wo 2011/073503 A1 I 10KV 00 YR OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization- /25 | ]| HINIHND D000 W0 10 O OO 0
A 5 (10) International Publication Number
(43) International Publication Date Vs
23 June 2011 (23.06.2011) WO 2011/073503 A1
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
BO1D 53/14 (2006.01) BO1D 53/50 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS > CBRB’ CBI(J}, g;l’ DB]IE{ ? DB%V ’];313[{ ? ]];é’
PCT/FI2010/050892 Dz, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
5 November 2010 (05.11.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

20096324 15 December 2009 (15.12.2009) F1 (84) Designated States (unless otherwise indicated, for every

. kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): WART- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
SILA FINLAND OY [FI/FI]; Tarhaajantie 2, FI-65380 ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Vaasa (FI). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

(72) Inventor; and
(75) Inventor/Applicant (for US only): SUOMINEN, Ari
[FI/FI]; Heindpellontie 15 A 1, FI-65280 Vaasa (FI).

(74) Agent: AWEK INDUSTRIAL PATENTS LTD OY;
P.O. Box 230, FI-00101 Helsinki (FI).
—  with international search report (Art. 21(3))

(54) Title: SCRUBBER UNIT ARRANGEMENT

25

23 7 Fig. 1

(57) Abstract: The invention relates to a scrubber unit arrangement for cleaning exhaust gas. The arrangement comprises a scrub-
ber unit (1) for receiving a flow of exhaust gas, a pump means (2) for supplying a scrubbing medium to the scrubber unit (1) from
a source of scrubbing medium, and means for discharging scrubbing medium from the scrubber unit (1). In order to provide an en-
ergy efficient scrubbing process, the scrubber unit arrangement further comprises a turbine unit (4), which is arranged to receive
discharged scrubbing medium from the scrubber unit (1). Scrubbed exhaust gas is separately discharged from the scrubber unit
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Scrubber unit arrangement

Technical field

The invention relates to a scrubber unit arrangement for cleaning exhaust gas,
which arrangement comprises a scrubber unit for receiving a flow of exhaust
gas, a pump means for providing a scrubbing medium to the scrubber unit from
a source of scrubbing medium, and means for discharging scrubbing medium

from the scrubber unit, according to the preamble of claim 1.
Background art

Machinery arrangements for marine vessels conventionally comprise one or
more combustion units, such as diesel engines, oil-fired boilers, incinerators,
etc. The combustion units usually have independent exhaust gas duct assem-
blies, whereby also the cleaning of exhaust gases takes place separately for

each combustion unit.

Gases coming from oil-fired boilers are sometimes referred to as flue gases.
Gases from diesel engines are mostly called exhaust gases. In the following the
general term exhaust gas will be used with regard to gases from all relevant
types of combustion units.

Reduction of exhaust gas emissions can be obtained by improving the perform-
ance of the combustion units, by using cleaner fuel, or by cleaning the exhaust

gases.

In previously known solutions, with regard to cleaning exhaust gases, machin-
ery arrangements have been provided with exhaust gas cleaning systems for
nitric oxides (NOx).

Presently, however, due to increasing demands to reduce exhaust gas emis-

sions, especially in port conditions and near the coast, there will be a need to
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clean sulphuric oxides (SOx) emanating from sulphur rich fuels, such as con-

ventional heavy fuel oil.

Normally exhaust gas is led into an exhaust gas cleaning system, i.e. a scrub-
ber unit in which a scrubbing medium, such as an alkaline washing solution, is
sprayed into the exhaust gas, whereby the alkaline components react with
acidic components of the exhaust gas. The scrubbing medium is usually sup-
plied from a so-called process tank. The scrubbing medium absorbs SOy, other
components, as well as heat from the exhaust gas flow.

Scrubber units are normally very large and have a considerable height. Fur-
thermore, they are usually installed as more or less a last component at the end
of an exhaust gas duct system. In marine vessels exhaust gas is usually led
vertically out from the stack, whereby a scrubber unit has to be placed very high

up in the structures of the marine vessel.

Sea water scrubbers have been used for sulphur removal in stationary applica-

tions and are now considered also for marine vessels.

Sea water scrubbers utilise the natural alkalinity of sea water to keep the pH at
a sufficiently high level for SO4 removal. Since alkalinity is limited, big relative
flow volume flows are needed in order to achieve an efficient scrubbing proc-
ess. This results in high energy consumption with due to large amounts of water
that have to be pumped upwards to a considerable height, particularly when sea

water is used as a scrubbing medium on a marine vessel.
Summary of invention

An object of the invention is to avoid the above mentioned problems and to pro-
vide a scrubber unit providing an effective exhaust gas emission control in an
efficient manner. This object is attained by a scrubber unit according to claim 1
and a method according to claim 13.

The basic idea of the invention is to utilise the hydrostatic energy of a discharge
flow of scrubbing medium from a scrubber unit for achieving an efficient and

economical exhaust gas cleaning process, i.e. scrubbing process. In order to
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obtain this, the scrubber unit arrangement further comprises a turbine unit which
is arranged to receive discharged scrubbing medium from the scrubber unit,
whereby scrubbed exhaust gas is arranged to be separately discharged from
the scrubber unit.

Advantageously the pump means is arranged independently of the turbine unit,
whereby the pump means is provided with an electric motor and the turbine unit
is provided with a generator. In this way, the electric power produced by the
generator run by the turbine unit can be distributed through an electric network
e.g. for driving the electric motor of the pump means or for other purposes, such

as hotel load on a marine vessel.

Alternatively, the pump means and the turbine unit can be mechanically con-
nected to each other. In this way the turbine unit can directly drive the pump
means. Additionally, it is advantageous that the pump means is provided with
an electric motor, which can be used to drive the pump means, if the drive
power provided by the turbine unit is not sufficient. Alternatively, a combined
electric motor and generator can be connected to the pump means. This allows
for producing surplus electric energy in the case the turbine unit provides more
power than is required by the pump means.

The turbine unit can thus be arranged to provide driving power for the pump
means and/or surplus electric power for other consumers, e.g. such as hotel

load on the marine vessel.

Advantageously, the arrangement comprises a treatment unit for treating, par-
ticularly for removing impurities from the scrubbing medium discharged from the
scrubber unit. The treatment unit is thus arranged downstream of the scrubber
unit in a flow direction of the scrubbing medium. The treatment unit can be lo-
cated either upstream of the turbine unit in the flow direction of the scrubbing
medium or downstream of the turbine unit in the flow direction of the scrubbing

medium depending on the configuration of the scrubbing unit arrangement.

Preferably the arrangement further comprises a dilution unit for pH control of the
scrubbing medium discharged from the scrubber unit before it is discharged to
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the surroundings. This is particularly advantageous in connection with marine
vessels, on which sea water is used as the scrubbing medium and from which

the used scrubbing medium is discharged into a surrounding sea.

For dilution purposes, the arrangement is advantageously provided with means
for supplying a dilution medium to the dilution unit. Such means can be provided

in various forms depending on the circumstances.

The present invention is particularly advantageous when the scrubbing medium
is sea water. Further advantages are available when the present invention is

deployed on a marine vessel using sea water as the scrubbing medium.

Advantageous features of the present invention are given in claims 2-12 and
14-15.

Brief description drawings

In the following the invention will be described, by way of example only, with
reference to the accompanying schematic drawings, in which

Figure 1 illustrates an advantageous general layout for deploying the present

invention,

Figure 2 illustrates a first embodiment of the present invention,
Figure 3 illustrates a second embodiment of the present invention,
Figure 4 illustrates a third embodiment of the present invention, and
Figure 5 illustrates a fourth embodiment of the present invention.
Detailed description

Fig. 1 illustrates a marine vessel 40 which is arranged to be operated in a sur-
rounding sea 50. The present invention is advantageously deployed on such a

marine vessel 40.
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The scrubber unit arrangement of the present invention comprises a scrubber
unit 1 and a pump means 2 for supplying a scrubbing medium, in this case sea
water, through a supply pipe 21 to the scrubber unit 1 from a source SM (indi-
cated by a horizontal block arrow directed towards the supply pipe 21) of scrub-
bing medium. Said source is the surrounding sea 50. The scrubber unit 1 is in-
tended for receiving and subsequently scrubbing a flow of exhaust gas from a

combustion unit (not shown) on the marine vessel 40.

The fluid scrubbing medium, i.e. sea water, is thus led to the scrubber unit 1,
whereby it contacts and reacts with the flow of exhaust gas which has been led
to the scrubber unit 1 for scrubbing purposes. Used scrubbing medium dis-
charged from the scrubber unit 1 is arranged to be led to a turbine unit 4 by way
of a discharge pipe 22. The flow of scrubbing medium is used to drive the tur-
bine unit 4 thereby capturing the hydrostatic energy of the downwards flowing
discharged scrubbing medium. The scrubbed flow of exhaust gas is separately
discharged from the scrubber unit 1 (flow of exhaust gas indicated by block ar-

rows).

Before the turbine unit 4, discharged scrubbing medium is lead to a treatment
unit 6 particularly for removal of impurities. After the turbine unit 4, the dis-
charged and used scrubbing medium is led, if necessary in view of environ-
mental requirements, to a dilution unit 7 before being discharged into the sur-

rounding sea 50 through an outlet pipe 25.

In some situations treatment in the treatment unit 6 and/or dilution in the dilution

unit 7 may not be needed, e.g. due to high scrubbing medium flow.

The scrubber unit arrangement illustrated in Fig. 1 basically corresponds to the
present invention as described in Fig. 2 below. However, it is clear that all em-
bodiments described in Fig. 2 to Fig. 5 below can equally be deployed on such

a marine vessel 40.

The flow direction of scrubbing medium is indicated by arrow lines and the flow

direction of exhaust gas is indicated by vertical block arrows.
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In the following various embodiments of the present invention will be discussed

in detail in the following.

Fig. 2 illustrates a first embodiment of the present invention relating to a scrub-
ber unit arrangement for carrying out a scrubbing process. The scrubber unit
arrangement comprises a scrubber unit 1 and a pump means 2 for supplying a
scrubbing medium through a supply pipe 21 to the scrubber unit 1 from a
source SM (indicated by a horizontal block arrow SM directed towards the sup-
ply pipe 21) of scrubbing medium. The scrubber unit 1 is intended for receiving
and subsequently scrubbing a flow of exhaust gas (indicated by lower vertical
block arrow) from a combustion unit (not shown). Used scrubbing medium dis-
charged from the scrubber unit 1 is arranged to be led to a turbine unit 4 (dis-
cussed more in detail below) in order to capture the hydrostatic energy of the
downwards flow of the fluid scrubbing medium. The scrubber unit arrangement
includes means for discharging used scrubbing medium from the scrubber unit
1. These means include as a first component a discharge pipe 22.

The scrubbed exhaust gas is separately discharged from the scrubber unit 1

(Indicated by upper vertical block arrow).

The flow direction of scrubbing medium is indicated by arrow lines and the flow
direction of exhaust gas is indicated by the above mentioned vertical block ar-

rows.

The pump means 2 is provided with an electric motor 3 for driving the pump
means 2. Scrubbing medium is pumped by the pump means 2 through the sup-
ply pipe 21 into an upper part 11 of the scrubber unit 1. After the scrubbing me-
dium has interacted with exhaust gas in the scrubber unit 1, used scrubbing
medium is discharged from a lower part 12 of the scrubber unit 1 through the
discharge pipe 22. Scrubbed exhaust gas is discharged separately from the

scrubber unit 1.

Discharged scrubbing medium is then led through the discharge pipe 22 to a

treatment unit 6 and further from the treatment unit 6 to a turbine unit 4, which
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captures the hydrostatic energy of the fluid flow. A generator 5 is connected to

the turbine unit 4.

In this embodiment the pump means 2 and the turbine unit 4 are arranged inde-
pendently of each other (indicated by broken lines). The pump means 2 is ar-
ranged to be driven by the electric motor 3 and the turbine unit 4 is arranged to
drive the generator 5. The turbine unit 4 can thus be arranged to provide driving

power, in this case electric power, for the pump means 4.

After the turbine unit 4 discharged used scrubbing medium is led to a dilution
unit 7, from which it is discharged through an outlet pipe 25 to the surroundings,
a body of water, or other receiving means as appropriate (not shown). For dilu-
tion purposes and pH control purposes (discussed more in detail below) the di-
lution unit 7 can be provided with a dilution medium, e.g. clean (or unused)
scrubbing medium. The dilution medium can be provided by various means to
the dilution unit 7. It can be supplied e.g. from the surrounding sea as indicated
by feed pipe 23, from the supply pipe 21 upstream of the pump means 2 as in-
dicated by feed-back pipe 24, or from some other source as discussed more in

detail below.

The present invention is particularly advantageous when deployed on a marine
vessel 40 (Fig. 1) where sea water is used as a scrubbing medium. This will

now be described, by way of example only.

Sea water, i.e. the scrubbing medium is pumped from the surrounding sea 50
(Fig. 1), in which the marine vessel 40 (Fig. 1) is operated, by the pump means
2 and is supplied through the supply pipe 21 to the scrubber unit 1 for washing
exhaust gas (exhaust gas flow indicated by vertical arrows) from a combustion

unit (not shown) on the marine vessel.

The scrubber unit 1 is usually installed more or less as a last component at the
end of the exhaust gas duct arrangement on the marine vessel 40 (Fig. 1),
which in practice means it is very high up in the structure of the marine vessel.
This can be a height of about 10-50 meters. Exhaust gas from a combustion
unit (not shown) is led to the scrubber unit 1 for scrubbing purposes.
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After the sea water has been led through the scrubber unit 1, it is discharged
through the discharge pipe 22 and through the treatment unit 6 into the turbine
unit 4, in which the hydrostatic energy of the flow of discharged sea water is
used to produce energy, in this case electric power by means of the generator 5
driven by the turbine unit 4. This electric power can then be distributed through
an electric network 60 for driving the pump means 2 and/or e.g. as electric
power for hotel load on board the marine vessel.

The scrubbed exhaust gas is separately discharged from the scrubber unit 1

(indicated by the upper block arrow).

If the turbine unit 4 provides more power than is required by the pump means 2,
any surplus electric power can then be distributed through the electric network
60 e.g. for hotel load on board the marine vessel. The possibility that the turbine
unit 4 would provide more power is due to the fact that water usually condenses
from the exhaust gas in the scrubber unit 1. This may thus result in a larger flow
of water discharged from the scrubber unit 1 than the flow of water that is
pumped into the scrubber unit 1 for the scrubbing process.

Normally also auxiliary generator sets connected to such electric networks are
provided on marine vessels in order to ensure redundancy with regard to avail-

able electric power.

The sea water discharged from the scrubber unit 1 is firstly treated in the treat-
ment unit 6 in order to remove impurities from the used sea water. After the tur-
bine unit 4, the discharged sea water is led to the dilution unit 7 mainly for pH
control in order to guarantee that the discharged sea water meets prevailing en-

vironmental criteria.

On one hand, a sufficiently high pH is needed in the scrubber unit 1 in order to
achieve the necessary sulphur (SOy) scrubbing efficiency. This determines the
amount of sea water that has to be pumped into the scrubber unit 1 for the
scrubbing process. On the other hand, the environmental criteria applying to
water discharged from a marine vessel into the surrounding sea set a stricter

pH requirement for this discharged water. In practice this means that the scrub-
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bing process can be carried out with less water, whereby it is sufficient to pump
a smaller amount of sea water by the pump means 2 into the scrubbing unit 1.

In this way also the pumping energy requirement for the pump means 2 can be
optimized as this provides a way to lessen the amount of required sea water for
the actual scrubbing process taking place in the scrubber unit 1.

In order to guarantee compliance with said environmental criteria, the sea water
discharged from the scrubber unit 1 and subsequently led from the treatment
unit 6 into the dilution unit 7 advantageously is mixed e.g. with fresh sea water
in the dilution unit 7 for dilution purposes. This fresh sea water can be provided
from the surrounding sea as indicated by feed pipe 23 or from the supply pipe
22 upstream of the pump means 2 as indicated by feed-back pipe 24, as appro-
priate. A separate pump can naturally be used for this purpose. Alternatively di-
lution water can also be provided e.g. from a central cooler of the combustion
unit or other machinery on board the marine vessel 40. Clearly, it is to be un-
derstood that, if the sea water discharged from the scrubber unit 1 as such ful-

fils the prevailing environmental criteria, further dilution may not be necessary.

The pumping of water into the dilution unit 7 requires relatively less energy,
since the lifting height for pumping water to the dilution unit 7 is far lower than
the lifting height for pumping water into the scrubber unit 1, which is located
high up in the structure of the marine vessel 40. This further increases the en-

ergy efficiency of the scrubbing process.

The sea water thus treated, and diluted, if necessary and as discussed above,
can then be discharged back into the surrounding sea 50 through the outlet pipe
25.

Fig. 3 illustrates a second embodiment of the present invention. This embodi-
ment corresponds to the embodiment discussed above in Fig. 2. The difference
with regard to the embodiment of Fig. 2 is that discharged scrubbing medium is
firstly led to the turbine unit 4 and thereafter to the treatment unit 6. After the
treatment unit 6 discharged scrubbing medium is led to the dilution unit 7. Al-
though the electric network 60 (Fig. 2) is not shown, it is clear that it can be de-
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ployed in connection with this embodiment in a corresponding manner as de-

scribed above.

It is also possible that treatment in the treatment unit 6 as discussed in connec-
tion with the embodiments of Fig. 2 and Fig. 3 above is not necessary, e.g. due
to a high scrubbing medium flow which renders the discharged scrubbing me-

dium compliant with prevailing environmental criteria.

Fig. 4 illustrates a third embodiment of the present invention relating to a scrub-
ber unit arrangement for carrying out a scrubbing process. The scrubber unit
arrangement comprises a scrubber unit 1 and a pump means 2 for supplying a
scrubbing medium through a supply pipe 21 to the scrubber unit 1 from a
source SM (indicated by a horizontal block arrow directed towards the supply
pipe 21) of scrubbing medium. The scrubber unit 1 is intended for receiving and
subsequently scrubbing a flow of exhaust gas (indicated by lower vertical block
arrow) from a combustion unit (not shown). Used scrubbing medium discharged
from the scrubber unit 1 is arranged to be led to a turbine unit 4 (discussed
more in detail below)_in order to capture the hydrostatic energy of the down-
wards flow of the fluid scrubbing medium. The scrubber unit arrangement in-
cludes means for discharging scrubbing medium from the scrubber unit 1.
These means include as a first component a discharge pipe 22.

The scrubbed exhaust gas is separately discharged from the scrubber unit 1

(Indicated by the upper vertical block arrow).

The flow direction of scrubbing medium is indicated by arrow lines and the flow
direction of exhaust gas is indicated by the above mentioned vertical block ar-

rows.

In this embodiment, the pump means 2 and the turbine unit 4 are mechanically
connected (indicated by broken lines) to each other. The mechanical connec-
tion, as indicated by reference numeral 8, can be arranged e.g. by means of a
shaft. Advantageously such a connection, e.g. the shaft, is provided with a cou-

pling, e.g. a clutch, a gear, or other corresponding mechanism, providing a pos-
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sibility to detach the pump means 2 and the turbine unit 4 from each other with
regard to different operating conditions.

This embodiment further shows that the pump means 2 is provided with an
electric motor 3 for driving the pump means 2. However, as the pump means 2
and the turbine unit 4 are mechanically connected, a combined electric motor
and generator 30 could be deployed instead of the electric motor 3. In such a
case, e.g. if the turbine unit 4 provides more power than what is required for the
pump means 2, the combined pump means and turbine unit arrangement can
be used to generate additional electric energy for e.g. hotel load on board a ma-

rine vessel.

An alternative to the mechanical connection, a hydrostatic power transmission

would also be possible.

The turbine unit 4 can thus be arranged to provide driving power for the pump

means 4.

The possibility that the turbine unit 4 would provide more power is due to the
fact that water usually condenses from the exhaust gas in the scrubber unit 1.
This may thus result in a larger flow of water discharged from the scrubber unit
1 the flow of water pumped into the scrubber unit 1 for the scrubbing process.

Normally also auxiliary generator sets connected to such electric networks are
provided on marine vessels in order to ensure redundancy with regard to avail-

able electric power.

Scrubbing medium is pumped by the pump means 2 through the supply pipe 21
into an upper part 11 of the scrubber unit 1. After the scrubbing medium has in-
teracted with exhaust gas in the scrubber unit 1, used scrubbing medium is dis-
charged from a lower part 12 of the scrubber unit 1 through the discharge pipe
22.

Scrubbed exhaust gas is discharged separately from the scrubber unit 1 (indi-
cated by upper vertical block arrow).
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Discharged scrubbing medium is then led through the discharge pipe 22 to a
treatment unit 6 and further from the treatment unit 6 to the turbine unit 4. After
the turbine unit 4 discharged scrubbing medium is led to a dilution unit 7, from
which it is discharged through an outlet pipe 25 to the surroundings, a body of
water, or other receiving means as appropriate (not shown). For dilution pur-
poses and pH control purposes (discussed more in detail below) the dilution unit
7 can be provided with a dilution medium, e.g. clean or (unused scrubbing) me-
dium. The dilution medium can be provided by various means to the dilution unit
7. It can be supplied e.g. from the surrounding sea as indicated by feed pipe 23,
from the supply pipe 21 as indicated by feed-back pipe 24, or from some other

source as discussed more in detail below.

The present invention is particularly advantageous when deployed on a marine
vessel 40 (Fig. 1) where sea water is used as a scrubbing medium. This will
now be described, by way of example only.

Sea water, i.e. the scrubbing medium is pumped from the surrounding sea 50
(Fig. 1), in which the marine vessel 40 (Fig. 1) is operated, by the pump means
2 and is supplied through the supply pipe 21 to the scrubber unit 1 for washing
exhaust gas (exhaust gas flow indicated by vertical arrows) from a combustion

unit (not shown) on the marine vessel.

The scrubber unit 1 is usually installed as more or less a last component at the
end of the exhaust gas duct arrangement on the marine vessel 40 (Fig. 1),
which in practice means it is very high up in the structure of the marine vessel.
This can be a height of about 10-50 meters. Exhaust gas from a combustion
unit (not shown) is led to the scrubber unit 1 for scrubbing purposes.

After the sea water has been led through the scrubber unit 1, it is discharged
through the discharge pipe 22 and through a treatment unit 6 into the turbine
unit 4, in which the hydrostatic energy of the flow of discharged sea water is
used to produce energy, in this case mechanically transferable drive power as
the turbine unit 4 and the pump means 2 are mechanically connected. The tur-
bine unit 4 can thus drive the pump means 2 directly. If sufficient drive power is



10

15

20

25

WO 2011/073503 13 PCT/F12010/050892

not available from the turbine unit 4, the electric motor 3 can be used for driving
the pump means 2.

On the other hand, a combined electric motor and generator 30 could be de-
ployed instead of the electric motor 3. This would provide the possibility to pro-
duce surplus electric power, if the turbine unit 4 provides more power than is
required by the pump means 2. Any surplus electric power can then be distrib-
uted through an electric network 60 e.g. for hotel load on board the marine ves-
sel.

The scrubbed exhaust gas is separately discharged from the scrubber unit 1
(Indicated by the upper vertical block arrow).

The possibility that the turbine unit 4 would provide more power is due to the
fact that water usually condenses from the exhaust gas in the scrubber unit 1.
This may thus result in a larger flow of water discharged from the scrubber unit
1 than the flow of water pumped into the scrubber unit 1 for the scrubbing proc-
ess.

The sea water discharged from the scrubber unit 1 is firstly treated in the treat-
ment unit 6 in order to remove impurities from the used sea water. After the tur-
bine unit 4, the discharged sea water is led to the dilution unit 7 mainly for pH
control in order to guarantee that the discharged sea water meets prevailing en-

vironmental criteria.

On one hand, a sufficiently high pH is needed in the scrubber unit 1 in order to
achieve the necessary sulphur (SOy) scrubbing efficiency. This determines the
amount of sea water that has to be pumped into the scrubber unit 1 for the
scrubbing process. On the other hand, the environmental criteria applying to
water discharged from a marine vessel into the surrounding sea set a stricter
pH requirement for this discharged water. In practice this means that the scrub-
bing process can be carried out with less water, whereby it is sufficient to pump
a smaller amount of sea water by the pump means 2 into the scrubbing unit 1.
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In this way also the pumping energy requirement for the pump means 2 can be
optimized as this provides a way to lessen the amount of required sea water for
the actual scrubbing process taking place in the scrubber unit 1.

In order to guarantee compliance with said environmental criteria, the sea water
discharged from the scrubbing unit 1 and subsequently led from the treatment
unit 6 into the dilution unit 7 advantageously is mixed e.g. with fresh sea water
in the dilution unit 7 for dilution purposes. This fresh sea water can be provided
from the surrounding sea as indicated by feed pipe 23 or from the supply pipe
22 upstream of the pump means 2 as indicated by feed-back pipe 24, as appro-
priate. A separate pump can naturally be used for this purpose. Alternatively di-
lution water can also be provided e.g. from a central cooler of the combustion
unit or other machinery on board the marine vessel 40. Clearly, it is to be un-
derstood that, if the sea water discharged from the scrubber unit 1 as such ful-

fils the prevailing environmental criteria, further dilution may not be necessary.

The pumping of water into the dilution unit 7 requires relatively less energy,
since the lifting height for pumping water to the dilution unit 7 is far lower than
the lifting height for pumping water into the scrubber unit 1, which is located
high up in the structure of the marine vessel 40. This further increases the en-
ergy efficiency of the scrubbing process.

The sea water thus treated, and diluted, if necessary and as discussed above,

can then be discharged into the surrounding sea through the outlet pipe 25.

Fig. 5 illustrates a fourth embodiment of the present invention. This embodiment
corresponds to the embodiment discussed above in Fig. 4. The difference with
regard to the embodiment of Fig. 4 is that discharged scrubbing medium is
firstly led to the turbine unit 4 and thereafter to the treatment unit 6. After the
treatment unit 6 discharged scrubbing medium is led to the dilution unit 7. Al-
though the electric network 60 (Fig. 4) is not shown, it is clear that it can be de-
ployed in connection with this embodiment in a corresponding manner as de-

scribed above.
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It is also possible that treatment in the treatment unit 6 as discussed in connec-
tion with the embodiments of Fig. 2 and Fig. 3 above is not necessary, e.g. due
to a high scrubbing medium flow which renders the discharged scrubbing me-

dium compliant with prevailing environmental criteria.

The description and thereto related drawings are only intended to clarify the ba-
sic idea of the present invention. The invention may vary in detail, such as to
the number of pump means, scrubber units, turbine units, optional treatment
units, optional dilution units, electric networks, generators, electric motors, etc.,

within the scope of the ensuing claims.
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Claims

1. Scrubber unit arrangement for cleaning exhaust gas, which arrangement
comprises a scrubber unit (1) for receiving a flow of exhaust gas, a pump
means (2) for supplying a scrubbing medium to the scrubber unit (1) from a
source (SM) of scrubbing medium, and means for discharging scrubbing me-
dium from the scrubber unit (1), characterised in that the scrubber unit ar-
rangement further comprises a turbine unit (4) which is arranged to receive dis-
charged scrubbing medium from the scrubber unit (1), and in that scrubbed ex-

haust gas is arranged to be separately discharged from the scrubber unit (1).

2. Arrangement according to claim 1, characterised in that the pump
means (2) is arranged independently of the turbine unit (4), that the pump
means (2) is provided with a electric motor (3), and in that the turbine unit (4) is

provided with a generator (5).

3. Arrangement according to claim 1, characterised in that the turbine unit

(4) is mechanically connected to the pump means (2).

4. Arrangement according to claim 3, characterised in that an electric mo-

tor (3) is connected to the pump means (2).

5. Arrangement according to claim 3, characterised in that a combined

electric motor and generator (30) is connected to the pump means (2).

6. Arrangement according to claim 1, characterised in that the arrange-
ment further comprises a treatment unit (6) for treating discharged scrubbing
medium, which treatment unit (6) is arranged downstream of the scrubber unit

(1) in a flow direction of the scrubbing medium.

7. Arrangement according to claim 6, characterised in that the treatment
unit (6) is located upstream of the turbine unit (4) in the flow direction of the

scrubbing medium.
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8. Arrangement according to claim 6, characterised in that the treatment
unit (6) is located downstream of the turbine unit (4) in the flow direction of the

scrubbing medium.

9. Arrangement according to claim 1, characterised in that the arrange-
ment further comprises a dilution unit (7) for pH control, and in that the dilution
unit (7) is arranged to receive discharged scrubbing medium.

10.  Arrangement according to claim 9, characterised in that the arrange-

ment is provided with means for providing a dilution medium to the dilution unit

(7).

11.  Arrangement according to claim 1, characterised in that the scrubbing

medium is sea water.

12.  Arrangement according to claim 1 or 11, characterised in that the ar-

rangement is deployed on a marine vessel (40).

13. Method for cleaning exhaust gas in a scrubber unit arrangement, in
which method exhaust gas is led to a scrubber unit (1), a scrubbing medium is
supplied by a pump means (2) into the scrubber unit (1) from a source (SM) of
scrubbing medium, and in which method scrubbing medium is discharged from
the scrubber unit (1), characterised in that scrubbing medium discharged from
the scrubber unit (1) is led into a turbine unit (4), and in that scrubbed exhaust

gas is separately discharged from the scrubber unit (1).

14.  Method according to claim 13, characterised in that the turbine unit (4)

provides driving power for the pump means (2).

15. Method according to claim 13, characterised in that turbine unit (4) pro-

vides surplus electric power.
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