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(57) A gas combustion arrangement (100) andmeth-
od for combustingammoniaoriginating fromanammonia
handling system of a marine vessel is provided. The
arrangement comprises a combustion chamber (110)
comprising a combustion zone (112) and a dilution zone
(114), a primary burner (120) configured to combust a
primary fuel feed, comprising the ammonia, in the com-
bustion zone, an air supply system (130) configured to
provide a combustion air flow to the primary burner and a
dilution air flow to the dilution zone, and a secondary
burner (140) configured tocombust asecondary fuel feed
to provide a support flame supporting the combustion of
the primary fuel feed.
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Description

Technical field

[0001] The present disclosure relates to gas combus-
tion arrangements and methods for combusting ammo-
nia. More particularly, the disclosure pertains to systems
and techniques for combustingammoniaoriginating from
ammonia handling systems of marine vessels, including
fuel tanks.

Background

[0002] Marine vessels have traditionally reliedon fossil
fuels for propulsion and power generation. However,
growing environmental concerns and regulatory pres-
sures have led to increased interest in alternative fuel
sources.
[0003] Among these alternatives, ammonia is particu-
larly promising due to its carbon-free composition, which
helps eliminating carbon dioxide emissions. However,
the storage and handling of ammonia present chal-
lenges, such as handling boil-off gas produced as am-
monia evaporates due to ambient heat absorption. Ad-
ditionally, ammonia poses significant safety risks, as
exposure to high concentrations can be life threatening.
Therefore, it is crucial to ensure proper handling of the
boil-off gas aswell as a complete evacuation of ammonia
from the ammonia handling systems during planned
shutdowns, inspections, and maintenance.
[0004] One approach would be to combust the re-
leased ammonia using a gas combustion system. How-
ever, it is challenging to design combustion systems that
are capable of handling varying concentrations and flow
rates of ammonia, particularly during evacuation and
purging in preparation for planned maintenance.
[0005] There is therefore a need for improved gas
combustion arrangements and methods for safely and
efficiently combusting ammonia originating from the
handling systems of marine vessels.

Summary

[0006] It is an object of the present disclosure to pro-
vide a technology that addresses at least some of the
above concerns.
[0007] According to a first aspect, there is provided a
gas combustion arrangement for combusting ammonia
from a marine vessel’s ammonia handling system. The
gas combustion arrangement comprises a combustion
chamber with a combustion zone and a dilution zone, a
primaryburner configured to combust aprimary fuel feed,
comprising theammonia, in the combustion zone, andan
air supply system configured to provide a combustion air
flow to the primary burner and a dilution air flow to the
dilution zone. Additionally, the gas combustion arrange-
ment comprises a secondary burner configured to com-
bust a secondary fuel feed to provide a support flame

supporting the combustion of the primary fuel feed.
[0008] According to a second aspect, there is provided
a method for combusting ammonia, which originates an
ammonia handling system of a marine vessel, in a com-
bustion zone of a combustion chamber. The method
comprises providing a primary fuel feed, comprising
the ammonia, to a primary burner, providing a combus-
tion air flow to the primary burner, and combusting, by the
primary burner, the primary fuel feed. Additionally, the
methodcomprisesprovidingadilutionair flow toadilution
zoneof the combustion chamber andoperating a support
flame system in at least one of an active mode and an
inactive mode, wherein the support flame system in the
activemode combusts secondary fuel feed to generate a
support flame supporting the combustion of the primary
fuel feed.
[0009] Ammonia is typically stored in liquefied form at
‑33°C or lower, and as it absorbs ambient heat, boil-off
gas is produced. To avoid excessive pressure buildup in
the storage tank, the boil-off gas may be directed to the
gas combustion arrangement for combustion.
[0010] The gas combustion arrangement may also be
configured to combust ammonia released during a so-
called tank warming process, in which a fuel tank is
evacuated from ammonia in preparation for inspection,
or service. This process typically includes emptying the
tanks of liquid ammonia and injecting a purgegas to force
out remaining ammonia vapours while gradually heating
the tank. The gas mixture released during this process
may be challenging to combust due to its fluctuating
ammonia concentrations. Initially, the escaping gas
may consist of nearly 100%ammonia, but as the process
continues, the concentration drops towards 0%, with the
gas eventually consisting entirely of purge gas.
[0011] Ammonia may be difficult to combust at low
concentrations due to its relatively narrow flammability
range, typically between 15% and 28%. When ammonia
concentrations fall below 15%, combustion may be un-
sustainable as the mixture becomes too diluted to ignite.
[0012] To address this issue, the gas combustion ar-
rangement features a secondary burner, which is con-
figured to combust a secondary fuel feed.This secondary
burner provides a support flame that sustains the com-
bustionofammoniaandservesasan ignitionsource.The
system can be operated in different modes, with the
secondary burner either active, producing a support
flame, or inactive. This flexible operation allows the sup-
port flame to be deployed as needed, such as during low
ammonia concentrations, or continuously if required.
Beneficially, the present gas combustion arrangement
may be employed to handle both boil-off gas as well as
ammonia vapours of varying concentrations generated
during tank warming.
[0013] The secondary fuel feed, which is used to pro-
vide a support flame, may comprise an ammonia-based
fuel. In some examples, the primary fuel feed and the
secondary fuel feed may be provided from the same fuel
storage, such as the fuel tank. Using an ammonia-based
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fuel for the secondary fuel feed allows for amore stream-
lined fuel storage and distribution system on the marine
vessel, reducing the number of different fuel types that
need to be stored and managed onboard. It will however
be appreciated that the secondary fuel may comprise
other fuels than ammonia. In some examples, the sec-
ondary fuel feed may include a fuel based on methane,
methanol, liquid hydrocarbons, or hydrogen.
[0014] In some configurations, the air supply system
may draw air for both the combustion air flow and the
dilution air flow from a common air source. This may
contribute to a more streamlined design, reducing the
number of separate air intake components required. In
other configurations, the air supply system may draw air
for the combustion air flow and air for the dilution air flow
from separate air sources, potentially allowing for amore
precise control of the respective air flows.
[0015] In some examples, the air supply system may
be configured to control the combustion air flow and the
dilution air flow independently of each other. The sepa-
rate dilution and combustion air flows enables precise
temperature control within the combustion chamber and
allows for fine-tuning of the combustion process, poten-
tially leading to improved combustion efficiency. Addi-
tionally, the ability to manage temperature precisely may
contribute to better emissions control.
[0016] The gas combustion arrangement may include
an oxidation catalyst designed to remove residual am-
monia from the combustion gases generated by the
combustion of the primary fuel feed. This may help re-
ducing ammonia slip further, should any unburnt ammo-
nia remain after the combustion. In configurations where
the oxidation catalyst is present, the air supply system
may introduce the dilution air flow into the combustion
chamber at a position between the combustion zone and
theoxidation catalyst. Thedilation air flowmaybeused to
control the temperature at the oxidation catalyst and
allow it to operate under more optimal temperature con-
ditions.
[0017] Additionally, the arrangement may incorporate
a reduction catalyst to remove nitrogen oxides from the
combustion gases produced by the primary fuel feed
combustion. In cases where a reduction catalyst is in-
cluded, the arrangement may also feature a reduction
agent supply system that provides a reduction agent,
such as ammonia, to the reduction catalyst. The reduc-
tion catalyst may be arranged upstream of the oxidation
catalyst to allow the oxidation catalyst to take care of
unused reduction agent.
[0018] The support flame may be used continuously
during the operation of the gas combustion arrangement,
or selectively when needed. The support flame system
may be activated or inactivated manually, by operator
intervention, or automatically based on one or more
monitored process parameters. In some examples, a
sensor systemmay be provided to generate sensor data
indicative of process parameters such as ammonia con-
centration in the primary fuel feed, ammonia slip (i.e.,

residual ammonia in the exhaust gas), and combustion
temperature.
[0019] In some examples, the temperature in the com-
bustion chamber, such as the combustion zone or the
dilution zone, may be determined. The support flame
system may be inactive for temperatures exceeding a
predetermined threshold, and active when the tempera-
ture is at or below this threshold. Additionally, the support
flame systemmay be operated in the active mode during
an ignition phase of the primary burner.
[0020] In some examples, the ammonia concentration
in the primary fuel feed may be determined and the
support flame system operated in the inactive mode
when the ammonia concentration exceeds a predeter-
mined threshold, and in the active mode when the con-
centration is at or below this threshold.
[0021] Furthermore, the concentration of residual am-
monia in the exhaust gases produced by the combustion
of the primary fuel feed may be determined. The support
flamesystemmaybeoperated in the inactivemodewhen
the residual ammonia concentration is at or below a
predetermined threshold, and in the active mode when
it exceeds this threshold.
[0022] The dilution air flowmay be controlled based on
the concentration of residual ammonia in the exhaust
gases generated by the combustion of the primary fuel
feed. This allows for adjustment of the dilution process in
response to the amount of unconsumed ammonia pre-
sent in the exhaust.
[0023] In some implementations, the exhaust gases
may be passed through an oxidation catalyst to remove
residual ammonia from the exhaust gases. The dilution
air flow may be controlled based on the temperature of
the exhaust gases as they pass through the oxidation
catalyst. This approach allows for optimization of the
dilution process in relation to the catalytic oxidation of
residual ammonia.
[0024] Further features and advantages of the inven-
tion will become apparent from the following description
of preferred embodiments, given byway of example only,
which ismadewith reference to the accompanying draw-
ings.

Brief Description of the Drawings

[0025] Various aspects and examples of the present
disclosure will now be described with reference to the
accompanying drawings:

Figure 1 is a side view of a gas combustion arrange-
ment for combusting ammonia on a marine vessel.
Figure 2 is a flow diagram illustrating a method for
combusting ammonia originating from an ammonia
handling system of a marine vessel.
Figure 3 is a schematic diagram showing a gas
combustion arrangement according to an example
of the present disclosure.
Figure 4 is a flow diagram illustrating a method for
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combusting ammonia during a tank warming pro-
cess.

Detailed Description

[0026] Figure 1 shows a gas combustion arrangement
100, or gas combustion unit, according to an example of
the present disclosure. The gas combustion arrange-
ment 100 is designed to combust ammonia originating
from an ammonia handling system of a marine vessel,
such as a cargo ship, a passenger ship, or a naval and
defence vessel. The main functions of the gas combus-
tion arrangement 100may typically be tomanage boil-off
gases from fuel storage and to handle ammonia vapour
and purge gas during a tank warming process, in which
fuel tanks andauxiliary systems, such as piping systems,
are evacuated in preparation for inspection, service, and
maintenance
[0027] The gas combustion arrangement 100 com-
prises a combustion chamber 110, which may be divided
into two zones: a combustion zone 112 and a dilution
zone 114. The combustion zone 112 is where the com-
bustion of the primary fuel feed takes place. The dilution
zone 114 is arranged downstream of the combustion
zone 112, and it is in this zone that a dilution air flow
may be added to reduce the temperature of the exhaust
gases and dilute the slip of undesired components.
[0028] The gas combustion arrangement 100 com-
prises a primary burner 120, which is configured to com-
bust a primary fuel feed, comprising ammonia, in the
combustion zone 112. The primary fuel feed may be
supplied to the primary burner 120 bymeans of a primary
fuel supply system122,whichmaybe connected to a fuel
handling system, such as the fuel tanks, of the marine
vessel. The primary fuel supply system 122 may include
pumps, valves, andheaters for preparing theprimary fuel
feed for combustion.
[0029] Anair supply system130 is provided to supply a
combustion air flow to the primary burner 120 and the
dilution air flow to the dilution zone 114. The air supply
system 130 may be configured to draw air for both the
combustion air flow and the dilution air flow from a com-
mon air source. In alternative examples, the air supply
system130maybearranged todrawair fromseparateair
sources.
[0030] The gas combustion arrangement 100 also in-
cludes a secondary burner 140, which is configured to
combust a secondary fuel feed to generate a support
flame. The support flame may be used to ignite and/or
support the combustionof theprimary fuel feed. Thismay
be particularly beneficial in cases where the primary fuel
feed comprises a relatively low ammonia concentration.
[0031] The secondary fuel may be provided by a sec-
ondary fuel supply 142, which may feed the secondary
burner 140 with an ammonia-based fuel or, in some
examples, a fuel based on methane, methanol, liquid
hydrocarbons, or hydrogen.
[0032] The combustion chamber 110 may comprise a

double-wall structure for enhancing thermal manage-
ment and prevent overheating of the gas combustion
arrangement 100. The double-wall structure comprises
an innerwall 118andanouterwall 116, arranged to forma
space between them through which the dilution air flow
may be directed to dissipate heat. Specifically, the com-
bustion zone 112 may be realised as a smaller cylinder
116arranged concentricallywithin a larger, outer cylinder
118, forminganannular air flowchannel between the two.
The dilution air flow may pass through this channel to
absorb heat from the inner wall 118, which is exposed to
the high temperatures generated during combustion in
the combustion zone 112 andmaintain the outer wall 116
at a lower temperature.
[0033] The exhaust gases and dilution air flow may
proceed to the dilution zone 114 of the gas combustion
chamber 110,where theexhaust gasesmaybedilutedby
thedilutionair.Aswill bediscussed in further detail below,
the exhaust gases may then pass through one or more
catalysts 150, 160 for further treatment.
[0034] To further process the combustion gases, the
gas combustion arrangement 100 may include a reduc-
tion catalyst 150 configured to remove nitrogen oxides
from the combustion gases generated by the combustion
of the primary fuel feed. A reduction agent supply system
152 can be provided to supply a reduction agent, com-
prising, e.g., ammonia, to the catalyst 150. Additionally,
an oxidation catalyst 160 may be included to remove
residual ammonia from the combustion gases, including
unused ammonia provided by the reduction agent supply
system 152. As illustrated in the present figure, the
oxidation catalyst 160 may be arranged downstream of
the reduction catalyst 150.
[0035] The dilution air flow may be added to the com-
bustion gases at a position upstream of the catalyst(s)
150, 160 so as to allow the temperature of the gases
passing through the catalyst(s) 150, 160 to be regulated.
[0036] The oxidation catalyst 160 may, for example,
comprise a platinum group metal, including one or more
of platinum, palladium, rhodium, ruthenium, iridium, and
osmium. Beneficially, the platinumgroupmetals exhibit a
relatively high activity for the oxidation of ammonia and a
relatively low activity of the oxidation of nitrogen oxides.
Other possible catalysts include copper oxide, manga-
nese oxide, and iron oxide. The operating temperature of
the oxidation catalyst 160 may typically range between
300°C and 400°C. It may therefore be desirable to intro-
duce the dilution air flow before the combustion gases
reach the catalyst.
[0037] The reduction catalyst 150 may, for example,
formpart of aselective catalytic reduction (SCR) cleaning
arrangement, or SCR unit, which may be provided to
further reduceNOxemission from thecombustiongases.
The SCR cleaning arrangement may be configured to
add an SCR agent, such as anhydrous ammonia, aqu-
eous ammonia, or a urea solution to the stream of ex-
haust gas. The SCR agent may be provided by the
reduction agent supply system 152 mentioned above.
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Themixture is reactedontoa catalyst bed,which typically
comprises various porous ceramic materials, such as
titanium oxide, supporting an active catalytic component
of a base metal such as vanadium, molybdenum, and
tungsten. The reaction typically has an optimal tempera-
ture range between 360°C and 450°C but can operate at
lower temperatures, such as down to about 280°C, with
longer residence times. Thus, to achieve a suitable tem-
perature of the exhaust gas, the dilution air flow may be
regulated accordingly.
[0038] The dilution zone 114 thus allows for better
control of temperatures and residence times in the com-
bustion chamber 110. This temperature control may help
reduce the formation of nitrogen oxides and other pollu-
tants. Additionally, it may improve the efficiency of cata-
lytic processes by maintaining optimal working tempera-
tures for catalysts.
[0039] Figure2 isaflowdiagramdepictingamethod for
combusting ammonia, which relates to the features
shown in figure 1. The method may be performed in
the gas combustion arrangement 100 shown in figure
1 and provides a process for handling the combustion of
ammonia originating, for example, from boil-off gas or a
tank warming process of a vessel.
[0040] The method 200 begins with block 202, which
represents a step of providing a primary fuel feed com-
prising ammonia. The primary fuel feed is supplied to the
primary burner 120 in the combustion chamber 112 by a
fuel supply system 122, which may comprise a series of
components such as pumps, compressors, control
valves, heaters, and fuel lines.
[0041] Following this block, block 204 indicates the
provision of a combustion air flow to the primary burner
120. The combustion air flow may be supplied by an air
supply system 130, as depicted in figure 1.
[0042] Block 206 represent the combustion of the pri-
mary fuel feed in theprimaryburner120.Thiscombustion
takes place in the combustion zone 112 of the combus-
tion chamber 110. Simultaneously, as shown in block
208, a dilution air flow may be provided to the dilution
zone 114. This dilution air flow may be supplied to the
dilution zone 114 bymeans of the air supply system 130.
[0043] Theair supply system130may be configured to
control the combustion air flow and the dilution air flow
independently, allowing for separate regulation of the
combustion process and the temperature in the dilution
zone114.The combustion air flowcanbeadjustedbased
on the flow rate and ammonia concentration of the pri-
mary fuel feed to achieve an optimal fuel-air ratio for
efficient combustion. Meanwhile, the dilution air flow
may be regulated according to the desired exhaust gas
temperature, which may be determined by the operating
range of catalysts, such as oxidation or reduction cata-
lysts, in the system. In some examples, the combustion
air flow and the dilution air flow may be provided by
separate flowpaths, whichmaybe regulated by separate
air flow systems. In other examples, the combustion air
flow and the dilution air flow may be provided from a

commonair flowwhich is split into the combustion air flow
and the dilution air flow. The splitting ratiomay be fixed or
variable, depending on the implementation.
[0044] Adecisionpoint in theprocess is representedby
decision block 210, which determines the mode of op-
eration for the support flame system. The support flame
may be selectively used, such as at low ammonia con-
centrations in the primary fuel feed, or continuously dur-
ing the combustion process. This decision leads to two
possible paths: activemode 212 inwhich a support flame
is produced to support the combustion of the primary
feed, and inactive mode 214 in which no support flame is
generated.
[0045] The support flame system may operate in in-
active mode 214 when the ammonia concentration is
high enough to ignite and sustain efficient combustion.
Efficient combustion can be detected by, for example,
measuring the temperature in the combustion chamber
or the ammonia slip, i.e., the concentration of residual
ammonia in the exhaust gases. A high temperature, or
low concentrations of residual ammonia, indicated effi-
cient combustion (i.e., high ammonia concentration)
while low temperature, or high concentration of residual
ammonia in the exhaust gases, indicates inefficient or
non-existing combustion (i.e., low ammonia concentra-
tion in the primary fuel feed).
[0046] The method described in figure 2 provides a
flexible approach to combusting ammonia, allowing for
efficient operation across varying ammonia concentra-
tions.Byselectively activatingor deactivating the support
flame system, the method ensures stable and complete
combustion of the ammonia-based primary fuel feed.
[0047] Figure 3 illustrates a gas combustion arrange-
ment 100, which may be configured similarly to the gas
combustion arrangements discussed above in connec-
tion with figures 1 and 2.
[0048] One or more sensors may be provided to moni-
tor the operation of the gas combustion arrangement 100
and provide feedback for controlling the various compo-
nents and subsystems of the gas combustion arrange-
ment 100. Specifically, sensor feedback can be used to
determine in which mode the support flame system is to
be operated. In the present example, the gas combustion
arrangement 100 comprises a sensor system 170 com-
prising one ormore sensors formonitoring process para-
meters of the gas combustion and providing feedback to
a control unit 180 controlling the operation of the gas
combustion arrangement 100.
[0049] Asmentioned above, the support flamemay be
provided to support the combustion of the primary fuel
feed at lower ammonia concentrations, for which the
ammonia becomes too diluted to ignite and sustain a
stable combustion. Thismay typically occur for ammonia
concentrations below 15%. The sensor system 170 may
be employed to detect too low ammonia concentrations,
either indirectly or directly, as well as unsustainable or
inefficient combustion caused by a too low ammonia
concentration.
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[0050] In one example, the sensor system 170 com-
prisesanammoniaconcentrationsensor172arranged to
measure the ammonia concentration in the primary fuel
feed. Alternatively, or additionally, the sensor system170
comprises a temperature sensor 174 arranged to mea-
sure the temperature in the combustion chamber 110,
such as in the combustion zone 112 or the dilution zone
114. The temperature may be indicative of the efficiency
of thecombustionand thus theammoniaconcentrationof
the fuel feed being burnt. In further examples, the sensor
system 170 comprises an ammonia concentration sen-
sor 176 arranged to measure the ammonia slip in the
exhaust gas. Increasing residual ammonia concentra-
tionsmay indicate that the combustionprocess is becom-
ing more unstable and inefficient, and that the support
flame may be needed to promote the combustion.
[0051] Thedataprovidedbyoneormoreof thesensors
of the sensor system 170, such as the ammonia concen-
tration sensor(s) 172, 176 and the temperature sensor
174, may be supplied to the control unit 180, which may
bearranged to control the operation of the primary burner
120 and the secondary burner 140, the air supply system
130, and the supply of the primary fuel feed. The control
unit 180 receives sensor data from the sensor system
170 and controls the operation of the gas combustion
arrangement 100 accordingly.
[0052] In particular, the control unit 180maycontrol the
operation of the secondary burner 140. The secondary
burner 140may be activated to provide the support flame
for ammonia concentrations being below a certain con-
centration threshold, such as 15%, or for combustion
chamber temperatures being below a certain tempera-
ture limit.
[0053] The control unit 180 may also operate the sup-
port flame system in the active mode during an ignition
phase of the primary burner 120 to assist in the initial
combustion process. This can help ensure reliable igni-
tion, particularly when dealingwith fuel feeds thatmay be
challenging to ignite under certain conditions, such as
low ammonia concentrations.
[0054] In the present example, the air supply system
comprises two separate subsystem - a combustion air
supply 132 and a dilution air supply 134. The combustion
air and the dilution air may hence be provided by means
of two separate flow paths, which may be controlled
separate from each other. This allows for the supply of
combustion air and the supply of dilution air to be opti-
mised for the combustionand thedilution, respectively. In
other examples, the combustion air and the dilution air
maybeprovidedbyacommonsystemor flowpath,which
may be split into two separate air flows upon entering the
combustion chamber. The ratio between the combustion
air and the dilution air may be fixed or adjustable, de-
pending on the configuration.
[0055] Figure4 isaflowchart illustratingapotential use
of the gas combustion arrangement 100 during a tank
warming process, where ammonia tanks and associated
piping systems of a marine vessel are evacuated of

ammonia prior to inspection or maintenance.
[0056] In a first step 402 of the depicted method 400,
the tank is drained of any remaining liquid ammonia by
pumping it out of the tank and redirecting it to the gas
combustion arrangement 100 for combustion. At this
stage, the primary fuel feed combusted by the primary
burner 120 may comprise close to 100% ammonia, and
the secondary burner 140 may remain inactive.
[0057] After the liquid ammonia is evacuated, a purge
gas (typically an inert gas like nitrogen) is introduced 404
into the tank to begin the warming process. The purge
gas displaces the ammonia vapours, forcing them out of
the tank. This purging process also gradually heats the
tank, as the purge gas is typically at a higher temperature
than the cryogenic ammonia. Initially, the vented gas
stream may have a high ammonia concentration (up to
100%), but this concentrationmay gradually decrease as
the purge gas continues to flush out the ammonia va-
pours. The vented gasmay be routed to the gas combus-
tion arrangement 100 for combustion by the primary
burner 120.
[0058] As the tank warming process progresses, the
ammonia concentration may eventually fall below the
lower flammability limit, at which point the ammonia
becomes too diluted to sustain a stable combustion. To
address this, the secondary burner 140may be activated
406 to produce a support flame, ensuring continued
combustion of the vented gas despite the reduced am-
monia concentration. The secondary burner 140 may be
activated either manually by operator intervention, or
automatically by the control unit 180 as discussed above.
[0059] The purge process may continue until the am-
monia concentration in the vented gas is negligible, often
approaching 0%. At such low concentrations, sustaining
combustion may become challenging, even with the
support flame. Therefore, in step 408, secondary burner
may be shut off. To further ensure compliance with emis-
sion standards, the flowof dilutionairmaybe increased in
step 410. This additional air may dilute any remaining
ammonia passing through the gas combustion arrange-
ment, helping to reduce the ammonia concentration be-
low regulatory limits. In some examples, the maximum
allowable limit is set to 25 ppm.
[0060] As mentioned above, the operation of the gas
combustion arrangement 100 may be controlled by a
controller, or control unit 180, whichmay be incorporated
in the gas combustion arrangement 100 or arranged at
another location, physically separate from the gas com-
bustion arrangement 100. The controller 180 may be
communicatively connected to the primary burner 120,
the primary fuel supply 122, the air supply system 130,
the secondary burner 140, the secondary fuel supply
142, and the sensor system 170, as discussed in con-
nectionwith figure 3. The controller 180may be arranged
to control an operation of one or more of these compo-
nents of the gas combustion arrangement 100.
[0061] The control unit 180 may generally comprise
one or more processors and one or more non-transitory
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computer-readable media storing first computer execu-
table instructions that, when executed by the one ormore
processors, cause the gas combustion arrangement 100
to perform at least parts of the actions shown in figures 2
and 4 and described above. Generally, the control unit
180 may comprise circuitry which is configured to imple-
ment (using one or more non-transitory computer-read-
able media) the functionality described herein. Suitable
processors for the execution of a program of instructions
include, by way of example, both general and special
purposemicroprocessors, and the sole processor or one
of multiple processors or cores, of any kind of computer.
Theprocessors canbesupplementedby, or incorporated
in, ASICs (application-specific integrated circuits). Those
skilled in the art will understand that the above-described
exemplary embodiments may be implemented in any
suitable software, hardware, or firmware configuration
or combination thereof. An exemplary hardware platform
for implementing the exemplary embodiments may in-
clude, for example, an Intel x86 based platform with
compatible operating system, a Windows OS, a Mac
platform and MAC OS, a mobile device having an oper-
ating system such as iOS, Android, etc. In a further
example, the exemplary embodiments of the above-de-
scribedmethodmay be embodied as a program contain-
ing lines of code stored on a non-transitory computer
readable storage medium that, when compiled, may be
executed on a processor or microprocessor.
[0062] Additionally, variations to the disclosed embo-
diments can be understood and effected by the skilled
person in practising the claimed invention, fromastudyof
the drawing, the disclosure, and the appended claims.
Moreover, in the drawings and specification, there have
been disclosed preferred embodiments and examples of
the invention and, although specific terms are employed,
they are used in a generic and descriptive sense only and
not for the purpose of limitation. The scope of the inven-
tion is set forth in the following claims, in which the word
’comprising’ does not exclude other elements or steps,
and the indefinite article ’a’ or ’an’ does not exclude a
plurality.

Claims

1. Agascombustionarrangement (100) for combusting
ammonia originating from an ammonia handling
system of a marine vessel, comprising:

a combustion chamber (110) comprising a com-
bustion zone (112) and a dilution zone (114);
a primary burner (120) configured to combust a
primary fuel feed, comprising the ammonia, in
the combustion zone;
an air supply system (130) configured to provide
a combustionair flow to theprimary burner anda
dilution air flow to the dilution zone; and
asecondary burner (140) configured to combust

a secondary fuel feed to provide a support flame
supporting the combustion of the primary fuel
feed.

2. Thegascombustionarrangementaccording to claim
1, wherein the secondary fuel feed comprises an
ammonia-based fuel.

3. Thegascombustionarrangementaccording to claim
1 or 2, wherein the secondary fuel feed comprises a
fuel based on at least one of methane, methanol,
liquid hydrocarbons, or hydrogen.

4. The gas combustion arrangement according to any
of the preceding claims, wherein the air supply sys-
tem is configured to draw air for the combustion air
flow and the dilution air flow from a common air
source.

5. The gas combustion arrangement according to any
of claims 1‑3, wherein the air supply system is con-
figured to draw air for the combustion air flow and air
for the dilution air flow from separate air sources.

6. The gas combustion arrangement according to any
of the preceding claims, wherein the air supply sys-
tem is configured to control the combustion air flow
and the dilution air flow independently of each other.

7. The gas combustion arrangement according to any
of the preceding claims, further comprising an oxida-
tion catalyst (160) configured to remove residual
ammonia from combustion gases generated by
the combustion of the primary fuel feed.

8. Thegascombustionarrangementaccording to claim
9, wherein the air supply system is configured to
introduce the dilution air flow into the combustion
chamber at a position located between the combus-
tion zone and the oxidation catalyst.

9. The gas combustion arrangement according to any
of the preceding claims, further comprising a reduc-
tion catalyst (150) configured to remove nitrogen
oxides from the combustion gases generated by
the combustion of the primary fuel feed.

10. Thegascombustionarrangementaccording to claim
9, further comprising a reduction agent supply sys-
tem (152) configured to provide a reduction agent to
the reduction catalyst.

11. Amethod (200) for combustingammonia, originating
from an ammonia handling system of a marine ves-
sel, in a combustion zone of a combustion chamber,
the method comprising:

providing (202) a primary fuel feed, comprising
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the ammonia, to a primary burner;
providing (204) a combustion air flow to the
primary burner;
combusting (206), by the primary burner, the
primary fuel feed;
providing (208) a dilution air flow to a dilution
zone of the combustion chamber; and
operating a support flame system in at least one
of an active mode (212) and an inactive mode
(214), wherein the support flame system in the
active mode combusts a secondary fuel feed to
generate a support flame supporting the com-
bustion of the primary fuel feed.

12. The method according to claim 11, comprising:

determining a temperature in the combustion
chamber;
operating the support flame system in the inac-
tive mode based on the temperature exceeding
a predetermined temperature threshold; and
operating the support flame system in the active
mode based on the temperature being at or
below the predetermined temperature thresh-
old.

13. The method according to claim 11, comprising:
operating the support flame system in the active
mode during an ignition phase of the primary burner.

14. The method according to claim 11, comprising:

determining an ammonia concentration in the
primary fuel feed;
operating the support flame system in the inac-
tive mode based on the ammonia concentration
exceeding a predetermined concentration
threshold; and
operating the support flame system in the active
mode based on the ammonia concentration
being at or below the predetermined concentra-
tion threshold.

15. The method according to claim 11, comprising:

determining a concentration of residual ammo-
nia in exhaust gases generated by the combus-
tion of the primary fuel feed;
operating the support flame system in the inac-
tivemodebasedon theconcentrationof residual
ammonia being at or below a predetermined
concentration threshold; and
operating the support flame system in the active
mode based on the concentration of residual
ammoniaexceeding thepredeterminedconcen-
tration threshold.

16. The method according to any of claims 11‑13, com-

prising:
controlling the dilution air flow based on a concen-
tration of residual ammonia in exhaust gases gen-
erated by the combustion of the primary fuel feed.

17. The method according to any of claims 11‑13, com-
prising:

passing exhaust gases, generated by the com-
bustion of the primary fuel feed, through an
oxidation catalyst to remove residual ammonia
from the exhaust gases; and
controlling the dilution air flow based on a tem-
perature of the exhaust gases passing through
the oxidation catalyst.
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