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hot water

(57) In a domestic environment (DA) there is
present a hot-water distribution system (HW) to which
there is connected at least one electrical household ap-
pliance (WM, DW). The hot water is introduced into the
distribution system (HW) by means of a respective sup-
ply apparatus (HWS), and the operating cycle of the
electrical household appliance (WM, DW) entails the
use of a working amount of hot water at a working tem-
perature. The control system (SC1) of the electrical
household appliance is operative for:

a) detecting the value of the temperature of the wa-

Method and system for the optimal exploitation of thermal energy available in the form of

ter available in the first distribution system (HW);
b) drawing into the electrical household appliance
(WM, DW) a mass of hot water compatible with the
temperature and the working amount associated to
the operating cycle selected for the electrical
household appliance (WM, DW);

¢) modifying the operating cycle of the electrical ap-
pliance (WM, DW) according to the amount of heat
introduced into the appliance itself, understood as
the product of the mass and the temperature of the
water taken in by the distribution system (HW).
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Description

Field of the invention

[0001] The present invention relates to the theme of
energy saving and regards a method and a system for
optimal exploitation of thermal energy possibly available
in the form of hot water.

Description of the prior art

[0002] Various household' appliances use hot water
for carrying out their function adequately; such applianc-
es are laundry washing machines, dish-washers, ma-
chines for preparing coffee and beverages, steam vac-
uum-cleaners, etc. Some of said appliances, even
though they carry within them appropriate electrical
means for heating water, are provided with a specific
inlet for cold water and another inlet for the possible hot
water available in a water piping of the domestic envi-
ronment; such is the case, for example, of some models
of washing machines and dish-washers. This type of
product, for which in the past there was a request only
on certain markets (such as on the English and German
markets, where dwellings are normally provided with a
dual water-supply system capable of supplying cold wa-
ter and hot water simultaneously), is progressively
spreading also to many other markets. Exploitation by
an electrical household appliance of the above-men-
tioned dual water-supply option is currently governed by
the corresponding control system in such a way as to
achieve the following two objectives:

- search for the right compromise between the exploi-
tation of thermal energy of the hot water available
in the domestic environment and the need to pre-
vent possible damage caused by an excessive tem-
perature of the hot water introduced into the elec-
trical household appliance; and

- adjustment of the duration of the operating cycle of
the electrical household appliance according to the
amount of hot water introduced.

[0003] A specific example which regards the pursuit
of the first objective referred to above can be provided
by a washing machine. In this case, in order to prevent
delicate fabrics from possibly being damaged by the in-
take of excessively hot water into the machine, typically
cold water is first taken in and this is followed by intake
of hot water in a precautionary amount. The said pre-
cautionary intake is envisaged so that, even in the most
unfavourable case, where the hot water taken in is at
the maximum temperature compatible with the water-
supply system (for example 60°C), the temperature re-
sulting from mixing with the cold water already present
in the tank will not exceed a given limit value (for exam-
ple 40°C), which is deemed not dangerous for the most
delicate garments.
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[0004] As a result of such a precautionary approach,
which is basically adopted by all current electromechan-
ical and electronic control systems of electrical house-
hold appliances which use water, it follows, however,
that the amount of hot water taken in proves to be, in
general, much smaller than the optimal amount that
would have guaranteed maximum energetic efficiency,
the criterion of which is represented by the minimum use
of water heated locally by supplying electric power to
one or more heating elements present within the elec-
trical household appliance.

[0005] Also the pursuit of the second objective re-
ferred to above may be exemplified with reference to a
washing machine. In the case of intake, into a washing
machine, of water that has already been heated, it in
fact becomes necessary to increase accordingly the du-
ration of the washing cycle of the machine, the purpose
being to compensate for the fact that, as a result of the
introduction of hot water into the tank of the machine,
the time necessary for reaching the working tempera-
ture envisaged by the washing cycle is shorter than the
time associated to heating of the water within the ma-
chine. Said reduction of duration could in fact jeopardize
the effectiveness of the result of the operating cycle of
the washing machine on account of a lower mechanical
action exerted on the laundry.

[0006] To enable a better understanding of the above
concept, consider, purely by way of non-limiting exam-
ple, thatin a domestic washing machine the step of heat-
ing of the water is characterized by a non-negligible du-
ration, corresponding to approximately one minute per
degree centigrade. In this case, assuming that it is nec-
essary to heat the water from an initial temperature of
15°C to a final temperature of 60°C, approximately 45
minutes are required, during which the process of me-
chanical removal of dirt by means of appropriate alter-
nating movements of the drum of the washing machine
is activated. Assuming then that water already heated
to the final temperature of 60°C is introduced into the
washing machine, the period of 45 minutes associated
tointernal heating is ruled out. Consequently, the reduc-
tion in the heating time caused by the introduction of
water that is already hot would limit the global effective-
ness of the washing process, since the mechanical ac-
tion determined, during the step of heating of the water,
by rubbing of the washing caused by the alternating ro-
tation of the drum of the washing machine would no
longer exist. For this reason all current washing-ma-
chine control systems envisage, in the case of intake of
hot water, the addition of a given fixed period during
which there is performed the movement of the drum re-
quired for compensating for the reduced mechanical ac-
tion for removal of dirt resulting from the shorter time
taken for bringing the water up to the temperature en-
visaged by the washing program selected by the user.

[0007] The choice of a fixed compensation time con-
stitutes, however, a possible critical factor because it
does not take into account the effective value of the tem-
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perature of the cold water and the hot water present in
the respective water-supply systems; nor does it take
into account in general the type of fabric and the amount
of dirt. Consequently, it does not pursue the optimal con-
dition whereby, with a minimum washing time, there is
guaranteed an adequate removal of dirt. In fact, assum-
ing a long compensation time, there is obtained an ex-
cessively long washing process which is not appreciat-
ed by the user. On the other hand, assuming a compen-
sation time that is too short, the risk is an inadequate
removal of dirt.

Purpose of the invention

[0008] The purpose of the presentinvention is to over-
come the aforesaid drawbacks of the prior art by means
of a method that will enable complete exploitation of the
availability of hot water in an environment, in particular
in a domestic environment, to be obtained by an elec-
trical appliance, in particular an electrical household ap-
pliance, and, at the same time, will guarantee the max-
imum effectiveness of operation of said appliance.

Summary of the invention

[0009] According to the present invention, the afore-
said purpose is achieved thanks to a method for optimal
exploitation of thermal energy possibly available in the
form of hot water, in which the control system of an elec-
trical appliance using water is capable of:

- determining the value of temperature of the hot wa-
ter made available to the electrical appliance by a
water-supply system supplied with hot water;

- using the maximum possible amount of said hot wa-
ter that is compatible with the value of working tem-
perature and with the level of water envisaged by
the operating cycle that a user has set for the elec-
trical appliance; and

- adapting, according to the amount of heat intro-
duced into the electrical appliance, the operating
cycle set and possibly the value of other significant
parameters of said cycle so as to guarantee optimal
performance.

Brief description of the drawings

[0010] Further purposes, characteristics and advan-
tages of the invention will emerge from the ensuing de-
scription with reference to the annexed drawings, which
are provided purely by way of non-limiting example, and
in which:

- Figure 1 is a schematic representation of a system
made up of electrical household appliances accord-
ing to the invention present in a domestic environ-
ment and connected to a water-supply system ca-
pable of supplying simultaneously cold water and
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hot water, the hot water being produced by a gener-
ic hot-water source external to the household appli-
ances themselves;

- Figure 2 is a flowchart that illustrates the process of
intake of the water within an electrical household
appliance which forms part of the system according
to the invention;

- Figure 3 is a flowchart that illustrates the process of
intake, according to the invention, of the hot water
used by an electrical household appliance to carry
out an operating cycle selected by the user;

- Figure 4 is a schematic representation of a system
of electrical household appliances according to the
invention, similar the one illustrated in Figure 1, in
which the hot-water source is a gas-fired boiler;

- Figure 5is a flowchart that illustrates, in the context
of a preferred embodiment of the invention, the mo-
dalities of interaction between the control system of
an electrical household appliance and that of a gas-
fired boiler during the process of intake of hot water
within the household appliance itself;

- Figure 6 is a schematic representation of a system
of electrical household appliances according to the
invention, similar to the one illustrated in Figure 1,
in which the hot-water source is an electric boiler;

- Figure 7 is a schematic representation of a system
for "smart" management of power absorption com-
prising electrical household appliances capable of
exploiting in an optimal way the hot water possibly
presentin a domestic environment, according to the
invention; and

- Figure 8 is a flowchart that illustrates a process for
managing absorption of electric power by electrical
household appliances capable of exploiting hot wa-
ter in an optimal way according to the invention,
which refers to the system illustrated in Figure 7.

Detailed description of the invention

[0011] According to the invention, a method is pro-
posed aimed at enabling an electrical appliance, in par-
ticular an electrical household appliance, equipped with
an appropriate electronic control system, to use in an
optimal manner the hot water possibly available in the
environment in which the appliance is installed, for the
purpose of performing its function in the most effective
and economic manner possible. The use of said method
enables the maximum benefit to be obtained when, in
the environment where the electrical appliances con-
cerned are located, there are present systems for hot-
water production external to the appliance itself. Some
non-limiting examples of said alternative systems are
the following:

- ahot-water generating system based upon the use
of gas (gas-fired domestic boiler, instantaneous
gas-fired water-heater, etc.);

- availability of hot water supplied by an external util-
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ity (hot water produced by thermo-electric power
stations, incinerators, etc.);

- ahot-water generating system based upon the use
of solar panels;

- ahot-water generating system based upon the use
of photovoltaic cells;

- a hot-water generating system that, albeit using
electricity, is based upon optimal exploitation of
hours of low demand in which the cost of electric
power is minimum; this is the case, for example, of
high-capacity electric boilers with high thermal in-
sulation which are activated prevalently at night.

[0012] Since in order to achieve the objectives of the
present invention it is sufficient to assume the presence
of a hot-water distributor appropriately connected to a
water-supply system, an in-depth analysis of the afore-
said alternative systems for hot-water production will be
omitted.

[0013] Where not otherwise specified, by the generic
term of "electrical appliance" is meant any of the appli-
ances that, in order to be able to carry out their function
adequately, require a certain amount of water heated up
to a working temperature, designated in what follows by
T\, which is pre-set on the basis of' the operating pro-
gram selected by a user. Likewise, by the generic term
of "hot-water source", designated in what follows by
HWS, is meant a device, an apparatus or a system de-
signed for supplying hot water, heated according to pro-
cedures that are generally different from ordinary ones,
based upon the use of electrical-heating means proper
to an electrical appliance. In the sequel of the present
description there will initially be described the general
outline of the invention and subsequently some of its
possible practical applications.

General outline of the invention

[0014] Figure 1 illustrates, in general terms, a system
of electrical household appliances for implementation of
the method according to the invention. Figure 1 is a
schematic representation of a domestic environment,
designated as a whole by DA, in which there are present
two water-supply circuits: a circuit dedicated to the sup-
ply of hot water, designated by HW, and a circuit dedi-
cated to the supply of cold water, designated by CW.
The cold-water circuit CW is supplied by the normal wa-
ter mains, whilst the hot-water circuit HW is supplied by
a purposely provided hot-water source, designated by
HWS.

[0015] Connected to the aforesaid two water-supply
circuits CW, HW are, purely by way of non-limiting ex-
ample, two electrical household appliances, namely a
laundry washing machine designated by WM and a
dish-washer designated by DW; the two electrical
household appliances WM, DM are each provided with
two inlets for the water, controlled, respectively, by a so-
lenoid valve for the cold water, designated by EV1, and
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by a solenoid valve for the hot water, designated by EV2.
In both of the electrical household appliances WM, DW
the water inlets are governed by respective control sys-
tems, designated by CS1 via the aforesaid solenoid
valves EV1, EV2.

[0016] The hot-water source HWS may be any one of
the following:

a) a gas-fired boiler equipped with an inlet IN1 for
the cold water from the mains supply, an inlet IN3
for the gas that supplies the internal burner of the
boiler, an input IN4 for the electricity necessary for
supplying the control system for the apparatus of
the hot-water source HWS, and an outlet OUT1 for
the hot water connected to the corresponding wa-
ter-supply circuit HW;

b) a gas-fired water-heater equipped with an inlet
IN1 for the cold water from the mains, an inlet IN3
for the gas that supplies the internal burner of the
water-heater, an input IN4 for the electricity neces-
sary for supplying the control system of the appa-
ratus of the hot-water source HWS, and an outlet
OUT1 for the hot water connected to the corre-
sponding water-supply circuit HW;

c) a high-capacity electric water-heater with thermal
insulation equipped with aninlet IN1 for the cold wa-
ter from the mains, an input IN4 for the electricity
necessary for supplying the control system of the
apparatus of the hot-water source HWS and its in-
ternal heating elements (consisting of electrical re-
sistors), and an outlet OUT1 for the hot water con-
nected to the corresponding water-supply circuit
HW;

d) a hot-water distributor equipped with an inlet IN2
for the hot water, supplied by an appropriate exter-
nal system (represented for example by a solar-
panel or photovoltaic-cell water-supply system, or
by a remote-heating water-supply system), an input
IN4 for the electricity necessary for supplying the
control system of the apparatus of the hot-water
source HWS, and an outlet OUT1 for the hot water,
connected to the corresponding water-supply cir-
cuit HW.

[0017] Of course, in the case where the hot-water
source HWS is a boiler or a gas-fired water-heater (cas-
es a and b), it will not be provided with the inlet IN2; in
the case, instead, where the hot-water source HWS is
an electric water-heater (case c), it will not be provided
with the inlets IN2 and IN3; finally, in the case where the
hot-water source HWS is simply a distributor (case d),
it will not be provided with the inlets IN1 and IN3.

[0018] The generic hot-water source HWS is
equipped, according to the invention, with a respective
electronic control system CS2. The control systems
CS1 of the electrical household appliances WM, DW
and the control system CS2 of the hot-water source
HWS are able to connect up to the mains by means of
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respective communication nodes, designated by N,
which are in themselves known and contain within them
the communication protocol and the information trans-
ceiver.

[0019] The communication network necessary for ex-
change of information from the hot-water source HWS
to the electrical household appliance WM, DW is desig-
nated by PLC; said network PLC preferably consists of
the same electrical network as that of the domestic en-
vironment DA, and transmission of information is based
upon the so-called power-line-carrier technique. There
may, however, be used for the purpose any other com-
munication network, either wired or wireless (for exam-
ple a radio-frequency communication network), whether
standard or proprietary, without thereby departing from
the scope of the present invention. Likewise, the com-
munication protocol used may be of any type, whether
standard or proprietary.

[0020] The two electrical household appliances WM,
DW have all the commonly known components neces-
sary for their operation (for example, with reference to
the washing machine WM: a washing tank, a rotating
drum for containing the washing, a motor for producing
rotation of the drum, a dispenser of washing-agents,
etc.; with reference to the dish-washer DW: a washing
tank, one or more rack-type baskets for the dishes, a
pump for circulation of the washing water, a dispenser
of washing-agents, etc.); included among these compo-
nents are:

- control means, designated in the figure by CM, for
example in the form of push-buttons or knobs, for
the selection of the programs for operation of the
electrical household appliance WM, DW, and for the
possible setting of specific operating parameters
(such as, for example, the amount of the load of
washing or of dishes, the working temperature Ty,
etc.); and

- electrical means for heating the water, designated
by EH, typically made up of one or more electrical
resistors.

[0021] The method according to the invention is
based upon the knowledge, by the control system CS1
of the electrical appliance WM, DW concerned, of the
value of the temperature Ty of the hot water generated
or controlled by the external hot-water source HWS, and
is characterized by the following three steps:

Step 1: determination of the value of the tempera-
ture Ty, of the hot water that the electrical appliance
WM, DW can take in from the corresponding water-
supply system HW, as supplied by the external hot-
water source HWS;

Step 2: intake of the maximum possible amount of
hot water compatible with the mode of operation of
the electrical appliance WM, DW, i.e., with the tem-
perature and the level of the water associated to the
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cycle or program selected by the user via the control
means CM; and

Step 3: adjustment of the duration of the operating
cycle, and of other possible significant parameters
thereof, in accordance with the amount of heat in-
troduced (represented by the product of the mass
of the hot water and the temperature T thereof), in
order to guarantee optimal performance by the ap-
pliance WM, DW.

[0022] The aforesaid three steps of the method ac-
cording to the invention are described in detail in what
follows:

STEP 1: detection of the temperature T of the hot
water supplied by the external hot-water source
HWS to the electrical appliance WM, DW.

As has been said, according to the invention,
the information corresponding to the value of the
temperature Ty is necessary to the control system
CS1 of each electrical appliance WM, DW in order
to be able to maximize the intake of hot water. For
this purpose there are envisaged, according to the
invention, two different situations:

- the case where the information corresponding
to the temperature Ty is supplied to the control
system CS1 of the electrical appliance WM,
DW by an external measuring device; and

- the case where it is the control system CS1 of
the appliance WM, DW that determines, via a
direct or indirect measurement, the value of
said temperature T,.

In the first case, the information regarding the
temperature T can be supplied directly by the con-
trol system CS2 of the hot-water source HWS, on
request from the control system CS1 of the electri-
cal appliance WM, DW, via the communication net-
work PLC. Alternatively, this information is meas-
ured by a specific measuring apparatus, designated
by EMA in Figure 1, which is capable of communi-
cating with the control system CS1, directly or else
via the communication network PLC itself, by
means of a respective node N, as represented in
the figure. In the second case, the temperature T
can be measured directly by the control system CS1
of the electrical appliance WM, DW via its appropri-
ate sensor means, not indicated, set in contact with
the water at input to the solenoid valves EV1, EV2.
Alternatively, the information regarding the temper-
ature Ty can be obtained indirectly via measure-
ments of the temperature of the mixed water intro-
duced into the electrical household appliance WM,
DW according to the procedure that will hereinafter
be described with reference to Figure 3.

The preferred mode of implementation of the
invention is the one in which the value of the tem-
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perature T is sent directly by the control system
CS2 of the hot-water source HWS, on request from
the control system CS1 of the electrical appliance
WM, DW, via the communication network PLC. In
the case where the electrical appliance WM, DW
and/or the hot-water source HWS are not connect-
ed to the communication network, the preferred
mode according to the invention is, instead, the one
based upon the indirect measurement of the tem-
perature Ty, obtained via measurements of the tem-
perature of the mixed water introduced into the ap-
pliance WM, DW according to the modes indicated
in Figure 3, described hereinafter and performed
using the customary temperature sensor, designat-
ed by TS in Figure 1, with which the appliance itself
is typically equipped.

STEP 2: intake of the maximum amount possible of
hot water in a way compatible with the mode of op-
eration of the electrical appliance WM, DW.

The temperature Ty, of the hot water necessary
for the electrical appliance WM, DW for its own op-
eration is a parameter known to the respective con-
trol system CS1 and depends upon the settings
made by the user via the means CM (type of pro-
gram or specific working temperature set); on the
other hand, as explained previously in relation to
Step 1, the value of the temperature T, of the water
supplied by the external hot-water source HWS is,
according to the invention, brought to the knowl-
edge of the control system CS1.

According to the invention, the control system
CS1, which is in possession of the said two data
regarding temperature, is able to maximize the in-
take of hot water in relation to the value of T, with
respect to Ty, according to the existence of one of
the following three situations:

Case1: T > Ty
Case2: T =Ty
Case 3: T <Ty

According to the invention:

- in Case 1, the control system CS1 of the elec-
trical appliance WM, DW manages an appro-
priately mixed intake of hot water and cold wa-
ter in such a way as to maximize the amount of
hot water introduced;

- inCase 2, the control system CS1 manages an
intake just of hot water; and

- in Case 3, the control system CS1 asks the ex-
ternal hot-water source HWS to heat the water
up to the desired temperature Ty, and then to
proceed to an intake just of hot water via the
water-supply system HW.

Assuming that, with reference to Case 3, the
external hot-water source HWS were not in a con-
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dition to heat the water further, the control system
CS1 of the appliance WM, DW, according to the in-
vention, completes the heating, employing its own
internal electrical means EH.

The aforesaid process of intake of the water in-
to an electrical appliance according to the invention
is illustrated in detail in Figures 2 and 3, where, by
way of non-limiting example, reference will be made
to a washing machine WM.

In particular, Figure 2 describes the control log-
ic that the system CS1 uses for handling the general
process of intake of water into the washing machine
WM. Figure 3 describes, instead, in detail the intake
of hot water drawn in from the hot-water supply sys-
tem HW, as supplied by the external hot-water
source HWS. According to the flowchart of Figure
2, starting from the initial condition represented by
the block 100, control passes to block 101, which is
a test block for verifying the availability or otherwise
of a hot-water source HWS within the domestic en-
vironment DA in which the washing machine WM is
installed.

If a hot-water source HWS is not available, con-
trol is transferred to block 102, which manages the
normal procedure of intake of the cold water from
the mains, by means of the solenoid valve EV1, and
concludes the process, transferring control to the
end block 114. Otherwise, control passes to block
103, which is a test block that verifies whether the
control system CS2 of the hot-water source HWS
is able to communicate or otherwise with the control
system CS1 of the washing machine WM via the
communication network PLC.

If the control system CS2 of the hot-water
source' HWS is not able to communicate, control
passes to block 104, which is a test block that ver-
ifies the presence or otherwise of a device for meas-
uring the temperature of the hot water, such as the
device EMA, which is external to the washing ma-
chine WM and is capable of communicating with the
control system CS1 of the latter via the communi-
cation network PLC.

If the presence of a device EMA external to the
washing machine WM capable of measuring the
temperature of the hot water and of communicating
the value of said measurement to the control sys-
tem CS1 of the washing machine itself is not detect-
ed, control proceeds to the step of indirect meas-
urement of the temperature of the hot water, repre-
sented by block 105. and described, according to
the invention, by the flowchart of Figure 3, which will
be analysed in detail in what follows. Control is then
transferred to the end block 114.

If the answer of the test of block 103 or, alter-
natively, that of block 104 is positive, then the value
Ty of the temperature of the hot water is to be con-
sidered known and acquired by the control system
CS1 of the washing machine WM, and control pass-
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es to block 106.

Block 106 is a test block, which verifies whether
the temperature Ty, of the hot water available out-
side the washing machine WM is too high or not with
respect to the desired value Tw. If the temperature
Ty is higher than the desired value Ty, control pass-
es to block 113, in which the procedure of intake of
the mixed water is executed in accordance with the
flowchart of Figure 3, as will be described in detail
in what follows. Control is then transferred to the
end block 114. If the temperature T is not higher
than the desired value Ty, control passes to block
107, which is a test block that verifies whether the
value of Ty is equal to the desired value Ty,.

If Ty, is equal to Tw, control is again transferred
to block 113 and, after execution of the procedure
of intake of the hot water described by the flowchart
of Figure 3, passes to the end block 114. If, instead,
Ty is lower than Ty, control is transferred to block
108, which is a test block that verifies whether the
hot-water source HWS is able or not to heat further
its own water, utilizing the appropriate internal
means EH. If the hot-water source HWS is not able
to heat further its own water, control is again trans-
ferred to block 113 and then to the end block 114,
according to what has already been described
above; otherwise, control passes to block 109.

Block 109 is a request block, through which the
control system CS1 of the washing machine WM
asks the control system CS2 of the hot-water
source HWS to activate its own internal-heating
means in order to increase the temperature of the
water. Block 109, once said step of heating of the
water has been activated, transfers control to block
110, which is a test block that verifies whether the
desired temperature T\, has been reached or not.
If the temperature T is lower than the desired value
T, control is transferred to block 111, which con-
firms the state of activation of the means for heating
the water of the hot-water source HWS and then
again transfers control to block 110, which, in turn,
again passes control to block 111, remaining in the
wait loop until the outcome of the test of block 110
is positive.

When the outcome of the test of block 110 is
positive, control is transferred to block 112, which
deactivates the internal-heating means of the hot-
water source HWS and then transfers control to
block 113, which, as has already been described
previously, executes the procedure of intake of hot
water described by the flowchart of Figure 3 and
then passes control definitively to the end block 114.

The flowchart of Figure 2 just described regards
the general process of intake of the water into an
electrical appliance, in the case in point a washing
machine WM; as already anticipated above, the de-
tails of the intake of the hot water drawn in from the
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external hot-water source HWS are, instead, repre-
sented by the flowchart of Figure 3 described here-
inafter.

According to the flowchart of Figure 3, starting
from by the initial condition represented by block
200, control passes to block 201, which is a test
block that verifies the knowledge or otherwise of the
value of T, by the control system CS1 of the wash-
ing machine WM. If T is not known, it is determined
via the procedure described by the six blocks that
go from 202 to 207, and, for this purpose, control is
transferred to the initial block 202. Otherwise, con-
trol passes to block 208, which is a test block that
verifies whether the temperature Ty, of the hot water
is higher or otherwise than the desired temperature
Tw-

Block 202 provides for the intake of an appro-
priate known amount of cold water M and then
transfers control to block 203, which, after a brief
step of thermal stablization, measures the temper-
ature T of the cold water taken in using the sensor
TS provided in the washing machine WM, and then
transfers control to block 204. Block 204 provides
for the intake of an appropriate known amount of
hot water My and then transfers control to block
205. Block 205 provides for mixing the water via ro-
tation of the drum of the washing machine WM and
waits for thermal stabilization; then it transfers con-
trol to block 206, which, after measuring the tem-
perature T\, of the mixed water by means of the sen-
sor TS, passes to block 207.

Block 207 carries out indirect calculation of the
temperature Ty of the hot water of the external hot-
water source HWS, given the known values of My,
Mc, T¢ and Ty, according to the following formula:

Th=Tu*+(Ty-Te) " Mc/My

which derives from the equality of the amount
of heat associated to the total mass of mixed water
Mc + My at the temperature T,; and the sum of the
amount of heat associated, respectively, to the
mass M of the cold water at the temperature T
and to the mass M of the hot water at the temper-
ature T

(Mg +Mg) " Ty =M * T + My * Ty

Once the value of Ty has been determined,
block 207 transfers control to the test block 208,
which verifies whether Ty, is higher or not than the
desired temperature Ty,. If Ty is higher than Ty,
control passes to block 209; otherwise, control is
transferred to block 211.

Block 209 carries out the intake of an amount
of cold water proportional to the difference between



13 EP 1 396 687 A2 14

Ty and Ty so as to obtain, via the subsequent in-
take of hot water performed by block 210, a final
temperature of the mixture corresponding to the de-
sired value Ty,. Then control is transferred to the
end block 216.

Block 211 is a test block that verifies whether
Ty is equal or otherwise to Ty,. If T is equal to Ty,
control passes once again to block 210, where there
occurs the intake of hot water up to the desired lev-
el, and then to the end block 216. If, instead, Ty is
lower than Ty, control is transferred to block 212,
which carries out intake of hot water up to the de-
sired level and then transfers control to block 213.

With block 213 there starts the step of heating
of the water within the electrical appliance, for the
purpose of bringing the temperature Ty up to the
desired value T,y. For this purpose, block 213 acti-
vates the heating elements EH inside the washing
machine WM and then transfers control to block
214.

Block 214 is a test block, which keeps the in-
ternal heating of the water, i.e., the resistor EH, ac-
tivated via block 213 until T,y reaches the desired
value Ty, which causes passage of control to block
215. Block 215 interrupts the process of heating of
the water inside the washing machine WM and then
definitively transfers control to the end block 216.
STEP 3: adjustment of the duration of the operating
cycle of the electrical appliance WM, DW, and of
other possible significant parameters of the cycle it-
self, according to the amount and temperature Ty,
of the hot water introduced, for the purpose of guar-
anteeing an optimal performance by the appliance
itself.

According to the invention, the duration of the
operating cycle of the electrical appliance, and oth-
er possible significant parameters of the cycle, are
updated by the respective control system CS1 ac-
cording to the amount of heat introduced, repre-
sented by the total mass of hot water at the temper-
ature Ty that has been taken in, and of the type of
operating cycle selected by the user via the control
means CM.

In the specific case of a washing machine WM,
said updating regards the duration of the washing
step and any other possible significant parameters
of the washing cycle, such as, for example, the ca-
dence of rotation of the drum and the corresponding
speed. Since in the specific case of a washing ma-
chine or dish-washer the rate of flow of water
through the solenoid valves typically employed is
substantially constant and independent of the
mains water pressure, the amount of hot water in-
troduced at the temperature Ty, is proportional to the
total time of opening of the solenoid valve of the hot
water EV2.

Consequently, in the specific case of the dura-
tion of the washing step, the amount of increase in
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said duration can be calculated by the control sys-
tem CS1 of the washing machine WM as a function
of the temperature Ty, the total time t,, of activa-
tion of the hot-water solenoid valve EV2, and the
type of washing program WP selected by the user,
according to a relation of the type:

Increase in duration of washing step =

Fgq (Ty, tayo, WP)

where F is a function contained in the data
memory of the microcontroller of the control system
CS1 of the washing machine WM, appropriately ex-
pressed in mathematical form or else more simply
in tabular form. Purely by way of non-limiting exam-
ple, said function F4 can be in general expressed in
the following mathematical form:

y=a+bx

where: y is the increase in the value of the du-
ration of the operating cycle WP of the appliance; a
and b are constants which depend upon the type of
appliance and the type of operating cycle and can
be stored in an appropriate table addressed by the
type of program selected; and x is the amount of
heat introduced via intake of the hot water.

[0023] In the specific case of the washing machine
WM, should the user have for example selected, via the
control means CM, the fast-washing option, the values
of a and b will be such as to limit as much as possible
the increase in the duration of the cycle. In this case,
the control system CS1 will act prevalently, according to
the invention, upon the cadence of washing and possi-
bly also on the speed of rotation of the drum, instead of
upon the duration of the cycle. In particular, if the user
has chosen to minimize the duration of the cycle, com-
pensation of the lower effectiveness of the washing op-
eration due to the shorter duration of the cycle will be
achieved by increasing the washing cadence, i.e., the
duration of the step of rotation of the drum with respect
to that of pause, and possibly also the speed of rotation
of the drum itself.

[0024] In any case, irrespective of the details regard-
ing the type of corrective function adopted and the type
and number of significant parameters of the operating
cycle concerned in the correction, an important aspect
of the invention regards the fact that adjustment of said
parameters is not of a fixed type, according to the cur-
rent state of the art, but is managed by an appropriate
function that takes into account the type of appliance,
its operating cycle or program and the amount of heat
introduced into the appliance in the form of hot water at
the temperature Ty drawn from an appropriate external
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source.
[0025] Moreover, in the specific case where the elec-
trical appliance is represented by a washing machine,
another important feature of the invention regards the
fact that the introduction of hot water supplied by an ex-
ternal source enables reduction of the global duration of
the washing cycle, since the washing performance is in
any case guaranteed by an appropriate increase in the
washing cadence, and possibly in the speed of rotation
of the drum, according to the amount of heat introduced.
[0026] The latter feature is deemed particularly ad-
vantageous above all in the case where the washing
machine is equipped with a very efficient motor, which
will enable high washing cadences to be sustained with-
out encountering problems of overheating of the motor.
An example of efficient motor for washing machines is
represented by a three-phase asynchronous motor driv-
en by an inverter-type control system, which, starting
from a d.c. voltage drawn from the domestic single-
phase a.c. electrical system via a diode rectifier bridge,
generates three symmetrical phases with controlled
voltage and frequency using modulation techniques and
control algorithms in themselves known.

[0027] The use of a motor of this sort in a washing
machine, combined with the use of hot water as previ-
ously described, enables a reduction in the duration of
the washing process without impairing the performance,
since it enables an increase in the washing energy so
as to compensate for the negative effects of the reduc-
tion in the duration of the cycle caused by the absence
of heating of the water within the washing machine itself.
Much the same applies also for the dish-washer, where
a more efficient motor for the respective washing pump
enables an increase in the pressure of the water in the
rotating spray-nozzles, thus increasing the effective-
ness of the washing process.

[0028] The invention has been described previously
with reference to a generic hot-water source HWS, ac-
cording to the general diagram of Figure 1. In what fol-
lows some specific examples of application will be de-
scribed, which implement the operating method de-
scribed above.

First specific example of application

[0029] A first important practical application of the
present invention is illustrated in Figure 4, where the
same reference numbers as those of Figure 1 are used
for indicating elements that are technically equivalent to
the ones previously described. Consequently, Figure 4
represents a domestic environment DA equipped with a
first cold-water supply system CW, supplied with the
cold water from the mains, and a second hot-water sup-
ply system HW supplied by the hot water produced by
a purposely provided gas-fired boiler, designated by GF,
which thus implements the hot-water source HWS of
Figure 1.

[0030] Also in the case of Figure 4, connected to the
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aforesaid water-supply systems CW, HW are two elec-
trical household appliances, namely, a dish-washer DW
and a washing machine WM, each of which is provided
with a dual attachment for the water controlled by its own
control system CS1 via the solenoid valve EV1 for the
cold water and the solenoid valve EV2 for the hot water.
[0031] The control systems CS1 of the electrical
household appliances WM, DW and the control system
CS2 of the boiler GF are of an electronic type, are based
upon a microcontroller, and are characterized by the
possibility of network connection via respective commu-
nication nodes N, which incorporate a network protocol
suited to the purpose.

[0032] The preferred communication network, desig-
nated by PLC, is represented by the domestic electrical
network itself, and the bi-directional transmission of in-
formation is based upon the power-line-carrier tech-
nique. The preferred communication protocol is
LonTalk, classified as American standard EIA-709, and
the transceiver, or power-line modem, is the PLT-22 de-
vice produced by the American firm Echelon.

[0033] The type of communication network and the
type of protocol adopted can, however, be any whatso-
ever, provided that they are suited for the domestic en-
vironment. For example, there can be used a radio-fre-
quency network, or else a network based upon a twisted
pair, and the protocol can be the European one known
as EHS (European Home System) of the Konnex asso-
ciation, or else the Japanese one known as Echonet, or
else once again the American one known as CEBus,
without thereby departing from the scope of the present
invention.

[0034] The control system CS2 of the boiler GF is con-
sequently capable of communicating with the respective
control systems CS1 of the two electrical appliances DW
and WM and, in particular, it can supply at any moment,
upon request from DW or WM, the current value of the
temperature Ty, of the hot water present in the boiler GF.
[0035] The mode of communication, according to the
invention, between the control system CS1 of the appli-
ance DW and/or the appliance WM and the control sys-
tem CS2 of the boiler GF is described schematically in
the flowchart of Figure 5, which represents, purely by
way of non-limiting example, the dialogue between the
washing machine WM and the boiler GF.

[0036] With reference to the aforesaid Figure 5, the
start block 300 transfers control to block 301, through
which the control system CS1 of the washing machine
WM asks the control system CS2 of the boiler GF the
value Ty of the temperature of the hot water present
therein.

[0037] Once the value of Ty, has been received, con-
trol passes to the test block 302, in which the control
system CS1 of the washing machine WM verifies wheth-
er Ty is higher or not than the temperature T,y required
by the washing program WP selected by the user via
the control means CM.

[0038] If Ty is higher than Ty, control is transferred
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to block 309, where the control system CS2 of the wash-
ing machine WM carries out the procedure of mixed in-
take of the water, already described previously with ref-
erence to Figure 3, and then transfers control to the end
block 310. Otherwise, control passes to the test block
303, in which equality or otherwise between T and Tw
is verified.

[0039] |If Ty is equal to Ty, control passes again to
block 309 and then to the end block 310. Otherwise, in-
stead, in the case where Ty, is lower than T, control is
transferred to block 304, where the control system CS1
of the washing machine WM asks the control system
CS2 of the boiler GF to increase the temperature of its
water until the desired value Ty is reached.

[0040] Once the request has been made, control
passes to block 305, in which the control system CS2
of the boiler GF starts heating up the water, activating
its own internal gas burner, and then transfers control to
the test block 306, which verifies whether the required
temperature T,y has been reached.

[0041] If Ty is lower than Ty, the control system CS2
of the boiler GF continues heating up the water via block
307 and returns to the preceding test block 306, remain-
ing in a wait loop until Ty has reached the value Ty, re-
quired by the control system CS1 of the washing ma-
chine WM.

[0042] Ifinstead Ty is equal to Tyy, the control system
CS2 of the boiler GF interrupts heating of the water via
block 308 and then transfers control to the control sys-
tem CS1 of the washing machine, which, via block 309,
executes the procedure of intake of the hot water, and
then the operation is concluded with the end block 310.
[0043] The application of Figure 4 just described is
deemed extremely advantageous in view of the fact that
there exist markets, such as, for example, the ltalian
one, where domestic heating is prevalently based upon
the use of gas-fired boilers.

Second specific example of application

[0044] A second practical application of the present
invention, illustrated in Figure 6, is similar to the one just
described, but with the difference that in this case the
hot-water source HWS of Figure 1 is represented by a
high-capacity electric boiler EH with high thermal insu-
lation. This application regards above all the markets in
which the cost of electricity is competitive with the cost
of gas.

[0045] The detailed description of the operation of the
system of Figure 6 (to which the flowchart of Figure 5
also applies, provided that the reference GF is substi-
tuted by EB) is omitted, in so far as it basically coincides
with that of Figure 4 described above.

Third specific example of application

[0046] A third practical application, which is particu-
larly important according to the invention, is illustrated
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schematically in Figure 7, in which the same reference
numbers as those of the previous figures are adopted
and which represents a domestic environment DA
equipped with a system capable of levelling out the total
electric power absorption of the various appliances,
which are network-connected according to the modali-
ties already described with reference to Figures 1, 4 and
6, for the purpose of preventing the maximum limit al-
lowed by the contract for supply of electric power from
being exceeded.

[0047] The above system for levelling out the global
consumption of electric power absorbed by a domestic
environmentis a system of a distributed type, and in par-
ticular as described in the document EP-A-0 727 668,
possibly with the respective improvements referred to
in the documents WO-A-00 52806 and WO-A-01 01542,
the relevant teachings of which are here incorporated
for reference.

[0048] According to the technical solution described
in EP-A-0 727 668, and in the other documents cited,
each electrical appliance is capable of self-regulation,
at every instant, of its own current absorption on the ba-
sis of the effective availability of power at that instant;
this information is supplied by an appropriate power me-
ter installed upstream of the electrical system and con-
nected to the communication network itself.

[0049] The aforesaid power meter, represented in
Figure 7 upstream of the electrical system (which func-
tions, as has been said, also as communication network
PLC) of the domestic environment and designated by
PMS (power-metering system), may coincide with a lat-
est-generation electric meter or else may be a purposely
designed stand-alone metering device, installed imme-
diately downstream of a traditional electric meter.
[0050] In Figure 7, in addition to the power-metering
system PMS, the following household appliances are
represented: an electric oven EO, a refrigerator RE, a
freezer FR, a set of electrical appliances not equipped
with a network-connectable control system (for exam-
ple: a hair-drier, an iron, one or more lamps for lighting),
and the three electrical household appliances according
to the invention represented by a washing machine WM,
a dish-washer DW and a gas-fired boiler GF.

[0051] According to the teachings of EP-A-0 727 668
and of WO-A-00 52806, each network-connected elec-
trical appliance, i.e., EO, RE, WM, DW, receives con-
stantly or at variable intervals from the power-metering
system PMS, which is also connected to the network
PLC itself, the information of the effective power avail-
able instant by instant and, on the basis of said informa-
tion, adapts its own absorption of power according to
criteria of priority, for example as described in detail in
WO-A-01 01542, providing its own contribution so that
the total power absorption of the entire domestic envi-
ronment will in no case exceed the maximum value ac-
cording to the contract of supply (note that the control
system CS2, even though it is able to receive informa-
tion regarding the available power, does not need to ad-
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just the absorption of electric power of the boiler GF, in
so far as said absorption is negligible and practically
non-influential; in general terms, for the purposes of im-
plementation of the invention, to the hot-water source
there can be assigned a maximum priority of operation).
[0052] Taking into consideration, purely by way of ex-
ample, the practical case in which the power according
to contract is 3 kW, as is in actual fact the case of the
majority of Italian dwellings, and the fact that within the
domestic environment there are present: a 2.8-kW oven
EO, a 2.2-kW washing machine DW and a 2.5-kW dish-
washer DW, itis evident that the simultaneous activation
of any two of these three electrical household applianc-
es causes tripping of the current limiter, which, for safety
reasons, cuts off supply of electric power when the ab-
sorbed power constantly exceeds the maximum value
allowed by the contract of supply.

[0053] In the case described by the prior documents
cited above, the oven EO, the priority of which is typically
higher than that of the washing machine WM and the
dish-washer DW, normally performs its function without
any limitations of power, whereas the washing machine
WM and the dish-washer DW interrupt heating of their
own washing water by deactivating their internal resis-
tors EH, the power of which is respectively 2 kW and 2.4
kW, but continue their operating cycle maintaining active
the motor (200 W) that rotates the drum of the washing
machine and the pump (100 W) that produces outflow
of water under pressure from the nozzles of the dish-
washer, respectively. This means that the problem of in-
terruption of the electric power supply caused by tripping
of the current limiter is solved but that, at the same time,
the washing machine WM and the dish-washer DW
must accept the compromise of continuing to wash us-
ing water at a temperature lower than the one envisaged
by the program WP selected by the user, with a conse-
quent drop in the washing performance.

[0054] By adding to the teachings of the aforemen-
tioned prior documents those of the present invention,
it is possible to solve also this latter problem, in so far
as the water can be heated, upon request from the ap-
pliances WM and DW, by the gas-fired boiler GF without
the need for the two appliances WM, DW to use their
own heating resistors EH, as described previously.
[0055] Consequently, according to a further important
aspect of the present invention, the teachings of EP-A-
0 727 668, WO-A-00 52806 and WO-A-01 01542 can
be further improved, enabling a very efficient system of
power levelling to be achieved such as not to impair in
any way the washing performance of the appliances
WM and DW.

[0056] Finally, Figure 8 describes the process of ab-
sorption of electric power by the control system CS1 of
the electrical household appliances WM, DW, which are
able to manage the hot water according to the present
invention, via a flowchart that expresses the criteria
whereby the strategy for heating the washing water is
decided upon on a time-by-time basis.
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[0057] In particular, with reference to the flowchart of
Figure 8, the start block 400 transfers control to the test
block 401, which verifies the need or otherwise for the
household appliance WM, DW to use hot water to carry
out properly the washing cycle requested by the user
via the control means CM.

[0058] If the household appliance WM or DW is exe-
cuting a program WP that does not require hot water,
control is definitively transferred to the end block 408;
otherwise, control passes to the test block 402, which,
in accordance with the teachings of EP-A-0 727 668,
verifies whether there exists the possibility of carrying
outinternal heating of the water using the electrical heat-
ing elements EH with which the electrical household ap-
pliance itself is provided.

[0059] If the electric power available, the information
regarding which is supplied by the power-metering sys-
tem PMS of Figure 7 according to what is described
above, is such as to enable activation of the internal
means EH for heating of the water without exceeding
the limit of power according to contract of supply, then
the control passes to block 403. Otherwise, it is trans-
ferred to block 407, which executes, according to the
invention, the procedure of intake of the hot water sup-
plied by the external source GF of Figure 7 and then
definitively transfers control to the end block 408.
[0060] Block 403 is a test block, which verifies wheth-
er it is advantageous or not for the electrical appliance
WM or DW, to heat the water, utilizing its own internal
heating means EH even when there is available electric
power adequate for the purpose. If it is advantageous
as compared to gas, for example, justified by a low cost
of the electric power during certain hours of the day (pe-
riods of low demand for electric power), then control is
transferred to block 404, which starts the process of in-
ternal heating of the water. Otherwise control goes back
to block 407, which executes, according to the invention,
the procedure of intake of the hot water supplied by the
external source GF, as has been described previously,
and then definitively transfers control to the end block
408.

[0061] Block 404 activates internal heating means EH
of the electrical household appliance WM, DW and then
transfers control to the test block 405, which verifies
whether the temperature T, envisaged by the washing
program WP chosen by the user via the means CM has
been reached or not.

[0062] If the temperature T\, envisaged by the wash-
ing program has not been reached, control returns again
to block 40, which, after confirming activation of the in-
ternal resistors EH of the electrical household appliance
WM, DW, passes control to the test block 405, remaining
in wait loop until said temperature has been reached.
[0063] Once the desired temperature T, has been
reached, control passes from block 405 to block 406,
which, after deactivating the process of internal heating
of the water, definitively transfers control to the end
block 408.
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Fourth specific example of application

[0064] Finally, a fourth application derives from the
fact that, in the specific case of a washing machine or
of a dish-washer, the introduction of hot water supplied
by an external source enables, according to the inven-
tion, reduction of the global duration of the washing cy-
cle, and from the fact that performance of the washing
process can in any case be guaranteed by an appropri-
ate increase, according to the amount of heat intro-
duced, in the cadence of washing of the washing ma-
chine and in the pressure of the water in the rotating
spray-nozzles of the dish-washer.

[0065] The implementation consists therefore in pro-
posing new models of washing machines and dish-
washers equipped with high-efficiency motors, for ex-
ample three-phase motors based upon asynchronous
motors or motors with permanent magnets driven by in-
verter-type control systems, and with washing programs
of short duration, in which a major recovery of time is
linked to the use of hot water taken from an external
source according to the invention. This meets the grow-
ing need of the market, which is increasingly asking for
washing machines and dish-washers capable of carry-
ing out ultra-fast washing cycles, at the same time guar-
anteeing satisfactory levels of performance.

Conclusions

[0066] From the foregoing description, the character-
istics of the present invention emerge clearly, as like-
wise there emerge clearly the advantages thereof. As
has been seen, in fact, the proposed method enables
an electrical appliance to use, in an optimal manner, the
hot water possibly available in the environment in which
it is installed in order to carry out its own function in the
most effective and economic way possible.

[0067] An example of particularly advantageous ap-
plication of the invention is provided when there is
present in a domestic environment a gas-fired boiler
equipped with an appropriate electronic control system
capable of communicating with electrical appliances
that use hot water, for example washing machines and
dish-washers, which are in turn equipped with an elec-
tronic control system having appropriate means for net-
work connection.

[0068] A further example of advantageous application
of the invention regards the case where one or more
electrical appliances that use hot water are elements of
a system for the management of electric-power absorp-
tion, and the corresponding control systems are capable
of appropriately metering their own absorption for pre-
venting the total maximum limit allowed by the contract
of supply from being exceeded, according to the proce-
dure described in the European patent application
EP-A1-0 727 668.

[0069] The presentinvention has been described with
particular reference to a domestic environment in which
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there are present electrical household appliances
equipped with control systems the functions of which
have been illustrated in the present document also with
the aid of drawings and flowcharts. It is, however, clear
that the principles of the invention are applicable to any
other environment in which there are present electrical
appliances of any kind that make use of hot water for
carrying out their function properly and that envisage the
possibility of drawing in said water from an appropriate
external source.

Claims

1. A method for the exploitation of thermal energy in
an environment (DA), in particular a domestic envi-
ronment, in which there is present a first hot-water
distribution system (HW), to which there is opera-
tively connected at least one electrical appliance
(WM, DW), which is able to use hot water, namely
an electrical household appliance, the electrical ap-
pliance (WM, DW) comprising an inlet (EV2) for in-
take of hot water from the first distribution system
(HW), a control system (CS1) and control means
(CM) for selection of an operating cycle of the elec-
trical appliance (WM, DW), wherein hot water is in-
troduced into the first distribution system (HW) by
means of a respective supply apparatus (HWS) and
the operating cycle of the electrical appliance (WM,
DW) involves the use of a working amount of hot
water at a working temperature (T,y), the method
being characterized in that it comprises the follow-
ing steps:

a) determining the value of the temperature
(Ty) of the water available in the first distribu-
tion system (HW), being introduced into the lat-
ter by the supply apparatus (HWS);

b) drawing into the electrical appliance (WM,
DW), from the first distribution system (HW) , a
mass of hot water compatible with the working
temperature (T,y) and with the working amount
associated to an operating cycle selected via
the control means (CM);

¢) adjusting the operating cycle of the electrical
appliance (WM, DW) in function of the amount
of heat introduced into the appliance itself and
of the type of operating cycle selected via the
control means (CM), the amount of heat intro-
duced being understood as the product of the
mass and the temperature (T) of the water tak-
en into the electrical appliance (WM, DW) from
the first distribution system (HW).

2. The method according to Claim 1, in which for the
purposes of the execution of Step a), the informa-
tion relating to the value of the temperature (T) of
the water available in the first distribution system



23 EP 1 396 687 A2 24

(HW) is supplied to the control system (CS1) of the
electrical appliance (WM, DW) by measurement
means (EMA, CS2) external to the appliance itself,
in particular by a control system (CS2) of the supply
apparatus (HWS), via a communication network
(PLC).

The method according to Claim 1, in which, for the
purposes of execution of Step a), the information
relating to the value of the temperature (Ty) of the
water available in the first distribution system (HW)
is obtained from the control system (CS1) of the
electrical appliance (WM, DW) via a direct or indi-
rect measurement.

The method according to Claim 4, in which:

- the environment (DA) has a second system for
distribution of cold water (CW);

- the electrical appliance (WM, DW) comprises
an inlet (EV1) for intake of cold water from the
second distribution system (CW); and

- the value of the temperature (T} of the water
available in the first distribution system (HW) is
determined indirectly by the control system
(CS1) of the electrical appliance (WM, DW) on
the basis of measurements made by a temper-
ature sensor (TS) of the appliance itself,

the value of the temperature (Ty) of the water
available in the first distribution system (HW) being
in particular determined by means of a procedure
that comprises the following steps:

- intake of a first given amount of cold water (M)
from the second distribution system (CW) and
measurement of the its temperature (T¢);

- intake of a second given amount of hot water
(My) from the first distribution system (HW);

- measurement of the temperature (T,) of the
mixture of water (Mg + M) formed by the first
and the second given amounts of water (M,
My); and

- indirect calculation of the value of the temper-
ature (Ty) of the hot water available in the first
distribution system (HW) on the basis of the val-
ues of the first given amount (M¢), of the sec-
ond given amount (M), of the temperature
(T¢c) of the cold water and of the temperature
(Tyy) of the mixture of water (Mg + M) .

The method according to Claim 1, in which, for the
purposes of execution of Step b), the control system
(CS1) of the electrical appliance (WM, DW) deter-
mines the volume of the mass of hot water to be
drawn therein in relation to the value of the temper-
ature (T of the water available in the first distribu-
tion system (HW) with respect to the working tem-

10

15

20

25

30

35

40

45

50

55

13

perature (T\y) associated to the operating cycle se-
lected via the control means (CM).

The method according to Claim 5, in which the en-
vironment (DA) has a second system for distribution
of cold water (CW), the electrical appliance (WM,
DW) comprises an inlet (EV1) for intake of cold wa-
ter from the second distribution system (CW) and,
if the temperature (T) of the water available in the
first distribution system (HW) is higher than the
working temperature (Tyy), the control system
(CS1) of the electrical appliance (WM, DW) manag-
es a mixed intake of hot water and of cold water up
to the working amount from the first distribution sys-
tem (HW) and from the second distribution system
(CW), respectively, where in particular:

- the mixedintake comprises intake of an amount
of cold water proportional to the difference be-
tween the value of the temperature (Ty) of the
water available in the first distribution system
(HW) and the value of the working temperature
(Tyy), to obtain, via a subsequent intake of hot
water, a mixture of water having a final temper-
ature corresponding to the working tempera-
ture (Ty), and/or

- ifthe temperature (Ty) of the water available in
the first distribution system (HW) is congruent
with the working temperature (Ty), the control
system (CS1) of the electrical appliance (WM,
DW) manages an intake of just hot water from
the first distribution system (HW) up to the
working amount, and/or

- ifthe temperature (Ty) of the water available in
the first distribution system (HW) is lower than
the working temperature (TW), the control sys-
tem (CS1) of the electrical appliance (WM, DW)
asks the supply apparatus (HWS) to heat up to
the working temperature (Tyy) the water to be
introduced into the first distribution system
(HW), and then proceeds to an intake of just hot
water from the latter up to the working amount,
or else, in the case where the supply apparatus
of the hot-water source (HWS) is not in a con-
dition to heat up further the water to be intro-
duced into the first distribution system (HW),
the control system (CS1) of the appliance (WM,
DW) issues a command for heating the working
amount of water taken in up to the working tem-
perature (T\,), employing electrical-heating
means (EH) within the appliance itself.

7. The method according to Claim 1, in which, for the

purposes of execution of Step c), the control system
(CS1) of the electrical appliance (WM, DW) modi-
fies the duration of the operating cycle and possibly
other significant parameters thereof, where in par-
ticular:
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- the electrical appliance is a washing appliance
(WM, DW) and the adjustment of the operating
cycle regards the duration of a step of washing
of a washing cycle, and/or

- the electrical appliance is a laundry washing
machine (WM), and the adjustment of the op-
erating cycle comprises both the reduction of
the duration of a washing cycle and the in-
crease of the cadence or movement of wash-
ing, and/or

- the electrical appliance is a dish-washer (DW)
and the adjustment of the operating cycle com-
prises both the reduction of the duration of a
washing cycle and the increase of the washing
pressure, and/or

- theintake of water into the electrical household
appliance (WM, DW) from the first distribution
system (HW) is controlled by means of a valve
(EV2) at a substantially constant flow rate, and
the duration of the operating cycle is modified
by the control system (CS1) of the electrical ap-
pliance (WM, DW) as a function of the temper-
ature (Ty) of the water available in the first dis-
tribution system (HW), of the total time (t,,) of
activation of the valve (EV2), and of the type of
operating cycle selected by the control means
(CM).

The method according to Claim 1, in which:

- inthe environment (DA) there are provided one
or more electrical apparatuses (EO, RE) con-
nected to a communication network (PLC) to-
gether with the electrical appliance (WM, DW);

- the electrical apparatuses (EO, RF) and the
electrical appliance (WM, DW) are operative for
self-regulating their own current absorption on
the basis of the availability of electric power in
the environment (DA);

- ameasuring device (PMS) makes available, on
the communication network (PLC), information
representing the electric power available;

- the control system (CS1) of the electrical appli-
ance (WM, DW) verifies the need to use hot wa-
ter for executing the operating cycle selected
via the control means (CM) and where this need
exists,

- if the electric power available is sufficient, the
control system (CS1) of the electrical appliance
(WM, DW) issues a command for intake of the
working amount of water and for heating it up
to the working temperature (Ty), employing
electrical-heating means (EH) present within
the appliance (WM, DW),

- if the electric power available is not sufficient,
the control system (CS1) of the electrical appli-
ance (WM, DW) manages intake of the working
amount of hot water from the first distribution
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13.

26
system (HW).

The method according to Claim 8, in which the' con-
trol system (CS1) of the electrical appliance (WM,
DW) evaluates whether:

- to heat the water, employing its own electrical-
heating means (EH) even when the electric
power available is sufficient; or else

- tocarry outintake of hot water from the first dis-
tribution system (HW).

A system for managing thermal energy in an envi-
ronment (DA), for the implementation of the method
according to one or more of the preceding claims,
in which the supply apparatus (HWS) is selected in
the group consisting of:

- a gas-fired water heater (GF) equipped with a
cold-water inlet (IN1), a gas-supply inlet (IN3),
an electrical-supply input (IN4) and an outlet
(OUT1) for hot water connected to the first dis-
tribution system (HW) ;

- an electric water heater (EB) equipped with a
cold-water inlet (IN1), an electrical-supply input
(IN4), and an outlet (OUT1) for hot water con-
nected to the first distribution system (HW); and

- ahot-water distributor (HWS) equipped with an
inlet (IN2) for hot water coming from an external
source, an electrical-supply input (IN4), and a
hot-water outlet (OUT1) connected to the first
distribution system (HW).

An electrical appliance (WM, DW), which is able to
use hot water, in particular an electrical household
appliance, for use with the method or the system
according to one or more of the preceding claims,
comprising an inlet (EV2) for intake of hot water
from the first distribution system (HW), an electronic
control system (CS1), control means (CM) for se-
lection of an operating cycle of the electrical appli-
ance (WM, DW), electrical water-heating means
(EH), and temperature-sensor means (TS) for de-
tecting the temperature of the water.

A supply apparatus of hot water (HWS), in particular
a gas-fired water heater (GF), an electric water
heater (EB) or a distributor (HWS) of hot water com-
ing from an external source, for use in the method
or in the system according to one or more of the
preceding claims, the apparatus comprising an out-
let (OUT1) for introducing hot water into the first dis-
tribution system (HW) and an electronic control sys-
tem (CS2).

A method for controlling operation of an electrical
appliance (WM, DW), which can be connected to a
hot-water distribution system (HW), the operation
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entailing the use of a working amount of hot water

at a working temperature (Tyy) and being configura-

ble according to a plurality of operating programs,

the method being characterized in that, following
upon start-up of an operating program, the following 5
operations are envisaged:

a) determining the value of the temperature
(Ty) of the water available in the distribution
system (HW) ; 10
b) drawing into the electrical appliance (WM,
DW), from the distribution system (HW), a mass
of hot water compatible with the operating pro-
gram set under way, i.e., with the respective
amount of hot water and working temperature 75
(Tw); and
c) varying automatically one or more operating
parameters of the operating program set under
way, according to the amount of heat intro-
duced into the electrical appliance (WM, DW), 20
understood as the product of the mass and the
temperature of the water taken into the electri-
cal appliance (WM, DW) from the first distribu-
tion system (HW).
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