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Title: Method to heat water in an electrical boiler, corresponding device and

electrical boiler.

Field of application

The present invention relates to a method and device to improve electrical
energy demand necessary to heat water in an electrical boiler. More
particularly, the invention relates to a method, device and boiler to reduce the
cost for heating water in a storage and pre-heating tank of the electrical boiler

with energy requested to an electrical grid.

Prior art

A known method to improve a demand of electric energy requested from an
electric boiler to an electrical grid includes requesting energy when the
temperature of the water in a tank of the boiler is lower than a predetermined
lower temperature T1, for instance 18 °C, and heating the water to an upper

temperature T2, for example 30 °C.

The electrical boiler includes the tank, a temperature sensor, heating means
associated to the tank and a controller, connected to the sensor and to the
heating means, to activate the heating means when a sensed temperature T (for

instance 17 °C) is lower than T1 (18 °C).

According to the above method, the controller activates the heating means also

when no user request for hot water is made.

The principle of such method is that less energy is required to heat water from

a temperature between T1 and T2 (for instance from 25 °C) to a temperature
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T3 requested for the usage (for instance to 38 °C), than heating water starting
from a temperature TO lower than the T1 (for instance from 15 °C). In other
word, the temperature is maintained between T1 and T2, to save cost for

heating at temperature T3, when requested by the user.

Activations of the heating means are spread out over the time so that, at each

activation, the boiler does not consume much energy.

This method manages the demand for electric energy to at least in part reduce
the cost for heating; however, it suffers for some disadvantages, for example
because the heating means are activated also when the user does not request
hot water for a long period, to maintain the temperature between T1 and T2.
For instance, if the user is not at home for all the day, the heating means
consumes energy to unnecessarily maintain water temperature within the
predetermined range, for all the day. At the same time, since the energy
demand is spread out in time, energy from the grid is required also when the
load is high. Indeed, when the water temperature in the tank is below T1, the
controller activates the heating means, requesting energy from the grid also if
the load of the grid is high. Thus, the above method is not adapted to manage
the demand of electric energy for reducing the load of the grid or to avoid

overloads.

In this respect, another known method address the problem of managing the
demand of electric energy for avoiding excessive loads on the grid and is based
on a central control station, measuring the load of the grid and postponing the

supply to some electrical appliances at home.

This method requires a communication between the central control station and
the appliance at home, including the electric boilers, for instance an Internet
connection, and the setting and definition of electrical appliances whose

recharge may be postponed. For instance, the central control station needs
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some information from the electric boilers to determine whether their supply

~ may be postponed or not. However, not all the boilers may be connected to the

Internet or are provided with means or sensors for detecting information to be

sent to the control station.

Other known methods do not reéuire an Internet connection on each home
appliance but a local connection to a ceritral device at home, to form a sort of
LAN among electrical appliances at home. The central. device at homé 3
manages the electrical appliances and is connected to the Internet, to send
information to the grid. However, also these methods are not adapted for
several boilers, not provided with means to communicate locally in the LAN or
outside the home. Moreover, the set up of the central device at home and its
connection to the appliances are complicated ahAd expensive. Thus, the known
method are not adaptéd to optimize the energy demand in both in term of cost
for the final user and of load of the grid, especially because it cannot be applied

on all the electrical boiler which effectively requests energy from the grid.

US 2013/193221 discloses a prior art method to heat water, wherein the

\ duration of the activation of an upper heater is determined and the activation is

associated to a user’s request of water.

The problem at the base of the present invention is that of providing a method

and a device to improve energy demand from the electric boiler, which is able

to effectively reduce costs for heating water to the users, to reduce the load of

the grid or to avoid overloads of the grid, and at the same time being adapted to

improve the demand of energy not only from advanced boilers, including

sensors and means to detect and communicate their operational status, but also

- from stand alone electric boilers or boilers with no sensors, thus overcoming |

the limits that currently prevent an optimization .in the supply of electric

_ energy.

Alpiq InTec AG ' ALP002BWO

AMENDED SHEET

- PCT/EP 2014/068 175 - 14-03-2016
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Summary of the invention

The idea of solution at the base of the present invention is that of installing an
electronic device at the plug of an electric boiler, the electronic device
including means to detect information on the boiler and on the grid, for
instance the absorption of electrical energy from the boiler for heating water
and a load of the grid, and including a memory, for storing the detected
information on past heating of hot water at home, and means for scheduling a
demand of energy to the grid to heat water in advance to future user request of

hot water.

The scheduling of energy is based on the information stored and related to past
heating and loads of the grid, and is programmed to satisfy an objective. In an
embodiment, the objective is reducing costs for the user; in another
embodiment, the objective is reducing loads or avoiding excessive loads of the
grid. In a further embodiment, the objective is reducing costs for the user and,

at the same time, avoiding excessive loads on the grid.

For instance, water is heated in advance with respect to a next user’s estimated
request, when the load and the cost of energy are low, and to avoid a further
activation of the heating means of the boiler, when the user really request hot

water.

In one aspect of the invention, the load of the grid is associated to a value of
current measured in the device at the plug of the electrical boiler, for instance a

voltage at the plug.

A first voltage V1 is associated to a lower load L1 of the grid with respect to a
higher load L2 associated to a second voltage V2 higher than the first voltage
V1.

In an aspect of the invention, the device is plugged at the home plug and

includes an interface whereto the home boiler is plugged. [n another aspect, the
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boiler is directly plugged at a plug of the home, the device is connected at a
different point of the electrical home plant, through which it controls the home
boiler. Different configurations are possible, wherein the device form an
interface between the electrical home plant and the home boiler. In any case,

according to the invention, the device is locally installed at home.

The value of current, for instance the voltage, may be measured at the plug, if
the device is connected to the plug, or at the point where the device is
connected to the electrical home plant. In this respect, the device may detect
the voltages or other values of current, for estimating the load of the grid, not
only when the boiler is activated for heating water but also independently from
the boiler, for instance at predetermined intervals of time. In other words, the
measures of power absorptions or other information from the boiler are

independently controlled with respect to the load of the grid.

The term plug relates to a standard electrical outlet of an home or public
electrical plant but the device according to the invention is not limited to a plug
connection and is for example connectable to a different point of the electrical
plant, for instance to an electrical panel, to a mounting box, to an electrical
cable, just to cite some. Moreover, in an embodiment of the invention, the
device is integrated in the electrical boiler and it is powered, for example,
through a same electrical connection through which the electrical boiler is

powered.

On the other hand, the term electrical boiler includes but is not limited to a
boiler comprising a resistance as heating means to heat water. Indeed, the
electrical boiler may include more complicated systems to heat water, for
instance a heat pump. In all the cases, the device and method according to the
invention is adapted to detect energy absorbed (from the resistance, from the

heating pump or from other heating system of the boiler) and a load of the grid,
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and includes a memory, for storing the detected information on past heating of
hot water, and means for scheduling a demand of energy to the grid to heat

water in advance to future user request of hot water.

According to the solution idea mentioned above, the technical problem is
solved by a method to heat water in an electrical boiler, as summarized here

below.
The method comprises the steps of:

-storing a plurality of user’s requests of hot water in association with

corresponding times of said requests,
-heating water in advance to a next user’s request,

wherein the next user’s request is estimated on the plurality of stored user’s

requests.

The step of heating in advance is programmed

-to reduce a load of a electrical grid or to avoid overloads and/or

-to reduce a cost for heating water for satisfying the next user’s request.

The load of the grid, associated to the value of current detected locally at home,
for instance a voltage at the plug, is stored also in association with a time.
Reduction of the load is obtained heating water in advance respect to the hot
water supply requested by the user (the estimated request), and more
particularly water is heated when the load of the grid is estimated to be low on
the base of previously values of load locally measured (detected) at home, and
reduction of cost is obtained programming said heating in advance when the
cost of energy from the grid is lower. In this last respect, costs of the energy in

different time frame are also stored and used to schedule the heating.

According to the applicant’s invention the method may be applied to different

boilers, on elementary boilers not provided with sensors and/or un-capable of
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transmitting information and on more sophisticated boilers, for instance
including sensor and communication interfaces to send information. In the
latter case, the information sensed by the boiler are integrated with the
information stored (past and estimated usages), to better program the heating in

advance.

More particularly, the method includes the following steps of:

-detecting a start time ta of a power request from the boiler to heat water,
-detecting a stop time tb of said power request,

-associating a user’s request at a time between ta and tb if a time difference tb-
ta 1s longer than a time of activation td of the boiler necessary to maintain a
temperature of the water in the boiler within a predetermined range Ta-Tb,

when water from the tank is not supplied.

Said time of activation td of the boiler necessary to maintain a temperature of
the water in the boiler within the predetermined range Ta-Tb is also indicated
with the expression “predetermined time difference td”, wherein the time
difference td is the difference between the start time and the stop time of the
boiler to maintain the temperature in said range, when no request of hot water

is made from the user.

For instance Ta may be 18 °C, Tb 30 °C and the boiler is programmed to
activate the heating means if the water in the tank 1s below 18 °C and to stop
heating when the water temperature is 30 °C. The time difference td for heating
from 18 °C to 30 °C, when no user request of hot water is received from the
boiler, may be calculated on a plurality of time values ta, tb stored in the past,
since time difference td for heating from 18 °C to 30 °C is substantially always
the same, for instance 3 minutes. When tb-ta is more than 3 minutes, for
instance 7 minutes, the time frame ta-tb is associated to a user request of hot

water; in other words, the longer time to heat is associated to a supply of hot
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water from the tank. A plurality of time frames in a day may be associated to a
plurality of user requests, which are stored in a database with corresponding
days, months, years, and used to estimate the user’s usage (request) of hot
water. The user request between the plurality of time frame ta-tb are stored in a

memory as past user’s requests.

The time difference td may also be used to estimate technical features of the
electrical boiler, for instance thermal dispersion or capacity, which are stored
and used for scheduling the heating in advance. For instance, the capacity or
the thermal dispersion of a boiler A having heating means which are activated
for 3 minutes at intervals of 20 minutes may be considered to be less than the
capacity or the thermal dispersion of a boiler B having heating means which
are activated for 3 minutes at intervals of 30 minutes. The stored and estimated
technical features are used to improve optimization of water heating in advance

to the next user’s request.

In an aspect of the invention, technical features of the boiler, for instance
capacity, are estimated comparing the detected activation time td, for instance
20 minutes, with a plurality of reference activation time tr pre-stored, for
instance trl = 13 minutes, tr2 = 20 minutes, tr3 = 23, tr4 =32 minutes, tr5 =45
minutes, tr6 = 56 minutes, wherein each reference activation time tr is

associated with technical features of a corresponding reference boiler.

Said reference activation time tr of the boiler necessary to maintain a
temperature of the water in the reference boiler within a predetermined range is
also indicated with the expression “predetermined reference time difference tr”,
wherein the reference time difference tr is the difference between the start time
and the stop time of the reference boiler to maintain the temperature in the

range.
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For example, the reference time difference tr2 = 20 minutes is stored with the
technical features of a reference boiler C having capacity of 200 litres and

thermal resistance TRC.

If the detected time difference td in a boiler A to be controlled by the method
of the invention is 20 minutes, i.¢. if it corresponds to one of the reference time
difference tr2 of the reference boiler C, the capacity of boiler A may be
estimated equal to the reference capacity (200 litres) of the reference boiler C
and its thermal resistance TRA is estimated to be equal to the reference thermal

resistance TRC of the reference boiler C.

In an aspect of the invention, a probabilistic function may be used to estimate
the technical features. For instance, if no correspondence between reference
time differences tr and detected time difference td is identified, the capacity of
the boiler A may be associated through a probability function P to the
capacities of more than one reference boilers C, D. Considering the example
given above, if the detected time difference of boiler A is 21 minutes, its
capacity may be associated to the capacity (200 litres, 20 minutes) of boiler C,
with a first probability pl, and to the capacity of boiler D (180 litres, 23
minutes), with a second probability p2. The probability pl and p2 may differ,
for instance higher probability pl is associated to the capacity of the boiler C
having a reference time difference tr2 more proximate to the detected time
difference td than the capacity of the boiler D (having a reference time

difference tr3 less proximate to td).

The same steps may be applied to estimate further technical features of the
boiler, other than the capacity C or thermal resistance TR, given as examples
above. Advantageously, according to the method of the invention, even if the
boiler is incapable to communicate information, including technical features,

its technical features may be estimated, stored and then used, together with the
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information on the load of the grid and with the cost of energy, to program in
advance the heating of water. For instance, water in a boiler with a big capacity
and with a good thermal resistance may be heated well in advance the
estimated usage, since dispersion of heat is limited; the heating in advance may
be sufficient to avoid activation of heating means, when the user request hot

water and hot water is supplied.

According to the invention, the start time ta and stop time tb are also used to
estimate an energy E stored in the boiler or a temperature T of the water in the
boiler at a time t within ta and tb. In this respect, an energy Ea or temperature
Ta at time ta are assumed to have a minimum value in a range Ea-Eb (of
energy) or Ta-Tb (of temperature), where Eb is the energy at time tb and Tb is
the temperature at time tb. Also the estimated values of energies E or
temperatures T are stored and used to program the heating of water in advance
to the next user’s request. Advantageously, a value of energy or temperature
stored in the tank of the boiler may be estimated and associated to a time also,

when not temperature sensors are available in the tank.

The past user’s request of hot water, which is associated to a time between ta
and tb as explained above, may be associated to energy Ex absorbed by the
boiler from the grid to satisfy the user’s request at said time between ta and tb;
the energy absorptions Ex are stored in association with corresponding day and

time t when energy is absorbed and are used to program the heating in advance.

For instance, if between ta = 20.00 and tb = 21.00 the energy absorbed is
around Ex for all the days of the week, for example because the user generally
has a shower at 20.30, the water in the tank may be heated in advance between
tx = 17.00 and ty = 18.00, when the load of the network and/or the cost of the
energy are lower than between 19.00 and 20.00 or between 20.00 and 21.00, at

a temperature T which, considering the estimated capacity of the boiler and its
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thermal dispersion, is sufficient to satisfy the user request for the shower at
20.30 (next estimated user’s request), if possible without turning on the heating

means of the boiler again.

As mentioned above, the method is also adapted to manage boilers including
sensors and to integrate the information received from the sensors for better

scheduling the heating of the water in advance.

Temperatures T1, Tn of the water at times tl, tn are sensed in the boiler, and
stored. Similarly, flows F1, Fn of water through the boiler at times tl, tn are
sensed and stored, if a flow meter is available. Flows FI1, Fn and/or
temperatures T1, Tn are associated to past user’s requests, with the
corresponding time. In this respect, when a flow meter is available, the past
user’s request may be determined detecting a flow of water over a
predetermined threshold. Similarly, an energy or power absorbed to satisfy the
user’s request may be determined measuring the temperature of water when the
flow starts, measuring the temperature when the flow stop, and integrating

these information with the measures of power absorption detected at the plug.

The usage habits of the water can therefore be estimated with more accuracy,
because the user request is associated with the amount of water used and/or the
temperature set by the user for use. Consequently, the programming of the
heating necessary to serve the next user request can be made considering also

the quantity and temperature of the water that will be required.

The programming of the heating of water is based on an artificial intelligence
module taking in input all the data stored in the past, for instance temperature,
flow, power absorption, user’s requests and corresponding time, and giving in
output commands to the boiler for heating the water in advance with respect to

the next estimated user’s request.
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For instance, if the next usage is estimated at time tnext = 19.00, estimated
power absorption to serve the next usage is Pest, estimated flow in the next
usage is Fnext, estimated temperature of usage is Tnext=38 °C, and the cost of
the energy and the load of the grid are lower at 17.00 than at 19.00, the boiler
mat be heated at 17.00 with more power Padv than Pest. Indeed, supply of
more power Padv may be advantageous for the user, because the cost of more
Padv at 17.00 may be less the cost of less power at another time (19.00) and
because such a supply may be advantageous also for the grid, since its load is
low at 17.00 and some energy at 17.00, for instance coming from an excessive
availability due to solar panel plants, might be lost at that time, if not

immediately used.

Preferably, program in advance is made to satisfy a plurality of next user’s
requests without turning on the boiler. In a preferred embodiment, the heating
in advance is programmed to heat water during night-time and to cover a

plurality of next user’s requests at day-time.

Also the next user’s request is associated to a time, and the time of the next
user’s request is estimated on the corresponding time of the stored user’s
requests. The stored user’s requests are associated to days of the week and the
estimation of the next user’s request comprises an estimation of a day of the
next user’s request based on the corresponding day and time of the stored

user’s requests.

The method above described is implemented in the device according to the

invention and more particularly within a device comprising:

-means (M15) to store user’s requests of hot water in association with

corresponding times of the requests,

-means (M4) to program heating of water in advance to a next user’s request,
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-means (M11) to estimate the next user’s request on the base of stored user’s

requests.

The means (M4) to program take in input the user’s request and said
estimations and gives in output commands to the boiler for reducing a load of
a electrical grid and/or for reducing a cost for heating water, at the same time

satisfying the next user’s request.

The device includes a power sensor, to detect a start time ta of a power request
from the boiler and a stop time tb of the power request, and wherein the means
to estimate (M11) detect a user’s request if a time difference tb-ta between the
start time ta and the stop time tb is longer than a predetermined time difference
td required to maintain a temperature of the water in the boiler within a

predetermined range when water in the boiler is not used.

The device is adapted to be plugged at household power socket and is adapted

to be connected to the boiler, including a boiler without sensors.

The device includes means (M12) to estimate technical features of the boiler
from the time difference td required to maintain the temperature of the water in
the predetermined range, including a storage of the technical features and the

means to program (M4) taking in input also the technical features of the boiler.

The device includes means (M10) to estimate an energy stored E in the boiler
or a temperature T of the water in the boiler at the time ta and tb, wherein
energy Ea or temperature Ta at time ta is a minimum of the energy E or
temperature T within a range of energy Ea-Eb or temperature Ta-Tb, where Eb
is the energy at time ta and Tb is the temperature at time tb, said means (M10)
including a storage of the values of energy E or temperature T estimated and

said means to program (M4) takes in input also the stored values E, T.

Further details and embodiment of the method and device according to the

present invention are described here below with reference to tables and
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drawings given only for exemplification and without limiting the scope of

protection of the invention.

Brief description of the drawings

Tables 1-5 include data estimated and stored with the method to heat water in

an electrical boiler, according to the present invention.

Fig. 1 represents on a time line a past user’s request and activation of the boiler
to serve the past user’s request, and an estimated next user’s request, according

to the method of the present invention.

Fig. 2 is a diagram time-temperature of a boiler controlled through the method
of the present invention. Fig. 3 is a schematic diagram representing how the
method of the present invention controls the electric boiler to minimize the cost

for the user and the load on the grid.

Fig. 4 represents logic blocks to implement the method according to the present
invention, in an embodiment where temperature and flow sensors are available

in the boiler.

Fig. 5 represents logic blocks to implement the method according to the present
invention, in another embodiment wherein temperature sensors are available in

the boiler and no flow sensor is available.

Fig. 6 represents logic blocks to implement the method according to the present
invention, in a further embodiment wherein temperature sensors and flow

sensors are not available in the boiler.
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Detailed description of the invention

With reference to tables 1-5, the method to heat water in an electrical boiler

according to the present invention is described.
As reported in Table 1, a current time is assumed to be 13:00.

The method at 13.00 programs in advance heating of water in a tank of a boiler
for the next n (for instance 10) time steps or time frame, each of which has a
predetermined length, for instance 15 minutes, as reported in Table 2. The next
user request of hot water is estimated in one or more of the above time frame,

for instance frames 3, 7, 9, as represented in Table 3, center column.

In this respect, the next user’s request is estimated on a plurality of user’s
requests in the past, stored in association with corresponding times of said
requests. The scope of the method is to reduce a load of an electrical grid
and/or to reduce a cost for heating water to satisfying said next user’s request,

as explained below.

According to an embodiment of the invention, the method estimates energy
stored in the boiler (BSE) in said time frames (table 4), to detect when the

heating in advance may be actuated to save costs and/or reduce the load.

In case the boiler is provided at least with a temperature sensor, the estimation
of BSE is determined, for example, as a function of an average temperature T
of water within the tank, which must always be kept within a given range Ta,
Tb, for instance 58 °C - 62 ° C. Therefore, if the average temperature is 58 °C,
the BSE is assumed to be 0%, whereas if the average temperature is 62 °C, the
BSE is assumed to be 100%. Table 1 reports also the correspondences between

temperatures and BESs.

In case no sensors are available, the method advantageously provides a

different estimation of BSE.



10

15

20

25

CA 02959193 2017-02-24

WO 2016/029940 PCT/EP2014/068175
16

For instance, in order to detect user’s request of hot water, the method detects a
start time ta of a power request from the boiler to heat water, detects a stop
time tb of the power request, and associates a user’s request at a time between
ta and tb if a time difference tb-ta is longer than a predetermined time
difference td required to maintain a temperature of the water in the boiler
within a predetermined range Ta-Tb, when water from the tank is not supplied,

i.e. not requested and used by the user.

According to the invention, the start time ta and stop time tb above indicated
may advantageously be used also to estimate an energy E stored in the boiler or
a temperature T of the water in the boiler at a time t within ta and tb, i.e. in a
time frame. In this respect, an energy Ea or temperature Ta at time ta are
assumed to have a minimum value (0%) in a range Ea-Eb (of energy) or Ta-Tb
(of temperature), where EDb is the energy at time tb and Tb is the temperature at
time tb, and where Eb is considered the full energy (100%) or Tb the maximum
temperature. Ea and Ta are the minimum values of energy or temperature in the

boiler (0%), at time ta.

Thus, a value of energy or temperature (at least in percentage) stored in the
tank of the boiler may be estimated and associated to a time, also when no
temperature sensors are available in the tank. For instance, with reference to
fig. 3, during time slots 1 and 2 the user is estimated to use no water and in
slots 3 to use 40 litres. Thus, in slots 1 and 2 the estimated loss of energy is
0.5%, due to thermal dispersion, and i slot 3 is 8.5%, due to the usage.
Accordingly, the boiler stored energy in time slot 1 and 2 is 29,5% and 29%
respectively, while at time slot 3, it is estimated to decrease to 20.5%, due to

the usage

Again with reference to Table 3, right side, for every 15 minutes the boiler is

estimated to lose 0.5% of the BSE, corresponding to 0.02 degrees in average
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temperature, due to thermal dispersion, when no hot water is consumed by the
user. This loss of energy is estimated on the base of thermal dispersion of the
tank, which may also be estimated as a technical feature of the boiler, as well
as other technical features, like the capacity, through information stored

according to the method.

For instance capacity or thermal dispersion are estimated comparing the
detected time of activation td (time difference td), for instance 20 minutes, with
a plurality of reference activation time tr pre-stored, for instance trl = 13
minutes, tr2 = 20 minutes, tr3 = 23, tr4 =32 minutes, tr5 = 45 minutes, tr6 = 56
minutes, wherein each reference activation time tr is associated with technical

features of a corresponding reference boiler.

In addition, cold water is mixed when hot water is used. Therefore, there is an
additional loss of BSE when hot water is consumed. According to the method,
the loss of BSE is estimated on the base of past user’s request and

corresponding power absorption from the grid.

To measure power absorption from the boiler, preferably, a device according to
the present invention is interfaced between the electrical plant and the boiler,

for instance at a plug.

Determination of the user request in the device is made for instance:
-detecting the start time ta of the power request from the boiler to heat water,
-detecting the stop time tb of the power request,

-associating the user’s request at a time treq between ta and tb if the time
difference tb-ta is longer than the predetermined time of activation td required
to maintain the temperature of the water in the boiler within a predetermined

range Ta-Tb, when water from the tank is not supplied.
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In this respect, fig. 1 represents on a time lime the determination of a next
user’s request. A plurality of start times ta of power requests from the
electrical boiler to heat water are detected in the past, as well as a
corresponding plurality of stop times tb of said power requests. A user request
in the past is associated to a time t-req between a start time ta and a stop time tb
if a time difference tb-ta between stop time tb and start time ta is longer than a
time td of activation of the boiler (indicated with a shorted range tb-ta)
necessary to maintain a temperature of the water in the boiler within a
predetermined range (Ta-Tb) when water in the boiler is not used. The next
user’s request is for mstance estimated at the same time in a following day of

the week with respect to the day in which past requests are detected.

In an aspect of the invention, the time of activation td is determined selecting a
plurality of time differences tb-ta stored in the past which differ one from the
other by less than a predetermined value and associating the time of activation
td to said selected plurality of time differences tb-ta. In this respect, a plurality
of time differences (start-stop) ta-tb in fig. 1, shorter than the time difference
(start-stop) ta-tb when the user requests water, may be identified. Said plurality
of shorter time difference may differ one from the other but are substantially

similar and thus are associated to the time of activation td.

In an aspect, the time of activation td is calculated as a medium value of said
plurality of shorter time differences tb-ta stored in the past which differ one

from the other by less than a predetermined value.

According to the invention, the method determines, at each timestep, whether
putting energy into the boiler and thus increases the BSE; for instance, as
shown in Table 4, energy is provided to the boiler in timeslot 4. Heating at

some point (in a time slot) is always scheduled by the method, to avoid a drop
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of BSE below 0%, i.e. that the average water temperature drops below 58 °C,

contrary to the given range Ta, Tb (58 °C - 62 ° C).

Table 4, right side, reports the estimated voltage of the current, which is
associated to the load of the grid. To prevent excessive load on the grid, the
method schedule heating of water when voltage is high, in timeslot 4, which 1s
the slot with the highest expected voltage. If the initial BSE was lower than
reported in the table, the scheduler schedules an heating earlier than timeslot 4,

to avoid a BSE below 0%.

The method is executed at predetermine intervals, for instance every few
minutes, and this frequency of execution is adapt to modify the heating in
advance depending on changes, for instance on the load of the grid or

unforeseen circumstances (unexpected water usage).

Figures 2 schematically represents the flow of temperature in the boiler as a
function of time. In this example, at a certain estimated time (3rGl slot) the boiler
is activated for less time (one slot) than in another estimated time (8" and 9™
slots) because at the latter time the load of the grid and/or the cost of electic
energy is estimated to be low, and thus is preferred to heat water for an

estimated next user request.

In this respect, figure 3 represents the scheduling of charges (power) of the
boiler in a continued line wherein the power is suspended (horizontal portion of
the line) when the price of energy and the load of the grid are height. The
power is supplied to the boiler when load and price are low (rising portion), to

save cost for the user and avoid overcharge on the grid.

Figures 4-6, schematically represent in diagram blocks the modules for

implementing the present invention with different boilers.

More particularly, fig. 4 schematically represents how different modules

interact in case the boiler is equipped with both temperature and flow sensors.
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A module M10 (BSE estimation) takes inputs from power, temperature and
flow sensors. Temperature sensors are the most relevant in this case but data
from power and flow sensors is still used in order to improve the estimation:
for example, heating elements turns on, the measurement from temperature
sensors may not show any change for several minutes but, according to the
method of the invention, an increasing amount of energy stored in the boiler is
detected. A module M11 (Prediction module for hot water usage) takes inputs
from flow sensors, which provide exactly the type of information neceded. A
module M12 (Boiler characteristics estimator) takes inputs from all sensors (as

well as their historical values).

Fig. 5 schematically represents how different modules interact in case the
boiler is equipped with only temperature sensors. In this case, the module M10
(BSE estimation) takes inputs from power and temperature sensors.
Temperature sensors are the most relevant in this case but data from power
sensors is still used in order to improve the estimation. Module MI11
(Prediction module for hot water usage), in absence of a flow sensor, uses
historical data from both temperature and power sensors in order to determine
past flows, and therefore estimate flows in the future. In particular, in no-flow
conditions the temperature loss due to thermal dispersion is predictable when
boiler characteristics have been correctly estimated. Additional temperature
losses will therefore be caused by hot water outflow, causing cold water to
flow in and mix within the boiler tank. Module M12 (Boiler characteristics
estimator) take inputs from power and temperature sensors, as well as their

historical values.

Fig. 6 schematically represents how the different modules interact in case the
boiler is not equipped with sensors. This embodiment is particularly
advantageous for retrofitting scenarios. In this case, modules M10, M11 and

M12 use the observed behaviour of the boiler when the pre-existing controller
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is in use (the pre-existing controller has a temperature sensor but temperature
values are not readable because no communication is available with the boiler

or controller). The method controls the boiler to be turned on or off.

For example, in a period of time [tO t1] the method leaves the boiler powered
on, which means that the pre-existing controller of the boiler is controlling the
heating element. The pre-existing controller may turn on the heating element at
time ta (ta>t0 and ta<tl) and turn off the heating element at time tb (tb>ta and
tb<tl). The method of the invention observes ta and tb by measuring power
usage and determine that the boiler BSE is minimum at ta and maximum at tb.

This is important information to be used in module M10.

In addition, in the same scenario described above, the method can consider the
time between ta and tb in order to estimate if and how much hot water was
consumed in the same period. This is useful information for module M11. In
fact, in absence of hot water consumption, the period between ta and tb will be
roughly fixed. In case hot water is used, the period is shorter, because the
energy stored in the boiler depletes faster, thus requiring an anticipated heating
phase. The same information may be used from module M12 in order to

estimate the physical characteristics of the boiler.

In this embodiment, the requirement to observe the behaviour of the pre-
existing controller of the boiler implies that modules M10 , M11 and M12 may
occasionally act on module M5 (Schedule Executor), in order to force a desired
state of the contact (for example, forcing the boiler to be powered on for a
given period of time). Similarly, the modules M10, M11 and M12 need to
know the current state of the contact, in order to correctly interpret the power
measurement. In other words, the method needs to know whether a power

reading of O is caused by the boiler being powered off or by the boiler being
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powered on but the heating being powered off due to the action of the pre-

existing controller.

In this embodiment, module M10 (BSE estimation) takes inputs from the
power sensor (in conjunction with the executed schedules from MS5). Module
MI1 (Prediction module for hot water usage) takes inputs from the power
sensor (in conjunction with the executed schedules from MS5); module M12
(Boiler characteristics estimator) takes inputs from the power sensor (in

conjunction with the executed schedules from M5).

Some of the advantages associated to the method and device according to the
present invention is hereafter summarized. No temperature sensors or flow
sensor are required aboard of the electric boiler to be controlled and no
communication of information between the controlling device at the plug and
the electric boiler are required. Thus, no adaptation is required to an already

installed boiler.

Indeed, no devices other than the device at the plug is required. The user’s
usages are estimated and learnt measuring time and power outside the boiler,

i.e. using a power sensor and measuring means in the device at the plug.

Advantageously, the method takes information from the fact that the boiler
turns on periodically to avoid that temperature decreases under a threshold; this
periodic activity requires a fixed time X of power consumption; when a time Y
of power consumption is greater than X, the method provides identification of
user’s request of hot water, even if no flow sensors or temperature sensor are
available in the boiler or in the interfaced device, to directly detect the hot
water discharge. The detection are advantageously made outside the boiler and
the phase of learning information on the user’s usage of hot water (user
request) is based on power absorption and time measured at the interface

device.



CA 02959193 2017-02-24

WO 2016/029940 PCT/EP2014/068175
23

At last, no network connection of the boiler or the device interfaced with it are
required to avoid excessive loads on the grid, since the control of the load is

based on local values of current measured at the plug.
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CLAIMS
1. Method to heat water in an electrical boiler comprising the steps of:

-storing user’s requests of hot water in association with corresponding times of

- said requests,

-heating water in advance with respect to a next user’s request,

wherein said next user’s request is estimated on the stored user’s requests,
characterized by -detécting a start time (ta) of a power request from the

electrical boiler to heat water,
~detecting a stop time (tb) of said power request,

-determining that a user’s request of hot water has occurred if a time difference
(tb-ta) between the detected stop time (tb) and the detected start time (ta) is
longer .than a predetermined time (td), said predetermined time (td) being the
time of activation of the boiler necessary to maintain a temperature of the water\

in the boiler within a predetermined range (Ta-Tb) in absence of user’s request.

- storing the determined user’s request in association with a time (treq) of the

~user’s request, said time of the user’s request being a time between said

detected start time (ta) and said detected stop time (tb);

- - estimating a next user’s request based on the stored user’s request;

- activating the electrical boiler to heat water in advance with respect to the

estimated next user’s request.

2. The method according to claim 1 wherein said predetermined time of

activation (td) is determined selecting a plurality of time differences (tb-ta)'

stored in the past which differ one from the other by less than a predetermined

Alpiq InTec AG B ~ ALP002BWO
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value and associafing t_he predeterminéd time of activation (td) to said selected
plurality of time differences (tb-ta). -
3. The fnethod’ acco’rding to claim 2 wherein said predetermined time of

activati_oh (td) is calculated as a med_ium value of said plurélity of time

- differences (tb-ta) stored in the past which differ one from the other by less

than the predetermined value.

4. The method of claim 1 wherein said predetermined time of activation

(td) is used to estimate technical features of the electrical boiler, including
thermal dispersion or capacity, and wherein said technical features of the __
electrical boiler are stored and used to program the heating of water in advance

with respect to the next user’s request.

5. | The method of claim 4 wherein the technical features of the electrical
boiler are estimated comparing said predeterrninéd time of activation (td) with
a piurality of reference activation time (trl, tr2, tr3) in which reference boilers
with kﬁowh technical features are capable to maintain said temperature of the

water within said predetermined range Ta-Tb, and wherein the technical

- features of the boiler are assumed to be correspondent to the technical features

of the reference boiler héving a referencé activation time (trl) equal to the

 detected time difference td. -

6. The method of claim 4 wherein the technical features of the boiler are
estimated compa'ring‘said predeterm'ined time difference (td) with a plurality of

reference activation time (trl, tr2, tr3) in which reference boilers with known

'Alpiq InTec AG . o ALP002BWO
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technical features are capable to maintain said temperature of the water within
said predetermined range Ta-Tb, and wherein the technical features of the
boiler are assumed to be correspondent to more than ‘one boilers having
respecétive reference activation time (trl, tr2) through a prbbability (pl, p2) of
correspondence with said more than one boilers and wherein said probability of

correspondence is used to program the heating in advance of water.

7. The method of claim 1 wherein the start time (ta) and stop time (tb) are

used to eStimate an energy E stored in the boiler or a temperature T of the

“water in the boiler at a time t within start time (ta) and stop time (tb), wherein

an energy Ea or temperature Ta at start time (ta) is estimated to be the

- minimum value of energy or temperature in the range Ea-Eb or Ta-Tb, where

Eb is the energy at stop time (tb) and Tb is the témperature at stop time (tb),
and wherein the estimated values of energies E or temperatures T are stored
and used to program the heating of water in advance with respect to the next

user’s request.

8. The method of claim 1 wherein the user’s requést is also associated to an
energy absorption of said boiler from the grid to satisfy the user’s request at -
said time between start time (ta) and end time (tb), and the energy absorptions
are stored in association with corresponding day and time t when energy is

absorbed.

0. Device to heat water in an electrical boiler comprising:

-means (MI15) to store user’s requests of hot water in association with

corresponding times of said requests, - -

Alpiq InTec AG * ALP002BWO
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-means (M4) to program heating of water in advance with respect to a next

user’s request,
-means (M11) to estimate said next user’s request on the stored user’s requests,

wherein said means (M4) to program takes in input said user’s reqUeét and said
estimations and outputs commands to the boiler, characterized by including: -a_

power sensor, to detect a start time (ta) of a power request from the boiler and a

stop time (tb) of the power request, and wherein

By said means to estimate (M11) determine that a user’s request of hot water has

occurred if a time difference (tb-ta) between the detected start time (ta) and the
detected stop time (tb) is longer than a. predetérmined time (td), said
predetermined time (td) representing the time of aétivation of the boiler
necessary to maintain a temperature of the water in the boiler within a

predetermined range (Ta-Tb) in absence of user’s request, wherein

- said means to store stores the determined user’s request in association with a
time (treq) of the user’s request, said time of the user’s request being a time

between said detected start time (ta) and said detected stop time (tb);

- said means to estimate estimates a next user’s request based on the stored

user’s request; and

- activating the electrical boiler to heat water in advance with respect to the

estimated next user’s request.

10.  The device of claim 9 including an adaptor or interface to be plugged at
household power socket or to a mounting box or to a cable connection or to a
control panel, and the adaptor or interface is adapted to be connected to the

boiler, including a boiler with no sensors.

Alpiq InTec AG - - ALP002BWO
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11. The device of claim 9 including»means ‘(M12) to estimate technical

features of the boiler from the predetermined time of activation (td) necessary

to maintain the temperature of the water in the prede_:termined'~ range, said
means (M12) including a storage of the technical features and said means to

program (M4) taking in input also the technical features of the boiler.

-12. The device of claim 9 including means (M10) to estimate an energy

stored E in the boiler or a temperature T of the water in the boiler at said start

time (ta) and end time (tb), said means (M10) including a storage of the values

“of energy E or temperature T estimated and said means to program (M4) takes

in input also the stored values of energy E or temperature T.
13. Boiler including the device of claim 9.
14. Boiler of claim 13 including a heat pump to heat water.

15. Boiler of claim 13 including a temperature sensor and a flow sensor,
wherein said means to estimate energy takes in input values detected by said

temperature, flow and power sensors.
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Current time 01:00:00 PM
Current BSE (boiler stored energy) 30.00%
BSE [% of max BSE] Average water temperature in boiler
0.00% 58.0
10.00% 58.4
20.00% 588
30.00% 592
40.00% 58.6
50.00% 60.0
60.00% 60.4
70.00% 80.8
80.00% 61.2
90.00% 61.6
100.00% 62.0
Table 1
Timeslot number | Timeslot start Timeslot end
1 01:00:00 PM 01:15:00 PM
2 01:15:00 PM 01:30:00 PM
3 01:30:00 PM 01:45:00 PM
- 4 N 01:45:00 PM 02:00:00 PM
5 02:00:00 PM 02:15:00 PM
6 02:15:00 PM 02:30:00 PM
7 02:30:00 PM 02:45:00 PM
8 02:4500 PM; 03:00:00 PM
9 03.00.00 PM; 03:15:00 PM
10 03:15:00 PM 03:30:00 PM
Table 2
imeslot number  Estimated water usage in timesiot [L] |Estimated energy loss [% of BSE]
1 0 0.50%
2 0 0.50%
3 40 8.50%
4 0 0.50%
5 0 0.50%
6 0 0.50%
7 70 14.50%
8 0 0.50%
9 40 8.50%
10 0 0.50%

Table 3

- SUBSTITUTE SHEET (RULE 26)



CA 02959193 2017-02-24

WO 2016/029940 PCT/EP2014/068175

217

Timeslot number  Estimated BSE at end of timeslot |Estimated voltage
1 29 50% 230
2 29.00% 231
3 . 20.50% 232
4 70.00% 233
5 69.50% 232
6 69.00% ' 231
7 54.50% - 230
8 54.00% 229
9 45.50% 228
10 45.00% 227
Table 4 -
Timeslot number Scheduled heating power

) 1 0

2 0

3 0

4 . 50000

5 0

6 0

7 -0

8 0

9 0

10 0

Table 5

SUBSTITUTE SHEET (RULE 26)
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