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(57)  Gasleakage detection method (100) for at least
one combustion appliance (1), in particular a gas boiler,
the method (100) comprising: determining (S101) a pre-
dicted gas consumption of the combustion appliance (1)
based on the operation of said combustion appliance (1);
acquiring (S102) gas measuring data based onthe meas-
urement of the quantity of combustion gas to be supplied
to the combustion appliance (1); and determining (S103)
the presence of a gas leakage based on the comparison
between the gas measuring data and the predicted gas
consumption of the combustion appliance (1).

GAS DETECTION METHOD FOR A GAS BOILER
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Description

[0001] Theinventionrelates to a gas detection method
for a combustion appliance, in particular a gas boiler.
Also, the inventionrelates to a computer program product
executed by a computer carrying out the above method,
a data processing apparatus comprising a processor for
executing said computer program product, a computer
readable data carrier having stored thereon the computer
program product, and a data carrier signal carrying the
computer program product. In addition, the invention re-
lates to a system for detecting a gas leakage for at least
one combustion appliance, in particular a gas boiler and
to a combustion appliance comprising means for carrying
out the method and/or said system. Also, the invention
relates to a use of the computer program, or the data
processing apparatus, or the system for the detection of
a gas leakage for at least one combustion appliance, in
particular in a gas boiler.

[0002] Combustion appliances such as gas boilers
combust gaseous fuel to heat water for domestic use
and/or central heating system facilities in buildings. A gas
leak in or outside the appliance, both considering the
combustible fuel gas or the exhaust flue gas, can be very
dangerous. For this reason, gas leakage detection sys-
tems using dedicated gas leakage sensors have been
developed.

[0003] However, the gas detection systems known in
the art are not always efficient. For example, if the gas
leakage sensor is located far away from the leakage, the
corresponding gas detection can be extremely delayed
or cannot occur at all. In addition, based on the type of
the sensor, only specific types of gases can be detected
and only within a predefined measurement thresholds.
Accordingly, these systems are not suitable for detecting
relatively small gas leakage over time and for detecting
different types of gases at the same time.

[0004] Itistherefore desirable to obtain an efficient and
cost-effective method for detecting a gas leakage in a
combustion appliance independent from the need of hav-
ing a dedicated gas leakage sensor. Also, it is desirable
to obtain a method for detecting relatively small gas leak-
age rates over time. In addition, it is desirable to obtain
a method for detecting leak rates in combustion appli-
ances combusting different types of combustion gases.
[0005] The objectis solved by a gas leakage detection
method for at least one combustion appliance, in partic-
ular a gas boiler, the method comprising:

determining a predicted gas consumption of the
combustion appliance based on the operation of said
combustion appliance;

acquiring gas measuring data based on the meas-
urement of the quantity of combustion gas to be sup-
plied to the combustion appliance; and

determining the presence of a gas leakage based
on the comparison between the gas measuring data
and the predicted gas consumption of the combus-
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tion appliance.

[0006] Inthis way, itis possible to detect a gas leakage
even if no dedicated gas sensor is present or if the gas
sensor is malfunctioning. Most importantly, the leakage
can be promptly detected independent form the source
of the leakage (e.g. inside or outside the combustion ap-
pliance). Also, it is possible to detect relatively small gas
leakage rates over time, independent from a measure-
ment threshold of an individual leakage sensor and can
be detected the leakage of different types of gases. For
example, the inventive method can be used to detect
leak rates in an installation as a result of switching from
natural gas to hydrogen.

[0007] The measured gas can be a gas mixture thatis
supplied to the combustion application. The gas mixture
comprises air and combustion gas. Alternatively the
measured gas can correspond to the combustion gas.
[0008] In one example, the presence of the gas leak-
age is determined if a consumption deviation based on
the difference between the gas measuring data and the
predicted gas consumption of the combustion appliance
is greater than a leakage threshold, and/or if the quantity
of combustion gas to be supplied to the gas consuming
appliance increases over a reference period of time,
when the combustion appliance is not operating. In fact,
in case the measured gas is higher than the gas assumed
to be consumed by the combustion appliance, itis evident
thata gas leakage is present. In a similar way, a suddenly
increase of the measured gas over short periods of time
is a hint of a leak. Once determined the presence of a
gas leakage, a detailed investigation of the combustion
appliance can be carried put in order to find out the leak
source.

[0009] In another example, the method comprises de-
termining whether the combustion gas is supplied to a
single combustion appliance or to a plurality of combus-
tion appliances. In this way, it is excluded that difference
between the measured gas and the predicted gas con-
sumption of a combustion appliance is due to the pres-
ence of another gas consuming appliance present in the
heating system.

[0010] In particular, the determination of the presence
of a single combustion appliance or a plurality of com-
bustion appliances is carried out by monitoring the gas
consumption over a predefined monitoring period of time,
in particular more than one day, more in particular be-
tween one day and sixty days, and/or by setting a pa-
rameter in the control unit.

[0011] In a further example, the predicted gas con-
sumption is determined based on the operation of a fan
element, in particular the rotational velocity of the fan
element, and/or based on sensor data, in particular gas
flow sensor data.

[0012] According to an example, the quantity of com-
bustion gas to be supplied to the combustion appliance
is measured using a digital flow meter or an analogic flow
meter combined with a reading sensor, in particular an
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optical sensor.

[0013] Advantageously, in order to constantly monitor-
ing the gas consumption, the gas measuring data are
acquired periodically, in particular every 15 minutes.
[0014] In one example, the method can furthermore
comprise the step of monitoring a gas pressure in the
combustion appliance over time by a pressure sensor. If
a pressure decrease over time is detected, then the com-
bustion appliance can be turned off, and/or a gas valve
can be closed, and/or an information message can be
sent to a user.

[0015] After determining the presence of a gas leak-
age, the method can additionally comprise: sending an
alarm message to a user, and/or stopping or locking the
combustion appliance. In this way, a more dangerous
situation is prevented and a user (e.g. installer or tech-
nician) can be promptly informed of the leakage. Advan-
tageously, after determining the presence of a gas leak-
age, the method further comprises sending information
data to a terminal or to a cloud platform.

[0016] In another example, the method can further
comprise acquiring temperature data by athermostatand
combining said temperature data with the gas measuring
data. Inthis way, itis possible to eventually predict energy
labels of the combustion appliance.

[0017] Accordingtoone aspectoftheinvention, acom-
puter program productis provided. This product compris-
es instructions which, when the program is executed by
a computer or control unit, cause the computer or the
control unit to carry out the inventive method.

[0018] In a further aspect of the invention, a data
processing apparatus is provided. This data processing
apparatus comprises a processor for executing the in-
ventive computer program product. Also, a computer
readable data carrier is provided, the carrier having
stored thereon the inventive computer program product.
In addition, data carrier signal is provided, the signal car-
rying the computer program product.

[0019] According to a further aspect of the invention,
a system for detecting a gas leakage for at least one
combustion appliance, in particular a gas boiler, is pro-
vided. The system comprises a control unit for determin-
ing a predicted gas consumption of the combustion ap-
pliance based on the operation of said combustion ap-
pliance, and atleast a flow meter for measuring the quan-
tity of combustion gas to be supplied to the combustion
appliance and generating gas measuring data, wherein
the control unit is configured to determine the presence
of a gas leakage, based on the comparison between the
gas measuring data and the predicted gas consumption
of the combustion appliance.

[0020] In this way, a communication between the flow
meter and the combustion appliance can be established
through the control unit, thereby eventually realizing a
smart Internet of Things system. Such a system can de-
tect even the lowest leak rates over time, even in periods
when the combustion appliance is not running. Addition-
ally, it is possible to recommend the customer to improve
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the installation by sending dedicated alert messages. In
particular, the system can be connected to Internet so
that the control unit or the combustion appliance can send
datato acloud platform offering the possibility to combine
this feature with several other features.

[0021] According to one aspect of the invention, a com-
bustion appliance, in particular a gas boiler, is provided,
the combustion appliance comprising means for carrying
out the inventive method and/or comprising the inventive
system. Examples of combustion appliances caninclude
furnaces, water heaters, boilers, direct/in-direct make-up
air heaters, power/jet burners and any other residential,
commercial or industrial combustion appliance.

[0022] The combustion gas can be a natural gas, meth-
ane, ethylene, propane, butane, coal gas, biogas etc.,
mixtures of the same, and mixtures of the same addition-
ally comprising hydrogen or hydrogen, in particular pure
hydrogen. Pure hydrogen is present if the fuel gas has a
at least 98 vol% of hydrogen. In particular, the appliance
including the present system can be a gas boiler for the
combustion of hydrogen gas. In this case, it is intended
a fuel gas that comprises at least 20 mol%, in particular
90%, hydrogen or natural gas or mixtures thereof.
[0023] In another aspect of the invention, the use of
the inventive computer program product or of the inven-
tive system is provided. The use is suitable for the de-
tection of a gas leakage for at least one combustion ap-
pliance, in particular a gas boiler and more in particular
agas boilerusing afuel gas having atleast20% hydrogen
or natural gas.

[0024] Inthefigures,the subject-matter of the invention
is schematically shown, wherein identical or similarly act-
ing elements are usually provided with the same refer-
ence signs.
Figure 1 shows a flow chart of a method for gas leak-
age detection accordingto an embodiment,
Figure 2A  show a schematic representation of a gas
detection system according to another em-
bodiment that has only one gas boiler,
Figure 2B show a schematic representation of a gas
detection system according to a furtherem-
bodiment that has two gas boilers.

[0025] With reference to figure 1, a flow chart describ-
ing a method 100 for detecting a gas leakage in a com-
bustion appliance 1 is shown. Based on the operation of
the combustion appliance 1, the method 100 comprises
a prediction of the gas consumption at step S101. This
can be carried out by a control unit 2 of the combustion
appliance 1 shown in fig. 2A and 2B. A step S102, the
method 100 comprises reading and logging gas meas-
uring data. In particular, the quantity of combustion gas,
i.e. the volume of gas, supplied to the combustion appli-
ance 1, is measured. This is done by the measurements
of a gas meter. The gas measuring data are compared
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to the gas consumption prediction made by the control
unit 2 to determine the presence of a gas leakage at step
S103. Steps S101 and 102 can be performed at the same
time.

[0026] At step S106, the method 100 can determine
whether or not the combustion appliance 1 is the only
gas consumer after the gas meter. An algorithm incor-
porated in the control unit 2 can determine if more con-
sumers are installed by monitoring gas consumption over
longer periods of time. For example, a couple of days or
even months can be required to assess this information.
Alternatively the installer or end user can set a parameter
in the control unit 2 that no other gas consumers are
installed, or that other gas consumers are installed (op-
tionally including type of products). This method step can
be extremely useful in order to exclude that a deviation
between the gas supplied and the gas consumed is in-
deed due to the presence of a plurality of gas consuming
appliances connected to the same gas source.

[0027] By reading the signal from the gas meter on a
frequent basis (e.g. every 10-20 minutes, in particular
every 15 minutes), it is possible to determine if the gas
consumption suddenly increases over shorter periods of
time while the combustion appliance is not used, or if the
consumption exceeds the consumption of the appliance.
Accordingly, once the presence of a gas leakage is de-
termined, at step S104 the method 100 can send an alarm
message to a user by the control unit 2 that the installation
should be checked. In alternative or additionally, at step
S105 the method 100 can turn off (stop or lock) the com-
bustion appliance 1. In this way, dangerous situations
can be promptly avoided.

[0028] Figures 2A and 2B illustrate a system 4 for de-
tecting a gas leakage for at least one combustion appli-
ance 1, for example a gas boiler. In particular, the system
4 comprises a control unit 2 for determining a predicted
gas consumption of the gas boiler 1 based on the oper-
ation of said gas boiler 1. According to figure 2A and 2B,
the control unit 2 is outside the boiler 1 and is directly
connected to the boiler 1 to predict the gas consumption
of the boiler 1 based on the operative characteristics of
said boiler 1. It is clear, however, that the control unit 2
can also be integrated in the boiler 1. The prediction of
gas consumption can be calculated by monitoring for ex-
ample the speed of a fan element or by using a flow sen-
sor or other dedicated sensors.

[0029] The system 4 also comprises a flow meter 3,
for example a gas meter, for measuring the quantity of
combustion gas to be supplied to the boiler 1. The gas
meter 3 is located between the gas boiler 1 and a gas
source (indicated with an horizontal arrow in the figure)
supplying the gas boiler 1. Figure 2A shows an example
where only one gas boiler 1 is supplied by the gas source,
whereas figure 2B shows an example where two gas
boilers 1 are supplied by the gas source. The gas meas-
uring data can be acquired by a smart gas meter, in par-
ticular via a P1 port or online, or by an analogic gas meter
adding a for example an optical sensor for reading the

10

15

20

25

30

35

40

45

50

55

data.

[0030] It is noted that the gas meter 3 communicates
with the control unit 2 and then with the gas boiler 1 so
that the control unit 2 is configured to determine the pres-
ence of agasleakage, based on the comparison between
the gas measuring data and the predicted gas consump-
tion of the boiler 1. A gas leakage can be detected if the
gas boiler 1 and/or the other gas devices 1 are not used
for longer periods of time (e.g. overnight, holidays, etc.),
while the gas meter 3 measures gas consumption during
this period of time. Additionally, a gas leakage can be
detected if the gas meter 3 measures a significantly high-
er gas consumption than expected.

[0031] Usingthe here described gas leakage detection
system 4, itis possible to detect low leak rates over time,
thereby leading to a less environmental impact and to
lower gas consumption costs for the end-user.

Reference Signs

[0032]

1 Combustion appliance
2 Control unit

3 Flow meter

4 System

100  Method

Claims

1. Gas leakage detection method (100) for at least one
combustion appliance (1), in particular a gas boiler,
the method (100) comprising:

determining (S101) a predicted gas consump-
tion of the combustion appliance (1) based on
the operation of said combustion appliance (1);
acquiring (S102) gas measuring data based on
the measurement of the quantity of combustion
gas to be supplied to the combustion appliance
(1); and

determining (S103) the presence of a gas leak-
age based on the comparison between the gas
measuring data and the predicted gas consump-
tion of the combustion appliance (1).

2. Method (100) according to claim 1, characterized
inthat the presence of the gas leakage is determined
if:

a. a consumption deviation based on the differ-
ence between the gas measuring data and the
predicted gas consumption of the combustion
appliance (1) is greater than a leakage thresh-
old; and/or

b. the quantity of combustion gas to be supplied
to the gas consuming appliance (1) increases
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over a reference period of time, when the com-
bustion appliance (1) is not operating.

Method (100) according to any one of claims 1 to 2,
characterized in that the method (100) further com-
prises:

determining (S106) whether the combustion gas is
supplied to a single combustion appliance (1) or to
a plurality of combustion appliances (1).

Method (100) according to claim 3, characterized
in that the determination of the presence of a single
combustion appliance (1) or a plurality of combustion
appliances (1) is carried out by:

a. monitoring the gas consumption over a pre-
defined monitoring period of time, in particular
more than one day, more in particular between
one day and sixty days; and/or

b. setting a parameter in the control unit.

Method (100) according to any one of claims 1 to 4,
characterized in that the predicted gas consump-
tion is determined based on:

a. the operation of a fan element, in particular
the rotational velocity of the fan element; and/or
b. sensor data, in particular gas flow sensor da-
ta.

Method (100) according to any one of claims 1 to 5,
characterized in that,

a. the quantity of combustion gas to be supplied
to the combustion appliance (1) is measured us-
ing a digital flow meter or an analogic flow meter
combined with a reading sensor, in particular an
optical sensor; and/or

b. the gas measuring data are acquired period-
ically, in particular every 15 minutes.

Method (100) according to any one of claims 1 to 6,
characterized in that, the method comprises mon-
itoring a gas pressure in the combustion appliance
(1) over time by a pressure sensor, wherein if a pres-
sure decrease over time is detected:

a. the combustion appliance (1) is turned off;
and/or

b. a gas valve is closed; and/or

c. an information message is sent to a user.

Method (100) according to any one of claims 1to 7,
characterized in that, after determining (S103) the
presence of a gas leakage, the method (100) com-
prises:

a. sending (S104) an alarm message to a user;
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10.

1.

12.

13.

14.

15.

and/or
b. stopping orlocking (S105) the combustion ap-
pliance (1).

Method (100) according to any one of claims 1 to 8,
characterized in that, after determining (S103) the
presence of a gas leakage, the method (100) further
comprises sending information data to a terminal or
to a cloud platform.

Method (100) according to any one of claims 1 to 9,
characterized in that, the method (100) further
comprises acquiring temperature data by a thermo-
stat and combining said temperature data with the
gas measuring data for predicting energy labels of
the combustion appliance (1).

Computer program product comprising instructions
which, when the program is executed by a computer
or control unit (2), cause the computer or the control
unit (2) to carry out the method (100) according to
one of the claims 1 to 10.

Data processing apparatus comprising a processor
for executing the computer program product of claim
11, or computer readable data carrier having stored
thereon the computer program product of claim 11,
or data carrier signal carrying the computer program
product of claim 11.

System (4) for detecting a gas leakage for at least
one combustion appliance (1), in particular a gas
boiler, the system (4) comprising:

a control unit (2) for determining a predicted gas
consumption of the combustion appliance (1)
based on the operation of said combustion ap-
pliance (1); and

at least a flow meter (3) for measuring the quan-
tity of combustion gas to be supplied to the com-
bustion appliance and generating gas measur-
ing data,

wherein the control unit (2) is configured to de-
termine the presence of a gas leakage, based
on the comparison between the gas measuring
data and the predicted gas consumption of the
combustion appliance (1).

Combustion appliance (1), in particular a gas boiler,
comprising means for carrying out the method (100)
according to one of the claims 1 to 10 and/or com-
prising the system (4) of claim 13, wherein in partic-
ular the combustion appliance (1) uses a fuel gas
having at least 20 mol% hydrogen or natural gas.

Use of the computer program product according to
claim 11 or of the system (4) according to claim 13
for the detection of a gas leakage for at least one
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combustion appliance (1), in particular a gas boiler
and more in particular a gas boiler using a fuel gas
having at least 20 mol% hydrogen or natural gas.
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