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(54) RETROFIT KIT ASSEMBLY

(67)  The invention relates to a retrofit kit assembly
(1) for converting a gaseous hydrocarbon combustion
appliance (2), in particular a gas boiler, and more partic-
ularly for a condensing gas boiler, to a combustion ap-
pliance for combustion of fuel gas comprising more than
20 mol%, in particular more than 30 mol%, hydrogen 7
wherein the retrofit kit (1) further comprises a burner (6)
configured for combustion of more than 20 mol%, in par-
ticular more than 30 mol%, of hydrogen and a data carrier
(21) comprising information which, when the data carrier
is read out cause a computer or a control unit to carry
out a method (100) for controlling the operation of the
combustion appliance (2), in particular a gas boiler,
wherein the burner (6) is adapted to operate between a
minimum load and a maximum load, and wherein the
ratio of the maximum load over the minimum load is at Fig, 2
least 4, wherein the method (100) comprises:

- supplying a combustible gas and air mixture, in partic-

ular a premix of combustible gas and air, to the burner

(6) at a combustible air to gas ratio,

- wherein the air to combustible gas ratio of the gas and

air mixture, in particular the premix, which is supplied to

the burner (6) when the burner (6) is operated at minimum

load is set by a mechanism to be in relative terms at least

20% higher than the air to combustible gas ratio of the

gas and air mixture, in particular the premix, which is

supplied to the burner (6) when the burner (6) is operated

at maximum load.
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Description

[0001] The invention relates to a retrofit kit assembly
for converting a hydrocarbon gas combustion appliance,
in particular a gas boiler, and more particularly for a con-
densing gas boiler, to a combustion appliance for com-
bustion of fuel gas comprising more than 20 mol% hy-
drogen. Additionally, the invention relates to a combus-
tion appliance comprising said retrofit kit assembly. Fur-
thermore, the invention relates to the use of the retrofit
kit assembly for converting a natural gas combustion ap-
pliance, in particular a natural gas boiler, into a combus-
tion appliance, in particular boiler, for the combustion of
pure hydrogen and to a method for retrofitting a combus-
tion appliance.

[0002] The emission of carbon dioxide is one of the
most relevant factors contributing to the pollution in en-
vironment. Since the contribution from the building sector
is continuously increasing in the last decades, there is
the need to reduce CO, emissions from this sector. Heat-
ing of spaces and heating of water are the two major
causes of energy consumption and CO, emission from
the building sector. Inefficient boilers and carbon-inten-
sive power can further worsen this problem.

[0003] Nowadays, the majority of boilers are gas boil-
ers and are designed for natural gas, using hydrocarbon
gases as fuel gas. Gas boilers combust gas fuel to heat
water for domestic use and/or central heating systems
in buildings. The market is looking into more sustainable
alternatives with a lower CO,-footprintto combusting nat-
ural gas. One of these alternatives is combusting pure
hydrogen. It is noted that gas boilers combusting pure
hydrogen (i.e. hydrogen boiler) are boilers to which fuel
gas is supplied that comprises at least 98 mol% hydro-
gen. Currently, there are natural gas (or propane) boilers
on the market which are only suitable to combust up to
20 mol% hydrogen into the gas blend (according to the
specifications). In other words, current boilers on the mar-
ket are not directly suitable for combustion of higher con-
centrations of hydrogen, in particular pure hydrogen, and
it is necessary to exchange the complete boiler in order
to combust higher concentrations of hydrogen, in partic-
ular higher than 20 mol%, or pure hydrogen. The ex-
change is expensive and time consuming. In addition,
exchanging the entire boiler, which still has a lifespan for
use, is as such not environmentally friendly and the
CO-footprintis unnecessarily further increased by mak-
ing a new boiler.

[0004] EP 3524884 A1isdirectedto providing aretrofit
assembly for a fuel gas boiler that that reduces polluting
emissions and/or increases the yield and/or reduces
problems in the ignition phase and discloses a retrofit
assembly for a fuel gas boiler, the boiler comprising a
fuel gas burner, a feeding assembly for supplying fuel
gas to the burner, and a control unit for controlling the
feeding assembly. In particular, the retrofit assembly
comprises a processing unit configured to acquire a first
control signal of the feeding assembly configured to con-
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trol the feeding assembly, a second signal correlated to
the exhaust gas or fuel gas composition, the processing
unit being configured to define a third control signal of
the feeding assembly configured to control the feeding
assembly and based on the second signal and on the
first signal. The retrofit assembly is configured to be in-
stalled in the boiler and to control the flow rate of the fuel
gas by means of the third signal.

[0005] Although directed to a conversion system for a
gas boiler for reducing the polluting emissions of the boil-
er, this document only discloses the retrofit of a control
system, i.e. the modification of the setting parameters for
increasing the yield of the boiler. EP 3 524 884 A1 does
not disclose how to reduce or eliminate human errors in
the conversion of a natural gas boiler to ahydrogen boiler.
[0006] Therefore, this and other prior art documents
fail to address the problem of converting a hydrocarbon
gas combustion appliance combusting a type of fuel gas,
such as natural gas, into a gas boiler combusting another
type of fuel gas, such as hydrogen, in particular pure
hydrogen.

[0007] One further specific risk in converting a natural
gas boiler to a hydrogen boiler is that the control of the
mixture velocity is more important when the boiler uses
hydrogen as fuel gas rather than other fuel gasses such
as methane. In fact, flashback can occur more easily in
hydrogen boilers since the laminar flame speed of hy-
drogen air mixture is around eight seven times higher
than the flame speed for methane air mixture (with ref-
erence to the stoichiometric condition). It is therefore de-
sirable to mistake-proof the retrofitting of a natural gas
boiler in such a way that also the hydrogen combustion
risk is reduced in such a way, that human error in param-
eter setting or forgetting to change said parameter setting
is reduced.

[0008] The object of the invention is therefore to pro-
vide a retrofit kit assembly that is easy to implement and
thatis effective and safe in converting a natural gas com-
bustion appliance, in particular a boiler (hydrocarbon gas
boiler), into a hydrogen combustion appliance, particular
a hydrogen gas boiler while reducing human error, in
particular the simple, safe and effective reduction of the
risk of flashbacks.

[0009] The object is solved by a retrofit kit assembly
for converting a gaseous hydrocarbon combustion appli-
ance, in particular a gas boiler, and more particularly for
a condensing gas boiler, to a combustion appliance for
combustion of fuel gas comprising more than 20 mol%,
in particular more than 30 mol%, hydrogen wherein the
retrofit kit further comprises a burner configured for com-
bustion of more than 20 mol%, in particular more than
30 mol%, of hydrogen and a data carrier comprising in-
formation which, when the data carrier is read out cause
a computer or a control unit to carry out a method for
controlling the operation of the combustion appliance, in
particular a gas boiler, wherein the burner is adapted to
operate between a minimum load and a maximum load,
and wherein the ratio of the maximum load over the min-
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imum load is at least 4,
wherein the method comprises:

- supplying a combustible gas and air mixture, in par-
ticular a premix of combustible gas and air, to the
burner at a combustible air to gas ratio,

- wherein the air to combustible gas ratio of the gas
and air mixture, in particular the premix, which is sup-
plied to the burner when the burner is operated at
minimum load is set by a mechanism to be in relative
terms at least 20% higher than the air to combustible
gas ratio of the gas and air mixture, in particular the
premix, which is supplied to the burner when the
burner is operated at maximum load.

[0010] The method reduces the risk of flashback in hy-
drogen combustion.

[0011] A suitable data carrier can for example be a QR
code, an RFID carrier, or a label comprising a weblink.
The data carrier can be arranged on a surface of the
retrofit kit assembly, including for example a housing, a
frame or a packaging of the retrofit kit. This allows for a
particularly simple, cheap, and effective poka-yoke so-
lution.

[0012] In afurther embodiment, the burner can be con-
figured for operating as a surface stabilized premixed
gas premix burner. Alternatively or additionally, the air to
combustible gas ratio at average load can be in relative
terms less than 10% higher than the air to combustible
gas ratio at maximum load, and wherein the average load
is defined as the average between minimum load and
maximum load. Alternatively or additionally, wherein the
air to combustible gas ratio of the premix gas supplied
to the burner at maximum load can be less than 1.3,
preferably less than 1.25. Alternatively or additionally,
the air to combustible gas ratio of the premix gas which
is supplied to the burner can be set by the mechanism
as a predefined function of the burner load.

[0013] Gas boilers using natural gas are criticized due
to their carbon dioxide emissions. The use of more than
30% hydrogen mixtures of natural gas up to 100 % hy-
drogen has the advantage to reduce CO, footprint in
heating solutions. However, also the conversion needs
to be sustainable. This is achieved by using the retrofit
kit assembly and not exchange the entire boiler which
still has a lifespan on its own.

[0014] In addition, the converted natural gas boiler
needs to run safely on hydrogen and needs to comply
with safety critical requirements as safety defects can
have serious consequences. Converting an existing nat-
ural gas appliance incorrectly can lead to defects of the
resulting hydrogen appliance. One of the main sources
of defects in a conversion is human error. There is a
relationship between several types of human errors and
defects in the appliance. Intentional errors, misunder-
standing of instructions, forgetfulness, misidentification,
inexperience, slowness, non-supervision, surprise.
These human errors can lead to not following proce-
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dures, processing errors, errors in set up, missing parts,
wrong parts, mis-operation, and adjustment errors.
Therefore, one of the main problems to be solved is the
reduction or elimination of human errors in the conversion
of natural gas boilers to hydrogen boilers.

[0015] Relying ontraining and work instructions to pre-
vent errors alone is insufficient to reduce human error
effectively. Available data indicates that no matter how
much training a person receives or how well the process
is documented, human error occurs. While application of
standard work practices and training are valid methods
for reducing the frequency of errors, they will not prevent
errors from occurring.

[0016] Mistake-proofing or Poka-Yoke ideally ensures
that the product or process design itself prevents mis-
takes before they occur. Good Poka Yoke devices in ad-
dition are simple and inexpensive. By converting a nat-
ural gas boiler to a hydrogen boiler, there is a risk of
explosion if there is a human error in the part setup re-
garding safety critical parts for combustion of hydrogen.
Such human error can lead to defects in operation of the
converted hydrogen boiler.

[0017] Itis therefore in addition desirable to obtain an
easy and relatively low-cost conversion between a stand-
ard natural gas boiler and a hydrogen boiler which helps
in reducing human error in the conversion. It is also de-
sirable that the conversion is carried out providing be-
havior shaping constraints which reduce safety critical
part related human errors.

[0018] To meet this goal the retrofit kit assembly can
comprise a frame structure fixable to a housing of the
combustion appliance for, in particular fully, closing a
burner chamber of the combustion appliance. Addition-
ally or alternatively, the retrofit kit assembly can comprise
a burner for hydrogen combustion fixed to the frame
structure.

[0019] Therefore and additionally, thanks to the retrofit
kit assembly, it is also possible to convert a combustion
appliance such as a hydrocarbon gas boiler into a hydro-
gen gas boilerin a very easy and safe way while reducing
human error by way of the concept of prevention through
design. The retrofit kit assembly according to the inven-
tion is in addition simple and inexpensive. In other words,
the conversion can be realized in a very short time and
only requires replacing a minimum amount of compo-
nents. In particular, it is not necessary to connect or dis-
connect a plurality of cables and/or to attach or detach a
plurality of sensors which can lead to defects such as
errors in part setup, missing parts, wrong parts, adjust-
ment errors, mis-operation, or not following procedures
due to human errors connected to these defects, in par-
ticular forgetfulness, inexperience and misidentification
and above all inadvertent error which is strongly connect-
ed tomost of these defects. Thus, the retrofit kit assembly
according to the invention reduces a number of human
error sources such as inadvertent error, misunderstand-
ing, forgetfulness, misidentification, and inexperience by
reducing the number of parts to be disconnected, re-
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placed and connected to a minimum. In fact, the present
retrofit kit assembly is ready to be mounted in a combus-
tion appliance, in particular a (natural) gas boiler, by sim-
ply fixing the frame structure to a suitable housing of the
combustion appliance. In addition, the modular nature of
the assembly allows the possibility to provide a combi-
nation of different components suitable for a hydrogen
gas combustion appliance depending on and optimized
to the configuration and working principle of the respec-
tive (natural gas) combustion appliance to be converted.
Thus, the retrofit-kit assembly according to the invention
has overall lower skill-requirements for the conversion
which leads to increased safety and reduced conversion
time.

[0020] Forexample, the frame structure can be fixable
to the housing of a heat exchanger present in a combus-
tion appliance, in particular a (natural) gas boiler. Gen-
erally speaking, a heat exchanger facilitates the transfer
of heat derived from the combustion of fuel gas and air
present in circulating conduits. Therefore, the housing of
the heat exchanger usually contains the burner of the
combustion appliance, in particular gas boiler, for com-
busting the fuel gas. It is noted that the main factors dis-
tinguishing a hydrocarbon gas combustion appliance
from a hydrogen gas combustion appliance are related
to the combustion aspects of the fuel gas and that the
functioning of the heat exchanger itself remains basically
the same. Therefore, the present retrofit kit assembly is
used to replace fundamental components for the com-
bustion, such as the burner or a flame detection means,
in order to convert a natural gas combustion appliance
to a hydrogen gas combustion appliance. For instance,
the present retrofit kit assembly comprises a burner con-
figured for hydrogen gas combustion. Additionally, as is
discussed below the retrofit kit assembly can comprise
a UV-sensor for flame detection. The burner configured
for hydrogen combustion can preferably be fixed to the
frame structure. The retrofit kit assembly reduces the
work amount for converting the combustion appliance to
a hydrogen combustion appliance and reduces the dan-
ger that the retrofit kit assembly is assembled incorrectly.
In particular, more components can be mounted during
production, further reducing the time needed for conver-
sion and further reducing the risk of human error in as-
sembly.

[0021] Afurtheradvantageisthatfewerindividual parts
need to be connected and disconnected and thereby fur-
ther reducing potential errors, in particular in making a
proper connection, or connecting the right parts. Addi-
tionally, the pre-assembled parts can already be tested
in the factory and checked on leakage.

[0022] Fuel gas can comprise more than 20 mol% hy-
drogen, in particular more than 30 mol%. In particular,
fuel gas can comprise more than 50 mol%, in particular
more than 90 mol% hydrogen or be pure hydrogen. Pure
hydrogen is defined as comprising at least 98 mol% hy-
drogen (hydrogen-fire gas appliance  guide
PAS4444:2020).

10

15

20

25

30

35

40

45

50

55

[0023] Naturalgasisanaturally occurring hydrocarbon
gas mixture, comprising methane and commonly further
comprising varying amounts of among others higher al-
kanes, carbon dioxide, nitrogen, hydrogen sulfide or he-
lium. The hydrocarbon gas can also comprise or consist
of propane. In the application a hydrocarbon combustion
appliance is an appliance in which natural gas is com-
busted.

[0024] According to an embodiment the retrofit kit as-
sembly can comprise a manifold structure having an inlet
portion and an outlet portion, the manifold structure be-
ing, in particular integrally, connected to the frame struc-
ture at the outlet portion. The manifold structure can com-
prise a first connection for receiving at least fuel gas and
a second connection for receiving at least air, the first
connection and the second connection being both locat-
ed at the inlet portion of the manifold structure, wherein
the first connection is located downstream the second
connection. Thus, it is prevented that fuel gas is sucked
by a fan used for proving the air.

[0025] In particular, such an embodiment has the ad-
vantage that it also can ensure in an easy way that the
requirements of the hydrogen-fire gas appliance guide
PAS4444:2020 are fulfilled according to which a post
blower mixing is needed. For this purpose, in the present
retrofit kit assembly the manifold structure is provided
with a connection for fuel gas (i.e. for a gas valve) that
is located downstream the connection for receiving air
(i.e. for a fan element). Downstream refers to the air flow
in the manifold. The embodiment has the further advan-
tage, that misidentification, forgetfulness or inadvertent
error are further reduced by way of product design, thus
reducing defects caused by not following procedures,
missing or wrong parts, improper setup and errors in part
setup itself.

[0026] In an alternative embodiment a pre blower mix-
ing is possible. In that case the manifold structure is pro-
vided with a connection for fuel gas, in particular for a
gas valve, that is located such that fuel gas is sucked by
afan. Thus, the fan has to consist of spark-free material.
[0027] The burner can be connected or is connected
to the manifold structure at the outlet portion for receiving
a gas mixture to be combusted. Thus, a compact shape
retrofit kit assembly is achieved. In addition, this embod-
iment has the advantage that. it decreases set-up time
even further with associated reduction in set-up errors
and thus even further improved quality and safety.
[0028] Thus, a compact shape retrofit kit assembly is
achieved. In addition, this embodiment has the advan-
tage that relevant parts are pre-mounted in production,
which allows for thorough quality testing and thus leads
to a lower number of parts needing to be assembled and
tested during conversion. This decreases set-up time
even further with associated reduction in set-up errors
and thus even further improved quality and safety.
[0029] The frame structure can coverthe burner cham-
ber in a sealing manner. Additionally or alternatively, the
frame structure comprises a first portion and a second
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portion, wherein the burner is fixed to said first portion
and the second portion extending longitudinally from the
first portion, wherein the first portion of the frame structure
is interposed between the burner and the outlet portion
of the manifold structure.

[0030] A gas burner configured for hydrogen needs be
able to work at full power when there is a high heat de-
mand. The gas burner should also be able to work at a
lower power level, for example at 50% or 25% or 20% or
10% of the maximum power level, when there is only a
low heat demand. Another property of hydrogen is that
the combustion temperature is about 300°C higher than
the combustion temperature of methane. The burner
deck needs to be configured such that the temperature
stays below 585°C, the auto-ignition temperature of hy-
drogen at all times. In addition, a stable flame needs to
be present taking account the high flame speed of hy-
drogen.

[0031] Theburnerdeckgeometrycanbe adapted such
that the temperature stays below the auto-ignition tem-
perature of hydrogen at all times and that avoids a flame
lift off. This can be achieved for example by a burner deck
that comprises a sheet enclosing a chamber and having
at least one protrusion with a through hole. The through
hole is fluidically connected with the chamber wherein
the protrusion comprises a concave section and/or a con-
vex section, in particular concave section and convex
section.

[0032] Due to this configuration of the protrusion, i.e.
the presence of a concave section and a convex section,
the flame front is maintained not so far from the burner
deck - under the limit of the lift flame - and at the same
time not so anchored on the deck surface - over the limit
of the back flame. In this way, the burner deck according
to the presentinvention focuses on a reduction of the risk
of flashback and facilitates the lift instead of maintaining
the flame attached to the burner. This is especially useful
when employing a highly reactive gas, such as hydrogen,
as fuel gas.

[0033] The concave and convex sections determine a
particular aerodynamic of the protrusion and the corre-
sponding through hole. In particular, a sort of Venturi ef-
fect is created when the gas mixture passes through the
protrusion from the chamber of the burner to outside the
gas burner. This aerodynamic helps the mixed flow to
pass with a reduced local pressure loss and the flow is
guided towards the outside without any recirculation. Ad-
ditionally, the gas mixture that passes through the
through hole of the protrusion maintains the temperature
below the auto-ignition of the fuel gas, i.e. hydrogen.
There are no local pressure drops that could cause hot
spots, like it happens with the thin edge of a natural gas
burner deck that has an anchoring effect for the flame.
In this way, a flame lifting behavior is prioritized instead
of an anchor-feature. Accordingly, using such burner
deck, a better fluid dynamic and thermal behavior is ob-
tained when and where the gas expands due to the com-
bustion.
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[0034] Additionally or alternatively, the protrusion can
protrude in a direction away from the chamber. In partic-
ular, the protrusion comprises a proximal portion close
to the sheet, a distal portion away from the sheet and a
middle portion located between the proximal and the dis-
tal portion. It is noted that the concave section of the
protrusion includes the proximal portion and can include
a part of the middle portion, whereas the convex section
includes the distal portion and can include another part
of the middle portion. Specifically, the transverse cross
section of the distal portion, in particular at an end distal
to the middle portion, is larger than the transverse cross
section of the middle portion, and preferably the trans-
verse cross section of the distal portion, in particular at
an end distal to the middle portion, is larger than the trans-
verse cross section of the middle portion and/or proximal
portion, in particular at an end distal to the middle portion.
[0035] In the concave section the area of the trans-
verse cross sectionis decreasingin a direction away from
the chamber. In the middle section, the area of the trans-
verse cross section is, in particular essentially, constant
in the direction away from the chamber. In the convex
section, the area of the transverse cross section is in-
creasing in the direction away from the chamber. The
transverse cross section corresponds with a plane that
is orthogonal to a central axis of the protrusion.

[0036] Advantageously, the protrusion can have a
Venturi shape and/or a double truncated cone shape.
This is advantageous for further limiting the flashback.
The concave section and the convex section can be ar-
ranged coaxially. Additionally, the burner deck is config-
ured such that the gas-air mixture can merely flow out
through the protrusion from the chamber to a combustion
chamber of the gas burner.

[0037] Inafurther embodiment, the protrusion can ex-
tend over alength comprised between 15% to 25%, pref-
erably 20%, of a thickness value of the sheet of the burner
deck, in particular in radial direction with respect to a
burner central axis. In this way, the risk of flashback is
further reduced.

[0038] Inan embodiment, less than 20%, in particular
less than 19%, or less than 15%, for example less than
12.0% or for example less than 10.0% of the surface area
of the burner deck is formed by a combined surface area
of the holes. More than 5.0% of the surface area of the
burner deck is formed by a combined surface area of the
holes. Less than 7.0%, for example less than 5.0% or for
example less than 4.0% of the surface area of the burner
deck is formed by a combined surface area of the holes.
More than 1.0% of the surface area of the burner deck
is formed by a combined surface area of the holes.
[0039] By having less than 20% of combined surface
area of the holes, a stable combustion of hydrogen can
be achieved even when modulating the gas burner, i.e.
when changing the power level. A preferred range of the
combined surface area of the holes is less than 20% and
more than 15%, in particular less than 19% and more
than 16%.
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[0040] By providing a combined surface area of the
holes in the burner deck of less than 20%, in particular
less than 19%, orless than 15%, but more than 1%, pref-
erably more than 5%, low NOx is generated when hydro-
gen is combusted.

[0041] In this matter it is to be mentioned that simply
providing hydrogen to the known gas burner would not
be successful. One of the reasons that this would not be
successful is because of a difference in flame speed.
Thus, the flow rate of the air-hydrogen mixture through
the openings has to be chosen such that the combustion
of the hydrogen can be stabilized on the burner deck of
the gas burner. Another property of hydrogen that has to
be considered is that the combustion temperature is
about 300°C higher than the combustion temperature of
methane. Thus, the burner deck becomes much too hot
for materials typically used in gas burners. In particular,
the burner deck can reach a temperature of about 585°C,
so that hydrogen can auto-ignite.

[0042] Saying the aforementioned changing the
amount of flow of the air-hydrogen mixture through a
known gas burner, would cause one of 3 situations: i)
there is too little flow, so the flash-back occurs, ii) there
is too much flow, so no stable flame is created, because
the flame is pushed too far away from the burner deck,
or iii) a stable flame is created on the burner deck, but
the temperature becomes too high as described above.
[0043] The frame structure comprises a first portion
and a second portion, wherein the burner is fixed to said
first portion. The second portion extends longitudinally
from the first portion. The frame structure being shaped
as to cover at least partially, in particular fully, the hous-
ing, in particular a burner chamber, of the combustion
appliance. In particular, the frame structure, and specif-
ically the second portion of the frame structure is formed
as a plate i.e. as a front cover for the internal housing of
the combustion appliance.

[0044] In case the internal housing is the housing of a
heat exchanger, the frame structure can work as a front
cover of said heat exchanger. In particular, the first por-
tion of the frame structure is interposed, in particular in
flow direction of the air and fuel gas mixture, between
the burner and the outlet portion of the manifold structure.
This increases the compactness of the retrofit kit assem-
bly. This has the additional advantage that it facilitates
proper placement and detection of errors is simplified
even further due to the fact that already the frame struc-
ture itself ensures proper placement of the retrofit kit as-
sembly according to the invention and, thus, avoids mis-
placement by an installer. Given that the frame structure
is a comparatively large structure, any misalignments or
misplacements are at the same time made harder to do
and at the same time makes detection very easy without
requiring an in-depth analysis as would be required if all
connections undone and done would need to be inspect-
ed to detect a defect in the conversion setup.

[0045] In an alternative embodiment, the frame struc-
ture does not have a second portion that extends from
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the first portion. In said embodiment the first portion, in
particular a circular shaped first portion, is used to cover
the combustion chamber.

[0046] The firstconnection can beintegrally connected
to the manifold structure and/or can protrude from the
manifold structure. This has the additional advantage that
the retrofit kit assembly can be optimized either for
mounting space or for further facilitation of the conversion
by allowing for ease of access and recognition of the
connection, e.g. in case of reduced visibility due to the
original setup of the (natural) gas boiler to be converted.
[0047] The retrofit kit assembly can comprise a gas
valve fixed at the first connection of the manifold structure
and connectable to a gas conduit. This has the additional
advantage that the safety is even further increased as
evenfewer connections need to be made as the gas valve
will only have to be connected to the (natural) gas boiler
to be converted. Therefore, even more connections can
be quality controlled already during production of the ret-
ro fit kit assembly itself. This further reduces defects
caused by human error, such as inadvertent error, inex-
perience, misidentification or forgetfulness and thereby
further reduces defects in the gas valve connection safe-
ty.

[0048] Additionally, the retrofit kit assembly can com-
prise a fan element fixed to the second connection of the
manifold structure and connectable at least to an air con-
duit. This has the additional advantage that orientation
and location of the fan element is predetermined such
that the requirements of the hydrogen-fire gas appliance
guide PAS4444:2020 are fulfilled by ensuring that ambi-
ent air is always sucked in in sufficient concentration / as
needed. Additionally, itis prevented that an operator con-
nects the fan element to wrong connection, namely the
first connection resulting in pre blower mixing. Further-
more, preinstalling a fan has the advantage that a right
type is chosen, which has a low static build up.

[0049] The air or the premix of combustible air and gas
can be supplied to the burner by the fan element, and
wherein the amount of air supplied to the burner is meas-
ured by a sensor or wherein the fan speed is used as an
indication for the amount of air supplied to the burner.Al-
ternatively or additionally, the amount of combustible gas
supplied to the burner can be set according to a prede-
fined relation to the amount of air supplied to the burner.
[0050] Alternatively oradditionally, the air or the premix
of combustible air and gas can be supplied to the burner
by the fan element, and wherein the amount of combus-
tible gas supplied to the burner is measured by a sensor
and wherein the amount of air supplied to the burner is
set according to a predefined relation to the amount of
combustible gas supplied to the burner.The air or the
premix of combustible air and gas can be supplied to the
burner by the fan element, and wherein a value providing
information of the combustion, of the flue gas and/or of
the air to gas mixture supplied to the burner is measured
by at least one sensor. Alternatively or additionally, this
value can be used in combination with a value indicative
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of the burner load, of the fan speed and/or of the flow
rate of air supplied to the burner to set the air to combus-
tible gas ratio.

[0051] Itis noted that the gas valve is hydrogen ready.
Due to the small size of hydrogen molecules, conven-
tional gas valves are prone to leak. Therefore, the gas
valve used in the present retrofit kit assembly is more
leak tight compared to the commonly used burners for
natural gas. For example, to reach the same load with
hydrogen compared to natural gas, the volume flow of
gas is about three times bigger. Similarly, the fan element
is hydrogen ready, meaning that no electro-static dis-
charge is present. In case of hydrogen comprising fuel
gas combustion electrostatic discharge can lead to un-
wanted ignition of the fuel gas.

[0052] Toimprove the safety even further, the manifold
structure can comprise a, in particular Venturi shaped,
mixer placed downstream the second connection, i.e.
downstream the fan element. In this way, the volume of
explosive hydrogen-air mixture is reduced. Since the air
and gas flows in hydrogen combustion appliances might
differ from the natural gas combustion, the, in particular
Venturi shaped, mixer is configured to handle these flows
without too much pressure drop.

[0053] In aparticular example, to further improve safe-
ty, the gas valve is, in particular directly connected, to
the, in particular Venturi shaped, mixer. That means, no
further components are arranged in the gas flow path
betweenthe gas valve and the mixer. In this embodiment,
even fewer parts need to be assembled during conver-
sion making mounting even simpler and further reducing
mounting errors.

[0054] For a natural gas combustion appliance, a cer-
tain working principle can be chosen, i.e. a pneumatic
system or an electronic controlled system. For the con-
version towards hydrogen gas the same working princi-
ple can be maintained or the working principle can be
switched from pneumatic towards electronic or the other
way around from electronic towards pneumatic. For this
reason, the gas valve can be controlled electronically or
pneumatically. Additionally, the fan and the gas valve
can be controlled by the same electrical control unit or
by separate control units. In particular, a pneumatic or
electronic gas valve can be used by the mechanism to
set the rate of supply of combustible gas to the burner,
in order to set the airto combustible gas ratio of the premix
supplied to the burner as a predefined function of the
burner load. In a further embodiment, the pneumatic gas
valve can be used and the pneumatic gas valve compris-
es a spring, in particular wherein properties of the spring
determine at least in part the predefined function.
[0055] The control unit can be a processor or comprise
at least one processor. Additionally, the control unit can
comprise printed circuit board.

[0056] Most of the current natural gas combustion ap-
pliances, in particular boilers, make use of an ionization
probe to detect the flame. For hydrogen gas combustion
appliances, itis not possible to use this ionization sensor
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to detect the flame due to the reduced amount of carbon
containing components in the gas mixture. Therefore, in
one example, the assembly further comprises a flame
detector sensor, in particular a UV sensor and/or a ther-
mal sensor, wherein the flame detector is located at the
outlet portion of the manifold. The ionization probe is the
conventional flame detector for hydrocarbon combusting
heating appliances, however, ionization probes do not
detect hydrogen flames correctly or at all, in particular at
high hydrogen concentrations. In particular when pure
hydrogen is used, the flame can no longer be detected
using an ionization probe. Therefore, a retrofit kit assem-
bly comprising a UV sensor contains a further behavior-
shaping constraint which facilitates that the correct safety
critical sensor is included in the conversion without re-
quiring additional checks and tests during conversion.
[0057] Alternatively or additionally, the assembly can
comprise at least one of an optical sensor, a temperature
sensor, a thermocouple or a catalytic sensor to function
as flame detector.

[0058] To improve the safety of the combustion appli-
ance for which the present retrofit kit assembly is config-
ured, the assembly can further comprise a thermocouple
placed in the burner.

[0059] The retrofit kit assembly can comprise at least
one, in particular more than one, sensor. The sensor can
be used for hydrogen detection. In particular, the sensor
can be a thermal conductivity sensor, e.g. a temperature
sensor and/or a thermocouple, and/or a catalytic sensor
and/or an electrochemical sensor. At least one of said
sensors can be used to detect the presence of hydrogen,
in particular, the leakage of hydrogen which increases
the safety in a simple and reliable way.

[0060] Alternatively or additionally, it is possible to con-
trol the combustion based on the sensor signals. For ex-
ample, for an electronic controlled system, it is important
to monitor the air to fuel ratio (lambda) and to control the
combustion appliance based on that ratio. For this pur-
pose, flow sensors, thermal conductivity sensors, O,
sensor, UV sensor or temperature sensor/thermocouple,
or catalytic sensor can be used instead of an ionization
electrode commonly used in natural gas combustion ap-
pliances.

[0061] The outlet portion can comprise at least one re-
ceive portion for receiving a flame detector sensor and/or
a sensor as discussed above. The manifold can also
comprise a receive portion for receiving the sensor. In
particular, the manifold can comprise a first receive por-
tion for receiving a sensor. The sensor can be gas flow
sensor for sensing a gas flow. The manifold can also
comprise a second receive portion for receiving a sensor.
The sensor can be an air flow sensor for sensing an air
flow.

[0062] Also, the combustion appliance can comprise
control components, in particular connecting cables, for
the connection of the atleast one of the above-mentioned
additional components (i.e. flow sensors, thermal con-
ductivity sensors, oxygen sensor, UV sensor or temper-
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ature sensor/thermocouple, or catalytic sensor) to the
combustion appliance.

[0063] Inone example, the frame structure is provided
with a plurality of through holes arranged along the pe-
rimeter of the frame structure for receiving connecting
means, in particular screws, to fix said frame structure
to the internal housing of the combustion appliance, i.e.
to the housing of the heat exchanger. In addition or al-
ternatively, to cope with possible noise issue, the assem-
bly can further comprise a suppressor structure provided
at the inlet portion of the manifold. The suppressor struc-
ture can be used to reduce the noise and/or the impact
of flashback and/or can be an inlet silencer.

[0064] For hydrogen gas combustion appliance, a dif-
ferent burner is usually provided compared to the burners
of natural gas combustion appliances. Since the flame
speed of hydrogen is higher than for natural gas, the burn-
er is more prone to flashbacks. Therefore, according to
one example, the burner is suitable for hydrogen com-
bustion. In this way, the outflow velocity can be config-
ured to be greater than the flame speed. In another ex-
ample, the burner can be suitable for the combustion of
both natural gas and hydrogen.

[0065] Atthe end a retrofit kit assembly is provided by
means of which a natural gas combustion appliance can
be retrofitted to a hydrogen gas combustion appliance.
The retrofit kit assembly is configured in the aforemen-
tioned manner in order to reduce leakage and/or explo-
sion risks.

[0066] Accordingtoone aspectoftheinvention,acom-
bustion appliance and more particularly for a condensing
gas boiler, is provided, the combustion appliance com-
prising an inventive retrofit kit assembly that is fixed to
the housing. According to another aspect of the invention,
a combustion appliance comprises a housing that has
an interface configured to be connected with the retrofit
kitassembly. The interface can be a mechanical interface
so that the retrofit kit assembly can be mechanically con-
nected to the housing of the combustion appliance. The
connection can be a form-fitting or force fitting connec-
tion. In particular, the connection can be releasable. That
means the connection can be released without destroy-
ing the retrofit kit assembly and/or the housing.

[0067] Examples of combustion appliances can in-
clude furnaces, water heaters, boilers, direct/in-direct
make-up air heaters, power/jet burners and any other
residential, commercial or industrial combustion appli-
ance. In many cases, a combustion appliance can be
modulated over a plurality of burner loads, with each
burner load requiring a different flow rate of fuel resulting
in a different heat output. At higher burner loads, more
fuel and more air are typically provided to the burner, and
at lower burner loads less fuel and less air are typically
provided to the burner.

[0068] To improve the safety and to monitor important
parameters during the functioning of the appliance, the
at least one flame detector sensor and/or least one sen-
sor be positioned such on the retrofit kit assembly that
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they sense physical values from the burner chamber. The
burner chamber is at least partly delimited by the housing
of the combustion appliance.

[0069] The retrofit kit assembly can comprise means
for fixing the kit assembly to the housing, in particular the
interface of the housing, of the combustion appliance.
Accordingly, an operator would have all the required el-
ements for converting a natural gas combustion appli-
ance into a hydrogen combustion appliance.

[0070] The retrofit kit assembly can comprise a cable,
in particular being part of a cable harness, that is electri-
cally connected with at least one component of the kit
assembly. Alternatively the kit assembly comprises a ca-
ble, in particular being part of a cable harness, that is
electrically connected with at least one component of the
kit assembly and is connectable with an electrical com-
ponent of the combustion appliance. This has the further
advantage that it prevents in a safe and easy manner
that the wrong cable is connected to the wrong port on
the PCB, resulting for example in a short cut. It also pre-
vents that a sensor is connected to the wrong port result-
ing in faulty data and thus can lead to either a non-func-
tioning boiler or poses a safety risk. Therisk can be further
reduced by providing a connector of the cable or cable
harness that is in a poka-yoke design.

[0071] In a further aspect of the invention, a combus-
tion appliance, in particular a gas boiler, and more par-
ticularly a condensing gas boiler, is provided, wherein
the kitassembly according to the invention and a housing
is provided, wherein the combustion appliance compris-
es a combustion chamber wherein the kit assembly is
fixed to the housing. Additionally or alternatively, a com-
bustion appliance is provided with a housing comprising
an interface configured to be connected with the retrofit
kit assembly according to the invention.

[0072] In a further aspect of the invention, the use of
the inventive retrofit kit assembly for converting a hydro-
carbon gas combustion appliance into a combustion ap-
pliance for the combustion of pure hydrogen is provided.
By using the presentretrofit kitassembly, the combustion
appliance conversion can be easy to realize and can be
carried out in a very short time (for example less than
one hour). Also, the conversion can be safe and effective
for the operation of a hydrogen combustion appliance.
[0073] In a further aspect of the invention, the use of
a retrofit kit assembly is provided, comprising a data car-
rier comprising information for executing a method com-
prising supplying a combustible gas and air mixture, in
particular a premix of combustible gas and air, to the
burner at a combustible air to gas ratio, wherein the air
to combustible gas ratio of the gas and air mixture, in
particular the premix, which is supplied to the burner
when the burner is operated at minimum load is set by a
mechanism to be in relative terms at least 20% higher
than the air to combustible gas ratio of the gas and air
mixture, in particular the premix, which is supplied to the
burner when the burner is operated at maximum load.
[0074] Inthefigures,the subject-matter of the invention
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is schematically shown, wherein identical or similarly act-
ing elements are usually provided with the same refer-
ence signs.
Figure 1  shows a schematic representation of a ret-
rofit kit assembly according to an embodi-
ment of the invention.

Figure 2  shows a perspective representation of the
retrofit kitassembly according to anotherem-
bodiment of the invention.

[0075] Figures 3A-B show a front view and a rear view
of the retrofit kit assembly of Figure 2.

[0076] With reference to Figure 1, a retrofit kit assem-
bly 1 is shown. The assembly 1 comprises at least a
frame structure 5, a manifold structure 10 and a burner
6 for the combustion of hydrogen. The manifold structure
10 serves to distribute the gas mixture and comprises an
inlet portion 11 and an outlet portion 12. As can be shown
in figure 2, the manifold structure 10 is integrally connect-
ed to the frame structure 5 at the outlet portion 12. The
frame structure 5 has the shape of a plate and extends
orthogonally from the manifold structure 10. In particular,
the frame structure 5 comprises a first portion 7 and a
second portion 14, wherein the frame structure 5 is con-
nected to the manifold structure 10 at the first portion 7.
It is noted that the second portion 14 extends longitudi-
nally from the first portion 7.

[0077] The burner 6 is fixed to the frame structure 5 at
the first portion 7. The burner 6 can be fixed to the frame
structure 5 through suitable connecting means, such as
screws or can be integrally connected to the frame struc-
ture 5 by welding. Itis clear that at the connection region
between the burner 6 and the frame structure 5, the first
portion 7 of the frame structure 5 comprises at least an
opening (not shown in the figure) for allowing the gas
mixture coming from the manifold structure 10 to flow
into the burner 6 for the combustion.

[0078] The inlet portion 11 of the manifold structure 10
is provided with a first connection 4 for receiving at least
a first fluid, i.e. fuel gas (vertical arrow in the figure), and
with a second connection 17 for receiving at least a sec-
ond fluid, i.e. air (horizontal arrow in the figure). It is noted
that the first connection 4 is located downstream the sec-
ond connection 17 with respect to the air flow. Also, the
first connection 4 is integrally connected to the manifold
structure 10 and protrudes (extends longitudinally) from
the manifold structure 10.

[0079] As mentioned above, the burner 6 is suitable
for combustion of hydrogen. In this way, the retrofit kit
assembly 1 can be used to convert a gas boiler such as
a natural gas boiler into a hydrogen boiler. In fact, the
retrofit kit assembly 1 can be coupled to a housing 3 of
a combustion compliance 2. For example, the combus-
tion compliance 2 can be a gas boailer, in particular a
natural gas boiler, and the housing 3 can be the housing
of a heat exchanger of the gas boiler. Specifically, the
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frame structure 5 of the retrofit kit assembly 1 can be
fixed to a burner chamber 18 delimited by the housing 3.
In particular, the burner chamber 18 is arranged within
the housing and comprises an opening that is covered
by the retrofit kit assembly 1, in particular by the frame
structure 5.

[0080] The retrofit kit assembly 1 consists of different
components, which are connected to each other and in
some cases are integrated in one single block element
(i.e. the manifold structure 10, the frame structure 5 and
the first connection 4). In this case, it is easy to replace
the elements of the gas boiler to be converted with the
present retrofit kit assembly 1. Specifically, the burner
(i.e. from a burner suitable only for natural gas combus-
tion to a burner suitable for pure hydrogen) as well as
the arrangement of the connections for the inlet of gas
and air (for hydrogen boilers, it is preferred a post blower
mixing) are changed in order to carry out the conversion.
The operator can simply remove the components to be
replaced, i.e. the burner and the manifold, and fix the
retrofit kitassembly 1 to the combustion appliance 2 (gas
boiler), thereby modifying the general operation of the
appliance.

[0081] Figure2illustrates a perspective view of the ret-
rofit kit assembly 1 according to an example. The retrofit
kit assembly 1 of figure 2 further comprises a gas valve
13 and a fan element 8. The gas valve 13 is fixed to the
first connection 4 and is connected to a gas conduit 15
whereas the fan element 8 is fixed to the second con-
nection 17 and is fluidically connected to ambient air.
This particular arrangement of the first and second con-
nections, i.e. of the gas valve 13 and the fan element 8,
allows a post blower mixing of the fuel gas before entering
into the burner 6 through the manifold structure 10. In
order to reduce the noise, a suppressor structure 20 can
optionally be provided at the inlet portion 11, for example
at the fan element 8. More details of this advantageously
arrangement can be gathered from figures 3A and 3B
that illustrate a front view and a rear view of the retrofit
kit assembly of figure 2.

[0082] From the figures itis also clear the characteris-
tics of the frame structure 5. The frame structure 5 is
shaped like a plate or wall and can have a double function.
In fact, the frame structure 10 can be used as a support
element for the burner 6, the manifold structure 10 (and
the components connected to the manifold structure 10)
and can be used, at the same time, as a front cover for
the housing 3 of the combustion appliance 2.

[0083] As shown in figure 2, the housing 3 is the hous-
ing of a heat exchanger of a gas boiler. The frame struc-
ture 5 is shaped to fit the edges of the housing 3 and to
completely cover the burner chamber 18. When the ret-
rofit kit assembly 10 is fixed to the housing 3, the burner
6 is inserted in the burner chamber 18, thereby replacing
aburner previously present in the combustion appliance,
i.e. in the housing of the heat exchanger. On the other
hand, after fixing the retrofit kit assembly 10 to the hous-
ing 3, the manifold structure 10 and the components con-
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nected to the manifold structure 10 (i.e. the gas valve 13
and the fan element 8) are located outside the housing
3, thereby allowing possible connections for example
with the gas conduit 15 and ambient air.

[0084] The fixing occurs through suitable connecting
means, such as pins or screws. For this purpose, the
frame structure 5 is provided with a plurality of through
holes 19 arranged along the peripheral border of the
frame structure 5, as clearly shown in figures 3A and 3B.
Likewise, the housing 3 is provided with the plurality of
through holes 19. Figure 3B further comprises a data
carrier 21 which is arranged on the side of the frame
structure 5 which faces away from a combustion chamber
of the combustion appliance 2.

Reference Signs
[0085]

. Retrofit kit assembly
. Combustion appliance
. Internal housing

. First connection

. Frame structure

. Burner

. First portion

. Fan element

9. Air conduit

10. Manifold structure
11. Inlet portion

12. Outlet portion

13. Gas valve

14. Second portion

15. Gas conduit

16. Retrofit kit

17. Second connection
18. Opening

19. Through holes

20. Suppressor structure
21. Data carrier

0O ~NOO O WN =

Claims

1. Retrofit kit assembly (1) for converting a gaseous
hydrocarbon combustion appliance (2), in particular
a gas boiler, and more particularly for a condensing
gas boiler, to a combustion appliance for combustion
of fuel gas comprising more than 20 mol%, in par-
ticular more than 30 mol%, hydrogen wherein the
retrofit kit (1) further comprises a burner (6) config-
ured for combustion of more than 20 mol%, in par-
ticular more than 30 mol%, of hydrogen and a data
carrier (21) comprising information which, when the
data carrier is read out cause a computer or a control
unit to carry out a method (100) for controlling the
operation of the combustion appliance (2), in partic-
ular a gas boiler, wherein the burner (6) is adapted
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to operate between a minimum load and a maximum
load, and wherein the ratio of the maximum load over
the minimum load is at least 4,

wherein the method (100) comprises:

- supplying a combustible gas and air mixture,
in particular a premix of combustible gas and
air, to the burner (6) at a combustible air to gas
ratio,

- wherein the air to combustible gas ratio of the
gas and air mixture, in particular the premix,
which is supplied to the burner (6) when the
burner (6) is operated at minimum load is set by
amechanism to be in relative terms atleast 20%
higher than the air to combustible gas ratio of
the gas and air mixture, in particular the premix,
which is supplied to the burner (6) when the
burner (6) is operated at maximum load.

2. Retrofit kit assembly (1) according to claim 1, char-
acterized in that

a. a frame structure (5) fixable to a housing (3)
of the combustion appliance (2) for, in particular
fully, closing a burner chamber (18) of the com-
bustion appliance (2), and/or

b. a burner (6) for hydrogen combustion fixed to
the frame structure (5).

c. the retrofit kit assembly (1) comprises a man-
ifold structure (10) having an inlet portion (11)
and an outlet portion (12), the manifold structure
(10) being, in particular integrally, connected to
the frame structure (5) at the outlet portion (12).

3. Retrofit kit assembly (1) according to claim 2, char-
acterized in that the manifold structure (10) com-
prises a first connection (4) for receiving at least fuel
gas and a second connection (17) for receiving at
least air, the first connection (4) and the second con-
nection (17) being both located at the inlet portion
(11) of the manifold structure (10), wherein the first
connection (4) is located downstream the second
connection (17).

4. Retrofit kit assembly (1) according to any one of the
claims 1 to 3, characterized in that the burner (6)
is connectable or connected to the manifold structure
(10) at the outlet portion (12) for receiving a gas mix-
ture to be combusted.

5. Retrofit kit assembly (1) according to any one of the
claims 1 to 4, characterized in that

a. the frame structure (5) is configured to cover
the burner chamber (18) in a sealing manner
and/or in that

b. the frame structure (5) comprises a first por-
tion (7) and a second portion (14), wherein the
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burner (6) is fixed to said first portion (7) and the
second portion (13) extending longitudinally
from the first portion (7), wherein the first portion
(7) of the frame structure (5) is interposed be-
tween the burner (6) and the outlet portion (12)
of the manifold structure (10).

Retrofit kit assembly (1) according to any one of
claims 1 to 5, characterized in that the first connec-
tion (4) is integrally connected to the manifold struc-
ture (10) and/or protrudes from the manifold struc-
ture (10).

Retrofit kit assembly (1) according to any one of
claims 1 to 6, characterized in that the assembly
(1) further comprises at least one of:

a. a gas valve (13) fixed to the first connection
(4) of the manifold structure (10) and connecta-
ble to a gas conduit (15) that is fluidically con-
nected with a fuel gas source; and

b. a fan element (8) fixed to the second connec-
tion (17) of the manifold structure (10).

Retrofit kit assembly (1) according to any one of
claims 1 to 7, characterized in that

a. the manifold structure (10) comprises a, in
particular Venturi shaped, mixer placed down-
stream the second connection (17) or

b. the manifold structure (10) comprises a, in
particular Venturi shaped, mixer placed down-
stream the second connection (17) so that air
and fuel gas are mixed downstream a fan ele-
ment (8), in particular and before the mixture
flows into the burner.

Retrofit kit assembly (1) according to claim 7 or 8,
characterized in that the gas valve (13) is, in par-
ticular directly, connected to the, in particular Venturi
shaped, mixer.

Retrofit kit assembly (1) according to any one of
claims 7 to 9, characterized in that the gas valve
(13) is controlled electronically or pneumatically.

Retrofit kit assembly (1) according to any one of
claims 1 to 10, characterized in that

a. the kit assembly (1) further comprises at least
one flame detector sensor and/or in that

b. the kit assembly (1) further comprises at least
one sensor, in particular a hydrogen detector
and/or an oxygen sensor and/or a flow sensor
and/or a temperature sensor and/or a thermo-
couple and/or a catalytic sensor.

Retrofit kit assembly (1) according to claim 11, char-
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13.

14.

15.

16.

20
acterized in that

a. the outlet portion (12) comprises at least one
receive portion for receiving a flame detector
sensor and/or a sensor and/or in that

b. the manifold comprises a receive portion for
receiving the sensor and/or in that

c. the first connection (4) of the manifold com-
prises a first receive portion for receiving the
sensor and/or in that

d. the second connection of the manifold com-
prises a second receive portion for receiving the
sensor.

Retrofit kit assembly according to one of claims 1 to
12, characterized in that

a. the frame structure (5) is provided with a plu-
rality of through holes (19) arranged along the
perimeter of the frame structure (5) for receiving
connecting means, in particular screws, to fix
said frame structure (5) to the housing (3) of the
combustion appliance (2); and/or

b.the assembly (1) further comprises a suppres-
sor structure (20) provided at the inlet portion
(11), in particular fluidically connecting the inlet
portion (11) with the mixer.

Retrofit kit assembly (1) according to one of claims
1 to 13, characterized in that

a. the kitassembly (1) comprises a cable, in par-
ticular being part of a cable harness, that is elec-
trically connected with at least one component
of the kit assembly (1) or in that

b. the kit assembly (1) comprises a cable, in par-
ticular being part of a cable harness, that is elec-
trically connected with at least one component
of the kit assembly (1) and is connectable with
an electrical component of the combustion ap-
pliance (2).

Retrofit kit assembly (1) according to one of claims
1 to 14, characterized in that the data carrier (21),
is QR code, RFID carrier, or a label comprising a
weblink.

Retrofit kit assembly (1), according one of claims 1
to 15, wherein

a.) the burner (6) is configured for operating as
a surface stabilized premixed gas premix burner
(6), and/or

b.) wherein the air to combustible gas ratio at
average load is in relative terms less than 10%
higher than the air to combustible gas ratio at
maximum load, and wherein the average load
is defined as the average between minimum
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load and maximum load; and/or

c.) wherein the air to combustible gas ratio of
the premix gas supplied to the burner at maxi-
mum load is less than 1.3, preferably less than
1.25, and/or

d.) wherein the air to combustible gas ratio of
the premix gas which is supplied to the burner
is setby the mechanism as a predefined function
of the burner load, and/or

e.) wherein a pneumatic or electronic gas valve
is used by the mechanism to set the rate of sup-
ply of combustible gas to the burner, in order to
set the air to combustible gas ratio of the premix
supplied to the burner (6) as a predefined func-
tion of the burner load.

17. Retrofit kit assembly (1), according one of claims 1

to 16, wherein

a.) a pneumatic gas valve is used and the pneu-
matic gas valve comprises a spring, in particular
wherein properties of the spring determine at
least in part the predefined function; and/or

b.) wherein air or the premix of combustible air
and gas is supplied to the burner by a fan, and
wherein the amount of air supplied to the burner
(6) is measured by a sensor or wherein the fan
speed is used as an indication for the amount
of air supplied to the burner; and/or

c.) wherein the amount of combustible gas sup-
plied to the burner (6) is set according to a pre-
defined relation to the amount of air supplied to
the burner, and/or

d.) wherein air or the premix of combustible air
and gas is supplied to the burner (6) by a fan
element (8), and wherein the amount of com-
bustible gas supplied to the burner is measured
by a sensor and wherein the amount of air sup-
plied to the burner (6) is set according to a pre-
defined relation to the amount of combustible
gas supplied to the burner (6); and/or

e.) wherein air or the premix of combustible air
and gas is supplied to the burner (6) by a fan
element (8), and wherein a value providing in-
formation of the combustion, of the flue gas
and/or of the air to gas mixture supplied to the
burner (6) is measured by at least one sensor;
and/or

f.)wherein this value is used in combination with
a value indicative of the burner load, of the fan
speed and/or of the flow rate of air supplied to
the burner (6) to set the air to combustible gas
ratio.

18. Combustion appliance (2), in particular a gas boiler,

and more particularly a condensing gas boiler, com-
prising
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19.

20.

22

a. the kit assembly (1) according to any one of
claims 1 to 17 and a housing (3) with a combus-
tion chamber (18) of the combustion appliance
(2) wherein the kit assembly (1) is fixed to the
housing (3) and/or

b. a housing (3) comprising an interface config-
ured to be connected with the retrofit kit assem-
bly (1) according to any one of the claims 1to 16.

Use of a retrofit kit assembly (1) (1) according to any
one of claims 1 to 17 for converting a hydrocarbon
gas combustion appliance into a combustion appli-
ance for the combustion of fuel gas comprising at
least or more than 20 mol%, in particular more than
30 mol%, hydrogen.

Use of a retrofit kit assembly (1) comprising a data
carrier (21) comprising information for executing a
method (100) comprising supplying a combustible
gas and air mixture, in particular a premix of com-
bustible gas and air, to the burner (6) at a combus-
tible air to gas ratio, wherein the air to combustible
gas ratio of the gas and air mixture, in particular the
premix, which is supplied to the burner (6) when the
burner (6) is operated at minimum load is set by a
mechanismto be inrelative terms atleast 20% higher
than the air to combustible gas ratio of the gas and
air mixture, in particular the premix, which is supplied
to the burner (6) when the burner (6) is operated at
maximum load.
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