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Description

[0001] The present invention relates to a method to
operate a hot water storage device. Further, the present
invention relates to a controller to operate a hot water
storage device and to a hot water storage device.
[0002] Hot water storage devices known from prior art
comprise a tank configured to store water, wherein the
tank has a bottom wall, a top wall and a side wall extend-
ing between the bottom wall and the top wall. Hot water
storage devices known from prior art further comprise a
heating unit positioned at a first distance from the bottom
wall, wherein the heating unit is configured to heat the
water stored within the tank, namely in such a manner
that water heated by the heating unit rises up within the
tank such that the heated water is stratified above un-
heated water within the tank. Hot water storage devices
known from prior art further comprise a temperature
sensor positioned at a distance from the bottom wall,
the temperature sensor being configured to measure a
water temperature of the heatedwater.Hotwater storage
devices known fromprior art further comprise a controller
being configured to control the heating unit and thereby
the water temperature of the heated water stored within
the tank. Heating of the water within the tank may be
initiatedwhen the temperatureof thewaterwithin the tank
falls under a respective threshold.
[0003] GB2 518 365 A, US 2009 / 0 188 486 A1, US 11
060 763 B2, US 10 295 199 B2 and US 7 971 796 B2
disclose hot water storage devices.
[0004] Controllers of a hot water storage devices
known form prior art keep permanently a defined water
volumewithin the tankof thehotwater storagedeviceat a
defined hot water temperature, either 24 hours per day
and 7 days per week or according to a daily ON/OFF
schedule of the hot water storage device when the hot
water storage device is in the ON status. Keeping the
defined water volume within the tank of the hot water
storage device permanently at a defined hot water tem-
perature is energy inefficient and creates carbon emis-
sions when no actual hot water demand is present.
[0005] DE 10 2021124 584 A1 andWO2016/ 189 416
disclose further prior art.
[0006] Against this background a novel method to
operate a hot water storage device as defined in claim
1 and a novel controller of a hot water storage device as
defined in claim 11 as well as a novel hot water storage
device as defined in claim 13 are provided that allow an
energy efficient operation of a hot water storage device
with lower carbon emissions.
[0007] The method according to claim 1 determines
from a water temperature measurement signal provided
by the at least one temperature sensor a water usage
profile, saidwater usageprofile providing for defined time
intervals of a day and/or for defined days of a week a
nominal temperature andanominal volumeof the heated
water to be stored within the tank.
[0008] The method according to claim 1 operates the

heating unit in such a manner that for each defined time
interval of a day and/or for each definedday of aweek the
actual temperature and the actual volume of the heated
water stored withing the tank corresponds automatically
to the respectivenominal valueof thewaterusageprofile.
[0009] According to claim 1, for each respective time
interval of each respective day a confidence factor asso-
ciated with the nominal temperature and the nominal
volume of the heated water to be stored within the tank
is determined, wherein the confidence factor depends on
the frequency and from the amount of a hot water de-
mand in the respective time interval of the respective day.
Based on the confidence factor the nominal value pair
used for the operation of the hot water storage device
may be changed.
[0010] According to a first alternative, the at least one
water temperature measurement signal provided by the
at least one temperature sensor is provided toadatabase
like a cloud-database, wherein the database determines
thewater usageprofile providing for each respective time
interval of a respective day of a week the nominal tem-
perature and the nominal volume of the heated water to
be stored within the tank, and wherein the controller
operates the heating unit of basis of said water usage
profile provided by the database to the controller. In the
first alternative, the functionality of the method is split up
between the database and the controller.
[0011] According to a second alternative, the at least
one water temperature measurement signal provided by
the at least one temperature sensor is provided to the
controller, wherein the controller determines the water
usage profile providing for each respective time interval
of a respective day of a week the nominal temperature
and the nominal volume of the heated water to be stored
within the tank, and wherein the controller operates the
heating unit of basis of said water usage profile. In the
second alternative, the functionality of the method is
provided by the controller only.
[0012] The controller of the hot water storage device
according to claim 11 is configured to determine from a
water temperature measurement signal provided by the
at least one temperature sensor of the hot water storage
device a water usage profile, said water usage profile
providing for defined time intervals of a day and/or for
defined days of a week a nominal temperature and a
nominal volume of the heated water to be stored within
the tank.
[0013] The controller of the hot water storage device
according to claim 11 is configured to operate the heating
unit of the hot water storage device in such amanner that
for each defined time interval of a day and/or for each de-
fined day of aweek the actual temperature and the actual
volume of the heated water stored withing the tank of the
hot water storage device corresponds automatically to
the respective nominal value of the water usage profile.
[0014] The controller of the hot water storage device
according to claim 11 is configured to determine for each
respective time interval of each respective day a con-
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fidence factor associated with the nominal temperature
and the nominal volume of the heated water to be stored
within the tank, wherein the confidence factor depends
on the frequency and the amount of a hot water demand
in the respective time intervals of the respective day.
[0015] The method as well as the controller of the hot
water storage device according to the present disclosure
allow an energy efficient operation of a hot water storage
device with lower carbon emissions. The water usage
profile is determined from the water temperature mea-
surement signal provided by the at least one temperature
sensor. Said water usage profile provides for each re-
spective time interval of adayand foreach respectiveday
of a week the nominal temperature and the nominal
volume of the heated water to be stored within the tank.
So, the water usage profile does not only provide a
nominal value for the water temperature but also a nom-
inal value for the volume of the heated water to be stored
within the tank.
[0016] Preferably, the water usage profile is deter-
mined from a first water temperature measurement sig-
nal provided by a first temperature sensor positioned at a
seconddistance from thebottomwall of the tankand from
a second water temperature measurement signal pro-
vided by the second temperature sensor positioned at a
third distance from thebottomwall of the tank and/or from
an average water temperature signal of the first water
temperature measurement signal and the second water
temperature measurement signal, wherein said second
distance is greater than said first distance and said third
distance is greater than said second distance. This al-
lowsanevenmoreprecisecontrol of the temperatureand
of the volume of the heated water within the tank to
provide an energy efficient operation of a hot water
storage device with lower carbon emissions.
[0017] Preferably, the water usage profile is deter-
mined as a function of a change rate of the at least
one water temperature measurement signal in the re-
spective time interval of the respective day and/or as a
function of a frequency and as a function of an amount of
a hot water demand in the respective time interval of the
respective day. This allows to determine the water usage
profile in a reliable and simple manner.
[0018] Preferably, the water usage profile is deter-
mined in such a manner that for each respective time
interval of each respective day of a week a nominal value
pair comprising thenominal temperatureand thenominal
volume of the heated water to be stored within the tank is
determined, namely a nominal value pair N of a set of
nominal value pairs comprising at least the following
nominal value pairs: pair 1: first nominal volume and first
nominal temperature, pair 2: first nominal volume and
second nominal temperature, pair 3: second nominal
volume and first nominal temperature, pair 4: second
nominal volume and second nominal temperature,
wherein the second nominal volume is greater than the
first nominal volume, and wherein the second nominal
temperature isgreater than thefirst nominal temperature.

The set of nominal value pairs onbasis ofwhich thewater
usage profile for each respective time interval of each
respective day of aweek is determinedmay comprise the
following additional nominal value pair: pair 5: third vo-
lume and second nominal temperature, wherein the third
nominal volume is greater than the second nominal vo-
lume. The set of nominal value pairs onbasis ofwhich the
water usage profile for each respective time interval of
each respective day of a week is determined may com-
prise the following additional nominal value pair: pair 0:
fourth volume and fourth nominal temperature, wherein
the fourth nominal volume is smaller than the first nominal
volume and the fourth nominal temperature is smaller
than the first nominal temperature. Pair 0 may corre-
spond to on OFF status or STANDBY status of the hot
water storage device 10. Pairs 1 to 5 all belong to an ON
status of the hotwater storagedevice 10.With pairs 1 to 4
a respective volume of heated water is stratified above
unheated water within the tank. With pair 5 the tank may
become de-stratified such that the full volume of the tank
is filled with heated water. This allows an simple and
reliable, energy efficient operation of a hot water storage
device with lower carbon emissions using a limited num-
ber of nominal value pairs defining the nominal tempera-
ture and the nominal volume of the heated water to be
stored within the tank.
[0019] Preferably, the confidence factor of a respective
time interval is increased if the frequency of hot water
demands and/or the amount of a hot water demand in the
respective time interval is above a respective upper
threshold within the respective time interval of the re-
spective day. The confidence factor of a respective time
interval is decreased if the frequency of hot water de-
mands and/or the amount of a hot water demand in the
respective time interval is below a respective lower
threshold within the respective time interval of the re-
spective day. The confidence factor of a respective time
interval remains unchanged if the frequency of hot water
demands and/or the amount of a hot water demand in the
respective time interval is above a respective lower
threshold and below the respective upper threshold. A
change of the confidence factor of a respective time
interval of a respective day may affect the confidence
factor of time intervals adjoining the respective time
interval in which the confidence factor has changed.
Such a confidence factor allows a simple and reliable
change of the nominal value pair used in a respective
time interval to control temperature and volumeof heated
water stored within the tank of the hot water storage
device and to provide an energy efficient operation of a
hot water storage device with lower carbon emissions.
[0020] Preferably at an initial state or at an initialization
state of the hot water storage device, the water usage
profile of each time interval of each day is initialized with
the pair N (N=2 or 3 or 4) of the nominal value pairs,
preferably with pair 4. If the confidence factor of the
respective time interval of the respective day is below
a lower limit, then the water usage profile of the respec-
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tive time is changed topairN‑1of thenominal value pairs.
If the confidence factor of the respective time interval of
the respective day is above an upper limit, then the water
usage profile of the respective time interval is changed to
pair N+1 of the nominal value pairs. If the confidence
factor of the respective time interval of the respective day
is above the lower limit and below the upper limit, then the
water usage profile of the respective time interval re-
mains at pair N of the nominal value pairs. This allows
an simple and reliable change of the nominal value pair
used in a respective time interval to control temperature
and volume of the heatedwater within the tank to provide
an energy efficient operation of a hot water storage
device with lower carbon emissions.
[0021] Further on, a hot water storage device as de-
fined in the claim 15 having such a controller is provided.
[0022] Preferred developments of the invention are
provided by the dependent claims and the description
which follows. Exemplary embodiments are explained in
more detail on the basis of the drawing, in which:

Figure 1 shows a schematic block diagram of a hot
water storage device having a tank, a heat-
ing unit, temperature sensors and a control-
ler,

Figure 2 the tank of the hot water storage device in
different conditions,

Figure 3 a detail of a water usage profile for time in-
tervals of the same,

Figure 4 a time diagram to illustrate some details how
the determine the water usage profile.

[0023] Figure 1 shows a hot water storage device 10.
The water hot storage device 10 comprises a tank 11
configured to store water. The tank 11 of the hot water
storage device 10 has a bottomwall 12, a top wall 13 and
a side wall 14 extending between the bottom wall 12 and
the top wall 13.
[0024] The hot water storage device 10 further com-
prises a heating unit 15 positioned at a first distance from
the bottom wall 12 of the tank 11. The heating unit 15 is
configured to heat the water stored within the tank 11 in
such a manner that water heated by the heating unit 15
rises up within the tank 11 such that the heated water is
stratified above unheated water within the tank 11.
[0025] Figure 1 shows a pipe 16 through which heated
water can be taken out of the tank 11 in order to provide
theheatedwater to a hotwater consumer 17. The pipe16
is connected to the top wall 13 or to the side wall 14
adjacent to the top wall 13. Figure 1 further shows a pipe
18 through which unheated water can be provided to the
tank 11 in order to replace the volume of water which has
been taken out of the tank 11 through the pipe 16. The
pipe 18 is connected to the bottom wall 12 or to the side
wall 14 adjacent to the bottom wall 12.
[0026] The hot water storage device 10 further com-
prises at least one temperature sensor 19, 20 positioned
at a distance from the bottomwall 12, wherein the at least

one temperature sensor 19, 20 is configured to measure
awater temperature of the heatedwater storedwithin the
tank 11.
[0027] In the preferred embodiment shown in Figure 1,
the hot water storage device 10 comprises a first tem-
perature sensor 19 positioned at a second distance from
the bottom wall 12 of the tank 11, said second distance
being greater that said first distance, and a second tem-
perature sensor 20 positioned at a third distance from the
bottom wall 12 of the tank 11, said third distance being
greater that said second distance. Both temperature
sensors 19, 20 are assigned to the side wall 14 of the
tank. Both temperature sensors 19, 20 are configured to
measure a water temperature of the heated water stored
within the tank 11.
[0028] The hot water storage device 10 further com-
prises a controller 21. The controller 21 is configured to
control the heating unit 15 and thereby the water tem-
perature of the water stored within the tank 11.
[0029] The controller 21 provides a control signal to the
heating unit 15 in order to control the operation of the
heating unit 15 of the hot water storage device 10.
[0030] The controller 21 is configured to receive a
respective water temperature measurement signal from
the respective temperature sensor 19, 20.
[0031] Figure 1 further shows an optional recirculation
pipe 22 extending between the pipe 16 and the tank 11. A
pump 23 is assigned to the recirculation pipe 22. The
pump 23 and recirculation pipe 22 may be used to re-
circulate theheatedwater takenoutof the tank11 through
the tank 11. The recirculation pipe 22 is connected to the
bottom wall 12 or to the side wall 14 adjacent to the
bottom wall 12. With the pump 23 the water within the
tank 11 may be de-stratified.
[0032] Controllers of a hot water storage device known
form prior art keep permanently a de-fined water volume
within the tankof thehotwater storagedeviceat adefined
hot water temperature, either 24 hours per day and 7
days per week or according to a daily ON/OFF schedule
of the hot water storage device when the same is in the
ON status. Keeping the defined water volume within the
tank of the hot water storage device permanently at a
defined hot water temperature is energy inefficient and
creates carbon emissions when no actual hot water
demand is present.
[0033] According to the present disclosure, the con-
troller 21 of the hot water storage device 10 is configured
to determine from a water temperature measurement
signal provided by at least one temperature sensor 19,
22 a water usage profile, said water usage profile provid-
ing for defined time intervals of a day and/or for defined
days of a week a nominal temperature and a nominal
volumeof the heatedwater to be storedwithin the tank 11
of the hot water storage device 10.
[0034] Preferably, the controller 21 is configured to
determine from a first water temperature measurement
signal provided by the first temperature sensor 19 and
from a second water temperature measurement signal
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provided by the second temperature sensor 20 and/or
from an average water temperature signal of the first
water temperature measurement signal and the second
water temperature measurement signal the water usage
profile providing for defined time intervals of a day and/or
for defined days of a week the nominal temperature and
the nominal volume of the heated water to be stored
within the tank 11 of the hot water storage device 10.
[0035] The controller 21 according to the present dis-
closure is configured to operate the heating unit 15 of the
hot water storage device 10 in such a manner that for
each defined time interval of a day and/or for each
defined day of a week the actual temperature and the
actual volume of the heatedwater storedwithing the tank
11 of the hot water storage device 10 corresponds auto-
matically to the respective nominal value of the water
usage profile.
[0036] Thecontroller 21of thehotwater storagedevice
10 according to the present disclosure allows an energy
efficient operation of a water storage device with lower
carbon emissions.
[0037] If thecontroller 21 is configured todetermine the
water usage profile, the functionality of the present dis-
closure is provided by the controller 21 only. In this case
the at least one water temperature measurement signal
provided by the at least one temperature sensor 19, 20 is
provided to the controller 21, wherein the controller 21
determines the water usage profile providing for each
respective defined time interval of a respective day of a
week thenominal temperatureand thenominal volumeof
theheatedwater tobestoredwithin the tank, andwherein
the controller 21 operates the heating unit 15 of basis of
said water usage profile.
[0038] Alternatively, the functionality of the present
disclosure may be split up between the controller 21
and a database 24 like a cloud database. In this alter-
native, the at least one water temperature measurement
signal provided by the at least one temperature sensor
19, 20 is provided to the database 24 preferably through
the controller 21, wherein the database 24 determines
the water usage profile providing for each respective
defined time interval of a respective day of a week the
nominal temperature and the nominal volume of the
heated water to be stored within the tank, and wherein
the controller 21 operates the heating unit 15 of basis of
said water usage profile provided by the database 24 to
the controller 21.
[0039] Figure 2 shows the tank 11 in different condi-
tions, The conditions can be provided with the method
and controller 21 of the present disclosure.
[0040] In condition I ofFigure2, the tank11storesafirst
volume V1 of heated water being stratified above un-
heated water within the tank 11. In condition I of Figure 2,
the volume V1 has a size that the first, lower temperature
sensor 19 measures the temperature of the unheated
water and the second, upper temperature sensor 20
measures the temperature of the heated water. The
second, upper temperature sensor 20 measures the

temperature of the heated water of volume V1 in a lower
section of volumeV1, preferably adjacent to or abutting a
lower boundary surface of volume V1. In condition I of
Figure 2, the heated water being present at the first
volume V1 may have a first, relative low temperature
T1 of example given 45°C or a second, relative high
temperature T2 of example given 60°C.
[0041] In condition II of Figure 2, the tank 11 stores a
second volumeV2 of heatedwater being stratified above
unheated water within the tank 11. The second volume is
greater than the first volume. In condition II of Figure 2,
the volume V2 has a size that the first, lower temperature
sensor 19 and the second, upper temperature sensor 20
both measure the temperature of the heated water. The
first, lower temperature sensor 19 measures the tem-
perature of the heated water of volume V2 in a lower
section of volumeV2, preferably adjacent to or abutting a
lower boundary surface of volume V2. In condition II of
Figure 2, the heated water being present at the first
volume V2 may have the first, relative low temperature
T1 of example given 45°C or the second, relative high
temperature T2 of example given 60°C.
[0042] In both conditions I and II of Figure 2, the heated
water of the respective volume V1, V2 is stratified above
unheated water within the tank 11.
[0043] In condition III of Figure 2, the tank 11 stores a
third volume V3 of heated water occupying the entire
volume of the tank 11. In condition III of Figure 2, no
unheated water is present within the tank 11 and the tank
11 is de-stratified. In condition III of Figure 2, the first,
lower temperature sensor 19 and the second, upper
temperature sensor 20 both measure the temperature
of the heatedwater. In condition III of Figure 2, the heated
water being present at the first volume V3 has the sec-
ond, relative high temperatureT2of example given60°C.
[0044] Depending on the above combination of the
volumes V1, V2, V3 of the heated water within the tank
11 and the temperatures T1, T2 the tank 11 may have
different conditions in case the hot water storage device
10 is in an ON status. A sixth condition may be the OFF
status of hot water storage device10.
[0045] The controller 21 of the hot water storage de-
vice10 may be configured to determine the water usage
profile as a function of the change rate of the at least one
water temperaturemeasurement signal in the respective
time interval of the respective day. The controller 21 may
further beconfigured todetermine thewater usageprofile
as a function of a frequency and as a function of an
amount of a hot water demand in the respective time
intervals of the respective day.
[0046] Thecontroller 21of thehotwater storagedevice
10 may be configured to determine the water usage
profile in such a manner that for each respective time
interval of each respective day of a week a nominal value
pair comprising thenominal temperatureand thenominal
volumeof the heatedwater to be storedwithin the tank 11
is determined, namely a nominal value pair of a set of
nominal value pairs comprising at least:
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Pair 1: first nominal volume and first nominal tem-
perature.
Pair 2: first nominal volume and second nominal
temperature.
Pair 3: second nominal volume and first nominal
temperature.
Pair 4: second nominal volume and second nominal
temperature.

[0047] Thesecondnominal volumeof theheatedwater
to be stored in the tank 11 is greater than the first nominal
volume of the heated water to be stored in the tank 11.
The second nominal temperature of the heated water to
be stored in the tank 11 is greater than the first nominal
temperature of the heated water to be stored in the tank
11.
[0048] Pairs 1 and 2may be used to provide condition I
of Figure 2, namely pair 1 a first volume V1 of heated
water having the first temperature T1 and pair 2 a first
volume V1 of heated water having the second tempera-
ture T2.
[0049] Pairs 3and4maybeused toprovidecondition II
of Figure 2, namely pair 3 a second volume V2 of heated
water having the first temperature T1 and pair 4 a second
volume V2 of heated water having the second tempera-
ture T2.
[0050] The nominal value pairs on basis of which the
water usage profile for each respective time interval of
each respective day of a week is determined may com-
prise the following additional nominal value pair:
Pair 5: third nominal volume and second nominal tem-
perature.
[0051] The third nominal volume is greater than the
second nominal volume.
[0052] Pair 5 may be used to provide condition III of
Figure 2, namely a third volume V3 of heated water
having the second temperature T2.
[0053] The second nominal volume and thereby the
second volume V2 is greater than the first nominal vo-
lume and thereby the first volume V1. A ratio R2/1 be-
tween the second nominal volume and thereby the sec-
ond volume V2 and the first nominal volume and thereby
thefirst volumeV1maybe from2:1 to4:1, preferably from
2.5:1 to 3.5:1. The third nominal volume and thereby the
third volume V3 is greater than the first and second
nominal volume and thereby the first volume V1 and
second volume V2. A ratio R3/1 between the third nom-
inal volume and thereby the third volume V3 and the first
nominal volume and thereby the first volume V1 may be
from3:1 to 5:1, preferably from3.5:1 to 4.5:1. In any case
the ratio R3/1 is greater than the ratio R2/1. In an embo-
diment the ratio R2/1 may be 3:1 and the ratio R3/1 may
be 4:1. These ratios are of exemplary nature.
[0054] The nominal value pairs on basis of which the
water usage profile for each respective time interval of
each respective day of a week is determined may com-
prise the following additional nominal value pair:
Pair 0: fourth nominal volume and fourth nominal tem-

perature.
[0055] The fourth nominal volume is smaller than the
first nominal volume and fourth nominal temperature is
smaller than the first nominal temperature.
[0056] Pair 0may be used to provide as sixth condition
of the hot water storage device10 corresponding prefer-
ably to the OFF status or STANDBY status of hot water
storage device 10 in which no heatedwater in storedwith
the tank 11 of the hot water storage device 10.
[0057] Thewater usageprofile basedonnominal value
pairs may also be determined by the database 24.
[0058] Thecontroller 21of thehotwater storagedevice
10 is configured to determine for each respective time
interval of each respective day a confidence factor asso-
ciated with the nominal temperature and the nominal
volumeof theheatedwater tobestoredwithin the tank11.
[0059] The confidence factor depends on the fre-
quency and from the amount of a hot water demand in
the respective time interval of the respective day. The
amount of a hot water demand corresponds to the dura-
tion of the same or to the volume of heated water taken
out of the tank 11 in connection with the respective hot
water demand. Theamount of the hotwater demandmay
be determined on basis of the time needed to replace the
heated water taken out of the tank, namely to recover the
hot volume and temperature of the water within the tank
according to the nominal volume and nominal tempera-
ture.
[0060] Thecontroller 21of thehotwater storagedevice
10 is configured to increase the confidence factor of a
respective time interval if the frequency of hot water
demands and/or the amount of a hot water demand in
the respective time interval is above a respective upper
threshold.
[0061] Thecontroller 21of thehotwater storagedevice
10 is configured to decrease the confidence factor of a
respective time interval if the frequency of hot water
demands and/or the amount of a hot water demand in
the respective time interval is below a respective lower
threshold.
[0062] Thecontroller 21of thehotwater storagedevice
10 is configured to remain the confidence factor of a
respective time interval unchanged if the frequency of
hot water demands and/or the amount of a hot water
demand in the respective time interval is above a respec-
tive lower threshold and below the respective upper
threshold.
[0063] The confidence factor of the respective time
intervals may also be determined by the database 24.
[0064] A change of the confidence factor of a respec-
tive time interval of a respective day may affect the
confidence factor of time intervals adjoining the respec-
tive time interval in which the confidence factor has
changed on basis of a weight factor. Example give, if
the confidence factor of a time interval may change by
10%, the confidence factor of time intervals adjoining
said respective time interval may change by 5% if a
weight factor of 50% is used or by 2.5% if a weight factor
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of 25% is used.
[0065] Atan initial state or at an initialization stateof the
hot water storage device 10, the water usage profile of
each time interval of each day is initialized with the pair N
(N=2 or 3 or 4) of the nominal value pairs. Preferably, the
water usage profile of each time interval of each day is
initialized with the pair 4, meaning that for each time
interval of each day the controller 21 would use the
second nominal volume and the second nominal tem-
perature to control the volume and temperature of the
heated water within the tank 11.
[0066] Duringoperationof thehotwater storagedevice
10 the confidence factor is determined as described
above as a function of the frequency and as a function
of the amount of a hot water demand in the respective
time intervals of the respective day. The amount depends
on the change rate of the respective water temperature
measurement signal and preferably the time to recover
the heated water within the tank 11 according to the
nominal volume and nominal temperature.
[0067] If the confidence factor of the respective time
interval of the respective day is below a lower limit, the
water usage profile of said time interval is changed from
pair N to pair N‑1. In other words, if the initialized nominal
value pair or actual nominal value pair of a respective
time internal is pair 3 but the confidence factor of said
respective time interval is below the lower limit, pair 2 is
used as new nominal value pair for said respective time
internal. If there is no pair N‑1 available, the actual pair is
preferably remained unchanged. There may be a factor
in the above learning algorithm that provides a time-
based decay or forgetfulness. This would allow the con-
fidence factor to reduce over time if there is no water
usage over a certain time frame. A rate of memory loss
produced by this decay or forgetfulness may depend on
the implementation of the hot water storage device 10 in
the field.
[0068] If the confidence factor of the respective time
interval of the respective day is above an upper limit, the
water usage profile of said time interval is changed from
pair N to pair N+1. In otherwords, if the initialized nominal
value pair or actual nominal value pair of a respective
time internal is pair 4 but the confidence factor of said
respective time interval is above the upper limit, pair 5 is
used as new nominal value pair for said respective time
internal. If there is no pair N+1 available, the actual pair is
remained unchanged.
[0069] If the confidence factor of the respective time
interval of the respective day is above the lower limit and
below the upper limit, the water usage profile of said time
interval is remained at pair N. In other words, if the
initialized nominal value pair or actual nominal value pair
of a respective time internal is pair 5 and the confidence
factor of the respective time interval of the respective day
is above the lower limit and below the upper limit, pair 5 is
kept unchanged as nominal value pair for said respective
time internal.
[0070] Figure 3 shows a detail of a water usage profile

30 for six individual time intervals 31 of the water usage
profile 30. In Figure 3, each time interval has a duration of
15 minutes. The time intervals 31 may have a longer or
shorter duration than 15 minutes. Figure 3 further shows
actual nominal value pairs 32 for each of the time inter-
vals 31defining thenominal temperatureand thenominal
volumeof theheatedwater tobestoredwithin the tank11.
Pair 3 is valid for time intervals 31a, 31b. Pair 5 is valid for
time intervals 31c, 31d, 31e. Pair 4 is valid for time
intervals 31c. Figure 3 further shows actual confidence
factors 33 determined for each time intervals 31. For time
interval 31a the confidence factor of 30% as been de-
terminedwhichmaycauseasubsequent change topair 2
for time interval 31a. For time interval 31f the confidence
factor of 90% as been determined which may cause a
subsequent change to pair 5 for time interval 31f.
[0071] Figure 4 shows an average water temperature
signal 40 determined from said first and second water
temperature measurement signals provided by said first
and second temperature sensors 19, 20. At times t1, t2
the respective change rate of the average water tem-
perature signal 40 is relatively small but higher that a
change rate causedby thermal losses of the tank 11. This
is determined as a relatively small amount of a hot water
demand in the respective time interval of the respective
day. At time t3 the respective change rate of the average
water temperature signal 40 is relatively high. This is
determined as a relatively large amount of a hot water
demand in the respective time interval of the respective
day. Depending on the amount and frequency of such
water demands the confidence factor 33 is determined
for each time interval 31. The amount of a water demand
may be determined on basis of the time needed to re-
cover the water within the tank according to the nominal
volume and nominal temperature.
[0072] The controller 21 defines both the temperature
and volume of the heated water within the tank 11 of the
water storage device on basis of the determined water
usage profile. At a peak demand (corresponding to nom-
inal value pair 5) the water of the whole volume V3 of the
tank 11 is heated up to temperature T2 using the pump
23. This state elevates the thermal energy stored within
the tank 11 above the normal maximum capacity of the
tank11. This statemaybe initiated byexternal factors like
communicated energy tariffs from the cloud.
[0073] At time intervals with a small hot water demand
a smaller volume V1 at the first temperature T1 is suffi-
cient (corresponding to nominal value pair 1). The hot
water storagedevice10minimizes theenergy required to
heat the water and minimizes heat loss over time as well
as anenergy inefficient operation of the hotwater storage
device 10. The hot water storage device 10 can be
operated very energy efficiently with lower carbon emis-
sions. Based on the detected water usage (see Figure 4)
which influences the confidence factor 33 a learned
pattern of nominal value pairs 32 is built up which is used
to operate the hot water storage device 10 over time.
[0074] Atan initial state or at an initialization stateof the
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controller 21, the nominal value pair 32 of each time
interval is preferably chosen so that the hot water storage
device 10 is operated by the controller 21 at full capacity.
The controller 21 may adapt on basis of the confidence
factors the nominal value pair 32 of each time interval 31
individually.

List of reference signs

[0075]

10 hot water storage device
11 tank
12 bottom wall
13 top wall
14 side wall
15 heating unit
16 pipe
17 hot water consumer
18 pipe
19 temperature sensor
20 temperature sensor
21 controller
22 recirculation pipe
23 pump
24 database

30 water usage profile
31 time interval
32 nominal value pair
33 confidence factors

40 average water temperature signal

Claims

1. Method to operate a hot water storage device (10),
the hot water storage device (10) comprising

a tank (11) configured to store water,
a heating unit (15) positioned at a first distance
from a bottom wall (12) of the tank (11), the
heating unit (15) being configured to heat the
water stored within the tank (11) such that
heated water rises up within the tank (11) and
is stratified above unheated water within the
tank (11),
at least one temperature sensor (19, 20) posi-
tioned at a distance from the bottom wall (12) of
the tank (11) being greater than said first dis-
tance,
acontroller (21) configured tocontrol theheating
unit (15),
the method comprising the following steps:

determine from a water temperature mea-
surement signal providedby theat least one
temperature sensor (19, 20) a water usage

profile, said water usage profile providing
for defined time intervals of a day and/or for
defined days of a week a nominal tempera-
ture and a nominal volume of the heated
water to be stored within the tank, wherein
the water usage profile is determined on
basis of a frequency and of an amount of
a hot water demand in the respective time
intervals of the respective day,
operate the heating unit (15) in such aman-
ner that for each defined time interval of a
day and/or for each defined day of a week
the actual temperature and the actual vo-
lume of the heated water stored withing the
tank corresponds automatically to the re-
spective nominal value of the water usage
profile,
characterized by the following step:
determine for each respective time interval
of each respective day a confidence factor
associated with the nominal temperature
and the nominal volume of the heatedwater
to be stored within the tank, wherein the
confidence factor depends on the fre-
quency and the amount of a hot water de-
mand in the respective time intervals of the
respective day.

2. Method of claim 1, wherein

the hot water storage device (10) has a first
temperature sensor (19) positioned at a second
distance from the bottom wall (12) of the tank
(11) and a second temperature sensor (20) po-
sitioned at a third distance from the bottom wall
(12) of the tank (11), said second distance being
greater than said first distance and said third
distance being greater than said second dis-
tance,
said water usage profile is determined from a
first water temperature measurement signal
provided by the first temperature sensor (19)
and from a secondwater temperaturemeasure-
ment signal providedby thesecond temperature
sensor (20) and/or from an average water tem-
perature signal of said first and second water
temperature measurement signals.

3. Method of claim 1 or 2, wherein the water usage
profile is determined on basis the change rate of the
respective water temperature measurement signal
in the respective time interval of the respective day.

4. Method of one of claims 1 to 3, wherein the water
usage profile is determined in such amanner that for
each respective time interval of each respective day
of a week a nominal value pair comprising the nom-
inal temperature and the nominal volume of the
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heated water to be stored within the tank is deter-
mined, namely a nominal value pair of a set of
nominal value pairs comprising at least:

pair 1: first nominal volume and first nominal
temperature,
pair 2: first nominal volume and second nominal
temperature,
pair 3: second nominal volume and first nominal
temperature,
pair 4: second nominal volume and second
nominal temperature,
wherein the second nominal volume is greater
than the first nominal volume,
wherein the second nominal temperature is
greater than the first nominal temperature.

5. Method of claim 4, wherein the set of nominal value
pairs on basis of which the water usage profile for
each respective time interval of each respective day
of a week is determined comprises the following
additional nominal value pair:

pair 5: third nominal volumeandsecondnominal
temperature, and/or
pair 0: fourth nominal volumeand fourth nominal
temperature,
wherein the third nominal volume is greater than
the second nominal volume
wherein the fourth nominal volume is smaller
than the first nominal volume and the fourth
nominal temperature is smaller than the first
nominal temperature.

6. Method of one of claims 1‑5, wherein

the confidence factor is increased if the fre-
quencyof hotwater demandsand/or theamount
of a hot water demand is above a respective
upper threshold within the respective time inter-
val of the respective day,
the confidence factor is decreased if the fre-
quencyof hotwater demandsand/or theamount
of a hot water demand is below a respective
lower threshold within the respective time inter-
val of the respective day,
the confidence factor remains unchanged if the
frequency of hot water demands and/or the
amount of a hot water demand is above a re-
spective lower threshold and below the respec-
tive upper threshold.

7. Method of one of claims 1 to 6, wherein

at an initial state or at an initialization state of the
hot water storage device (10) the water usage
profileof each time interval of eachdayofaweek
is initialized with the pair N (N=2 or 3 or 4) of the

nominal value pairs,
if the confidence factor of the respective time
interval of the respective day is below a lower
limit, the water usage profile is changed to pair
N‑1 of the nominal value pairs,
if the confidence factor of the respective time
interval of the respective day is above an upper
limit, the water usage profile is changed to pair
N+1 of the nominal value pairs,
if the confidence factor of the respective time
interval of the respective day is above the lower
limit and below the upper limit, the water usage
profile remains at pair N of the nominal value
pairs.

8. Method of one of claims 6 to 7, wherein a change of
theconfidence factor of a respective time interval of a
respective day affects the confidence factor of time
intervals adjoining the respective time interval in
which the confidence factor has changed.

9. Method of one of claims 1 to 8, wherein the at least
one water temperature measurement signal pro-
vided by the at least one temperature sensor (19,
20) is provided to a database (24) like a cloud-data-
base, wherein the database (24) determines the
water usage profile providing for each respective
defined time interval of a respective day of a week
the nominal temperature and the nominal volume of
the heated water to be stored within the tank, and
wherein the controller (21) operates the heating unit
(15) of basis of said water usage profile provided by
the database (24) to the controller (21).

10. Method of one of claims 1 to 8, wherein the at least
one water temperature measurement signal pro-
vided by the at least one temperature sensor (19,
20) is provided to the controller (21), wherein the
controller (21) determines the water usage profile
providing for each respective defined time interval of
a respective day of a week the nominal temperature
and the nominal volume of the heated water to be
storedwithin the tank, andwherein thecontroller (21)
operates the heating unit (15) of basis of said water
usage profile.

11. Controller (21) for a hot water storage device (10),

the hot water storage device (10) comprising

a tank (11) configured to store water,
a heating unit (15) positioned at a first dis-
tance from a bottom wall (12) of the tank
(11),
at least one temperature sensor (19, 20)
positioned at a distance from the bottom
wall (12)of the tank (11), saiddistancebeing
greater than said first distance,
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wherein the controller (21) is configured to con-
trol the heating unit (15) and thereby the water
temperature of the water stored within the tank
(11),
wherein the controller (21) is configured to de-
termine fromawater temperaturemeasurement
signal provided by the at least one temperature
sensor (19, 20) awater usage profile, said water
usage profile providing for defined time intervals
of a day and/or for defined days of a week a
nominal temperature and a nominal volume of
the heated water to be stored within the tank,
wherein thewaterusageprofile isdeterminedon
basis of a frequency and of an amount of a hot
water demand in the respective time intervals of
the respective day,
wherein the controller (21) is configured to op-
erate the heating unit (15) in such amanner that
for each defined time interval of a day and/or for
each de-fined day of a week the actual tempera-
ture and the actual volume of the heated water
stored withing the tank corresponds automati-
cally to the respective nominal value of thewater
usage profile, characterized in that
the controller (21) is configured to determine for
each respective time interval of each respective
day a confidence factor associated with the
nominal temperature and the nominal volume
of the heated water to be stored within the tank,
wherein the confidence factor depends on the
frequency and the amount of a hot water de-
mand in the respective time intervals of the
respective day.

12. Controller (21) of claim 11, wherein the controller is
configured to automatically carry out the method of
one of claims 2‑10.

13. Hot water storage device (10), comprising

a tank (11) configured to store water, the tank
(11)havingabottomwall (12), a topwall (13)and
a side wall (14) extending between the bottom
wall (12) and the top wall (13),
a heating unit (15) positioned at a first distance
from the bottom wall (12), the heating unit (15)
being configured to heat the water stored within
the tank (11) in such amanner that water heated
by the heating unit (15) rises up within the tank
(11) such that the heated water is stratified
above unheated water within the tank (11),
at least one temperature sensor (19, 20) posi-
tioned at a distance from the bottom wall (12),
the at least one temperature sensor (19, 20)
being configured to measure a water tempera-
ture of the heated water,
a controller (21) according to one of claims 11 to
12.

Patentansprüche

1. Verfahren zum Betreiben einer Warmwasserspei-
chervorrichtung (10), wobei die Warmwasserspei-
chervorrichtung (10) aufweist:

einen Tank (11), der dazu ausgestaltet ist, Was-
ser zu speichern,
eine Heizeinheit (15), die in einem ersten Ab-
stand von einer Bodenwand (12) des Tanks (11)
positioniert ist, wobei die Heizeinheit (15) dazu
ausgestaltet ist, das im Tank (11) gespeicherte
Wasser derart zu erwärmen, dass erwärmtes
Wasser im Tank (11) aufsteigt und über nicht
erwärmtemWasser imTank (11) geschichtet ist,
zumindest einen Temperatursensor (19, 20),
der in einem Abstand von der Bodenwand
(12) des Tanks (11) positioniert ist, der größer
als der erste Abstand ist,
eine Steuervorrichtung (21), die dazu ausge-
staltet ist, die Heizeinheit (15) zu steuern,
wobei das Verfahren die folgenden Schritte auf-
weist:

Bestimmen eines Wassernutzungsprofils
aus einem Wassertemperaturmesssignal,
das durch den zumindest einen Tempera-
tursensor (19, 20) bereitgestellt wird, wobei
das Wassernutzungsprofil für definierte
Zeitintervalle eines Tages und/oder für defi-
nierte Tage einer Woche eine Solltempera-
tur und ein Sollvolumen des im Tank zu
speichernden erwärmten Wassers bereit-
stellt, wobei das Wassernutzungsprofil auf
Basis einer Häufigkeit und einer Menge ei-
nes Warmwasserbedarfs in den jeweiligen
Zeitintervallen des jeweiligen Tages be-
stimmt wird,
Betreiben der Heizeinheit (15) derart, dass
für jedes definierte Zeitintervall eines Tages
und/oder für jeden definierten Tag einer
Woche die tatsächliche Temperatur und
das tatsächliche Volumen des im Tank ge-
speicherten erwärmten Wassers automa-
tisch dem jeweiligen Sollwert des Wasser-
nutzungsprofils entspricht,
gekennzeichnet durch den folgenden
Schritt:
Bestimmen eines Konfidenzfaktors für je-
des jeweilige Zeitintervall jedes jeweiligen
Tages, der der Solltemperatur und dem
Sollvolumen des im Tank zu speichernden
erwärmten Wassers zugeordnet ist, wobei
der Konfidenzfaktor von der Häufigkeit und
der Menge eines Warmwasserbedarfs in
den jeweiligen Zeitintervallen des jeweili-
gen Tages abhängt.
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2. Verfahren nach Anspruch 1, wobei

wobei die Warmwasserspeichervorrichtung
(10) einen ersten Temperatursensor (19), der
in einem zweiten Abstand von der Bodenwand
(12) des Tanks (11) positioniert ist, und einen
zweiten Temperatursensor (20) aufweist, der in
einem dritten Abstand von der Bodenwand (12)
des Tanks (11) positioniert ist, wobei der zweite
Abstandgrößer als der ersteAbstand ist und der
dritte Abstand größer als der zweite Abstand ist,
wobei dasWassernutzungsprofil auseinemers-
ten Wassertemperaturmesssignal, das durch
denersten Temperatursensor (19) bereitgestellt
wird, und aus einem zweiten Wassertempera-
turmesssignal, das durch den zweiten Tempe-
ratursensor (20) bereitgestellt wird, und/oder
aus einem durchschnittlichen Wassertempera-
tursignal des ersten und des zweiten Wasser-
temperaturmesssignals bestimmt wird.

3. Verfahren nach Anspruch 1 oder 2, wobei das Was-
sernutzungsprofil auf Basis der Änderungsrate des
jeweiligen Wassertemperaturmesssignals in dem
jeweiligen Zeitintervall des jeweiligen Tages be-
stimmt wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Wassernutzungsprofil derart bestimmt wird,
dass für jedes jeweilige Zeitintervall jedes jeweiligen
Tages einer Woche ein Sollwertpaar bestimmt wird,
das die Solltemperatur und das Sollvolumen des im
Tank zu speicherndenerwärmtenWassers aufweist,
nämlich ein Sollwertpaar aus einem Satz von Soll-
wertpaaren, der zumindest aufweist:

Paar 1: erstes Sollvolumen und erste Solltem-
peratur,
Paar 2: erstes Sollvolumen und zweite Solltem-
peratur,
Paar 3: zweites Sollvolumen und erste Solltem-
peratur,
Paar 4: zweites Sollvolumen und zweite Soll-
temperatur,
wobei das zweite Sollvolumen größer als das
erste Sollvolumen ist,
wobei die zweite Solltemperatur größer als die
erste Solltemperatur ist.

5. Verfahren nach Anspruch 4, wobei der Satz von
Sollwertpaaren, auf dessen Basis das Wassernut-
zungsprofil für jedes jeweilige Zeitintervall jedes je-
weiligen Tages einer Woche bestimmt wird, das
folgende zusätzliche Sollwertpaar aufweist:

Paar 5: drittes Sollvolumen und zweite Solltem-
peratur, und/oder
Paar 0: viertes Sollvolumen und vierte Solltem-

peratur,
wobei das dritte Sollvolumen größer als das
zweite Sollvolumen ist,
wobei das vierte Sollvolumen kleiner als das
erste Sollvolumen ist und die vierte Solltempe-
ratur kleiner als die erste Solltemperatur ist.

6. Verfahren nach einem der Ansprüche 1‑5, wobei

der Konfidenzfaktor erhöht wird, wenn die Häu-
figkeit von Warmwasseranforderungen und/o-
der die Menge einer Warmwasseranforderung
innerhalb des jeweiligen Zeitintervalls des je-
weiligen Tages über einem jeweiligen oberen
Schwellenwert liegt,
der Konfidenzfaktor verringert wird, wenn die
Häufigkeit von Warmwasseranforderungen un-
d/oder die Menge einer Warmwasseranforde-
rung innerhalb des jeweiligen Zeitintervalls des
jeweiligenTagesunter einem jeweiligenunteren
Schwellenwert liegt,
der Konfidenzfaktor unverändert bleibt, wenn
die Häufigkeit von Warmwasseranforderungen
und/oder die Menge einer Warmwasseranfor-
derung über einem jeweiligen unteren Schwel-
lenwert und unter dem jeweiligen oberen
Schwellenwert liegt.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei

in einem Anfangszustand oder in einem Initial-
isierungszustand derWarmwasserspeichervor-
richtung (10) das Wassernutzungsprofil jedes
Zeitintervalls jedes Tages einer Woche mit
dem Paar N (N=2 oder 3 oder 4) der Sollwert-
paare initialisiert wird,
wenn der Konfidenzfaktor des jeweiligen Zeit-
intervalls des jeweiligen Tages unter einem un-
teren Grenzwert liegt, dasWassernutzungspro-
fil auf PaarN‑1der Sollwertpaare geändert wird,
wenn der Konfidenzfaktor des jeweiligen Zeit-
intervalls des jeweiligen Tages über einem obe-
ren Grenzwert liegt, das Wassernutzungsprofil
auf Paar N+1 der Sollwertpaare geändert wird,
wenn der Konfidenzfaktor des jeweiligen Zeit-
intervalls des jeweiligen Tages über dem unte-
renGrenzwert undunter demoberenGrenzwert
liegt, das Wassernutzungsprofil bei Paar N der
Sollwertpaare bleibt.

8. Verfahren nach einem der Ansprüche 6 bis 7, wobei
eine Änderung des Konfidenzfaktors eines jeweili-
gen Zeitintervalls eines jeweiligen Tages den Konfi-
denzfaktor vonZeitintervallenbeeinflusst, die andas
jeweilige Zeitintervall angrenzen, in dem sich der
Konfidenzfaktor geändert hat.

9. Verfahren nach einem der Ansprüche 1 bis 8, wobei
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das zumindest eine Wassertemperaturmesssignal,
das durch den zumindest einen Temperatursensor
(19, 20) bereitgestellt wird, einer Datenbank (24) wie
einerCloud-Datenbankbereitgestellt wird,wobei die
Datenbank (24) das Wassernutzungsprofil be-
stimmt, das für jedes jeweilige definierte Zeitintervall
eines jeweiligen Tages einer Woche die Solltempe-
ratur und das Sollvolumen des im Tank zu speicher-
nden erwärmtenWassers bereitstellt, und wobei die
Steuervorrichtung (21) dieHeizeinheit (15) aufBasis
desWassernutzungsprofils betreibt, das der Steuer-
vorrichtung (21) durch die Datenbank (24) bereitge-
stellt wird.

10. Verfahren nach einem der Ansprüche 1 bis 8, wobei
das zumindest eine Wassertemperaturmesssignal,
das durch den zumindest einen Temperatursensor
(19, 20) bereitgestellt wird, der Steuervorrichtung
(21) bereitgestellt wird, wobei die Steuervorrichtung
(21) das Wassernutzungsprofil bestimmt, das für
jedes jeweilige definierte Zeitintervall eines jeweili-
gen Tages einer Woche die Solltemperatur und das
Sollvolumen des im Tank zu speichernden erwärm-
ten Wassers bereitstellt, und wobei die Steuervor-
richtung (21) die Heizeinheit (15) auf Basis des
Wassernutzungsprofils betreibt.

11. Steuervorrichtung (21) für eine Warmwasserspei-
chervorrichtung (10),

wobei die Warmwasserspeichervorrichtung
(10) aufweist:

einen Tank (11), der dazu ausgestaltet ist,
Wasser zu speichern,
eine Heizeinheit (15), die in einem ersten
Abstand von einer Bodenwand (12) des
Tanks (11) positioniert ist,
zumindest einen Temperatursensor (19,
20), der in einem Abstand von der Boden-
wand (12) des Tanks (11) positioniert ist,
wobei dieser Abstand größer als der erste
Abstand ist,

wobei die Steuervorrichtung (21) dazu ausge-
staltet ist, die Heizeinheit (15) und dadurch die
Wassertemperatur des imTank (11)gespeicher-
ten Wassers zu steuern,
wobei die Steuervorrichtung (21) dazu ausge-
staltet ist, aus einem Wassertemperaturmess-
signal, das durch den zumindest einen Tempe-
ratursensor (19, 20) bereitgestellt wird, einWas-
sernutzungsprofil zu bestimmen, wobei das
Wassernutzungsprofil für definierte Zeitinterval-
le eines Tages und/oder für definierte Tageeiner
Woche eine Solltemperatur und ein Sollvolu-
men des im Tank zu speichernden erwärmten
Wassers bereitstellt, wobei das Wassernut-

zungsprofil auf Basis einer Häufigkeit und einer
Menge einesWarmwasserbedarfs in den jewei-
ligen Zeitintervallen des jeweiligen Tages be-
stimmt wird,
wobei die Steuervorrichtung (21) dazu ausge-
staltet ist, die Heizeinheit (15) derart zu betrei-
ben, dass für jedes definierte Zeitintervall eines
Tages und/oder für jeden definierten Tag einer
Woche die tatsächliche Temperatur und das
tatsächliche Volumen des im Tank gespeicher-
tenerwärmtenWassersautomatischdem jewei-
ligen Sollwert des Wassernutzungsprofils ent-
spricht, dadurch gekennzeichnet, dass
dieSteuervorrichtung (21) dazuausgestaltet ist,
für jedes jeweilige Zeitintervall jedes jeweiligen
Tages einen Konfidenzfaktor zu bestimmen, der
derSolltemperatur unddemSollvolumendes im
Tank zu speichernden erwärmten Wassers zu-
geordnet ist, wobei der Konfidenzfaktor von der
Häufigkeit und der Menge eines Warmwasser-
bedarfs in den jeweiligen Zeitintervallen des
jeweiligen Tages abhängt.

12. Steuervorrichtung (21) nach Anspruch 11,
wobei die Steuervorrichtung dazu ausgestaltet ist,
dasVerfahren nach einemderAnsprüche 2‑10auto-
matisch durchzuführen.

13. Warmwasserspeichervorrichtung (10), aufweisend:

einen Tank (11), der dazu ausgestaltet ist, Was-
ser zu speichern, wobei der Tank (11) eine Bo-
denwand (12), eine obere Wand (13) und eine
Seitenwand (14) aufweist, die sich zwischen der
Bodenwand (12) und der oberen Wand (13) er-
streckt,
eine Heizeinheit (15), die in einem ersten Ab-
stand von der Bodenwand (12) positioniert ist,
wobei die Heizeinheit (15) dazu ausgestaltet ist,
das im Tank (11) gespeicherteWasser derart zu
erwärmen, dass durch die Heizeinheit (15) er-
wärmtes Wasser im Tank (11) aufsteigt, sodass
das erwärmte Wasser über nicht erwärmtem
Wasser im Tank (11) geschichtet ist,
zumindest einen Temperatursensor (19, 20),
der in einem Abstand von der Bodenwand
(12) positioniert ist, wobei der zumindest eine
Temperatursensor (19, 20) dazu ausgestaltet
ist, eine Wassertemperatur des erwärmten
Wassers zu messen,
eine Steuervorrichtung (21) nach einem der An-
sprüche 11 bis 12.

Revendications

1. Procédé pour faire fonctionner un dispositif de stoc-
kage d’eau chaude (10), le dispositif de stockage

5

10

15

20

25

30

35

40

45

50

55



13

23 EP 4 290 143 B1 24

d’eau chaude (10) comprenant

une cuve (11) configurée pour stocker de l’eau,
une unité chauffante (15) positionnée à une
première distance d’une paroi de fond (12) de
la cuve (11), l’unité chauffante (15) étant confi-
gurée pour chauffer l’eau stockée à l’intérieur de
la cuve (11) de telle manière que l’eau chauffée
s’élève à l’intérieur de la cuve (11) et se stratifie
au-dessus de l’eau non chauffée à l’intérieur de
la cuve (11),
au moins un capteur de température (19, 20)
positionné à une distance de la paroi de fond
(12) de la cuve (11) qui est supérieure à ladite
première distance,
un contrôleur (21) configuré pour commander
l’unité chauffante (15),
le procédé comprenant les étapes suivantes :

détermination, à partir d’un signal de me-
sure de température d’eau fourni par l’au
moins un capteur de température (19, 20),
d’un profil d’utilisation d’eau, ledit profil d’u-
tilisation d’eau fournissant, pour des inter-
valles de temps définis d’un jour et/ou pour
des jours définis d’une semaine, une tem-
pérature nominale et un volume nominal de
l’eau chauffée à stocker à l’intérieur de la
cuve, le profil d’utilisation d’eau étant déter-
miné sur la base d’une fréquence et d’une
quantité d’un besoin en eau chaude dans
les intervalles de temps respectifs du jour
respectif,
fonctionnement de l’unité chauffante (15)
de tellemanière que, pour chaque intervalle
de temps défini d’un jour et/ou pour chaque
jour défini d’une semaine, la température
effective et le volume effectif de l’eau chauf-
fée stockée à l’intérieur de la cuve corres-
pondent automatiquement à la valeur no-
minale respective du profil d’utilisation
d’eau,
caractérisé par l’étape suivante :
détermination, pour chaque intervalle de
temps respectif de chaque jour respectif,
d’un facteur de confiance associé à la tem-
pérature nominale et au volume nominal de
l’eau chauffée à stocker à l’intérieur de la
cuve, le facteur de confiance étant en fonc-
tion de la fréquence et de la quantité d’un
besoin en eau chaude dans les intervalles
de temps respectifs du jour respectif.

2. Procédé selon la revendication 1,

le dispositif de stockaged’eau chaude (10) étant
pourvu d’un premier capteur de température
(19) positionné à une deuxième distance de la

paroi de fond (12) de la cuve (11) et d’un deu-
xième capteur de température (20) positionné à
une troisième distance de la paroi de fond (12)
de la cuve (11), ladite deuxième distance étant
supérieure à ladite première distance et ladite
troisièmedistanceétant supérieure à ladite deu-
xième distance,
ledit profil d’utilisation d’eau étant déterminé à
partir d’un premier signal de mesure de tempé-
rature d’eau fourni par le premier capteur de
température (19) et à partir d’un deuxième si-
gnal demesure de température d’eau fourni par
le deuxièmecapteur de température (20) et/ou à
partir d’un signal de température d’eau moyen
desdits premier et deuxième signaux demesure
de température d’eau.

3. Procédé selon la revendication 1 ou 2, le profil d’u-
tilisation d’eau étant déterminé sur la base d’un taux
de variation du signal de mesure de température
d’eau respectif dans l’intervalle de temps respectif
du jour respectif.

4. Procédéselon l’unedes revendications1à3, leprofil
d’utilisation d’eau étant déterminé de telle manière
que, pour chaque intervalle de temps respectif de
chaque jour respectif d’une semaine, une paire de
valeurs nominales comprenant la température no-
minale et le volume nominal de l’eau chauffée à
stocker à l’intérieur de la cuve soit déterminée, à
savoir une paire de valeurs nominales d’un en-
semble de paires de valeurs nominales comprenant
au moins :

paire 1 : premier volume nominal et première
température nominale,
paire 2 : premier volume nominal et deuxième
température nominale,
paire 3 : deuxième volume nominal et première
température nominale,
paire 4 : deuxième volume nominal et deuxième
température nominale,
le deuxième volume nominal étant supérieur au
premier volume nominal,
la deuxième température nominale étant supé-
rieure à la première température nominale.

5. Procédé selon la revendication 4, l’ensemble de
paires de valeurs nominales sur la base duquel le
profil d’utilisation d’eau pour chaque intervalle de
temps respectif de chaque jour respectif d’une se-
maine est déterminé comprenant la paire de valeurs
nominales supplémentaire suivante :

paire 5 : troisième volume nominal et deuxième
température nominale, et/ou
paire 0 : quatrièmevolumenominal et quatrième
température nominale,
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le troisième volume nominal étant supérieur au
deuxième volume nominal,
le quatrième volume nominal étant inférieur au
premier volume nominal et la quatrième tempé-
rature nominale étant inférieure à la première
température nominale.

6. Procédé selon l’une des revendications 1 à 5,

le facteur de confiance étant augmenté si la
fréquence de besoins en eau chaude et/ou la
quantité d’un besoin en eau chaude sont/est
supérieures/supérieure àunseuil supérieur res-
pectif au sein de l’intervalle de temps respectif
du jour respectif,
le facteur de confiance étant diminué si la fré-
quence de besoins en eau chaude et/ou la
quantité d’un besoin en eau chaude sont/est
inférieures/inférieure à un seuil inférieur respec-
tif au sein de l’intervalle de temps respectif du
jour respectif,
le facteur de confiance restant inchangé si la
fréquence de besoins en eau chaude et/ou la
quantité d’un besoin en eau chaude sont/est
supérieures/supérieure à un seuil inférieur res-
pectif et inférieures/inférieure au seuil supérieur
respectif.

7. Procédé selon l’une des revendications 1 à 6,

à un état initial ou à un état d’initialisation du
dispositif de stockage d’eau chaude (10), le
profil d’utilisation d’eau de chaque intervalle
de temps de chaque jour d’une semaine étant
initialisé avec la paire N (N=2 ou 3 ou 4) des
paires de valeurs nominales,
si le facteur de confiancede l’intervalle de temps
respectif du jour respectif est inférieur à une
limite inférieure, le profil d’utilisation d’eau étant
modifié pour la paire N‑1 des paires de valeurs
nominales,
si le facteur de confiancede l’intervalle de temps
respectif du jour respectif est supérieur à une
limite supérieure, le profil d’utilisation d’eau
étant modifié pour la paire N+1 des paires de
valeurs nominales,
si le facteur de confiancede l’intervalle de temps
respectif du jour respectif est supérieurà la limite
inférieure et inférieur à la limite supérieure, le
profil d’utilisation d’eau restant à la paire N des
paires de valeurs nominales.

8. Procédé selon l’une des revendications 6 à 7, une
modification du facteur de confiance d’un intervalle
de temps respectif d’un jour respectif ayant une
incidence sur le facteur de confiance d’intervalles
de temps jouxtant l’intervalle de temps respectif
dans lequel le facteur de confiance a été modifié.

9. Procédé selon l’une des revendications 1 à 8, l’au
moins un signal de mesure de température d’eau
fourni par l’au moins un capteur de température (19,
20) étant fourni à une base de données (24) telle
qu’une base de données dans le cloud, la base de
données (24) déterminant le profil d’utilisation d’eau
fournissant, pour chaque intervalle de temps défini
respectif d’un jour respectif d’une semaine, la tem-
pérature nominale et le volume nominal de l’eau
chauffée à stocker à l’intérieur de la cuve, et le
contrôleur (21) faisant fonctionner l’unité chauffante
(15) sur la base dudit profil d’utilisation d’eau fourni
par la base de données (24) au contrôleur (21).

10. Procédé selon l’une des revendications 1 à 8, l’au
moins un signal de mesure de température d’eau
fourni par l’au moins un capteur de température (19,
20) étant fourni au contrôleur (21), le contrôleur (21)
déterminant le profil d’utilisation d’eau fournissant,
pour chaque intervalle de temps défini respectif d’un
jour respectif d’une semaine, la température nomi-
nale et le volumenominal de l’eau chaufféeà stocker
à l’intérieur de la cuve, et le contrôleur (21) faisant
fonctionner l’unité chauffante (15) sur la base dudit
profil d’utilisation d’eau.

11. Contrôleur (21) pour un dispositif de stockage d’eau
chaude (10),

le dispositif de stockage d’eau chaude (10)
comprenant

une cuve (11) configurée pour stocker de
l’eau,
une unité chauffante (15) positionnée à une
première distance d’une paroi de fond (12)
de la cuve (11),
au moins un capteur de température (19,
20) positionné à une distance de la paroi de
fond (12) de la cuve (11), ladite distance
étant supérieure à ladite première distance,

le contrôleur (21) étant configuré pour comman-
der l’unité chauffante (15) et, de ce fait, la tem-
pérature d’eaude l’eau stockéeà l’intérieur de la
cuve (11),
le contrôleur (21) étant configuré pour détermi-
ner, à partir d’un signal de mesure de tempéra-
ture d’eau fourni par l’au moins un capteur de
température (19,20), unprofil d’utilisationd’eau,
ledit profil d’utilisation d’eau fournissant, pour
des intervalles de temps définis d’un jour et/ou
pour des jours définis d’une semaine, une tem-
pérature nominale et un volume nominal de
l’eau chauffée à stocker à l’intérieur de la cuve,
le profil d’utilisation d’eau étant déterminé sur la
base d’une fréquence et d’une quantité d’un
besoin en eau chaude dans les intervalles de
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temps respectifs du jour respectif,
le contrôleur (21) étant configuré pour faire fonc-
tionner l’unité chauffante (15) de telle manière
que, pour chaque intervalle de temps défini d’un
jour et/ou pour chaque jour défini d’une se-
maine, la température effective et le volume
effectif de l’eau chauffée stockée à l’intérieur
de la cuve correspondent automatiquement à
la valeur nominale respective du profil d’utilisa-
tion d’eau, caractérisé en ce que
le contrôleur (21) est configuré pour déterminer,
pour chaque intervalle de temps respectif de
chaque jour respectif, un facteur de confiance
associé à la température nominale et au volume
nominal de l’eau chauffée à stocker à l’intérieur
de la cuve, le facteur de confiance étant en
fonction de la fréquence et de la quantité d’un
besoin en eau chaude dans les intervalles de
temps respectifs du jour respectif.

12. Contrôleur (21) selon la revendication 11, le contrô-
leur étant configuré pour mettre automatiquement
en œuvre le procédé selon l’une des revendications
2 à 10.

13. Dispositif de stockage d’eau chaude (10), compre-
nant

une cuve (11) configurée pour stocker de l’eau,
la cuve (11) étant pourvue d’une paroi de fond
(12), d’une paroi de dessus (13) et d’une paroi
latérale (14) s’étendant entre la paroi de fond
(12) et la paroi de dessus (13),
une unité chauffante (15) positionnée à une
première distance de la paroi de fond (12), l’u-
nité chauffante (15) étant configuréepour chauf-
fer l’eau stockée à l’intérieur de la cuve (11) de
telle manière que l’eau chauffée par l’unité
chauffante (15) s’élève à l’intérieur de la cuve
(11) de sorte que l’eau chauffée se stratifie au-
dessus de l’eau non chauffée à l’intérieur de la
cuve (11),
au moins un capteur de température (19, 20)
positionné à une distance de la paroi de fond
(12), l’au moins un capteur de température (19,
20) étant configuré pour mesurer une tempéra-
ture d’eau de l’eau chauffée,
un contrôleur (21) selon l’une des revendica-
tions 11 à 12.
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