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Abstract

[Abstract]
[Problem to be solved] A CO; recovery apparatus which can significantly reduce the

amount of steam and provide further improved energy efficiency is provided.
[Solution] The apparatus includes: a flue gas cooling apparatus 14 for allowing
cooling water 13 to cool a CO; and O, containing flue gas 12 that is emitted from an
industrial combustion facility 11 such as a boiler or gas turbine; a CO; absorber 16
having a CO, recovery section 16A for bringing the cooled CO; containing flue gas
12 and a CO, absorbing CO, absorbent 15 into contact with each other to remove
CO, from the flue gas 12; and an absorbent regenerator 18 for releasing CO; from a
CO, absorbed CO, absorbent 17 to regenerate the CO; absorbent. The apparatus
further includes: a cleansing water divert line 51 for diverting partial cleansing water
19a of circulating cleansing water 19 that has been condensed in a cleansing section
16B in the CO, absorber 16; a first heat exchanger 52 disposed in the divert line 571
and in a boiler flue gas duct 11a; and a superheated cleansing solution supply line 53
for directing, into the bottom portion of the absorbent regenerator 18, a superheated

cleansing solution 19b having heat exchanged with a first heat exchanger 52.

[Chosen Drawing] Fig. 1
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Description
[Title of the Invention] CO, recovery apparatus
[Technical Field]

[0001]

The present invention relates to a CO, recovery apparatus which can
reduce the amount of steam in regenerating a CO, absorbent.

[Background Art}

[0002]

Recent years have seen the greenhouse effect by CO,, which has been
pointed out to be one of the causes of global-warming and thus has to be urgently
stopped on a worldwide scale in order to protect the global environment. Carbon
dioxide (CO3) is emitted from any human activity where fossil fuel is burnt, and the
demand for suppressing the emission tends to increasingly grow. Accordingly, this
demand has raised intensive studies relating to power generation facilities such as
thermal power plants which use a large amount of fossil fuel. The studies were
focused on a method for bringing boiler flue gases into contact with an amine-basea
CO, absorbent to reduce and recover CO; in the flue gas, and a method for storing
the recovered CO, without releasing it into the atmospheric environment. The
process of reducing and recovering CO, from a flue gas using such a CO absorbent
as mentioned above employs the step of bringing the flue gas and the CO; absorbent

into contact with each other in the absorber. Also employed is the step of heating the

CO, absorbed absorbent in the regenerator to release CO, and regenerate ana
circulate the absorbent back to the absorber for reuse (for example, see Patent

Document 1).

[0003]
In the method for absorbing, reducing, and recovering CO; from a CO;

containing gas like a flue gas by employing the CO, absorbent and the process
mentioned above, these steps are implemented in the combustion facility and thus its
operational costs must be reduced as much as possible. In particular, the
regenerative step of the process requires a large amount of heat energy consumption

and thus needs to be implemented as the most possible energy efficient step.
1
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[0004]

In this context, it has been suggested that part of a semi-lean solution is
diverted out of the regenerator to exchange heat with a lean solution in a heat
exchanger, and then, the resulting semi-lean solution is allowed to exchange heat
with a steam condensed water at a heat exchanger. The solution is then returned to
a lower portion downstream of the diverting position to allow the regenerator to
increase the temperature of the semi-lean solution supplied to the lower portion,
thereby reducing steam consumption (for example, see Patent Document 2 (the
eighth embodiment, Fig. 17)).

[Documents of Prior Art]
[Patent Document]

[0005]

[Patent Document 1] Japanese Patent Application Laid-Open
No. H7-51537

[Patent Document 2] Japanese Patent Application Laid-Open
No. 2005-254212
[Disclosure of Invention]

[0006]

In recovering heat using an absorbent (for example, semi-lean solution),
the absorbent is used for recovery of heat at a high temperature. This causes the
absorbent to recover only a limited amount of heat and to be incapable of being
raised to a high temperature from a viewpoint of degradation of the absorbent itself
due to heat.

[0007]

It has also been suggested that the superheated vapor generated by
heat recovery should be used in the regenerative superheater. However, this raises
a problem that the recovered heat to be transmitted into the system via the

regenerative superheater requires a temperature difference, which causes only a

limited amount of heat to be recovered.
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[0008]

In this context, to reduce heat energy consumption In the regenerative

step, it has been desired to further reduce the amount of steam.

[0009]

According to an aspect of the present invention, there is provided a CO,
recovery apparatus comprising: a CO; absorber for bringing a CO, containing gas
and a CO, absorbent into contact with each other so as to reduce CO, and release
CO5 reduced gas; an absorbent regenerator for allowing a CO, absorbed rich
solution to be regenerated in a regenerative superheater and outputting a CO
accompanying gas that accompanies water vapor, wherein a lean solution with CO,
reduced in the absorbent regenerator is recycled in the CO, absorber as the CO;
absorbent; a cleansing section disposed downstream of a gas flow in the CO,
absorber, for bringing the CO, reduced gas and a cleansing solution into contact with
each other; a reflux line for condensing the water vapor accompanied by the CO
accompanying gas so as to return the condensed water as reflux water to the
absorbent regenerator; a supplying line for adding a part of the reflux water to the
cleansing solution; a first heat exchanger disposed in a boiler flue gas duct, for
extracting a part of the cleansing solution so as to exchange heat flue 'gas passing
through the boiler flue gas duct with the part of the cleansing solution; and a

superheated cleansing solution supply line for introducing the superheated cleansing

solution that has heat exchanged in the heat exchange section into a bottom portion

of the absorbent regenerator.
(0009a]

According to another aspect, there is provided a CO; recovery
apparatus comprising: a CO, absorber for bringing a CO, containing gas and a CO;
absorbent into contact with each other to reduce CO,; an absorbent regenerator for

allowing a CO, absorbed rich solution to be regenerated in a regenerative

superheater, a lean solution with CO, reduced in the absorbent regenerator Is

3
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recycled in the CO; absorber as the CO, absorbent; a heat exchange section for
exchanging heat with part of cleansing water from a cleansing section disposed
downstream of a gas flow in the CO; absorber; and a superheated cleansing solution
supply line for introducing the superheated cleansing solution that has heat
exchanged in the heat exchange section into a bottom portion of the absorbent

regenerator.

Some embodiments may provide a CO, recovery apparatus which can
significantly reduce the amount of steam and which can provide a further improved

energy efficiency.

10010]

According to some embodiments, a CO, recovery apparatus includes: a
CO, absorber for bringing a CO, containing gas and a CO, absorbent into contact
with each other to reduce CO,; and an absorbent regenerator for regenerating a CO,
absorbed rich solution in a regenerative superheater. The CO, recovery apparatus
allows a lean solution with CO; reduced in the absorbent regenerator to be recycled
as a CO, absorbent in the CO; absorber. The CO, recovery apparatus includes a
heat exchange section for exchanging heat with part of cleansing water diverted from
a cleansing section disposed downstream of a gas flow in the CO, absorber, and a
superheated cleansing solution supply line for directing, into a bottom portion of the

absorbent regenerator, the superheated cleansing solution having heat exchanged in
the heat exchange section.

3a
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[0011]

Advantageously, in some embodiments of the CO, recovery apparatus,
the heat exchange section is any one of or both of a first heat exchanger disposed In
a boiler flue gas duct or a second heat exchanger disposed downstream of a CO,
compressor in a CO, compressive line.

[0012]

Advantageously, in some embodiments of the CO, recovery apparatus,
the absorbent regenerator is divided at least into two, and the CO; recovery
apparatus includes: a semi-lean solution divert line for diverting a semi-lean solution
with CO, partially reduced from an upper stage of the divided absorbent regenerator
to supply to a lower stage of the absorbent regenerator, and a steam condensed
water heat exchanger, disposed in the semi-lean solution divert line, for heating the
semi-lean solution by afterheat of steam condensed water from the regenerative
superheater.

[0013]

Advantageously, in some embodiments of the CO, recovery apparatus,
the semi-lean solution divert line is provided with a lean solution heat exchanger for

heating a semi-lean solution using heat of the lean solution from the absorbent

regenerator.

[0014]

Advantageously, in some embodiments of the CO, recovery apparatus,
a rich/lean solution heat exchanger for heating the rich solution using afterheat of the
lean solution is disposed at an intersection of a rich solution supply line for supplying
the rich solution from the CO, absorber to the regenerative superheater and a lean

solution supply line for supplying the lean solution from the absorbent regenerator to
the CO, absorber.
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[Effect of the Invention]
[0015]

According to some embodiments of the present invention, the heat

exchanger exchanges heat with part of cleansing water or reflux water, thereby

“allowing heat recovery in which low-temperature cleansing water or reflux water is

superheated, for example, to approximately 120°C. As a result, by supplying the
superheated cleansing water to the bottom portion of the absorbent regenerator, the
amount of water vapor to be supplied to the regenerative superheater can be
reduced.
[Brief' Description of Drawings]

[0016]

Fig. 1 is a schematic view illustrating the configuration of a CO,
recovery apparatus according to a first embodiment;

Fig. 2 is a schematic view illustrating the configuration of a CO>
recovery apparatus according to a second embodiment;

Fig. 3 is a schematic view illustrating the configuration of a CO>
recovery apparatus according to a third embodiment;

Fig. 4 is a schematic view illustrating the configuration of a CO
recovery apparatus according to a fourth embodiment;

Fig. 5 is a schematic view illustrating the configuration of a CO>

recovery apparatus according to a fifth embodiment; and

Fig. 6 is a schematic view illustrating the configuration of a CO>
recovery apparatus according to a comparative exampie.
[Best Modes of Carrying Out the Invention]

[0017]

Now, examples of some embodiments of the present invention will be
described in more detail with reference to the accompanying drawings. Note that
these embodiments are not intended to limit the present invention but these multiple
embodiments also include combinations of each of those embodiments.

Furthermore, the components in the embodiments to be described below include
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those that one skilled in the art can readily contemplate and that are substantially
identical thereto.
[First embodiment]

[0018]

A description will now be made to a CO- recovery apparatus according
to an embodiment of the present invention with reference to Fig. 1.

Fig. 1 is a schematic view illustrating the configuration of a CO
recovery apparatus according to a first embodiment. As shown in Fig. 1, a CO>
recovery apparatus 10A according to the first embodiment includes a flue gas cooling
apparatus 14, a CO, absorber 16, and an absorbent regenerator 18. The flue gas
cooling apparatus 14 uses cooling water 13 to cool flue gas 12 containing CO; and
O, that are emitted from an industrial combustion facility 11, such as a boiler or gas
turbine. The CO, absorber 16 includes a CO, recovery section 16A for bringing the
cooled CO, containing flue gas 12 and a CO,-absorbing CO, absorbent (hereinafter
also referred to as the “absorbent”) 15 into contact with each other to reduce COz in
the flue gas 12. The absorbent regenerator 18 causes CO; to be released from the
CO,-absorbed CO, absorbent (hereinafter also referred to as the “rich solution™) 17 to
regenerate the CO, absorbent. Then, the CO, recovery apparatus 10A allows the
regenerated CO, absorbent (hereinafter also referred to as the “lean solution™) 15
with CO5 reduced in the regenerator 18 to be recycled as the CO; absorbent in the
CO, absorber 16.

[0019]
Note that in Fig. 1, reference symbol 11b shows a stack, and reference

number 32 shows a steam condensed water. The CO;, recovery apparatus may be a
retrofitted one for recovering CO, from an existing flue gas source or one that is

provided at the same time as a new flue gas source is installed. The stack 11b Is
provided with an open/close door which is closed while the CO, recovery apparatus
is being operated. The stack 11b is also set so as to be opened when the flue gas

source is operating but the CO, recovery apparatus has come to a standstill.
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[0020]

In a CO, recovery method using this CO; recovery apparatus, the CO-
containing flue gas 12 from the industrial combustion facility 11, such as a boiler or
gas turbine, is first raised in pressure in a flue gas blower 20. The resulting flue gas
12 is then fed to the flue gas cooling apparatus 14, where the flue gas 12 is cooled by
the cooling water 13 and then fed to the CO, absorber 16.

[0021]

In the CO, absorber 16, the flue gas 12 is brought into contact as a
countercurrent flow with a CO, absorbent 15 utilizing an amine-based solution, so
that CO», in the flue gas 12 is absorbed by the CO; absorbent 15 through chemical
reaction.

The CO,-free flue gas with CO, having been reduced in the CO;
recovery section 16A is brought into gas-liquid contact with circulating cleansing
water 19 that contains the CO, absorbent fed from a nozzle of a cleansing section
16B inside the CO, absorber 16. This allows for recovering the CO, absorbent 15
that accompanies the CO, free flue gas, and then the flue gas 21 with CO, reduced
in amount is released out of the system.

Furthermore, the CO, absorbed CO, absorbent 17 or a rich solution Is
raised in pressure in a rich solution pump 22, heated in a rich / lean solution heat
exchanger 23 by the CO, absorbent 15 or a lean solution regenerated in the
regenerator 18, and then fed to the regenerator 18.

[0022]

The rich solution 17 released from the top of the regenerator 18 into the
inside thereof undergoes an endothermic reaction by the water vapor fed from the
bottom portion, thereby releasing most of CO,. The CO; absorbent, which has
released part or most of CO, in the regenerator 18, is referred to as the semi-lean
solution. The semi-lean solution will turn to the CO, absorbent 15 with almost all of
CO, removed until the solution reaches the bottom portion of the regenerator 18.

The lean solution is partially superheated by water vapor 25 in a regenerative

superheater 24 and supplies water vapor into the regenerator 18.
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[0023]

On the other hand, the regenerator 18 outputs, from its head top, a CO-
accompanying gas 26 that accompanies the water vapor which has been released
from the rich solution 17 and the semi-lean solution in the tower. The water vapor is
then condensed In a condenser 27 and separated from water in a separation drum
28, so that the CO, accompanying gas 26 is released out of the system to be
compressed separately in a compressor 71 and recovered. The recovered CO,
accompanying gas 26 Is injected into oilfields by EOR (Enhanced Oil Recovery) or
stored in an aquifer to take measures against global warming.

The reflux water 29 separated and refluxed from the CO,
accompanying gas in the separation drum 28 is supplied to the upper portion of the
regenerator 18 and toward the circulating cleansing water 19 side using a reflux
water circulating pump 30.

The regenerated CO, absorbent (lean solution) 15 is cooled by the rich
solution 17 in the rich / lean solution heat exchanger 23, then raised in pressure by
the lean solution pump 30, then cooled by a lean solution cooler 31, and finally
supplied into the CO, absorber 16.

[0024]

The present embodiment further includes a cleansing water divert line
51 for diverting partial cleansing water 19a of the circulating cleansing water 19
condensed in the cleansing section 16B inside the CO; absorber 16, a first heat
exchanger 52 disposed in the divert line 51 and a boiler flue gas duct 11a, and a
superheated cleansing solution supply line 53 for introducing the superheated
cleansing solution 19b having heat exchanged in the first heat exchanger 52 into the

bottom portion of the absorbent regenerator 18.
Note that the superheated cleansing solution supply line 53 is provided

with a thermometer 54 and a relief valve 55 to adjust the level of heat exchange of
the superheated cleansing water (superheated vapor) 19b which has exchanged heat

with the flue gas 12.
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[0025]
Conventionally, diverting the portion excluding the circulating water

stream of circulating cleansing water would reduce the volume to be dropped in the
absorption section and regenerated as a rich solution in the absorbent regenerator.
Thus, this embodiment reduces the regeneration energy in the absorbent regenerator

and further allows the diverted cleansing solution to exchange heat with the flue gas
(at a gas temperature of 140 to 200°C) 12 in the first heat exchanger 52. This allows
for realizing heat recovery by superheating the cleansing water at about 50°C, for

example, to approximately 120°C. As a result, since the superheated cleansing
water 19b is supplied to the bottom portion of the absorbent regenerator 18 via the
superheated cleansing solution supply line 53, the amount of water vapor 25 to be

supplied to the regenerative superheater 24 can be reduced.
[0026]

In particular, since the condensed cleansing water 19 in the cleansing
section 16B is at a relatively lower temperature than in any other steps of the
process, a larger amount of heat can be recovered to thereby maximize the amount
of recovered heat for the regenerator.

Furthermore, since the cleansing water 19 contains a low concentration
of the absorbent, there is only a small amount of heat degradation caused by heat
exchange with the flue gas 12.

[0027]

Furthermore, since the heat-recovered superheated cleansing water
19b is supplied to the bottom portion of the absorbent regenerator 18, the absorbent
supplied separately as the rich solution 17 to the top portion of the absorbent
regenerator 18 contains a concentration of absorbent (amine) which is higher than
usual. As a result, when the same water balance is held in the system, the amount of

water to be evaporated in the absorbent regenerator 18 is reduced, thereby allowing

the regeneration energy to decrease.
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[0028]

The superheated cleansing solution or water circulates the closed
system of both the CO, absorber 16 and the absorbent regenerator 18 in the CO,
recovery apparatus 10A. This makes it possible to maintain water balance.

That is, externally supplying superheated vapor would require an
excessive amount of water to be discharged out of the system, thus causing water
balance to be lost.

[Second embodiment]

[0029]

Now, a description will be made to a CO; recovery apparatus according
to an embodiment of the present invention with reference to Fig. 2. Note that the
same members as those of the first embodiment will be denoted with the identical
symbols without describing them repeatedly.

Fig. 2 is a schematic view illustrating the configuration of a CO,
recovery apparatus according to a second embodiment. As shown in Fig. 2, a CO,
recovery apparatus 10B according to the second embodiment is different from the
CO- recovery apparatus 10A of the first embodiment in that the destination of the
superheated cleansing water 19b can be changed.

[0030]

In the first embodiment, the superheated cleansing water 19b is
supplied to the bottom portion of the absorbent regenerator 18. However, when the
superheated cleansing water is at a low temperature, supplying to the bottom portion
will cause the lean solution, with which heat was exchanged in the regenerative
superheater 24, to have a lowered steam temperature.

In this context, to exchange heat at a lower exchange temperature in
the first heat exchanger 52, the superheated cleansing water 19b is to be supplied to
the middle stage portion (between a first stage portion 18a and a second stage
portion 18b) or the upper stage portion of the absorbent regenerator 18.

[0031]

To change the destination, a command from a controller 56 is issued to
change the destination at a flow path switch section 57 in accordance with a

10
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measurement resuit obtained by the thermometer 54 disposed in the superheated
cleansing solution supply line 53.

For example, if a measurement at the thermometer 54 shows that the
superheated cleansing water is, for example, at 120°C or higher, the water is

iIntroduced into the bottom portion of the absorbent regenerator 18. [f the water is in
the form of vapor, for example, at temperatures of from 100 to 120°C, the vapor is

introduced into the middle portion of the absorbent regenerator 18. If the water is, for

example, below 100°C, then the water is introduced into the upper portion of the
absorbent regenerator 18.
[Third embodiment]

[0032]

Now, a description will be made to a CO, recovery apparatus according
to an embodiment of the present invention with reference to Fig. 3. Note that the
same members as those of the first embodiment will be denoted with the identical
symbols without describing them repeatedly.

Fig. 3 is a schematic view illustrating the configuration of a CO5
recovery apparatus according to a third embodiment. Here, Fig. 3 shows part of the
whole system of Fig. 1 or the main portions such as the absorber and the regenerator
with the other components being identical to those of the first embodiment.

As shown in Fig. 3, a CO, recovery apparatus 10C according to the
third embodiment is different from the CO, recovery apparatus 10A of the first
embodiment in that the interior of the absorbent regenerator 18 is divided into three
portions including a first stage portion 18a, a second stage portion 18b, and a third

stage portion 18c.
Then, the semi-lean solution 15a diverted from each of them undergoes

heat exchange with the afterheat of the steam condensed water 32 in both a first
steam condensed water heat exchanger 61a and a second steam condensed water
heat exchanger 61b. Furthermore, part of the diverted semi-lean solution 15a
undergoes heat exchange with the heat of the lean solution 15 in both a first lean

solution heat exchanger 62a and a second lean solution heat exchanger 62b.

11
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[0033]

In the present embodiment, the afterheat of the steam condensed water
32 used in the regenerative heater 24 and the heat of the lean solution 15 are
effectively used. As a result, in addition to the effects of the first embodiment, it is

possible to further reduce the amount of supplied steam to be used in the regenerator
18.

[0034]

Note that the present embodiment simultaneously makes use of the
afterheat of the steam condensed water 32 and the heat of the lean solution 15.
However, they may also be used separately.

[Fourth embodiment]

[0035]

Now, a description will be made to a CO, recovery apparatus according
to an embodiment of the present invention with reference to Fig. 4. Note that the
same members as those of the first embodiment will be denoted with the identical
symbols without describing them repeatedly.

Fig. 4 is a schematic view illustrating the configuration of a CO;
recovery apparatus according to a fourth embodiment.

As shown in Fig. 4, a CO, recovery apparatus 10D according to the
fourth embodiment is different from the CO, recovery apparatus 10A of the first
embodiment in that part 29a of the reflux water 29 undergoes heat exchange in the
heat exchange section 52 within the flue gas duct 11a and turns to superheated
reflux water 29b. Then, this superheated reflux water 29b is supplied to the bottom
portion of the absdrbent regenerator 18.

Since the reflux water 29 is at a low temperature like the cleansing

water, it is possible to recover a large amount of heat and thus maximize the amount
of recovered heat for the regenerator. Furthermore, a very low concentration of the

absorbent contained in the reflux water 29 also leads to a reduced amount of heat

degradation caused by heat exchange with the flue gas 12.

12
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[Fifth embodiment]

[0036]

Now, a description will be made to a CO; recovery apparatus according
to an embodiment of the present invention with reference to Fig. 5. Note that the
same members as those of the first embodiment will be denoted with the identical
symbols without describing them repeatedly.

Fig. 5 is a schematic view illustrating the configuration of a CO-
recovery apparatus according to a fifth embodiment.

As shown in Fig. 5, a CO; recovery apparatus 10E according to the fifth
embodiment is different from the CO, recovery apparatus 10A of the first embodiment
in that part of the cleansing water 19 undergoes heat recovery with a CO
compressed gas 72 in a second heat exchanger 58 disposed downstream of the CO.
compressor 71 in the CO, compressive line.

[0037]

Since the CO, compressor 71 compresses the CO,; accompanying gas
26 to be heated to a temperature of about 170°C, the heat of the gas is effectively
used for heat exchange with the cleansing water.

[0038]

Note that the present embodiment allows the cleansing water 19a to
undergo heat exchange. However, the reflux water 29 may aiso be allowed to
undergo heat exchange in the same manner as the cleansing water.

[0039]

Now, a description will be made to preferred test examples that show

the effects of the present invention. However, the present invention is not limited

thereto.
[0040]

[Test Example 1]
Test Example 1 employs the CO, recovery apparatus 10A of the first

embodiment as a CO, recovery apparatus, and uses water as a heat medium for

recovery of heat from a flue gas (at 200°C) 12.

13
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Studies were made on the CO; recovery heat unit when the heat-
recovered superheated cleansing water 19b was introduced into the bottom portion of

the absorbent regenerator 18. The medium after heat recovery is compressed water

(at 180°C and 10 kg/cm°G).

[0041]

Fig. 6 is a schematic view illustrating the configuration of a conventional
CO; recovery apparatus according to a first comparative example.

As shown Iin Fig. 6, a CO, recovery apparatus 100 of the comparative
example is different from the CO, recovery apparatus 10C of the third embodiment
shown in Fig. 3 in that the former does not include the first heat exchanger 52 and the
‘superheated cleansing solution supply line 53. This conventional system was
employed as the reference.

[0042]

In Test Example 1, the total amount of the cleansing water 19 in the
cleansing section 16B with the circulating water stream excluded therefrom was
supplied to the first heat exchanger 52 for heat recovery.

Furthermore, in Test Example 2, a half of the total amount of the
cleansing water 19 in the cleansing section 16B with the circulating water stream
excluded therefrom was supplied to the first heat exchanger 52 for heat recovery.

Furthermore, in Test Example 3, employed was the CO, recovery
apparatus 10D shown in Fig. 4 to recover heat from the reflux water 29 in the heat

exchanger 52.

The results are shown in Table 1.

14



10

15

20

CA 02771516 2012-03-15

53609-37
[0043]
[Table 1]
| Heat Medium (Water
‘ sqpplied to Bottom |
— i Portion of Reger:{e;;torl_' Heat Quantity in R egc%e ry Reduction
Quantity | Regenerative | Heat Source | Ratio for
Amount of ‘eauired to Superheater Unit Heat Unit
|  Water | | |
recover
i *1
- MMkcal/h MMkcallh | keallkg-CO, | %
Comparative
__EBxampe | : e I N I
TestExample1 | 112 154 | 11.41 548 | 122
Test Example 2 | 5.6 0.77 12.13 082 6.7
Test Example 3 | 1.9 0.26 12.72 610 2.1

*1 Heat quantity required to compress Heat Medium to Water at 180°C and 10 kg/cm?G

[0044]

As shown in Table 1, in Test Example 1, the heat quantity in the
regenerative superheater of the comparative example of Fig. 6 was 12.99 MMkcal/h,
and the CO, recovery heat source unit was 624 kcal/kg-CO:..

In contrast to this, for Test Example 1, the heat quantity in the
regenerative superheater was 11.41 MMkcal/h, while the CO, recovery heat source
unit was 548 kcal/kg-CO.. With that of the comparative example normalized to 100,

the heat source unit was decreased by 12.2%, which shows that the amount of
supplied water vapor is further reduced as compared with the conventional energy-

saving process system.

[0045]
Furthermore, for Test Example 2, the heat quantity in the regenerative

superheater was 12.13 MMkcal/h, while the CO, recovery heat source unit was 582

kcal/kg-CO,. With that of the comparative example normalized to 100, the heat

source unit was decreased by 6.7%, which shows that the amount of supplied water

vapor is further reduced as compared with the conventional energy-saving process

system.
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[0046]

Furthermore, for Test Example 3, the heat quantity in the regenerative
superheater was 12.72 MMkcal/h, while the CO, recovery heat source unit was 610
kcal/kg-CO2. With that of the comparative example normalized to 100, the heat
source unit was decreased by 2.1%, which shows that the amount of supplied water
vapor is further reduced as compared with the conventional energy-saving process
system.
[Explanations of Letters or Numerals]

[0047]

10A to 10E CO, recovery apparatus

11 Industrial combustion facility

12 flue gas

14 flue gas cooling apparatus

15 CO, absorbent (lean solution)
16 CO, absorber

17 CO,-absorbed CO, absorbent (rich solution)
18 absorbent regenerator

19 cleansing water

19a part of cleansing water

19b superheated cleansing solution
52 first heat exchanger

58 second heat exchanger

16
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CLAIMS:.
1. A CO, recovery apparatus comprising:

a CO, absorber for bringing a CO, containing gas and a CO;, absorbent

into contact with each other so as to reduce CO, and release CO, reduced gas;

an absorbent regenerator for allowing a CO; absorbed rich solution to
be regenerated in a regenerative superheater and outputting a CO, accompanying
gas that accompanies water vapor, wherein a lean solution with CO, reduced in the

absorbent regenerator is recycled in the CO, absorber as the CO, absorbent;

a cleansing section disposed downstream of a gas flow in the CO>
absorber, for bringing the CO, reduced gas and a cleansing solution into contact with

each other:;

a reflux line for condensing the water vapor accompanied by the CO»
accompanying gas so as to return the condensed water as reflux water to the

absorbent regenerator;

a supplying line for adding a part of the reflux water to the cleansing

solution;

a first heat exchanger disposed in a boiler flue gas duct, for extracting a

part of the cleansing solution so as to exchange heat flue gas passing through the

boiler flue gas duct with the part of the cleansing solution; and

a superheated cleansing solution supply line for introducing the
superheated cleansing solution that has heat exchanged in the heat exchange

section into a bottom portion of the absorbent regenerator.
2. The CO, recovery apparatus according to claim 1, wherein

the absorbent regenerator is divided at least into two, and
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the CO, recovery apparatus comprises:

a semi-lean solution divert line for diverting a semi-lean solution with
CO, partially reduced from an upper stage of the divided absorbent regenerator to

supply to a lower stage of the absorbent regenerator, and

a steam condensed water heat exchanger, disposed in the semi-lean
solution divert line, for heating the semi-lean solution by afterheat of steam

condensed water from the regenerative superheater.
3. The CO, recovery apparatus according to claim 2, wherein

the semi-lean solution divert line is provided with a lean solution heat
exchanger for heating a semi-lean solution using heat of the lean solution from the

absorbent regenerator.

4. The CO; recovery apparatus according to any one of claims 1 to 3,

wherein

a rich/lean solution heat exchanger for heating the rich solution using
afterheat of the lean solution is disposed at an intersection of a rich solution supply
line for supplying the rich solution from the CO, absorber to the regenerative
superheater and a lean solution supply line for supplying the lean solution from the

absorbent regenerator to the CO, absorber.
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