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Description

Field of the invention

[0001] The invention relates to a method according to the preamble of the appended claim 1 for reducing the sulphur
dioxide emissions of a marine engine. The invention also relates to an equipment for implementing the aforementioned
method in accordance with the preamble of the appended claim 6.

Background of the invention

[0002] Currently, diesel engines are almost solely used as motors of ships in marine traffic. The fuel used in them is
oil, which contains sulphur. As a result of combustion, sulphur oxides that are harmful to the environment are created.
The current environmental protection regulations allow the usage of fuel containing a maximum of 4% sulphur in marine
engines. The requirements for reducing the sulphur dioxide emissions of flue gases of ships will tighten in the near future.
[0003] One way to reduce the sulphur dioxide content of flue gases created in diesel engines is to use low-sulphur
fuels. Their price when compared to the currently used high-sulphur fuels is, however, very high. In addition, raising the
degree of processing of fuel increases sulphur dioxide emissions.
[0004] Another alternative is to clean the flue gases before emitting them. For this purpose, it has been proposed to
install flue gas scrubbers in ships. One such scrubber is disclosed, for example, in publication WO 99/44722. The
publication discloses a wet scrubber, where the flue gas from an engine is conveyed to a scrubber, where it is scrubbed
with sea water. A problem of this solutions is that the salty sea water causes corrosion in the scrubber and flue gas
ducts. The problems of corrosion can be solved by using corrosion-resistant materials, but their price is so high that the
material expenses of the equipment and flue gas ducts will rise unreasonably high. In addition, the amount of scrubbing
solution to be removed is large, because in order to reach a sufficient sulphur removal result, a large amount of scrubbing
solution has to be used in the scrubbing.
[0005] From US2006/0054111 it is known that sodium hydroxide improves the removal of acidic compounds such as
sulfur dioxide and sulfuric acid in diesel engines in general.
[0006] It is also known to reduce the sulphur dioxide content of flue gases in power plants situated on land by scrubbing
them with a NaOH-containing scrubbing solution. The scrubbing solution is formed by mixing NaOH with fresh water, i.
e. water from a lake or a river, or with tap water purified of them, which water does not include salts, as sea water does.

Brief description of the invention

[0007] The purpose of the present invention is to disclose a new solution utilizing wet scrubber technique for reducing
sulphur dioxide emissions of a marine engine.
[0008] To attain this purpose, the method according to the invention is primarily characterized in what will be presented
in the characterizing part of the independent claim 1.
[0009] The equipment according to the invention, in turn, is primarily characterized in what will be presented in the
characterizing part of the independent claim 6.
[0010] The other, dependent claims will present some preferred embodiments of the invention.
[0011] The embodiments are based on the idea that the sulphur dioxide emissions of flue gases of a marine engine
used in a ship are reduced by scrubbing the flue gases in a scrubber, where fresh water having sulphur removal reagent
added to it is used as scrubbing solution.
[0012] The fresh water used in the scrubbing solution is either the used fresh water in the ship, or it is made specifically
for the scrubber on the ship. Pure, fresh water brought to the ship can be mixed with the scrubbing solution, but advan-
tageously the fresh water used in the scrubbing solution consists of the so-called grey water formed on the ship and/or
of fresh water made on the ship.
[0013] The so-called grey water formed on the ship and used in the scrubber is the water that has been used on the
ship for washing, cooking, cleaning, dish washing and laundering. Grey water is collected to a separate container, from
where it can be conveyed to the scrubber.
[0014] Fresh water can also be made by condensing moisture contained in flue gases in the scrubber. For this purpose
the scrubbing solution or cooling solution circulating in the scrubber is cooled in an external heat exchanger.
[0015] The fresh water used as scrubbing solution can naturally also be made on the ship from sea water by utilizing
methods known as such.
[0016] A suitable sulphur removal reagent, such as sodium hydroxide (NaOH), is added to the fresh water.
[0017] By means of the embodiments the sodium dioxide content of flue gases can be reduced easily and efficiently.
The sulphur removal reagent boosts the sulphur removal results. Since the scrubbing solution is formed of fresh water,
no corrosion problems exist in the equipment and flue gas ducts. The amount of scrubbing solution circulating in the
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scrubber and the concentration of sulphur removal reagent contained in it and the pH are optimized so that no excess
scrubbing solution circulates in the scrubber circulation, but only so much as is required by efficient removal of sulphur
oxides. This creates savings in the energy costs of pumps pumping the scrubbing solution.
[0018] Further, because the amount of scrubbing solution to be removed is small, the cleaning equipment of the
scrubbing solution coming from the scrubber can be made small. In addition, the pure, fresh water received from the
scrubber process can be utilized for other needs of the ship as well.
[0019] Further, the equipment according to the embodiments including the scrubber is formed so compact in size that
it is easy to arrange in the narrow spaces of a ship.
[0020] In addition to the above-described sulphur oxide removal the scrubber also efficiently removes small particles
from the flue gases, resulting in a decrease in the particle emissions of marine engines decrease.

Brief description of the drawings

[0021] In the following, the embodiments will be described in more detail with reference to the appended drawings, in
which

Fig. 1 shows schematically an equipment suitable for cleaning flue gases of a ship,

Fig. 2 shows schematically another equipment suitable for cleaning flue gases of a ship,

Fig. 3 shows schematically a third equipment suitable for cleaning flue gases of a ship, and

Fig. 4 shows schematically an arrangement suitable for warming the flue gases freed from the scrubber shown in the
equipment according to figures 1 to 3.

[0022] In Figs. 1 to 4, the same numerals refer to corresponding parts, and they will not be explained separately later
on, unless required by the illustration of the subject matter.

Detailed description of the invention

[0023] In this description the term fresh water refers to water that comprises no salts. The term grey water refers to
water that is created on the ship as a result of washing, cooking, cleaning, dish washing and laundering. The term line
refers to any pipe, connection or duct suitable for transferring liquid, gas, or suspension.
[0024] Figure 1 shows a scrubber 1 used in scrubbing flue gases of a diesel engine used on a ship. The scrubber 1
has an elongated, substantially vertically installed shell 2, inside which a packed bed 3 has been mounted. Nozzles 4
distributing scrubbing solution to the scrubber have been arranged above the packed bed, after the packed bed in the
flow direction of flue gases. The nozzles 4 are arranged at even intervals over the cross-sectional area of the scrubber
so that they spray scrubbing solution substantially evenly over the entire cross-sectional area of the scrubber. After the
nozzles 4, a droplet separator 5 has been installed in the scrubber, which separator separates the droplets that have
been swept along with the flue gases before the cleaned flue gases are directed out via a connection 6 arranged at the
upper end of the scrubber.
[0025] The flue gases created in a ship’s diesel engine or engines, if there are several engines in the ship, are conveyed
to the scrubber 1 via a connection 7 installed in its lower part. The diesel engine or engines are not shown in the figure.
The flow direction of flue gases in the scrubber is upwards, from the bottom to the top.
[0026] Scrubbing solution is conveyed to the flue gas scrubber 1 from the pumping container 9 by means of a pump
10 via line 11. The line 11 is connected to the nozzles 4, which spray the scrubbing solution to the scrubber. The scrubbing
solution consists of fresh water directed to the pumping container 9 via line 12, i.e. in this embodiment of the grey water
of the ship and the sulphur removal reagent mixed with fresh water. The sulphur removal reagent, i.e. NaOH is conveyed
from a sulphur removal reagent container 13 via line 14 to the pumping container 9, to the scrubbing solution. In directing
the sulphur removal reagent to the pumping container, a pump 15 arranged to the line 14 is utilized, which also controls
the amount of sulphur removal reagent added to the scrubbing solution.
[0027] The NaOH fed to the flue gas scrubber reacts with the sulphur dioxide in the flue gases by forming sodium
sulphite in accordance with the following formula:

SO2 + 2NaOH → Na2SO3 + H2O (1)

[0028] The sodium sulphite oxidizes in the scrubber at least partly into sodium sulphate. NaOH also reacts with other
sulphur oxides in the flue gases and forms other compounds to be removed from the flue gases by scrubbing. The
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reactions of NaOH and sulphur oxides in the flue gas scrubber are known as such by a person skilled in the art, and
therefore they are not described in more detail in this context.
[0029] The flue gases are scrubbed with the NaOH-containing scrubbing solution sprayed via nozzles 4. The sodium
sulphite and sulphate containing scrubbing solution formed as a result of the reaction of NaOH and sulphur oxides is
removed from the scrubber 1 via line 16 arranged in its lower part and is returned to the pumping container 9. From the
pumping container 9 the scrubbing solution is recycled to the scrubber 1.
[0030] The lower part of the scrubber and the connection point of line 16 to it is arranged so that no scrubbing solution
layer is formed in the lower part of the scrubber, as in conventional scrubbers used in power plants operating on land.
Either a container in connection with the scrubber or a separate pumping container is used for recycling scrubbing
solution. Thus, the scrubber can be built lightweight, because it does not need to carry the weight of the scrubbing
solution mass. The pumping container can be placed on the ship so that the mass center of the ship is as close to the
bottom of the ship as possible. This is a great advantage. The used scrubbing solution containing sulphur removal
products is removed from the scrubbing solution circulation via line 17. The scrubbing solution containing sulphur removal
products can be led either directly to the waters surrounding the ship or to a waste water treatment phase, if the ship
has one. It is to be noted that the amount of used scrubbing water removed from the scrubbing circulation is significantly
small, because the concentration of the scrubbing solution in the scrubbing circulation is great.
[0031] Figure 2 shows an embodiment, where the fresh water used in the scrubbing solution is formed by condensing
the water vapor in the flue gases by means of cooled scrubbing solution. For this purpose the scrubbing solution used
in the scrubber is cooled with an external heat exchanger. In this embodiment the scrubber 1 and its operation, as well
as the pumping container 9 and the sulphur removal reagent container 13 are substantially the same as in the embodiment
according to figure 1. For cooling the scrubbing solution a heat exchanger 18 has been added to the scrubbing solution
circulation. The hot scrubbing solution received from the scrubber 1 is pumped with a pump 10 from the pumping container
9 via line 19 to the heat exchanger 18, where the scrubbing solution cools. From the heat exchanger 18 the cooled
scrubbing solution is conveyed to the scrubber via line 20. Sea water is used as a cooling medium for cooling the
scrubbing solution in the heat exchanger 18. It is led to the heat exchanger 18 via line 21 and removed from there via
line 22. The scrubbing solution is removed from the scrubber 1 via line 16 arranged in the lower part of the scrubber
and returned to the pumping container 9. From the pumping container 9 the scrubbing solution is recycled again to the
heat exchanger 18 and from there to the scrubber 1. The used scrubbing solution containing sulphur removal products
is removed from the scrubbing solution circulation via line 17.
[0032] Figure 3 shows an embodiment, where the fresh water used in the scrubbing solution is made by condensing
wet flue gases from the sulphur removal phase. Flue gases are condensed separately from the sulphur removal phase
by scrubbing them again after the actual sulphur removal scrubbing stage. As a result, the temperature of the flue gases
cleaned of sulphur oxides decreases and the water vapor in them condenses into water. The means used in condensing
flue gases are arranged in the same scrubber with the means used in sulphur removal. The equipment includes a
scrubber 23, which has two scrubbing stages, a sulphur removal stage A and a condensing stage B. The elongated,
substantially vertically installed shell 2 of the scrubber embeds both stages, which are installed so that the flue gases
coming to the scrubber 23 from the connection 7 are scrubbed first in the sulphur removal stage A. The flow direction
of flue gases in the scrubber is upwards, from the bottom to the top.
[0033] The packed bed 3 included in stage A and the nozzles 4 spraying scrubbing solution that contains sulphur
removal reagent are substantially the same as in the embodiment shown hereinabove in figures 1 and 2. Similarly, the
operation of stage A is the same as described above. Scrubbing solution is conveyed to the nozzles 4 from the pumping
container 9 by means of a pump 10 via line 11. NaOH is conveyed to the scrubbing solution in the pumping container
9 with a pump 15 from a container 13 via line 14. The sodium sulphite and sulphate containing scrubbing solution formed
in the scrubbing stage A is removed form the scrubber 23 via a line 16 arranged in its lower part and returned to the
pumping container 9 and recycled from there back to the scrubbing stage A. The used scrubbing solution that contains
sulphur removal products and is removed from the scrubbing solution circulation via line 17. The fresh water needed in
forming the scrubbing solution is conveyed to the pumping container 9 from the condensing stage B via line 24.
[0034] From the sulphur removal stage A the cleaned flue gases flow to the condensing stage B. In the flow direction
of flue gases, before the condensing stage B, an intermediate floor 25 separating stages A and B from each other has
been installed in the scrubber.
[0035] In the condensing stage B, the packed bed 26 is first in the flow direction of flue gases. Nozzles 27 distributing
scrubbing solution for condensing flue gases have been arranged above the packed bed 26, after it in the flow direction
of flue gases. The nozzles 27 are arranged at even intervals over the cross-sectional area of the scrubber so that they
spray cooling solution substantially evenly over the entire cross-sectional area of the scrubber. After the nozzles 27, a
droplet separator 5 has been installed in the scrubber 23, which separator separates the droplets that have been swept
along with the flue gases before the cleaned flue gases are directed out via a nozzle 6 arranged at the upper end of the
scrubber.
[0036] In the condensing stage B the flue gases coming from the sulphur removal stage A, whose sulphur oxide content
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has decreased, are scrubbed with a cooling solution. The fresh water used as cooling solution is formed in this same
stage by condensing the flue gases received from the sulphur removal stage. The cooling solution cools the flue gases
and makes the water vapor in them to condense to water.
[0037] The cooling solution received from the condensing stage B is conveyed from the lower part of the condensing
stage via line 30 to a storage container 31 and from there further via line 32 to be cooled in the heat exchanger 28. A
pump 33 arranged in line 32 is utilized in transferring the solution to the heat exchanger. Sea water is used as a cooling
medium for cooling the cooling solution in the heat exchanger. The sea water is conveyed to the heat exchanger 28 via
line 34 and removed from there via line 35. From the heat exchanger the cooled 28 scrubbing solution is recycled to the
nozzles 27 of the cooling stage of the scrubber via line 29.
[0038] As presented above, the fresh water received from the condensing stage B is used not only in the condensing
stage itself, but also in forming the scrubbing solution used in sulphur removal. The cooling solution received from the
heat exchanger and removed via line 36, is possible to use for other needs of the ship as well.
[0039] The flue gases from the scrubber can still, if desired, be heated before they are released to the environment.
When flue gases are scrubbed in a wet scrubber, the result is completely wet, water-vapor-containing, visible flue gas.
In some situations the visibility of flue gases is seen as a drawback. This drawback can be overcome by increasing the
temperature of the flue gases.
[0040] The visibility of water-vapor-containing flue gases cleaned according to the embodiments can be decreased
by using, for example, an arrangement according to figure 4. The arrangement is based on that the above-described
method and equipment for decreasing the sulphur dioxide emissions of a marine engine is so effective, that all the flue
gases produced by ship engines does not necessarily need to be cleaned in order to realize environmental regulations.
Often it is enough that only half or less than a half of the flue gases are scrubbed in the scrubber. The remaining hot
and un-cleaned flue gases can be mixed with the cleaned flue gases. Thus, the visibility problem typical for water-vapor-
containing flue gases can be overcome.
[0041] Figure 4 shows a new type of a droplet separator 5 located last in the scrubber 1 in the flow direction of flue
gases, where the flue gas duct 5a of the droplet separator connected to it has been elongated. In addition, the flue gas
duct 5a of the droplet separator is made of heat conductive material, which enhances the warming of flue gases before
the mixing of them.
[0042] Hot, uncleaned flue gases are conveyed to the upper part of the scrubber via a connection 37. The hot flue
gases heat the moist flue gases coming from the scrubber. Warming of the cleaned flue gases also continues in the flue
gas duct 6 of the scrubber, where the cleaned flue gases discharged from the flue gas duct 5a of the droplet separator
are mixed with the hot flue gases.
[0043] In addition, the above-described scrubber has the ability to attenuate the noise caused by the engine. Thus, it
can be used to replace the silencer after an engine in a ship. The scrubber can be installed in the space freed from a
conventional silencer in the machine shaft of the ship. In this case the scrubber can be placed in a place advantageous
from the point of view of stability, that is, low, close to the mass center of the ship.

Claims

1. A method for decreasing the sulphur dioxide emissions of a marine engine, the method comprising

- conveying flue gases created in the marine engine to a scrubber (1, 23),
- scrubbing the flue gases with a scrubbing solution in the scrubber (1, 23), characterized by
- using fresh water having sodium hydroxide (NaOH) added to it as the scrubbing solution,
- cooling the scrubbing solution in an external heat exchanger (18, 28),
- using sea water in the external heat exchanger (18, 28) as a cooling medium to cool the scrubbing solution, and
- condensing water vapor contained in flue gases in the scrubber (1, 23) by means of cooled scrubbing solution
to produce fresh water.

2. The method according to claim 1, characterized in that grey water created on the ship is used as fresh water.

3. The method according to claim 1, characterized in that fresh water is made of sea water.

4. The method according to claim 1, characterized in that the flue gases are scrubbed in a scrubber (23), which
comprises a sulphur removal stage (A) for removing sulphur dioxide from the flue gases, and a condensing stage
(B) for condensing the water vapor in the flue gases coming from the sulphur removal stage (A).

5. The method according to claim 1 or 4, characterized in that fresh water is made in the condensing stage (B) by
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scrubbing the flue gases coming from the sulphur removal stage (A) with the fresh water received from the condensing
stage (B), which fresh water is cooled in the heat exchanger (28) before recycling it back to the condensing stage (B).

6. An equipment for reducing sulphur dioxide emissions of a marine engine, the equipment comprising:

- a scrubber (1, 23) for scrubbing flue gases with a scrubbing solution,
- a connection (7) for conveying flue gas to the scrubber (1,23),

characterized in that the equipment comprises

- an external heat exchanger (18, 28) for cooling the scrubbing solution used in the scrubber (1, 23),
- nozzles (4, 27) for spraying the scrubbing solution to the scrubber (1, 23) for condensing flue gases, whereby
the scrubber (1, 23) is arranged to condense the water vapor contained by the flue gases,
- means (20, 29) for conveying fresh water made on the ship to the nozzles (4, 27), and
- a line (21, 34) for leading sea water to the external heat exchanger (18, 28) to be used to as a cooling medium
for cooling the scrubbing solution in the external heat exchanger (18, 28).

7. The equipment according to claim 6, characterized in that the equipment comprises means for making fresh water
from sea water.

8. The equipment according to claim 6, characterized in that the scrubber (23) comprises a sulphur removal stage
(A) for removing sulphur dioxide from the flue gases, and a condensing stage (B) for making fresh water, which
comprises nozzles (27) for spraying the fresh water formed in the condensing stage (B) to the flue gases coming
from the sulphur removal stage (A).

9. The equipment according to claim 6 or 8, characterized in that the equipment comprises a heat exchanger (28)
and at least one line (30, 32, 29) for recycling the fresh water made in the condensing stage from the condensing
stage (B) to the heat exchanger (28) and again to the nozzles (27), which heat exchanger (28) is arranged to cool
the fresh water received from the condensing stage (B) before it is recycled back to the condensing stage (B).

10. The equipment according to claim 6, characterized in that the equipment comprises a sulphur removal reagent
container (13) and a pump (15) for adding the sulphur removal reagent to the scrubbing solution.

11. A ship comprising the equipment of any of the claims 6 to 10.

Patentansprüche

1. Verfahren zur Verringerung der Schwefeldioxidemissionen eines Schiffsmotors, wobei das Verfahren umfasst:

- Führen von im Schiffsmotor erzeugten Rauchgasen zu einem Gaswäscher (1,23),
- Waschen der Rauchgase mit einer Waschlösung in dem Gaswäscher (1, 23), gekennzeichnet durch
- Verwenden von Frischwasser mit Natriumhydroxid (NaOH), das dem Wasser als Waschlösung hinzugefügt
wurde,
- Kühlen der Waschlösung in einem externen Wärmetauscher (18, 28),
- Verwenden von Meerwasser in dem externen Wärmetauscher (18, 28) als Kühlmedium zum Kühlen der
Waschlösung, und
- Kondensieren des in den Rauchgasen im Gaswäscher (1, 23) enthaltenen Wasserdampfs mittels gekühlter
Waschlösung, um Frischwasser herzustellen.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass auf dem Schiff erzeugtes Grauwasser als Frischwas-
ser verwendet wird.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass Frischwasser aus Meerwasser hergestellt wird.

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Rauchgase in einem Gaswäscher (23) ausge-
waschen werden, der eine Schwefelentfernungsstufe (A) zum Entfernen von Schwefeldioxid aus den Rauchgasen,
und eine Kondensationsstufe (B) zum Kondensieren des Wasserdampfs in den aus der Schwefelentfernungsstufe
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(A) stammenden Rauchgasen aufweist.

5. Verfahren nach Anspruch 1 oder 4, dadurch gekennzeichnet, dass Frischwasser in der Kondensationsstufe (B)
durch Auswaschen der aus der Schwefelentfernungsstufe (A) stammenden Rauchgase mit dem aus der Konden-
sationsstufe (B) erhaltenen Frischwasser hergestellt wird, wobei das Frischwasser in dem Wärmetauscher (28)
gekühlt wird, bevor es zur Kondensationsstufe (B) zurückgeführt wird.

6. Vorrichtung zur Verringerung der Schwefeldioxidemissionen eines Schiffsmotors, wobei die Vorrichtung aufweist:

- einen Gaswäscher (1, 23) zum Auswaschen von Rauchgasen mit einer Waschlösung,
- eine Verbindung (7) zum Führen des Rauchgases zum Gaswäscher (1, 23),

dadurch gekennzeichnet, dass die Vorrichtung folgendes aufweist:

- einen externen Wärmetauscher (18, 28) zum Abkühlen der in dem Gaswäscher (1, 23) verwendeten Wasch-
lösung,
- Düsen (4, 27) zum Versprühen der Waschlösung im Gaswäscher (1, 23) zum Kondensieren von Rauchgasen,
wobei der Gaswäscher (1, 23) angeordnet ist, um den in den Rauchgasen enthaltenen Wasserdampf zu kon-
densieren,
- Mittel (20, 29) zum Führen von auf dem Schiff hergestelltem Frischwasser zu den Düsen (4, 27), und
- eine Leitung (21, 34) zum Leiten von Meerwasser zu dem externen Wärmetauscher (18, 28) zur Verwendung
als ein Kühlmedium zum Kühlen der Waschlösung in dem externen Wärmetauscher (18, 28).

7. Vorrichtung gemäß Anspruch 6, dadurch gekennzeichnet, dass die Vorrichtung Mittel zur Herstellung von Frisch-
wasser aus Meerwasser aufweist.

8. Vorrichtung gemäß Anspruch 6, dadurch gekennzeichnet, dass der Gaswäscher (23) eine Schwefelentfernungs-
stufe (A) zum Entfernen von Schwefeldioxid aus den Rauchgasen, und eine Kondensationsstufe (B) zur Herstellung
von Frischwasser aufweist, die Düsen (27) zum Einsprühen des in der Kondensationsstufe (B) gebildeten Frisch-
wassers in die aus der Schwefelentfernungsstufe (A) stammenden Rauchgase umfasst.

9. Vorrichtung gemäß Anspruch 6 oder 8, dadurch gekennzeichnet, dass die Vorrichtung einen Wärmetauscher
(28) und mindestens eine Leitung (30, 32, 29) zum Zurückführen des in der Kondensationsstufe hergestellten
Frischwassers von der Kondensationsstufe (B) zum Wärmetauscher (28) und wieder zu den Düsen (27) aufweist,
wobei der Wärmetauscher (28) angeordnet ist, um das von der Kondensationsstufe (B) erhaltene Frischwasser zu
kühlen, bevor es zur Kondensationsstufe (B) zurückgeführt wird.

10. Vorrichtung gemäß Anspruch 6, dadurch gekennzeichnet, dass die Vorrichtung einen Schwefelentfernungs-Re-
agenzbehälter (13) und eine Pumpe (15) zum Zuführen des Schwefelentfernungsreagens zu der Waschlösung
aufweist.

11. Schiff, das die Vorrichtung gemäß einem der Ansprüche 6 bis 10 aufweist.

Revendications

1. Procédé pour réduire les émissions de dioxyde de soufre d’un moteur marin, le procédé comprenant

- le transport des gaz de fumée générés dans le moteur marin vers un épurateur (1, 23),
- le nettoyage des gaz de fumée avec une solution de lavage dans l’épurateur (1, 23), caractérisé par
- l’utilisation, en tant que solution de lavage, d’eau douce à laquelle est ajouté de l’hydroxyde de sodium (NaOH),
- le refroidissement de la solution de lavage dans un échangeur de chaleur extérieur (18, 28),
- l’utilisation d’eau de mer dans l’échangeur de chaleur extérieur (18, 28) en tant que milieu de refroidissement
pour refroidir la solution de lavage, et
- la condensation de la vapeur d’eau contenue dans les gaz de fumée dans l’épurateur (1, 23) au moyen de la
solution de lavage refroidie pour produire de l’eau douce.

2. Procédé selon la revendication 1, caractérisé en ce que les eaux grises produites sur le navire sont utilisées en
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tant qu’eau douce.

3. Procédé selon la revendication 1, caractérisé en ce que l’eau douce est produite à partir d’eau de mer.

4. Procédé selon la revendication 1, caractérisé en ce que les gaz de fumée sont nettoyés dans un épurateur (23)
qui comprend un étage de désulfuration (A) pour éliminer le dioxyde de soufre des gaz de fumée et un étage de
condensation (B) pour condenser la vapeur d’eau contenue dans les gaz de fumée arrivant de l’étage de désulfuration
(A).

5. Procédé selon la revendication 1 ou 4, caractérisé en ce que l’eau douce est formée dans l’étage de condensation
(B) en nettoyant les gaz de fumée arrivant de l’étage de désulfuration (A) avec l’eau douce provenant de l’étage de
condensation (B), laquelle eau douce est refroidie dans l’échangeur de chaleur (28) avant d’être renvoyée vers
l’étage de condensation (B) où elle est recyclée.

6. Équipement pour la réduction des émissions de dioxyde de soufre d’un moteur marin, l’équipement comprenant :

- un épurateur (1, 23) pour nettoyer les gaz de fumée avec une solution de lavage,
- un raccord (7) pour transporter les gaz de fumée vers l’épurateur (1, 23), caractérisé en ce que l’équipement
comprend
- un échangeur de chaleur extérieur (18, 28) pour refroidir la solution de lavage utilisée dans l’épurateur (1, 23),
- des buses (4, 27) pour pulvériser la solution de lavage vers l’épurateur (1, 23) pour condenser les gaz de
fumée, l’épurateur (1, 23) étant conçu pour condenser la vapeur d’eau contenue dans les gaz de fumée,
- un moyen (20, 29) pour transporter l’eau douce produite sur le navire vers les buses (4, 27) et
- une ligne (21, 34) pour amener vers l’échangeur de chaleur extérieur (18, 28) de l’eau mer destinée à servir
de milieu de refroidissement pour refroidir la solution de lavage dans l’échangeur de chaleur extérieur (18, 28).

7. Équipement selon la revendication 6, caractérisé en ce que l’équipement comprend un moyen pour produire de
l’eau douce à partir d’eau de mer.

8. Équipement selon la revendication 6, caractérisé en ce que l’épurateur (23) comprend un étage de désulfuration
(A) pour éliminer le dioxyde de soufre des gaz de fumée et un étage de condensation (B) pour former de l’eau
douce, qui comprend des buses (27) pour pulvériser l’eau douce formée dans l’étage de condensation (B) vers les
gaz de fumée arrivant de l’étage de désulfuration (A).

9. Équipement selon la revendication 6 ou 8, caractérisé en ce que l’équipement comprend un échangeur de chaleur
(28) et au moins une ligne (30, 32, 29) pour recycler l’eau douce formée dans l’étage de condensation en l’envoyant
de l’étage de condensation (B) vers l’échangeur de chaleur (28) pour revenir à nouveau vers les buses (27), lequel
échangeur de chaleur (28) est conçu pour refroidir l’eau douce provenant de l’étage de condensation (B) avant
qu’elle soit renvoyée vers l’étage de condensation (B) où elle est recyclée.

10. Équipement selon la revendication 6, caractérisé en ce que l’équipement comprend un conteneur (13) pour un
réactif de désulfuration et une pompe (15) pour ajouter le réactif de désulfuration à la solution de lavage.

11. Navire comprenant l’équipement selon l’une quelconque des revendications 6 à 10.
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