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(57) ABSTRACT 
According to one embodiment, a carbon-dioxide-recovery 
type steam power generation system comprises a boiler that 
generates steam and an exhaust gas, an absorption tower that 
allows carbon dioxide contained in the exhaust gas to be 
absorbed in an absorption liquid, a regeneration tower that 
regenerates discharges a carbon dioxide gas from the absorp 
tion liquid, a reboiler that heats the absorption liquid of the 
regeneration tower, a turbine that is rotationally driven by the 
steam, a condenser that generates condensate by cooling 
steam exhausted from the turbine, a compressor that com 
presses the carbon dioxide gas, and a cooler that cools the 
carbon dioxide gas, which has been compressed by the com 
pressor, while using a part of the condensate as cooling water. 
The reboiler is supplied with steam from the turbine and 
steam generated by the cooling of the carbon dioxide gas at 
the cooler. 
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1. 

CARBON DOXDE RECOVERY METHOD 
AND CARBON-DOXDE-RECOVERYTYPE 
STEAM POWER GENERATION SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims benefit of prior 
ity from the Japanese Patent Application No. 2010-236510, 
filed on Oct. 21, 2010, the entire contents of which are incor 
porated herein by reference. 

FIELD 

Embodiments described herein relate generally to a car 
bon-dioxide-recovery-type steam power generation system 
and a carbon dioxide recovery method. 

BACKGROUND 

In a power generation system such as athermal powerplant 
using a large amount of fossil fuel, an amine absorption 
method is employed as a method of removing and recovering 
carbon dioxide that is one of causes of global warming. How 
ever, in the amine absorption method, thermal energy 
obtained from a great amount of steam having low pressure 
(for example, about 0.3 MPa) is required to regenerate an 
absorption liquid having absorbed carbon dioxide. 

In order to compensate this thermal energy, there is pro 
posed a method of joining condensate, which is branched 
from a turbine condensate system, to a deaerator after per 
forming heat exchange between the amount of heat of recov 
ered carbon dioxide and heat generated by compressing car 
bon dioxide to high pressure (for example, about 8 MPa) that 
is suitable for injecting carbon dioxide into the ground. 

However, there has been a problem in that the amount of 
condensate is not enough to recover the total amount of heat 
of carbon dioxide. As a result, the amount of condensate 
flowing in a low-pressure heater is reduced and the amount of 
gas extracted from a turbine is reduced, so that the amount of 
heat dumped to a condenser is increased and the effect of a 
regeneration cycle in the related art is decreased. For this 
reason, there has been a problem in that the output of the 
turbine is not particularly increased by the amount of recov 
ered heat. 

Further, when recovered carbon dioxide is injected into the 
ground, it is necessary to compress carbon dioxide to high 
pressure. However, it was not possible to avoid the large 
reduction of the output of a power plant in order to secure a 
power source for this compression. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing the schematic structure of a 
carbon-dioxide-recovery-type steam power generation sys 
tem according to a first embodiment; 

FIG. 2 is a view showing the schematic structure of a 
carbon-dioxide-recovery-type steam power generation sys 
tem according to a second embodiment; 

FIG. 3 is a view showing the schematic structure of a 
carbon-dioxide-recovery-type steam power generation sys 
tem according to a third embodiment; 

FIG. 4 is a view showing the schematic structure of a 
carbon-dioxide-recovery-type steam power generation sys 
tem according to a modification; 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
FIG. 5 is a view showing the schematic structure of a 

carbon-dioxide-recovery-type steam power generation sys 
tem according to a modification; and 

FIG. 6 is a view showing the schematic structure of a 
carbon-dioxide-recovery-type steam power generation sys 
tem according to a modification. 

DETAILED DESCRIPTION 

According to one embodiment, a carbon-dioxide-recov 
ery-type steam power generation system comprises a boiler 
that generates steam through the combustion of fuel and 
generates an exhaust gas, an absorption tower that is Supplied 
with the exhaust gas from the boiler, and allows carbon diox 
ide contained in the exhaust gas to be absorbed in an absorp 
tion liquid, a regeneration tower that is Supplied with the 
absorption liquid having absorbed carbon dioxide from the 
absorption tower, discharges a carbon dioxide gas from the 
absorption liquid, and discharges the carbon dioxide gas, a 
reboiler that heats the absorption liquid discharged from the 
regeneration tower and Supplies generated Steam to the regen 
eration tower, a turbine that is supplied with steam from the 
boiler and is rotationally driven, a condenser that generates 
condensate by cooling steam exhausted from the turbine, a 
condensate pump that sends the condensate to a line, a water 
Supply pump that is provided on the line and Supplies water to 
the boiler, a compressor that compresses the carbon dioxide 
gas, and a cooler that is Supplied with a part of the condensate 
and cools the carbon dioxide gas, which has been compressed 
by the compressor, while using the condensate as cooling 
water. The reboiler is supplied with steam that is exhausted 
from the turbine and steam that is generated by the cooling of 
the carbon dioxide gas at the cooler. 

Embodiments will now be explained with reference to the 
accompanying drawings. 
(First Embodiment) 

FIG. 1 shows an entire structure of a carbon-dioxide-re 
covery-type steam power generation system according to a 
first embodiment. A carbon-dioxide-recovery-type steam 
power generation system 1 includes a steam power generation 
plant 1a and a carbon dioxide recovery plant 1b. The steam 
power generation plant 1a generates turbine steam 4 through 
the combustion of fuel and generates power by rotationally 
driving a turbine. The carbon dioxide recovery plant 1b recov 
ers carbon dioxide from an exhaust gas 5, which is generated 
in a boiler 6, by using an absorption liquid that absorbs carbon 
dioxide contained in the exhaust gas 5. 
The boiler 6 is supplied with fuel and air for combustion 

and fuel is combusted in a furnace, so that the turbine steam 4 
and the exhaust gas 5 are generated. The boiler 6 includes a 
superheater 9 and a reheater 10. The superheater 9 generates 
main steam by heating the turbine steam 4 through the com 
bustion in the furnace. The reheater 10 is provided adjacent to 
the Superheater 9, and generates reheat steam by reheating the 
turbine steam 4 that is supplied from the superheater 9 
through a high-pressure steam turbine 21 to be described 
below. 
The Steam power generation plant 1a includes a high 

pressure Steam turbine (high-pressure turbine) 21 and an 
intermediate-pressure steam turbine (intermediate-pressure 
turbine) 22. The high-pressure turbine 21 is rotationally 
driven by the turbine steam 4 (main steam) that is Supplied 
from the superheater 9 of the boiler 6. The intermediate 
pressure turbine 22 is connected to the high-pressure turbine 
21 by a turbine shaft 20, and is rotationally driven by the 
turbine Steam 4 (reheat steam) that is Supplied from the high 
pressure turbine 21 through the reheater 10 of the boiler 6. 
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Further, a low-pressure steam turbine (low-pressure turbine) 
23 is connected to the intermediate-pressure turbine 22 by the 
turbine shaft 20. The low-pressure turbine 23 is adapted to be 
rotationally driven by the turbine steam 4 supplied from the 
intermediate-pressure turbine 22 (exhaust steam (intermedi 
ate-pressure exhaust steam) discharged from the intermedi 
ate-pressure turbine 22). Furthermore, a generator 24, which 
generates power by the rotation of the turbine shaft 20, is 
connected to the turbine shaft 20. 

Meanwhile, in this embodiment, the rotating shafts of the 
high-pressure turbine 21, the intermediate-pressure turbine 
22, the low-pressure turbine 23, and the generator 24 are 
connected to each other so as to form one turbine shaft 20. 
However, the embodiment is not limited to this structure. The 
steam power generation plant 1a may include two or more 
turbine shafts each which includes at least one steam turbine 
and a plurality of generators connected to the respective tur 
bine shafts. 
A condenser 26, which generates condensate 27 by cooling 

and condensing the turbine steam discharged from the low 
pressure turbine 23 (exhaust steam (low-pressure exhaust 
steam) discharged from the low-pressure turbine 23) is pro 
vided below the low-pressure turbine 23. The condensate 27 
discharged from the condenser 26 is sent to the downstream 
side of a line 28 by a condensate pump 31, and is sent to the 
boiler 6 through a line 33 by a water supply pump 34. 
As shown in FIG. 1, the carbon dioxide recovery plant 1b is 

provided with a carbon dioxide separation recovery apparatus 
40 that is supplied with the exhaust gas 5 from the boiler 6 and 
separates and recovers carbon dioxide contained in the 
exhaust gas 5. The carbon dioxide separation recovery appa 
ratus 40 includes an absorption tower (not shown) and a 
regeneration tower (not shown). The absorption tower allows 
carbon dioxide contained in the exhaust gas 5 to be absorbed 
in the carbon dioxide-absorption liquid. The regeneration 
tower is supplied with the absorption liquid (rich liquid) 
having absorbed carbon dioxide from the absorption tower, 
discharges a carbon dioxide gas 42 containing water vapor by 
allowing a carbon dioxide gas to be discharged from the rich 
liquid, and regenerates the absorption liquid. The absorption 
liquid, which is regenerated in the regeneration tower, is 
supplied to the absorption tower. 
An amine compound aqueous solution, which is obtained 

by dissolving an amine compound in water, may be used as 
the absorption liquid that is used to absorb carbon dioxide. 

The regeneration tower is provided with a reboiler 41. The 
reboiler 41 allows the temperature of a lean liquid to rise and 
generates Steam by heating a part of the lean liquid (a regen 
erated absorption liquid of which carbon dioxide content is 
low) that is stored in the regeneration tower. Then, the reboiler 
41 supplies the steam to the regeneration tower. When the 
lean liquid is heated in the reboiler 41, a carbon dioxide gas is 
discharged from the lean liquid and Supplied to the regenera 
tion tower together with the steam of the absorption liquid. 
The steam of the absorption liquid ascends in the regeneration 
tower, and heats the rich liquid. Accordingly, a carbon dioxide 
gas is discharged from the rich liquid. A heat Source of the 
reboiler 41 will be described below. 
The carbon dioxide gas 42, which contains water vaporand 

is discharged from the top portion of the regeneration tower, 
is supplied to a CO, condenser (condenser) 51. Water vapor 
43, which is condensed by the CO condenser 51, returns to 
the regeneration tower of the carbon dioxide separation 
recovery apparatus 40. 

Carbon dioxide 52 of which the purity has been increased 
by the CO condenser 51 is compressed to a high-pressure 
state (for example, about 8 MPa), which is suitable for inject 
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4 
ing carbon dioxide into the ground, by compressors 53 and 
54. After being cooled by an intermediate cooler 55, the 
carbon dioxide 52, which has been compressed by the com 
pressor 53, is compressed by the compressor 54. Further, the 
carbon dioxide 52, which has been compressed by the com 
pressor 54, is cooled by an outlet cooler 56. Since the inter 
mediate cooler 55 and the outlet cooler 56 are provided as 
described above, it is possible to improve compression effi 
ciency and to recover heat from the carbon dioxide 52 of 
which the temperature has been raised by compression. 

Next, the heat source of the reboiler 41 will be described. 
As shown in FIG. 1, the temperature of the steam, which is 
extracted or exhausted from the high-pressure turbine 21, the 
intermediate-pressure turbine 22, or the low-pressure turbine 
23, is lowered to temperature, which is suitable to raise the 
temperature of the carbon dioxide-absorption liquid, by a 
desuperheater 44, and the steam of which the temperature has 
been lowered is supplied to the reboiler 41. It is possible to 
Switch steam, which is to be used, to any one of the steam 
extracted or exhausted from the high-pressure turbine 21, the 
steam extracted or exhausted from the intermediate-pressure 
turbine 22, and the steam extracted or exhausted from the 
low-pressure turbine 23 by valves 37 to 39. 

Moreover, cooling water (condensate 27), which is 
branched from the line 28 on the downstream side of the 
condensate pump 31, is changed into steam 60 by recovering 
heat of the carbon dioxide 52 at the outlet cooler 56 and the 
intermediate cooler 55, and the steam 60 is supplied to the 
reboiler 41. For example, the carbon dioxide 52, which is 
compressed by the compressor 53 and has a temperature of 
200° C. to 250° C., is cooled to a temperature of about 40°C. 
by the intermediate cooler 55. The carbon dioxide 52, which 
is compressed by the compressor 54 and has a temperature of 
about 250° C., is cooled to a temperature of about 40° C. by 
the outlet cooler 56. The cooling water (condensate 27) is 
changed into steam 60, which has a temperature of 120° C. to 
130° C., by recovering heat of the carbon dioxide 52 at the 
outlet cooler 56 and the intermediate cooler 55. 

Accordingly, the reboiler 41 uses steam, which is Supplied 
from the steam power generation plant is (the high-pressure 
turbine 21, the intermediate-pressure turbine 22, or the low 
pressure turbine 23), and steam 60, which is generated by 
allowing a part of the condensate 27 to recoverheat generated 
by the compression of the carbon dioxide 52, as a heat source. 

Steam discharged from the reboiler 41 is joined to the line 
28 as drainage at an appropriate position between the con 
densate pump 31 and the water Supply pump 34. 
As described above, in this embodiment, the heat of the 

carbon dioxide 52 is recovered by a part of the condensate 27 
at the outlet cooler 56 and the intermediate cooler 55 and the 
generated steam 60 is used as the heat source of the reboiler 
41. Accordingly, the carbon-dioxide-recovery-type steam 
power generation system 1 can efficiently recover thermal 
energy that is generated while the carbon dioxide 52 is 
injected into the ground, and can achieve high thermal effi 
ciency. 
(Second Embodiment) 

FIG. 2 shows a schematic structure of a carbon-dioxide 
recovery-type steam power generation system according to a 
second embodiment. This embodiment is different from the 
first embodiment shown in FIG. 1 in that a part of steam 60 is 
supplied to a low-pressure turbine 23. In FIG. 2, the same 
portions as the portions of the first embodiment shown in FIG. 
1 are denoted by the same reference numerals. The descrip 
tion thereof will be omitted. 

Steam, which is supplied to the low-pressure turbine 23, of 
steam 60, which is generated by allowing cooling water (con 
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densate 27) to recover heat of carbon dioxide 52 at an outlet 
cooler 56 and an intermediate cooler 55, is used as steam for 
driving the low-pressure turbine 23. 

Since thermal energy, which is generated while the carbon 
dioxide 52 is injected into the ground, is used as energy for 
driving the low-pressure turbine 23 in this embodiment as 
described above, it is possible to increase the output of the 
steam power generation plant 1a. Accordingly, the carbon 
dioxide-recovery-type steam power generation system 1 can 
efficiently recover thermal energy that is generated while the 
carbon dioxide 52 is injected into the ground, and can achieve 
high thermal efficiency. 
(Third Embodiment) 

FIG. 3 shows a schematic structure of a carbon-dioxide 
recovery-type steam power generation system according to a 
third embodiment. This embodiment is different from the first 
embodiment shown in FIG. 1 in that a part of steam 60 is 
supplied to a turbine 70 driving compressors 53 and 54. In 
FIG. 3, the same portions as the portions of the first embodi 
ment shown in FIG. 1 are denoted by the same reference 
numerals. The description thereof will be omitted. 
A turbine 70 is coaxially connected to the compressors 53 

and 54, and drives the compressors 53 and 54. 
Steam, which is supplied to the turbine 70, of steam 60, 

which is generated by allowing cooling water (condensate 27) 
to recoverheat of carbon dioxide 52 at an outlet cooler 56 and 
an intermediate cooler 55, is used as steam for driving the 
turbine 70. Steam discharged from the turbine 70 is joined to 
a line 28 at an appropriate position between a condensate 
pump 31 and a water Supply pump 34. 
As described above, in this embodiment, thermal energy, 

which is generated while the carbon dioxide 52 is injected 
into the ground, is used as energy for driving the turbine 70 
that drives the compressors 53 and 54. Accordingly, it is 
possible to prevent the reduction of the output of the steam 
power generation plant 1a by a power source for the com 
pression of carbon dioxide. Therefore, the carbon-dioxide 
recovery-type steam power generation system 1 can effi 
ciently recover thermal energy that is generated while the 
carbon dioxide 52 is injected into the ground, and can achieve 
high thermal efficiency. 

In the first to third embodiments, it may be possible to 
adjust the flow rate of the condensate 27, which is branched 
from the line 28 and supplied to the outlet cooler 56 and the 
intermediate cooler 55, on the basis of the temperature of 
steam required in the reboiler 41. 
A structure where a part of the condensate 27 branched 

from the line 28 recovers the heat of the carbon dioxide 52 at 
the outlet cooler 56 and the intermediate cooler 55 has been 
described in the first to third embodiments. However, unlike 
this, a part of the condensate 27 branched from the line 28 
may recover the heat of the carbon dioxide gas 42 containing 
water vapor at the CO condenser 51. The condensate 27, 
which has recovered the heat of the carbon dioxide gas at the 
CO condenser 51, returns to the line 28 at an appropriate 
position between the condensate pump 31 and the water Sup 
ply pump 34. Examples where this structure is applied to the 
carbon-dioxide-recovery-type steam power generation sys 
tems 1 shown in FIGS. 1 to 3 are shown in FIGS. 4 to 6. Since 
the carbon dioxide gas 42 containing water vapor Supplied to 
the CO, condenser 51 has a temperature of about 110°C., it is 
possible to further improve the thermal efficiency of the car 
bon-dioxide-recovery-type steam power generation system 
by recovering the heat of the carbon dioxide gas 42. 

In each of the above-mentioned embodiments, two com 
pressors for compressing carbon dioxide and two coolers for 
cooling the compressed carbon dioxide have been provided. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
However, one compressorandone cooler may be provided, or 
three or more compressors and three or more coolers may be 
provided. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel methods and systems described herein may 
be embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the meth 
ods and systems described herein may be made without 
departing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

What is claimed is: 
1. A carbon-dioxide-recovery-type steam power genera 

tion system comprising: 
a boiler that generates Steam through the combustion of 

fuel and generates an exhaust gas; 
an absorption tower that is supplied with the exhaust gas 

from the boiler, and allows carbon dioxide contained in 
the exhaust gas to be absorbed in an absorption liquid; 

a regeneration tower that is supplied with the absorption 
liquid having absorbed carbon dioxide from the absorp 
tion tower, discharges a carbon dioxide gas from the 
absorption liquid, and discharges the carbon dioxide 
gaS 

a reboiler that heats the absorption liquid discharged from 
the regeneration tower and Supplies generated Steam to 
the regeneration tower; 

a turbine that is supplied with steam from the boiler and is 
rotationally driven; 

a condenser that generates condensate by cooling steam 
exhausted from the turbine; 

a condensate pump that sends the condensate to a line; 
a water Supply pump that is provided on the line and Sup 

plies water to the boiler; 
a compressor that compresses the carbon dioxide gas; and 
a cooler that is Supplied with a part of the condensate and 

cools the carbon dioxide gas, which has been com 
pressed by the compressor, while using the condensate 
as cooling water, 

wherein the reboiler is supplied with steam that is 
exhausted from the turbine and steam that is generated 
by the cooling of the carbon dioxide gas at the cooler. 

2. The carbon-dioxide-recovery-type steam power genera 
tion system according to claim 1, 

wherein the boiler includes a superheater that generates 
main steam and a reheater that generates reheat steam, 

the turbine includes a high-pressure turbine that is Supplied 
with the main steam and rotationally driven, an interme 
diate-pressure turbine that is supplied with the reheat 
steam and rotationally driven, and a low-pressure tur 
bine that is supplied with steam exhausted from the 
intermediate-pressure turbine and rotationally driven, 
and 

the temperature of the steam, which is exhausted from the 
high-pressure turbine, the intermediate-pressure tur 
bine, or the low-pressure turbine, is lowered and the 
steam of which the temperature has been lowered is 
supplied to the reboiler. 

3. The carbon-dioxide-recovery-type steam power genera 
tion system according to claim 2, 

wherein a part of the steam, which is generated by the 
cooling of the carbon dioxide gas at the cooler, is Sup 
plied to the low-pressure turbine. 
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4. The carbon-dioxide-recovery-type steam power genera 
tion system according to claim 1, further comprising: 

a drive turbine that drives the compressor, 
wherein a part of the steam, which is generated by the 

cooling of the carbon dioxide gas at the cooler, is sup 
plied to the drive turbine. 

5. The carbon-dioxide-recovery-type steam power genera 
tion system according to claim 1, further comprising: 

a second compressor that compresses the carbon dioxide 
gas cooled by the cooler; and 

a second cooler that is supplied with a part of the conden 
sate and cools the carbon dioxide gas, which has been 
compressed by the second compressor, while using the 
condensate as cooling water, 

wherein the steam, which is generated by the cooling of the 
carbon dioxide gas at the cooler, is supplied to the 
reboiler after a part of the condensate cools the carbon 
dioxide gas at the second cooler. 

6. The carbon-dioxide-recovery-type steam power genera 
tion system according to claim 1, further comprising: 

wherein steam discharged from the reboiler is joined to the 
condensate between the condensate pump and the water 
Supply pump. 

7. A carbon dioxide recovery method comprising: 
generating steam, which drives a turbine, and generating an 

exhaust gas by a boiler; 
allowing carbon dioxide contained in the exhaust gas dis 

charged from the boiler to be absorbed in an absorption 
liquid in an absorption tower; 
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discharging a carbon dioxide gas from the absorption liq 

uid having absorbed carbon dioxide in a regeneration 
tower and discharging the carbon dioxide gas; 

heating the absorption liquid discharged from the regen 
eration tower and supplying generated steam to the 
regeneration tower by a reboiler; 

lowering the temperature of steam exhausted from the tur 
bine and supplying the steam of which the temperature 
has been lowered to the reboiler; 

generating condensate by cooling the steam, which is 
exhausted from the turbine, by a condenser; 

compressing the carbon dioxide gas by a compressor; 
cooling the compressed carbon dioxide gas by a cooler 

while the cooler uses a part of the condensate as cooling 
water; and 

Supplying steam, which is generated by the cooling of the 
carbon dioxide gas at the cooler, to the reboiler. 

8. The carbon dioxide recovery method according to claim 

wherein a part of the steam, which is generated by the 
cooling of the carbon dioxide gas at the cooler, is sup 
plied to the turbine. 

9. The carbon dioxide recovery method according to claim 

wherein a part of the steam, which is generated by the 
cooling of the carbon dioxide gas at the cooler, is sup 
plied to a drive turbine that drives the compressor. 
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