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Description

Technical Field

[0001] The present invention relates to a hot water
supply system.

Background Art

[0002] PTL 1 discloses a hot water supply system
including a hot water generation means such as a fuel
cell or a gas engine, and a hot water storage tank that
utilizes discharged heat of the hot water generation
means. This hot water supply system provides an opti-
mumoperationplanof the fuel cell by learningapattern of
hot water supply demand.

Citation List

Patent Literature

[0003] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2006‑183947

Summary of Invention

Technical Problem

[0004] Thehotwater supply systemaccording toPTL1
learns the pattern of the hot water supply demandmainly
in terms of an amount of hot water used for filling a
bathtub and for a shower. Thus, when hot water is sup-
plied to a plurality of hot water supply targets, the pre-
diction accuracy of a necessary amount of heat for hot
water isnotnecessarily high. JP2012097951disclosesa
hot water supply system according to the preamble of
claim 1.
[0005] An object of the present invention is to improve
the prediction accuracy of a total amount of hot water
supply demand in a hot water supply system including a
plurality of hot water supply targets and a storage tank
that supplies hot water to the hot water supply targets.

Solution to Problem

[0006] A first aspect is a hot water supply system
according to claim 1. The hot water supply system in-
cludes

ahotwater supply apparatus (10) includingaheating
apparatus (20) configured to heat water, a tank (40)
configured to store the water heated by the heating
apparatus (20), and a water circuit (50) through
which the water in the tank (40) circulates;
a plurality of supply paths (5) each coupled to a
corresponding one of a plurality of hot water supply
targets (4) and each configured to supply the water
from the tank (40); and

an estimation unit (33) configured to predict a total
amount of hot water supply demand, based on time-
series data of a first index that indicates anamount of
heat ofwater used in each of the plurality of hotwater
supply targets (4).

[0007] In the first aspect, since the total amount of hot
water supply demand is estimated based on the time-
series data of the amount of heat of water used in each of
the hot water supply targets (4), the prediction accuracy
of the total amount of hot water supply demand can be
improved.
[0008] A second aspect, in the first aspect, includes

a first learning unit (32) configured to learn the time-
series data and the total amount of hot water supply
demand in association with each other, in which
the estimation unit (33) is configured to predict the
total amount of hotwater supply demand, based ona
result of the learning performed by the first learning
unit (32).

[0009] In the second aspect, the total amount of hot
water supply demand can be predicted by the first learn-
ing unit (32).
[0010] According to a third aspect, in the second as-
pect,
the first learning unit (32) is configured to perform the
learning through machine learning.
[0011] In the third aspect, the first learning unit (32) can
perform the learning throughmachine learning. The total
amount of hot water supply demand can be predicted
based on a result of the learning performed through the
machine learning.
[0012] According to a fourth aspect, in the first or third
aspect,

the estimation unit (33) includes anestimationmodel
(M1) generated throughmachine learning to predict,
basedon the time-seriesdata, the total amount of hot
water supply demand, and
the estimation unit (33) is configured to predict the
total amountof hotwater supplydemandbyusing the
estimation model (M1).

[0013] In the fourth aspect, the total amount of hot
water supply demand can be predicted by using the
estimation model (M1).
[0014] According to a fifth aspect, in any one of the first
to fourth aspects,
the first index includes a temperature and an amount of
the water used in each of the plurality of hot water supply
targets (4).
[0015] In the fifth aspect, the first index can be deter-
mined based on the temperature and the amount of the
water used in each of the hot water supply targets (4).
[0016] According toasixthaspect, inanyoneof thefirst
to fourth aspects,
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the first index includes a temperature of thewater used in
each of the plurality of hot water supply targets (4) and a
pressure of the water in each of the supply paths (5).
[0017] In the sixth aspect, the first index can be deter-
mined based on the pressure and temperature of the
water flowing through the supply path (5) coupled to each
of the hot water supply targets (4) and the amount of the
water flowing out from the tank (40).
[0018] According to the invention,
the estimation unit (33) is configured to predict the total
amount of hot water supply demand, based on the time-
series data and at least one of a number of the hot water
supply targets (4), types of the hot water supply targets
(4), and specifications of faucets of the hot water supply
targets (4).
[0019] According to the invention, the information for
use in predicting the total amount of hot water supply
demand includes the predetermined information on each
of the hot water supply targets in addition to the time-
series data of the amount of heat of the water used in
each of the hot water supply targets (4). Since there are a
plurality of pieces of significant information that can be
used to predict the total amount of hot water supply
demand, the prediction accuracy of the total amount of
hot water supply demand can be improved as compared
with prediction using the information of the time-series
data of the amount of heat of water alone.
[0020] According to a seventh aspect, in any one of the
first to sixth aspects, the estimation unit (33) is configured
to predict the total amount of hot water supply demand,
basedon the time-seriesdata fora selectedoneof thehot
water supply targets (4).
[0021] In the seventh aspect, calculation can be
omitted for the hot water supply target having a small
influenceon thepredictionof the total amount of hotwater
supply demand. The prediction accuracy of the total
amount of hot water supply demand can be improved
by omitting the noise-like hot water supply target that
decreases the prediction accuracy.
[0022] An eighth aspect, in any one of the first to
seventh aspects, includes
acontrol unit (30) configured to control anoperationof the
heating apparatus (20), based on the total amount of hot
water supply demand.
[0023] In the eighth aspect, by predicting control of the
operation of the heating apparatus (20), the heating
apparatus (20) can be operated with high efficiency.
[0024] A ninth aspect, in the eighth aspect, includes

a second learning unit (35) configured to learn the
total amount of hot water supply demand and an
operation state of the heating apparatus (20) in
association with each other, in which
the control unit (30) is configured to control the
operation state of the heating apparatus (20), based
on a result of the learning performed by the second
learning unit (35)

[0025] In the ninth aspect, the operation of the heating
apparatus (20) can be controlled based on a result of the
learning performed by the second learning unit (35).
[0026] According to a tenth aspect, in the ninth aspect,
the second learning unit (35) is configured to perform the
learning through machine learning.
[0027] In the tenthaspect, thesecond learningunit (35)
can perform the learning through machine learning. The
control of the operation of the heating apparatus (20) can
be predicted based on a result of the learning performed
through the machine learning.
[0028] According to aneleventh aspect, in theeighth or
tenth aspect,

the control unit (30) includes an operation prediction
model (M2) generated through machine learning to
predict, based on the total amount of hot water
supply demand, control of the operation of the heat-
ing apparatus (20), and
the control unit (30) is configured to control the
operation of the heating apparatus (20) by using
the operation prediction model (M2).

[0029] In the eleventh aspect, control of the operation
of the heating apparatus (20) can be predicted by using
the operation prediction model (M2).
[0030] According to a twelfth aspect, in any one of the
first toeleventhaspects, theheatingapparatus (20) isof a
heat pump type.
[0031] In the twelfth aspect, even in a heat pump hav-
ing a relatively small start-up capacity, the risk of running
out of hot water can be reduced and the heating appa-
ratus (20) can be operated with highly efficiency.

Brief Description of Drawings

[0032]

[Fig. 1] Fig. 1 is an overall configuration diagram of a
hot water supply system according to an embodi-
ment.
[Fig. 2] Fig. 2 is a block diagram of the hot water
supply system.
[Fig. 3] Fig. 3 is a diagram illustrating a flow of
refrigerant when the heating apparatus is in an op-
erating state.
[Fig. 4] Fig. 4 is a flowchart illustrating anoperation of
the hot water supply system.
[Fig. 5] Fig. 5 is a graph illustrating a relationship
between a total amount of hot water supply demand
and control of an operation of the heating apparatus.
[Fig. 6] Fig. 6 is a block diagramof a hot water supply
system according to a first modification of the embo-
diment.
[Fig. 7] Fig. 7 is a block diagramof a hot water supply
system according to a second modification of the
embodiment.
[Fig. 8] Fig. 8 is a flowchart illustrating anoperation of
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the hot water supply system.
[Fig. 9] Fig. 9 is a block diagramof a hot water supply
system according to a third modification of the em-
bodiment.
[Fig. 10] Fig. 10 is a block diagram of a hot water
supply system according to a fourth modification of
the embodiment.
[Fig. 11] Fig. 11 is a flowchart illustrating an operation
of the hot water supply system.

Description of Embodiments

[0033] An embodiment will be described below with
reference to the drawings. Note that the embodiment
below is a preferable example in essence and does
not intend to limit the scope of the present invention
and of the applications or uses thereof, the invention
being defined in the appended claims.

<<Embodiment>>

[0034] As illustrated in Fig. 1, the present invention
presents a hot water supply system (1). The hot water
supply system (1) heats water supplied from a water
source and stores the heated water in a tank (40). Hot
water stored in the tank (40) is supplied to aplurality of hot
water supply targets (4). The water source includes a
water supply. The hot water supply targets (4) include a
bathtub, a shower, a faucet, and so on.
[0035] The hot water supply system (1) includes a
heating apparatus (20), the tank (40), a water circuit
(50), supply paths (5), a first pipe (6), pressure sensors
(60), temperature sensors (61, 63), and a control unit
(30).

<Heating Apparatus>

[0036] The heating apparatus (20) according to the
present embodiment is of a heat pump type. The heating
apparatus (20) generates heat for heating water. The
heating apparatus (20) is of a vapor compression type.
The heating apparatus (20) includes a refrigerant circuit
(21). The refrigerant circuit (21) is filled with refrigerant.
The refrigerant circuit (21) includes a compressor (22), a
heat-source-side heat exchanger (23), an expansion
valve (24), and a utilization-side heat exchanger (25).
[0037] The compressor (22) compresses refrigerant
suctioned thereto and discharges the compressed refrig-
erant.
[0038] Theheat-source-side heat exchanger (23) is an
air-cooled heat exchanger. The heat-source-side heat
exchanger (23) is disposed outdoors. The heating appa-
ratus (20) includes an outdoor fan (27). The outdoor fan
(27) is disposed in the vicinity of the heat-source-side
heat exchanger (23). The heat-source-side heat exchan-
ger (23) allowsair transportedby theoutdoor fan (27) and
the refrigerant to exchange heat.
[0039] The expansion valve (24) is a decompression

mechanism that decompresses the refrigerant. The ex-
pansion valve (24) is provided between a liquid-side end
of the utilization-side heat exchanger (25) and a liquid-
side end of the heat-source-side heat exchanger (23).
The decompression mechanism is not limited to the
expansion valve, and may be a capillary tube, an ex-
pander, or the like. The expander recovers energy of the
refrigerant as power.
[0040] The utilization-side heat exchanger (25) is a
liquid-cooled heat exchanger. The utilization-side heat
exchanger (25) includes a first flow path (25a) and a
second flow path (25b). The second flow path (25b) is
coupled to the refrigerant circuit (21). The first flow path
(25a) is coupled to the water circuit (50). The utilization-
side heat exchanger (25) allows water flowing through
the first flow path (25a) and the refrigerant flowing
through the second flow path (25b) to exchange heat.
[0041] In the utilization-side heat exchanger (25), the
first flow path (25a) is formed along the second flow path
(25b). In the present embodiment, in a heating operation
described in detail below, a direction of the refrigerant
flowing through the second flow path (25b) is substan-
tially opposite to a direction of the water flowing through
the first flow path (25a). That is, during the heating
operation, the utilization-side heat exchanger (25) func-
tions as a countercurrent heat exchanger.

<Tank and Water Circuit>

[0042] The tank (40) is a container that stores water.
The tank (40) has a vertically long cylindrical shape. The
tank (40) includes a body portion (41) that has a cylind-
rical shape, a bottom portion (42) that closes a lower end
of the body portion (41), and a top portion (43) that closes
an upper end of the body portion (41).
[0043] Water in the tank (40) circulates through the
water circuit (50). The first flow path (25a) of the utiliza-
tion-side heat exchanger (25) is coupled to the water
circuit (50). The water circuit (50) includes an upstream
flow path (51) and a downstream flow path (52).
[0044] An inflow end of the upstream flow path (51) is
coupled to the bottom portion (42) of the tank (40). An
outflow end of the upstream flow path (51) is coupled to
an inflow end of the first flow path (25a).
[0045] An inflow end of the downstream flow path (52)
is coupled to an outflowend of the first flowpath (25a). An
outflow end of the downstream flow path (52) is coupled
to the top portion (43) of the tank (40).
[0046] The water circuit (50) includes a water pump
(53). The water pump (53) causes water to circulate
through the water circuit (50). The water pump (53)
transports water in the tank (40) to send the water to
the first flow path (25a) of the utilization-side heat ex-
changer (25). The water pump (53) further transports the
water to the first flow path (25a) to send the water to the
tank (40).
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<First Pipe and Supply Paths>

[0047] An inflowendof thefirst pipe (6) is coupled to the
tank (40). An outflow end of the first pipe (6) is coupled to
an inflow end of each of the plurality of supply paths (5).
An outflow end of each of the supply paths (5) is coupled
toa correspondingoneof thehotwater supply targets (4).

<Pressure Sensors>

[0048] The pressure sensors (60) are coupled to the
respective supply paths (5). The pressure sensors (60)
eachdetect a pressure ofwater in a corresponding oneof
the supply paths (5). That is, the pressure sensors (60)
each detect a pressure of water to be supplied to a
corresponding one of the hot water supply targets (4).

<Temperature Sensors>

[0049] The hot water supply system (1) includes the
first temperature sensors (61) and the second tempera-
ture sensor (63). The first temperature sensors (61) are
provided at the respective hot water supply targets (4).
The first temperature sensors (61) each detect a tem-
perature of water used in a corresponding one of the hot
water supply targets (4). The second temperature sensor
(63) is provided at the inflow end of the first pipe (6). The
second temperaturesensor (63)detectsa temperatureof
water flowing into the first pipe (6) from the tank (40).

<Flow Rate Sensor>

[0050] A flow rate sensor (62) is provided at the inflow
end of the first pipe (6). The flow rate sensor (62) detects
an amount of water flowing into the first pipe (6) from the
tank (40).

<Control Unit>

[0051] The control unit (30) illustrated in Fig. 2 includes
a microcomputer and a memory device (specifically, a
semiconductormemory) that stores software that causes
the microcomputer to operate. The control unit (30) is
connected to various devices and sensors of a hot water
supply apparatus (10) with cables or wirelessly. The
control unit (30) controlsdevicesof theheatingapparatus
(20) and the water circuit (50). The devices of the water
circuit (50) include the water pump (53).
[0052] The control unit (30) includes a storage unit
(31), a first learning unit (32), an estimation unit (33),
and a second learning unit (35).
[0053] The storage unit (31) stores time-series data of
a first index. The first index indicates an amount of heat of
water used in each of the hot water supply targets (4).
Specifically, the first index includes a temperature of
water used in each of the hot water supply targets (4)
and a pressure of water in each of the supply paths (5).
Hereinafter, the time-series data of the first index is

referred to as first time-series data. The first time-series
data is time-series data in the present disclosure.
[0054] A total amount of hot water supply demand
means an amount of heat of water used by the entire
hot water supply apparatus (10) in a predetermined time.
The total amount of hot water supply demand corre-
sponds to a sum of amounts of heat of water used in
the respective hot water supply targets (4).
[0055] The storage unit (31) stores an actual total
amount of hot water supply demand as time-series data.
The actual total amount of hot water supply demand is
determined by measuring, with a detection means, an
amount of heat of water flowing out from the tank (40) to
the first pipe (6). Specifically, the total amount of hotwater
supply demand is determined based on values obtained
by the flow rate sensor (62) and the second temperature
sensor (63). The time-series data of the total amount of
hotwater supply demand stored in the storage unit (31) is
referred to as second time-series data.
[0056] The first learning unit (32) learns the first time-
series data of a predetermined period stored in the sto-
rage unit (31) and the second time-series data of the
same time period as that of the first time-series data in
association with each other. The first learning unit (32)
performs learning through machine learning.
[0057] The estimation unit (33) predicts an amount of
hot water supply demand, based on the first time-series
data. Specifically, the estimation unit (33) predicts the
total amount of hot water supply demand, based on a
result of learning performed by the first learning unit (32).
More specifically, the estimation unit (33) predicts the
total amount of hot water supply demand by using a
trained estimation model (M1) that has learned, through
machine learning, the first time-series data and the sec-
ond time-series data stored in the storage unit (31) in
association with each other. The estimation unit (33)
predicts, for example, the total amount of hot water
supply demand for the next daywhich is a predetermined
time. As illustrated in Fig. 5, the total amount of hot water
supply demand predicted by the estimation unit (33)may
be time-series data that changes on a certain time (for
example, hourly) basis.
[0058] The estimation model (M1) is included in the
estimation unit (33). The estimation model (M1) is gen-
erated to predict, based on the first time-series data, the
total amount of hot water supply demand. The estimation
model (M1) is constructedasamulti-layer neural network
that hasacquiredaprediction capability throughmachine
learning. The estimation model (M1) in the present em-
bodiment is generated through "supervised learning".
The neural network for generating the estimation model
(M1)performs learning using learning data and a discri-
minant function. The learning data is a set of pairs of input
data and training data corresponding to the input data.
[0059] The input data is the first time-series data of a
predetermined period stored in the storage unit (31).
Specifically, the input data is time-series data of the
pressure of water in each of the supply paths (5) in a
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predetermined period and time-series data of the tem-
perature of water used in the hot water supply target (4)
connected to the supply path (5). The training data is the
second time-series data in the same period as that of the
input data. The neural network is caused to perform
"supervised learning" using the learning data described
above, so that the trained estimation model (M1) is
generated as a result of learning.
[0060] In this way, the estimation unit (33) predicts the
total amount of hot water supply demand by using the
trained estimation model (M1). The estimation unit (33)
inputs, to the trainedestimationmodel (M1), the first time-
series data of a predetermined period (for example, one
week up to the previous day) stored in the storage unit
(31), to output the total amount of hot water supply
demand. In this way, the estimation unit (33) predicts
the total amount of hot water supply demand.
[0061] The second learning unit (35) learns the total
amount of hot water supply demand and the operation
state of the heating apparatus (20) in association with
each other. The second learning unit (35) performs learn-
ing through machine learning. The control unit (30) con-
trols the operation of the heating apparatus (20), based
on a result of learning performed by the second learning
unit (35). Specifically, the control unit (30) controls the
operation of the heating apparatus (20) by using an
operation prediction model (M2).
[0062] The control unit (30) includes the operation
prediction model (M2). The operation prediction model
(M2) is generated through machine learning to predict,
based on the total amount of hot water supply demand,
control of theoperationof theheatingapparatus (20).The
control unit (30) controls the operation of the heating
apparatus (20) by using such a trained operation predic-
tion model (M2).
[0063] The operation prediction model (M2) is gener-
ated through "reinforcement learning". Specifically, the
second learning unit (35) sets electricity cost per day as a
reward and sets the operation state of the heating appa-
ratus (20) as a state variable. The operation state of the
heating apparatus (20) refers to, for example, an ON
state or an OFF state of the heating apparatus (20).
The second learning unit (35) inputs, as input data, the
second time-series data of a predetermined period to the
operation predictionmodel (M2). Thus, the second learn-
ing unit (35) performs learning such that the electricity
cost for the operation of the heating apparatus (20) for
one day is minimized. The total amount of hot water
supply demand predicted by the estimation unit (33) is
input to the trained operation prediction model (M2) thus
generated, so that the operation of the heating apparatus
(20) is controlled such that the power is minimized.

-Heating Operation-

[0064] As illustrated in Fig. 3, the control unit (30)
controls the heating apparatus (20) to perform a heating
operation. Specifically, the control unit (30) causes the

compressor (22) and the outdoor fan (27) to operate. The
control unit (30) appropriately adjusts an opening degree
of the expansion valve (24). The control unit (30) causes
the water pump (53) to operate.
[0065] The refrigerant compressed by the compressor
(22) flows through the second flow path (25b) of the
utilization-side heat exchanger (25). In the utilization-
side heat exchanger (25), the refrigerant in the second
flow path (25b) dissipates heat to water in the first flow
path (25a). The pressure of the refrigerant that has dis-
sipated heat or has condensed in the second flow path
(25b) is reduced by the expansion valve (24). The re-
frigerant then flows through the heat-source-side heat
exchanger (23). In the heat-source-side heat exchanger
(23), the refrigerant absorbs heat from outdoor air to
evaporate. The refrigerant that has evaporated in the
heat-source-side heat exchanger (23) is suctioned by
the compressor (22).
[0066] In thewater circuit (50), thewater in the tank (40)
flows out to the upstream flow path (51). The water in the
upstream flow path (51) flows through the first flow path
(25a) of the utilization-side heat exchanger (25). The
water in the first flow path (25a) is heated by the refrig-
erant in the heating apparatus (20).
[0067] The heated water in the tank (40) flows through
the predetermined supply path (5) through the first pipe
(6). The water flowing through the supply path (5) flows
out to outside from thehotwater supply target (4) coupled
to the supply path (5).

<Operation of Hot Water Supply System>

[0068] An example of an operation of the hot water
supply system (1) of the present embodiment will be
described next with reference to Fig. 4.
[0069] In step ST1, the control unit (30) inputs the first
time-series data of oneweek up to the previousday to the
trained estimation model (M1).
[0070] In step ST2, the control unit (30) outputs the
total amount of hot water supply demand for the next day
(future) from the trained estimationmodel (M1). The total
amount of hot water supply demand output at this time is
time-series data that changes on an hourly basis for the
next day.
[0071] In step ST3, the control unit (30) inputs the total
amount of hot water supply demand for the next day
output in step ST2 to the trained operation prediction
model (M2).
[0072] In step ST4, the control unit (30) outputs control
of the operation of the heating apparatus (20) for the next
day from the trained operation prediction model (M2).
The control of the operation output at this time is, for
example, an operation plan for setting the heating appa-
ratus (20) in an ON state or an OFF state on an hourly
basis for the next dayas illustrated inFig. 5.Basedon this
operation plan, the control unit (30) controls the heating
operation of the heating apparatus (20). The heating
apparatus (20) boils the water in the tank (40) so that
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anamount of hotwater needed ineach timeperiodcanbe
supplied to the hot water supply targets (4) based on the
predicted total amount of hot water supply demand.
[0073] In step ST5, the control unit (30) controls the
heating operation of the heating apparatus (20), based
on the control of the operation of the heating apparatus
(20) output in step ST4. For example, in the operation
plan of Fig. 5, the control unit (30) controls the heating
operationof theheatingapparatus (20) toboil thewater in
the tank (40) from 13:00 to 14:00 so that a necessary
amount of hot water can be supplied to the hot water
supply targets (4). On the other hand, the control unit (30)
controls the heating apparatus (20) so that the heating
operation is not performed from 14:00 to 15:00. This is
because, in this operationplan, it is determined, basedon
the amount of hot water necessary from 14:00 to 15:00
and an amount of hot water remaining in the tank (40),
that not performing the heating operation from 14:00 to
15:00 ismoreefficient. Then, the control unit (30) controls
the heating operation of the heating apparatus (20) to boil
the water in the tank (40) in accordance with the neces-
sary amount of hot water in each time period after 15:00.

<<Advantages of Embodiment>>

[0074] The hot water supply system (1) of the present
embodiment includes the estimation unit (33) that pre-
dicts the total amount of hot water supply demand, based
on the time-series data (first time-series data) of the first
index that indicates the amount of heat of water used in
each of the plurality of hot water supply targets (4). Thus,
since the total amount of hot water supply demand is
estimated basedon the first index of eachof the hotwater
supply targets (4), the prediction accuracy of the total
amount of hot water supply demand can be improved as
comparedwithacasewhere the total amount of hotwater
supply demand is estimated based only on the hot water
supply target (4) (for example, a shower or bathtub)
having a relatively large amount of hot water supply.
[0075] For example, even in a house such as an apart-
ment house in which a plurality of households are in a
single building, the prediction accuracy of the total
amount of hot water supply demand of the house can
be improved. Specifically, in the apartment housing, the
amountof hotwater supplyof eachof thehotwater supply
targets (4) to be used varies from household to house-
hold. Thus, for example, if the amount of hot water supply
for a shower or a bathtub used in a household A is larger
than the amount of hot water supply for the other house-
holds, the predicted value of the amount of hot water
supply for the household A affects the predicted value of
the entire apartment housing. As a result, the prediction
accuracy of the amount of hot water supply for the other
households may decrease. However, the hot water sup-
ply system (1) of the present embodiment estimates the
total amount of hot water supply demand of the entire
apartment housing, based on the time-series data of the
first index of each of the hot water supply targets (4) of

each household in the apartment housing. Thus, the
prediction accuracy of the total amount of hot water
supply demand of the entire apartment housing can be
improved, and consequently the prediction accuracy of
the total amount of hot water supply demand of each
household can be improved.
[0076] The hot water supply system (1) of the embodi-
ment includes the first learning unit (32) that learns the
first time-seriesdataand thesecond time-seriesdata (the
total amount of hot water supply demand) in association
with each other. The estimation unit (33) predicts the total
amount of hot water supply demand, based on a result of
the learning performed by the first learning unit (32).
Thus, the total amount of hot water supply demand
can be predicted based on the result of the learning
performed by the first learning unit (32).
[0077] In the hot water supply system (1) of the embo-
diment, the first learning unit (32) performs the learning
through machine learning. Thus, the total amount of hot
water supply demand can be predicted based on a result
of the learning obtained through machine learning.
[0078] In the hot water supply system (1) of the embo-
diment, the estimation unit (33) includes the estimation
model (M1) generated through machine learning to pre-
dict, based on the first time-series data, the total amount
of hot water supply demand, and predicts the total
amount of hot water supply demand by using the estima-
tion model (M1). In the present embodiment, the trained
estimationmodel (M1)based on the first time-series data
of a predetermined period is generated through super-
vised learning. By using such a trained estimation model
(M1), the prediction accuracy of the total amount of hot
water supply demand can be improved for sure.
[0079] The trained estimation model (M1) is updated
through sequential learning. Thus, as the number of
times of the use of the hot water supply system (1)
increases, the number of times of the update of the
trainedestimationmodel (M1)also increases.Asa result,
the prediction accuracy of the total amount of hot water
supply demand output from the trained estimation model
(M1) can be improved.
[0080] In the hot water supply system (1) of the embo-
diment, the first index includes the temperature of the
water used in each of the plurality of hot water supply
targets (4) and the pressure of the water in each of the
supply paths (5). The trained estimation model (M1)can
be generated through supervised learning by using, as
input data, the time-series data of the temperature of the
water used in each of the hot water supply targets (4) and
the time-series data of the pressure of the water in the
supply path (5) connected to the hot water supply target
(4) and by using, as training data, the second time-series
data.
[0081] The hot water supply system (1) of the embodi-
ment includes the control unit (30) that controls the
operation of the heating apparatus (20), based on the
total amount of hot water supply demand. Thus, for
example, the heating apparatus (20) can perform the
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operation according to the amount of heat of water
needed by the hot water supply targets (4) in each time
period of the next day.
[0082] The hot water supply system (1) of the embodi-
ment includes the second learning unit (35) that learns
the total amount of hot water supply demand and the
operation state of the heating apparatus (20) in associa-
tion with each other. The control unit (30) controls the
operation of the heatingapparatus (20), basedona result
of the learning performed by the second learning unit
(35). Thus, the operation of the heating apparatus (20)
can be controlled based on the result of the learning
performed by the second learning unit (35).
[0083] In the hot water supply system (1) of the embo-
diment, the second learning unit (35) performs the learn-
ing through machine learning. Thus, the control of the
operation of the heating apparatus (20) can be predicted
based on a result of the learning obtained through ma-
chine learning.
[0084] In the hot water supply system (1) of the embo-
diment, the control unit (30) includes the operation pre-
diction model (M2) generated through machine learning
to predict, based on the total amount of hot water supply
demand, control of theoperationof theheatingapparatus
(20), and controls the operation of the heating apparatus
(20) by using the operation prediction model (M2). In the
present embodiment, by using the operation prediction
model (M2) trained through machine learning, the heat-
ing apparatus (20) can be operated with high efficiency
and the operation of the heating apparatus (20) can be
controlled so that the electricity cost per day isminimized
as compared with past electricity cost. Since the opera-
tion of the heating apparatus (20) can be controlled in
accordance with the total amount of hot water supply
demand, running out of hot water in the tank (40) can be
suppressed while hot water is being supplied.
[0085] The trained operation prediction model (M2) is
updated through sequential learning. Thus, as the num-
ber of times of the use of the hot water supply system (1)
increases, the number of times of the update of the
trained operation prediction model (M2) also increases.
Asa result, control of theoperation that achieves reduced
electricity cost can be predicted. Thus, as the number of
times of the use of the hot water supply system (1) of the
present embodiment increases, the electricity cost per
day can be made low.
[0086] In the hot water supply system (1) according to
the embodiment, the heating apparatus (20) is of a heat
pump type. Thus, even in a heat pump having a relatively
small start-up capacity, the risk of running out of hotwater
can be reduced and a highly efficient operation can be
performed.

<<First Modification>>

[0087] In the hotwater supply system (1) of the present
modification, the estimation unit (33) includes the trained
estimation model (M1) that has performed learning in

advance. A configuration different from that of the above-
described embodiment will be described below.
[0088] As illustrated in Fig. 6, the control unit (30) does
not include the first learning unit (32). The estimation
model (M1) of the present modification is generated in
advance to predict, based on the first time-series data,
the total amount of hot water supply demand before the
hot water supply system (1) is used by a user (before
shipment of the hot water supply system (1)).
[0089] The estimation model (M1) of the present mod-
ification is also generated through "supervised learning".
Predetermined learning data stored in a data server is
input to the estimation model (M1). Specifically, the input
data includes nationwide user information (the number of
family members, the age and gender of each family
member, and residential area), information on the hot
water supply targets (4) owned by each user (the number
of hot water supply targets, types of the hot water supply
targets (4), and faucet information), the time-series data
of the pressure of thewater in the supply path (5) coupled
to each of the hot water supply targets (4) of the hot water
supply system (1) owned by each user, and the time-
series data of the temperature of thewater used in thehot
water supply target. The training data is the second time-
series data stored in the data server. The data server
stores time-series data of past several years.
[0090] The neural network is caused to perform "su-
pervised learning" by using such learning data. The
trained estimationmodel (M1)of the presentmodification
is generated as a result of learning. The estimation unit
(33) predicts the total amount of hotwater supplydemand
by using the trained estimation model (M1).
[0091] The storage unit (31) stores user data. The user
data includes information suchasa family structure (such
as thenumberof familymembersand theageandgender
of each family member) and a residential area.
[0092] As described above, the hot water supply sys-
tem (1) of the present modification also predicts the total
amount of hot water supply demand, based on the first
time-series data of eachhotwater supply target, and thus
can improve the prediction accuracy of the total amount
of hot water supply demand. In particular, the trained
estimation model (M1) of the present modification is
generated by using the first time-series data of nation-
wide users stored in the data server. Thus, by inputting
the informationsuchas the residential areaand the family
structure of the user and the first time-series data to the
trained estimation model (M1), the total amount of hot
water supply demand according to the user can be ob-
tained with a higher prediction accuracy than in the case
of inputting the first time-series data alone.
[0093] In addition, since the hot water supply system
(1) already includes the trained estimation model (M1) at
the time of shipment, the user can use the hot water
supply system (1) having a high prediction accuracy of
the total amount of hot water supply demand from the
start of use.
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<<Second Modification>>

[0094] The hot water supply system (1) of the present
modification predicts the total amount of hot water supply
demand by using a predetermined logical expression.
[0095] An amount of hot water supply demand means
an amount of heat of water for each of the hot water
supply targets (4) used in a predetermined period. The
amount of hot water supply demand corresponds to a
total amount of heat ofwater used in eachof the hotwater
supply targets (4).
[0096] The hot water supply system (1) of the present
modification predicts the amount of hot water supply
demandof eachof thehotwater supply targets (4), based
on time-series data of an amount of heat of water used in
the hot water supply target (4) in a predetermined period.
The hot water supply system (1) then predicts the total
amount of hot water supply demand, based on the pre-
dicted amounts of hot water supply demand of the re-
spective hot water supply targets (4). A configuration
different from those of the above-described embodiment
and first modification will be described below.
[0097] As illustrated in Fig. 7, in the hot water supply
system (1) of the present modification, the control unit
(30) includes a calculation unit (34). The control unit (30)
of the present modification does not include the estima-
tion model (M1). The first learning unit (32) does not
perform machine learning.
[0098] Thecalculationunit (34) determines time-series
data of the amount of hot water supply demand of each of
the hot water supply targets (4) in a predetermined per-
iod, based on the first time-series data stored in the
storage unit (31).
[0099] The estimation unit (33) predicts the amount of
hot water supply demand of each of the hot water supply
targets (4), based on the amount of hot water supply
demand of the hot water supply target (4) in the prede-
termined period determined by the calculation unit (34).
Theamountof hotwater supplydemandofeachof thehot
water supply targets (4) is predicted by using a prede-
termined logical expression and a first coefficient. The
total amount of hotwater supply demandpredicted by the
estimationunit (33)maybe time-seriesdata that changes
on a certain time (for example, hourly) basis for the next
day. The estimation unit (33) predicts the total amount of
hot water supply demand, based on the predicted
amounts of hot water supply demand of the respective
hotwater supply targets (4). The total amount of hotwater
supply demand is predicted by using a predetermined
logical expression and a second coefficient. The first
learning unit (32) inputs the first coefficient and the sec-
ond coefficient to the estimation unit (33).
[0100] The first learning unit (32) adjusts the first coef-
ficient to reduce a residual between the amount of hot
water supply demand in a predetermined period pre-
dicted by the estimation unit (33) for each of the hot water
supply targets (4) and the amount of hot water supply
demand actually used in the predetermined period. The

first learning unit (32) inputs the adjusted first coefficient
to the estimation unit (33). The first learning unit (32)
adjusts the second coefficient to reduce a residual be-
tween the total amount of hot water supply demand in a
predetermined period predicted by the estimation unit
(33) and the total amount of hot water supply demand
actually used in thepredeterminedperiod. The first learn-
ing unit (32) inputs the second coefficient to the estima-
tion unit (33).

<Operation of Hot Water Supply System>

[0101] An example of an operation of the hot water
supply system (1) of the present modification will be
described next with reference to Fig. 8. Since steps
ST24 to ST26 are the same as steps ST3 to ST5 of
the above-described embodiment, respectively, descrip-
tion thereof is omitted.
[0102] In step ST21, the control unit (30) determines,
based on the first time-series data of a predetermined
period (for example, one week up to the previous day)
stored in the storage unit (31), time-series data of the
amount of hot water supply demand of each of the hot
water supply targets (4) in the period.
[0103] In step ST22, the control unit (30) predicts, by
using the predetermined logical expression and the first
coefficient, the amount of hot water supply demand of
each of the hot water supply targets (4) for the next day,
from the time-series data of the amount of hot water
supply demand determined in step ST21.
[0104] In step ST23, the control unit (30) predicts the
total amount of hot water supply demand for the next day
from the amounts of hot water supply demand of the
respective hot water supply targets (4) for the next day
predicted in step ST22.
[0105] In step ST27, the control unit (30) adjusts the
first coefficient to reduce a prediction error, based on the
residual between theamount of hotwater supply demand
of each of the hot water supply targets (4) predicted in
stepST22 and the amount of hot water supply demand of
the hot water supply target (4) actually used. The control
unit (30) inputs the adjusted first coefficient to the estima-
tion unit (33).
[0106] In step ST28, the control unit (30) adjusts the
predetermined second coefficient to reduce a prediction
error, based on the residual between the total amount of
hot water supply demand predicted in step ST23 and the
total amount of hot water supply demand actually used.
The control unit (30) inputs the adjusted second coeffi-
cient to the estimation unit (33).
[0107] According to the present modification, by re-
peating the adjustment of input of the first coefficient for
prediction of the amount of hot water supply demand of
each of the hot water supply targets (4), the residual
between the predicted amount of hot water supply de-
mand of each of the hot water supply targets (4) and the
amount of hot water supply demand of the hot water
supply target (4) actually used can be reduced. Further,
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by repeating the adjustment of input of the second coeffi-
cient, the residual between the predicted amount of hot
water supply demand and the hot water supply demand
actually used can be reduced, and consequently the
prediction accuracy of the total amount of hot water
supply demand can be improved.

<<Third Modification>>

[0108] In the hotwater supply system (1) of the present
modification, the control unit (30) includes the trained
operation prediction model (M2) that has performed
learning in advance. A configuration different from those
of the above-described embodiment and modifications
will be described below.
[0109] As illustrated in Fig. 9, the control unit (30) of the
present modification does not include the second learn-
ing unit (35). The operation prediction model (M2) of the
present modification is generated in advance to predict
control of the operation based on the total amount of hot
water supply demand before the hotwater supply system
(1) is used by a user (before shipment of the hot water
supply system (1)).
[0110] The operation prediction model (M2) of the pre-
sent modification is also generated through "reinforce-
ment learning". The input data (such as nationwide user
information (the number of family members, the age and
gender of each family member, and residential area),
information on the hot water supply targets (4) owned
by each user (the number of hot water supply targets,
type of the hot water supply targets, and faucet informa-
tion), and the total amount of hot water supply demand of
each user) stored in the data server of the above-de-
scribed embodiment is input to the operation prediction
model (M2). The electricity cost per day is set as the
reward and the operation state of the heating apparatus
(20) is set as the state variable, so that the trained
operation prediction model (M2) that has performed
learning to minimize the electricity cost for the operation
of the heating apparatus (20) per day is generated. Thus,
in response to input of the total amount of hot water
supply demand to the trained operation prediction model
(M2), control of the operation of the heating apparatus
(20) to minimize the electric power is output.
[0111] As described above, also in the present mod-
ification, by using the operation prediction model (M2)
trained throughmachine learning, the heating apparatus
(20) canbecontrolled so that theelectricity cost per day is
minimized as compared with the past electricity cost. In
particular, the trained operation prediction model (M2) of
the present modification is generated by using the total
amount of hot water supply demand of nationwide users
stored in the data server. Thus, by inputting the informa-
tion such as the residential area and the family structure
of the user and the total amount of hot water supply
demand to the trained estimation model (M1), control
of the operation of the heating apparatus (20) can be
predictedwhich reduces the electricity costmore accord-

ing to the user than in the case of inputting the total
amount of hot water supply demand alone.
[0112] In addition, since the hot water supply system
(1) already includes the trained operation prediction
model (M2) at the time of shipment, the user can use
the hot water supply system (1) that can control the
operation of the heating apparatus (20) to reduce the
electricity cost per day from the start of use.

<<Fourth Modification>>

[0113] The hot water supply system (1) of the present
modification predicts control of the operation of the heat-
ing apparatus (20) from the total amount of hot water
supply demand based on predetermined control. A con-
figuration different from those of the above-described
embodiment and modifications will be described below.
[0114] As illustrated in Fig. 10, in the hot water supply
system (1) of the present modification, the control unit
(30) includes a run-out-of-hot-water determining unit
(36). The control unit (30) does not include the operation
prediction model (M2).
[0115] If a detected value of the flow rate sensor (62)
becomeszerowhile theheatingapparatus (20) isON, the
run-out-of-hot-water determining unit (36) determines
that there is no water in the tank (40) (hot water has
run out).
[0116] The second learning unit (35) learns control of
the operation of the heating apparatus (20) for reducing a
risk of running out of hot water, based on the total amount
of hot water supply demand. Specifically, if there is a time
when hot water has run out as a result of controlling the
operation state of the heating apparatus (20) based on
the total amount of hotwater supply demandpredictedby
the estimation unit (33), the second learning unit (35)
corrects the control of the operation of the heating appa-
ratus (20) performed on that day. Based on such a feed-
back, the second learning unit (35) corrects the control of
the operation of the heating apparatus (20) and predicts
control of the operation of the heating apparatus (20) for
the next day.

<Operation of Hot Water Supply System>

[0117] An example of an operation of the hot water
supply system (1) of the present modification will be
described next with reference to Fig. 11. Since steps
ST41 and ST42 are the same as steps ST1 and ST2
of the above-described embodiment, respectively, de-
scription thereof is omitted.
[0118] In step ST43, the control unit (30) predicts con-
trol of the operation of the heating apparatus (20), based
on the total amount of hot water supply demand esti-
mated by the estimation unit (33).
[0119] In step ST44, the control unit (30) controls the
heatingapparatus (20) to performcontrol of theoperation
predicted in step ST43.
[0120] In step ST45, the control unit (30) determines
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whether running out of hotwater occurswhile hot water is
being supplied to the hot water supply target(s) (4). If
running out of hot water occurs (YES in step ST45), the
control unit (30) controls the heating apparatus (20) to
boil the water supplied to the tank (40) (step ST44). If
running out of hot water does not occur (NO in step
ST45), step ST46 is performed.
[0121] In step ST46, the control unit (30) determines
whether the operation of the heating apparatus (20) for
one day has ended. If the operation has ended (YES in
step ST46), step ST47 is performed. If the operation has
not ended (NO in step ST46), step ST44 is performed
again.
[0122] In step ST47, the control unit (30) determines
whether running out of hot water has occurred in the
operation of the heating apparatus (20) for the day. If
runningout of hotwater hasoccurred (YES in stepST47),
step ST48 is performed.
[0123] In step ST48, the control unit (30) corrects the
control of the operation, based on the occurrence time of
running out of hot water, the amount of water that has
been boiled, the boiling temperature, and so on.
[0124] According to the present modification, the con-
trol unit (30) corrects the control of the operation of the
heating apparatus (20) at each occurrence of running out
of hot water. By predicting control of the operation, based
on such a correction, the risk of running out of hot water
on the next day can be reduced.

<<Other Embodiments>>

[0125] The above-described embodiment and modifi-
cations may be configured as follows.
[0126] The first index may be a temperature of water
used in each of the hot water supply targets (4) and an
amount of water in the supply path (5) connected to the
hotwater supply target (4). In this case,eachof thesupply
paths (5) is provided with a flow rate sensor (not illu-
strated) that measures a flow rate of water. The flow rate
sensor is connected to the control unit (30)with a cable or
wirelessly.
[0127] The first index may be an amount of heat of
water used ineachof thehotwater supply targets (4). The
time-series data of the amount of heat of water used in
each of the hot water supply targets (4) may be deter-
mined based on time-series data of the temperature of
water used in the hot water supply target (4) and time-
series data of a pressure of water in the supply path (5)
coupled to thehotwater supply target (4). The time-series
data of the amount of heat ofwater used in eachof the hot
water supply targets (4) may be determined based on
time-series data of the temperature of water used in the
hot water supply target (4) and time-series data of an
amount of water in the supply path (5) coupled to the hot
water supply target (4). The time-series data of the
amount of heat of water used in each of the hot water
supply targets (4) is input to the estimationmodel (M1)as
input data.

[0128] In reinforcement learning of the operation pre-
diction model (M2), the operation state of the heating
apparatus (20), which is set as the state variable, may be
a rotation speed of the compressor (22), a condensation
temperature of the utilization-side heat exchanger (25),
an opening degree of the expansion valve (24), or the
like. For example, the control unit (30) increases the
rotation speed of the compressor (22) to heat water in
the tank (40), or decreases the opening degree of the
expansion valve (24) to suppress an increase in the
condensation temperature of the utilization-side heat
exchanger (25) and thus to suppress heating of thewater
in the tank (40).
[0129] The hot water supply system (1) may include a
predetermined sensor (not illustrated) capable of directly
detecting an amount of heat of water used in each of the
hot water supply targets (4). In this case, the time-series
data of the amount of heat ofwater used in eachof the hot
water supply targets (4) detected not by the calculation
unit (34) but by the sensor is input to the estimationmodel
(M1).
[0130] The input data input to the estimation model
(M1)may include at least one of the number of hot water
supply targets (4), types of the hot water supply targets
(4), and specifications of faucets of the hot water supply
targets (4). As described above, by using, as input data,
the information oneachof the hotwater supply targets (4)
in addition to the first time-series data, the total amount of
hot water supply demand can be predicted based on the
hot water supply target (4) whose type is specified and
the first time-series data of the hotwater supply target (4).
For example, if the hot water supply targets (4) are a
bathtub and a shower, the bathtub (filling the bathtubwith
hotwater) and theshowerareoftenusedat thesame time
or in relatively close time periods (before and during
bathing). Thus, the first learning unit (32) can learn the
total amount of hotwater supply demand in consideration
of the amount of hot water supply demand of the shower,
basedon the first time-series data of the bathtub, and can
also learn the total amount of hot water supply demand in
consideration of the amount of hot water supply demand
of the bathtub, based on the first time-series data of the
shower. By using the trained estimation model (M1) that
has been trained in this way, the risk of running out of hot
water can be reduced.
[0131] The total amount of hot water supply demand
predicted by theestimation unit (33)maybeanamount of
heat of water to be used by the hot water supply appa-
ratus (10) only in a predetermined time period (for ex-
ample, one hour from a certain time on the next day).
[0132] In the above-described embodiment, the sec-
ond time-series data may be determined based on a
change in the temperature of hot water stored in the tank
(40). In this case, a stored hot water temperature sensor
(not illustrated) is provided in the tank (40). Thestoredhot
water temperature sensor is connected to the control unit
(30) with a cable or wirelessly. For example, when a
temperature value obtained by the stored hot water tem-
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perature sensor decreases, the decrease indicates that
hot water is supplied from the tank (40) and water is
supplied to the tank (40). The amount of heat of water
that has flowed out from the tank (40) can be determined
based on how much the temperature detected by the
stored hot water temperature sensor has decreased.
[0133] The estimation unit (33) may estimate the total
amount of hotwater supply demand,basedonanamount
(amounts) of used hot water in a selected one (selected
ones) of the hot water supply targets (4). Thus, the
prediction accuracy of the total amount of hot water
supply demand can be improved by omitting a noise-like
hot water supply target that decreases the prediction
accuracy.
[0134] The estimation model (M1) can also be gener-
ated through "unsupervised learning". In this case, the
neural network repeats a learningoperation of groupinga
plurality of pieces of input data into a plurality of classi-
fications by clustering so that pieces of input data (total
amounts of hot water supply demand) similar to one
another are classified into the same classification. Thus,
the trained estimation model (M1) can be generated
without using training data. The estimation model (M1)
may be generated through "reinforcement learning".
[0135] The storage unit (31) does not have to be pro-
vided in the control unit (30). The storageunit (31)maybe
provided in a predetermined server that can communi-
cate with the control unit (30).
[0136] In the above-described embodiment and mod-
ifications, the operation prediction model (M2) may be
generated through "supervised learning" or "unsuper-
vised learning".
[0137] The first learning unit (32)may perform learning
by using a learning method other than those used in the
above-described embodiment and modifications. The
second learning unit (35) may perform learning by using
a learning method other than those used in the above-
described embodiment and modifications.
[0138] While the embodiment and modifications have
been described above, it should be understood that
variousmodifications can bemade on the configurations
and details without departing from the scope of the
claims. The words "first" and "second" mentioned above
are used to distinguish the terms to which these words
are assigned, and do not limit the number or order of the
terms.

Industrial Applicability

[0139] As described above, the present disclosure is
useful for a hot water supply system.

Reference Signs List

[0140]

M1 estimation model
M2 operation prediction model

4 hot water supply target
5 supply path
10 hot water supply apparatus
20 heating apparatus
30 control unit
32 first learning unit
33 estimation unit
35 second learning unit
40 tank
50 water circuit

Claims

1. A hot water supply system comprising:

a hot water supply apparatus (10) including a
heating apparatus (20) configured to heat water,
a tank (40) configured to store the water heated
by the heating apparatus (20), and a water cir-
cuit (50) throughwhich thewater in the tank (40)
circulates;
a plurality of supply paths (5) each coupled to a
corresponding one of a plurality of hot water
supply targets (4) and each configured to supply
the water from the tank (40); and
an estimation unit (33) configured to predict a
total amount of hot water supply demand, based
on time-series data of a first index that indicates
an amount of heat of water used in each of the
plurality of hot water supply targets (4),
characterized in that
the estimation unit (33) is configured to predict
the total amount of hot water supply demand,
basedon the time-series data andat least one of
types of the hot water supply targets (4) and
specifications of faucets of the hot water supply
targets (4).

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

a first learning unit (32) configured to learn the
time-series data and the total amount of hot
water supply demand in association with each
other, wherein
the estimation unit (33) is configured to predict
the total amount of hot water supply demand,
based on a result of the learning performed by
the first learning unit (32).

3. The hot water supply system according to claim 2,
wherein
the first learning unit (32) is configured to perform the
learning through machine learning.

4. The hot water supply system according to claim 1 or
3,
wherein
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the estimation unit (33) includes an estimation
model (M1) generated through machine learn-
ing to predict, based on the time-series data, the
total amount of hot water supply demand, and
the estimation unit (33) is configured to predict
the total amount of hot water supply demand by
using the estimation model (M1).

5. The hot water supply systemaccording to any one of
claims 1 to 4, wherein
the first index includes a temperature and an amount
of the water used in each of the plurality of hot water
supply targets (4).

6. The hot water supply systemaccording to any one of
claims 1 to 4, wherein
the first index includes a temperature of the water
used in each of the plurality of hot water supply
targets (4) and a pressure of the water in each of
the supply paths (5).

7. The hot water supply systemaccording to any one of
claims 1 to 6, wherein
the estimation unit (33) is configured to predict the
total amount of hot water supply demand, based on
the time-series data for a selected one of the hot
water supply targets (4).

8. The hot water supply systemaccording to any one of
claims 1 to 7, further comprising:
a control unit (30) configured to control an operation
of the heating apparatus (20), based on the total
amount of hot water supply demand.

9. The hot water supply system according to claim 8,
further comprising:

a second learning unit (35) configured to learn
the total amount of hotwater supplydemandand
an operation state of the heating apparatus (20)
in association with each other,
wherein
the control unit (30) is configured to control the
operation of the heating apparatus (20), based
on a result of the learning performed by the
second learning unit (35).

10. The hot water supply system according to claim 9,
wherein
the second learning unit (35) is configured to perform
the learning through machine learning.

11. The hot water supply system according to claim 8 or
10,
wherein

the control unit (30) includes an operation pre-
diction model (M2) generated through machine

learning to predict, based on the total amount of
hot water supply demand, control of the opera-
tion of the heating apparatus (20), and
the control unit (30) is configured to control the
operation of the heating apparatus (20) by using
the operation prediction model (M2).

12. The hot water supply systemaccording to any one of
claims 1 to 11, wherein
the heating apparatus (20) is of a heat pump type.

Patentansprüche

1. Heisswasserversorgungssystem, umfassend:

eine Heisswasserversorgungsvorrichtung (10),
enthaltend eine Heizvorrichtung (20), die konfi-
guriert ist, um Wasser zu erhitzen, einen Tank
(40), der konfiguriert ist, um das durch die Heiz-
vorrichtung (20) erhitzte Wasser zu speichern,
und einen Wasserkreislauf (50), durch den das
Wasser in dem Tank (40) zirkuliert;
eine Vielzahl von Versorgungspfaden (5), die
jeweils mit einem entsprechenden einer Viel-
zahl vonHeisswasserversorgungszielen (4) ge-
koppelt sind und jeweils konfiguriert sind, um
dasWasser aus demTank (40) zuzuführen; und
eine Schätzeinheit (33), die konfiguriert ist, um
eine Gesamtmenge an Heisswasserversor-
gungsbedarf vorherzusagen, basierend auf
Zeitreihendaten eines ersten Index, der eine
Wärmemenge von Wasser angibt, die in jedem
der Vielzahl von Heisswasserversorgungszie-
len (4) verwendet wird,

dadurch gekennzeichnet, dass
die Schätzeinheit (33) konfiguriert ist, um die Ge-
samtmengeanHeisswasserversorgungsbedarf vor-
herzusagen, basierend auf den Zeitreihendaten und
mindestens einem von Typen der Heisswasserver-
sorgungsziele (4) und Spezifikationen von Wasser-
hähnen der Heisswasserversorgungsziele (4).

2. Heisswasserversorgungssystem nach Anspruch 1,
ferner umfassend:

eine erste Lerneinheit (32), die konfiguriert ist,
um die Zeitreihendaten und die Gesamtmenge
an Heisswasserversorgungsbedarf in Verbin-
dung miteinander zu lernen, wobei
die Schätzeinheit (33) konfiguriert ist, um die
Gesamtmenge anHeisswasserversorgungsbe-
darf vorherzusagen, basierend auf einem Er-
gebnis des Lernens, das durch die erste Lern-
einheit (32) durchgeführt wird.

3. Heisswasserversorgungssystem nach Anspruch 2,

5

10

15

20

25

30

35

40

45

50

55



14

25 EP 4 249 826 B1 26

wobei
die erste Lerneinheit (32) konfiguriert ist, um das
Lernen durch maschinelles Lernen durchzuführen.

4. Heisswasserversorgungssystem nach Anspruch 1
oder 3, wobei

die Schätzeinheit (33) ein Schätzmodell (M1)
enthält, das durchmaschinelles Lernen erzeugt
ist, um basierend auf den Zeitreihendaten die
Gesamtmenge anHeisswasserversorgungsbe-
darf vorherzusagen, und
die Schätzeinheit (33) konfiguriert ist, um die
Gesamtmenge anHeisswasserversorgungsbe-
darf unter Verwendung desSchätzmodells (M1)
vorherzusagen.

5. Heisswasserversorgungssystem nach einem der
Ansprüche 1 bis 4, wobei
der erste IndexeineTemperatur undeineMengedes
Wassersenthält, die in jedemderVielzahl vonHeiss-
wasserversorgungszielen (4) verwendet werden.

6. Heisswasserversorgungssystem nach einem der
Ansprüche 1 bis 4, wobei
der erste Index eine Temperatur des Wassers ent-
hält, die in jedem der Vielzahl von Heisswasserver-
sorgungszielen (4) verwendet wird, und einenDruck
des Wassers in jedem der Versorgungspfade (5).

7. Heisswasserversorgungssystem nach einem der
Ansprüche 1 bis 6, wobei
die Schätzeinheit (33) konfiguriert ist, um die Ge-
samtmengeanHeisswasserversorgungsbedarf vor-
herzusagen, basierend auf den Zeitreihendaten für
ein ausgewähltes der Heisswasserversorgungszie-
le (4).

8. Heisswasserversorgungssystem nach einem der
Ansprüche 1 bis 7, ferner umfassend:
eine Steuereinheit (30), die konfiguriert ist, um einen
Betrieb der Heizvorrichtung (20) zu steuern, basie-
rend auf der Gesamtmenge an Heisswasserversor-
gungsbedarf.

9. Heisswasserversorgungssystem nach Anspruch 8,
ferner umfassend:

eine zweite Lerneinheit (35), die konfiguriert ist,
um die Gesamtmenge an Heisswasserversor-
gungsbedarf und einen Betriebszustand der
Heizvorrichtung (20) in Verbindung miteinander
zu lernen, wobei
die Steuereinheit (30) konfiguriert ist, um den
Betrieb der Heizvorrichtung (20) zu steuern,
basierend auf einem Ergebnis des Lernens,
das durch die zweite Lerneinheit (35) durchge-
führt wird.

10. Heisswasserversorgungssystem nach Anspruch 9,
wobei
die zweite Lerneinheit (35) konfiguriert ist, um das
Lernen durch maschinelles Lernen durchzuführen.

11. Heisswasserversorgungssystem nach Anspruch 8
oder 10,
wobei

die Steuereinheit (30) ein Betriebsvorhersage-
modell (M2) enthält, das durch maschinelles
Lernen erzeugt ist, um basierend auf der Ge-
samtmengeanHeisswasserversorgungsbedarf
die Steuerung des Betriebs der Heizvorrichtung
(20) vorherzusagen, und
die Steuereinheit (30) konfiguriert ist, um den
Betrieb der Heizvorrichtung (20) unter Verwen-
dung des Betriebsvorhersagemodells (M2) zu
steuern.

12. Heisswasserversorgungssystem nach einem der
Ansprüche 1 bis 11, wobei
die Heizvorrichtung (20) von einemWärmepumpen-
typ ist.

Revendications

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

un appareil d’alimentation en eau chaude (10)
comprenant unappareil de chauffage (20) confi-
guré pour chauffer de l’eau, une citerne (40)
configurée pour stocker l’eau chauffée par l’ap-
pareil de chauffage (20), et un circuit d’eau (50)
dans lequel circule l’eau dans la citerne (40) ;
une pluralité de chemins d’alimentation (5), cha-
cun desquels étant couplé à un objectif corres-
pondant d’une pluralité d’objectifs d’alimenta-
tion en eau chaude (4), et chacun étant confi-
guré pour assurer une fourniture de l’eau depuis
la citerne (40) ; et
une unité d’estimation (33) configurée pour pré-
dire une quantité totale d’une demande d’ali-
mentation en eau chaude sur la base de don-
nées en série chronologique d’un premier indice
indiquant une quantité de chaleur de l’eau utili-
sée dans chacun de objectifs d’alimentation en
eau chaude (4),
caractérisé en ce que l’unité d’estimation (33)
est configurée pour prédire la quantité totale de
la demande d’alimentation en eau chaude sur la
base de données en série chronologique et d’au
moins un de types des objectifs d’alimentation
en eau chaude (4) et des spécifications de la
robinetterie des objectifs d’alimentation en eau
chaude (4).

5

10

15

20

25

30

35

40

45

50

55



15

27 EP 4 249 826 B1 28

2. . Système d’alimentation en eau chaude selon la
revendication 1, comprenant en outre :

une première unité d’apprentissage (32) confi-
gurée pour apprendre les données en série
chronologique et la quantité totale de la de-
mande d’alimentation en eau chaude, asso-
ciées l’une avec l’autre,
l’unité d’estimation (33) étant configurée pour
prédire la quantité totale de la demande d’ali-
mentation en eau chaude d’après un résultat de
l’apprentissage effectué par la première unité
d’apprentissage (32).

3. . Système d’alimentation en eau chaude selon la
revendication 2,
la première unité d’apprentissage (32) étant confi-
gurée pour effectuer l’apprentissage par le biais d’un
apprentissage machine.

4. . Système d’alimentation en eau chaude selon la
revendication 1 ou 3,

l’unité d’estimation (33) comprenant un modèle
d’estimation (M1) généré par apprentissage
machine pour prédire, d’après les données en
série chronologique, la quantité totale de la de-
mande d’alimentation en eau chaude, et
l’unité d’estimation (33) étant configurée pour
prédire la quantité totale de la demande d’ali-
mentation en eau chaude à l’aide du modèle
d’estimation (M1).

5. . Système d’alimentation en eau chaude selon une
quelconque des revendications 1 à 4,
le premier indice comprenant une température et
une quantité d’eau utilisée dans chacun de la plura-
lité d’objectifs d’alimentation en eau chaude (4).

6. . Système d’alimentation en eau chaude selon une
quelconque des revendications 1 à 4,
le premier indice comprenant une température de
l’eau utilisée dans chacun de la pluralité d’objectifs
d’alimentation en eau chaude (4) et une pression de
l’eau dans chacun des chemins d’alimentation (5).

7. . Système d’alimentation en eau chaude selon une
quelconque des revendications 1 à 6,
l’unité d’estimation (33) étant configurée pour pré-
dire la quantité totale de la demande d’alimentation
en eau chaude sur la base de données en série
chronologique pour un objectif sélectionné parmi
les objectifs d’alimentation en eau chaude (4).

8. . Système d’alimentation en eau chaude selon une
quelconque des revendications 1 à 7, comprenant
en outre :
un module de commande (30) configuré pour

commander un actionnement de l’appareil de chauf-
fage (20) d’après la quantité totale de la demande
d’alimentation en eau chaude.

9. . Système d’alimentation en eau chaude selon la
revendication 8, comprenant en outre :

une deuxième unité d’apprentissage (35) confi-
gurée pour apprendre la quantité totale de la
demande d’alimentation en eau chaude et un
état opérationnel de l’appareil de chauffage (20)
en association l’un avec l’autre,
le module de commande (30) étant configuré
pour commander l’actionnement de l’appareil
de chauffage (20) d’après un résultat de l’ap-
prentissageeffectué par la deuxièmeunité d’ap-
prentissage (35).

10. . Système d’alimentation en eau chaude selon la
revendication 9,
la deuxième unité d’apprentissage (35) étant confi-
gurée pour effectuer l’apprentissage par le biais d’un
apprentissage machine.

11. . Système d’alimentation en eau chaude selon la
revendication 8 ou 10,

le module de commande (30) comprenant un
modèle de prédiction d’utilisation (M2) généré
par le biais d’un apprentissage machine pour
prédire, d’après la quantité totale de la demande
d’alimentation en eau chaude, la commande de
l’actionnement de l’appareil de chauffage (20),
et
le module de commande (30) étant configuré
pour commander l’actionnement de l’appareil
de chauffage (20) en utilisant le modèle de pré-
diction d’utilisation (M2).

12. . Système d’alimentation en eau chaude selon une
quelconque des revendications 1 à 11,
l’appareil de chauffage (20) étant un appareil du type
thermopompe.

5

10

15

20

25

30

35

40

45

50

55



16

EP 4 249 826 B1



17

EP 4 249 826 B1



18

EP 4 249 826 B1



19

EP 4 249 826 B1



20

EP 4 249 826 B1



21

EP 4 249 826 B1



22

EP 4 249 826 B1



23

EP 4 249 826 B1

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP 2006183947 A [0003] • JP 2012097951 A [0004]


	bibliography
	description
	claims
	drawings
	cited references

