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Method for starting a burner wherein a premixed gas comprising a combustible gas and air is supplied, wherein
the combustible gas comprises at least 50% by volume of hydrogen. The method comprises the following steps:
during a start-up phase: supplying premixed gas having a first lambda-value to the burner surface, wherein the first
lambda-value is at least 1.85, and igniting the supplied premixed gas having the first lambda-value using an
ignition source. During an operation phase after the premixed gas has been ignited: supplying premixed gas
having a second lambda-value to the burner surface, wherein the first lambda-value is larger than the second
lambda-value. Independent claims for a burner and a heating appliance are included.
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Surface stabilized fully premixed gas premix burner for burning hydrogen gas, and method for

starting such burner

The present invention relates to the field of surface stabilized fully premixed gas premix
burners for burning a combustible gas comprising hydrogen gas, and method for starting such

burner, as well as appliances comprising such burner.

Surface stabilized premix burners are well known for the combustion of hydrocarbon
gases, such as natural, methane, and propane gas, in heating appliances, in particular in gas
fired heating appliances. They offer benefits in size, emissions and the ability to adjust to
different loads, also referred to as modulation.

The most common way of controlling the mixture of combustible gas and air in a gas fired
heating appliance with surface stabilized premix burner is the use of a pneumatic gas valve.
In this system ratio of the combustible gas and the air is determined by the gas valve. For
example, the gas valve can be biased to a closed position and can be opened due to a
pneumatic force. Said force is dependent on the flow of air, and the opening of the gas valve
at a certain air flow is determined by the design of the gas valve. This is a master (air) slave
(combustible gas) solution. There are other systems available, such as control valves. Some
systems use a feedback loop to control the gas-air ratio.

Most systems apply the following sequence for igniting the combustible gas. A fan is
started and in most cases it is established that it air is flowing. Then the ignition sequence is
started by creating a spark or other ignition source on a burner surface of the burner. Next
step is the opening of the gas valve. Provided the ratio of combustible gas to air is within a
certain range, the ignition will take place.

In recent years the use of natural and propane gas has been criticized because of the
carbon dioxide emissions. Hydrogen has been proposed as an alternative fuel, in particular
for household and industrial heating appliances. However, hydrogen — or gaseous fuels
having a significant content of hydrogen — have a different combustion behaviour than the
traditional hydrocarbon gases, e.9. a higher flame speed. The different combustion behaviour
may lead to a number of problems, e.g. flame flashback. Flame flashback is the occurrence
that happens when an upstream propagation of flame propagates back into the burner, which
can be caused by a high flame speed.

European patent application with application number EP19162278 of the present

applicant discloses a method for adapting the ratio of air to combustible gas based on the
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load of the burner, to mitigate risks such as flashback. EP19162278 is incorporated herein by
reference.

If a system using hydrogen as fuel is started in accordance with the sequence as
described above, and the ignition is delayed for whatever reason, a mixture comprising
hydrogen will be fill up the combustion chamber. Test have shown that if the ignition does
take place with the combustion chamber at least partly filled with hydrogen gas-air mixture
there could be an explosion-like combustion that could damage components of the heating
system.

In addition, standards have been created to ensure safe operation of burners. In the
standards several tests are described as criteria for acceptance. For example, European
standard EN15502-1 gas fired heating boilers part 1 General requirements and tests, for
natural gas and LPG, described several tests. Although at this moment there are no
standards for hydrogen as fuel, it is expected that similar safety test as described in
EN15502-1, will be applicable for future gas fired heating boilers using other gases than e.g.
mentioned in EN437. Also outside of Europe, similar standards exist and/or are expected to
be developed for hydrogen as fuel.

One of the tests in the current standards is the “delayed ignition test”. During the delayed
ignition test, combustible gas and air are first being introduced into the combustion chamber
for a short period of time before being ignited with the ignition source. This should not lead to
damage or other unwanted side effects. However, tests have found that when traditional

burners are used with hydrogen as fuel, flame flashback may occur during this test.

It is an object of the invention to mitigate one or more of the disadvantages explained
above, or at least provide an alternative to the existing methods and burners.
This object is achieved with each of the methods, burners and hydrogen gas fired heating

appliances according to the invention as described herein.

The invention relates to a method for starting a burner wherein a premixed gas comprising
a combustible gas and air is supplied to a burner surface of the burner, wherein

¢ the combustible gas comprises at least 50% by volume of hydrogen,

¢ a lambda-value is defined as a ratio between an actually supplied quantity of
air and the quantity of air required for stoichiometric combustion of the
premixed gas,

o the burner preferably is a surface stabilized fully premixed gas premix burner,

e the burner preferably is configured to be modulated between a minimum load
and a full load,

wherein the method comprises the following steps
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¢ during a start-up phase: supplying premixed gas having a first lambda-value to
the burner surface, wherein preferably the first lambda-value is at least 1.85,
and igniting the supplied premixed gas having the first lambda-value using an
ignition source,

e preferably during an operation phase after the premixed gas has been ignited:
supplying premixed gas having a second lambda-value to the burner surface,

wherein the first lambda-value is larger than the second lambda-value.

The present invention relates to a method for starting a burner. The burner is preferably a
surface stabilized fully premixed gas premix burner, which may e.g. be used for heating
appliances in household and/or industrial applications. In such applications, it may be desired
that the burner is able to be functional at a range of loads. For example, in a household
application the required load when a resident is having a shower with hot water may be much
larger than the required load for maintaining the temperature of the residence. Therefore, the
burner is preferably configured to be modulated between a minimum load and a full load. The
modulation ratio, defined as the ratio of the full load over the minimum load, may e.g. be at
least 3, preferably more than 4, more preferably more than 5, more preferably more than 7,
more preferably more than 10. For example, the full load of the burner may be 24k\W, e.qg.
when the burner is used for a household heating appliance such as a boiler.

In accordance with the invention, a premixed gas comprising a combustible gas is
supplied to a burner surface of the burner. The combustible gas comprises at least one
gaseous fuel which can be burned to provide heating energy, which in the present invention is
hydrogen. It is noted that some gases used in traditional heating appliances may comprise
small amounts of hydrogen; however, in these mixtures the combustion behaviour is still
practically completely determined by the hydrocarbons which are dominantly present. It has
been found that the combustion behaviour changes significantly in comparison to traditional
hydrocarbon gases when the combustible gas comprises a significant amount of hydrogen. In
particular, in the context of the present invention, the combustible gas comprises at least 50%
by volume of hydrogen. In addition to the hydrogen, the combustible gas may e.g. comprise
additives, such as colorants and odorants, or nitrogen. It is also possible that carbon
monoxide or carbon dioxide, formed during the production process of the hydrogen, is
present. The combustible gas may also comprise small amounts of hydrocarbons such as
methane or propane. These hydrocarbons may be added intentionally to lower the price of
the combustible gas, or they may be residual gases present in pipes used for the distribution
of hydrogen, said pipes previously being used for the distribution of said hydrocarbons. The

combustible gas may also comprise small amounts of oxygen, which consequently may affect
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the amount of oxygen or air that needs to be added for combustion. It may depends on the
required purity of hydrogen which additional chemicals are present in what concentration.

The premixed gas also comprises air. The air comprises oxygen, which is required such
that the combustible gas can be ignited. Usually, the air is taken from the environment, e.g.
outside, of where the burner is located. Dependent on the composition of the combustible gas
on the one hand, and the composition of the air on the other hand, a certain quantity of air is
required for stoichiometric combustion of the premixed gas. In practice, however, the actual
quantity of air that the premixed gas comprises will differ therefrom. Traditionally with
hydrocarbon gases, a small excess of air is provided, to avoid incomplete combustion which
could lead to carbon monoxides. A lambda-value is defined as a ratio between an actually
supplied quantity of air and the quantity of air required for stoichiometric combustion of the
premixed gas. The lambda-value thus represents the excess of air.

According to the invention, the method comprises a first step of, during a start-up phase,
supplying premixed gas having a first lambda-value toc the burner surface. During the start-up
phase, the supplied premixed gas having the first lambda-value is ignited using an ignition
source.

It is noted that in some embodiments, the ignition source may already be activated, e.g.
sparking, before the premixed gas having the first lambda value is supplied. Furthermore, in
some embodiments air may first be supplied to the burner surface, followed by the ignition
source being activated, and then followed by combustible gas to be supplied to the premixed
gas, and said premixed gas then having the first lambda value being supplied to the burner
surface.

The method preferably further comprises a step of, during an operation phase after the
premixed gas has been ignited, supplying premixed gas having a second lambda-value to the
burner surface. According to the invention, the first lambda-value is larger than the second
lambda-value.

A difference is made between a start-up phase and an operation phase. The start-up
phase includes supplying premixed gas with a first lambda-value and igniting said supplied
premixed gas. It should be noted that it is possible that the burner is modulated to a different
load in the start-up phase relative to the operation phase. Even in the start-up phase and/or
the operation phase itself, it is possible to modulate the burner to different loads. In such
cases, it is possible that the first and/or second lambda-value is not constant.

The invention entails that initially, during the start-up phase, the premixed gas supplied to
the burner surface comprises a relatively large excess of air. It has been found by the
inventors, that the flame speed is reduced when the premixed gas comprises more air, and
as such the risk of flame flashback is reduced as well. Furthermore, it has been found after

the premixed gas with the first lambda-value that was present has been ignited, premixed gas
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with a lower lambda-value can be supplied during the operation phase. Since there is no
accumulated premixed gas present anymore, the risk of flame flashback is reduced.
Advantageously, the excess of air can optionally be reduced, such that the second lambda-
value during the operation phase can be chosen such that other characteristics are improved,
e.g. efficiency. The first lambda-value is preferably at least 1.85. It has been found that this is
a practical lower limit with satisfying results. It should be noted that traditional hydrocarbons

such as methane will not or very badly combust at a lambda-value of 1.85 or larger.

In an embodiment, the burner comprises a premixed gas supply circuit, comprising: an air
channel for supplying air; a combustible gas channel for supplying combustible gas; a mixing
channel for mixing air supplied by the air channel and combustible gas supplied by the
combustible gas channel into the premixed gas to be supplied to the burner surface; and at
least one channel obstruction element for partially obstructing the combustible gas channel
and/or the air channel. In this embodiment, the method further comprises the following steps:
during the start-up phase: partially obstructing the combustible gas channel with the at least
one channel obstruction element, such that less combustible gas is provided to the mixing
channel during the start-up phase relative to the operation phase; and/or during the operation
phase: partially obstructing the air channel with the at least one channel obstruction element,
such that more air is provided to the mixing channel during the start-up phase relative to the
operation phase.

In this embodiment, the channel obstruction element is used to obstruct the combustible
gas channel and/or the air channel, such that less combustible gas and/or air, respectively, is
supplied to the premixed gas. As such the lambda-value can be adapted, e.g. from the first to
the second lambda-value. The channel obstruction element can be embodied in numerous

ways, several of which will be explained in more detail herein further below.

In an embodiment, the at least one channel obstruction element is arranged in a rest
position in the start-up phase. In this embodiment, the method further comprises the step of
actuating the channel obstruction element to arrange the channel obstruction element in an
actuated position during the operation phase.

Thus, the rest position of the channel obstruction element corresponds with the start-up
phase. A step of actively actuating the channel obstruction element is required to achieve to
lower second lambda-value. In the event of a malfunction wherein said actuating step cannot
be completed, the premixed gas during the operation phase will still have the first lambda-
value, which may lead to an unsatisfactory efficiency. However, failure will not affect the first

lambda-value during the start-up phase. The channel obstruction element is as such fail-safe.
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In an embodiment, first lambda-value is larger than 1.9, preferably larger than 2, e.g.
between 2-5, preferably larger than 3, e.g. between 3-5, more preferably larger than 4, e.g.
between 4-5. The larger the first lambda-value, the smaller the chance of flame flashback
when the premixed gas with the first lambda-value is ignited. However, if the first lambda-
value is too large, it may happen that the premixed gas will not combust because there is too
little combustible gas present. In addition, efficiency of the burner may decrease as the first
lambda-value increases. Tests have shown that a suitable upper limit is 7, preferably 6, more
preferably 5. For example, the first lambda-value may be between 2-7, 2-8, 3-7, 3-6, 4-7, or 4-
6.

In an embodiment, the second lambda-value is between 1 and 2, preferably between 1.05
and 1.5, more preferably between 1.05 and 1.3. Optionally the second lambda-value is the
lambda-value at full load. These have shown to be suitable lambda-values for a safe, efficient
operation. Although the theoretically required quantity of air corresponds with a lambda-value
of 1, it may be preferred to provide a small excess of air during the operation phase. This
entails that the flame speed is a bit lower, and also provides a buffer to avoid incomplete
combustion in situations where the air contains less oxygen than normal, e.g. due to weather
conditions or the burner being on a location with idle air, or when the combustible gas
comprises a composition that differs from an expected condition. Incomplete combustion
results in lower efficiency since less of the energy in the combustible gas is used. Incomplete
combustion may also cause safety issues if the concentration of the combustible gas in the
exhaust gases is too high, since this may cause explosion or fire further downstream in
undesired locations. Furthermore, decreasing lambda-value may also result in an increase of

NOx in the exhaust gasses.

In an embodiment, the first lambda-value is at least 1.5 times as large as the second
lambda-value, preferably at least 2 times as large, e.g. at least 3 times as large. It has been
found that these are practical first lambda-values with which satisfying results can be

achieved.

In an embodiment, the combustible gas comprises at least 75% by volume of hydrogen,
preferably at least 80% by volume of hydrogen, more preferably at least 95% or at least 98%
by volume of hydrogen. As the combustible gas comprises more hydrogen, the advantages
associated with using hydrogen as fuel increase. At the same time, however, the flame speed

and risk for flame flashback increase, making the invention even more advantageous.

In an embodiment, the start-up phase lasts at least 1 second, preferably at least 2

seconds, and even more preferably at least 3 seconds, e.g. between 3-6 seconds. Preferably,
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the start-up phase is long enough such that it is ensured that the supplied premixed gas is
ignited. Therefore, the start-up phase may last at least a bit, e.g. 1-2 seconds, after the
ignition source has been activated. In case a flame detector is used, it may also take some
time, e.g. 1-2 seconds, after the ignition source has been activated for the flame to be
detected. In case the burner is started for a delayed ignition test, the standard EN15502-1

prescribes that the start-up phase can last as long as 10 seconds.

In an embodiment, the method comprises a step of setting the fan to a high load during
start-up, e.g. more than 80% of the rotations per minute, RPM, of full load, e.g. more than
90% of the RPM of full load, e.g. more than 95% of the RPM of full load, e.g. at full load.

The advantage of this embodiment can be understood from an example where a resident
wants to take a hot shower while his boiler comprising the burner is turned off. To heat the
water for the shower enough, the burner is desired to be on full load. In traditional burners,
however, the burner must be started on a lower load, e.g. 25-40% of the load. Only after the
combustion has started, the burner can slowly be increased to full load by adapting the fan
speed. However, this takes several seconds, e.g. because safety and a correct mixture of the
premixed gas must be ensured while the flow of the fan is increased. With the present
invention on the other hand, more air is provided during the start-up phase. Therefore, it is
possible to set the fan at a high load before the combustible gas is added to the premixed
gas, which can be done faster. Once the combustion has started, the quantity of combustible
gas can be adapted in the operation phase and the burner is faster at the desired high or full
load. Therefore, the resident has hot water in his shower faster when the method according to

this embodiment is applied.

In an embodiment, the second lambda-value is adapted in function of the load. This is
described in detail in European patent application with application number EP19162278 of the
present applicant. EP19162278 is incorporated herein by reference. As explained in
EP19162278, the lambda-value at the minimum load may be at least 20% higher than at full
load, and optionally at average load the lambda-value may be less than 10% higher than at
full load. In general, the burner will be started on a load within the modulation range. In
accordance with the invention, the first lambda-value at any given load is higher than the
second lambda-value at said load, when the burner is started at said load. In some
embodiments, however, the burner may be started at a load that is below the minimum load,
although this is limited by a reduced minimum load. Below said reduced minimum load it may
not be possible to determine that ignition occurred, or it may not be possible to maintain a
stable combustion. On the other hand, above the full load it may also not be possible to

determine that ignition occurred, because the increased speed of the premixed gas coming
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through the burner surface may cause the flame to be further from the burner surface than
the flame detection sensor.

In an embodiment, the second lambda-value is defined as the lambda-value during
operation at the same load at which the burner is started.

In an embodiment, the second lambda-value is defined as the lambda-value during
operation at the full load of the burner.

In an embodiment, the first lambda-value is below a blow-off value. The blow-off value is
the lambda-value at which there is so little combustible gas relative to air in the premixed gas,
that any flame at the burner surface is blown out by the premixed gas, because there is not
sufficient combustible gas to keep the flame burning.

In an embodiment, the first lambda-value is such that the concentration of combustible
gas in the premixed gas is below an upper flammability limit, also referred to as UFL, and/or
above a lower flammability limit, also referred to as LFL. It should be noted that the lower and
upper flammability limit are determined by the composition of the combustible gas, but also
dependent on factors such as temperature and pressure. Above the UFL the premixed gas
may be too rich to burn, below the LFL it may be to lean to burn.

In an embodiment, the first lambda-value corresponds with a quantity of air that is lower
than a quantity of air provided by the fan, when said fan is on full load.

In an embaoadiment, the first lambda-value is such that the concentration of combustible
gas in the premixed gas is below a lower explosion limit, also referred to as LEL, meaning
that the first lambda-value should be above a lambda value corresponding with the LEL. It
may be preferable to control the first lambda-value to differ more than a predetermined safety
margin from the lower explosion limit, e.g. the safety margin being a factor 1.2 or 1.5. This
ensures safe start-up, even when the actual composition of the air or combustible gas differs
from expectation. It should be noted that for many gases, LEL and LFL correspond, but for
hydrogen comprising gases this is different. For hydrogen comprising gases, there is a range
of concentration at which the premixed gas is flammable but cannot explode, which is a
preferred range for the start-up phase. Said range depends on temperature, pressure,
possible other components in the combustible gas, and the mixing. For pure hydrogen, when
the premixed gas comprises 4-17% by volume of hydrogen, the concentration is between LFL
and LEL.

The invention further relates to a burner configured to perform the method according to
the invention. Preferably, said burner is a surface stabilized fully premixed gas premix burner.

Optionally, said burner is also in accordance with the burner described below.
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The invention further relates to a burner as described below. The method according to the

invention may be performed with said burner; however, neither the method nor the burner are

limited thereto. Nevertheless, features and definitions explained with reference to the method

according to the invention may be interpreted similarly when mentioned in reference to the

burner, and vice versa. Furthermore, features and/or embodiments explained with reference

to the method according to the invention may be added to the burner according to the

invention to achieve similar advantages, and vice versa.

The invention relates to a burner for burning a combustible gas comprising at least 50%

by volume of hydrogen, wherein said burner preferably is a surface stabilized fully premixed

gas premix burner, and wherein said burner preferably is configured to be modulated

between a minimum load and a full load,

said burner comprising

 a burner surface,

e a premixed gas supply circuit, comprising

an air channel for supplying air,

a combustible gas channel for supplying combustible gas,

a mixing channel for mixing air supplied by the air channel and
combustible gas supplied by the combustible gas channel into a
premixed gas to be supplied to the burner surface, wherein a lambda-
value is defined as a ratio between an actually supplied quantity of air
and the quantity of air required for stoichiometric combustion of the

premixed gas,

¢ an ignition source for igniting the premixed gas supplied to the burner surface,

e a controller configured to control the lambda-value of the supplied premixed

gas by controlling the quantity of air supplied by the air channel and/or the

quantity combustible gas supplied by the combustible gas channel, wherein

the controller is configured to

supply premixed gas having first lambda-value during a start-up phase
of the burner wherein the ignition source is configured to ignite the
supplied premixed gas having the first lambda-value, wherein the first
lambda-value is preferably at least 1.85, and

preferably supply premixed gas having a second lambda-value during
an operation phase of the burner after the ignition source is configured
to ignite the supplied premixed gas having the first lambda-value,

wherein the first lambda-value is larger than the second lambda-value.
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The burner according to the invention preferably is a surface stabilized fully premixed gas
premix burner. In this context, surface stabilized should be interpreted as that during normal
operation, the flame is intended to be on or close to the burner surface. In this context, fully
premixed gas should be interpreted as (substantially} all air being added before the premixed
gas reaches the burner surface. This is different than e.g. nozzle mix systems, where the
combustible gas and air meet at the burner surface, or partially premixed system, where part
of the air is added before the gas reaches the burner surface and part of the air is supplied
directly to the burner surface..

The burner is adapted for burning a combustible gas comprising at least 50% by volume
of hydrogen, and can be modulated between a minimum load and a full load. The full load is
dependent on the intended application, e.g. for a single household, multiple households such
as an apartment building, or industrial. Examples of full load may e.g. be 20 kW, 24 kW, 30-
40kW, 90-150kw, 200-300 kW, 2200-3000kW.

The burner according to the invention comprises a premixed gas supply circuit, a burner
surface and an ignition source. The premixed gas is supplied by the premixed gas supply
circuit to the burmner surface. The burner surface may e.g. comprise openings or perforations,
e.g. round or elongated, though which the premixed gas can flow, e.g. into a combustion
chamber. The ignition source is arranged in the vicinity of the burner, e.g. in the combustion
chamber. The ignition source is configured to ignite the premixed gas such that the premixed
gas combusts and/or starts burning. Once the premixed gas is ignited, a flame is present. As
long as the flame is present, the premixed gas supplied to the burner surface will normally be
ignited as soon as it reaches the flame. Ideally, during the operation phase, a flame is present
on the burner surface. The burner surface can have any suitable shape, e.g. round, curved or
flat.

The premixed gas supply circuit comprises an air channel, a combustible gas channel,
and a mixing channel. In the mixing channel, air supplied by the air channel and combustible
gas supplied by the combustible gas channel is mixed into the premixed gas. The mixing may
be achieved naturally by the flow, or optionally with the aid of mixing elements such as a fan.
The air channel may e.g. be connected to environmental air, e.g. by a suction inlet, for
providing the air, which may e.g. be supplied into the mixing channel by means of a fan. Said
fan can be arranged upstream or downstream of the mixing channel. Normally, the volume of
air that is required is larger than the volume of combustible gas that is required. The air
channel may therefore be larger than the combustible gas channel. Preferably the
combustible gas is supplied to the mixing channel at least partially by the use of a Venturi
effect. This can e.g. be achieved by providing the air channel with a narrowing or narrower

portion at the location where the combustible gas channel is connected to the air channel.
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This narrowing or narrower portion will cause a local increase in flow speed of the air, thereby
reducing the pressure and exerting a suction force on the combustible gas.

According to the invention, the burner further comprises a controller. The controller is
configured to control the lambda-value of the supplied premixed gas. The controller can be
configured to do this in numerous ways, several embodiments of which will be elaborated on
further below. In general, the controller is configured to control the lambda-value by
controlling the quantity of air supplied by the air channel and/or the quantity combustible gas
supplied by the combustible gas channel.

According to the invention, the controller is configured such that during the start-up phase,
premixed gas having a first lambda-value is supplied to the burner surface and the supplied
premixed gas is ignited by the ignition source. Only after the supplied premixed gas having
the first lambda-value is ignited, will the controller control the lambda-value such that during
the operation phase premixed gas having a second lambda-value is supplied. According to
the invention, the first lambda-value is larger than the second lambda-value, and preferably
the first lambda value is at least 1.85. As such, the same advantages as associated with the

method according to the invention are achieved.

In an embodiment, the burner further comprises at least one channel obstruction element
for partially obstructing the combustible gas channel and/or the air channel. The controller
further is configured to control the at least one channel obstruction element to partially
obstruct the combustible gas channel during the start-up phase and/or partially obstruct the
air channel during the operation phase.

The channel obstruction element can be embodied in various ways, several of which will
be explained in more detail further below. By partially obstructing the combustible gas
channel or air channel, less combustible gas or air, respectively, will enter the mixing channel.
By obstructing the gas channel during the start-up phase and/or the air channel during the
operation phase, it can be achieved that the first lambda-value is larger than the second
lambda-value.

In general, the channel obstruction element preferably has at least a first position in which
it partially obstructs the combustible gas channel or the air channel by being arranged in said
respective channel. It further has a second position in which it either is not arranged in the
respective channel, or at least obstructs the respective channel less. Optionally, in the second
position or in an additional third position the channel obstruction element obstructs the

respective other channel.

In an embodiment, the at least one channel obstruction element has an actuated position

and a rest position, wherein the at least one channel obstruction element is configured to be
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in the actuated position during the operation phase and in the rest position during the start-up
phase.

Thus, the rest position of the channel obstruction element corresponds with the start-up
phase. A step of actively actuating the channel obstruction element is required to achieve to
lower second lambda-value. In the event of a malfunction wherein this actuating step cannot
be completed, the premixed gas during the operation phase will still have the first lambda-
value, which may lead to an unsatisfactory efficiency. However, failure will not affect the first
lambda-value during the start-up phase. The channel obstruction element is as such fail-safe.

Whether the rest position corresponds with the first or second position, depends on
whether the channel obstruction element is arranged in the combustible gas channel or in the
air channel.

In an embodiment the at least one channel obstruction element is configured to be
actuated by a pneumatic, hydraulic, magnetic or mechanical force to obstruct the combustible

gas channel and/or the air channel.

In an embodiment, the burner comprises a gas valve in addition to the at least one
channel obstruction element, wherein the gas valve is arranged in the combustible gas
channel, wherein said gas valve has a closed position wherein the combustible gas is
prevented from flowing through the combustible gas channel, and an open position wherein
the combustible gas is able to flow through the combustible gas channel. It should be noted
that in this embodiment the gas valve and the channel obstruction element are both present,
i.e. as separate components. The gas valve is arranged in the combustible gas channel, and
the channel obstruction element can be arranged in either the combustible gas channel or the
air channel. Optionally the controller is configured to control the gas valve.

This embodiment has the advantage that the combustible gas channel can be opened or
closed using the gas valve, independent of the channel obstruction element. The
functionalities are thus decoupled. In addition, it is possible to embody the gas valve with a
simpler or cheaper construction, e.g. as a pneumatic gas valve.

In some embodiments the gas valve may be a control valve, e.g. an electronically
actuated control valve, pneumatic actuated control valve, or hydraulic actuated control valve.
In other embodiments the gas valve a pneumatic gas valve, preferably being part of a master-
slave relation wherein the flow of air in the air channel is the master. For example, said
pneumatic gas valve may be biased to a closed position and be opened due to a pneumatic
force, wherein said force is dependent on the flow of air. The opening of the pneumatic gas
valve at a certain air flow may be determined by the design of the pneumatic gas valve. In this
system ratio of the combustible gas and the air is determined by the design of the pneumatic

gas valve.
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Optionally the pneumatic gas valve is designed with a negative offset, meaning that a
predetermined threshold of air flow or under pressure must be present before the pneumatic
gas valve can open. This avoids that there is an unwanted flow of combustible gas when
there is no air flow, which could otherwise e.g. be caused by the pneumatic gas valve
opening when there is an under pressure caused by other reasons, such as e.g. suction
forces further downstream. Such an unwanted flow of combustible gas could result in the

exhaust gases being flammable, which is not desired for safety reasons.

In an embodiment, the at least one channel obstruction element is a valve, e.g. an
electronically actuated control valve, pneumatic actuated control valve, or hydraulic actuated
control valve. This allows to accurately control the volume of combustible gas and/or air
supplied to the mixing channel, and as such the lambda value of the premixed gas.

In a further embodiment, the at least one of the at least one obstruction element
corresponds with the gas valve which is arranged in the combustible gas channel, wherein
said gas valve has a closed position wherein the combustible gas is prevented from flowing
through the combustible gas channel, and an open position wherein the combustible gas is

able to flow through the combustible gas channel.

In an embodiment, the burner further comprises at least one oxygen sensor configured to
measure a value representative of an oxygen content of a flue gas generated by the burner or
representative of an oxygen content of the premixed gas supplied to the burner surface. The
measured value may be representative of the lambda-value of the supplied premixed gas.

The controller may be configured to control the lambda-value based on the measured value.

In an embodiment, the burner further comprises at least one flame detector configured to
detect when the supplied premixed gas is ignited and/or burning, and generate a
corresponding flame signal, wherein preferably the controller is further configured to control
the premixed gas to have the second lambda-value after having received the flame signal
from the detector. If premixed gas having the second lambda-value is supplied when the
supplied premixed gas having the first lambda-value is not yet ignited, the premixed gases
having the first and second lambda-values will mix. This may result in a resulting gas with a
lambda-value which entails the risk of flame flashback. This risk is mitigated with the present
embodiment. In a further embodiment, the controller may be configured to stop supplying
premixed gas if the flame detector does not detect any ignition or burning of premixed gas

after a predetermined time, e.g. being 2, 5 or 10 seconds.

In an embodiment, the burner comprises a perforated metal plate for stabilizing flames

when the supplied premixed gas is burning. It is possible that said perforated metal plate
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corresponds with the burner surface, but it is also possible that said perforated metal plate is
arranged on the inside of the burner surface, in that case the perforated metal plate is
sometimes also referred to as distributor or pressure distributor. In an embodiment said
perforated metal plate is embodied according to one or more of the embodiments shown in
the following applications of the present applicant, said application being incorporated herein
by reference: W02011/069839, WO2009/077505, or WO02/44618.

In an embodiment, the burner comprises a second air channel having an air valve. The air
valve has a first position wherein air can be supplied to the premixed gas via the second air
channel at a first flow rate, and a second position wherein air can be supplied to the premixed
gas via the second air channel at a second flow rate. The second flow rate may either be
smaller or larger than the first flow rate, and optionally the second flow rate is nearly zero.
The controller is further configured to control the air valve to be in the first position during the
start-up phase, and in the second position during the operation phase. The air valve is
preferably biased to the first position.

In an embodiment, the burner comprises a second combustible gas channel having a
second combustible gas valve. The second combustible gas valve has a first position wherein
combustible gas can be supplied to the premixed gas via the second combustible gas
channel at a first flow rate, and a second position wherein combustible gas can be supplied to
the premixed gas via the second combustible gas channel at a second flow rate. The second
flow rate may either be smaller or larger than the first flow rate, and optionally the second flow
rate is zero. The controller is further configured to control the second combustible gas valve
to be in the second position during the start-up phase, and in the first position during the
operation phase. The second combustible gas valve is preferably biased to the second

position.

In an embodiment, the controller may further be configured modulate the burner between
the minimum load and the full load. To do this, the controller may e.g. control the fan, and/or

the gas valve, and/or one or more channel obstruction element.

In an embodiment, the burner may further comprise a combustion chamber, wherein e.g.
the ignition source, and/or the oxygen sensor, and/or the flame detector are arranged.
In an embodiment, the burner may further comprises the fan, and optionally the controller

is configured to control the fan.
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The invention further relates to a hydrogen gas fired heating appliance comprising a
burner according to the invention. The heating appliance may e.g. be used for household or

industrial applications, e.g. for a boiler.

The invention will now be described by way of example with reference to the figures
below, wherein the same reference numerals in different figures indicate the same
characteristics. It should be noted, however, that the figures are only an example wherein
several optional features are combined. The invention is not limited to what is shown in the

figures.

In the figures:
Fig. 1 illustrates a burner according to first embodiment of the invention;
Fig. 2 illustrates an example of the lambda-value in function of time;
Fig. 3 illustrates a few factors that in optional embodiments can be taken into account
when deciding the first and/or second lambda-value;
Fig. 4 shows a second embodiment of the burner according to the invention;

Fig. 5 shows a third embodiment of the burner according to the invention.

Fig. 1 schematically illustrates a burner 100 first embodiment of the invention. The burner
100 preferably is a surface stabilized fully premixed gas premix burner, which can be
modulated between a minimum load and a full load. The burner 100 comprises a burner
surface 123, to which premixed gas is supplied by a premixed gas supply circuit. In the shown
example, the burner surface 123 comprises perforations through which the premixed gas
flows into a combustion chamber 130. The combustion chamber 130 may e.g. be part of
heating appliance, wherein in particular water is heated. An ignition source 124 is further
provided for igniting the supplied premixed gas. In the shown embodiment the burner surface
123 is schematically depicted as being round. However, in practice the burner surface 123
can have any suitable shape, e.g. round, curved or flat. The shape of the burner surface 123

may be dependent on the shape of the combustion chamber 130, and/or vice versa.

The premixed gas comprises combustible gas and air. Therefore, the premixed gas
supply circuit comprises a combustible gas channel 111, which is connected to a combustible
gas supply 114. The combustible gas supply 114 in the shown example is a tank, but other
options include a distribution network similar as to what is known for the distribution of
traditional hydrocarbon gasses such as methane in municipal or industrial areas. In the
context of the present invention, the combustible gas comprises at least 50% by volume of

hydrogen, in some embodiments at least 80%, at least 95% or at least 98%.
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In the combustible gas channel 111 a gas valve 112 is provided, with which the quantity
of combustible gas that flows through the combustible gas channel 111 can be regulated. In
the shown example, the gas valve 112 is an electronically actuated control valve, controlled
by an electronic actuator 113. However, it is also known to design the gas valve 112 such that
it opens based on pneumatic forces. For example, the gas valve 112 may be biased to a
closed position by a spring force, but automatically open to let the desired quantity of
combustible gas through when an under pressure downstream of the gas valve 112 is
created by a flow of air.

In order to be able to ignite the combustible gas, oxygen is required. In the present
invention, air is used for supplying said oxygen. The premixed gas supply circuit therefore
comprises an air channel 101 for providing air. Preferably, a fan 102 is provided for providing
the air to flow. Although in the shown example the fan 102 is provided upstream of the
location where the air channel 101 and the combustible gas channel 111 meet, in some
embodiments the fan 102 may be arranged downstream of said location. It is also possible to
arrange multiple fans, optionally on multiple locations. The air channel 101 is further upstream
connected to an air supply (not shown). Usually, the air supply simply is the environmental
air. For example, the air channel 101 may connected to the outside air, e.g. through a hole in
a wall, and the fan 102 provides a suction force for sucking the air into the air channel 101.

Fig. 1 further shows that optionally the air channel 101 comprises a narrower portion 121,
i.e. being narrower than the more upstream part of the air channel 101. The flow speed of the
air increases in the narrower portion, and therefore the pressure reduces, as follows from
Bernoulli's principle. The combustible gas channel 111 is connected to this narrower portion
121. Because of the reduced pressure of the air, a venture effect is created, since a suction
force on the combustible gas is provided, resulting in improved mixing of the combustible gas
and the air.

The premixed gas supply circuit further comprises a mixing channel 122. In the mixing
channel 122 the air supplied by the air channel 101 and combustible gas supplied by the
combustible gas channel 111 into a premixed gas to be supplied to the burner surface 123.
Based on the composition of the combustible gas, a certain quantity of oxygen is required for
complete combustion of the combustible gas. Based on the composition of the air, the
quantity of required air can be derived from the quantity of required oxygen. Since in practice,
the quantity of air will differ from this, a lambda-value is defined as a ratio between an actually
supplied quantity of air and the quantity of air required for stoichiometric combustion of the
premixed gas.

Usually the burner 100 is started following the following procedure. First, the fan 102 is
started such that air flows through the air channel 101. Then, the ignition source 124 is

started, but since there is no combustible gas yet, there will not be any combustion.
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Thereafter, the gas valve 112 is opened such that combustible gas can flow in the
combustible gas channel 111. The combustible gas and air are mixed in the mixing channel
122 and through perforations of the burner surface 123 the premixed gas enters the
combustion chamber 130. The ignition source 124, which is still activated, ignites the supplied
premixed gas, and a combustion and flame are present in the combustion chamber 130.

If there is a malfunction or failure, however, for example of the ignition source 124, there
may not be an immediate combustion of the supplied premixed gas. Consequently, premixed
gas comprising the combustible gas will accumulate in the combustion chamber 130. The
same will occur during a delayed ignition test. Test have shown that in case the combustible
gas comprises a substantial quantity of hydrogen, several problems can occur if the
accumulated premixed gas then after a certain amount of time is ignited. These problems can
lead to undesired damage and/ danger. For example, a flame flashback can occur, i.e. the
flame can propagate back through the burner surface 123. It can also happen that an
explosion occurs in the combustion chamber 130.

The present invention provides a solution by providing an additional excess of air during a
start-up phase in comparison to an operation phase. An example of the lambda-value in
function of time is shown in fig. 2. As can be seen, the lambda-value is at 4 between the first
and sixth second. Note that initially only the fan is started to provide air, and after 1 second
combustible gas is added. After the eighth second, the lambda-value in the shown example is
at approximately 1.3, although the exact lambda-value may be dependent on the load. Test
have shown that the increased lambda-value during the start-up phase decreases the
problems above. Note further that the load during the start-up phase may be different than the
load in operation phase. During the transition from the start-up phase to the operation phase,
which in fig. 2 corresponds with the time period 6-8 seconds, the fan may also be adapted to

provide a different flow.

With reference to fig. 1, an embodiment of the implementation of the invention will further
be elaborated. The burner 100 comprises a controller 150. The controller 150 is configured to
control the lambda-value of the supplied premixed gas. In the shown example, the controller
150 does this by controlling the gas valve 112. In particular, the controller 150 has an output
terminal 150.1 for sending a control signal 151 to an input terminal 113.1 of the actuator 113
of gas valve 112. By controlling the position of the gas valve 112, the quantity of combustible
gas that enters the mixing channel 122 is controlled, and as such the ratio air to combustible
gas and the lambda-value. It should be noted, however, that several other possibilities can be
applied as alternative or in combination of the electronically actuated control gas valve 112,

some of which are elaborated herein.
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In accordance with the invention, the controller 150 is configured to supply premixed gas
having first lambda-value during a start-up phase of the burner 100. The period before the
ignition source 124 ignites the supplied premixed gas having the first lambda-value, is part of
the start-up phase. Also the ignition itself is during the start-up phase. The controller 150 is
further configured to supply premixed gas having a second lambda-value during an operation
phase of the burner. The operation phase commences after the ignition source 124 has
ignited the supplied premixed gas having the first lambda-value. According to the invention,
the first lambda-value is larger than the second lambda-value.

In case of a failure or during a delayed ignition test, the premixed gas having the first
lambda-value may accumulate in the combustion chamber 130, until it is ignited. Because the
premixed gas that is initially ignited has the lower, first lambda-value, the flame speed is
reduced. The risks of flame flashback and explosion are as such reduced.

Preferably, the first lambda-value is at least 1.85. It has been found that this is a practical

lower limit with which satisfactory results can be achieved.

The burner 100 preferably comprises at least one channel obstruction element 112, which
in the example shown in fig. 1 is embodied as the gas valve 112. The channel obstruction
element 112 in this embodiment is arranged such that it can partially obstruct the combustible
gas channel 111. The controller 150 can control the channel obstruction element 112 by
outputting a control signal 151 via output terminal 150.1 to input terminal 113.1 of actuator
113. During the start-up phase, the controller 150 controls the channel obstruction element
112 such that the combustible gas channel 111 is partially obstructed. As such, less
combustible gas is supplied to the premixed gas, resulting in the first lambda value being
larger.

Preferably, the channel obstruction element 112 is in a rest position during the start-up
phase. So, the gas valve 112 may be biased to be partially closed, for example by means of
one or more springs. By providing a force with the actuator 113, the gas valve 112 can be
further opened to an actuated position during the operation phase, such that more
combustible gas is supplied to the premixed gas. However, in case there is a failure, e.g. in
the controller 150 or actuator 113, the gas valve 112 will remain in the rest position even
during the operation phase, and the premixed gas in the operation phase will have the first
lambda-value. Although this may lead to an inefficient combustion, safety is guaranteed,
because it is avoided that during such failures the lambda-value during the start-up phase is

too low.

There are several possible ways to implement when the transition from the start-up phase

to the operation phase can be done. Preferably, the start-up phase lasts at least 1 second,
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preferably at least 2 seconds, and even more preferably at least 3 seconds, e.g. between 3-6
seconds. In some embodiments, the controller 150 can be configured to automatically switch
to the operation phase after a predetermined amount of time.

Fig. 1 shows that an optional flame detector 131 is provided in the combustion chamber
130. The flame detector 131 is configured to generate a flame signal 153 when it detects a
flame in the combustion chamber 130, which indicates that that the supplied premixed gas is
ignited and/or burning. The flame detector 131 may be embodied according to any of the
know suitable principles for flame detection. The flame signal 153 is outputted to the
controller 150 via output terminal 131.1 and input terminal 150.3. The controller 150 can use
the information provided by the flame signal 153 in several ways. For example, the controller
150 can be configured to only actuate the gas valve 112 to the actuated position after a flame
is detected, thereby avoiding that premixed gas with the second lambda-value reaches the
combustion chamber 130 before the already present premixed gas is ignited. This can be
done as an alternative or in addition to waiting the predetermined amount of time as
explained above. It is also possible that the controller 150 is able to control the ignition source
124, as e.g. indicated in fig. 1 wherein a control signal 152 can be send via output terminal
150.2 and input terminal 124.1. In that case, the controller 150 can be configured to stop the
ignition source 124 from igniting the premixed gas if no flame has been detected by the flame
detector 131 after a certain amount of time. This would avoid dangerous situations when a
substantial quantity of premixed gas has accumulated in the combustion chamber 130 without
being ignited. It is noted that some standards prescribe this as a mandatory measure. On the
other hand, by controlling the ignition source 124, it is also possible to ensure that the
supplied premixed gas in the combustion chamber 130 only is ignited, when said premixed

gas has a satisfactory lambda-value.

Fig. 3 illustrates a few factors that in optional embodiments can be taken into account
when deciding the first and/or second lambda-value. These factors can be taken into account
separately or in combination of each other. On the horizontal axis of fig. 3, the load of the
burner is expressed, and on the vertical axis the lambda-value is expressed. Each of the lines
in the graph represent a different factor, which will be explained below. For each line, an
arrow is provided indicating on which side of the respective line the lambda-value preferably
should be.

The burner is configured to be modulate between a minimum and a full load. For
example, for household heating appliances the full load may be 24 kW. Whereas traditionally
the modulation ratio, i.e. the ratio of the full load over the minimum load, was around 4:1 —

5:1, recently modulation ratios of up to 10:1 have been proposed. In fig. 3, line 3.6 illustrates
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the lower limit of 20% when the modulation ratio is 5:1, and line 3.7 shows the lower limit of
10% when the modulation ratio is 10:1.

The second lambda-value is normally in the range of 1.05-1.3, in particular at high or full
load. A small excess of air is provided to avoid incomplete combustion in cases where the air
and combustible gas are not sufficiently mixed, or the composition of the air and/or
combustible gas deviate. Line 3.8 in fig. 3 illustrates an example of the second lambda-value
in function of the load. It has been found that when the combustible gas comprises a
significant quantity of hydrogen, it may be optimal to adapt the lambda-value based on the
load during the operation phase, thus e.g. the second lambda-value. As explained in
European patent application with application number 18162278, the lambda-value at the
minimum load may be at least 20% higher than at full load, and optionally at average load the
lambda-value may be less than 10% higher than at full load. In general, the burner will be
started on a load within the modulation range. In accordance with the invention, the first
lambda-value at any given load is higher than the second lambda-value at said load, when
the burner is started at said load. This is indicated by line 3.10 in fig. 3, which corresponds to
line 3.8 multiplied by 1.5. In some embodiments, however, the burner may be started at a
load that is below the minimum load, although this is limited by a reduced minimum load,
since below that minimum load it may not be able to determine the flame or whether the
burner is on or off within an acceptable time.

Preferably the first lambda-value is below a blow-off value. The blow-off value is the
lambda-value at which there is so little combustible gas relative to air in the premixed gas,
that any flame at the burner surface is blown out by the premixed gas, because there is not
sufficient combustible gas to keep the flame burning.

Preferably, the first lambda-value is such that the concentration of combustible gas in the
premixed gas is below an upper flammability limit, also referred to as UFL, indicated in fig. 3
by line 3.2. Preferably, the first lambda-value is such that the concentration of combustible
gas in the premixed gas is above a lower flammability limit, also referred to as LFL, indicated
in fig. 3 by line 3.1. Otherwise, it may not be possible to ignite the premixed gas, since the
premixed gas is too rich or too lean, respectively. It should be noted that the concentration of
combustible gas in the premixed gas being above a certain threshold, corresponds with the
lambda-value being below a lambda-value corresponding with said threshold. It should further
be noted that the upper and lower flammability limit is determined by the composition of the
combustible gas, but also dependent on factors such as temperature and pressure.

In practice, the first lambda-value may also be limited by the fan, in particular in
embodiments where the lambda-value is adjusted by partially obstructing the air channel. The
maximal capacity or power of the fan determines the maximal quantity of air that can flow

through the air channel, which with a given quantity of supplied combustible gas determines
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the lambda-value of the premixed gas. Of course, in theory it is possible to provide a larger
fan, but in practice this may not be desirable because of cost considerations. Therefore, the
first lambda-value preferably corresponds with a quantity of air that is lower than a quantity of
air provided by the fan, when said fan is on full load. This is indicated in fig. 3 by line 3.3. ltis
noted that the quantity of combustible gas may also be determined by the fan, in particular
when the fan is arranged downstream of the location where the combustible gas channel and
the air channel meet.

Preferably, the first lambda-value is such that the concentration of combustible gas in the
premixed gas is below a lower explosion limit, also referred to as LEL, meaning that the first
lambda-value should be above a lambda-value corresponding with the LEL, indicated in fig. 3
by line 3.4. It may be preferable to control the first lambda-value to differ more than a
predetermined safety margin from the lower explosion limit, e.g. the safety margin being a
factor 1.2 or 1.5, indicated in fig. 3 by line 3.5. This ensures safety start-up, even when the
actual composition of the air or combustible gas differs from expectation.

Preferably, the first lambda-value is below lower temperature value, indicated in fig. 3 by
line 3.9. In this context the lower temperature value is defined as the value which causes the
flame of ignited premixed gas to be at such a low temperature that it extinguishes. In case the
combustible gas comprises exclusively hydrogen, said temperature is approximately 571
degrees Celsius.

As can be seen in fig. 3, when following all of the above optional limitations, an ideal
range for the first lambda-value becomes apparent, which is indicated by reference numeral
3.50 in fig. 3. This can be used to determine optimal first lambda-value, based on the
composition of the combustible gas and the air, as well as environmental conditions such as
temperature and pressure. Depending on how many of the above factors are taken into
account, this range can be determined with more precision. However, in some cases
estimates or standard values may be used for one or more of the factors.

In practice, however, it may be cumbersome to determine the first and second lambda-
value by determining all of the lines shown in fig. 3. Out of tests and simulations, the applicant
has found that in general the following rules of thumb give satisfactory results. The first
lambda-value is at least 1.85, preferably at least 1.9, preferably larger than 2, e.g. between 2
and 5, preferably larger than 3, e.g. between 3 and 5, more preferably larger than 4, e.g.
between 4 and 5. The second lambda-value can be taken between 1 and 2, preferably
between 1.05 and 1.5, more preferably between 1.05 and 1.3. In general, the first lambda-
value is preferably at least 1.5 times as large as the second lambda-value, preferably at least

2 times as large, e.g. at least 3 times as large.
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Fig. 4 shows a second embodiment of the burner 300 according to the invention. The
burner 300 shown in fig. 4 differs from the burner 100 shown in fig. 1 in the channel
obstruction element and the gas valve. In fig. 4, the channel obstruction element 312 is not
the same element as the gas valve 212, on the contrary, the channel obstruction element 312
is present in addition to the gas valve 212. In addition, in the shown embodiment the gas
valve 212 is not an electronically actuated control valve, but it is a mechanism that opens
based on the pneumatic force balance upstream and downstream of the valve 212; however,
this is not a requirement for the embodiment of the channel obstruction element 312 as
shown in fig. 4.

The channel obstruction element 312 is configured to be arranged in the combustible gas
channel 111 in a rest position, as is shown in fig. 4. In a non-shown actuated position, the
channel obstruction element 312 is not in the combustible gas channel 111, or at least the
channel obstruction element 312 is obstructing the combustible gas channel 111 less in
comparison to the rest position. An actuator 313 is provided to move the channel obstruction
element 312 from the rest position into the actuated position. The channel obstruction
element 312 is preferably biased into the rest positon, such that reverse movement back into
the rest position can be done making use thereof, e.g. including spring forces or gravity
forces. The actuator 312 can be configured to move the channel obstruction element 312
based on pneumatic, hydraulic, mechanical, and/or magnetic forces. The controller 150 is
configured to control the actuator 313 with control signal 351 via output terminal 150.1 and
input terminal 313.1. The controller 150 is configured to arrange the channel obstruction
element 412 in the rest position during the start-up phase, and in the actuated position during
the operation phase. The channel obstruction element 312 itself can take any suitable shape

and form.

Fig. 5 shows a third embodiment of the burner 400 according to the invention. The burner
400 shown in fig. 5 differs from the burner 100 shown in fig. 1 in the channel obstruction
element and the valve. In fig. 5, the channel obstruction element 412 is not the same element
as the valve 212. In addition, in the shown embodiment the valve 212 is not an electronically
actuated control valve, but it is a mechanism that opens based on the pneumatic force
balance upstream and downstream of the valve 212; however, this is not a requirement for
the embodiment of the channel obstruction element 412 as shown in fig. 5.

The channel obstruction element 412 is configured to be arranged in the air channel 101
in an actuated position, as is shown in fig. 5. In a non-shown rest position, the channel
obstruction element 412 is not in the air channel 101, or at least the channel obstruction
element 412 is obstructing the air channel 101 less in comparison to the actuated position. An

actuator 413 is provided to move the channel obstruction element 412 from the rest position
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into the actuated position. The channel obstruction element 412 is preferably biased into the
rest positon, such that reverse movement back into the rest position can be done making use
thereof, e.g. including spring forces or gravity forces. The actuator 412 can be configured to
move the channel obstruction element 412 based on pneumatic, hydraulic, mechanical,
and/or magnetic forces. The controller 150 is configured to control the actuator 413 with
control signal 451 via output terminal 150.1 and input terminal 413.1. The controller 150 is
configured to arrange the channel obstruction element 412 in the rest position during the
start-up phase, and in the actuated position during the operation phase. The channel
obstruction element 412 itself can take any suitable shape and form.

In this embodiment, differently from the embodiments shown in fig. 1 and fig. 3, the
quantity of air is reduced during the operation phase rather than reducing the quantity of
combustible gas during the start-up phase.

In a non-shown embodiment, the channel obstruction element 412 is configured to be
arranged in narrower portion 121. Since narrower portion 212 is even narrower in that case,
the speed increased further and the pressure reduces further, and more combustible gas will

be sucked in by the reduced pressure.

Although shown herein as separate embodiments, it is noted that is possible to combine
one or more of the embodiment of fig. 1, i.e. the gas valve 112 functioning as channel
obstruction element 112; the embodiment of fig. 4, i.e. the channel obstruction element 312
arranged in the combustible gas channel 111; and the embodiment of fig. 5, i.e. the channel

obstruction element 111 arranged in the air channel 101.

As required, this document describes detailed embodiments of the present invention.
However it must be understood that the disclosed embodiments serve exclusively as
examples, and that the invention may also be implemented in other forms. Therefore specific
constructional aspects which are disclosed herein should not be regarded as restrictive for
the invention, but merely as a basis for the claims and as a basis for rendering the invention
implementable by the average skilled person.

Furthermore, the various terms used in the description should not be interpreted as
restrictive but rather as a comprehensive explanation of the invention.

The word "a" used herein means one or more than one, unless specified otherwise. The
phrase "a plurality of' means two or more than two. The words "comprising" and "having" are
constitute open language and do not exclude the presence of more elements.

Reference figures in the claims should not be interpreted as restrictive of the invention.

Particular embodiments need not achieve all objects described.
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The mere fact that certain technical measures are specified in different dependent claims
still allows the possibility that a combination of these technical measures may advantageously

be applied.
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CONCLUSIES

Werkwijze voor het starten van een brander waarbij een voorgemengd gas dat een
brandbaar gas en lucht omvat wordt toegevoerd aan een branderoppervlak van de
brander, waarbij

+ het brandbare gas ten minste 50 vol.% waterstof omvat,

* een lambda-waarde is gedefinieerd als een verhouding tussen een
werkelijk toegevoerde hoeveelheid lucht en de hoeveelheid lucht die nodig
is voor stoichiometrische verbranding van het voorgemengde gas,

* de brander een aan de oppervlakte gestabiliseerde volledig voorgemengde
gasvoormengbrander is,

¢ de brander is geconfigureerd om te worden gemoduleerd tussen een
minimale belasting en een volledige belasting,

waarbij de werkwijze de volgende stappen omvat:

¢ tijdens een opstartfase: het toevoeren van voorgemengd gas met een
eerste lambda-waarde naar het branderopperviak, waarbij de eerste
lambda-waarde ten minste 1,85 is, en het ontsteken van het toegevoerd
voorgemengd gas met de eerste lambda-waarde gebruik makend van een
ontstekingsbron,

* tijdens een bedrijfsfase nadat het voorgemengd gas is ontstoken: het
toevoeren van voorgemengd gas met een tweede lambda-waarde naar het
branderoppervlak, waarbij de eerste lambda-waarde groter is dan de

tweede lambda-waarde.

Werkwijze volgens conclusie 1, waarbij de brander een voorgemengd-gas-
toevoercircuit omvat, omvattende
¢ een luchtkanaal voor het toevoeren van lucht,
* een brandbaar-gas-kanaal voor het toevoeren van brandbaar gas,
¢ een mengkanaal voor het mengen van lucht toegevoerd door het
luchtkanaal en brandbaar gas toegevoerd door het brandbaar-gas-kanaal
tot het voorgemengd gas om toe te voeren naar het branderopperviak, en
¢ ten minste een kanaalobstructie-element voor het gedeeltelijk versperren
van het brandbaar-gas-kanaal en/of het luchtkanaal,
waarbij de werkwijze verder de volgende stappen omvat:
+ tijdens de opstartfase: het gedeeltelijk versperren van het brandbaar-gas-

kanaal met het ten minste een kanaalobstructie-element, zodat minder
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brandbaar gas wordt toegevoerd aan het mengkanaal tijdens de
opstartfase ten opzichte tot de bedrijfsfase, en/of

¢ tijdens de bedrijfsfase: het gedeeltelijk versperren van het luchtkanaal met
het ten minste een kanaalobstructie-element, zodat meer lucht wordt
toegevoerd aan het mengkanaal tijdens de opstartfase ten opzichte tot de

bedrijfsfase.

Werkwijze volgens conclusie 2, waarbij het ten minste een kanaalobstructie-
element in een rustpositie is aangebracht tijdens de opstartfase, waarbij de
werkwijze verder de stap omvat van het actueren van het kanaalobstructie-
element om kanaalobstructie-element in een geactueerde positie te brengen

tijdens de bedrijfsfase.

Werkwijze volgens een van de voorgaande conclusies, waarbij de eerste lambda-
waarde groter is dan 2, b.v. tussen 2-6, bij voorkeur groter dan 3, b.v. tussen 3-5,

met meer voorkeur groter dan 4, b.v. tussen 4-5.

Werkwijze volgens een van de voorgaande conclusies, waarbij de tweede lambda-
waarde tussen 1-2 is, bij voorkeur tussen 1,05-1,5, met meer voorkeur tussen
1,05-1,3.

Werkwijze volgens een van de voorgaande conclusies, waarbij de eerste lambda-
waarde ten minste 1,5 keer zo groot is als de tweede lambda-waarde, bij voorkeur

ten minste 2 keer zo groot, b.v. ten minste 3 keer zo groot.

Werkwijze volgens een van de voorgaande conclusies, waarbij het brandbaar gas
ten minste 75 vol.% waterstof omvat, bij voorkeur ten minste 80 vol.% waterstof,

met meer voorkeur ten minste 95 vol.% of ten minste 98 vol.% waterstof .

Werkwijze volgens een of meer van de voorgaande conclusies, waarbij de
opstartfase ten minste 1 seconde duurt, bij voorkeur ten minste 2 seconden, met

meer voorkeur ten minste 3 seconden, b.v. 3-6 seconden.

Brander geconfigureerd voor het uitvoeren van de werkwijze volgens een van de
conclusies 1-8, waarbij de brander een aan de opperviakte gestabiliseerde volledig

voorgemengde gasvoormengbrander is.

Brander voor het verbranden van een brandbaar gas dat ten minste 50 vol.%
waterstof omvat, waarbij de brander een aan de opperviakte gestabiliseerde

volledig voorgemengde gasvoormengbrander is, en waarbij de brander is
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geconfigureerd om te worden gemoduleerd tussen een minimale belasting en een

volledige belasting,

waarbij de brander omvat:

e een branderoppervlak,

s een voorgemengd-gas-toevoercircuit, omvattende

een luchtkanaal voor het toevoeren van lucht,

een brandbaar-gas-kanaal voor het toevoeren van brandbaar gas,
een mengkanaal voor het mengen van lucht toegevoerd door het
luchtkanaal en brandbaar gas toegevoerd door het brandbaar-gas-
kanaal tot het voorgemengd gas om toe te voeren naar het
branderoppervlak, waarbij een lambda-waarde is gedefinieerd als
een verhouding tussen een werkelijk toegevoerde hoeveelheid lucht
en de hoeveelheid lucht die nodig is voor stoichiometrische

verbranding van het voorgemengde gas,

s een ontstekingsbron voor het ontsteken van het voorgemengd gas dat is

toegevoerd naar het branderoppervlak,

s een controller geconfigureerd om de lambda-waarde van het toegevoerde

voorgemengd gas het besturen door het besturen van de hoeveelheid lucht

toegevoegd via het luchtkanaal en/of de hoeveelheid brandbaar gas

toegevoerd door brandbaar-gas-kanaal, waarbij de controller is

geconfigureerd om

voorgemengd gas toe te voeren met een eerste lambda-waarde
tijdens een opstartfase van de brander waarbij de ontstekingsbron
geconfigureerd is om het toegevoerd voorgemengd gas met de
eerste lambda-waarde te ontsteken, waarbij de eerste lambda-
waarde ten minste 1,85 is, en

voorgemengd gas toe te voeren met een tweede lambda-waarde
tijdens een bedrijfsfase van de brander nadat de ontstekingsbron
geconfigureerd is om het toegevoerd voorgemengd gas met de
eerste lambda-waarde te ontsteken, waarbij de eerste lambda-

waarde groter is dan de tweede lamhda-waarde.

11. Brander volgens conclusie 10, verder omvattende ten minste een

kanaalobstructie-element voor het gedeeltelijk versperren van het brandbaar-gas-

kanaal en/of het luchtkanaal, waarbij de controller verder geconfigureerd is om het

ten minste een kanaalobstructie-element te besturen om het brandbaar-gas-
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kanaal gedeeltelijk te versperren tijdens de opstartfase en/of om het luchtkanaal

gedeeltelijk te versperren tijdens de bedrijfsfase.

Brander volgens conclusie 11, waarbij het ten minste een kanaalobstructie-
element een geactueerde positie en een rustpositie heeft, waarbij het ten minste
een kanaalobstructie-element is geconfigureerd om in de geactueerde positie te

zijn tijdens de bedrijfsfase en in de rustpositie tijdens de opstartfase.

Brander volgens een of meer van de conclusies 11-12, waarbij de brander een
gasklep omvat in aanvulling op het ten minste een kanaalobstructie-element,
waarbij de gasklep is aangebracht in het brandbaar-gas-kanaal, waarbij de
gasklep een gesloten positie heeft waarin het brandbaar gas weerhouden is van
het stromen door het brandbaar-gas-kanaal en een open positie waarin het

brandbaar gas door het brandbaar-gas-kanaal kan stromen.

Brander volgens een of meer van de conclusies 11-12, waarbij het

kanaalobstructie-element een klep is, bijv. een elektronisch bediende regelklep.

Brander volgens een of meer van de conclusies 10-14, verder omvattende ten
minste een zuurstofsensor geconfigureerd om een waarde te meten die
representatief is voor een zuurstofgehalte van een door de brander gegenereerd
rookgas of representatief is voor een zuurstofgehalte van het voorgemengde gas

toegevoerd aan het branderopperviak.

Brander volgens een of meer van de conclusies 10-15, verder omvattende ten
minste een vlamdetector die is geconfigureerd om te detecteren wanneer het

toegevoerde voorgemengde gas is ontstoken en/of aan het branden is, en een
overeenkomstig vlamsignaal te genereren, waarbij bij voorkeur de controller verder
is geconfigureerd om het voorgemengde gas te besturen om de tweede lambda-

waarde te hebben na het vlamsignaal van de vlamdetector te hebben ontvangen.

Brander volgens een of meer van de conclusies 10-16, waarbij de brander een
geperforeerde metalen plaat omvat voor het stabiliseren van vlammen wanneer

het toegevoerd voorgemengd gas aan het branden is.

Waterstofgasgestookt verwarmingstoestel omvattende een brander volgens een of

meer van de conclusies 10-17.
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Box No. | Basis of the opinion
Box No. Il Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the application
Box No. VIII  Certain observations on the application
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Application number

WRITTEN OPINION NL2024101

Box No.| Basis of this opinion

. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
[1 table(s) related to the sequence listing
b. format of material:
O on paper
O in electronic form
c. time of filingfurnishing:
L1 contained in the application as filed.
O filed together with the application in electronic form.

1 furnished subsequently for the purposes of search.

. O In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V  Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

. Statement

Novelty Yes: Claims 1-8, 10-18
No: Claims 9

Inventive step Yes: Claims 10-18
No: Claims 1-9

Industrial applicability Yes: Claims 1-18

No: Claims

. Citations and explanations

see separate sheet

NL237B (July 2006)
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 VAN DER DRIFT A ET AL: "Low-NO"x hydrogen burner",
INTERNATIONAL JOURNAL OF HYDROGEN ENERGY, ELSEVIER
SCIENCE PUBLISHERS B.V., BARKING, GB,
deel 21, nr. 6, 1 juni 1996 (1996-06-01), bladzijden 445-449, XP004174971,
ISSN: 0360-3199, DOI: 10.1016/0360-3199(95)00105-0

D2 DE 197 44 008 A1 (VAILLANT JOH GMBH & CO [DE]) 2 april 1998
(1998-04-02)

1 Lack of Inventive Step Independent Claim 1

1.1 The present application does not meet the criteria of patentability, because the
subject-matter of claim 1 does not involve an inventive step.

1.2 D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses a werkwijze voor het starten van een brander, namely:

Werkwijze voor het starten van een brander (D1, page 447, right column
discloses a burner operation at certain air factors and thereby implictly a method
of operation and hence burner start up) waarbij een voorgemengd gas dat een
brandbaar gas en lucht omvat wordt toegevoerd (page 447, left column, lines
33-36) aan een branderoppervlak van de brander (page 447, left column, lines
33-36: "blue flame mode"), waarbij

* het brandbare gas ten minste 50 vol.% waterstof omvat (page 447, right
column: "up to 70% hydrogen"),

» een lambda-waarde is gedefinieerd als een verhouding tussen een werkelijk
toegevoerde hoeveelheid lucht en de hoeveelheid lucht die nodig is voor
stoichiometrische verbranding van het voorgemengde gas (page 447, right
column: "air factor" = lambda),

» de brander een aan de oppervlakie gestabiliseerde volledig voorgemengde
gasvoormengbrander is (see above: "blue flame at porous ceramic material
surface"),

» de brander is geconfigureerd om te worden gemoduleerd tussen een minimale
belasting en een volledige belasting (page 447, right column: power

densities ...), waarbij de werkwijze de volgende stappen omvat:

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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1.3

1.4

1.5

1.5.1

1.5.2

1.5.3

1.5.4

1.5.5

» tijldens een bedrijfsfase nadat het voorgemengd gas is ontstoken: het
toevoeren van voorgemengd gas met een tweede lambda-waarde naar het
branderoppervlak (page 447, right column: air factor range between 0,6 and
1,6).

The subject-matter of claim 1 therefore differs from this known werkwijze in that
tijdens een opstartfase: het toevoeren van voorgemengd gas met een eerste
lambda-waarde naar het branderoppervlak, waarbij de eerste lambda-waarde
ten minste 1,85 is, en het ontsteken van het toegevoerd voorgemengd gas met
de eerste lambda-waarde gebruik makend van een ontstekingsbron,

waarbij de eerste lambda-waarde groter is dan de tweede lambda-waarde

and is therefore new.

The problem to be solved by the present invention may therefore be regarded
as how to start up the burner of D1.

The solution proposed in claim 1 of the present application cannot be
considered as involving an inventive step for the following reasons:

The use of "een ontstekingsbron" is common and well known for the skilled
man.

Executing an "opstartfase" is commonly done and well known for the skilled
man; a premix is fed to the burner during the starting phase in an obvious
manner, simply because D1 discloses a premix burner

The skilled person - solving the problem - would find D2, because it specifically
deals with starting up a premix burner.

He would therefore also readily consider the application of its technical
teaching.

D2 discloses a premix burner with a burner deck running on gaseous fuel and
combustion air(see figures 1, 2).

D2 (column 2, liens 25 to 65 in combination with figures 1, 3) teaches to start
the air blower first and then open the gas valve. As soon as an ignitable mixture
is detected, i.e. at the highest possible lambda value, ignition takes place.
Running on 70% hydrogen fuel (which is disclosed in D1), the ignitable mixture
is certainly established at a point equivalent to lambda above 1,85.

Solving the problem, the skilled man would apply the technical teaching on D2
in an obvious manner to the werkwijze disclosed in D1, thereby arriving at the
werkwijze defined in claim 1.

Hence, the subject-matter of claim 1 lacks an inventive step.

Novelty Independent Claim 9

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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2.1.1

3.2

3.3

3.4
3.5
3.6

3.7

4.2

The burner of D1 (having a burner deck and running on 70% hydrogen) is
considered suitable to be operated according to claim 1 (see above reasoning).
Hence, the subject-matter of claim 9 is not new over D1. s

Dependent Claims 2 to 8

Dependent claims 2 to 8 do not contain any features which, in combination with
the features of any claim to which they refer, meet the requirements of inventive
step over D1 in combination with D2 and the general knowledge of the skilled
person.

Claims 2, 3: separate (for air and gaseous fuel) conduits and valves are
commonly used in the field of burner premix control.

Claims 4: the additional feature is disclosed in D2 (ignition as early / lean as
possible).

Claim 5: the additional feature is disclosed in D1 (air factor 0,6 ...1,6)
Claim 6: see 3.3 and 3.4

Claim 7: the additional feature is disclosed in D1, see "H-burner" (page 448,
right column, lines 1-15)

In claim 8 an operational parameter is defined which comes within the scope of
the customary practice followed by persons skilled in the art, especially as the
advantages thus achieved can readily be foreseen.

Consequently, the subject-matter of claim 8 also lacks an inventive step.

Independent Claim 10

D1 is regarded as being the prior art closest to the subject-matter of claim 10,
and discloses a brander voor het verbranden van een brandbar gas dat ten
minste 50 vol.% waterstof omvat (see above).

The subject-matter of claim 10 differs from this known premix burner in that

* een ontstekingsbron voor het ontsteken van het voorgemengd gas dat is
toegevoerd naar het branderoppervlak is persent,

» een controller geconfigureerd om de lambda-waarde van het toegevoerde
voorgemengd gas het besturen door het besturen van de hoeveelheid lucht
toegevoegd via het luchtkanaal en/of de hoeveelheid brandbaar gas toegevoerd
door brandbaar-gas-kanaal, waarbij de controller is geconfigureerd om

i. voorgemengd gas toe te voeren met een eerste lambda-waarde tijdens een
opstartfase van de brander waarbij de ontstekingsbron geconfigureerd is om het
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4.3

4.4

4.4.1

4.4.2

toegevoerd voorgemengd gas met de eerste lambda-waarde te ontsteken,
waarbij de eerste lambda-waarde ten minste 1,85 is,
and is therefore new.

The problem to be solved by the present invention may be regarded as how to
start up the burner.

The solution to this problem proposed in claim 10 of the present application is
considered as involving an inventive step for the following reasons:

Although D2 discloses to start / ignite a burner at highest possible lambda
values, D2 discloses to ignite the burner in a transitory phase which is rapidly
vanished, whereas the invention aims at arriving at a specific lambda value and
to control the premix at this lambda tidens een opstartfase, hence for an
extended period of time called "start up phase".

Consequently, the teachings of the invention and D2 differ. There is no pointer
to start up at a specific lambda controlled at during the (entire) start phase.
Hence, the solution defined in claim 10 involves an inventive step.

Dependent Claims 11 to 18

Claims 11-18 are dependent on claim 10 and as such also meet the
requirements of novelty and inventive step.
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