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(54) SAFETY GUARD PROCESS FOR A COMBUSTION PROCESS

(57) The invention relates to a safety guard process
(2) for a combustion process comprising the combustion
of a fuel (4), in particular an ammonia fuel (4), with a
stabilizing fuel (6), said safety guard process (2) com-
prises the following steps of:
- providing flow rate data of the fuel (4), and flow rate data
of the stabilizing fuel (6) (S10);
- determining safeguard data (8) based on said flow rate
data (NH3, SF) of said fuels (S20);
- providing threshold data (SP) indicating a stability limit
of the safeguard data (S30);
- comparing the safeguard data (8) with the threshold
data (SP) (S40); and
- carrying out a security action (12), based on the result of
said comparisonof thesafeguarddata (8)with the thresh-
old data (SP) (S50).
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Description

[0001] The present invention relates to a safety guard
process for a combustion process using a fuel and a
stabilizing fuel. The inventionalso relates toanapparatus
configured to perform such a safety guard process.
[0002] Hydrogen is renowned for its lightweight nature
and optimal combustion properties as a fuel and its
environment-friendliness during its combustion, i.e., no
emission of any carbon dioxide (CO2), particulate or
sulfur. This makes hydrogen a vector for the energy
transition.
[0003] However, transporting pure hydrogen gas is a
complex challenge for safety reasons. To this end, am-
monia (NH3), containing three atoms of hydrogen and
facilitating the transport of hydrogen, is a goodalternative
as a fuel to pure hydrogen gas (H2).
[0004] Nevertheless, ammonia has poor combustion
properties, such as small explosion limits window, high
ignition temperature, and slow kinetics.
[0005] For example, for combustion applications of
ammonia in industrial furnaces, increasing the ammonia
concentration in a fuel leads to instability of the flame
during the fuel combustion and in some cases even loss
of combustion. Such instability of the flame may jeopar-
dize the smooth operation of the industrial furnace.
Therefore, ammonia, as well as other unstable fuels,
require a stabilizing fuel, such as hydrogen, to be com-
busted in a stable manner.
[0006] In order to detect the instability of said flame, a
conventional flame detecting device can be used. How-
ever, the measured deviation of such flame detecting
device is caused by its surrounding environment (i.e.,
high temperature conditions) of the industrial furnace.
Moreover, the flame detection of such a device depends
on several parameters, such as a fuel composition and
these flame detecting devices are not adapted for the
combustion of a fuel, such as ammonia, with a stabilizing
fuel. In addition, each fuel has different flame radiation
pattern which has to be calibrated by a flame detecting
device, which has the effect of lowering the reliability of
the flame detecting device.
[0007] Therefore, there is a need to counterbalance
these issues and, in particular to avoid the loss of com-
bustion of the fuel.
[0008] For this purpose, the invention relates to a
safety guard process for a combustion process compris-
ing the combustion of a fuel, in particular an ammonia
fuel, with a stabilizing fuel,
said safety guard process comprises the following steps
of:

- providing flow rate data of the fuel, and flow rate data
of the stabilizing fuel;

- determining safeguard data based on said flow rate
data of the fuel and of the stabilizing fuel;

- providing threshold data indicating a stability limit of
the safeguard data;

- comparing the safeguard data with the threshold
data; and

- carrying out a security action, based on the result of
said comparison of the safeguard data with the
threshold data.

[0009] The flow rate data of the fuel is related to a flow
rate of the fuel (or fuel flow rate) and the flow rate data of
the stabilizing fuel is related to a flow rate of the stabilizing
fuel (or stabilizing fuel flow rate). The flow rate data of the
fuel can be for example a heating value of the fuel flow
rate sent to a burner and the flow rate data of the stabiliz-
ing fuel can be for example a heating value of the stabiliz-
ing fuel flow rate sent to said burner.
[0010] Thanks to the invention, a security action to
control the combustion process of the fuel and the sta-
bilizing fuel, is carried out, based on the flow rate data of
said fuels.
[0011] This circumvents the dependence on para-
meters, for example the temperature of the flame result-
ing from the combustion of said fuels, which may deviate
or may introduce bias into the flame detection. Thus, this
avoids delaying or anticipating the idealmoment at which
the security action should be carried out.
[0012] Put differently, thanks to the invention, the ideal
moment at which the security action should be carried
out, is precisely determined without needing to change
setting parameters of the flame detection, or to change a
flamedetecting device itself, each time the combustion of
said fuels influences the flame detection. Therefore, the
flame detection and the security action to be carried out
are simple, fast and cost-effective compared with a clas-
sical flame detection using the flame detection device.
[0013] The invention may comprise at least one of the
following features, taken independently or in combina-
tion.
[0014] According to one embodiment, the safeguard
data are determined based on a calculation involving a
flow rate data of the fuel, and flow rate data of the
stabilizing fuel as variables.
[0015] According to one embodiment, the stability limit
comprises a range of the safeguard data or new safe-
guarddata forwhich thecombustionprocess is running in
accordance to a stable combustion criteria.
[0016] Therefore, when the status of the combustion of
said fuels is likely to compromise the stability of the
combustion process (the stable combustion criteria is
not met), in view of the safeguard data, security mea-
sures are taken. For example, this may be a situation in
which theammonia fuel is in someexcess comparedwith
the stabilizing fuel, for example hydrogen gas, such that
the combustion of the ammonia fuel leads to stability
issues.
[0017] According to one embodiment, the security ac-
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tion comprises triggering a visual alarmor a sound alarm.
[0018] Advantageously, the threshold data can be nu-
merical values of a parameter, or a ratio or a product of
these numerical values. Advantageously, the security
action can be carried out if the safeguard data are de-
termined to be outside of the stability limit of the safe-
guard data based on the result of said comparison.
[0019] According to one embodiment, the security ac-
tion comprises:

- at least a control system action comprising changing
a parameter of the combustion process to bring back
the safeguard data within its stability limit.

[0020] According to one embodiment, the security ac-
tion comprises:

- a safety systemaction comprising stopping the com-
bustion process.

[0021] In one embodiment, the security action com-
prises setting a stabilization deadline before performing
the following steps:

- providing anewflow rate data of the fuel, in particular
of an ammonia fuel, and a new flow rate data of the
stabilization fuel and determining a new safeguard
data based on said new flow rate data of the fuel and
of the stabilizing fuel;

- comparing the new safeguard data with the thresh-
old data.

[0022] This way, waiting the stabilization deadline al-
lows a time lapse between a temporary anomaly of the
flow rate data of said fuels, and the control system action
so as to let the flow rate data of said fuels to be stabilized
by its own.
[0023] According to one embodiment, the control sys-
temaction isperformedafter theexpiryof thestabilization
deadline, in particular based on the result of the compar-
ison of the new safeguard datawith the control threshold.
[0024] According to one embodiment, the control sys-
tem action, in particular, changing a parameter of the
combustion process, comprises adjusting the fuel flow
rate and/or the stabilizing fuel flow rate such that the
safeguarddataarebrought backwithin its control stability
limit.
[0025] In particular, the threshold data comprises a
control threshold, and the control systemaction is carried
out based on the result of the comparison of the safe-
guard data with the control threshold.
[0026] In one embodiment, the control system action,
in particular, adjusting the fuel flow rate and/or the sta-
bilizing fuel flow rate, comprises keeping constant the
fuel flow ratewhile increasing thestabilizing fuel flow rate.
[0027] Alternatively, the control system action, in par-
ticular, adjusting the fuel flow rate and/or the stabilizing
fuel flow rate, comprises keeping constant the stabilizing

fuel flow rate while decreasing the fuel flow rate.
[0028] Alternatively, the control system action, in par-
ticular, adjusting the fuel flow rate and/or the stabilizing
fuel flow rate, comprises decreasing the fuel flow rate
while increasing the stabilizing fuel flow rate.
[0029] Thus, the safeguard data can beadjustedwith a
steeper variation.
[0030] According to one embodiment, the threshold
data further comprises a safety threshold SP1 indicating
a safety limit of the safeguarddata, the stability limit being
within said safety limit and the safety system action is
performed based on the result of said comparison of the
safeguard data with the safety threshold SP1.
[0031] According to one embodiment, the safety limit
comprises a range of the safeguard data or new safe-
guarddata forwhich thecombustionprocess is running in
accordance to safe combustion criteria.
[0032] Therefore, when the status of the combustion of
said fuels is likely to compromise the safety of the com-
bustion process, in view of the safeguard data, i.e. the
safe combustion criteria is not met, the combustion pro-
cess is stopped or a plant in which the combustion
process is being carried out is shut down.
[0033] Forexample, thismaybeasituation inwhich the
ammonia fuel is in a large excess compared with a
stabilizing fuel, for example hydrogen gas, such that
the combustion of the ammonia fuel leads to safety
issues.
[0034] According to one embodiment, the control sys-
tem action and the safety system action are performed
independently, in particular independently and simulta-
neously.
[0035] According to one embodiment, the control sys-
tem action is carried out before the safety system action.
[0036] In one embodiment, the new safeguard data is
determined to be outside of a stability limit of said new
safeguard data based on the result of the comparison
between the new safeguard data with the threshold data
and the process comprises performing the control sys-
tem action and/or the safety system action.
[0037] In particular, the new safeguard data is deter-
mined to be outside of a stability limit of said new safe-
guard data based on the result of the comparison of the
new safeguard data with the control threshold SP2 and
the safety guard process comprises performing the con-
trol system action.
[0038] In particular, the new safeguard data is deter-
mined to beoutside of a safety limit of said newsafeguard
data based on the result of the comparison of the new
safeguard data with the safety threshold SP1 and the
safety guard process comprises performing the safety
system action.
[0039] In one embodiment, the safety guard process
comprises setting a control deadline during which the
control system action is performed and if the safeguard
data is determined to be still outside of the stability limit of
the safeguard data after said control deadline based on
the result of the comparison between the safeguard data
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with the control threshold SP2, the process comprises
performing the safety system action.
[0040] This way, the safety system action can be car-
ried out when the control system action alone is not
sufficient to let the safeguarddata to bewithin the stability
limit of said safeguard data.
[0041] In one embodiment, the safeguard data are
determined based on a ratio between the fuel flow rate
and the stabilizing fuel flow rate.
[0042] Preferably, the safeguard data are determined
based on a ratio of an ammonia fuel flow rate NH3, to the
stabilizing fuel flow rate, SF.
[0043] In one embodiment, the safeguard data are
determined based on said ratio multiplied by a constant
k.
[0044] In one embodiment, the flow rate data of the fuel
and/or the flow rate data of the stabilizing fuel are pro-
vided by a measurement of the fuel flow rate and/or a
measurement of the stabilizing fuel flow rate.
[0045] Alternatively, the flow ratedata of the fuel and/or
the flow rate data of the stabilizing fuel may be provided
by ameasurement of a pressure drop of the fuel flowover
a fuel flow orifice and/or a measurement of a pressure
drop of the stabilizing fuel flow over a fuel flow orifice.
[0046] In a further alternative, the flow rate data of the
fuel and/or the flow rate data of the stabilizing fuelmay be
provided by other fuel gas analyzers, optionally with
internal calculation of heating values, such as calorific
value instruments.
[0047] In one embodiment, the safety guard process
comprises comparing the safeguard datawith the thresh-
old data, in particular with the control threshold SP2, as
long as the safeguard data are within the stability limit of
said threshold data.
[0048] In one embodiment, the safety guard process,
in particular, comparing the safeguard data with the
threshold data, comprises:

- comparing the absolute value of a difference be-
tween a numerical value of the safeguard data and
a numerical value of the threshold data, with a sta-
bility tolerance value.

[0049] In particular, the safety guard process com-
prises carrying out said security action, based on the
result of said comparison of the absolute value with the
stability tolerance value.
[0050] In one embodiment, the safety guard process,
in particular, comparing the absolute value of the differ-
ence between the numerical value of the safeguard data
and the numerical value of the threshold data, with a
stability tolerance value, comprises:

- comparing the absolute value of the difference be-
tween the numerical value of the safeguard data and
a numerical value of the control threshold SP2 with
said stability tolerance value.

[0051] In one embodiment, the safety guard process,
in particular, comparing the absolute value of the differ-
ence between the numerical value of the safeguard data
and the numerical value of the threshold data, with a
stability tolerance value, comprises:

- comparing the absolute value of the difference be-
tween the numerical value of the safeguard data and
a numerical value of the safety threshold SP1 with a
safety tolerance value being within said stability
tolerance value.

[0052] According to one embodiment, the safety guard
process comprises carryingsaid security actionwhen the
absolute value is above the stability tolerance value, in
particular carrying out the control systemactionwhen the
absolute value is above the stability tolerance value. In
one embodiment, the safety guard process comprises
carrying out the safety system action when the absolute
value is above the safety tolerance value.
[0053] The term "safety tolerance value" refers to a
security margin that the absolute value of the difference
between the numerical value of safeguard data and the
numerical value of the control threshold data should not
exceed at the risk of triggering the safety system action.
[0054] The term "stability tolerance value" refers to a
security margin that the absolute value of the difference
between the numerical value of safeguard data and the
numerical value of the control threshold data should not
exceed at the risk of triggering the security action, in
particular the control system action.
[0055] According to one embodiment, the threshold
data remains constant during at least a functional phase
during which an actionmodifying the fuel flow rate and/or
the stabilizing fuel flow rate is operated.
[0056] Alternatively, the threshold data are continu-
ously updated based on the flow data during at least said
functional phase. For example, during a start-up func-
tional phase, during which a plant configured to carry out
the combustion process is being started up, there is a
capacity increase in terms of the flow rates, such that the
threshold data are adapted to meet this capacity in-
crease.
[0057] Parameters that can change the load of the
plant during the start-up phase are for example:

- combustion air temperature;

- flue gas recycling;

- flue gas temperature; and/or

- excess combustion air.

[0058] According to one embodiment, the threshold
data remain constant during each of said functional
phase.
[0059] Alternatively, the threshold data may vary be-
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tween each of said functional phase.
[0060] According to one embodiment, the stabilizing
fuel may comprise:

- a hydrogen gas fuel;

- a methane or higher hydrocarbons fuel;

- a carbon monoxide fuel;

- a methanol fuel

- or a combination of two or more of these fuels.

[0061] By "stabilizing fuel" is meant a fuel having a
composition such that the combustion of the fuel can
be stabilized while being combusted with said stabilizing
fuel.
[0062] According to one embodiment, the combustion
process comprises:

- providing the fuel flow rate and the stabilizing fuel
rate to a burner and

- combusting the fuel with the stabilizing fuel in said
burner with the help of an oxidant, such as oxygen
enriched air. Oxygen enriched air has a further sta-
bilizing effect for the combustion process.

[0063] According to one embodiment, the burner is
part of a furnace, in particular an industrial furnace.
[0064] The invention also relates to an apparatus com-
prising:

- a fuel stream line, in particular an ammonia fuel
stream line, configured to be connected to at least
aburner toprovidea fuel to saidburner, optionally via
a fuel header;

- a stabilizing fuel stream line, configured to be con-
nected to thesameburner toprovideastabilizing fuel
to said burner, optionally via the fuel header ;

- at least one flowmeter configured to measure a flow
rate of the fuel in the fuel stream line;

- at least one flowmeter configured to measure a flow
rateof the stabilizing fuel in the stabilizing fuel stream
line;

- a logic controller connected to the flow meters and
configured to perform a safety guard process of the
invention as described above.

[0065] In oneembodiment, theapparatus comprisesat
least two fuel headers, respectively configured to provide
the fuel to said burner and the stabilizing fuel to said
burner.
[0066] A "logic controller" refers to any type of generic
control device such as programmable logic controller, a
processor unit or a microprocessor.
[0067] The invention may comprise at least one of the
following features, taken independently or in combina-

tion.
[0068] The invention also relates to an installation
comprising:

- an apparatus as described above; and

- at least one burner configured to perform a combus-
tion of the fuel with the stabilizing fuel in said burner,
wherein the fuel stream line and the stabilizing fuel
stream line are connected to the burner, so as to
perform said combustion.

[0069] According to one embodiment, the fuel stream
line and the stabilizing fuel stream line are connected to
each other such that the fuel and stabilizing fuel can be
mixed.
[0070] Said flow meters are capable of continuously
measuring the fuel flow rate and/or the stabilizing fuel
flow rate even if one of these flow meters of each fuel
stream line is out of order.
[0071] The invention also relates to the use of the
safety guard process as previously described in the field
of electrical power generation, for example in a turbine, in
particular in a gas turbine.
[0072] In one embodiment, the invention relates to the
use of the safety guard process in the field of a fired
industrial process, for example in the fields of metallurgy,
glasswork (glass plants), oil refining and chemical pro-
cessing.
[0073] In one embodiment, the invention relates to the
use of the safety guard process in any type of fields in
which the fuel is combusted to provide heat to an en-
dothermic reaction, such as ammonia cracking (ammo-
nia splitting reaction), hydrocarbon reforming reaction,
steam cracking, steam methane reforming.
[0074] Note that all of the features and configurations
described above are purely examples. Other features,
details and advantages of the invention will become
clearer on reading the detailed description set out below,
together with several embodiments provided purely as
examples and by way of indication, with reference to the
attached schematic drawing, in which:

Fig. 1 schematically showsa safety guard process of
the invention, as an illustrative and non-limiting ex-
ample.

Fig. 2 schematically showsa safety guard process of
the invention, as another illustrative and non-limiting
example.

Fig. 3 schematically showsa safety guard process of
the invention.

Fig. 4 schematically showsacontrol systemactionof
the safety guard process of the invention as an
illustrative and non-limiting example.
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Fig. 5 schematically shows a safety system action of
the safety guard process of the invention as an
illustrative and non-limiting example.

Fig. 6 schematically shows an installation of the
invention as an illustrative and non-limiting example.

[0075] Referring to figures 1 to 3, an example to a
safety guard process 2 for a combustion process com-
prising the combustion of an ammonia fuel 4, with a
stabilizing fuel 6, is represented.
[0076] By "stabilizing fuel" 6 is meant a fuel having a
composition such that the combustion of the fuel can be
stabilized while being combusted with said stabilizing
fuel.
[0077] The stabilizing fuel 6 may comprise:

- a hydrogen gas fuel;

- a methane or higher hydrocarbons fuel;

- a carbon monoxide fuel;

- a methanol fuel;

- or a combination of two or more of these fuels.

[0078] As particularly illustrated in figure 3, said safety
guard process 2 comprises the following steps of:

- providing flow rate data of the fuel 4, and flow rate
data of the stabilizing fuel 6 (S10);

- determiningsafeguarddata8basedonsaid flow rate
data of the fuel 4 and of the stabilizing fuel 6 (S20);

- providing threshold dataSP indicating a stability limit
of the safeguard data 8 (S30; S32; S34);

- comparing the safeguard data 8 with the threshold
data SP (S40; S42; S44); and

- carrying out a security action 12 (S50), based on the
result of said comparisonof thesafeguarddata8with
the threshold data SP.

[0079] Theflow rate data of the fuel 4 is related to a flow
rate of the fuel 4 (or fuel flow rate) and the flow rate data of
the stabilizing fuel 6 is related to a flow rate of the
stabilizing fuel 6 (or stabilizing fuel flow rate). The flow
rate data of the fuel 4 can be for example a heating value
of the fuel flow rate sent to a burner 104 and the flow rate
data of the stabilizing fuel 6 can be for example a heating
value of the stabilizing fuel flow rate sent to said burner.
[0080] Thanks to the invention, a security action 12 to
control the combustion process of the fuel 4 and the
stabilizing fuel 6, is carried out, based on the flow rate
of said fuels 4, 6.

[0081] This circumvents the dependence on para-
meters, for example the temperature of the flame result-
ing from the combustion of said fuels 4, 6, which may
deviate or may introduce bias into the flame detection.
Thus, this avoids delaying or anticipating the ideal mo-
ment at which the security action should be carried out.
[0082] Put differently, thanks to the invention, the ideal
moment at which the security action 12 should be carried
out, is precisely determined without needing to change
setting parameters of the flame detection, or to change a
flamedetecting device (not depicted) itself, each time the
combustion of said fuels 4, 6 influences the flame detec-
tion. Therefore, the flame detection and the security
action to be carried out are simple, fast and cost-effective
compared with a classical flame detection using the
flame detection device.
[0083] The safeguard data 8 are determined based on
a ratioof anammonia fuel flow rate,NH3, to thestabilizing
fuel flow rate SF. The ratio is multiplied by a constant k.
The ratio of the safeguard data is obtained by ameasure-
ment of the fuel flow rate NH3 and/or a measurement of
the stabilizing fuel flow rate SF.
[0084] Now referring to figures 1 and 2, the security
action 12 comprises:

- a control system action 20 comprising changing a
parameter of the combustion process to bring back
the safeguard data 8 within its stability limit; and

- a safety system action 30 comprising stopping the
combustion process.

[0085] The control system action 20 and the safety
system action 30 are performed independently and si-
multaneously. The control systemaction 20 is carried out
before the safety system action 30.
[0086] As shown in figure 2, the safety guard process 2
comprises setting a stabilization deadline 40 before per-
forming the following steps of the safety guard process 2:

- providing a new flow rate data of an ammonia fuel 4,
and a new flow rate data 8 of the stabilization fuel 6
and determining a new safeguard data 8 based on
said new flow rate data of the fuel 4 and of the
stabilizing fuel 6; and

- comparing new safeguard data 8 with the threshold
data SP.

[0087] This way, waiting the stabilization deadline 40
allows a time lapse between a temporary anomaly of the
flow rate data of said fuels 4, 6, and the control system
action 20 so as to let the flow rate data of said fuels 4, 6 to
be stabilized by its own.
[0088] Now referring to figure 4, an example of control
system action 20 is represented.
[0089] In particular, the threshold data SP comprises a
control thresholdSP2, and the control systemaction20 is
carried out based on the result of the comparison of the
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safeguard data with the control threshold SP2.
[0090] In other words, the safety guard process 2
comprises comparing the safeguard data 8 with the
control threshold SP2, as long as the safeguard data 8
are within the stability limit of said threshold data.
[0091] The control system action 20, changing a para-
meter of the combustion process, comprises adjusting
the fuel flow rate and/or the stabilizing fuel flow rate such
that the safeguard data 8 are brought back within its
control stability limit. (S50)
[0092] In one embodiment, the control system action
20, adjusting the fuel flow and/or the stabilizing fuel flow
rate, comprises keeping constant the fuel flow rate NH3
while increasing the stabilizing fuel flow rate SF (S50).
[0093] Alternatively, the control system action 20 com-
prises keeping constant the fuel flow rate NH3 while
increasing the stabilizing fuel flow rate SF (S50).
[0094] Alternatively, the control system action 20 com-
prises decreasing the fuel flow rate NH3while increasing
the stabilizing fuel flow rate SF (S50).
[0095] Thus, the safeguard data 8 canbeadjustedwith
a steeper variation.
[0096] The control system action 20 comprises com-
paring the safeguard data 8 with the control threshold
data SP2 as long as the safeguard data 8 are within the
stability limit of said threshold data SP2 (S70).
[0097] The control system action 20 comprises direct-
ing to a safety system action 30 when the safety guard
data 8 are outside of the stability limit of said threshold
data SP2 (S80).
[0098] Now referring to figure 5, an example of safety
system action 30 is represented.
[0099] The threshold data SP further comprises a
safety threshold SP1 indicating a safety limit of the safe-
guard data, the stability limit being within said stability
limit and the safety system action 30 is performed based
on the result of said comparison of the safeguard data 8
with the safety threshold SP1.
[0100] The safety limit comprises a range of the safe-
guarddata forwhich thecombustionprocess is running in
accordance to safe combustion criteria.
[0101] Therefore, when the status of the combustion of
said fuels 4, 6 is likely to compromise the safety of the
combustion in view of the safeguard data 8, i.e., the safe
combustion criteria is notmet, the combustion process is
stopped or a plant in which the combustion process is
being carried out is shut down.
[0102] Forexample, thismaybeasituation inwhich the
ammonia fuel is in a large excess compared with a
stabilizing fuel, for example hydrogen gas, such that
the combustion of the ammonia fuel leads to safety
issues.
[0103] The threshold data SP, SP1, SP2 remains con-
stant during at least a functional phase during which an
action is operated on the fuel flow rate NH3 and/or the
stabilizing fuel flow rate SF is operated.
[0104] Alternatively, the threshold data SP, SP1, SP2
are continuously updated based on the flow data during

at least said functional phase. For example, during a
start-up functional phase, duringwhichaplant configured
to carry out the combustion is being started up there is a
capacity increase in termsof the flow ratesNH3,SF, such
that the threshold dataSP,SP1,SP2are adapted tomeet
this capacity increase.
[0105] The parameters that can change the load of the
plant during the start-up phase are for example:

- combustion air temperature;

- flue gas recycling;

- flue gas temperature; and/or

- excess combustion air.

[0106] Now referring to figure 6, an example of an
installation 100 of the invention is represented.
[0107] Said installation 100 comprises:

- an apparatus 102 comprising:

○ an ammonia fuel stream line 106, configured
to be connected to four burners 104 to provide a
fuel 4 to said burners 104 via a fuel header 120;
○astabilizing fuel stream line108, configured to
be connected to the same burners to provide a
stabilizing fuel 6 to said burners via the fuel
header 120;
○ two flow meters 130 configured to measure a
flow rate of the fuel NH3 in the fuel stream line
106;
○ two flow meters 130 configured to measure a
flow rate of the stabilizing fuel SF in the stabiliz-
ing fuel stream line 108;
○ a logic controller 140 connected to the flow
meters (see lightening symbol in figure 6) and
configured to perform a safety guard process 2.

[0108] Said installation 100 further comprises:

- four burners 104 configured to be connected to the
apparatus 102.

[0109] The four burners 104 are configured to perform
a combustion of the fuel 4with the stabilizing fuel 6 in said
burners, wherein the fuel stream line 106 and the stabi-
lizing fuel stream line 108 are connected to the fuel
header 120 of the burners 104 so as to perform said
combustion.
[0110] Theconnection142between the logic controller
140 and the flow meters 130 can be wired or wireless.
[0111] A "logic controller" 140 refers to any type of
generic control device such as programmable logic con-
troller, a processor unit or a microprocessor.
[0112] The fuel flow NH3 and the stabilizing fuel flow
SFaremixed in the fuel header120soas tobedistributed
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into four burners 104. The fuel stream line 106 and the
stabilizing fuel stream line 108 are connected to each
other such that the fuel 4 and stabilizing fuel 6 can be
mixed.
[0113] Said flow meters 130 are capable of continu-
ously measuring the fuel flow rate NH3 and/or the stabi-
lizing fuel flow rate SF even if one of these flowmeters of
each fuel stream line 106, 108 is out of order.

Claims

1. Safety guard process (2) for a combustion process
comprising the combustion of a fuel (4), in particular
an ammonia fuel (4), with a stabilizing fuel (6),
said safety guard process (2) comprises the follow-
ing steps of:

- providing flow rate data of the fuel (4), and flow
rate data of the stabilizing fuel (6) (S10);
- determining safeguard data (8) based on said
flow rate data of the fuel (4) and of the stabilizing
fuel (6) (S20);
- providing threshold data (SP, SP2) indicating a
stability limit of the safeguard data (8) (S30);
- comparing the safeguard data (8) with the
threshold data (SP, SP2) (S40); and
- carryingout a security action (12), basedon the
result of said comparison of the safeguard data
(8) with the threshold data (S50).

2. Safety guard process (2) according to claim 1,
wherein the security action (12) comprises triggering
a visual alarm or a sound alarm.

3. Safety guard process (2) according to claim 1 or 2,
wherein the security action (12) comprises:

- at least a control systemaction (20) comprising
changing a parameter of the combustion pro-
cess to bring back the safeguard data (8) within
its stability limit.

4. Safety guard process (2) according to the preceding
claim, wherein the control system action (20), in
particular, changing a parameter of the combustion
process, comprises adjusting the fuel flow rate an-
d/or the stabilizing fuel flow rate such that the safe-
guard data (8) are brought back within its control
stability limit.

5. Safety guard process (2) according to any one of
claims 3 or 4, wherein the threshold data (SP) com-
prises a control threshold (SP2), and the control
system action (20) is carried out based on the result
of the comparison of the safeguard data (8) with the
control threshold (SP2).

6. Safety guard process (2) according to any one of the
preceding claims, wherein the security action (12)
comprises:

- a safety system action (30) comprising stop-
ping the combustion process.

7. Safety guard process (2) according to the preceding
claim, wherein the threshold data (SP) further com-
prises a safety threshold (SP1) indicating a safety
limit of the safeguard data (8), the stability limit being
within said safety limit and the safety system action
(30) is performed based on the result of said com-
parison of the safeguard data (8) with the safety
threshold (SP1).

8. Safety guard process (2) according to any one of
claims 6 or 7 in combination with one of claims 3 to 5,
comprising:
setting a control deadline during which the control
system action (20) is performed and if the safeguard
data (8) is determined tobestill outsideof thestability
limit of the safeguard data (8) after said control
deadline based on the result of the comparison
(S60) between the safeguard data (8) with the con-
trol threshold (SP2), the process comprisesperform-
ing the safety system action (30).

9. Safety guard process (2) according to any one of the
preceding claims, wherein the security action (12)
comprisessettingastabilizationdeadline (40)before
performing the following steps:

- providing a new flow rate data of the fuel (4), in
particular of an ammonia fuel (4), and a newflow
rate data of the stabilization fuel (6) and deter-
mining a new safeguard data based on said new
flow rate data of the fuel (4) and of the stabilizing
fuel (6);
- comparing the new safeguard data (8) with the
threshold data (SP, SP2).

10. Safety guard process (2) according to any one of the
precedingclaims,wherein the safeguarddata (8) are
determined based on a ratio between the fuel flow
rate and the stabilizing fuel flow rate.

11. Safety guard process (2) according to any one of the
preceding claims, in particular, comparing the safe-
guard data (8) with the threshold data (SP, SP1,
SP2), comprising:

- comparing the absolute value of a difference
between a numerical value of the safeguard
data (8) and a numerical value of the threshold
data (SP, SP1, SP2), with a stability tolerance
value.
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12. Safety guard process (2) according to any one of the
preceding claims, wherein the stabilizing fuel (6)
comprises:

- a hydrogen gas fuel;
- a methane or higher hydrocarbons fuel;
- a carbon monoxide fuel;
- a methanol fuel
- or a combination of two or more of these fuels.

13. Safety guard process (2) according to any one of the
preceding claims, wherein the combustion process
comprises:

- providing the fuel flow rate and the stabilizing
fuel rate to a burner (104) and
- combusting the fuel (4) with the stabilizing fuel
(6) in said burner (104) with the help of an
oxidant, such as oxygen enriched air.

14. Apparatus (102) comprising:

- a fuel stream line (106), in particular an ammo-
nia fuel stream line (106), configured to be con-
nected to at least a burner (104) to provide a fuel
(4) to said burner (104), optionally via a fuel
header (120);
- a stabilizing fuel stream line (108), configured
to be connected to the same burner (104) to
provide a stabilizing fuel (6) to said burner (104),
optionally via the fuel header (120);
- at least one flow meter (130) configured to
measure a flow rate of the fuel (4) in the fuel
stream line (106);
- at least one flow meter (130) configured to
measure a flow rate of the stabilizing fuel (6)
in the stabilizing fuel stream line (108);
- a logic controller (140) connected to the flow
meters (130) and configured to perform a safety
guard process (2) according any one of the
preceding claims.

15. Use of the safety guard process (2) according to
claims 1 to 13, in the field of a fired industrial process,
for example in the fields of metallurgy, glasswork, oil
refining and chemical processing; and/or in any type
of fields in which the fuel is combusted to provide
heat to an endothermic reaction, such as ammonia
cracking, hydrocarbon reforming reaction, steam
cracking, steam methane reforming.
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