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(57) ABSTRACT 
A carbon dioxide separation and capture apparatus includes 
an absorption tower configured to cause an absorbing liquid 
to absorb a carbon dioxide gas contained in a process gas 
and a regeneration tower configured to cause the absorbing 
liquid from the absorption tower to release the carbon 
dioxide gas. The carbon dioxide separation and capture 
apparatus further includes an inlet concentration meter con 
figured to measure concentration of an acid component in 
the process gas Supplied to the absorption tower and an 
outlet concentration meter configured to measure concen 
tration of the acid component in the process gas discharged 
from the absorption tower. Also included in the carbon 
dioxide separation and capture apparatus are a Supplemen 
tary absorbing liquid Supply mechanism configured to Sup 
ply a Supplementary absorbing liquid to the main unit and a 
controller configured to control an amount of the Supple 
mentary absorbing liquid supplied to the main unit by the 
Supplementary absorbing liquid Supply mechanism based on 
the concentrations of the acid component measured at the 
inlet concentration meter and the outlet concentration meter. 
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CARBON DOXDE SEPARATION AND 
CAPTURE APPARATUS AND METHOD OF 
CONTROLLING OPERATION OF CARBON 
DOXDE SEPARATION AND CAPTURE 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the 
benefit of priority from Japanese Patent Application No. 
2015-248878, filed on Dec. 21, 2015, the entire content of 
which is incorporated herein by reference. 

FIELD 

0002 The present invention disclosure is directed to a 
carbon dioxide separation and capture apparatus that cap 
tures carbon dioxide from combustion exhaust gas. 

BACKGROUND 

0003 Carbon dioxide, which causes global warming is 
exhausted increasingly in the world. The main source of 
carbon dioxide is exhaust gas from thermal power plants 
burning fossil fuel, and carbon dioxide from thermal power 
plants makes up about 25% of all carbon dioxide exhaust in 
the world. 
0004. In recent years, as one of effective measures to 
Suppress exhaust of carbon dioxide, particular attention is 
given to a carbon dioxide capture and storage technique for 
capturing and storing carbon dioxide gas contained in an 
exhaust gas. As an example of the technique, a carbon 
dioxide separation and capture apparatus has been consid 
ered, which causes an absorbing liquid to absorb carbon 
dioxide gas contained in combustion exhaust gas discharged 
from a thermal power plant or carbon dioxide gas contained 
in exhaust gas from an incineration plant or a blast furnace 
plant, separates the carbon dioxide gas from the exhaust gas, 
and captures the carbon dioxide gas. 
0005. The carbon dioxide separation and capture appa 
ratus includes an absorption tower and a regeneration tower, 
for example. The absorption tower is configured to cause an 
absorbing liquid to absorb carbon dioxide gas contained in 
Supplied exhaust gas and to generate a rich liquid. The 
regeneration tower is configured to cause the rich liquid 
supplied from the absorption tower to release the carbon 
dioxide gas and generate a lean liquid. The lean liquid 
generated by the regeneration tower is Supplied to the 
absorption tower, and the rich liquid is generated from the 
lean liquid. A heat exchanger, installed between the absorp 
tion tower and the regeneration tower, is configured to cause 
thermal exchange between the rich liquid to be supplied to 
the regeneration tower from the absorption tower and the 
lean liquid to be supplied to the absorption tower from the 
regeneration tower. The rich liquid Supplied to the regen 
eration tower is heated by steam generated by a reboiler and 
then releases the carbon dioxide gas. The carbon dioxide gas 
released from the rich liquid is discharged from the regen 
eration tower. In this manner, the carbon dioxide separation 
and capture apparatus separates the carbon dioxide gas from 
the exhaust gas and captures the carbon dioxide as disclosed 
in Japanese Patent Laid-open Publication No. 2013-208531. 
0006. However, the combustion exhaust gas supplied to 
the absorption tower may contain acid components such as 
nitrogen oxide or Sulfur oxide. These acid components may 
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be accumulated in the absorbing liquid, and concentration of 
the acid components in the absorbing liquid may increase. 
As a result of the accumulation of the acid components in the 
absorbing liquid, the absorbing liquid becomes depleted and 
the absorption rate of carbon dioxide in the absorption tower 
is decreased. 

SUMMARY 

0007 Accordingly, present embodiments provide a car 
bon dioxide separation and capture apparatus and a method 
of controlling the operation of carbon dioxide separation and 
capture apparatus that decreases accumulation of acid com 
ponents in the absorbing liquid efficiently. 
0008. In accordance with presently disclosed aspect, a 
carbon dioxide separation and capture apparatus includes an 
absorption tower configured to cause an absorbing liquid to 
absorb a carbon dioxide gas contained in a process gas, a 
regeneration tower configured to cause the absorbing liquid 
from the absorption tower to release the carbon dioxide gas, 
an inlet concentration meter configured to measure concen 
tration of an acid component in the process gas Supplied to 
the absorption tower, an outlet concentration meter config 
ured to measure concentration of the acid component in the 
process gas discharged from the absorption tower, a Supple 
mentary absorbing liquid Supply unit configured to Supply a 
Supplementary absorbing liquid to the main unit, and a 
controller configured to control the amount of the Supple 
mentary absorbing liquid Supplied to the main unit by the 
supplementary absorbing liquid supply unit based on the 
concentration of the acid component measured at the inlet 
concentration meter and the outlet concentration meter. 
0009. It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory only and are not restrictive of 
the embodiments, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
the embodiments and together with the description, serve to 
explain the principles of the embodiments. 
0011 FIG. 1 is a schematic view of the carbon dioxide 
separation and capture apparatus. 
0012 FIG. 2 is a functional view of the controller of the 
carbon dioxide separation and capture apparatus. 

DESCRIPTION OF THE EMBODIMENTS 

0013 Reference will now be made in detail to the present 
embodiment, an example of which is illustrated in the 
accompanying drawings. Wherever possible, the same ref 
erence numbers will be used throughout the drawings to 
refer to the same or like parts. 
0014. As illustrated in FIG. 1, a carbon dioxide separa 
tion and capture apparatus 1 has a main unit 1a that separates 
and captures carbon dioxide gas included in process gas 2. 
0015 The main unit 1a includes an absorption tower 20 
configured to cause an absorbing liquid to absorb carbon 
dioxide gas contained in the process gas 2 and a regeneration 
tower 21 configured to cause the absorbing liquid Supplied 
from the absorption tower 20 to release carbon dioxide gas 
and regenerate the absorbing liquid. The absorbing liquid 
circulates between the absorption tower 20 and the regen 
eration tower 21. 
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0016 For example, the process gas 2 containing the 
carbon dioxide gas is discharged from an external compo 
nent (installed outside the carbon dioxide separation and 
capture apparatus 1) Such as a boiler (not illustrated) of a 
thermal power plant and is Supplied to the absorption tower 
20 by a blower 22. In addition, a lean liquid 3 (absorbing 
liquid containing a relatively small amount of carbon diox 
ide gas absorbed therein) is Supplied from the regeneration 
tower 21 to the absorption tower 20. The absorption tower 
20 causes the process gas 2 to contact the lean liquid 3. 
causes the lean liquid 3 to absorb the carbon dioxide gas 
contained in the process gas 2, and generates a rich liquid 4 
(absorbing liquid containing a relatively large amount of 
carbon dioxide gas absorbed therein). 
0017. The absorption tower 20 may be configured as a 
countercurrent gas-liquid contact device. In this case, the 
absorption tower 20 includes a filling layer 20a. When the 
process gas 2 is Supplied to a lower portion of the absorption 
tower 20 and the lean liquid 3 is supplied to an upper portion 
of the absorption tower 20, the lean liquid 3 flowing down 
ward from the upper portion and the process gas 2 flowing 
upward from the lower portion come into contact with each 
other in the filling layer 20a. The generated rich liquid 4 is 
discharged from the lower portion of the absorption tower 
20. The process gas 2 contacting the lean liquid 3 releases 
the carbon dioxide gas and is discharged as decarbonated gas 
5 from the upper portion of the absorption tower 20. 
0018 Types of the process gas 2 supplied to the absorp 
tion tower 20 are not limited to combustion exhaust gas 
discharged from a boiler or process exhaust gas. The process 
exhaust gas from an incineration plant or a blast furnace 
plant could be the process gas 2. Moreover, the process gas 
2 may be supplied to the absorption tower 20 after being 
Subjected to a cooling process when necessary. In addition, 
for example, an amine aqueous Solution Such as monoetha 
nolamine (MEA) or diethanolamine (DEA) could be used as 
the absorbing liquid. 
0019. A heat exchanger 23 is installed between the 
absorption tower 20 and the regeneration tower 21. The heat 
exchanger 23 and the absorption tower 20 are connected by 
a first rich liquid line L1. A rich liquid pump 24 is installed 
between the absorption tower 20 and the heat exchanger 23 
at the first rich liquid line L1. The rich liquid 4 discharged 
from the absorption tower 20 is supplied by the rich liquid 
pump 24 through the heat exchanger 23 to the regeneration 
power 21. The heat exchanger 23 causes thermal exchange 
between the rich liquid 4 to be supplied to the regeneration 
tower 21 from the absorption tower 20 and the lean liquid 3 
to be supplied to the absorption tower 20 from the regen 
eration tower 21. The rich liquid 4 is heated to predeter 
mined temperature through the thermal exchange, while the 
lean liquid 3 serves as a heating source. In this case, the rich 
liquid 4, serving as a cooling source, cools the lean liquid 3 
to a predetermined temperature. 
0020. The heat exchanger 23 and the regeneration tower 
21 are connected by a second rich liquid line L2. The rich 
liquid 4 heated by the heat exchanger 23 is supplied to the 
absorption tower 21 via the second rich liquid line L2. 
0021 Steam 6 is supplied to the regeneration power 21 
from a reboiler 25 (described later). The regeneration tower 
21 causes the Supplied rich liquid 4 to contact the steam 6. 
causes the carbon dioxide gas absorbed in the rich liquid 4 
to be released from the rich liquid 4, and generates the lean 
liquid 3. 
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0022. The regeneration tower 21 may be configured as a 
countercurrent gas-liquid contact device. In this case, the 
regeneration tower 21 includes a filling layer 21a. When the 
rich liquid 4 is Supplied to an upper portion of the regen 
eration tower 21 and the steam 6 is supplied from the 
reboiler 25 to a lower portion of the regeneration tower 21, 
the rich liquid 4 flowing downward from the upper portion 
and the steam 6 flowing upward from the lower portion 
come into contact with each other in the filling layer 21a. 
The generated lean liquid 3 is discharged from the lower 
portion of the regeneration tower 21. The steam 7 which has 
contacted the rich liquid 4 contains carbon dioxide gas and 
is discharged from the upper portion of the regeneration 
tower 21. 

0023 The carbon dioxide separation and capture appa 
ratus 1 illustrated in FIG. 1 further includes a gas cooler 26 
and a gas-liquid separator 27. The gas cooler 26 cools and 
condenses steam 7 discharged from the upper portion of the 
regeneration tower 21 and containing carbon dioxide gas, 
and generates condensed water. The gas-liquid separator 27 
separates the condensed water and carbon dioxide gas 8. A 
cooling medium Such as cool water is Supplied to the gas 
cooler 26 from external equipment, and the Steam 7 con 
taining the carbon dioxide gas is cooled by the cooling 
medium. At this time, the steam 7 is separated into the 
carbon dioxide gas 8 and condensed water 9. The carbon 
dioxide gas 8 separated by the gas-liquid separator 27 is 
compressed and stored in external equipment (not illus 
trated). The condensed water 9 separated by the gas-liquid 
separator 27 is supplied to the regeneration tower 21 and 
mixed with the absorbing liquid. 
0024. The aforementioned reboiler 25 is connected to the 
regeneration tower 21. The reboiler 25 uses the supplied 
heating medium 10 to heat the lean liquid 3 supplied from 
the regeneration tower 21 and supplies the steam 6 to the 
regeneration tower 21. A part of the lean liquid 3 discharged 
from the lower portion of the regeneration tower 21 is 
supplied to the reboiler 25. For example, high-temperature 
steam is supplied as the heating medium 10 to the reboiler 
25 from an external source such as a turbine (not illustrated). 
The lean liquid 3 supplied to the reboiler 25 is heated after 
thermal exchanging with the heating medium 10. The steam 
6 is consequently generated from the lean liquid 3. Specifi 
cally, in the reboiler 25, the steam 6 is generated from the 
lean liquid 3 by heat of high-temperature steam. The gen 
erated steam 6 is supplied to the lower portion of the 
regeneration tower 21. 
0025. The regeneration tower 21 and the heat exchanger 
23 are connected by a first lean liquid line L3, and the lean 
liquid 3 is supplied to the heat exchanger 23 from the 
regeneration tower 21 via the first lean liquid line L3. At the 
first lean liquid line L3, a lean liquid pump 28 is provided. 
The lean liquid 3 discharged from the regeneration tower 21 
is supplied to the absorption tower 20 via the heat exchanger 
23 by the lean liquid pump 28. The heat exchanger cools the 
lean liquid 3 by thermal exchange between the rich liquid 4 
supplied to the regeneration tower 21 from the absorption 
tower 20 and the lean liquid 3 supplied to the absorption 
tower 20 from the regeneration tower 21. 
0026. The heat exchanger 23 and the absorption tower 20 
are connected by a second lean liquid line L4, and the lean 
liquid 3 cooled by the heat exchanger 23 is supplied to the 
absorption tower 20 via the second lean liquid line L4. At the 
second lean liquid line L4, a lean liquid cooler 29 could be 
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provided. An external cooling medium such as cooling water 
is supplied to the lean liquid cooler 29, and the lean liquid 
cooler 29 further cools the lean liquid 3 cooled by the heat 
exchanger 23 to a defined temperature. 
0027. The lean liquid 3 cooled by the lean liquid cooler 
29 is supplied to the absorption tower 20, comes into contact 
with the exhaust gas flowing in a direction opposite to the 
lean liquid 3 again, and absorbs the carbon dioxide gas 
contained in the process gas 2, thereby becoming the rich 
liquid 4. In the carbon dioxide separation and capture 
apparatus 1, the absorbing liquid circulates while repeatedly 
Switching to serve as the lean liquid 3 and the rich liquid 4. 
0028. In the embodiment, as illustrated in FIG. 1, the 
carbon dioxide separation and capture apparatus 1 further 
includes an inlet concentration meter 30 and an outlet 
concentration meter 31. The inlet concentration meter 30 
measures concentration of an acid component in the process 
gas 2 supplied to the absorption tower 20. The outlet 
concentration meter 31 measures concentration of the acid 
component in the decarbonated gas 5 discharged from the 
absorption tower 20. Measured concentrations of the acid 
component at the inlet concentration meter 30 and the outlet 
concentration meter 31 are sent to a controller 60 (explained 
later) as a signal. As illustrated in FIG. 1, the inlet concen 
tration meter 30 is provided at the portion between the 
blower 22 and the absorption tower 20, but the inlet con 
centration meter 30 could be provided at another position. 
0029. In the embodiment, as illustrated in FIG. 1, the 
carbon dioxide separation and capture apparatus 1 further 
includes an inlet flow amount meter 32 and an outlet flow 
amount meter 33. The inlet flow amount meter 32 measures 
flow amount of the process gas 2 supplied to the absorption 
tower 20. The outlet flow amount meter 33 measures flow 
amount of the decarbonated gas 5 discharged from the 
absorption tower 20. Measured flow amounts of the process 
gas 2 at the inlet flow amount meter 32 and the outlet flow 
amount meter 33 are sent to a controller 60 (explained later) 
as a signal. As illustrated in FIG. 1, for example, the inlet 
flow amount meter 32 is provided at the portion between the 
blower 22 and the inlet concentration meter 30. 
0030. As shown in FIG. 1, the carbon dioxide separation 
and capture apparatus 1 further includes a Supplementary 
absorbing liquid Supply unit 40 and an absorbing liquid 
discharging unit 50. The Supplementary absorbing liquid 
Supply unit 40 Supplies the absorbing liquid to the main unit 
1a, and the absorbing liquid discharging unit 50 discharges 
the absorbing liquid from the main unit 1 a. 
0031. The supplementary absorbing liquid supply unit 40 
may include a Supply tank 41 storing Supplementary absorb 
ing liquid 11, and a Supply bulb 42 controlling the amount 
of the Supplementary absorbing liquid 11 Supplied to the 
main unit 1a from the Supply tank 41. The Supply tank 41 
preferably stores fresh absorbing liquid as the Supplemen 
tary absorbing liquid 11. Therefore, by Supplying the Supple 
mentary absorbing liquid 11, the concentration of the acid 
component in the lean liquid 3 and the rich liquid 4 is easily 
decreased. The supply bulb 42 is opened when the supple 
mentary absorbing liquid 11 is supplied to the main unit 1a, 
and the supply bulb 42 is closed when the supplementary 
absorbing liquid 11 is not supplied. 
0032. The supplementary absorbing liquid supply unit 40 
preferably Supplies the Supplementary absorbing liquid 11 to 
at least one of the absorption tower 20 and the first rich 
liquid line L1. In this embodiment, the Supplementary 
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absorbing liquid Supply unit 40 Supplies the Supplementary 
absorbing liquid 11 to the absorption tower 20. Therefore, 
the supply tank 41 is connected to the absorption tower 20 
by a supply line 43. The supply bulb 42 is provided at the 
supply line 43. 
0033 Especially, the supply line 43 is preferably con 
nected to the lower portion of the absorption tower 20. By 
this component, the Supplementary absorbing liquid 11 is 
supplied to the lower portion of the absorption tower 20, and 
the Supplementary absorbing liquid 11 is included into the 
rich liquid 4 stored in the lower portion of the absorption 
tower 20. Therefore, changes in the liquid level of the rich 
liquid 4 are suppressed, and the measuring accuracy of a 
liquid level meter (provided at lower portion of absorption 
tower 20, not shown) is improved. 
0034. At the supply line 43, a supply pump 44 could be 
also provided. The Supply pump 44 Supplies the Supplemen 
tary absorbing liquid 11 to the absorption tower 20 to from 
the Supply tank 41. 
0035. The absorbing liquid discharging unit 50 could 
include a discharge line 51 and a discharge bulb 52. The 
discharge line 51 discharges the absorbing liquid as dis 
charged liquid 12 from the main unit 1a. And the discharge 
bulb 52 is provided at the discharge line 51, and opens when 
the absorbing liquid is discharged and closes when the 
absorbing liquid is not discharged. 
0036. The absorbing liquid discharging unit 50 prefer 
ably discharges the absorbing liquid from a position where 
the temperature of the absorbing liquid is lower, such as the 
absorption tower 20 and the first rich liquid line L1. In this 
embodiment, the absorbing liquid discharging unit 50 dis 
charges the absorbing liquid from the portion between the 
rich liquid pump 24 and the heat exchanger 23. Therefore, 
the discharge line 51 is connected to the portion between the 
rich liquid pump 24 and the heat exchanger 23 at the first 
rich line L1. By these compositions, the rich liquid 4 could 
be discharged as the discharged liquid 12 by using the power 
of the rich liquid pump 24. 
0037. The supplementary absorbing liquid supply unit 40 
and the absorbing liquid discharging unit 50 are controlled 
by the controller 60. 
0038. The controller 60 controls the amount of the 
Supplementary absorbing liquid 11 Supplied to the main unit 
1a based on the concentration of an acid component mea 
sured at the inlet concentration meter 30 and the outlet 
concentration meter 31. 

0039. As shown in FIG. 2, the controller 60 includes an 
accumulation calculator 61, a memory 62 and a device 
operator 63. 
0040. The controller 60 includes at least a processor, such 
as a Central Processing Unit (CPU) and the memory 62. The 
controller 60 is configured to control certain functions of the 
carbon dioxide separation and to monitor and decrease 
accumulation of the acid component in the absorbing liquid 
according to an embodiment of the invention. 
0041. In this situation, a computer program (hereinafter, 
“program') for executing various types of processes per 
formed by the controller 60 is provided as being incorpo 
rated, in advance, in a ROM, the memory 62, or other 
storage. The program may be provided as being recorded on 
a computer-readable storage medium such as a Compact 
Disk Read-Only Memory (CD-ROM), a Flexible Disk (FD), 
a Compact Disk Readable (CD-R), or a Digital Versatile 
Disk (DVD). Further, the program may be provided or 
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distributed by being stored in a computer connected to a 
network such as the Internet and downloaded via the net 
work. For example, the program is structured with modules 
including the accumulation calculator 61 and the device 
operator 63. As actual hardware, the CPU of the controller 
60 is configured to read and execute the program, thereby 
embodying the functional modules of the accumulation 
calculator 61 and the device operator 63, as described below. 
0042. The accumulation calculator 61 calculates the 
amount of the acid component included in the process gas 2 
by using the concentration of the acid component in the 
process gas 2 and the flow amount of the process gas 2. The 
accumulation calculator 61 calculates the amount of the acid 
component included in the decarbonated gas 5 by using the 
concentration of the acid component in the decarbonated gas 
5 and the flow amount of the decarbonated gas 5. The 
accumulation calculator 61 further calculates the amount of 
the acid component included in the rich liquid 4 by using the 
difference between the amount of the acid component 
included in the process gas 2 and the amount of the acid 
component included in the decarbonated gas 5. Finally, the 
accumulation calculator 61 further calculates an accumula 
tion amount of the acid component included in the rich 
liquid 4 by integrating the amount of the acid component 
included in the rich liquid 4 over a defined period. 
0043. The memory 62 stores information about the rela 
tionship between the accumulation amount of the acid 
component included in the rich liquid 4 and the Supply 
amount of the Supplementary absorbing liquid 11 example, 
range?. Especially, the Supply amount of the Supplementary 
absorbing liquid 11 is defined when the accumulated amount 
of the acid component included in the rich liquid 4 reaches 
a defined value example, range. Here, the Supply amount 
of the supplementary absorbing liquid 11 could be defined as 
a portion of the whole amount of the lean liquid 3 and the 
rich liquid 4. In other words, the Supply amount of the 
Supplementary absorbing liquid 11 could be set equal to or 
less than the whole amount of the lean liquid 3 and rich 
liquid 4. 
0044) The device operator 63 supplies the supplementary 
absorbing liquid 11 by operating the supply bulb 42 and the 
Supply pump 44 of the Supplementary absorbing liquid 
supply unit 40. The device operator 63 adjusts the supply 
amount of the Supplementary absorbing liquid 11 by using 
the accumulation amount of the acid component calculated 
at the accumulation calculator 61 and the defined relation 
ship between the accumulated amount of the acid compo 
nent and the Supply amount of the Supplementary absorbing 
liquid 11 stored in the memory 62. 
0045. For example, when the calculated accumulation 
amount of the acid component reaches a defined value, the 
device operator 63 sends a signal to the supply bulb 42 and 
the Supply pump 44. So that the Supply bulb 42 opens and the 
Supply pump 44 operates. By this process, the Supplemen 
tary absorbing liquid 11 is supplied to the absorption tower 
20 from the supplementary absorbing liquid supply unit 40. 
To Supply a defined amount of the Supplementary absorbing 
liquid 11, the supply bulb 42 is opened for a defined period. 
0046. The device operator 63 discharges the absorbing 
liquid by operating the discharge bulb 52. The device 
operator 63 adjusts the amount of discharged liquid 12 based 
on the Supply amount of the Supplementary absorbing liquid 
11. For example, the device operator 63 sends a signal to the 
discharge bulb 52 so that the rich liquid 4 is discharged from 
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the first rich liquid line L1. The amount of discharged rich 
liquid 4 is adjusted by opening the discharge bulb 52 for a 
defined period. 
0047. The amount of discharged liquid 12 is preferably 
set as the same amount of the Supplementary absorbing 
liquid 11 supplied to the absorption tower 20. By this 
process, there is no change in the whole amount of absorbing 
liquid in the main unit 1a before and after Supplementary 
absorbing liquid 11 is Supplied. However, as long as the 
concentration of the acid component is decreased efficiently, 
the amount of discharged liquid 12 is not limited to the same 
amount as the Supplied Supplementary absorbing liquid 11. 
0048. The device operator 63 could supply the supple 
mentary absorbing liquid 11 and discharge the discharged 
liquid 12 at an arbitrary timing. For example, the Supple 
mentary absorbing liquid 11 could be supplied after the rich 
liquid 4 is discharged. In this case, the rich liquid 4 con 
taining a high concentration of the acid component could be 
discharged before the Supplementary absorbing liquid 11 is 
Supplied, and the acid component is efficiently decreased in 
the lean liquid 3 and the rich liquid 4 in the main unit 1a. 
0049. During operation of the carbon dioxide separation 
and capture apparatus 1, the concentration of the acid 
component in the process gas 2 and the flow amount of the 
process gas 2 supplied to the absorption tower 20 and the 
concentration of the acid component in the decarbonated gas 
5 and the flow amount of the decarbonated gas 5 discharged 
from the absorption tower 20 are measured sequentially. The 
supplementary absorbing liquid 11 is supplied to the main 
unit 1a based on the accumulation amount of the acid 
component included in the rich liquid 4. 
0050. The accumulation calculator 61 calculates the 
amount of the acid component included in the process gas 2 
by using the concentration of the acid component in the 
process gas 2 and the flow amount of the process gas 2. The 
accumulation calculator 61 calculates the amount of the acid 
component included in the decarbonated gas 5 by using the 
concentration of the acid component in the decarbonated gas 
5 and the flow amount of the decarbonated gas 5. The 
accumulation calculator 61 further calculates the amount of 
the acid component included in the rich liquid 4 by using the 
difference between the amount of the acid component 
included in the process gas 2 and the amount of the acid 
component included in the decarbonated gas 5. Finally, the 
accumulation calculator 61 further calculates the accumu 
lation amount of the acid component included in the rich 
liquid 4 by integrating the amount of the acid component 
included in the rich liquid 4 over a defined period. 
0051. When the accumulation amount of the acid com 
ponent in the rich liquid 4 reaches a defined value example, 
range?, the rich liquid 4 is discharged from the main unit 1 a 
as discharged liquid 12. After that, the Supplementary 
absorbing liquid 11 in the Supply tank 41 is Supplied to the 
main unit 1 a. 
0052. When the rich liquid 4 is discharged, the discharge 
bulb 52 is opened for a defined period example, range?.. By 
this, the rich liquid 4 is discharged as the discharged liquid 
12 from the first rich line L1. When the discharge amount of 
the rich liquid 4 reaches a defined value stored at the 
memory 62 example, range?, the discharge bulb 52 is 
closed. The period that the discharge bulb 52 is opened could 
be adjusted so that the amount of rich liquid 4 discharged is 
the same as the amount of the Supplementary absorbing 
liquid 11 Supplied. 
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0053. After finishing discharging the rich liquid 4 by 
closing the discharge bulb 52, the supply bulb 42 of the 
Supplementary absorbing liquid Supply unit 40 is opened by 
the device operator 63, and the Supplementary absorbing 
liquid 11 in the Supply tank 41 is Supplied to the main unit 
1a. When the Supply amount of the Supplementary absorbing 
liquid 11 reaches a defined value example, range?, the 
supply bulb 42 is closed. The period that the supply bulb 42 
opens is adjusted so that the Supply amount of the Supple 
mentary absorbing liquid 11 reaches a defined value stored 
in the memory 62 example, range?.. By these processes, the 
Supplied amount of the Supplementary absorbing liquid 11 is 
the same as the amount of discharged liquid 12, and the 
amount of the acid component in the lean liquid 3 and rich 
liquid 4 in the main unit 1a is decreased. 
0054 Here, the concentration of the acid component in 
the process gas 2 could be changed by plant conditions. Such 
as the adjustment of power, changing of the power genera 
tion load, or changing the way of operating the boiler in a 
thermal power plant. By changing the concentration of the 
acid component in the process gas 2, the accumulation 
concentration of the acid component is also changed. 
0055. In this embodiment, the accumulation amount of 
the acid component in the rich liquid 4 is calculated auto 
matically and sequentially. Thus, even in the case that the 
concentration of the acid component in the process gas 2 
changes frequently, the amount of the acid component 
accumulated in the rich liquid 4 is measured accurately, and 
accuracy of the Supply amount of the Supplementary absorb 
ing liquid 11 Supplied to the main unit 1a is improved. 
0056. In this embodiment, the supplementary absorbing 
liquid 11 is supplied to the main unit 1a based on the 
concentrations of the acid component in and the flow 
amounts of the process gas 2 and the decarbonated gas 5. By 
this process, the amount of the acid component in the rich 
liquid 4 is monitored accurately. Therefore, the accumula 
tion amount of the acid component in the rich liquid 4 is 
calculated accurately, and the Supplementary absorbing liq 
uid 11 is Supplied to the main unit 1a based on the accu 
mulation amount of the acid component in the rich liquid 4. 
By this process, the acid component in the lean liquid 3 and 
rich liquid 4 in the main unit 1a are decreased efficiently. As 
a result, deterioration of the absorbing liquid in the main unit 
1a is Suppressed, and the decreasing of carbon capture 
performance is also Suppressed. 
0057. In this embodiment, the supply amount of the 
Supplementary absorbing liquid 11 is adjusted by the Supply 
bulb 42. By this composition, the supply amount of the 
Supplementary absorbing liquid 11 is adjusted easily. 
0058. In this embodiment, the rich liquid 4 containing a 
large acid component is discharged by the discharge unit 50. 
By this composition, the rich liquid 4 containing a large acid 
component is discharged from the main unit 1a, and the acid 
component in the lean liquid 3 and rich liquid 4 in the main 
unit 1a is decreased efficiently. Furthermore, the discharge 
amount of the rich liquid 4 is easily controlled by the 
discharge bulb 52. 
0059. In this embodiment, the rich liquid 4 is discharged 
from the portion between the rich liquid pump 24 and the 
heat exchanger 23 at the first rich line L1. The temperature 
of the absorbing liquid at this portion is lower than in other 
portions of the carbon dioxide separation and capture appa 
ratus 1. In the result, the discharged liquid 12 is easily 
manipulated (Such as carried, stored), and a decrease of heat 
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efficiency of the main unit 1a is suppressed. Furthermore, 
the rich liquid 4 is discharged by power of the rich liquid 
pump 24, and an external power source to discharge the rich 
liquid 4 is not necessary. 
0060. The case that the supplementary absorbing liquid 
11 is supplied to the absorption tower 20 is explained above. 
Instead of this composition, the Supplementary absorbing 
liquid 11 could be supplied to the first rich line L1. In this 
case, by Supplying the Supplementary absorbing liquid 11 to 
a low temperature portion of the first rich line L1, as opposed 
to another portion of the first rich line L1, a decrease of heat 
efficiency of the main unit 1a is Suppressed. Furthermore, as 
long as a decrease of heat efficiency of the main unit 1a is 
Suppressed, the Supplementary absorbing liquid 11 could be 
Supplied to other portions of the main unit 1a, such as the 
heat exchanger 23, or the portion between the regeneration 
tower 21 and the exchanger 23. 
0061. In this embodiment, the supplementary absorbing 
liquid 11 is supplied to the main unit 1a after the rich liquid 
4 is discharged from the main unit 1a. Instead of this case, 
as long as the concentration of the acid component is 
decreased efficiently, Supplying the Supplementary absorb 
ing liquid 11 and discharging the rich liquid 4 could be 
performed at arbitrary timing. 
0062. In this embodiment, the absorbing liquid discharg 
ing unit 50 discharges the absorbing liquid from the main 
unit 1a. Instead of this case, as long as the concentration of 
the acid component is decreased efficiently and the total 
amount of lean liquid 3 and rich liquid 4 do not exceed a 
defined value, the absorbing liquid does not need to be 
discharged. 
What is claimed is: 
1. A carbon dioxide separation and capture apparatus 

comprising: 
a main unit including 

an absorption tower configured to cause an absorbing 
liquid to absorb a carbon dioxide gas contained in a 
process gas; and 

a regeneration tower configured to cause the absorbing 
liquid from the absorption tower to release the car 
bon dioxide gas; 

an inlet concentration meter configured to measure a 
concentration of an acid component in the process gas 
supplied to the absorption tower; 

an outlet concentration meter configured to measure a 
concentration of the acid component in a decarbonated 
gas discharged from the absorption tower; 

a Supplementary absorbing liquid Supply mechanism con 
figured to Supply a Supplementary absorbing liquid to 
the main unit; and 

a controller configured to control an amount of the 
Supplementary absorbing liquid Supplied to the main 
unit from the Supplementary absorbing liquid Supply 
mechanism based on the concentration of the acid 
component measured at the inlet concentration meter 
and the outlet concentration meter. 

2. The carbon dioxide separation and capture apparatus 
according to claim 1, 

further comprising: 
an inlet flow amount meter configured to measure a 

flow amount of the process gas Supplied to the 
absorption tower; 
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an outlet flow amount meter configured to measure a 
flow amount of the decarbonated gas discharged 
from the absorption tower, and 

wherein the controller controls the amount of the supple 
mentary absorbing liquid Supplied to the main unit 
from the Supplementary absorbing liquid Supply 
mechanism based on the concentration of the acid 
component measured at the inlet concentration meter 
and the outlet concentration meter, the flow amount of 
the process gas measured at the inlet flow amount 
meter, and the flow amount of the decarbonated gas 
measured at the outlet flow amount meter. 

3. The carbon dioxide separation and capture apparatus 
according to claim 1, 

wherein the Supplementary absorbing liquid Supply 
mechanism includes: 

a Supply tank configured to store the Supplementary 
absorbing liquid, and 

a supply bulb configured to control the amount of the 
Supplementary absorbing liquid Supplied to the main 
unit, and 

wherein the controller controls the amount of the supple 
mentary absorbing liquid Supplied to the main unit by 
operating the Supply bulb. 

4. The carbon dioxide separation and capture apparatus 
according to claim 1, 

wherein the Supplementary absorbing liquid Supply 
mechanism Supplies the Supplementary absorbing liq 
uid to the absorption tower. 

5. The carbon dioxide separation and capture apparatus 
according to claim 1, 

further comprising: 
a heat exchanger provided between the absorption tower 

and the regeneration tower, and the heat exchanger 
configured to cause heat exchange between the absorb 
ing liquid Supplied to the absorption tower from the 
regeneration tower and the absorbing liquid Supplied to 
the regeneration tower from the absorption tower, 

an absorbing liquid line configured to Supply the absorb 
ing liquid to the heat exchanger from the absorption 
tower, and 

wherein the Supplementary absorbing liquid Supply 
mechanism Supplies the Supplementary absorbing liq 
uid to at least one of the absorption tower and the 
absorbing liquid line. 

6. The carbon dioxide separation and capture apparatus 
according to claim 1, 

further comprising: 
an absorbing liquid discharging mechanism configured to 

discharge the absorbing liquid from the main unit, and 
wherein the controller controls an amount of the absorb 

ing liquid discharged by the absorbing liquid discharg 
ing mechanism based on the amount of the Supplemen 
tary absorbing liquid Supplied by the Supplementary 
absorbing liquid Supply mechanism. 

7. The carbon dioxide separation and capture apparatus 
according to claim 6, 

wherein the absorbing liquid discharging mechanism 
includes a discharge bulb, and 

wherein the controller controls the amount of the absorb 
ing liquid discharged from the main unit by operating 
the discharge bulb. 

8. The carbon dioxide separation and capture apparatus 
according to claim 6, 
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wherein the main unit further includes: 
a heat exchanger provided between the absorption tower 

and the regeneration tower, and the heat exchanger 
configured to cause heat exchange between the absorb 
ing liquid Supplied to the absorption tower from the 
regeneration tower and the absorbing liquid Supplied to 
the regeneration tower from the absorption tower, 

an absorbing liquid line configured to Supply the absorb 
ing liquid to the heat exchanger from the absorption 
tower, and 

wherein the absorbing liquid discharge mechanism dis 
charges the absorbing liquid from at least one of the 
absorption tower and the absorbing liquid line. 

9. The carbon dioxide separation and capture apparatus 
according to claim 6, 

further comprising: 
an absorbing liquid pump provided at the absorbing liquid 

line, and 
wherein the absorbing liquid discharge mechanism dis 

charges the absorbing liquid from a portion between the 
absorbing liquid pump and the heat exchanger. 

10. A method of controlling operation of a carbon dioxide 
separation and capture apparatus comprising: 

causing an absorbing liquid to absorb a carbon dioxide 
gas contained in a process gas in an absorption tower, 

causing the absorbing liquid from the absorption tower to 
release the carbon dioxide gas in a regeneration tower, 

measuring concentration of an acid component in the 
process gas Supplied to the absorption tower, 

measuring concentration of the acid component in the 
process gas discharged from the absorption tower, 

Supplying a Supplementary absorbing liquid to the carbon 
dioxide separation and capture apparatus, and 

controlling an amount of the Supplementary absorbing 
liquid Supplied to the carbon dioxide separation and 
capture apparatus based on the measured concentra 
tions of the acid component. 

11. A method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 10, 

further comprising: 
discharging the absorbing liquid from the carbon diox 

ide separation and capture apparatus, and 
controlling an amount of the discharged absorbing 

liquid based on the amount of Supplied Supplemen 
tary absorbing liquid. 

12. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 10, 

further comprising 
measuring a flow amount of the process gas Supplied to 

the absorption tower; and 
measuring a flow amount of the decarbonated gas 

discharged from the absorption tower, wherein 
the controlling the amount of the Supplementary 

absorbing liquid Supplied to the carbon dioxide sepa 
ration and capture apparatus based on the measured 
concentration of the acid component in the process 
gas Supplied to the absorption tower, the measured 
concentration of the acid component in the process 
gas discharged from the absorption tower, the flow 
amount of the process gas Supplied to the absorption 
tower, and the flow amount of the decarbonated gas 
discharged from the absorption tower. 

13. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 10, 
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wherein the Supplying the Supplementary absorbing liquid 
includes 
storing the Supplementary absorbing liquid, and 
controlling, via a Supply bulb, the amount of the 

Supplementary absorbing liquid Supplied to the car 
bon dioxide separation and capture apparatus, and 

wherein the controlling the amount of the Supplementary 
absorbing liquid Supplied to the carbon dioxide sepa 
ration and capture apparatus includes operating the 
supply bulb. 

14. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 10, 

wherein the Supplying the Supplementary absorbing liquid 
includes Supplying the Supplementary absorbing liquid 
to the absorption tower. 

15. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 10, 

further comprising: 
causing, via a heat exchanger, heat exchange between 

the absorbing liquid Supplied to the absorption tower 
from the regeneration tower and the absorbing liquid 
Supplied to the regeneration tower from the absorp 
tion tower, and 

Supplying the absorbing liquid to the heat exchanger 
from the absorption tower via an absorbing liquid 
line, and 

wherein the Supplying the Supplementary absorbing liquid 
includes Supplying the Supplementary absorbing liquid 
to at least one of the absorption tower and the absorbing 
liquid line. 

16. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 11, 

wherein the discharging the absorbing liquid includes 
discharging the absorbing liquid via a discharge bulb, 
and 
wherein the controlling the amount of the discharged 

absorbing liquid includes operating the discharge 
bulb. 
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17. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 11, 
further comprising 

causing, via a heat exchanger, heat exchange between the 
absorbing liquid Supplied to the absorption tower from 
the regeneration tower and the absorbing liquid Sup 
plied to the regeneration tower from the absorption 
tower, and 

Supplying the absorbing liquid to the heat exchanger from 
the absorption tower via an absorbing liquid line, and 
wherein the Supplying the Supplementary absorbing 

liquid includes Supplying the Supplementary absorb 
ing liquid to at least one of the absorption tower and 
the absorbing liquid line. 

18. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 17. 
wherein 

an absorbing liquid pump is provided at the absorbing 
liquid line, and 

the discharging the absorbing liquid includes discharging 
the absorbing liquid from a portion between the absorb 
ing liquid pump and the heat exchanger. 

19. The carbon dioxide separation and capture apparatus 
according to claim 1, 

wherein the controller controls the amount of the supple 
mentary absorbing liquid Supplied to the main unit Such 
that a concentration of the acid component in the 
absorbing liquid is lower than or equal to a predeter 
mined threshold. 

20. The method of controlling operation of carbon dioxide 
separation and capture apparatus according to claim 10, 

wherein the controlling the amount of the Supplementary 
absorbing liquid Supplied to the carbon dioxide sepa 
ration and capture apparatus includes controlling the 
amount of the Supplementary absorbing liquid Such that 
a concentration of the acid component in the absorbing 
liquid in the carbon dioxide separation and capture 
apparatus is lower than or equal to a predetermined 
threshold. 


