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(67)  The invention relates to a method for producing
a fuel for driving a gas turbine, including the steps of:

- pressurizing liquid ammonia,

- the pressurized ammonia is fed by a feeding line (6)
into an ammonia cracking device (10) and partially
cracked using exhaust gas heat from the gas turbine (4),
- a mixture of hydrogen, nitrogen and ammonia is taken
out of the ammonia cracking device (10) to a cooling unit
and cooled down to ambient temperatures,

- in a gas-liquid-separator (16), the gaseous mixture of
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METHOD AND SYSTEM FOR PRODUCING A FUEL FOR DRIVING A GAS TURBINE

hydrogen, nitrogen and ammonia is separated from the
liquid ammonia by means of centrifugal and/or gravita-
tional forces,
- the gaseous mixture of hydrogen, nitrogen and ammo-
nia is fed to at least one burner (22) of the gas turbine (4),
- the uncracked, liquid ammonia from the gas-liquid-sep-
arator (16) is mixed with the pressurized ammonia in the
feeding line (6).

In this method the exhaust heat of the gas turbine is
advantageously used in the cracking process.
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Description

[0001] Ammonia is a potential carrier of hydrogen fuel.
However, it is not suitable to directly combust in a typical
gas turbine burner, mainly due to low flammability, but
also due to very high NOx emissions due to the fuel-
bound nitrogen.

[0002] As of today, ammonia has been used in re-
search kW-scale gas turbines. There is also prior art, WO
2017/160154, in the area of industrial gas turbines oper-
ating with ammonia. In detail, WO 2017/160154 disclos-
es a process for generating power using a gas turbine,
comprising the steps of: (i) vaporising and pre-heating
liquid ammonia to produce pre-heated ammonia gas; (ii)
introducing the pre-heated ammonia gas into an ammo-
nia-ammonia cracking device suitable for converting am-
monia gas into a mixture of hydrogen and nitrogen; (iii)
converting the pre-heated ammonia gas into a mixture
of hydrogen and nitrogen in the device; (iv) cooling the
mixture of hydrogen and nitrogen to give a cooled hydro-
gen and nitrogen mixture; (v) introducing the cooled hy-
drogen and nitrogen mixture into a gas turbine; and (vi)
combusting the cooled hydrogen and nitrogen mixture in
the gas turbine to generate power. In the process de-
scribed in WO 2017/160154, in the first place the liquid
ammonia is preheated and vaporized to form gaseous
ammonia. The gaseous ammoniais then fed to the crack-
er unit comprising a catalyst. In this case the heat ex-
changing device and the ammonia cracking device are
two different units. Yet, the cracking reaction is endother-
mic and heat supply is necessary also during cracking
of ammonia. In WO 2017/160154, the heat required for
the cracking reaction is derived from redirecting 10-20%
of the hydrogen/nitrogen fuel stream to the gas turbine.
[0003] The object of the invention is, therefore, to pro-
vide an improved method for producing a fuel for a gas
turbine.

[0004] The object of the invention is achieved by the
independent claims 1 and 6. The dependent claims de-
scribe advantageous developments and modifications of
the invention.

[0005] In accordance with the invention there is pro-
vided a method for producing a fuel for driving a gas
turbine, including the steps of:

- pressurizing liquid ammonia,

- the pressurized ammonia is fed by a feeding line into
an ammonia cracking device and partially cracked
using exhaust gas heat from the gas turbine,

- amixture of hydrogen, nitrogen and ammonia is fed
out of the ammonia cracking device to a cooling unit
and cooled down to ambient temperature,

- inagas-liquid-separator, the gaseous mixture of hy-
drogen, nitrogen and ammonia is separated from the
liquid ammonia by means of centrifugal and/or grav-
itational forces,

- the gaseous mixture of hydrogen, nitrogen and am-
monia is fed to at least one burner of the gas turbine,
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- the uncracked, liquid ammonia from the gas-liquid-
separator is mixed with the pressurized ammonia in
the feeding line.

[0006] In accordance with the invention there is pro-
vided a system for producing a fuel for driving a gas tur-
bine, comprising:

- afeeding line for liquid ammonia in which a pump is
integrated,

- an ammonia cracking device arranged on the feed-
ing line for the production of a mixture of hydrogen,
nitrogen and ammonia and an exhaust gas line con-
necting an exit of the gas turbine with the ammonia
cracking device,

- a cooling unit for cooling the mixture of hydrogen,
nitrogen and ammonia down to ambient tempera-
ture,

- agas-liquid-separator for the separation of the gas-
eous hydrogen, nitrogen and ammonia from the un-
cracked and liquid ammonia by means of centrifugal
and/or gravitational forces,

- afuellineforfeeding the gaseous hydrogen, nitrogen
and ammonia to at least one burner of the gas tur-
bine, and

- arecirculation line connecting the gas-liquid-sepa-
rator with the feeding line for the transportation of
the uncracked, liquid ammonia to the pressurized
ammonia.

[0007] Advantages relating to the described method
may as well pertain to the system and vice versa.
[0008] The method overcomes the drawbacks of the
known prior art by suggesting an efficient way to keep
the reaction rate of the cracking process high by contin-
uously suppling heat for from the exhaust gas of the gas
turbine. To achieve this, the ammonia is not pre-heated,
but the heating step is performed in the ammonia crack-
ing device. In this case, proximity is needed between the
gas turbine and the ammonia cracking device, i.e., both
are part of one system for generating power using a gas
turbine. In particular, the case is excluded, in which the
fuel is produced at a different site than the gas turbine,
and transported to the gas turbine, which is for instance
offshore.

[0009] Another essential difference between the
present method and the prior art is that the ammonia is
only partially cracked, so that a mixture containing hy-
drogen, nitrogen and non-cracked ammonia is leaving
the ammonia cracking device and fed to the burners of
the gas turbine.

[0010] Moreover, the mixture containing hydrogen, ni-
trogen and non-cracked ammonia is cooled down to am-
bient temperature, so that the ammonia condenses, but
all hydrogen and nitrogen remain fully gaseous. Ammo-
nia content in the gas phase will be determined by the
vapor pressure of the ammonia, which depends on the
mixture’s temperature. This gives the opportunity to con-
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trol and know the composition of mixture. At typical gas
turbine operating conditions, the ammonia content can
be about 30-40%, which gives the resulting fuel mixture
a laminar flame speed comparable to the one of natural
gas.

[0011] The uncracked, liquified ammonia is eventually
recirculated to the incoming ammonia stream. The ad-
vantage of this process step is, that the ammonia coming
from the gas-liquid-separator is still at high pressure. The
proposed system will maximize the utilization of the cat-
alyst, asitallows for high ammonia concentration through
the entire catalyst.

[0012] By cracking ammonia to a hydrogen-nitrogen
mixture prior to injection into the burner, a fuel is obtained
which has a suitable flame speed, as well as fuel bound
nitrogen is lowered. A further advantage is also the ele-
vated heating value of the fuel.

[0013] In a preferred embodiment, the ammonia is
pressurized from a lower pressure to a higher pressure
which is in the range between 15 bar and 50 bar, de-
pending on the type and size of the turbine. This is done
by a pump, integrated in the feeding line, which pumps
up ammonia to 15-50 bar. Alternatively, the same pres-
sure can be achieved by heating the ammonia storage
container.

[0014] In another preferred embodiment, by means of
the exhaust gas of the gas turbine, in the ammonia crack-
ing devices the ammonia is heated up from a lower tem-
perature to a higher temperature, which is in the range
between 400 °C and 1000 °C. In this case the ammonia
cracking device works also as heat exchanger and the
heat needed for the endothermic cracking reaction is pro-
vided by the gas turbine exhaust gas. The exhaust gas
of the gas turbine has a temperature of 450 °C to 650
°C, but depending on the type of turbine and operating
conditions this temperature might be higher. In any case
the exhaust gas temperature is high enough to heat up
the ammonia to the required temperature level so that
the cracking process takes place.

[0015] Preferably, the ammonia cracking device is a
catalytic ammonia-ammonia cracking device containing
a catalyst. Alternative embodiments are also possible,
e.g. The ammonia cracking device is preferably a reform-
ing reactor.

[0016] A solid catalyst is preferably employed in the
ammonia cracking device in order to ensure an efficient
cracking process. In this case the ammonia cracking de-
vice contains a solid catalyst selected from nickel cata-
lysts, iron catalysts, manganese catalysts, platinum cat-
alysts, palladium catalysts, lanthanum catalysts, molyb-
denum catalysts, ruthenium catalysts, cobalt catalysts,
lithium catalysts, and zirconium catalysts, or mixtures
thereof.

[0017] One embodiment of the invention is now de-
scribed, by way of example only, with reference to the
accompanying drawing. The only figure shows a system
2 for producing a fuel to be burned in a gas turbine 4.
Liquid ammonia is fed to the system 2 through a feeding

10

15

20

25

30

35

40

45

55

line 6, in which a pump 8 is integrated. The ammonia is
pressurized from a lower pressure p which is e.g. 8 bar
to higher pressure p, at a level between 15 bar and 50
bar, e.g. p,=50 bar. In the feeding line 6 the ammonia
has a lower temperature of T, which is 15°C. Alternative-
ly, the pump 8 is omitted, and the ammonia storage is
heated to achieve pressure p,.

[0018] The pressurized ammonia is then fed into an
ammonia cracking device 10, which is also functioning
as heatexchanger. Exhaust gas heatfrom the gas turbine
4 is also transferred to the ammonia cracking device 10
by means of a heat line 12, so that in the ammonia crack-
ing device 10 the ammonia is heated up to a higher tem-
perature T,, in particular to a range between to 400 °C
and 1000 °C. For example, T,=500°C.

[0019] A suitable solid catalyst material is present in-
side the ammonia cracking device 10. At the typical gas
turbine exhaust temperatures, a substantial fraction (but
not all) of the ammonia is cracked to hydrogen and nitro-
gen. The catalyst speeds up this process.

[0020] After leaving the ammonia cracking device 10,
the mixture of ammonia, hydrogen and nitrogen is cooled
down to ambient temperature, e.g. down to T=15°C, in
the cooler 14. This temperature can be different from the
temperature in the feeding line 6 though. As the pressure
remains high at p,, e.g. 50 bar, part of the ammonia in
the mixture will condensate, while hydrogen and nitrogen
remain fully gaseous. The partial pressure from gas
phase ammonia depends on the temperature T, of the
mixture. At T;=15 °C, ammonia vapor pressure is about
7 bar, while the remaining pressure is exerted by the
cracked products.

[0021] Next the gaseous cracking products are sepa-
rated from the uncracked ammonia by means of centrif-
ugal and/or gravitational forces in a gas-liquid-separator
16. The uncracked liquid ammonia is recirculated to the
incoming ammonia stream via a recirculation line 18,
while the gaseous mixture (hydrogen, nitrogen and am-
monia) is fed to the burners 22 of the gas turbine 4 along
a fuel line 20. The fuel mixture fed to the burners 22 has
a higher heating value than the incoming ammonia, this
energy comes from the exhaust heat. It has also a sig-
nificantly higher reactivity owing to the presence of hy-
drogen.

Claims

1. Method for producing a fuel for driving a gas turbine
(4), including the steps of:

- pressurizing liquid ammonia,

- the pressurized ammonia is fed by a feeding
line (6) into an ammonia cracking device (10)
and partially cracked using exhaust gas heat
from the gas turbine (4),

- a mixture of hydrogen, nitrogen and ammonia
is fed out of the ammonia cracking device (10)
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to a cooling unit and cooled down to ambient
temperature,

-in agas-liquid-separator (16), the gaseous mix-
ture of hydrogen, nitrogen and ammonia is sep-
arated from the liquid ammonia by means of cen-
trifugal and/or gravitational forces,

- the gaseous mixture of hydrogen, nitrogen and
ammonia is fed to at least one burner (22) of the
gas turbine (4),

- the uncracked, liquid ammonia from the gas-
liquid-separator (16) is mixed with the pressu-
rized ammonia in the feeding line (6).

Method according to claim 1,

wherein the ammonia is pressurized from a lower
pressure (p4) to a higher pressure (p,) which is in
the range between 15 bar and 50 bar.

Method according to any of the preceding claims,
wherein in the ammonia cracking devices the am-
monia is heated up from a lower temperature (T,) to
a higher temperature (T,) which is in the range be-
tween 400 °C and 1000 °C by means of the exhaust
gas of the gas turbine (4).

Method according to any of the preceding claims,
wherein the ammonia cracking device (10) is a cat-
alyticammonia cracking device (10) containing a cat-
alyst.

Method according to claim 4,

wherein the ammonia cracking device (10) contains
a solid catalyst selected from nickel catalysts, iron
catalysts, manganese catalysts, platinum catalysts,
palladium catalysts, lanthanum catalysts, molybde-
num catalysts, ruthenium catalysts, cobalt catalysts,
lithium catalysts, and zirconium catalysts, or mix-
tures thereof.

A system (2) for producing a fuel for driving a gas
turbine (4), comprising:

- a feeding line (6) for liquid ammonia in which
a pump (8) is integrated,

- an ammonia cracking device (10) arranged on
the feeding line (6) for the production of a mixture
of hydrogen, nitrogen and ammonia and an ex-
haust gas line connecting an exit of the gas tur-
bine (4) with the ammonia cracking device,

- a cooling unit for cooling the mixture of hydro-
gen, nitrogen and ammonia down to ambient
temperature,

- a gas-liquid-separator (16) for the separation
of the gaseous hydrogen, nitrogen and ammo-
nia from the uncracked and liquid ammonia by
means of centrifugal and/or gravitational forces,
- a fuel line (20) for feeding the gaseous hydro-
gen, nitrogen and ammonia to at least one burn-
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10.

er (22) of the gas turbine (4), and

- a recirculation line (18) connecting the gas-
liquid-separator (16) with the feeding line (6) for
the transportation of the uncracked, liquid am-
monia to the pressurized ammonia.

System (2) according to claim 6,

wherein the pump (8) is configured to the ammonia
is pressurized from a lower pressure (p4) to a higher
pressure (p,) which is in the range between 15 bar
and 50 bar.

System (2) according to claim 6 or 7,

wherein the ammonia cracking devices is configured
for heating up the ammonia from alower temperature
(T4) to a higher temperature (T,) which is the range
between 400 °C and 1000 °C by means of the ex-
haust gas of the gas turbine (4).

System (2) according to any of the claims 6 to 8,
wherein the ammonia cracking device (10) is a cat-
alyticammonia cracking device (10) containing a cat-
alyst.

System (2) according to claim 9,

wherein the ammonia cracking device (10) contains
a solid catalyst selected from nickel catalysts, iron
catalysts, manganese catalysts, platinum catalysts,
palladium catalysts, lanthanum catalysts, molybde-
num catalysts, ruthenium catalysts, cobalt catalysts,
lithium catalysts, and zirconium catalysts, or mix-
tures thereof.
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