temperature water or either the water or the low temperature water is selected, but
not limited to such a configuration. A channel configuration in which the middle temperature water and the low temperature
water are mixed or either the middle temperature water or the low temperature water is selected, and then the water is
mixed with the high temperature water or either the water and the high temperature water is selected, or a channel
configuration in which the high temperature water and the low temperature water are mixed or either the high temperature
water or the low temperature water is selected, and then the water is mixed with the middle temperature water or either
the water or the middle temperature water is selected may be used.
[0038] The valve control means 106 performs control to change, using the feed path switching valve 71, whether water
taken out through the lower feed pipe 301a is fed from the tank 10 to the heating means 12 or water taken out through
the middle pipe 308c and the middle feed pipe 308a is fed from the tank 10 to the heating means 12. Further, the valve
control means 106 performs control to change, using the return path switching valve 72, whether heated water returning
from the heating means 12 to the tank 10 is caused to flow into the tank 10 through the upper return pipe 301d or heated
water returning from the heating means 12 to the tank 10 is caused to flow into the tank 10 through the middle return
pipe 308b and the middle pipe 308c.
[0039] The pump control means 108 controls respective rotational speeds of the water feed pump 31, the water feed
pump 32, and the bathtub pump 33 to adjust a circulation amount by each pump.
[0040] The configuration of the hot water storage type hot water supply system 1 of this Embodiment 1 has been
described above. Next, an operation of the hot water storage type hot water supply system 1 will be described.

(Normal heating operation)

[0041] Here, a heating operation in a state where the feed path switching valve 71 is switched to the side of the lower
feed pipe 301 a, and the return path switching valve 72 is switched to the side of the upper return pipe 301d will be
described. The heating operation in this state is the same as that of a conventional typical hot water storage type hot
water supply system. For differentiation from a first region heating operation and a second region heating operation
described later, the heating operation in this state is referred to as "normal heating operation". The low temperature
water supplied from the water supply pipe 302 is stored in the lower portion of the tank 10. In the normal heating operation,
the low temperature water is fed through the lower feed pipe 301a and the feed pipe 301b to the heating means 12 by
the water feed pump 31. The heating means 12 heats water to generate heated water. The heated water flows through
the return pipe 301c and the upper return pipe 301d into the upper portion in the tank 10.

(Bathwater-reheating operation)

[0042] The bathwater-reheating operation for reheating the bathtub 6 is as described above. The bathwater-reheating
operation is forced to start by a user’s operation. If the bathtub 6 is set to be automatically kept warm, the bathtub pump
33 is regularly driven, the bathwater temperature sensor 506 detects the temperature of the bathtub 6, and the bathwater-
reheating operation is automatically started when the detected temperature becomes lower than the target bathtub
temperature by a predetermined amount. Then, the bathwater-reheating operation is automatically finished when the
temperature of the bathtub 6 detected by the bathwater temperature sensor 506 becomes higher than the bathtub target
temperature by a predetermined amount. In the bathwater-reheating operation, heat source water at a high temperature
taken out of the reheating feed pipe 307a connected to the upper portion of the tank 10 is fed to the bathwater-reheating
heat exchanger 5. Thus, heat stored in a part on the upper side in tank 10 is used for the bathwater-reheating operation.
In the description below, the part on the upper side in the tank 10 used for the bathwater-reheating operation is referred
to as "first region". In this Embodiment 1, the reheating feed pipe 307a, the bathwater-reheating heat exchanger 5, the
reheating return pipe 307b, and the water feed pump 32 correspond to a first heat utilization path that uses heat stored
in the first region in the tank 10.

(Hot water supply operation)

[0043] In a hot water supply operation for supplying hot water to the hot water tap and the bathtub 6, a mixing ratio
between middle temperature water and high temperature water in the mixing valve 42 is controlled so that the temperature
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of hot water fed from the mixing valve 42 to the mixing valve 41 is a target hot water supply temperature or higher. Also,
a mixing ratio between hot water and low temperature water in the mixing valve 41 is controlled so that the hot water
supply temperature detected by the hot water supply temperature sensor 505 is close to the target hot water supply
temperature. In the hot water supply operation, low temperature water of an amount equal to the sum of high temperature
water flowing through the high temperature water pipe 303a and middle temperature water flowing through the middle
temperature water pipe 303b flows through the water supply pipe 302 into the lower portion in the tank 10. It is preferable
that in the hot water supply operation, the high temperature water from the high temperature water pipe 303a is used
as little as possible, and the middle temperature water from the middle temperature water pipe 303b is preferentially
supplied for saving energy. Thus, the valve control means 106 desirably controls the mixing valve 42 so that when the
temperature of the middle temperature water detected by the middle temperature water temperature sensor 503b is the
target hot water supply temperature or higher, only the middle temperature water is fed to the mixing valve 41 without
being mixed with the high temperature water. When the temperature of the middle temperature water detected by the
middle temperature water temperature sensor 503b is lower than the target hot water supply temperature, the high
temperature water from the high temperature water pipe 303a is mixed, but a mixing ratio of the high temperature water
is desirably as low as possible.
[0044] The target hot water supply temperature is set by the user, and about 40°C to 45°C in most cases. A temperature
in the middle height portion of the tank 10 to which the middle temperature water pipe 303b is connected is often not
less than 45°C. Thus, in the hot water supply operation, the middle temperature water taken out of the tank 10 through
the middle temperature water pipe 303b is mainly used, and the high temperature water taken out of the tank 10 through
the high temperature water pipe 303a is less used. The middle temperature water taken out of the tank 10 through the
middle temperature water pipe 303b is middle temperature water in the region below the connecting position to the
middle temperature water pipe 303b in the tank 10. In the description below, this region is referred to as "second region".
In the hot water supply operation, heat stored in the second region is mainly used. The connecting position between the
tank 10 and the middle temperature water pipe 303b is below the first region used by the first heat utilization path. Thus,
the second region mainly used in the hot water supply operation is located below the first region used by the first heat
utilization path. In this Embodiment 1, the middle temperature water pipe 303b, the high temperature water pipe 303a,
the mixing valves 41, 42, the hot water supply pipes 305a, 305b, and the water supply branch pipe 304 correspond to
the second heat utilization path that mainly uses heat stored in the second region in the tank 10.

(Midnight heating operation)

[0045] The hot water storage type hot water supply system 1 performs a heating operation for storing heat in the tank
10 during midnight hours in order to utilize inexpensive electricity prices for midnight hours or in preparation for a user
household using hot water after rising. The midnight heating operation is performed using the normal heating operation.
A heat storage amount generated by the midnight heating operation may corresponds to all of predicted hot water supply
loads and bathwater-reheating loads for one day or may be about 80% thereof in view of a balance with energy saving.
Heat may be stored in the entire tank 10 at about 65°C that is a relatively low temperature that reliably allows killing of
Legionella. If the electricity price is uniform at all times, a minimum heat storage amount that can avoid depletion of the
heat storage amount may be generated in the tank 10 so as to place top priority on energy saving. Alternatively, heat
may be stored in the entire tank 10 at about 55°C since Legionella may not be daily killed.

(Additional heating operation)

[0046] If a heat storage amount corresponding to all the predicted hot water supply loads and bathwater-reheating
loads for one day is not generated in the midnight heating operation, an additional heating operation needs to be
performed during daytime hours. Even if the heat storage amount corresponding to all the predicted hot water supply
loads and bathwater-reheating loads for one day has been generated in the midnight heating operation, an additional
heating operation is sometimes required when a hot water supply load or a bathwater-reheating load during daytime
hours is larger than predicted. Hot water remaining in the tank 10 is reduced in temperature by heat dissipation after a
lapse of long hours to reduce the heat storage amount, which sometimes requires an additional heating operation.
[0047] In this Embodiment 1, when the additional heating operation is performed, a first region heating operation or
a second region heating operation described below may be performed as substitute for the normal hating operation
described above.

(First region heating operation)

[0048] In the first region heating operation, the feed path switching valve 71 is switched to the side of the middle feed
pipe 308a, and the return path switching valve 72 is switched to the side of the upper return pipe 301d. In this state, the
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water feed pump 31 and the heating means 12 are operated. Thus, the middle temperature water is taken out of the
tank 10 through the middle pipe 308c, and the middle temperature water is fed through the middle feed pipe 308a, the
feed path switching valve 71, and the feed pipe 301b to the heating means 12. The heating means 12 heats the middle
temperature water to generate heated water. The heated water flows through the return pipe 301c, the return path
switching valve 72, and the upper return pipe 301d into the tank 10.

(Second region heating operation)

[0049] In the second region heating operation, the feed path switching valve 71 is switched to the side of the lower
feed pipe 301 a, and the return path switching valve 72 is switched to the side of the middle return pipe 308b. In this
state, the water feed pump 31 and the heating means 12 are operated. Thus, the low temperature water is taken out of
the tank 10 through the lower feed pipe 301a, and the low temperature water is fed through the feed path switching
valve 71 and the feed pipe 301b to the heating means 12. The heating means 12 heats the low temperature water to
generate heated water. The heated water flows through the return pipe 301c, the return path switching valve 72, the
middle return pipe 308b, and the middle pipe 308c into the tank 10.
[0050] Figure 3 is a flowchart showing a process when the control means 100 controls the additional heating operation
in this Embodiment 1. In step S1 in Figure 3, the control means 100 first predicts whether the hot water supply available
heat storage amount is sufficient or insufficient. In this step S1, the hot water supply available heat storage amount
calculated by the heat storage amount calculation means 101 is compared with the hot water supply required heat
storage amount predicted by the required heat amount prediction means 104. If the hot water supply available heat
storage amount is not less than the hot water supply required heat storage amount, it is predicted that the hot water
supply available heat storage amount is sufficient. In this case, the process proceeds to step S2. On the other hand,
when the hot water supply available heat storage amount is less than the hot water supply required heat storage amount,
it is predicted that the hot water supply available heat storage amount is insufficient. In this case, the process proceeds
to step S3. Predicting whether the hot water supply available heat storage amount is sufficient or insufficient in step S
1 corresponds to predicting whether the heat storage amount for a demand of the second heat utilization path is sufficient
or insufficient.
[0051] In step S2, it is predicted whether the bathwater-reheating available heat storage amount is sufficient or insuf-
ficient. In step S2, the bathwater-reheating available heat storage amount calculated by the heat storage amount cal-
culation means 101 is compared with the bathwater-reheating required heat storage amount predicted by the required
heat amount prediction means 104. If the bathwater-reheating available heat storage amount is not less than the bath-
water-reheating required heat storage amount, it is predicted that the bathwater-reheating available heat storage amount
is sufficient. In this case, both the hot water supply available heat storage amount and the bathwater-reheating available
heat storage amount are sufficient and there is no need for the heating operation, and thus the process of this flowchart
is finished. On the other hand, if the bathwater-reheating available heat storage amount is less than the bathwater-
reheating required heat storage amount in step S2, it is predicted that the bathwater-reheating available heat storage
amount is insufficient. In this case, the process proceeds to step S4. In step S4, the first region heating operation is
performed. As such, when the hot water supply available heat storage amount is sufficient while the bathwater-reheating
available heat storage amount is insufficient, the first region heating operation is performed.
[0052] In step S3, as in step S2, it is predicted whether the bathwater-reheating available heat storage amount is
sufficient or insufficient. If it is predicted that the bathwater-reheating available heat storage amount is sufficient, the
process proceeds to step S5. In step S5, the second region heating operation is performed. As such, when the bathwater-
reheating available heat storage amount is sufficient while the hot water supply available heat storage amount is insuf-
ficient, the second region heating operation is performed. On the other hand, if it is predicted in step S3 that the bathwater-
reheating available heat storage amount is insufficient, the process proceeds to step S6. In step S6, the normal heating
operation is performed. As such, when both the hot water supply available heat storage amount and the bathwater-
reheating available heat storage amount are insufficient, the normal heating operation is performed. Predicting whether
the bathwater-reheating available heat storage amount is sufficient or insufficient in steps S2 and S3 corresponds to
predicting whether the heat storage amount for a demand of the first heat utilization path is sufficient or insufficient.
[0053] Next, for easy understanding of advantages of this Embodiment 1, a comparative example will be first described.
For simplicity of description, the temperature distribution in the tank 10 will be described in a more simplified manner
than reality.
[0054] Figures 4 and 5 diagrammatically show temperature distribution along a height direction in a tank 10 of a
conventional hot water storage type hot water supply system as a comparative example. In Figures 4 and 5, the abscissa
represents temperature in the tank 10. Thick lines in the tank 10 in Figures 4 and 5 show temperature distribution along
the height direction in the tank 10. As shown in Figure 4, in the hot water storage type hot water supply system of the
comparative example, an upper pipe 401 is connected to an upper portion of the tank 10. Hot water to be supplied to
the hot water tap and the bathtub 6 and hot water as heat source water for reheating the bathtub 6 are both taken out
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of the tank 10 through the upper pipe 401. Figure 5 shows a state after the heating operation is performed in the state
in Figure 4. As shown in Figure 5, in the hot water storage type hot water supply system of the comparative example,
a lower portion of the tank 10 and an inlet of heating means 12 are connected by a lower pipe 402, and an outlet of the
heating means 12 and the upper portion of the tank 10 are connected by an upper pipe 403. The hot water storage type
hot water supply system of the comparative example performs only one type of heating operation. Specifically, in the
heating operation of the hot water storage type hot water supply system of the comparative example, low temperature
water taken out of the tank 10 through the lower pipe 402 is fed to the heating means 12, and heated water heated by
the heating means 12 flows from the upper pipe 403 into the tank 10.
[0055] A water supply temperature of the water supply pipe 302 changes depending on outside air temperatures or
the like. In the description below, the water supply temperature is α°C. Figure 4 shows a state where an about upper
half in the tank 10 contains hot water at 50°C, and an about lower half in the tank 10 contains low temperature water at
the water supply temperature of α°C having flowed in from the water supply pipe 302. Such a state corresponds to, for
example, a state where hot water remaining in the tank 10 is reduced in temperature by heat dissipation after a lapse
of long hours. In the state in Figure 4, hot water at 50°C of 100 L or more remains in the tank 10. In such a case, for a
hot water supply load, for example, a typical amount of shower for one person can be sufficiently accommodated. Thus,
if the hot water supply load predicted to be arisen after this time point is about equal to the amount of shower for one
person in the state in Figure 4, the heat storage amount for the hot water supply load is sufficient. However, if it is
predicted that the bathwater-reheating load is arisen after this time point in the state in Figure 4, a heat storage amount
for a bathwater-reheating load may be insufficient. As described above, heat energy available for bathwater-reheating
out of heat energy of the hot water in the tank 10 is a portion obtained by subtracting the heat source water return
temperature from the hot water storage temperature. The heat source water return temperature is higher than the
temperature of the bathtub 6. Here, the heat source water return temperature is assumed to be 45°C. Then, in the state
in Figure 4, only heat energy for 5°C that is a difference between the hot water storage temperature of 50°C and the
heat source water return temperature of 45°C can be used for bathwater-reheating. Thus, it is difficult for the heat storage
amount in Figure 4 to accommodate the bathwater-reheating load in view of a bathwater-reheating heat exchanger 5
having loss and completing bathwater-reheating within a reasonable time.
[0056] As in the case described above, the heat storage amount for the hot water supply load is sufficient while the
heat storage amount for bathwater-reheating is insufficient in some cases. In such cases, the heating operation needs
to be performed in preparation for the emergence of the bathwater-reheating load. If the heating operation is performed
in the state in Figure 4, the state in Figure 5 is brought. In the heating operation in this example, the low temperature
water at α°C taken out of the lower portion of the tank 10 is heated by the heating means 12 into heated water at 65°C,
which is returned to the upper portion of the tank 10. Thus, in the state in Figure 5, hot water at 65°C is generated in the
upper portion in the tank 10. The hot water at 65°C can accommodate the bathwater-reheating load. The region at 50°C
in the tank 10 moves downward by an amount corresponding to the amount of water circulated in the heating operation.
[0057] The hot water storage type hot water supply system of the comparative example described above has problems
(1) and (2) below.

(1) The heating means 12 heats the low temperature water at α°C to 65°C. Thus, heat energy corresponding to (65
- α)°C is applied. However, heat energy available for bathwater-reheating is a portion obtained by subtracting the
heat source water return temperature from the hot water storage temperature and is only a portion of (65 - 45)°C.
Thus, heat energy within a range A in Figure 5 out of heat energy applied in the heating operation for accommodating
the bathwater-reheating load cannot be used for bathwater-reheating and is unavailable. This reduces energy
efficiency.
(2) If hot water supply is performed before bathwater-reheating in the state in Figure 5, the hot water at 65°C stored
for bathwater-reheating is taken out of the tank 10 through the upper pipe 401. This reduces the heat storage amount
at a high temperature that can accommodate the bathwater-reheating load, and the heat storage amount for the
bathwater-reheating load may be again insufficient. Although the middle temperature hot water at 50°C in the tank
10 can accommodate the hot water supply, the high temperature hot water at 65°C is consumed, and thus the middle
temperature hot water at 50°C remains without being used, thereby reducing energy efficiency.

[0058] In contrast to this, the hot water storage type hot water supply system 1 of this Embodiment 1 can solve the
problems (1) and (2) described above in the following manner. As described based on the flowchart in Figure 3, when
it is predicted that the hot water supply available heat storage amount is sufficient while the bathwater-reheating available
heat storage amount is insufficient, the hot water storage type hot water supply system 1 of this Embodiment 1 performs
the first region heating operation. Figure 6 diagrammatically shows changes in temperature distribution in the tank 10
when the hot water storage type hot water supply system 1 of this Embodiment 1 performs the first region heating
operation in the heat storage state as in Figure 4. A thick solid line in the tank 10 in Figure 6 shows temperature distribution
before the first region heating operation is performed, and a thick broken line shows temperature distribution after the
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first region heating operation is performed.
[0059] In the first region heating operation in the example in Figure 6, middle temperature water at 50°C taken out of
the tank 10 through the middle pipe 308c is heated by the heating means 12 into heated water at 65°C, and returned
through the upper return pipe 301d into the tank 10. Thus, the hot water at 65°C is generated in the tank 10 from the
upper portion, thereby increasing a heat storage amount in the first region in the tank 10. Heat energy applied in this
first region heating operation corresponds to a portion of (65 - 50)°C as shown by B in Figure 6. Thus, all the heat energy
applied in the first region heating operation can be available for bathwater-reheating. As such, according to the first
region heating operation, only a heat amount available for bathwater-reheating can be generated without generating a
heat amount unavailable for bathwater-reheating. This can solve the problem (1) described above, thereby saving energy.
[0060] If hot water supply is performed before bathwater-reheating in a state after the first region heating operation in
Figure 6, the middle temperature water at 50°C in the tank 10 is supplied through the middle temperature water pipe
303b to the outside. Thus, even if the hot water supply is performed before bathwater-reheating after the first region
heating operation, high temperature hot water at 65°C stored for bathwater-reheating is not consumed, thereby reliably
preventing the heat storage amount for bathwater-reheating as a high temperature demand from being again insufficient.
Also, the high temperature hot water at 65°C can be avoided to be consumed for hot water supply as a middle temperature
demand, and the middle temperature water at 50°C remaining in the tank 10 can be available. This increases exergy
efficiency and saves energy. This solves the problem (2) described above.
[0061] Further, in the hot water storage type hot water supply system 1 of this Embodiment 1, when it is predicted that
the bathwater-reheating available heat storage amount is sufficient while the hot water supply available heat storage
amount is insufficient, the second region heating operation is performed. This provides advantages as described below.
In the description below, first, in the heat storage state as in Figure 4, it is predicted that no bathwater-reheating load is
arisen and a large volume of hot water supply loads are arisen after this time point, and thus it is predicted that the
bathwater-reheating available heat storage amount is sufficient while the hot water supply available heat storage amount
is insufficient. As a result, the second region heating operation is performed in the heat storage state as in Figure 4.
Figure 7 diametrically shows changes in temperature distribution in the tank 10 when the hot water storage type hot
water supply system 1 of this Embodiment 1 performs the second region heating operation in the heat storage state as
in Figure 4. A thick solid line in the tank 10 in Figure 7 shows temperature distribution before the second region heating
operation is performed, and a thick broken line shows temperature distribution after the second region heating operation
is performed.
[0062] In the second region heating operation in the example in Figure 7, low temperature water at α°C taken out of
the tank 10 through the lower feed pipe 301 a is heated by the heating means 12 into heated water at 50°C, and returned
through the middle pipe 308c into the tank 10. Thus, a region at 50°C in the tank 10 expands downward to increase a
heat storage amount in the second region in the tank 10. A range C in Figure 7 corresponds to heat energy applied in
the second region heating operation. As such, in this Embodiment 1, when the bathwater-reheating available heat storage
amount is sufficient while the hot water supply available heat storage amount is insufficient, the second region heating
operation can be performed to intensively increase the heat storage amount in the second region used for the hot water
supply operation. This allows the heat energy applied in the second region heating operation to be used for hot water
supply without any waste, thereby increasing energy efficiency.
[0063] In the above example, the heating temperature in the first region heating operation is 65°C, while the heating
temperature in the second region heating operation is 50°C. Generally, a hot water storage temperature required for hot
water supply is lower than a hot water storage temperature required for bathwater-reheating, and thus the hot water
generated in the second region heating operation needs not be at a very high temperature. Energy efficiency of the
heating operation increases with decreasing heating temperature. Thus, as in the above example, the heating temperature
in the second region heating operation is desirably lower than the heating temperature in the first region heating operation.
This increases energy efficiency of the second region heating operation, thereby further saving energy.
[0064] In the hot water storage type hot water supply system 1 of this Embodiment 1, when it is predicted that both
the bathwater-reheating available heat storage amount and the hot water supply available heat storage amount are
insufficient, the normal heating operation is performed. In the description below, the normal heating operation is performed
in the heat storage state as in Figure 4. Figure 8 diagrammatically shows changes in temperature distribution in the tank
10 when the hot water storage type hot water supply system 1 of this Embodiment 1 performs the normal heating
operation in the heat storage state as in Figure 4. A thick solid line in the tank 10 in Figure 8 shows temperature distribution
before the normal heating operation is performed, and a thick broken line shows temperature distribution after the normal
heating operation is performed.
[0065] In the normal heating operation in the example in Figure 8, low temperature water at α°C taken out of the tank
10 through the lower feed pipe 301a is heated by the heating means 12 into heated water at 65°C, and returned through
the upper return pipe 301d into the tank 10. Thus, the hot water at 65°C is generated in the tank 10 from the upper
portion, thereby increasing a heat storage amount in the first region in the tank 10. A range D in Figure 8 corresponds
to a portion with an increased heat storage amount in the first region. The region at 50°C in the tank 10 moves downward
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by an amount corresponding to the amount of water circulated in the normal heating operation. This increases the heat
storage amount in the second region in the tank 10. A range E in Figure 8 corresponds to a portion with an increased
heat storage amount in the second region. As such, in this Embodiment 1, if both the bathwater-reheating available heat
storage amount and the hot water supply available heat storage amount are insufficient, the normal heating operation
can be performed to simultaneously increase both the heat storage amount in the first region and the heat storage
amount in the second region. This can simultaneously increase both the heat storage amount for the bathwater-reheating
load and the heat storage amount for the hot water supply load, thereby simultaneously eliminating shortage of both.
[0066] When the heating means 12 is a heat pump, a preferable refrigerant used in the heat pump is such that a
refrigerant on a high pressure side has pressure lower than critical pressure, and for example, a typical fluorocarbon
refrigerant, or propane or isobutane is preferable. Using such a refrigerant increases efficiency of the first region heating
operation as compared to a case where a refrigerant such as CO2 having pressure on a high pressure side higher than
critical pressure, thereby further increasing overall energy efficiency.

(Heating operation for ensuring minimum heat storage amount)

[0067] After heat storage for accommodating the predicted hot water supply loads and bathwater-reheating loads for
one day is finished, ideally, the heat storage amount is not depleted without performing a heating operation. However,
in order to reliably prevent depletion of the heat storage amount even when the amount used by the user exceeds a
predicted amount, a heating operation for ensuring a predetermined minimum heat storage amount may be performed
in the following manner. The minimum heat storage amount may be, for example, a heat storage amount that allows
hot water of 50 L at 42°C to be supplied, or a heat storage amount that allows bathwater-reheating for increasing a
temperature of the bathtub 6 having a hot water amount of 180 L by 3°C. The control means 100 starts the normal
heating operation for ensuring the minimum heat storage amount when the heat storage amount in the tank 10 becomes
less than the minimum heat storage amount, and after the heat storage amount in the tank 10 reaches the minimum
heat storage amount or more, the normal heating operation is finished.
[0068] In this Embodiment 1, the middle pipe 308c is shared by the middle feed path and the middle return path. Thus,
there is no need to separately provide a connection between the middle feed path and the tank 10 and a connection
between the middle return path and the tank 10, and the connections can be shared, thereby simplifying a structure and
reducing costs. However, in the present invention, the connection between the middle feed path and the tank 10 and
the connection between the middle return path and the tank 10 may be separately provided.
[0069] In this Embodiment 1 described above, the example in which the heat storage system of the present invention
is applied to the hot water storage type hot water supply system has been described, but not limited to the hot water
storage type hot water supply system, the present invention may be applied to, for example, a heat storage system for
an indoor heating. In this Embodiment 1, the example in which the liquid stored in the tank 10 is water has been described,
but the present invention may be applied to, for example, a heat storage system that stores a liquid other than water
such as an antifreeze as a heat medium in a tank. In this Embodiment 1, the example in which the bathwater-reheating
heat exchanger 5 is located outside the tank 10 has been described, but in the present invention, the heat exchanger
in the first heat utilization path may be provided in the tank. In this Embodiment 1, the example in which bathwater is
heated by the bathwater-reheating heat exchanger 5 has been described, but not limited to the bathwater, for example,
a circulated fluid for an indoor heating or the like may be heated by the heat exchanger in the first heat utilization path
in the present invention. The first heat utilization path is not limited to a path using the heat exchanger, but may be a
path that supplies a liquid in the tank to the outside. In this Embodiment 1, the example in which the second heat utilization
path is configured to supply the hot water in the tank 10 to the outside has been described, but in the present invention,
the second heat utilization path may include a heat exchanger for performing heat exchange between a liquid in the
tank and a material to be heated. In this Embodiment 1, the heating means 12 uses the heat pump, but the heating
means in the present invention is not limited to the heat pump, but may be an electric heater, a boiler, a solar collector,
or the like.

Reference Signs List

[0070]

1 hot water storage type hot water supply system
5 bathwater-reheating heat exchanger
6 bathtub
10 tank
12 heating means
31, 32 water feed pump
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33 bathtub pump
41, 42 mixing valve
71 feed path switching valve
72 return path switching valve
100 control means
101 heat storage amount calculation means
104 required heat amount prediction means
105 heating operation control means
106 valve control means
107 target temperature setting means
108 pump control means
301a lower feed pipe
301b feed pipe
301c return pipe
301d upper return pipe
302 water supply pipe
303a high temperature water pipe
303b middle temperature water pipe
304 water supply branch pipe
305a, 305b hot water supply pipe
306a, 306b bathwater pipe
307a reheating feed pipe
307b reheating return pipe
308a middle feed pipe
308b middle return pipe
308c middle pipe
401, 403 upper pipe
402 lower pipe
501a, 501b, 501c, 501d, 501e, 501f hot water storage temperature sensor
502 heating temperature sensor
503a high temperature water temperature sensor
503b middle temperature water temperature sensor
504 water supply temperature sensor
505 hot water supply temperature sensor
506 bathwater temperature sensor
507 heat source water return temperature sensor
601 hot water supply flow rate sensor
701 timer

Claims

1. A heat storage system comprising:

a tank configured to store a liquid so as to form temperature stratification with a high temperature upper side
and a low temperature lower side;
heating means for heating the liquid;
a first heat utilization path configured to use heat stored in a first region that is a part on a upper side in the tank;
a second heat utilization path configured to mainly use heat stored in a second region below the first region in
the tank;
a lower feed path configured to take out the liquid through a pipe connected to a lower portion of the tank, the
lower feed path feeding the liquid to the heating means;
a middle feed path configured to take out the liquid through a pipe connected to a middle height portion of the
tank, the middle feed path feeding the liquid to the heating means;
feed path switching means for switching between the lower feed path and the middle feed path;
an upper return path configured to return the liquid heated by the heating means through a pipe connected to
an upper portion of the tank into the tank; and
control means for predicting whether a heat storage amount for a demand of the first heat utilization path is
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sufficient or insufficient, predicting whether a heat storage amount for a demand of the second heat utilization
path is sufficient or insufficient, and performing, when it is predicted that the heat storage amount for the demand
of the first heat utilization path is insufficient while the heat storage amount for the demand of the second heat
utilization path is sufficient, a first region heating operation for feeding the liquid to the heating means using the
middle feed path, and returning the liquid heated by the heating means into the tank using the upper return path.

2. The heat storage system according to claim 1, further comprising:

a middle return path configured to return the liquid heated by the heating means through a pipe connected to
the middle height portion of the tank into the tank; and
return path switching means for switching between the upper return path and the middle return path,
wherein the control means is configured to perform, when it is predicted that the heat storage amount for the
demand of the second heat utilization path is insufficient while the heat storage amount for the demand of the
first heat utilization path is sufficient, a second region heating operation for feeding the liquid to the heating
means using the lower feed path, and returning the liquid heated by the heating means into the tank using the
middle return path.

3. The heat storage system according to claim 2, wherein a heating temperature by the heating means in the second
region heating operation is lower than a heating temperature by the heating means in the first region heating operation.

4. The heat storage system according to claim 2 or 3, wherein the pipe of the middle feed path is used as the pipe of
the middle return path.

5.  The heat storage system according to any one of claims 1 to 4, wherein the control means is configured to perform,
when it is predicted that the heat storage amount for the demand of the first heat utilization path is insufficient while
the heat storage amount for the demand of the second heat utilization path is insufficient, a heating operation for
feeding the liquid to the heating means using the lower feed path, and returning the liquid heated by the heating
means into the tank using the upper return path.

6. The heat storage system according to any one of claims 1 to 5, wherein the first heat utilization path includes a heat
exchanger for heating a material to be heated using heat of the liquid in the first region.

7. The heat storage system according to any one of claims 1 to 6, wherein the second heat utilization path has a path
for taking out the liquid through a pipe connected to the middle height portion of the tank, and supplying the liquid
to an outside.

8. The heat storage system according to any one of claims 1 to 7, wherein the heating means is a heat pump, and
refrigerant pressure on a high pressure side of the heat pump is lower than critical pressure.

9. The heat storage system according to any one of claims 1 to 8, wherein the liquid is water, and the heat storage
system is used as a hot water storage type hot water supply system.
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