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(54) SYSTEM AND METHOD TO REDUCE ENVIRONMENTALLY HARMFUL GASES OUT IN A FLUE
GAS PRODUCED BY A FUELED POWER GENERATOR

(57)  The present disclosure relates to reduction sys-
tem 1 for flue gas produced by a fuelled power generator,
comprising an exhaustductarrangement 2 with aflue gas
passage, and a reduction agent injection system 3 . The
latter comprises one or more vaporizers for vaporizing a
liquid reduction agent to a vapor, and one or more in-
jectors for injecting the vapor into a respective cooling
fluid passage 22. One or more mixers located in a re-
spective cooling fluid passage are configured to mix the
cooling fluid with the vapor injected in the cooling fluid
passage, obtaining a reduction agent-cooling fluid mix-

ture. A mixing unit 25 with a static turbulence creating
system located in the flue gas passage 21 is configured to
obtain a homogeneous cooled flue gas mixture out of the
reduction agent-cooling fluid mixture and the hot flue gas.
At least one SCR catalyst 26 placed in the flue gas
passage downstream the mixing unit removes NOx out
of the cooled flue gas mixture. Also a CO reduction
catalyst can be provided, separated from or integrated
with the SCR catalyst, to remove CO out of the cooled flue
gas mixture.
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Description
Technical field

[0001] The present disclosure relates to purification of
flue gases having one or more environmentally harmful
gases originating from fossil fuelled power generators or
power generators fuelled by green fuels. The present
disclosure more in particular relates to purification of
environmentally harmful gases such as nitrogen oxides
(NO,) and carbon monoxide (CO) out of these flue gases.

Background

[0002] Fuelled powered generators discharge flue
gases having various environmentally harmful gases
produced during the combustion of the fossil fuel, includ-
ing carbon monoxide (CO), nitrogen oxides (NO,), etc..
Since the regulations on the amount of these harmful
gases that can be discharged into the atmosphere have
been strengthened, there exists a need to improve the
known systems for flue gas cleaning.

[0003] It is known to use catalytic processes to clean
NO, and CO out of flue gases originating from fuelled
power generators. The standard known and applied cat-
alysts are able to work at temperatures up to 470°C,
which is lower than the flue gas temperatures of most
of the fuelled power generators before any cooling is
applied, which is normally approximately between =
500°C and 700°C. In order to cool down the flue gas, it
is known to apply a heat recovery system or a "dilution" or
"tempering" system, which is a system that supplies a
cooling fluid such as ambient air to the flue gas to cool
down the flue gas stream to a temperature appropriate for
itto be treated with the catalysts. The process in which the
flue gas is cooled down using a cooling fluid to enable an
SCR catalyst to remove NO, out of the flue gas is called
"dilution-SCR" or "tempering-SCR".

[0004] InEP 3529466, forinstance, a dilution-SCR for
a fossil fuel powered engine is described. Therein, an
exhaust duct arrangement for a fossil fuel powered en-
gine is disclosed, comprising a flue gas passage, a cool-
ing fluid passage, a mixing device for mixing cooling fluid
with the hot flue gas and a selective catalytic reduction
(SCR) catalyst for removing NOx arranged in the flue gas
passage, and at least a first means for supplying a
reduction agent. The mixing device comprises a mixing
chamber with a firstwall and an opposed second wall, this
firstand second wall arranged upstream of the SCRin the
flue gas passage and extending over the cross-sectional
area of the flue gas passage, both walls perforated by
through holes, wherein through holes of the first wall are
connected with through holes of the second wall in pairs
by pipes extending through the mixing chamber, wherein
the pipes are perforated by at least one hole into the
mixing chamber and the cooling fluid passage ending into
the mixing chamber.

[0005] There currently exist also other tempered SCR
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(TSCR)-systems which have another configuration of a
mixing unit which comprises a static turbulence creating
system which is configured to create a turbulence inside
the mixing unit during operation in the cooling fluid and
the flue gases, in such a way homogeneously mixing
these, resulting in a cooled flue gas mixture with a homo-
geneous temperature which can then be emitted by the
mixing unit further into the reduction system.

[0006] Itis a goal of the presentdisclosure to provide in
a suitable configuration of a catalytic system to reduce
harmful gases, more in particular NO, and CO, in flue gas
originating from a fuelled power generator which is ar-
ranged with a mixing unit which is provided with a static
turbulence creating system which is configured to create
a turbulence inside the mixing unit during operation and
to homogeneously mix a cooling fluid and the hot flue
gases originating from the fuelled power generator, re-
sulting in a cooled flue gas mixture with a homogeneous
temperature. It's a further goal of the present disclosure
to provide such a configuration having a minimized
amount of separate tools necessary to cool down the
hot flue gas originating from the fuelled power generator
to a temperature which is workable by the one or more
catalysts, and to apply a NO, reduction agent to reduce
the amount of NOx in the flue gas. Itis still a further goal of
the present disclosure to provide such a configuration
which results in a good distribution of the NO, reduction
agent in the flue gas.

Summary

[0007] According to a first aspect of the present dis-
closure, a reduction system to reduce environmentally
harmful gases out of flue gas produced by a fuelled power
generator, wherein the reduction system comprises

- an exhaust duct arrangement comprising

o a flue gas passage configured to receive the
flue gas produced by the fuelled power genera-
tor and configured to let the flue gas flow through
it, and

o one or more cooling fluid passages that are
configured to draw in cooling fluid and to let
cooling fluid flow through it, and

- in order to reduce NO, as a harmful gas in the flue
gas, a NO, reduction agent injection system, com-
prising

o one or more vaporizers for vaporizing a liquid
NO, reduction agent to a NO, reduction agent
vapor, wherein the one or more vaporizers op-
tionally are heat exchangers, and

o one or more injectors which each are fluidically
connected with one of the one or more vapor-
izers, wherein the one or more injectors each at
least partially extend in one of the one or more
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cooling fluid passages that are configured to
draw in cooling fluid, and wherein the injectors
are configured to inject the NO, reduction agent
in the cooling fluid present in the respective
cooling fluid passage,

o one or more mixers located in the one or more
cooling fluid passages upstream of the one or
more injectors, and configured to mix the cooling
fluid with the NO, reduction agent, which is in
operation injected by the one or more injectors in
the respective cooling fluid passage, obtaining a
reduction agent-cooling fluid mixture,

o a mixing unit located in the flue gas passage,
the mixing unit being configured to draw in hot
flue gas from the flue gas passage, and being
fluidically connected with the one or more cool-
ing fluid passages allowing reduction agent-
cooling fluid mixture to be drawn in, and com-
prising a static turbulence creating system which
is configured to create a turbulence in the hot
flue gas and the reduction agent-cooling fluid
present in the mixing unit during operation, in
that way homogeneously mixing the reduction
agent-cooling fluid mixture with the hot flue
gases, resulting in a cooled flue gas mixture,
and the mixing unit further being configured to
emit the cooled flue gas mixture in the flue gas
passage with a homogeneous temperature
throughout the cooled flue gas mixture, and

- atleast one selective catalytic reduction (SCR) cat-
alystlocated in the flue gas passage downstream the
mixing unit, the SCR catalyst being configured to
remove NO, from the cooled flue gas mixture.

[0008] The fuels can be fossil fuels, which are defined
as "hydrocarbon-containing materials such as coal, oil,
natural gas, formed naturally in the Earth’s crust from the
remains of dead plants and animals that is extracted and
burned as afuel", as well as green fuels which are defined
as "different types of fuel that are derived from organic
matter, renewable and eco-friendly, or less toxic than
conventional fuels, and that can be made from plants,
animal materials, waste, or chemicals". An example of a
green fuel is green hydrogen.

[0009] An advantage of this reduction system accord-
ing to the present disclosure as described above is that
the reduction agent vapor, which is a gas, is introduced in
another gas, i.e. the cooling fluid, through which it is easy
to mix, and prevents corrosion of parts or walls of the
reduction system. Furthermore, because of the high air
flow in the exhaust duct arrangement created by the
mixing unit (a high air flow meaning an air flow which is
more than 100 times higher than the flow of the reduction
agent), the reduction agent vapor can be added to the
cooling fluid with an increase in the relative humidity
which stays below 100 %, through which no recondensa-
tion can take place. Another advantage of this reduction
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system according to the present disclosure as described
above is that the cooling of the flue gas to a temperature
appropriate to enable the one or more catalysts to reduce
the nitrogen oxides, and optionally the carbon monoxide,
and the distribution of the NO, reduction agent before the
one or more SCR catalysts, are performed by one and the
same element, i.e. the mixing unit, saving equipment and
costs and simplifying the reduction system. Furthermore,
this reduction system provides in a high uniformity of the
velocity, the reagent and the temperature distribution of
the flue gas to be treated.

[0010] In an optional embodiment of a reduction sys-
tem according to the present disclosure, the vaporizer is
located downstream the at least one SCR catalyst. The
advantage thereof is that the heat from the flue gas is
used to vaporize the liquid NO, reduction agent. This thus
minimizes the necessary equipment.

[0011] In an optional embodiment of a reduction sys-
tem according to the present disclosure, the NO, reduc-
tion agent injection system comprises a liquid reduction
agent flow control unit to control the amount of liquid NO,
reduction agent to be vaporized depending on the de-
mand of the NO, reduction agent.

[0012] In a specific embodiment of a reduction system
according to the present disclosure, the NO, reduction
agent is ammonia, and the vaporizers are configured to
vaporize an aqueous ammonia solution to a hotammonia
/ water vapor.

[0013] In a more specific embodiment of a reduction
systemaccording to the present disclosure, the vaporizer
is a heat exchanger.

[0014] In a specific embodiment of a reduction system
according to the present disclosure, the NO, reduction
agent injection system is an ammonia injection system,
and the liquid NO, reduction agent flow control unit is an
aqueous ammonia flow control unit to control the amount
of aqgueous ammonia solution to be vaporized depending
on the ammonia demand.

[0015] In a particular embodiment of a reduction sys-
tem according to the present disclosure, the exhaust duct
arrangement comprises two cooling fluid passages. Both
are always working during the operation of the reduction
system. The advantage thereof is that when the delivery
of cooling fluid in one of these cooling fluid passages
would fail, the other one will still be supplied with cooling
fluid through which there is a constant delivery of ammo-
nia / water vapor to the SCR catalyst(s).

[0016] Inapossible embodiment of areduction system
according to the present disclosure, the cooling fluid is a
cooling gas or ambient air or a mixture of cooling air/ gas
with steam or vapor or droplets of a liquid.

[0017] In a specific embodiment of a reduction system
according to the present disclosure, the cooling fluid has
a temperature of between 5°C and 45°C. When the cool-
ing fluid is ambient air, the temperature depends on the
weather conditions of the environment where the reduc-
tion system is installed.

[0018] In a particular embodiment of a reduction sys-
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tem according to the present disclosure, the NO, reduc-
tion agent vapor has a temperature of between 110°C
and between 400°C, more in particular between 150°C
and 250°C. Itis remarked that the temperature of the NO,
reduction agent vapor depends on the amount of dosed
NO, reduction agent, whichin its turn depends on the flue
gas temperature and the amount of NO, to be reduced. If
the flow rate of the NO, reduction agentis atits maximum,
for instance during operation of the fuelled power gen-
erator, then the temperature of the NO, reduction agent
vapor will be towards the lower temperature of the tem-
perature range, while when the flow rate of the NO,
reduction agent is low, for instance when there is a low
demand of NO, reduction agent in case the power gen-
erator is changing from one load case to another or at
start-up, then a minor amount of NOx has to be reduced,
often approaching the NO, emission limit, and then the
temperature of the NO, reduction agent vapor will be
towards the higher temperature of the temperature
range.

[0019] In an optional embodiment of a reduction sys-
tem according to the present disclosure, in order to re-
duce CO as a harmful gas out of the flue gas, one or more
CO reduction catalysts located downstream the mixing
unit are provided, the one or more CO being arranged
either separately downstream or upstream of the one or
more SCR catalysts, either as a whole together with the
one or more SCR catalysts, i.e. integrated with or united
with the one or more SCR catalysts. In the latter case, for
instance a dual catalyst can be used.

[0020] According to a second aspect of the present
disclosure, a method to reduce one or more environmen-
tally harmful gases in flue gas produced by a fuelled
powered generator, the method comprising the steps of

- directing hot flue gas from the fuelled power gen-
erator to a flue gas passage of an exhaust duct
arrangement and letting the hot flue gas flow through
the flue gas passage;

- entering cooling fluid in one or more cooling fluid
passages of the exhaust duct arrangement and let-
ting the cooling fluid flow through these;

- inordertoreduce NO, as a harmful gas out of the flue
gas,

o vaporizing a liquid NO, reduction agent to a
reduction agent vapor using one or more vapor-
izers;

o injecting the NO, reduction agent vapor in
cooling fluid present in the respective cooling
fluid passage using one or more injectors that
each extend at least partially in one of the one or
more cooling fluid passages and thateach are in
fluidical connection with one of the one or more
vaporizers;

° mixing the injected NO, reduction agent vapor
and the cooling fluid in the respective cooling
fluid passage using one or more mixers each
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located in one of the one or more cooling fluid
passages downstream of the respective one or
more injectors, obtaining a reduction agent-
cooling fluid mixture in the respective cooling
fluid passage;

o directing the NOx reduction agent-cooling fluid
mixture in the respective cooling fluid passage
towards a mixing unit located in the flue gas
passage, the mixing unit comprising a static
turbulence creating system,

o creating turbulence in the reduction agent-
cooling fluid mixture and the hot flue gas present
inside the mixing unit by means of the static
turbulence creating system, in that way homo-
geneously mixing of the reduction agent-cooling
fluid mixture with the hot flue gases, resultingina
cooled flue gas mixture;

o emitting the cooled flue gas mixture with a
homogeneous temperature by the mixing unit
in the flue gas passage;

o directing the cooled flue gas mixture to at least
one SCR catalyst, and removing NO, out of the
cooled flue gas mixture.

[0021] It is the intention that an amount of NO, is
removed out of the cooled flue gas mixture until an
amount of NO, according to the current limits as de-
scribed in the environmental norms or even a lower
amount of NO, is reached.

[0022] In an optional embodiment of a method accord-
ing to the present disclosure, in order to reduce CO as a
harmful gas out of the flue gas, the method comprises the
step of removing CO out of the cooled flue gas mixture by
means of at least one CO reduction catalyst located
downstream the mixing unit, either separately down-
stream or upstream of the one or more SCR catalysts,
either as a whole together with, i.e. integrated with, the
one or more SCR catalysts. It is the intention that an
amount of CO is removed out of the cooled flue gas
mixture until an amount of CO according to the current
limits as described in the environmental norms or even a
lower amount of CO is reached.

[0023] Ina specificembodiment of a method according
to the present disclosure, the NO, reduction agent is
ammonia, and wherein the liquid NO, reduction agent
is an aqueous ammonia solution and the NO, reduction
agent vapor is ammonia / water vapor.

[0024] In a particular embodiment of a method accord-
ing to the present disclosure as described above, a
reduction system according to the present disclosure
as described above is used.

[0025] According to a third aspect of the present dis-
closure, a NO, reduction agent injection system for a
reduction system for reducing one or more environmen-
tally harmful gases out of a flue gas produced by a fuelled
power generation, the reduction system comprising an
exhaust duct arrangement which comprises
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- aflue gas passage configured to draw in hot flue gas
produced by the fuelled power generator and con-
figured to allow the flue gas to flow through it;

- one or more cooling fluid passages configured to
draw in cooling fluid and configured to allow the
cooling fluid flow through it;

- a mixing unit located in the flue gas passage, the
mixing unit comprising a static turbulence creating
system which is configured to create a turbulence in
the gases presentin the mixing unit during operation,
in that way homogeneously mixing the gases, result-
ing in a homogeneous gas mixture, and the mixing
unit further being configured to emit the homoge-
neous gas mixture in the flue gas passage with a
homogeneous temperature throughout the homoge-
neous gas mixture;

- at least one SCR catalyst located in the flue gas
passage downstream the mixing unit, and

wherein the NO, reduction agent injection system com-
prises

- one or more vaporizers for vaporizing a liquid NO,
reduction agent to a NO, reduction agent vapor, the
one or more vaporizers being configured to be lo-
cated in the flue gas passage, and

- one or more injectors which each are fluidically con-
nected with one of the one or more vaporizers, the
one or more injectors each being configured to at
least partially extend into one of the one or more
cooling fluid passages, and which are configured to
inject the NO, reduction agent vapor in the cooling
fluid present in the respective cooling fluid passage,

- one or more mixers that are configured to be located
in one of the one or more cooling fluid passages
upstream of the one or more injectors, and which are
configured to mix the cooling fluid with the NO,
reduction agent vapor which is in operation injected
in the respective cooling fluid passage, obtaining a
reduction agent-cooling fluid mixture, and

wherein

- the mixing unit is configured to draw in hot flue gas
from the flue gas passage, and is fluidically con-
nected with the one or more cooling fluid passages
allowing reduction agent-cooling fluid mixture to be
drawn in, and wherein the static turbulence creating
system is configured to create a turbulence in the
reduction agent-cooling fluid mixture and the hot flue
gas present in the mixing unit during operation, in
that way homogeneously mixing the reduction
agent-cooling fluid mixture and the hot flue gas,
resulting in a cooled flue gas mixture, and wherein
the mixing unitis further configured to emit the cooled
flue gas mixture in the flue gas passage with a
homogeneous temperature throughout the cooled
flue gas mixture, and
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- the one or more SCR catalysts are configured to
remove NO, from the cooled flue gas mixture.

[0026] In an optional embodiment of a NO, reduction
agent injection system according to the present disclo-
sure, the vaporizeris located downstream the atleastone
selective catalytic reduction catalyst.

[0027] In a particular embodiment, a NO, reduction
agent injection system according to the present disclo-
sure as described above for a NO, reduction system
according to the present disclosure as described above
is disclosed.

[0028] According to a final aspect of the present dis-
closure, a power production plantis disclosed comprising
one or more fuelled power generators and one or more
reduction systems to reduce one or more environmen-
tally harmful gases out of the flue gases produced by the
fuelled power generator according to the present disclo-
sure as described above, wherein each of the one or
more fuelled power generators is fluidically connected
with the one or more reduction systems.

Description of the figures

[0029] FIG. 1 shows a cross-sectional view of an ex-
emplary embodiment of a reduction system according to
the present disclosure.

Detailed description

[0030] The present disclosure relates to a reduction
system to reduce environmentally harmful gases, morein
particular NO, (nitrogen oxides) and CO (carbon mon-
oxide) in flue gas (or exhaust gas) originating from a
fuelled power generator. With NO, is meant NO as well
as NO,. Examples of fuels can be fossil fuels such as
coal, natural gas or fuel oil, but can also be green fuels
such as green hydrogen. An example of a fuelled power
generator is a turbine, such as simple cycle gas turbine.
[0031] The reduction system comprises an exhaust
duct arrangement which in its turn comprises a flue
gas passage configured to receive hot flue gas with a
temperature of between 450°C and 700°C from the
fuelled power generator. This temperature of this flue
gas is way too high to be able to treat the flue gas with
a standard SCR catalyst which normally operates in
temperature intervals between 260°C and 470°C, more
in particular between 420°C and 450°C. Therefore, the
flue gas needs to be cooled down to a temperature which
is workable by such an SCR catalyst.

[0032] To this end, the exhaust duct arrangement is
designed as described in the following paragraphs.
[0033] The exhaust duct arrangement first of all com-
prises one or more cooling fluid passages configured to
draw in cooling fluid and to let cooling fluid flow through it.
This cooling fluid for instance is ambient air taken from
the surroundings of the cooling fluid passage(s). It can
however also be a cooling gas or a mixture of cooling air/
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gas with steam or vapor or droplets of a liquid. The
temperature of the cooling fluid is typically between
5°Cand45°C. When ambientairis used, the temperature
thereof is depending on the weather conditions of the
environment where the reduction system is located.
These one or more cooling fluid passages each are in
fluidical connection with a mixing unit located in the flue
gas passage. This mixing unit comprises a static turbu-
lence creating system configured to create turbulence in
a gas mixture present in the mixing unit, such that the
gases of the gas mixture are homogeneously mixed,
resulting in a homogeneous gas mixture. Further, the
mixing unit is configured to emit this homogeneous gas
mixture into the flue gas passage, wherein this homo-
geneous gas mixture has a homogeneous temperature
throughout the gas mixture.

[0034] Forthe removal of the NO, out of the flue gas, a
catalytic process is applied using at least one SCR cat-
alyst which is located in the flue gas passage down-
stream of the mixing unit. These one or more SCR
catalysts are used in combination with a NO, reduction
agent. The applied SCR catalysts are standard catalysts
as commonly known by a man skilled in the art. An
example of a material of such an SCR catalyst is a
combination of vanadium pentoxide (V,05) and titanium
dioxide (TiO,).

[0035] Whenitis necessary to also reduce the amount
of CO in the flue gas produced by the fuelled power
generator, one or more CO reduction catalysts are used.
These CO reduction catalysts are located in the flue gas
passage either separately downstream or upstream of
the one or more SCR catalysts, either as a whole together
with or integrated with the one or more SCR catalysts.
[0036] The amount of NO, and the amount of CO are
more in particular reduced to an amount which is equal to
or below the allowed limit as described in the currently
applicable emission norms.

[0037] TheNO, reductionagentis injected by means of
aNO, reduction agent injection system. This NO, reduc-
tion agent injection system comprises one or more in-
jectors that each extend partially in the one or more
cooling fluid passages. To that end, the end of each
the one or more injectors is located in the respective
cooling fluid passage. Since it is difficult to mix a liquid
NO, reduction agent with a gaseous cooling fluid, and
since when mixing a liquid with a gas, re-condensation
can take place causing corrosion on parts and walls of the
reduction system, one or more vaporizers, more in parti-
cular in the form of heat exchangers, are provided to
vaporize the liquid NO, reduction agent to a NO, reduc-
tion agent vapor. In this way, a gas is mixed with a gas
which is an easy process to do, and which does not lead
to re-evaporation. The liquid NO, reduction agent is in
general stored in one or more reservoirs. The one or more
vaporizers are located in the flue gas passage, more in
particular downstream the at least one SCR catalyst, and
if one or more CO reduction catalysts are present, also
downstream the one or more CO reduction catalysts. The

10

15

20

25

30

35

40

45

50

55

NO, reduction agent vapor is then injected in the cooling
fluid present in the respective cooling fluid passage by
means of the one or more injectors. Upstream of these
one or more injectors in the respective cooling fluid
passage, one or more mixers are provided for mixing
the cooling fluid present in the cooling fluid passage(s)
with the NO, reduction agent vapor which is injected in
the respective cooling fluid passage. This results in a
reduction agent-cooling fluid mixture.

[0038] The NO, reduction agent is more in particular
ammonia. During operation, an aqueous ammonia solu-
tion (with a typical concentration of between 19 and 29
wt.% ammonia in water) is vaporized to an ammonia /
water vapor. This ammonia / water vapor more specifi-
cally has a temperature of between 110°C and 400°C.
[0039] The reduction agent-cooling fluid mixture is
then injected in the flue gas using the mixing unit. This
mixing unit is in fluidical connection with each one of the
one or more cooling fluid passages. The mixing unitis in
other words configured to draw in reduction agent-cool-
ing fluid mixture from the one or more cooling fluid pas-
sages, and also to draw in the hot flue gas which flows
through the flue gas passage. The mixing unit is config-
ured to create a turbulence in the reduction agent-cooling
fluid mixture and the hot flue gas which were drawn in the
mixing unit using the static turbulence creating system
provided inside the mixing unit, through which both gases
are mixed homogeneously. The working unit is further
configured to emit the cooled flue gas mixture into the flue
gas passage with a homogeneous temperature of be-
tween 300°C and 425°C, which is workable by the one or
more SCR catalysts and the one or more CO catalysts.
[0040] The flue gas passage is further in fluidical con-
nection with for instance a stack to eject the flue gas into
the atmosphere. Optionally, the treated flue gas could be
used for any other processes, whenever applicable.
[0041] It is remarked that the higher the applied tem-
peratures in the reduction system, the less cooling fluid
needs to be added, the smaller the reduction system. The
temperature needs to be chosen such that there is a
balance between the design of the one or more SCR
catalysts and the size of the reduction system.

[0042] In an exemplary embodiment of a reduction
system to reduce one or more environmentally harmful
gasesin aflue gas produced by a fuelled power generator
according to the present disclosure as shown in Figure 1,
the reduction system (1) comprises an exhaust duct
arrangement (2) for a fuelled power generator (not shown
on the figure) and an ammonia injection system (3). The
exhaust duct arrangement (2) comprises a flue gas pas-
sage (21), with an inlet (28) and an outlet (29), and two
cooling fluid passages (22) configured to receive cooling
fluid (23). The cooling fluid (23) can be blown into the
respective cooling fluid passage (22) by means of a fan
(not shown in figure 1) The hot flue gas produced by the
fuelled power generator enters the flue gas passage (1)
via the inlet (28) of the flue gas passage (21) and flows
then through the flue gas passage (21) in the direction ofa
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mixing unit (25). The two cooling fluid passages (22) end
into the flue gas passage (21), and are thus in fluidical
connection with the flue gas passage (21). The flue gas
passage (21)is alsoinfluidical connection with the mixing
unit (25). The ammonia injection system (3) comprises
two injectors (31), each one of these being in fluidical
connection with one of the cooling fluid passages (22)
and each one of these partially extending with its end part
in the respective cooling fluid passage (22). Each injector
(31) is in fluidical connection with a heat exchanger (32)
which serves as a vaporizer to vaporize an aqueous
ammonia solution to an ammonia / water vapor. An
ammonia flow control unit (33) (AFCU) is provided out-
side the exhaust duct arrangement (2). This AFCU con-
trols the amount of ammonia / water vapor which in
operation of the reduction system (1) is directed to the
injectors (31) depending on the ammonia demand. The
AFCU is usedto split (to control) the flow over the different
injectors (31). In each of the cooling fluid passages (22),
one mixer (24)is located upstream the respective injector
(31) for mixing the ammonia / water vapor injected by the
respective injector (31) in the respective cooling fluid
passage (22) with the cooling fluid present in the respec-
tive cooling fluid passage (22). In this way, a reduction
agent-cooling fluid mixture is obtained. The mixing unit
(25) is configured to draw in reduction agent-cooling fluid
mixture produced in each of the cooling fluid passages
(22), and s further configured to draw in hot flue gas out of
the flue gas passage (21). By means of a static turbu-
lence creating system (not shown in the figure) arranged
inside the mixing unit (25), the reduction agent-cooling
fluid mixture is homogeneously mixed with hot flue gas,
resulting in a cooled flue gas mixture which is emitted in
the flue gas passage (21) with a homogeneous tempera-
ture distribution by the mixing unit (25). Downstream the
mixing unit (25), an SCR catalyst (26) is located in the flue
gas passage (21). This SCR catalyst (26) is able to
remove NO, present in the cooled flue gas mixture
emitted by the mixing unit (25). Furthermore, a CO re-
duction catalyst (not shown in figure 1) can be arranged
downstream the mixing unit (25), the CO reduction cat-
alyst being able to remove CO present in the cooled flue
gas mixture. This CO reduction catalyst (not shown on
the figure) can be provided separately, up- or down-
stream of the SCR catalyst, or can form one catalyst
together with the SCR catalyst (26). The SCR catalyst
(26), as well as the optional CO catalyst, extend over the
cross-section area of the flue gas passage (21). The
cleaned flue gas mixture is then further directed to a
stack (not shown on the figure) via the outlet (29) of
the flue gas passage (21). The heat exchanger or vapor-
izer (32) is located in the flue gas passage (21) down-
stream the SCR catalyst (26).

[0043] Inamethod toreduce one or more environmen-
tally harmful gases in flue gas produced by a fuelled
powered generator, first, the hot flue gas produced by
a fuelled power generator is directed to a flue gas pas-
sage which is a part of an exhaust duct arrangement.
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[0044] In order to reduce the amount of NO, in this hot
flue gas, the hot flue gas is first cooled in the way as
described in the following paragraphs.

[0045] First, a liquid NO, reduction agent, such as an
aqueous ammonia solution, is vaporized to a reduction
agent vapor, such as an ammonia / water vapor, using
one or more vaporizers, more in particular in the form of
heat exchangers, which are more in particular located in
the flue gas passage. This NO, reduction agent vapor,
more specifically the ammonia / water vapor, is then
injected in the one or more cooling fluid passages by
means of one or more injectors that are in fluidical con-
nection with the vaporizer(s). In the one or more cooling
fluid passages, cooling fluid is drawn in. This can be done
by means of one or more fans that are configured to blow
in cooling fluid in a respective cooling fluid passage.
However, also other commonly used means could be
used to let the cooling fluid enter a respective fluid pas-
sage. In order to allow the one or more injectors to inject
the NOx reduction agent vapor in the respective cooling
fluid passage, these one or more injectors at least par-
tially extend in one of the one or more cooling fluid
passages. In order words, one end of each of the injectors
is located in a respective one of the cooling fluid pas-
sages. The amount of NO, reduction agent that needs to
be injected in the respective cooling fluid passage is
controlled by a reagent flow control unit, more in parti-
cular an ammonia flow control unit (AFCU) which is
configured to control the amount of ammonia / water
vapor to be injected in the respective cooling fluid pas-
sage, and is based on the ammonia demand and the
amount of NO, to be reduced in the flue gas. Thereafter,
the injected NO, reduction agent vapor and the cooling
fluid in the respective cooling fluid passage are mixed
using one or more mixers located in each of the one or
more cooling fluid passages downstream of the respec-
tive one or more injectors, obtaining a reduction agent-
cooling fluid mixture in the respective cooling fluid pas-
sage. This NO, reduction agent-cooling fluid mixture
present in the respective cooling fluid passage is then
directed towards a mixing unit located in the flue gas
passage. As already described above, the mixing unit
comprising a static turbulence creating system, creates
turbulence in the gases present inside the mixing unit, in
that way homogeneously mixing the reduction agent-
cooling fluid mixture with the hot flue gases, resulting
in a cooled flue gas mixture. The cooled flue gas mixture
obtained in that way has a homogeneous temperature,
and is thereafter emitted by the mixing unit in the flue gas
passage in the direction of the one or more SCR cata-
lysts, and optionally the one or more CO reduction cat-
alysts. There, NO,, and optionally CO, is removed out of
the cooled flue gas mixture, more in particularto a limitas
defined in the emission norms, or even lower than that
limit.

[0046] The treated flue gas is then finally evacuated to
for instance a stack.

[0047] ANO, reduction agentinjection system accord-
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ing to the present disclosure is arranged to form part of a
reduction system for reducing one or more environmen-
tally harmful gases out of a flue gas produced by a fuelled
power generation according to the present disclosure.
[0048] The reduction system according to the present
disclosure comprises an exhaust duct arrangement com-
prising a flue gas passage which is configured to receive
the hot flue gas produced by the fuelled power generator,
and which is configured to let the flue gas flow through it.
The exhaust duct arrangement comprises one or more
cooling fluid passages configured to draw in cooling fluid
or let cooling fluid enter, and is configured to let the
cooling fluid flow through it.

[0049] The reduction system further comprises a mix-
ing unit located in the flue gas passage. This mixing unit
comprises a static turbulence creating system whichisin
general configured to create a turbulence in the gases
present in the mixing unit during operation, in that way
homogeneously mixing the gases, resulting in a homo-
geneous gas mixture. The mixing unit is further config-
ured to emit the homogeneous gas mixture in the flue gas
passage with a homogeneous temperature throughout
the homogeneous gas mixture;

[0050] The reduction system further comprises at least
one SCR catalyst located in the flue gas passage down-
stream the mixing unit.

[0051] The NO, reduction agent injection system ac-
cording to the present disclosure comprises first of all one
or more vaporizers for vaporizing a liquid NO, reduction
agenttoaNO, reduction agent vapor. These one or more
vaporizers are configured to be located in the flue gas
passage, and are more in particular in the form of heat
exchangers. The NO, reduction agent injection system
further comprises one or more injectors which are fluidi-
cally connected with one of the one or more vaporizers,
the one or more injectors being configured to at least
partially extend into one of the one or more cooling fluid
passages, and being configured to inject the NO, reduc-
tion agent vapor in the cooling fluid present in the re-
spective cooling fluid passage. The NO, reduction agent
injection system also comprises one or more mixers that
are configured to be located in a respective one of the one
or more cooling fluid passages. These one or more
mixers are fitted upstream of the one or more injectors.
These mixers are configured to mix the cooling fluid with
the NO, reduction agent vapor which is in operation
injected in the cooling fluid present in the respective
cooling fluid passage, obtaining a reduction agent-cool-
ing fluid mixture.

[0052] To provide a cooled flue gas mixture, the mixing
unit as described above is configured to draw in hot flue
gas from the flue gas passage and reduction agent-cool-
ing fluid mixture from the one or more cooling fluid pas-
sages. In the mixing unit, a static turbulence creating
system is provided which is configured to create a turbu-
lence in the reduction reaction-cooling fluid mixture and
the hot exhaust gas present in the mixing unit during
operation, in that way homogeneously mixing of these
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gases, resulting in a homogeneous, cooled flue gas
mixture. The mixing unit is further configured to emit this
homogeneous, cooled flue gas mixture in the flue gas
passage with a homogeneous temperature throughout
the cooled flue gas mixture.

[0053] The one or more SCR catalysts located in the
flue gas passage downstream the mixing unit as de-
scribed above, are then configured to remove NO, from
the cooled flue gas mixture, more in particular to a limitas
defined in the emission norms, or to an amount of NO,
even below that limit.

[0054] A power production plant according to the pre-
sent disclosure comprises on the one hand one or more
fuelled power generators and on the other hand one or
more reduction systems to reduce one or more environ-
mentally harmful gases out of flue gas produced by these
one or more fuelled power generators according to the
present disclosure as described above. The one or more
fuelled power generators are in fluidical connection with
the one or more reduction systems.

Claims

1. A reduction system to reduce one or more environ-
mentally harmful gases out of flue gas produced by a
fuelled power generator, wherein the reduction sys-
tem comprises

- an exhaust duct arrangement comprising

o a flue gas passage configured to receive
the flue gas produced by the fuelled power
generator and configured to let the flue gas
flow through it, and

oone or more cooling fluid passages thatare
configured to draw in cooling fluid and to let
cooling fluid flow through it,

- a NO, reduction agent injection system, in
order to reduce NO, as a harmful gas in the flue
gas, comprising

o one or more vaporizers for vaporizing a
liguid NO, reduction agent to a NO, reduc-
tion agent vapor, wherein the vaporizers
optionally are heat exchangers, and

o one or more injectors which each are
fluidically connected with one of the one
or more vaporizers, wherein the one or
more injectors each at least partially extend
in one of the one or more cooling fluid pas-
sages, and wherein the injectors are con-
figured to inject the NO, reduction agent in
the cooling fluid present in the respective
cooling fluid passage,

o one or more mixers located in the one or
more cooling fluid passages upstream of
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the one or more injectors, and configured to
mix the cooling fluid with the NO, reduction
agent, which is in operation injected by the
one or more injectors in the respective cool-
ing fluid passage, obtaining a reduction
agent-cooling fluid mixture,

o a mixing unit located in the flue gas pas-
sage, the mixing unit being configured to
draw in hot flue gas from the flue gas pas-
sage, and being fluidically connected with
the one or more cooling fluid passages al-
lowing reduction agent-cooling fluid mixture
to be drawn in, and comprising a static
turbulence creating system which is config-
ured to create a turbulence in the hot flue
gas and the reduction agent-cooling fluid
present in the mixing unit during operation,
in that way homogeneously mixing the re-
duction agent-cooling fluid mixture with the
hot flue gases, resulting in a cooled flue gas
mixture, and the mixing unit further being
configured to emit the cooled flue gas mix-
ture in the flue gas passage with a homo-
geneous temperature throughout the
cooled flue gas mixture, and

- atleast one selective catalytic reduction (SCR)
catalyst located in the flue gas passage down-
stream the mixing unit, the SCR catalyst being
configured to remove nitrogen oxides from the
cooled flue gas mixture.

Reduction system according to claim 1, wherein the
one or more vaporizers are located downstream the
at least one SCR catalyst.

Reduction system according to claim 1 or 2, wherein
the reagent injection system comprises a reduction
agent flow control unit to control the amount of re-
duction agent vapor to be directed to the one or more
injectors depending on the reduction agent demand.

Reduction system according to any one of claims 1 to
3, wherein the NO, reduction agent is ammonia, and
wherein the one or more vaporizers are configured to
vaporize an aqueous ammonia solution toammonia/
water vapor, more in particular having a temperature
of between 110 °C and 400°C.

Reduction system according to claim 3 or 4, wherein
the NO, reduction agent injection system is an am-
monia injection system, and wherein the NO, reduc-
tion agent flow control unitis anammonia flow control
unit (AFCU) to control the amount of ammonia/water
vapor to be directed to the one or more injectors
depending on the ammonia demand.

Reduction system according to any one of the pre-
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10.

ceding claims, wherein the exhaust duct arrange-
ment comprises two cooling fluid passages.

Reduction system according to any one of the pre-
ceding claims, wherein the cooling fluid is a cooling
gas or ambient air or a mixture of cooling air / gas with
steam or vapor or droplets of a liquid.

Reduction system according to any one of the pre-
ceding claims, wherein the cooling fluid has a tem-
perature of between 5°C and 45°C.

Reduction system according to any one of the pre-
ceding claims, wherein at least one CO reducing
catalyst is located in the flue gas passage separate
downstream the mixing unit, located upstream or
downstream of the one or more SCR catalysts, or
wherein the at least one CO reducing catalyst is
integrated with the one or more SCR catalysts.

A method to reduce one or more environmentally
harmful gases in flue gas produced by a fuelled
powered generator, the method comprising the
steps of

- directing hot flue gas from the fuelled power
generator to a flue gas passage of an exhaust
duct arrangement and letting the hot flue gas
flow through the flue gas passage;

- entering cooling fluid in one or more cooling
fluid passages of the exhaust duct arrangement
and letting the cooling fluid flow through these;
- in order to reduce NO, as a harmful gas out of
the flue gas,

o vaporizing a liquid NO, reduction agent to
a reduction agent vapor using one or more
vaporizers;

o injecting the NO, reduction agent vapor in
cooling fluid present in the respective cool-
ing fluid passage using one or more injec-
tors that each extend at least partially in one
of the one or more cooling fluid passages
and thateach are in fluidical connection with
one of the one or more vaporizers;

o mixing the injected NO, reduction agent
vapor and the cooling fluid in the respective
cooling fluid passage using one or more
mixers each located in one of the one or
more cooling fluid passages downstream of
the respective one or more injectors, obtain-
ing a reduction agent-cooling fluid mixturein
the respective cooling fluid passage;

o directing the NOx reduction agent-cooling
fluid mixture in the respective cooling fluid
passage towards a mixing unitlocated in the
flue gas passage, the mixing unit compris-
ing a static turbulence creating system,
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o creating turbulence in the reduction agent-
cooling fluid mixture and the hot flue gas
present inside the mixing unit by means of
the static turbulence creating system, in that
way homogeneously mixing of the reduc-
tion agent-cooling fluid mixture with the hot
flue gases, resulting in a cooled flue gas
mixture;

o emitting the cooled flue gas mixture with a
homogeneous temperature by the mixing
unit in the flue gas passage;

o directing the cooled flue gas mixture to at
least one SCR catalyst, and removing NO,
out of the cooled flue gas mixture, and

- optionally, in order to reduce CO as a harmful
gas out of the flue gas, removing CO out of the
cooled flue gas mixture by means of one or more
CO reduction catalysts located downstream the
mixing unit, either separately downstream or
upstream of the one or more SCR catalysts,
either integrated with the one or more SCR
catalysts.

A method according to claim 10, wherein the NO,
reduction agent is ammonia, and wherein the liquid
NO, reduction agent is an aqueous ammonia solu-
tion and the NO, reduction agent vapor is ammonia /
water vapor.

A method according to any claim 10 or 11, wherein a
NO, reduction system according to any one of claims
1to 9is used.

A NO, reduction agent injection system for a reduc-
tion system for reducing one or more environmen-
tally harmful gases out of a flue gas produced by a
fuelled power generation, the reduction system com-
prising an exhaust duct arrangement which com-
prises

- a flue gas passage configured to draw in hot
flue gas produced by the fuelled power genera-
tor and configured to allow the flue gas to flow
through it;

- one or more cooling fluid passages configured
to draw in cooling fluid and configured to allow
the cooling fluid flow through it;

- a mixing unit located in the flue gas passage,
the mixing unit comprising a static turbulence
creating system which is configured to create a
turbulence in the gases present in the mixing
unit during operation, in that way homoge-
neously mixing the gases, resulting in a homo-
geneous gas mixture, and the mixing unit further
being configured to emit the homogeneous gas
mixture in the flue gas passage with a homo-
geneous temperature throughout the homoge-
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neous gas mixture;
- atleastone SCR catalystlocated in the flue gas
passage downstream the mixing unit, and

wherein the NO, reduction agent injection system
comprises

- one or more vaporizers for vaporizing a liquid
NO, reduction agent to a NO, reduction agent
vapor, the one or more vaporizers being config-
ured to be located in the flue gas passage, and
- one or more injectors which each are fluidically
connected with one of the one or more vapor-
izers, the one or more injectors each being
configured to at least partially extend into one
of the one or more cooling fluid passages, and
which are configured to inject the NO, reduction
agent vapor in the cooling fluid present in the
respective cooling fluid passage,

- one or more mixers that are configured to be
located in one of the one or more cooling fluid
passages upstream of the one or more injectors,
and which are configured to mix the cooling fluid
with the NO, reduction agent vapor which is in
operation injected in the respective cooling fluid
passage, obtaining a reduction agent-cooling
fluid mixture, and

wherein

- the mixing unit is configured to draw in hot flue
gas from the flue gas passage, and is fluidically
connected with the one or more cooling fluid
passages allowing reduction agent-cooling fluid
mixture to be drawn in, and wherein the static
turbulence creating system is configured to cre-
ate a turbulence in the reduction agent-cooling
fluid mixture and the hot flue gas present in the
mixing unit during operation, in that way homo-
geneously mixing the reduction agent-cooling
fluid mixture and the hot flue gas, resulting in a
cooled flue gas mixture, and wherein the mixing
unit is further configured to emit the cooled flue
gas mixture in the flue gas passage with ahomo-
geneous temperature throughout the cooled
flue gas mixture, and

- the one or more SCR catalysts are configured
to remove NO, from the cooled flue gas mixture.

NO,reduction agent injection system according to
claim 13 for a reduction system according to any one
of claims 1 to 9.

Power production plant comprising one or more
fuelled power generators and one or more reduction
systems according to any one of claims 1 to 9,
wherein each of the one or more fuelled power gen-
erators is fluidically connected with the one or more



reduction systems.

19

EP 4 560 123 A1

10

15

20

25

30

35

40

45

50

55

11

20



EP 4 560 123 A1

FIG. 1




10

15

20

25

30

35

40

45

50

55

EP 4 560 123 A1

Europaisches

w

Patentamt
European P
aten ice Applicati Numb
0) e EUROPEAN SEARCH REPORT pricstion TUmbET
des brevets EP 23 21 1904
DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X EP 2 554 814 Al (GEN ELECTRIC [US]) 1,3-5,7, INV.
6 February 2013 (2013-02-06) 8,10-15 | FOIN3/2066
Y * paragraphs [0021], [0022], [0025]; 9
A figure 7 * 2,6
Y EP 3 135 877 Al (GEN ELECTRIC [US]) 9
1 March 2017 (2017-03-01)
A * paragraphs [0028] - [0037]; figure 7 * 1,3-5,7,
8,10-15
A EP 3 137 745 Bl (JOHNSON MATTHEY CATALYSTS 1,2,4,
GERMANY GMBH [DE]) 10,11,
28 November 2018 (2018-11-28) 13,14
* paragraphs [0040] - [0043]; figures 1,2
*
TECHNICAL FIELDS
SEARCHED (IPC)
FOIN
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 17 April 2024 Kolland, Ulrich

EPO FORM 1503 03.82 (P04G01)

CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application

document of the same category L : document cited for other reasons
Atechnological backgroUund e e e e
O : non-written disclosure & : member of the same patent family, corresponding
P :intermediate document document

after the filing date

13




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 560 123 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 23 21 1904

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

17-04-2024
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 2554814 Al 06-02-2013 CN 102913311 A 06-02-2013
EP 2554814 A1l 06-02-2013
Us 2013031910 a1 07-02-2013
EP 3135877 Al 01-03-2017 CN 106481408 A 08-03-2017
EP 3135877 Al 01-03-2017
JP 2017048787 A 09-03-2017
Us 2017058742 Al 02-03-2017
EP 3137745 Bl 28-11-2018 CN 106103927 A 09-11-2016
DE 102015204294 Al 17-09-2015
EP 3137745 Al 08-03-2017
JP 2017512934 A 25-05-2017
KR 20160130456 A 11-11-2016
RU 2016139383 A 13-04-2018
Us 2015260071 A1l 17-09-2015
WO 2015136263 Al 17-09-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14




EP 4 560 123 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 3529466 A [0004]

15



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

