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(57) Abrege/Abstract:

The treatment system (2) for a flue gas from a combustion process comprises a condenser (4), a compressor (5) for compressir
the flue gas deprived of moisture at the condenser (4), a NO,, scrubber column (6) supplied with the compressed flue gas from tf

compressor (9), a liquid supply line (/) for supplying liquid condensed at the condenser (4) to the NO,, scrubber column (6), a liquid
recirculation line (8) for recirculating liquid from the NO,, scrubber column (6) to the condenser (4).
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ABSTRACT

The treatment system (2) for a flue gas from a
combustion process comprises a condenser (4), a compressor
(5) for compressing the flue gas deprived of moisture at
the condenser (4), a NO; scrubber column (6) supplied with
the compressed flue gas from the compressor (5), a liguid
supply 1line (7) <for supplying liquid condensed at the
condenser (4) to the NO, scrubber column (6), a liguid
recirculation line (8) for recirculating 1liguid from the

NO», scrubber column (6) to the condenser (4).

(figure 2)
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TREATMENT SYSTEM AND METHOD FOR A FLUE GAS FROM A
COMBUSTION PROCESS

TECHNICAL FIBELD

The present invention relates to a treatment system
and method for a flue gas from a combustion process.

The combustion process occurs for example 1n a boiler
of a power plant, preferably an oxyfired boiler (1.e. a

boiler supplied with oxygen instead of air) .

- |

BACKGROUND

EP 2 365 866 discloses a system for treatment of flue
gas for removing NO, and 50, comprising a compressor and a
wet scrubber wherein the flue gas 1s transported counter
currently to a wash medium. In addition, between the
compressor and the wet scrubber, a basic additive 1s
supplied to limit the acidity of the water coming from the
wet scrubber and thus protect the plant.

WO 2011/140 054 discloses a system for treatment ot

flue gas 1ncluding a condenSer to remove water from the
flue gas, a compressor and a wet scrubber column for NOy
removal. In addition, the water gathered at the condenser
(this is waste water) is supplied from the condenser to the

wet scrubber. According to WO 2011/140 054, after having

passed through the wet scrubber, the water 1s collected as

acid water and 1s disposed.

This system requires a large amount of water and, 1n



10

15

20

25

CA 02854323 2016-05-04

79291-241

2

addition generates a large amount of acid water at the wet

scrubber. The present i1nvention proposes a way to overcome

these drawbacks.

SUMMARY

An aspect of the present invention includes providing a

system and a method by which the water demand can be reduced.

Another aspect of the present invention includes
providing a system and a method by which the acid water amount
produced at the wet scrubber can be drastically reduced or

completely eliminated.

According to a further aspect, there 1s provided a
treatment system for a flue gas from a combustion process
comprising a condenser, a compressor for compressing the flue

gas deprived of moisture at the condenser, a NO, scrubber

column supplied with the compressed flue gas from the
compressor, a liquid supply line for supplying at least a part
of liguid condensed at the condenser to the NO, scrubber

column, and a liquid recirculation line for recirculating at

least a part of the liquid from the NO, scrubber column to the

condenser.

There 1s also provided a treatment method for a flue gas

from a combustion process comprising passing the flue gas
through a condenser to condensate molsture contained thereiln,

compressing the flue gas deprived of moisture at the condenser,
passing the compressed flue gas through a NO; scrubber column
to remove NO,, supplyiling at least a part of liquid condensed at
the condenser to the NO, scrubber column through a liqguid

supply line, and recirculating
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at least a part of the liquid from the NO, scrubber column to

the condenser.

e

These and further aspects are disclosed herein.

-

BRIEF DESCRIPTION OF THE DRAWINGS

o Further characteristics and advantages will be more

apparent from the description of a preferred but non-exclusive

=

embodliment of the system and method, illustrated by way of non-

limiting example 1in the accompanying drawings, in which:

Figure 1 1s a schematic view of a system for flue gas

10 treatment; and

Figure 2 1s a schematic view of a system in an embodiment

of the invention.
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DETATLL!

D DESCRIPTION OF EXEMPLARY EMBODIMENTS

Figure 1 shows an 'example of a system for a flue gas
treatment.

Reference 1 1indicates a boiler such as preferably an
oxyfired boiler (i.e. a boller supplied with oxygen and
usually also with recirculated flue gas) and a fuel such as
coal, o0il or gas. The boililer 1 generates flue gas that 1is
directed to the flue gas treatment system 2.

The flue gas treatment system 2 can have different
components and the components can be differently positioned
one with respect to the other, but usually the system 2
includes a filter or electrostatic precipitator for dust
removal, a SO scrubber, a diverter connected to a
recirculation line for supplyving a portion of the flue gas
back to the boiler 1 (this recirculated gas 1s mixed wilith
the oxygen) and/of other components. These components are
generally identified by the reference 3.

The system also 1includes a condenser 4 for 1liquid

removal. The condenser 4 cwwllxa<if the type having liguid
falling for the top and gas rising from the bottom thereof.
The amount of liquid can be up to 40% by volume of the flue
gas, thus the amount of 1ligquid that is collected at the
condenser 4 can be large.

Downstream of the condenser 4, the system 2 1includes a

compressor 5 for compressing the flue gas deprived of
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liguid at the condenser 4. The compressor 5 1s usually a
multli stage compressor.

The system 2 then 1ncludes a NO; scrubber column 6,
which 1s suppllied with the compressed tflue gas from the
compressor b5, and a liguid supply line 7 for supplying a
part of the liqgquid condensed at the condenser 4 to the NO;
scrubber column 6 {(this ligquid includes mainly water but it
can also 1nclude other components). Also the NO, scrubber
column 6 1s preferably of the type having liguid falling
for the top and gas rising frdm the bottom thereof.

In addition, the -system 2 also comprises a liguid
recirculation line 8 for recirculating ligquid from the NO;
scrubber column 6 back to the condenser 4.

On the liguid supply line 7 a feed pump %2a and usually
a recirculation pump 9b are provided.

The feed pump %a recirculates the liguid *from the
condenser 4 to the NOé scrubber 6 and the recirculation
pump 9b recirculates the liguid from the outlet of the NO;
scrubber to the inlet of the NO, scrubber through the line
9c, 1n case of low liguid flow from the feed pump 9%a.

The System‘also has a main fiow recirculation 20, for
recirculating ligquid from the outlet of the condenser 4
back to the 1nlet of the condenser 4.

Preferably the main flow recirculation 20 and the
recirculation line 8 merge 1n a return line 22 that 1s

connected to the inlet of the condenser 4.
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No fresh water (or only limited amount of fresh water)
needs to be supplled to the condenser 4, as the 1liqguid
supplied to the'éondenser 4 1s extracted from the flue gas
1tself.

A supply 21-iinf reagents, such as for pH control
reagents can be provided at the return line 22.

In addition, a pump 10 1is preferably provided on the
return line 22, to help 1liguid circulation and a heat
exchanger 11 is also preferably provided on the return line
22, to cool the . liquid that must be supplied to the
condenser 4. Alternatively or 1n addition to the heat
exchanger 11 on the return line 22, a heat exchanger can
also be provided on the main flow recirculation 20.

The heat exchanger 11 can be of any type according to
the cooling capacity ‘needed and the «cooling medium
available; for example as cooling medium one or more of the
following can be used: water (that preferably does not come
into contact with the water to be cooled), air, etc.

Advantageously a controller 13 for the heat exchanger
11 1s provided.

The controller 13 can regulate the flue gas
temperature at the outlet of the condenser 4 Dy regulating
the heat exchanger 11 on the baslis of a target temperature
for the flue gas at the outlet of the condenser 4.

For example, the controller 13 can regulate the liquid

temperature at the outlet of the heat exchanger 11 on the
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basis of a measured temperature of the flue gas (via a
sensor 50) and a target temperature for the flue gas at the
outlet of the condenser 4. The target temperature 1s
defined 1n advance and depends on the environment and
operating conditions and on the cooling fluid availlable.

A controller 17 for controlling the feed pump 9a 1s
also provided; the controller 17 can regulate the feed pump
9a on the Dbasis of at least a feature of the 1liquid
supplied to the NO, scrubber'column o via the supply line
7.

Different kinds of sensors can be provided to detect
the features of the liguid, but preferably a sensor 19 for
the pH of the liguid 1is prbvided on the ligquid supply line
7. The sensor 19 1is connected to the controller 17 for
controlling the feed pump 92a.

The controller 17 .controls the feed pump 9a 1n order
to keep the pH of the ligquid supplied to the NO; scrubber
column in the range 5.5-7 and preferably 6-7.

In addition, another sensor 40 preferably for the pH
of the ligquid can be provided on the return line 22; the
sensor 40 1s connected ‘to a controller 42 that 1s 1n turn
connected to and controls the supply 21 for reagents, such

as a pH control reagent.
The controllers 13 and/or 17 and/or 42 can be local or
centralised controllers, for example those controllers 13,

17, 42 are separate controllers or one single control unit
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that implements all control functions or they can be
embedded in one of the machines such as heat exchanger 11,
pump %a, supply 21.

Downstreaﬂlcﬂf'the NO» scrubber column 6 the system 2
has a dehydration device 25 for molsture removal, and a CO;
separation system 26, to separate CO; that is supplied to a
sequestration unit 27 from other gas that 1s vented at 28.

The system 2 also comprises a heat exchanger 52 for
cooling the ligquid supplied to the NO; scrubber column 6.
The heat exchanger 52 1is preferably on the ligquid supply
line 7.

The operation of the system 1is apparent from that
described and i1llustrated and 1s substantially  the
following.

The flue gas generated at the boiler 1 1s treated 1in
different ways at 3 (when these treatments are provided).

Then the flue gas 1s supplied to the condenser 4 where
moisture is condensed; the flue gas deprived of moisture is

thus compressed at the compressor 5 (as a side effect this

enhances conversion of NO into NO;) and thus it 1s supplied
to the bottom of the NO, scrubber column ©.

The liguid collected at the bottom of the condenser 4
is partly supplied to the inlet of the condenser 4 via the
main flow recirculation 20 and it is partly supplied via
the supply line 7 to the top of the NO; scrubber column 6.

The liguid supplied to the NO, scrubber column 6 washes in
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counter flow the flue gas and removes NO; (and NO that
keeps converting into NO;) with high efficiency.

Liguid 13 collected at the bottom of the NO, scrubber
column 6. From the NO, scrubber column 6 the liquid 1is
suppiled via the recirculation 1line 8 and main flow
recirculation and through the pump 10 to the heat exchanger
il and thus to the inlet of the condenser 4.

The sensor' 19 measures fhe pH of the ligquid 1in the
supply line 7 and supplies the 1nformation on the pH to the
controller 17. The controller 17 regulates the feed pump 9a
such that the pH of the liquid in the supply line 7 1s 1in
the target range, 1.e. between 5.5-7 and preferably 6-7. In
other words, the regulation of the pump 9a is such that the
acidity of the ligquid at the NO; scrubber column 6 1s
limited by dilution. .

This pH wvalue allows operation of the system with a
limited risk of corrosion and damage to the plant and its
components caused by the acidity of the liquid.

In addition, the pH of the liguid 1s also measured by
the sensor 40 close to the inlet of the liguid 1into the
condenser 4; this information of the pH 1s supplied to the
supply 21 through with a pH control reagent 1s supplied

into the return line 22 for controlling and adjusting the

pH of the liguid supplied 1nto the condenser 4.

In addition a control wvalve 15 1s provided connected

to the bottom of the condenser 4 and to a liquid waste line
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16.

The control wvalve 15 1is used to dispose 1ligquid and
regulate the liquid amount at the bottom of the condenser
4; the liguid disposed via the waste line 16 has a pH
around 7 and can be easily dilscharged. Anvhow, an
additional supply 29 can be provided at the waste line 16
in order to supply an addictive to regulate the pH
according to the desired pH at the waste line 1lo.

The flue gas from the NO, scrubber column 6 1s then
dehydrated at 26; thus at the CO0O, separation system CO; 1s
separated from other gas and 1s sequestrated 1n 27 and
other gas (for example oxygen, argon, niltrogen) are vented

at 28.

The present iﬁvention'also relates to treatment method
for a flue gas from a combustion process. The method
comprilises:

passing the flue gas through a condenser 4 to
condensate the moisture contailned thereiln,

compressing the flue gas deprived of moisture at a

condenser 4,

passing the compressed flue gas through a NO; scrubber

column 6 to remove NO,,

supplying at least a part of the liguid condensed at
the condenser 4 to the NO, scrubber column 6,
recirculating at least a part of the liquid from the

NO, scrubber column 6 to the condenser 4.
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The method also includes regulating the flue gas
temperature at the outlet of the condenser 4 by regulating
the heat exchanger 11 on the basis of a target temperature
for the flue gas at the ocutlet of the condenser 4.

In particular, according to the method the supplyiling
of at least a part of the ligquid condensed at the condenser
4 to the NO, scrubber column 6 is regulated on the basis of
at least a feature of the liguid supplied to the NO;
scrubber column 6. For example the at least a feature of
the liquid supplied to the NO; scrubber column 6 1s the pH.
Preferably the feeding is regulated in order to keep the pH
of the ligquid supplied to the NO; scrubber column 6 1in the
range 5.5-7 and preferably 6-7.

The method also iﬁcludes cooling the ligquid supplied
to the NO, scrubber column 6. Cooling preferably 1includes
cooling the liquid'supplied through the liquid supply line
7.

Naturally the features déscribed may be independently

provided from one another.
In practice the materials used and the dimensions can
be chosen at will according to requirements and to the

state of the art.
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REFERENCE NUME.

[T
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3!

1 boiler

2 flue gas treatment system
3 components

4 condenser

O Ccompressor

o NO, scrubber column

7 ligquid supply line

8 liguid recirculation line
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10

11

13

15

16

177

19

2.0

21

2.2

25

2.6

21

28

feed pump
recirculation pump
line

pump

heat exchanger
controllier

control valve
ligquid waste line
controller

SellsOor

maln flow recirculation
supply

return line

dehydration device

CO, separation system
sequestration unit

venting
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CLAIMS:
1. A treatment system for a flue gas from a combustion

process comprilsing

a condenser,

a compressor for compressing the flue gas deprived of moisture

at the condenser,

a NO, scrubber column supplied with the compressed flue gas

from the compressor,

a liquid supply line for supplying at least a part of liquid

condensed at the condenser to the NO, scrubber column, and

a liquid recirculation line for recirculating at least a part

of the liquid from the NO, scrubber column to the condenser.

2. The system according to claim 1, further comprising

a feed pump for supplying ligquid to the NO,; scrubber column,

and

-y

a controller for reqgulating the feed pump on the basis of at

least a feature of the liquid supplied to the NO, scrubber

column.

3. The system according to claim 2, further comprising

at least a sensor for the pH of the ligquid supplied to the NO,

scrubber column.

4 . The system according to claim 3, whereln the

controller controls the feed pump 1n order to keep the pH of
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the liquid supplied to the NO, scrubber column 1n the range

5.5-7.

. The system according to claim 3, wherein the
controller controls the feed pump in order to keep the pH of

the liquid supplied to the NO; scrubber column in the range

o-"7.

0. The system according to claim 1, further comprising a

heat exchanger for cooling the liquid supplied to the NO;

scrubber column.

7. The system according to claim 6, wherein the heat

exchanger is on the liquid supply line.

8 . A treatment method for a flue gas from a combustion

process comprising

passing the flue gas through a condenser to condensate molsture

contained therein,

F

compressing the flue gas deprived of moisture at the condenser,

passing the compressed flue gas through a NO, scrubber column

to remove NO»,

supplying at least a part of liquid condensed at the condenser

to the NO, scrubber column through a liquid supply line, and

recirculating at least a part of the liquid from the NO;

scrubber column to the condenser.

9. The method according to claim 8, further comprising

g

regqulating the supplying of at least a part of the liquid

condensed at the condenser to the NO, scrubber column on the
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basis of at least a feature of the liquid supplied to the NO;

scrubber column.

10. The method according to claim 9, wherein the at least
a feature of the liquid supplied to the NO, scrubber column 1s

the pH.

11. The method according to claim 10, further comprising

regulating the feeding in order to keep the pH of the liquid
supplied to the NO, scrubber column in the range 5.5-7.

12. The method according to claim 10, further comprising

regulating the feeding 1n order to keep the pH of the liguid

supplied to the NO, scrubber column in the range o6-7.

13. The method according to claim 8, further comprising

cooling the liquid supplied to the NO, scrubber column.

14. The method according to claim 13, further comprising

cooling the liquid supplied through the liquid supply line.
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Fig. 2
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