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ABSTRACT

In one embodiment, a carbon dioxide capturing system
includes an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid, and to discharge the absorption liquid having
absorbed the carbon dioxide. The system further includes a
regeneration tower configured to make the absorption liquid
discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide. The system further includes a treatment
target gas line configured to introduce the treatment target gas
into the absorption tower, a first introduction module configured
to introduce a first gas having a higher carbon dioxide
concentration than the treatment target gas into the treatment
target gas line, and a second introduction module configured to
introduce a second gas having a lower carbon dioxide
concentration than the treatment target gas into the treatment
target gas line.
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Invention Title
Carbon dioxide capturing system and method of operating same

The following statement is a full description of this invention, including the best method
of performing it known to me/us:-
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FIELD
Embodiments described herein relate to a carbon dioxide
capturing system and a method of operating the same.

BACKGROUND
In recent years, carbon dioxide capture and storage
(CCS) technology has received attention as an effective
measure for the global warming problem. For example, a

carbon dioxide capturing system is investigated that captures
carbon dioxide in a process exhaust gas (treatment target gas)
generated from a combustion boiler and the like of a thermal
power station or ironworks by using an absorption liquid.

In such a carbon dioxide capturing system, when a
variation in load of the boiler or a change in supply amount of
air or fuel has been generated according to a change in
operation of the thermal power station or the ironworks, a
carbon dioxide concentration and a gas flow rate of the supplied
process exhaust gas rapidly change. However, a conventional
carbon dioxide capturing system cannot deal with these rapid
changes by changing process conditions of the carbon dioxide
capturing system. Accordingly, the carbon dioxide capturing
system becomes unstable and generates abnormal heat.

In addition, such a carbon dioxide capturing system is
desirably started promptly up to a rated operation point.
However, when operating conditions of the carbon dioxide
capturing system are set to become highly efficient, the
circulating flow rate of the absorption liquid is small and a heat
quantity to be charged into a reboiler per unit time is small.
Accordingly, it takes long time for the carbon dioxide capturing
system to be started up.

Furthermore, the carbon dioxide capturing system for the
plant which discharges a large amount of process exhaust gas
holds a large amount of the absorption liquid. Accordingly, it
takes long time for the absorption liquid to be circulated in the
carbon dioxide capturing system. Therefore, when the
operation of the carbon dioxide capturing system is in an
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unstable state, it takes long time to shift the unstable state to a
steady state. Furthermore, when the operating conditions of the
carbon dioxide capturing system are changed along with the
variation in load of the combustion boiler and the like, it also
takes long time to shift the operation of the carbon dioxide
capturing system from the unstable state to the steady state.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a first embodiment;

FIG. 2 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a second embodiment;

FIG. 3 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a third embodiment;

FIG. 4 is a graph for describing a method of operating the
carbon dioxide capturing system of the third embodiment; and

FIG. 5 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a fourth embodiment.

DETAILED DESCRIPTION
Embodiments will now be explained with reference to the

accompanying drawings.

In one embodiment, the invention provides a carbon
dioxide capturing system comprising:

an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid for absorbing the carbon dioxide, and to
discharge the absorption liquid having absorbed the carbon
dioxide and an absorption tower exhaust gas containing the
treatment target gas from which the carbon dioxide has been
removed;

a regeneration tower configured to make the absorption
liquid discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide and a regeneration tower exhaust gas
containing the carbon dioxide;
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a treatment target gas line configured to introduce the
treatment target gas into the absorption tower;

a first introduction module configured to introduce a first
gas having a carbon dioxide concentration higher than the
carbon dioxide concentration of the treatment target gas into
the treatment target gas line to mix the first gas into the
treatment gas;

a second introduction module configured to introduce a
second gas having a carbon dioxide concentration lower than
the carbon dioxide concentration of the treatment target gas
into the treatment target gas line to mix the second gas into the
treatment gas line;

a first measuring instrument configured to measure at
least one of the carbon dioxide concentration and a gas flow
rate of the treatment target gas; and

a controller configured to control an amount of the first
or second gas to be introduced into the treatment target gas
line based on a measured value by the first measuring
instrument;

wherein

the controller introduced the first gas into the treatment
target gas line to mix the first gas into the treatment target gas
when the carbon dioxide concentration of the treatment target
gas is lower than a lower limit; and

the controller introduces the second has into the
treatment target gas line to mix the second gas into the
treatment target gas when the carbon dioxide concentration of
the treatment target as is higher than an upper limit;

or

the controller introduces the first and second gases into
the treatment target gas line to mix the first and second gases
into the treatment target gas when the gas flow rate of the
treatment target gas is lower than a lower limit.

In another embodiment the invention also provides a
method of operating a carbon dioxide capturing system
comprising:

2A



2014201809 26 Oct 2015

10

15

20

25

30

35

an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid for absorbing the carbon dioxide, and to
discharge the absorption liquid having absorbed the carbon
dioxide and an absorption tower exhaust gas containing the
treatment target gas from which the carbon dioxide has been
removed;

a regeneration tower configured to make the absorption
liquid discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide and a regeneration tower exhaust gas
containing the carbon dioxide; and

a treatment target gas line configured to introduce the
treatment target gas into the absorption tower;

the method comprising:

introducing a first gas having a carbon dioxide
concentration higher than a carbon dioxide concentration of the
treatment target gas into the treatment target gas line to mix
the first gas into the treatment gas, when a carbon dioxide
concentration of the treatment target gas is lower than a lower
limit; and

introducing a second gas having a carbon dioxide
concentration lower than the carbon dioxide concentration of the
treatment target gas into the treatment target gas line to mix
the second gas into the treatment target gas, when the carbon
dioxide concentration of the treatment target gas is higher than
an upper limit.

In another embodiment the invention also provides a
method of operating a carbon dioxide capturing system
comprising:

an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid for absorbing the carbon dioxide, and to
discharge the absorption liquid having absorbed the carbon
dioxide and an absorption tower exhaust gas containing the
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treatment target gas from which the carbon dioxide has been
removed;

a regeneration tower configured to make the absorption
liquid discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide and a regeneration tower exhaust gas
containing the carbon dioxide; and

a treatment target gas line configured to introduce the
treatment target gas into the absorption tower,

the method comprising:

introducing a first gas having a carbon dioxide
concentration higher than a carbon dioxide concentration of the
treatment target gas and a second gas having a carbon dioxide
concentration lower than the carbon dioxide concentration of the
treatment target gas into the treatment target gas line to mix
the first and second gases into the treatment target gas, when a
gas flow rate of the treatment target gas is lower than a lower
limit.
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(First Embodiment)

FIG. 1 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a first embodiment.

The carbon dioxide capturing system of FIG. 1 includes
an absorption tower 11, a process exhaust gas line 12 as an
example of a treatment target gas line, a blower 13, a rich
liquid pump 14, a regenerative heat exchanger 15, a
regeneration tower 16, a reboiler 17, a lean liquid pump 18 and
a cooler 19.

The absorption tower 11 is structured, for example, of a
countercurrent type gas-liquid contact apparatus. The
absorption tower 11 introduces a process exhaust gas 1
containing carbon dioxide from its lower part, and introduces an
absorption liquid (lean liquid) 2 for absorbing the carbon dioxide
from its upper part.

The absorption tower 11 then brings the process exhaust
gas 1 in gas-liquid contact with the absorption liquid 2,
discharges the absorption liquid (rich liquid) 2 having absorbed
the carbon dioxide from its lower part, and discharges an
absorption tower exhaust gas 3 containing the process exhaust
gas 1 from which the carbon dioxide has been removed from its
upper part.

The absorption tower 11 of the present embodiment has
a structure in which one or more layers of fillers or trays are
arranged, in order to efficiently proceed the gas-liquid contact.

The process exhaust gas 1 is introduced into the
absorption tower 11 through the process exhaust gas line 12. At
this time, the process exhaust gas 1 is pressurized to an
arbitrary pressure by the blower 13 on the process exhaust gas
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line 12. The process exhaust gas 1 is an example of a
treatment target gas of the disclosure. The process exhaust
gas 1 is supplied from a thermal power station or ironworks, for
example.

The absorption liquid 2 includes, for example, an aqueous
amine-based solution such as monoethanolamine or
diethanolamine, an aqueous alkaline solution, an ionic liquid or
an aqueous solution of it, but the absorption liquid 2 is not
limited to these liquids.

The absorption liquid 2 discharged from the absorption
tower 11 is transferred to the regeneration tower 16 by the rich
liquid pump 14 through the regenerative heat exchanger 15.
At this time, the absorption liquid 2 which heads for the
regeneration tower 16 from the absorption tower 11 is heated
by heat exchange in the regenerative heat exchanger 15.

The regeneration tower 16 heats the introduced
absorption liquid 2, thereby makes the absorption liquid 2
dissipate most of the carbon dioxide together with steam, and
separates carbon dioxide from the absorption liquid 2. The
regeneration tower 16 is structured, for example, of a
countercurrent type gas-liquid contact apparatus. The
regeneration tower 16 heats the absorption liquid 2 by
exchanging heat between high temperature steam which is
external supply heat generated in the reboiler 17 and the
absorption liquid 2.

The regeneration tower 16 then discharges a
regeneration tower exhaust gas 4 which contains the dissipated
carbon dioxide and steam from its upper part, and discharges
the absorption liquid (lean liquid) 2 which has dissipated carbon
dioxide from its lower part.

The regeneration tower 16 of the present embodiment
has a structure in which one or more layers of fillers or trays are
arranged, in order to efficiently proceed gas-liquid contact.

The absorption liquid 2 discharged from the regeneration
tower 16 is returned to the absorption tower 11 by the lean
liquid pump 18 through the regenerative heat exchanger 15 and
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the cooler 19. At this time, the absorption liquid 2 which heads
for the absorption tower 11 from the regeneration tower 16 is
cooled by heat exchange in the regenerative heat exchanger 15
and by a cooling action in the cooler 19.

A subsequent treatment process of the regeneration
tower exhaust gas 4 which has been discharged from the
regeneration tower 16 differs according to the purpose of use,
but generally, the moisture content in the exhaust gas is
condensed by cooling and is removed. After that, the
regeneration tower exhaust gas 4 from which the moisture
content has been removed is transferred into a state such as a
supercritical state and a liquid state according to the purpose of
use, by a compression pump, and is stored and transported by a
tank, a lorry, a pipeline and the like.

The carbon dioxide capturing system of FIG. 1 further
includes a measuring instrument 21, a controller 22, a
regeneration tower exhaust gas valve 23, a gas supply module
24 and a supply gas valve 25.

The measuring instrument 21 monitors a carbon dioxide
concentration and/or a gas flow rate of the process exhaust gas
1 which flows through the process exhaust gas line 12. In FIG.
1, the measuring instrument 21 measures the carbon dioxide
concentration and/or the gas flow rate of the process exhaust
gas 1 which flows between the blower 13 and the absorption
tower 11.

The controller 22 controls the opening of the
regeneration tower exhaust gas valve 23, an action of the gas
supply module 24, and the opening of the supply gas valve 25,
based on the measured values (carbon dioxide concentration
and/or gas flow rate) by the measuring instrument 21.

For example, the controller 22 opens the regeneration
tower exhaust gas valve 23, thereby introduces the
regeneration tower exhaust gas 4 from the regeneration tower
16 into the process exhaust gas line 12, and can mix the
regeneration tower exhaust gas 4 into the process exhaust gas
1. At this time, the controller 22 adjusts the opening and the

5
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opening period of the regeneration tower exhaust gas valve 23,
and thereby can control an amount of the regeneration tower
exhaust gas 4 to be introduced. The regeneration tower
exhaust gas valve 23 and the regeneration tower 16 are an
example of a first introduction module of the disclosure. In
addition, the regeneration tower exhaust gas 4 is an example of
a first gas having a higher carbon dioxide concentration than
the treatment target gas.

In addition, the controller 22 opens the supply gas valve
25, thereby introduces a supply gas 5 from the gas supply
module 24 into the process exhaust gas line 12, and can mix
the supply gas 5 into the process exhaust gas 1. At this time,
the controller 22 adjusts the opening and the opening period of
the supply gas valve 25, and thereby can control an amount of
the supply gas 5 to be introduced. The supply gas valve 25
and the gas supply module 24 are an example of a second
introduction module of the disclosure. In addition, the supply
gas 5 is an example of a second gas having a lower carbon
dioxide concentration than the treatment target gas.

The supply gas 5 is, for example, air, an inert gas, or a
mixed gas obtained by mixing air with an inert gas. Examples
of the inert gas include nitrogen gas, helium gas and argon gas.

(1) Controls of Carbon Dioxide Concentration and Gas
Flow Rate of Process Exhaust Gas 1

Subsequently with reference to FIG. 1, the controls of the
carbon dioxide concentration and the gas flow rate of the
process exhaust gas 1 will be described below.

The carbon dioxide concentration and the gas flow rate of
the process exhaust gas 1 are dependent on an operation state
of a boiler of a discharge source, but show stable behavior if the
boiler is operated in a steady state. However, if there are
variations in a load in the boiler, changes in the amount of air to
be supplied and the amount of fuel to be supplied, and a rapid
change of a soot blow and the like, the carbon dioxide
concentration and the gas flow rate of the process exhaust gas
1 rapidly increase or decrease.
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A conventional carbon dioxide capturing system can deal
with the increase of the gas flow rate by reducing the amount of
the gas to be introduced to the system by a setup of a blower,
an adjustment of a regulating valve and the like, but cannot
deal with the increase or decrease of the carbon dioxide
concentration or the decrease of the gas flow rate, by a carbon
dioxide capturing system side.

In the conventional carbon dioxide capturing system,
when a rapid increase and decrease of the carbon dioxide
concentration and a rapid decrease of the gas flow rate have
occurred, it takes long time before the plant is stabilized, even
if the carbon dioxide capturing system promptly changes
process conditions corresponding to the occurrences.

Because of this, abnormal behavior occurs such as
hunting in which the dissipation of carbon dioxide and the stop
of the dissipation are repeated in the regeneration tower, which
originates in the abnormal heating of the absorption tower,
rapid variations in a liquid level in the absorption tower or the
regeneration tower, rapid variations in the pressure in the
regeneration tower, and/or the like, and the carbon dioxide
capturing system may fall into an uncontrollable state. In
addition, a rapid change of the process condition can also be
similarly a cause of inducing abnormal behavior such as
hunting.

The carbon dioxide capturing system of the present
embodiment then senses that the carbon dioxide concentration
and the gas flow rate of the process exhaust gas 1 have varied
to the outside of an allowable range which has been arbitrarily
set, and introduces the regeneration tower exhaust gas 4 and
the supply gas 5 into the process exhaust gas line 12. At this
time, the carbon dioxide capturing system of the present
embodiment adjusts the opening and the opening period of the
regeneration tower exhaust gas valve 23 and the supply gas
valve 25 so that the carbon dioxide concentration and the gas
flow rate of the process exhaust gas 1 are returned to the
allowable range and are kept in the range. Thereby, in the

7
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present embodiment, even when the carbon dioxide
concentration and the gas flow rate of the process exhaust gas
1 have rapidly changed, the carbon dioxide capturing system
can continue the stable operation.

Specifically, when the measuring instrument 21 senses
that the carbon dioxide concentration of the process exhaust
gas 1 is lower than a lower limit of the allowable range of the
concentration, the controller 22 makes the regeneration tower
exhaust gas valve 23 open. Thereby, the regeneration tower
exhaust gas 4 is introduced into the process exhaust gas line 12
and is mixed with the process exhaust gas 1, and thereby the
carbon dioxide concentration of the process exhaust gas 1
increases.

On the other hand, when the measuring instrument 21
senses that the carbon dioxide concentration of the process
exhaust gas 1 is higher than an upper limit of the allowable
range of the concentration, the controller 22 makes the supply
gas valve 25 open. Thereby, the supply gas 5 is introduced
into the process exhaust gas line 12 and is mixed with the
process exhaust gas 1, and thereby the carbon dioxide
concentration of the process exhaust gas 1 decreases.

In addition, when the measuring instrument 21 senses
that the gas flow rate of the process exhaust gas 1 is lower than
a lower limit of the allowable range of the flow rate, the
controller 22 makes both the regeneration tower exhaust gas
valve 23 and the supply gas valve 25 open. Thereby, the
regeneration tower exhaust gas 4 and the supply gas 5 are
introduced into the process exhaust gas line 12 and are mixed
with the process exhaust gas 1, and thereby the gas flow rate of
the process exhaust gas 1 increases.

At this time, a ratio between the introduction amounts of
the regeneration tower exhaust gas 4 and the supply gas 5 is
set so that the carbon dioxide concentration of the process
exhaust gas 1 which has been mixed with these gases falls
within the allowable range of the concentration. Thereby, in
the present embodiment, the gas flow rate of the process

8
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exhaust gas 1 can be increased, while the carbon dioxide
concentration of the process exhaust gas 1 is not largely varied.
The ratio between the introduction amounts of the regeneration
tower exhaust gas 4 and the supply gas 5 can be set by using a
function which has been previously prepared, for example.

After that, in the stage in which the variations in the
carbon dioxide concentration and the gas flow rate of the
process exhaust gas 1 have been settled and become a
stabilized state, the controller 22 mildly changes various
conditions of the carbon dioxide capturing system to a condition
which suits the state of the time. Thereby, in the present
embodiment, the stable operation of the system can be
continued while the occurrence of abnormal behavior such as
the heat generation and hunting of the carbon dioxide capturing
system is suppressed.

(2) Details of Regeneration Tower Exhaust Gas 4 and
Supply Gas 5

Subsequently with reference to FIG. 1, the regeneration
tower exhaust gas 4 and the supply gas 5 will be described in
detail below.

The regeneration tower exhaust gas 4 to be introduced
into the process exhaust gas line 12 in the present embodiment
can be a gas in any stage. The regeneration tower exhaust gas
4, for example, may be a gas before impurities such as a
moisture content are removed or after the impurities have been
removed, may be a gas which has been returned to gas from a
supercritical state or a liquid state, or may be a gas before
being stored by a tank, a lorry, an adsorbent and the like, or
may be a gas which has been stored thereby.

In addition, in the present embodiment, the regeneration
tower exhaust gas 4 is used as a gas for increasing the carbon
dioxide concentration of the process exhaust gas 1, but other
gases having a higher carbon dioxide concentration than the
process exhaust gas 1 may be used. In this case, this gas may
be supplied from a gas bomb, a tank, a gas line from the
outside of the carbon dioxide capturing system, and the like.

9
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Similarly, the supply gas 5 of the present embodiment
can be introduced into the process exhaust gas line 12 by any
method. The supply gas 5 can be introduced, for example,
from a gas bomb, a tank, a gas line from the outside of the
carbon dioxide capturing system, and the like.

An example of the supply gas 5 includes a gas which
contains an arbitrary concentration of an inert gas. In this case,
as long as a gas composition and inert gas concentration in the
supply gas 5 are a composition and concentration which can
adjust the carbon dioxide concentration of the process exhaust
gas 1 within the allowable range when the supply gas 5 is mixed
with the process exhaust gas 1, any composition and
concentration can be used. Another example of the supply gas
5 includes air.

When the inert gas is used as the supply gas 5, there is
an advantage that the corrosion of a gas duct and the like can
be suppressed. In addition, when air is used as the supply gas
5, there is an advantage that the supply gas 5 can be
inexpensively prepared. The supply gas 5 of the present
embodiment can contain carbon dioxide as long as the carbon
dioxide concentration is lower than that of the process exhaust
gas 1.

As has been described above, the carbon dioxide
capturing system of the present embodiment includes a first
introduction module which introduces a first gas (regeneration
tower exhaust gas 4, for example) having a higher carbon
dioxide concentration than the gas 1 to be treated into the line
12 of the treatment target gas, and a second introduction
module which introduces a second gas (supply gas 5, for
example) having a lower carbon dioxide concentration than the
gas 1 to be treated into the line 12 of the treatment target gas.

Therefore, according to the present embodiment, it
becomes possible to continue the stable operation of the carbon
dioxide capturing system even when the carbon dioxide
concentration and the gas flow rate of the gas 1 to be treated
have rapidly changed.

10
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(Second Embodiment)

FIG. 2 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a second embodiment.

The carbon dioxide capturing system of FIG. 2 includes a
measuring instrument 31 which measures a carbon dioxide
concentration of the absorption tower exhaust gas 3, and a
valve 32 for an absorption tower exhaust gas, which introduces
the absorption tower exhaust gas 3 therethrough into the
process exhaust gas line 12, in place of the gas supply module
24 and the supply gas valve 25 illustrated in FIG. 1. The valve
32 for the absorption tower exhaust gas and the absorption
tower 11 are an example of a second introduction module of the
disclosure. In addition, the absorption tower exhaust gas 3 is
an example of a second gas in which a carbon dioxide
concentration is lower than that of the treatment target gas.

In the following description, in order to distinguish the
measuring instrument 21 and the measuring instrument 31 from
each other, the measuring instrument 21 is referred to as a first
measuring instrument, and the measuring instrument 31 is
referred to as a second measuring instrument.

The carbon dioxide capturing system of the present
embodiment senses that the carbon dioxide concentration and
the gas flow rate of process exhaust gas 1 have varied to the
outside of an allowable range which has been arbitrarily set, and
then introduces the regeneration tower exhaust gas 4 and the
absorption tower exhaust gas 3 into the process exhaust gas
line 12. At this time, the carbon dioxide capturing system of
the present embodiment adjusts the opening and the opening
period of the regeneration tower exhaust gas valve 23 and the
valve 32 for the absorption tower exhaust gas so that the
carbon dioxide concentration and the gas flow rate of the
process exhaust gas 1 are returned to the allowable range and
are kept in the range.

Specifically, when the first measuring instrument 21
senses that the carbon dioxide concentration of the process
exhaust gas 1 is lower than a lower limit of the allowable range

11
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of the concentration, a controller 22 makes the regeneration
tower exhaust gas valve 23 open. Thereby, the regeneration
tower exhaust gas 4 is introduced into the process exhaust gas
line 12 and is mixed with the process exhaust gas 1, and
thereby the carbon dioxide concentration of the process exhaust
gas 1 increases.

On the other hand, when the first measuring instrument
21 senses that the carbon dioxide concentration of the process
exhaust gas 1 is higher than an upper limit of the allowable
range of the concentration, the controller 22 makes the valve 32
for the absorption tower exhaust gas open. Thereby, the
absorption tower exhaust gas 3 is introduced into the process
exhaust gas line 12 and is mixed with the process exhaust gas 1,
and thereby the carbon dioxide concentration of the process
exhaust gas 1 decreases.

At this time, it becomes a problem that the carbon
dioxide concentration of the absorption tower exhaust gas 3
varies depending on an absorption efficiency of carbon dioxide
in the absorption tower 11. Then, in the present embodiment,
in order to determine the amount of the absorption tower
exhaust gas 3 to be introduced, the second measuring
instrument 31 measures the carbon dioxide concentration of the
absorption tower exhaust gas 3.

In the present embodiment, the measured value of the
concentration is fed back to the controller 22, and thereby the
amount of the absorption tower exhaust gas 3 to be introduced
is determined. Specifically, when the measured value of the
concentration is high, the introduction amount is decreased, and
when the measured value of the concentration is low, the
introduction amount is increased.

In addition, when the first measuring instrument 21
senses that the gas flow rate of the process exhaust gas 1 is
lower than a lower limit of the allowable range of the flow rate,
the controller 22 makes both the regeneration tower exhaust
gas valve 23 and the valve 32 for the absorption tower exhaust
gas open. Thereby, the regeneration tower exhaust gas 4 and

12
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the absorption tower exhaust gas 3 are introduced into the
process exhaust gas line 12 and are mixed with the process
exhaust gas 1, and thereby the gas flow rate of the process
exhaust gas 1 increases.

At this time, a ratio between the introduction amounts of
the regeneration tower exhaust gas 4 and the absorption tower
exhaust gas 3 is determined so that the carbon dioxide
concentration of the process exhaust gas 1 which has been
mixed with these gases falls within the allowable range of the
concentration. This method is similar to that in the first
embodiment. However, in the present embodiment, also when
the ratio between these introduction amounts is determined, the
carbon dioxide concentration of the absorption tower exhaust
gas 3, which has been measured by the second measuring
instrument 31, is used together with the measured value by the
first measuring instrument 21.

After that, in the stage in which the variations in the
carbon dioxide concentration and the gas flow rate of the
process exhaust gas 1 have been settled and become a
stabilized state, the controller 22 mildly changes various
conditions of the carbon dioxide capturing system to a condition
which suits the state of the time. Thereby, in the present
embodiment in a similar way to that in the first embodiment,
the stable operation of the system can be continued while the
occurrence of abnormal behavior such as the heat generation of
the carbon dioxide capturing system and hunting is suppressed.

As has been described above, the carbon dioxide
capturing system of the present embodiment includes a first
introduction module which introduces the regeneration tower
exhaust gas 4 into the line 12 of the treatment target gas, and
a second introduction module which introduces the absorption
tower exhaust gas 3 into the line 12 of the treatment target
gas.

Therefore, according to the present embodiment in a
similar way to that in the first embodiment, it becomes possible
to continue the stable operation of the carbon dioxide capturing

13
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system even when the carbon dioxide concentration and the gas
flow rate of the gas 1 to be treated have rapidly changed.

When the absorption tower exhaust gas 3 and the
regeneration tower exhaust gas 4 are used as the gas to be
introduced into the line 12 of the treatment target gas, there is
an advantage that the introduced gases can be inexpensively
prepared, similarly to the case where air is used as the supply
gas 5.

(Modifications of First and Second Embodiments)

Modifications of the first and second embodiments will be
described below.

The first measuring instrument 21 of the first and second
embodiments measures the carbon dioxide concentration and
the gas flow rate of the process exhaust gas 1, at a point in
between the blower 13 and the absorption tower 11. However,
if the controller 22 can control the carbon dioxide concentration
and the gas flow rate of the process exhaust gas 1 before the
gas is introduced into the absorption tower 11, the first
measuring instrument 21 may measure the carbon dioxide
concentration and the gas flow rate of the process exhaust gas
1 at another point. Similarly, the second measuring instrument
31 may measure the carbon dioxide concentration of the
absorption tower exhaust gas 3 at another point than the point
illustrated in FIG. 2.

In addition, as for points at which the regeneration tower
exhaust gas 4 and the supply gas 5 are introduced into the
process exhaust gas line 12, any point may be provided in an
upstream side. Similarly, as for points at which the
regeneration tower exhaust gas 4 and the absorption tower
exhaust gas 3 are introduced into the process exhaust gas line
12, any point may be provided in an upstream side. However,
these introduction points of the gases are desirably provided in
a more upstream side than the measurement point of the first
measuring instrument 21 in the process exhaust gas line 12.
The reason is because when these introduction points of the
gases are provided in the more upstream side than the

14
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measurement point, the carbon dioxide concentration and/or
the gas flow rate of these gases are reflected in the measured
values by the first measuring instrument 21, and the measured
values can be used in feedback control.

In addition, in the first and second embodiments, the
carbon dioxide concentration and the gas flow rate of the
process exhaust gas 1 are automatically controlled by feedback
control such as PID control due to the controller 22, but may be
manually controlled in place of the feedback control. In the
first and second embodiments, for example, the openings and
the opening periods of time of valves 23, 25 and 32 are
automatically adjusted by the controller 22, but these valves 23,
25 and 32 are formed so as to be a manual valve, and a
worksite operator may manually adjust the valves.

In addition, in the first and second embodiments, a
measuring instrument for grasping the gas composition of the
process exhaust gas 1 may be installed, and the measurement
result may be used for the feedback control by the controller
22.

In addition, in the first and second embodiments, both
the carbon dioxide concentration and the gas flow rate of the
process exhaust gas 1 are determined to be objects to be
controlled, but any one of the objects may be determined to be
the objects to be controlled. In this case, the first measuring
instrument 21 may be determined to measure any one of the
objects.

In addition, a carbon dioxide capturing system which has
both structures of the first and second embodiments may be
adopted, in place of the first and second embodiments. This
carbon dioxide capturing system can introduce the absorption
tower exhaust gas 3, the regeneration tower exhaust gas 4 and
the supply gas 5, into the process exhaust gas line 12.

(Third Embodiment)

FIG. 3 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a third embodiment.

The carbon dioxide capturing system of FIG. 3 includes
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an absorption tower 11, a blower 13, a rich liquid pump 14, a
regenerative heat exchanger 15, a regeneration tower 16, a
reboiler 17, a lean liquid pump 18 and a cooler 19.

The carbon dioxide capturing system of FIG. 3 further
includes a process exhaust gas line 12, a first absorption liquid
line 42, an absorption tower exhaust gas line 43, a second
absorption liquid line 44, a regeneration tower exhaust gas lines
45, a third absorption liquid line 46, a steam line 47 and a
fourth absorption liquid line 48. The process exhaust gas line
12 is an example of a line of a treatment target gas. The first
to fourth absorption liquid lines 42, 44, 46 and 48 are examples
of the absorption liquid line.

The absorption tower 11 is structured, for example, of a
countercurrent type gas-liquid contact apparatus. The
absorption tower 11 introduces the process exhaust gas
containing carbon dioxide from its lower part, and introduces an
absorption liquid (lean liquid) for absorbing the carbon dioxide
from its upper part. The process exhaust gas is an example of
the treatment target gas. The process exhaust gas is
introduced into the absorption tower 11 from the process
exhaust gas line 12. The absorption liquid is introduced into
the absorption tower 11 from the fourth absorption liquid line
48.

The process exhaust gas is pressurized to an arbitrary
pressure by the blower 13 on the process exhaust gas line 12,
when being introduced into the absorption tower 11 from the
process exhaust gas line 12. The process exhaust gas is
introduced, for example, from a combustion boiler of a thermal
power station or ironworks, and the like.

The absorption liquid is, for example, an aqueous
amine-based solution such as monoethanolamine and
diethanolamine, an aqueous alkaline solution, an ionic liquid and
an aqueous solution of it, and the like, but is not limited to
these liquids.

The absorption tower 11 brings the absorption liquid into
gas-liquid contact with the process exhaust gas. Then, the
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absorption tower 11 discharges the absorption liquid (rich
liquid) which has absorbed the carbon dioxide from its lower
part, and discharges the absorption tower exhaust gas that
contains the process exhaust gas from which the carbon dioxide
has been removed, from its upper part. The absorption liquid
is discharged to the first absorption liquid line 42 from the lower
part of the absorption tower 11. The absorption tower exhaust
gas is discharged to the absorption tower exhaust gas line 43
from the upper part of the absorption tower 11.

The absorption tower 11 of the present embodiment has
a structure in which one or more layers of fillers or trays are
arranged, in order to efficiently proceed the gas-liquid contact.

The absorption liquid (rich liquid) which has been
discharged to the first absorption liquid line 42 is transferred to
the regeneration tower 16 by the rich liquid pump 14 through
the regenerative heat exchanger 15. At this time, this
absorption liquid is heated by heat exchange in the regenerative
heat exchanger 15. After that, this absorption liquid is
introduced into the regeneration tower 16 from the upper part
of the regeneration tower 16.

The regeneration tower 16 is structured, for example, of
a countercurrent type gas-liquid contact apparatus. The
regeneration tower 16 heats the absorption liquid with the heat
of a gas sent from the reboiler 17, and makes the absorption
liquid dissipate the carbon dioxide and the steam. Then, the
regeneration tower 16 discharges the absorption liquid (lean
liquid) which has dissipated the carbon dioxide, from its lower
part, and discharges the regeneration tower exhaust gas that
contains the dissipated carbon dioxide and steam, from its
upper part. The absorption liquid is discharged to the second
absorption liquid line 44 from the lower part of the regeneration
tower 16. The regeneration tower exhaust gas is discharged to
the regeneration tower exhaust gas line 45 from the upper part
of the regeneration tower 16. The second absorption liquid line
44 is branched to the third and fourth absorption liquid lines 46
and 48.
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The reboiler 17 is arranged on the third absorption liquid
line 46. The reboiler 17 heats the absorption liquid which flows
through the third absorption liquid line 46, with the heat of the
steam flowing through the steam line 47, and generates carbon
dioxide and steam from the absorption liquid. Then, the
reboiler 17 returns these gases together with the absorption
liquid to the regeneration tower 16.

These gases which have been returned to the
regeneration tower 16 come in gas-liquid contact with the
absorption liquid (rich liquid) which flows down the regeneration
tower 16, while rising in the regeneration tower 16. As a result,
the absorption liquid is heated by the heat of these gases, and
the carbon dioxide and the steam are dissipated from the
absorption liquid. Then, the regeneration tower 16 discharges
the absorption liquid (lean liquid) which has dissipated the
carbon dioxide, from its lower part, and discharges the
regeneration tower exhaust gas that contains the dissipated
carbon dioxide and steam, from its upper part, as has been
described above.

The regeneration tower 16 of the present embodiment
has a structure in which one or more layers of fillers or trays are
arranged, in order to efficiently proceed the gas-liquid contact.

The absorption liquid (lean liquid) which has been
discharged to the fourth absorption liquid line 48 is transferred
to the absorption tower 11 by the lean liquid pump 18 through
the regenerative heat exchanger 15 and the cooler 19. At this
time, this absorption liquid is cooled by heat exchange in the
regenerative heat exchanger 15 and a cooling action in the
cooler 19. After that, this absorption liquid is introduced into
the absorption tower 11 from the upper part of the absorption
tower 11.

As in the above, the absorption liquid of the present
embodiment circulates between the absorption tower 11 and the
regeneration tower 16 through the first to fourth absorption
liquid lines 42, 44, 46 and 48.

A subsequent treatment process of the regeneration
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tower exhaust gas which has been discharged to the
regeneration tower exhaust gas line 45 differs according to the
purpose of use, but generally, the moisture content in the
exhaust gas is condensed by cooling and is removed. After
that, the regeneration tower exhaust gas from which the
moisture content has been removed is transferred into a state
such as a supercritical state and a liquid state according to the
purpose of use, by a compression pump, and is stored or
transported by a tank, a lorry, a pipeline and the like.

The carbon dioxide capturing system of FIG. 3 further
includes a thermometer 51, a heat quantity controller 52, a
steam valve 53, a gravimeter 61, a gas controller 62, a gas
supply module 63, a gas line 64, a gas valve 65, a flowmeter 71,
a flow rate controller 72, and an absorption liquid valve 73.

(1) Thermometer 51 and Heat Quantity Controller 52

The thermometer 51 monitors the temperature of the
absorption liquid accumulated in a still portion of the
regeneration tower (bottom part of regeneration tower 16).
The thermometer 51 measures the temperature of the
absorption liquid in the still portion of the regeneration tower,
and outputs the measured value of this temperature to the heat
quantity controller 52.

The heat quantity controller 52 controls a heat quantity
to be charged into the reboiler 17 per unit time, based on the
temperature which has been measured by the thermometer 51.
The heat quantity to be charged into the reboiler 17 per unit
time is proportional to the flow rate of the steam which flows
through the steam line 47. Because of this, the heat quantity
controller 52 controls the opening of the steam valve 53 which
is provided on the steam line 47, and thereby can control the
heat quantity to be charged into the reboiler 17 per unit time.
Thereby, the heat quantity controller 52 can control the
temperature of the absorption liquid in the still portion of the
regeneration tower to an arbitrary preset temperature.

In the present embodiment, the temperature of the
absorption liquid in the still portion of the regeneration tower is
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controlled by automatic control, but may be controlled by
manual control due to a worksite operator. Specifically, a man
may control the temperature instead of the control by the heat
quantity controller 52 of the present embodiment. On the
other hand, when the temperature of the absorption liquid in
the still portion of the regeneration tower is controlled by the
automatic control, it is desirable to adopt the feedback control
such as PID control.

In addition, in the present embodiment, the heat of the
steam which flows through the steam line 47 is used as a heat
source of the reboiler 17, but another energy source may be
used as the heat source of the reboiler 17. For example, an
electric power may be converted into heat, and this heat may be
used as the heat source of the reboiler 17.

In addition, the thermometer 51 of the present
embodiment may measure the temperature of the absorption
liquid, in a place except for the still portion of the regeneration
tower. For example, the thermometer 51 of the present
embodiment may measure the temperature of the absorption
liquid, in a place in the regeneration tower 16 except for the still
portion. In addition, the thermometer 51 of the present
embodiment may also measure the temperature of the
absorption liquid, in the reboiler 17, the second absorption
liguid line 44 and/or the third absorption liquid line 46.
Furthermore, the thermometer 51 of the present embodiment
may also measure the temperature of the absorption liquid, in
the fourth absorption liquid line 48 in the more upstream side
than the regenerative heat exchanger 15.

In addition, the thermometer 51 of the present
embodiment may also measure the temperature of a gas which
has been generated from the absorption liquid, in place of the
temperature of the absorption liquid. An example of such a gas
includes a regeneration tower exhaust gas which has been
discharged to the regeneration tower exhaust gas line 45.

(2) Gravimeter 61 and Gas Controller 62

The gravimeter 61 monitors the specific gravity of an

20



2014201809 27 Mar 2014

10

15

20

25

30

35

absorption liquid which flows through the fourth absorption
liquid line 48. The gravimeter 61 measures the specific gravity
of the absorption liquid which flows through the fourth
absorption liquid line 48, and outputs a measured value of this
specific gravity to the gas controller 62.

The gas controller 62 controls the amount of a gas which
is introduced into the process exhaust gas line 12 together with
the process exhaust gas, based on the specific gravity which
has been measured by the gravimeter 61. This gas is hereafter
referred to as additional gas.

The gas supply module 63 is a unit which can supply one
or more types of additional gases. Examples of the additional
gas which the gas supply module 63 can supply include the
above described absorption tower exhaust gas, the above
described regeneration tower exhaust gas, air, an inert gas (for
example, nitrogen), a mixed gas obtained by mixing air with an
inert gas, and the like.

The gas line 64 connects the gas supply module 63 with
the process exhaust gas line 12. The gas valve 65 is arranged
on the gas line 64. Therefore, the gas controller 62 can control
the amount of the additional gas to be introduced into the
process exhaust gas line 12 from the gas supply module 63, by
controlling the opening and the opening period of the gas valve
65. The additional gas results in being mixed into the process
exhaust gas.

The gas supply module 63 of the present embodiment is
provided in order to adjust the carbon dioxide concentration in
the process exhaust gas.

When the carbon dioxide concentration in the process
exhaust gas needs to be increased, for example, an additional
gas having a higher carbon dioxide concentration than the
process exhaust gas is introduced into the process exhaust gas
line 12. Examples of such an additional gas include the above
described regeneration tower exhaust gas, a gas which is
supplied from a facility such as a carbon dioxide gas bomb and
a carbon dioxide storage tank, and the like.
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On the other hand, when the <carbon dioxide
concentration in the process exhaust gas needs to be decreased,
for example, an additional gas having a lower carbon dioxide
concentration than the process exhaust gas is introduced into
the process exhaust gas line 12. Examples of such an
additional gas include the above described absorption tower
exhaust gas, air, an inert gas, a mixed gas obtained by mixing
air with an inert gas, and the like.

In addition, the gas supply module 63 of the present
embodiment can be used also for adjusting the flow rate of the
process exhaust gas. In this case, the flow rate of the process
exhaust gas is desired to be increased in many cases, without
changing the carbon dioxide concentration in the process
exhaust gas. In such a case, a first additional gas having a
higher carbon dioxide concentration than the process exhaust
gas, and a second additional gas having a lower carbon dioxide
concentration than the process exhaust gas may be introduced
into the process exhaust gas line 12. For example, a gas
obtained by mixing the first additional gas supplied from the
carbon dioxide gas bomb with the second additional gas
supplied from the nitrogen gas bomb may be introduced into the
process exhaust gas line 12. In this case, a mixing ratio
between the first and second additional gases is desirably set so
that the carbon dioxide concentration in the mixture gas
coincides with the carbon dioxide concentration in the process
exhaust gas.

In the present embodiment, the carbon dioxide
concentration and the flow rate of the process exhaust gas may
be controlled by the automatic control due to the gas supply
module 63, or may also be controlled by the manual control due
to the worksite operator. These carbon dioxide concentration
and flow rate can be controlled by the adjustment of the
opening and the opening period of the gas valve 65. In
addition, when it is desired to approach these carbon dioxide
concentration and the flow rate to preset values, it is possible to
approach the carbon dioxide concentration and the flow rate to
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the preset values, by adjusting the opening and the opening
period of the gas valve 65 based on the specific gravity which
has been measured by the gravimeter 61. When the carbon
dioxide concentration and the flow rate of the process exhaust
gas are controlled by the automatic control, it is desirable to
adopt feedback control such as PID control.

In addition, the gravimeter 61 of the present embodiment
may measure the specific gravity of the absorption liquid, in a
place except for the fourth absorption liquid line 48. For
example, the gravimeter 61 of the present embodiment may
measure the specific gravity of the absorption liquid, in any one
place of the first to third absorption liquid lines 42, 44 and 46.

(3) Flowmeter 71 and Flow Rate Controller 72

The flowmeter 71 monitors the flow rate of an absorption
liquid which flows through the first absorption liquid line 42.
The flowmeter 71 measures the flow rate of the absorption
liquid which flows through the first absorption liquid line 42, and
outputs a measured value of this flow rate to the flow rate
controller 72.

The flow rate controller 72 controls the flow rate of the
absorption liquid which flows through the first absorption liquid
line 42, based on the flow rate that has been measured by the
flowmeter 71. The flow rate controller 72 of the present
embodiment can control the flow rate of the absorption liquid
which flows through the first absorption liquid line 42, by
controlling the opening of the absorption liquid valve 73 which is
provided on the first absorption liquid line 42. Thereby, the
flow rate controller 72 of the present embodiment can control
the flow rate of the absorption liquid which flows through the
first absorption liquid line 42, to an arbitrary preset flow rate.

In the present embodiment, the flow rate of the
absorption liquid is controlled by the automatic control, but may
be controlled by the manual control due to the worksite operator.
Specifically, a man may control the flow rate instead of the
control by the flow rate controller 72 of the present embodiment.
On the other hand, when the flow rate of the absorption liquid is
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controlled by the automatic control, it is desirable to adopt the
feedback control such as the PID control.

In addition, the flowmeter 71 of the present embodiment
may measure the flow rate of the absorption liquid, in a place
except for the first absorption liquid line 42. For example, the
flowmeter 71 of the present embodiment may measure the flow
rate of the absorption liquid, in any one place of the second to
fourth absorption liquid lines 44, 46 and 48.

In addition, the absorption liquid valve 73 of the present
embodiment may be provided in a place except for the first
absorption liquid line 42. For example, the absorption liquid
valve 73 of the present embodiment may be provided in any
one place of the second to fourth absorption liquid lines 44, 46
and 48.

(4) Method of Operating Carbon Dioxide Capturing
System of Third Embodiment

FIG. 4 is a graph for describing a method of operating the
carbon dioxide capturing system of the third embodiment.

Curves Cyi; and Cr show temperatures of stills of
regeneration towers (temperature of absorption liquid
accumulated in still portion of regeneration tower 16) in a
general carbon dioxide capturing system and in the carbon
dioxide capturing system of the third embodiment, respectively.
In addition, curves Cr; and Cr> show flow rates of reboiler
steams (flow rate of steam which flows through steam line 47)
in the general carbon dioxide capturing system and in the
carbon dioxide capturing system of the third embodiment,
respectively. A horizontal axis in FIG. 4 indicates an elapsed
time. A vertical axis in FIG. 4 indicates the still temperature in
the regeneration tower and the flow rate of the reboiler steam.

FIG. 4 illustrates the still temperature in the regeneration
tower and the flow rate of the reboiler steam shown when these
carbon dioxide capturing systems have been started up. An
example of a start-up procedure of promptly starting the carbon
dioxide capturing system of the present embodiment up to a
rated operation point will be described below with reference to
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FIG. 4.

In the present embodiment, first, utility systems are
started which are necessary for operating a plant, such as
electrical systems for cooling water and for equipment. When
the start-up of the systems has been completed and the plant is
ready for being operated, a circulating system of the absorption
liquid is started. The circulating system includes the first to
fourth absorption liquid lines 42, 44, 46 and 48, for circulating
the absorption liquid between the absorption tower 11 and the
regeneration tower 16. Next, steam is introduced into the
reboiler 17 from the steam line 47, and also the process
exhaust gas is introduced into the absorption tower 11 from the
process exhaust gas line 12.

[Procedure of Introducing Steam into Reboiler 17]

A procedure of introducing steam into the reboiler 17 will
be described below.

FIG. 4 illustrates a first preset temperature T;, and a
second preset temperature T, which is higher than the first
preset temperature Ti. FIG. 4 further illustrates a first preset
flow rate Ry, and a second preset flow rate R, which is larger
than the first preset flow rate R;. The first preset temperature
T, in the present embodiment corresponds to a rated
temperature of the still temperature in the regeneration tower.
In addition, the first preset flow rate R; of the present
embodiment corresponds to a rated flow rate of a flow rate of
the reboiler steam.

When the flow rate of the reboiler steam is set at the first
preset flow rate Ri, a heat quantity to be charged into the
reboiler (heat quantity to be charged into reboiler 17 per unit
time) becomes the first preset heat quantity. In addition, when
the flow rate of the reboiler steam is set at the second preset
flow rate Ry, the heat quantity to be charged into the reboiler
becomes the second preset heat quantity which is larger than
the first preset heat quantity. The first preset heat quantity of
the present embodiment corresponds to a rated heat quantity of
a heat quantity to be charged into the reboiler.
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When the steam is introduced into the reboiler 17 in the
start-up of the carbon dioxide capturing system of the present
embodiment, first, the flow rate of the reboiler steam is
adjusted to the second preset flow rate R, and thereby the still
temperature in the regeneration tower is raised to the second
preset temperature T,. FIG. 4 illustrates a state in which the
still temperature in the regeneration tower has reached the
second preset temperature T, at the time t;.

When the still temperature in the regeneration tower has
reached the second preset temperature T, the flow rate of the
reboiler steam is changed to the first preset flow rate R; from
the second preset flow rate R, and thereby the still
temperature in the regeneration tower is lowered to the first
preset temperature T; from the second preset temperature T,.
FIG. 4 illustrates a state in which the still temperature in the
regeneration tower has risen to a temperature T3 at the time t;
due to remaining heat, and then the still temperature in the
regeneration tower has been lowered to the first preset
temperature T; at the time ts.

After that, the flow rate of the reboiler steam is kept at
the first preset flow rate Ry, and thereby the still temperature in
the regeneration tower is kept at the first preset temperature
T1.

As in the above, in the start-up of the system, the flow
rate of the reboiler steam of the present embodiment is
adjusted to the second preset flow rate R, which is larger than
the first preset flow rate R; that is necessary in the stable state
of the system. The second preset flow rate R, may be set at a
flow rate of a design limit or a flow rate of an upper limit which
has been actually confirmed, but is desirably set at a value of
approximately 120% of the first preset flow rate R;.

The carbon dioxide capturing system of the present
embodiment adjusts the flow rate of the reboiler steam in the
start-up of the system to an excessive flow rate, and thereby
can promptly start the system and can promptly shift the
system to a stable state. FIG. 4 illustrates a state in which a
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general carbon dioxide capturing system is shifted to a stable
state at the time t4, while the carbon dioxide capturing system
of the present embodiment is shifted to a stable state at the
time t3 that is earlier than the time ts.

The above described control for the flow rate of the
reboiler steam and the still temperature in the regeneration
tower is conducted by the heat quantity controller 52 based on
the temperature which has been measured by the thermometer
51.

[Procedure of Introducing Process Exhaust Gas into
Absorption tower 11]

Subsequently, a procedure of introducing process exhaust
gas into the absorption tower 11 will be described below.

In the start-up of the system of the present embodiment,
the gravimeter 61 monitors the specific gravity of the
absorption liquid which flows through the fourth absorption
liquid line 48. The specific gravity of the absorption liquid is
proportional to the carbon dioxide concentration in the
absorption liquid. Therefore, the gas controller 62 in the
present embodiment can control the carbon dioxide
concentration in the absorption liquid to a preset concentration,
by adjusting the specific gravity of the absorption liquid to a
preset specific gravity. The preset specific gravity and the
preset concentration in the present embodiment are a rated
specific gravity and a rated concentration of the absorption
liquid, respectively, which flows through the fourth absorption
liquid line 48.

When the specific gravity which has been measured by
the gravimeter 61 is lower than the preset specific gravity, for
example, the gas controller 62 introduces the additional gas
having a higher carbon dioxide concentration than the process
exhaust gas, into the process exhaust gas line 12. Thereby,
the specific gravity (carbon dioxide concentration) of the
absorption liquid which flows through the fourth absorption
liquid line 48 can be increased up to the preset specific gravity
(preset concentration).
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On the other hand, when the specific gravity which has
been measured by the gravimeter 61 is higher than the preset
specific gravity, the gas controller 62 introduces the additional
gas having a lower carbon dioxide concentration than the
process exhaust gas, into the process exhaust gas line 12.
Thereby, the specific gravity (carbon dioxide concentration) of
the absorption liquid which flows through the fourth absorption
liquid line 48 can be decreased down to the preset specific
gravity (preset concentration).

By such a control, the system of the present embodiment
can promptly adjust the specific gravity of the absorption liquid
to the preset specific gravity.

[Procedure of Controlling Flow Rate of Absorption Liquid]

Subsequently, a procedure of controlling a flow rate of an
absorption liquid will be described below. First and second
preset flow rates of the absorption liquid which flows through
the first absorption liquid line 42 are hereafter represented by
Qi1 and Q3, respectively.

In the present embodiment, the carbon dioxide capturing
system adjusts the flow rate of the reboiler steam in the
start-up of the system, to an excessive flow rate, and thereby
promptly starts the system and promptly shifts the system to a
stable state. At this time, in order to further quicken the
start-up and the stabilization of the system, it is desirable to
adjust also the flow rate of the absorption liquid to an excessive
flow rate.

Then, when the flow rate of the reboiler steam s
adjusted to the second preset flow rate Ry, the flow rate
controller 72 of the present embodiment adjusts the flow rate of
the absorption liquid which flows through the first absorption
liquid line 42, to the second preset flow rate Q> that is larger
than the first preset flow rate Q;. The first preset flow rate Qi
of the present embodiment is a rated flow rate of the absorption
liquid which flows through the first absorption liquid line 42.

On the other hand, when the flow rate of the reboiler
steam has been changed from the second preset flow rate R, to
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the first preset flow rate R, the flow rate controller 72 of the
present embodiment changes the flow rate of the absorption
liquid which flows through the first absorption liquid line 42,
from the second preset flow rate Q: to the first preset flow rate
Q1.

The carbon dioxide capturing system of the present
embodiment adjusts the flow rate of the reboiler steam and the
flow rate of the absorption liquid in the start-up of the system,
to excessive flow rates, and thereby can more promptly start
the system and can more promptly shift the system to a stable
state.

The above described operating method can be applied not
only when the carbon dioxide capturing system is started up,
but also when the carbon dioxide capturing system is shifted to
a stable state from an unstable state. By such an operating
method, the carbon dioxide capturing system of the present
embodiment can promptly shift the system to the stable state
from the unstable state. The carbon dioxide capturing system
of the present embodiment sets amounts which can be easily
measured such as the temperature, the specific gravity, the flow
rate and the like of the absorption liquid, to items to be
monitored, and thereby it becomes possible to simply conduct
the prompt start-up and stabilization of the system.

(Fourth Embodiment)

FIG. 5 is a schematic view illustrating a structure of a
carbon dioxide capturing system of a fourth embodiment.

The carbon dioxide capturing system of FIG. 5 has a CO»
(carbon dioxide) concentration meter 66 in place of the
gravimeter 61.

The CO; concentration meter 66 monitors the carbon
dioxide concentration in the absorption tower exhaust gas which
has been discharged to the absorption tower exhaust gas line
43. The CO; concentration meter 66 measures the carbon
dioxide concentration in this absorption tower exhaust gas, and
outputs a measured value of this carbon dioxide concentration
to a gas controller 62. The gas controller 62 controls an
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amount of an additional gas which is introduced into the process
exhaust gas line 12 together with the process exhaust gas,
based on the concentration that has been measured by the CO,
concentration meter 66.

In the start-up of the system of the present embodiment,
the CO, concentration meter 66 monitors the carbon dioxide
concentration in the absorption tower exhaust gas which has
been discharged to the absorption tower exhaust gas line 43.
The carbon dioxide concentration in the absorption tower
exhaust gas depends on the carbon dioxide concentration in the
absorption liquid. Therefore, the gas controller 62 of the
present embodiment can control the carbon dioxide
concentration in the absorption liquid to a preset concentration,
by adjusting the carbon dioxide concentration in the absorption
tower exhaust gas to the preset concentration. The preset
concentration of the absorption tower exhaust gas in the
present embodiment is a rated concentration of the absorption
tower exhaust gas which is discharged to the absorption tower
exhaust gas line 43.

When the concentration which has been measured by the
CO> concentration meter 66 is lower than the preset
concentration, for example, the gas controller 62 introduces an
additional gas having a higher carbon dioxide concentration
than the process exhaust gas, into the process exhaust gas line
12. Thereby, the carbon dioxide concentration in the
absorption tower exhaust gas can be increased up to the preset
concentration.

On the other hand, when the concentration which has
been measured by the CO, concentration meter 66 is higher
than the preset concentration, the gas controller 62 introduces
an additional gas having a lower carbon dioxide concentration
than the process exhaust gas, into the process exhaust gas line
12. Thereby, the carbon dioxide concentration in the
absorption tower exhaust gas can be decreased down to the
preset concentration.

By such a control, the system of the present embodiment
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can promptly adjust the carbon dioxide concentration in the
absorption tower exhaust gas to the preset concentration, and
as a result, can promptly adjust the carbon dioxide
concentration in the absorption liquid to the preset
concentration.

The above described operating method can be applied not
only when the carbon dioxide capturing system is started up,
but also when the carbon dioxide capturing system is shifted to
a stable state from an unstable state. By such an operating
method, the carbon dioxide capturing system of the present
embodiment can promptly shift the system to the stable state
from the unstable state. The carbon dioxide capturing system
of the present embodiment sets amounts which can be easily
measured such as the temperature of the absorption liquid, the
carbon dioxide concentration in the absorption tower exhaust
gas, the flow rate of the absorption liquid and the like, to items
to be monitored, and thereby it becomes possible to simply
conduct prompt start-up and stabilization of the system.

According to at least one of the embodiments which
have been described above, it becomes possible to continue the
stable operation of the carbon dioxide capturing system even
when the carbon dioxide concentration and the gas flow rate of
the treatment target gas have rapidly changed, or it becomes
possible to enable the carbon dioxide capturing system to be
promptly started up or be promptly shifted to the stable state
from the unstable state.

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 systems and methods described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the systems
and methods 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
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The reference in this specification to any prior publication (or
information derived from it), or to any matter which is known, is
not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication
(or information derived from it) or known matter forms part of
the common general knowledge in the field of endeavour to
which this specification relates.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word "comprise",

and variations such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other

integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A carbon dioxide capturing system comprising:

an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid for absorbing the carbon dioxide, and to
discharge the absorption liquid having absorbed the carbon
dioxide and an absorption tower exhaust gas containing the
treatment target gas from which the carbon dioxide has been
removed;

a regeneration tower configured to make the absorption
liquid discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide and a regeneration tower exhaust gas
containing the carbon dioxide;

a treatment target gas line configured to introduce the
treatment target gas into the absorption tower;

a first introduction module configured to introduce a first
gas having a carbon dioxide concentration higher than the
carbon dioxide concentration of the treatment target gas into
the treatment target gas line to mix the first gas into the
treatment gas;

a second introduction module configured to introduce a
second gas having a carbon dioxide concentration lower than
the carbon dioxide concentration of the treatment target gas
into the treatment target gas line to mix the second gas into the
treatment gas line;

a first measuring instrument configured to measure at
least one of the carbon dioxide concentration and a gas flow
rate of the treatment target gas; and

a controller configured to control an amount of the first
or second gas to be introduced into the treatment target gas
line based on a measured value by the first measuring
instrument;

wherein

the controller introduced the first gas into the treatment
target gas line to mix the first gas into the treatment target gas
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when the carbon dioxide concentration of the treatment target
gas is lower than a lower limit; and

the controller introduces the second gas into the
treatment target gas line to mix the second gas into the
treatment target gas when the carbon dioxide concentration of
the treatment target gas is higher than an upper limit;

or

the controller introduces the first and second gases into
the treatment target gas line to mix the first and second gases
into the treatment target gas when the gas flow rate of the
treatment target gas is lower than a lower limit.

2. The system of Claim 1, wherein the first gas is the
regeneration tower exhaust gas.

3. The system of Claim 1, wherein the second gas is air, an
inert gas, or a mixed gas obtained by mixing air with an inert
gas.

4, The system of Claim 1, wherein the second gas is the
absorption tower exhaust gas.

5. The system of Claim 1, further comprising:

a measuring instrument configured to measure at least
one of a carbon dioxide concentration and a gas flow rate of the
treatment target gas; and

a controller configured to control an amount of the first
or second gas to be introduced into the treatment target gas
line, based on a measured value by the measuring instrument.

6. The system of Claim 4, further comprising:

a second measuring instrument configured to
measure a carbon dioxide concentration of the absorption tower
exhaust gas; and

wherein the controller controls an amount of the first
gas to be introduced into the treatment target gas line, based
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on the measured value by the first measuring instrument, and
to control an amount of the second gas to be introduced into
the treatment target gas line, based on measured values by the
first measuring instrument and a measured value by the second
measuring instrument..

7. A method of operating a carbon dioxide capturing system
comprising:

an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid for absorbing the carbon dioxide, and to
discharge the absorption liquid having absorbed the carbon
dioxide and an absorption tower exhaust gas containing the
treatment target gas from which the carbon dioxide has been
removed;

a regeneration tower configured to make the absorption
liquid discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide and a regeneration tower exhaust gas
containing the carbon dioxide; and

a treatment target gas line configured to introduce the
treatment target gas into the absorption tower,

the method comprising:

introducing a first gas having a carbon dioxide
concentration higher than a carbon dioxide concentration of the
treatment target gas into the treatment target gas line to mix
the first gas into the treatment gas, when a carbon dioxide
concentration of the treatment target gas is lower than a lower
limit; and

introducing a second gas having a carbon dioxide
concentration lower than the carbon dioxide concentration of the
treatment target gas into the treatment target gas line to mix
the second gas into the treatment target gas, when the carbon
dioxide concentration of the treatment target gas is higher than
an upper limit.
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8. A method of operating a carbon dioxide capturing system
comprising:

an absorption tower configured to bring a treatment
target gas containing carbon dioxide into contact with an
absorption liquid for absorbing the carbon dioxide, and to
discharge the absorption liquid having absorbed the carbon
dioxide and an absorption tower exhaust gas containing the
treatment target gas from which the carbon dioxide has been
removed;

a regeneration tower configured to make the absorption
liquid discharged from the absorption tower dissipate the carbon
dioxide, and to discharge the absorption liquid having dissipated
the carbon dioxide and a regeneration tower exhaust gas
containing the carbon dioxide; and

a treatment target gas line configured to introduce the
treatment target gas into the absorption tower,

the method comprising:

introducing a first gas having a carbon dioxide
concentration higher than a carbon dioxide concentration of the
treatment target gas and a second gas having a carbon dioxide
concentration lower than the carbon dioxide concentration of the
treatment target gas into the treatment target gas line to mix
the first and second gases into the treatment target gas, when a
gas flow rate of the treatment target gas is lower than a lower
limit.
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