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(57) Abstract: Provided are a CO, recovery device and a CO, recovery method with which it is possible for a CO, recovery amount
and/or a CO; recovery rate to be controlled with high accuracy towards a target value. This CO; recovery device (1) is characterised
by being equipped with: a CO,-absorbing tower (14) that causes CO- included in exhaust gas (11A) to be absorbed into a CO,-ab-
sorbing liquid (13); a CO»-absorbing liquid regeneration tower (15) which, by heating, regenerates the CO,-absorbing liquid (13)
that has absorbed the CO,; a CO, recovery rate control unit which measures the CO, concentration in the exhaust gas (11A) and
which, on the basis of the CO; concentration in the exhaust gas discharged from the CO;-absorbing liquid (13) that has absorbed the
CO,, changes the absorbing liquid circulation amount and the amount of saturated water vapour (S) that is supplied to a regeneration
heater (31); and a CO; recovery amount control unit which, in accordance with the CO; concentration of the exhaust gas (11A) and
the exhaust gas flow rate, changes the circulation amount of the CO,-absorbing liquid (13) and the amount of the saturated water va-
pour (S) supplied to the regeneration heater (31).
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The present invention yelates to a CO; recovery unit

'

[
S
s
ol
fu
s
<
1

and a CC; vrecovery wmethod, and partic riy o a OOy
recovery unit and a €O, recovery methoed that recoveyr 0, in
a gas to be treated, using a CO;-absorbing solution.
fackground Art

foooz)

In the yelated art, {0; recovery unitg that recover
€0, exhausgted from boilers or the like of thermoelschric
powar plants are suggested {(for example, refsr to PTL 1},
In the T0; recovery units, flue gas is introduced into a
COy abgorber, a CCp-absorxbing solution is brought into
contact with CC; included in the flue gas so that G0, is
made to be absorbed thereinto. The CO;-absorbing solution
that hag absorbed C0, i3 sent to and heated and
decarboxylated in a CO0,-absorbing solution regsnerabor,
and thereby, a high-concentration C0; gas is reoos

The CQ;-asbsorbing golution after the decarboxylation is

upplied to the C0; absorber by a liguid feed punp, and



18 Jan 2018

2015286249

10

15

20

HAKzh\Interwoven\NRPortbhDCCK ZH 6296321 _ | .docx-18/01/2018

the CO,-absorbing solution is circulated and used between the CO; absorber and the CO»-

absorbing solution regenerator.

Citation List
Patent Literature
[0003]

[PTL 1] Japanese Patent No. 5237204

[0004]

Meanwhile, in the CO, recovery unit described in PTL 1, the control of maintaining
CO; recovery amount at a target value on the basis of the fluctuations of the gas flow rate of
the flue gas, the introduction temperature of the flue gas, and the like from reference values is
performed. However, even in a case where the control is performed in this way, it may be
difficult to maintain the CO; recovery amount at the target value due to the influence of a
predetermined relational expression used for the control and the precision of a measurement
instrument.

[0005]

The invention has been made in view of such actual circumstances, and seeks to
provide a CO; recovery unit and a CO, recovery method with which a CO, recovery amount

and/or a CO; recovery rate can be controlled with high accuracy toward target values.

Summary of the Invention
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[0006]

The present invention provides a CO, recovery unit comprising: a CO, absorber that
brings a gas to be treated and a CO»-absorbing solution into contact with each other to cause
CO, included in the gas to be treated to be absorbed into the CO;-absorbing solution, and
supplies the CO,-absorbing solution which has absorbed the CO, to a CO;-absorbing solution
regenerator through a rich solution supply tube; the CO,-absorbing solution regenerator that
heats the CO,-absorbing solution which has absorbed CO,, releases CO; from the CO;-
absorbing solution, regenerates the CO,-absorbing solution, and supplies the CO;-absorbing
solution which has been regenerated to the CO; absorber through a lean solution supply tube;
a first sensor that detects a CO, concentration in a flue gas exhausted from the CO, absorber;
a second sensor that detects a gas flow rate and a concentration of a CO, gas 44 exhausted
from the CO»,-absorbing solution regenerator; and at least one of: a CO; recovery rate control
unit that, on the basis of an actual measured value and a target value of a recovery rate of CO,
in the gas to be treated based on CO; concentration in the flue gas detected by the first sensor
and CO; concentration in the gas released to the outside from the CO; absorber, changes a
circulation amount of the CO,-absorbing solution to be supplied to the CO, absorber and
changes a supply amount of saturated steam to be supplied to a regeneration heater of the CO,-
absorbing solution regenerator to control a difference value between the actual measured value
and the target value of the CO, recovery rate to be within a predetermined range; and a CO,
recovery amount control unit that, on the basis of an actual measured value and a target value
of a recovery amount of CO; in the gas to be treated based on a flow rate and a CO;
concentration in the exhausted CO, gas released to the outside from the CO;-absorbing

solution regenerator,
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changes the circulation amount of the CO,-absorbing solution to be supplied to the CO,
absorber and changes the supply amount of the saturated steam to be supplied to the
regeneration heater of the CO,-absorbing solution regenerator to control a difference value
between the actual measured value and the target value of the CO; recovery amount to be
within a predetermined range.

[0006A]

In some embodiments, the CO, recovery unit comprises the CO, recovery rate
controller and the CO, recovery amount controller.

[0007]

According to this CO; recovery unit, the circulation amount of the CO;-absorbing
solution and the supply amount of the saturated steam to be supplied to the regeneration heater
can be appropriately controlled according to changes in the actual measured values of the CO,
recovery rate and the CO; recovery amount in the gas to be treated. Thus, even in a case
where there is an influence on a predetermined relational expression to be used for control and
the precision of a measuring instrument due to changes in operation condition and the
measuring instrument, the CO; recovery unit that can control the CO, recovery amount and/or
the CO; recovery rate toward a target value with high accuracy can be realized.

[0008]

In the CO; recovery unit of the invention, it is preferable that the CO, recovery amount
control unit controls the CO, recovery amount through proportional calculation and
integration calculation on the basis of the difference value between the actual measured value

and the target value of the CO, recovery amount.
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[0009]

In the CO; recovery unit of the invention, it is preferable that the CO, recovery amount
control unit controls the CO, recovery amount through proportional calculation and
integration calculation on the basis of the difference value between the actual measured value
and the target value of the CO; recovery amount.

[0010]

In the CO; recovery unit of the invention, it is preferable that the CO; recovery rate
control unit includes a first control mode where the circulation amount and the supply amount
of the saturated steam are calculated and controlled at any time, and a second control mode
where the circulation amount and the supply amount of the saturated steam are calculated and
controlled for each predetermined period, and the CO, recovery amount control unit includes a
first control mode where the circulation amount and the supply amount of the saturated steam
are calculated and controlled at any time, and a second control mode where the circulation
amount and the supply amount of the saturated steam are calculated and controlled for each
predetermined period.

[0011]

In the CO, recovery unit of the invention, it is preferable that any one of the CO,
recovery rate control unit and the CO, recovery amount control unit is caused to be in the first
control mode, and the other is caused to be in the second control mode.

[0012]

In the CO; recovery unit of the invention, it is preferable that the CO, recovery rate
control unit is caused to be a first control mode, the CO; recovery amount control unit is

caused to be a first control mode, and control is performed by providing any one of the CO,
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-6-

recovery amount control unit and the CO; recovery rate control unit with a dead band.

[0013]

The present invention also provides a CO; recovery method comprising:  a process
of, in a CO; absorber, bringing a gas to be treated and a CO,-absorbing solution into contact
with each other to cause CO; included in the gas to be treated to be absorbed into the CO»-
absorbing solution and supplying the CO,-absorbing solution which has absorbed the CO, to a
CO,-absorbing solution regenerator through a rich solution supply tube; and a process of, in a
CO;-absorbing solution regenerator, heating the CO;-absorbing solution which has absorbed
CO,, releasing CO; from the CO;-absorbing solution, and regenerating the CO,-absorbing
solution, and supplying the CO,-absorbing solution which has been regenerated to the CO,
absorber through a lean solution supply tube; a process of detecting, by a first sensor, a CO,
concentration in a flue gas exhausted from theCO, absorber; a process of detecting, by a
second sensor, a gas flow rate and a concentration of a CO, gas 44 exhausted from the CO;-
absorbing solution regenerator; wherein, at least one of: controlling a difference between an
actual measured value and a target value of a recovery rate of the CO; to be within a
predetermined range by changing, based on the actual measured value and the target value of
the recovery rate of CO; in the gas to be treated based on CO; concentration in the flue gas
detected by the first sensor and CO; concentration in the gas released to the outside from the
CO, absorber, a circulation amount of the CO,-absorbing solution to be supplied to the CO,
absorber and a supply amount of saturated steam to be supplied to a regeneration heater of the
CO;-absorbing solution regenerator, and controlling a difference between an actual measured
value and a target value of a recovery amount of CO, to be within a predetermined range by

changing, based on the actual measured value and the target value of the recovery amount of
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CO, based on a flow rate and a CO, concentration in the exhausted CO, gas released to the
outside from the CO,-absorbing solution regenerator, the circulation amount of the CO»-
absorbing solution to be supplied to the CO, absorber and the supply amount of the saturated
steam to be supplied to the regeneration heater of the CO;-absorbing solution regenerator.

[0013A]

In some embodiments, the method comprises controlling a difference between the
actual measured value and the target value of the recovery rate of the CO, and the recovery
amount of the CO; to be within a predetermined range by changing, the circulation amount of
the CO,-absorbing solution to be supplied to the CO, absorber and the supply amount of the
saturated steam to be supplied to the regeneration heater of the CO,-absorbing solution
regenerator.

[0014]

According to this CO, recovery method, the circulation amount of the CO;-absorbing
solution and the supply amount of the saturated steam to be supplied to the regeneration heater
can be appropriately controlled according to changes in the actual measured values of the CO,
recovery rate and the CO; recovery amount in the gas to be treated. Thus, even in a case
where there is an influence on a predetermined relational expression to be used for control and
the precision of a measuring instrument due to changes in operation condition and the
measuring instrument, the CO; recovery method that can control the CO, recovery amount

and/or the CO, recovery rate toward the target values with high accuracy can be realized.



18 Jan 2018

2015286249

10

15

20

HAKzh\Interwoven\NRPortbhDCCK ZH 6296321 _ | .docx-18/01/2018

[0015]

In the CO; recovery method of the invention, it is preferable that the CO, recovery rate
is controlled through proportional calculation and integration calculation on the basis of the
difference value between the actual measured value and the target value of the CO; recovery
rate.

[0016]

In the CO; recovery method of the invention, it is preferable that the CO, recovery
amount is controlled through proportional calculation and integration calculation on the basis
of the difference value between the actual measured value and the target value of the CO,
recovery amount.

[0017]

In the CO; recovery method of the invention, it is preferable that the CO, recovery rate
and the CO, recovery amount are controlled by performing switching between a first control
mode where the circulation amount and the supply amount of the saturated steam are
calculated and controlled at any time, and a second control mode where the circulation amount
and the supply amount of the saturated steam are calculated and controlled for each
predetermined period.

[0018]

In the CO; recovery method of the invention, it is preferable that any one of the CO,
recovery rate and the CO; recovery amount is controlled in the first control mode, and the

other is controlled in the second control mode.
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[0019]

In the CO; recovery method of the invention, it is preferable that the CO, recovery rate
and the CO; recovery amount are controlled in the first control mode, and any one of the CO,
recovery amount and the CO, recovery rate is controlled by providing a dead band.

[0020]

According to the invention, the CO, recovery unit and the CO, recovery method with
which the CO, recovery amount and/or the CO; recovery rate can be controlled with high

accuracy toward the target values can be realized.

Brief Description of Drawings

[0021]

Fig. 1 is a schematic view of a CO, recovery unit related to an embodiment of the
invention.

Fig. 2 is a functional block diagram of a control unit related to the embodiment of the
invention.

Fig. 3 is a flow chart illustrating a method of controlling a CO, recovery rate control
unit and a CO; recovery amount control unit related to the present embodiment.

Fig. 4 is a conceptual diagram of an operation control in which a dead band of the CO,
recovery unit related to the present embodiment is provided.
Detailed Description of the Invention

[0022]

The present inventors have noted that, in a related-art CO, recovery unit, even in a case

where a CO, recovery amount and a CO, recovery rate are controlled to target values obtained
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on the basis of relationships between CO, concentration in a gas to be treated, the flow rate of
the gas to be treated, and a reference value and a measured value of temperature, the target
values and actual measured values may deviate from each other under the influence of

measurement accuracy using a relational
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a gas turbine, and regovers a high-concentration C0; gas.
The CO; recovery unit 1 incliudes a cquencher 12 that cools
the fiue gas 11A contailning CO; exhausted from industrial

facilities, such as a boiller and a gas

turbine;

absorber 14 that is provided in a subsequent stage of the
guencher 12, brings the cooled flue gas 112 into contact
with a COz-absorbing solution 13, and makes the 0~

abgorking sclution 13 absorb and remcove CO; in
gas 11A; and a CO;-absorbing solution regsunera
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The cuencher 12 has a gquenching sectionm 121 that

goolg the flue gas 112, A cirvculation line I, is provided

}.)n
jsi]

between a bottom part of the guencher 12 and part of

‘1‘

the guenching section 121. A heat exchanger 122 that
cocls cooling water W., and a c<irculation pump 123 that
circulate the cooling water W; within the circulation lins

Iy are provided in the circulation line Li.

n the ouenching section 121, the flue gas 118 is
coolad by bringing the flue gas 118 inte counbercourrent

contach with the

W,. The heat exchanger 122
cools the cooling wabter W, heated by the heat axchange
with the flue gas 11A. The circulation pump 123 sgupplies
W,, which has flowed down to the boettom

the cocling watex

rart of the guencher 13, to the Lop
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141 that is yprovidad on a lower part side of the OO
abigorber 14 and has the flue gas 11A cooled in the
gquenchey 12 supplied thereto, a washing sectlon 142 that
is provided on an upper part side of the CO; absorber 14.
& liouid storage section 144 that stores cleaning water W

for oleaning a flue gas 118 from which CO; has been
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removad is provided at a Dbottom part of the washing
section 142. A circulaticn line Lp, through which the

waber W,, containing the CO;-absorbing solutionm 13
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recoverad in the Iiquid stovage section 144, ig supplied
and girvculated from a top part side of the washing section
142, ig provided between the liguid storvage section 144
and an upper part of the washing section 142. The
irculation line I is provided with a heat exchanger 21

that cools the cleaning water Wy, and a circulation pump

ot

22 that circulates the cleaning water W,, containing the

pej

Cop-absorbing golution 13 recovered in the liguid shtorage

a
ot

gaction 144, within the circulation line L, via the he:s
axchanger 21. Additionally, the circulation line L, is
provided with an extraction lime Iy  through which a
portion o©of the oleaning water W, {(cleaning waber Wi} 1e

extracted and supplied to the 0, abscrpticon section 141,

The extraction line L; ig provided with a control valve 23

4

that adjugts ths amount of supply of cleaning water Wy to

[

re  supplied to  the (0,-absorbing scolution 13 {lean
solution) .

[ooze]

Inn the €O, absorption section 141, the flue gas 11A
containing CO; and the C0,-absorbing solution 13 containing

-

alkancliamine oy the like come into countercurrent contact
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with each other. Accordingly, €0 in the flue gas 114 i
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abgorbed by the CO;-absorbing sgolution 13 thf@ugh &
chemical reaction shown in the following Formula. As a3
reault, the flue gas 112 containing C0; Dbecomes the flue
gas 11B from which CO; has been removed by passing through
the C0; absorption ssctilon 141.

R-NHz; + HgQ + COp —> R-NHHCO,
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Then, the flus gas 118 is brought into gas-liguid contact
with the cleaning water W; supplisd £rom the top part side
of the washing section 142, and becomess a flue gas 11C
from which the CO;-abizorbing solution 13 entrained in the
e gas 11B has bsen recovered by cilroulation cleaning.
The flue gag 11C is exthausted to the oubtside from a tower
top part 14a of the U0, absorbar 14 after mist in the gas

is trapped by a mist sliminator 146.
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golution supply tube 50 through which the CO,-
absorbing sclution 13 {rich =scolution), which has absorbed
CO, in the 0 absorber 14, is supplied to an upper part
side of the O0;-absorbing solution regenevatoy 1%, is
provided betwsen a tower bottom part 14k of the CO;
absorber 14 and an upper part of the CO;-abscrbing

solution regenerator 15. The rich sclution supply tube 50
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ig provided with a x
0, ~abs

ing

h sol
soluti
g

PMES. -

o

1608GC~
vant pump 51 that supplies the
ion 13 {(rich solution}, which has
CO; in the C0Oy absorber 14, toward the CO,-
absoriing solution regeneratar 15, and a rich-lean
golution heat exchanger 52 that hes the COy-absorbing
uticon 13 {rich solution) that hasg absorbed C0;, using
the CQ,-abgorbing scluticn 13 (lsan solutien) which has
oeen hes with saturated steam 5 and frowm which CC; has
heen removed,
foo32]
The C0,-absorbing sclution regensrator 15 includes a
COz-absorbing solution supply part 151 that is provided at
a central part of the CO:-abscorbing solution regenerabo
15 and has the C0;-absorbing solution 13, which has
absorbad €0y, supplisd thereto, and a wmirror surface p
152 of a towey hottom part 15bh of & lower part of the C0;-
abgorbing solution supply part 151.
{oo33d
Tha tower bhottom part 15k <f  the
cluticon yegenerator 13 1s provided
line L, through which the C0y-zbs
has flowed down to
The cilroulatbic
heater

saturated steam

S.

§--3

53]

with a o1

roglation
rhing golution
weyr bottom part
LYoV

'JA

13
.
1

that
. b} ‘53 -
ded with

circulates

O, -absorbing
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A tower top part 1%a cof the C0y~absorbing solution
regenarator 1% ig provided with a gas exhaust line Lg
through which a €0, gas 41 accompanisd by the saturated
staeam 5 is exhausted. The gas exhaust Iline L is provided
with a condenser 4Z that condenses molisture in the CO; gas
41, and a separvablon drum 43 that separates the C0; gas 41
froem condensed water Wi, A C0: gas 44 from which the
condensad watey W, hag been geparatad ig rel
outside from an upper part of the sepavation drum 43. A
condensed water line Ls through which the condeused wateyw
Ws separated by the separvation drum 43 is supplisd te the
upper part of the COy-absorbing sclution regensrator 1% ig
provided betwsen a bottowm part of the separation dyrum 42
and the upper part of the J0;-absorbing solution

regenerator 15. The condensed water line Lg is provided

ya.

F.J

with a condensed water circulation pump 45 that aug

’C,

o

S

the condensad water Wy geparated by the separation drum 43

to the upper part of the CO;-absorbing soclution

<
o

foeed

Aadditionalily, the tower bottom part 1i5p of the COs-
absorbing solution regenerator 15 and an upper part of tha

C0, absorption section 141 of the CO; abaorber 14 axye

provided with a lean solution supply tube 53 through which
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¢

the CO;~absorbing scluticon 13 {lean solution} in the tower
bottom part 15k of the CO;-absorbing solution regenerator
1% ig supplied to the upper part of the <G absorption
gection 141, The lean solution supply tube 33 is provided

with the rich-lean solution heat exchianger 52 that heats

abaorbed CC;, using the Oy-absorkbing sclubicom 13 {lsan
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gciution) whicgh has been hsated wit

~

from which €O, has besn removed, a isan solution pump 54
that suppliss the lean solutlon in the towexy Dbottom part
1%h of the U0.-absorbing scluticon regenerator 18 ta the

upper part of the CO, abgorption section 141, and a

uenchdng section 55 that cools the

13 {lean seolution)
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00, recovery unit 1 related to the gpresent
embodiment incliudes a flue gas detecting unit 18la that is
provided in a flow passage for the f£lue gas 112 to be
introduced into the guencher 12, a flue gas detecting unit
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101k that is provided
11& exhausted from the gquencher 1%, a CO concentration
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gas 11C exhausted from (O, absorber 14, a CO; gas detecting
unit 103 that is provided in a flow passage for the CC

gas 44 exhausted from the geparation drum 43, and =3
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concentration metar 104 that measures the concentration of

the C0y-absorbing solution {lean solution) 13 to be

A flue gas detecting unit  10ia wmeasures 0
concentration in the flue gag 11A to be introduced into

F S T = s PR X . Pl
Lhe ouanchay 12, an Lransmits the meagured KON

concentration btoe a control wunit 100. The flue gas
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]
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o
[t

i3
pus
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@
hoy)
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b3t
{13
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detecting unit 101b measzures the gas

temperature of the flue gas 11A exhaunasted from the

pod

a "

guancher 12, and transmits the measursd CO; concentration,

gas flow rate, and gasg temperature to the contreol unit 100

B

3)
3
ey
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“
&
f"\
i
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=
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The CO, concentraticon meter 102 detects $0, cong

in the flus gaa 110 exhausted from the (0, absorber 14,

~ 3

The €O, gas detecting unit 103 detactg the gas flaw
rate and the concentration of the CO; gas 44 exhausted
from the separation drum 43, and transmits the gas flow
rate and the concentration to the control unit 100, The
concentration meter 104 measures ths concentration of the
SO, -absorbing scoluticon {lean solubtion) 13 to be suppliesd
Lo the 0, absoyber 14, ynd transmits the measured

concentration Gf the CO, -absorbing golution {lsan

3
-
9]

t
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solution) I3 to the control unit 180.

(5029
Fig. 2 ig a functional blocok diagram of the control
unit 100 related to the present embodiment. The control
unit 100 related to the present swbodiment includes & set

value calculating unit 1310 that calcouiates set valiues as

0
[¢4]

various reference values reguired for the operation of the
COy recovary unit 1 on the basgis of input data, a <TG
racovary rate control undt 111 and a CO; rscovery amount

control unit 112 that correct the set values on the basis

[aa¥]

of an actual meazured value of the 0, recovery rate of

unit 1, and caloulate corrvedcted data, a

~+
3
<
kS
}.{
[§)
6]
O
<
o
!
A

fiue gas control unilt 113 that controls the flow rate of

"

ue gag 113 to be introduced dnto the guencher 12 via
a control valve Vi, an abgorbing solution control wnit 1314
that controels the liguid amount of the COz-absorbing
golution (lean solution} 13 to be supplisd to CO; absorber

14 wvia a control wvalve Vy, and controls the liguid amount

of the {O.-absor
supplied to the COz-absorbing solution regenerator 15 via
& contrel wvalve V3, and a gteam contyel wunit 115 thatbt
controls the flow rate of the sgaturated steam § to be

supplied to the regeneration heater 31 via a control valvs



The sebt  value ecalculating uwnmit 110 calculates,
according to a predetermined relatiomal expression, a st
value of the gas fiow rate of the flue gas 112 hasged on a
refersnce valus that 18 set in advance on the basis of a
CQy recovery rate targe value and a C0; vegovary amount
target value, the C0; concentration and gas temperature in

%, N
the 0y~

s

the flue gas 113, and the c¢oncentration o

).)

’

abgorbing solution {(lean solutiom) 13, a st valus of the
flow rate of the CQOy-absorbing scoluticn {lean solution} 13

to be supplied to CO; abscrber 14, a set valus of the flow

rate of the CO;-absorbing scliution {vich sgclutioni; 13 to

be supplied to COz-absorbing solution regenevator 1%, and
a set valus of the f£low rate of the saturabted steam 5 to
be supplied to the regeneration heater 231, and transmits
the calculated resultsg toe the 06, rscovery rate contral
unit 111, the <0, vegovery amount control unit 112, and
the flu2 gas contrel unit 113.

fo041]

The C0; recovery rvate control unit 111 compares the
CO, concentration in the flue gas 1138 detected by the fiue

5

it 101 and the actual wmeasured value of

bt

0 £t
-
i~
I
i
s

gas detecting

the Q0; recovaery rate measured by the OO concentration
meter 102 with the set wvalues thereof, an calculates
> i I

corrvection values {(target values) obtained by calculating

the flow rate of the saturated steam S and the flow rate
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of the CO;-abgorbing scolution 12 reguired in order to

bring the 0, rscovery rate close to the set values and by

"?‘
o

correcting the set wvalues, Here, the (0; recovery wab

put. < £

*\f

control uwalt 111 corrects a set valus through proportional
caloulation and integration calculation for the deviation
of a difference between the actual wmeasured value and the
target wvalue of the C0; recovery rate. The CO; ragovayry
rabe control unit 111 transmits the corrected data to the

absorbing selubtion contrel unit 114 and the steam control

The 0, recovery amount control unit 112 cowmpares an
actual measured wvalue of the CO: recovery amount maasursd
Ty T Ny o~ 3 e B e A - =
by the CUO; gas detecting unit 103 with the target value of

the €0, recovery ancunt, and calculates a correction value

{target wvalue} obtained by calcoulating the fliow rate of

4]

e saturated steam 8 and the flow rate of the GOz~

4.

abgorbing sclution 123 reguired in order to make the CO
recovery amount reach the target value and by corracting a
csat value. Here, the 0, recovery amount control unit 112
corrects the set wvalue through proportional calculation
and intearation calculaticon for the deviation of =
Sifference between the actual measured valus and the
rarget value of the <0, recovery amount. The Q0 recovery

£ 112 transmite the corrected data to

®
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o
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the asbsorbing solution control unit 114 and the steawm
control unit 115 as corrected data.

[0043]

The fiue gas ntroel unit 113 controls the flow rats
~f the flue gas 113 to be introduced intoe the guencher 12
via the control valve V, on the basig of the caloculation

regults ¢f the set value salculating unit 110.

The abscrbing scliubticn control unit 114 contrels the
Tiguid amount of the Oz ~absorbing solution {lean

: A

solution) 13 to be supplisd toe the 0, abscrber 14 via the

At

controel valve ¥V, on the basigs of the calculaticon results
of the 0, recovery rvats contrel unit 111 and ths O
veoovery amcunt control unit 112, and controels the liquid
amount of the CO:-absorbing solution {rich sclution} 13 to
be supplisd to the COy-absorbing solution regenerator 15
via the contyrol wvalve Vi,

(o045}

‘he steam control unit 115 controls the flow rate of
the saturated steam § to be supplied to the regensration
heater 31 wvia the contrnl valve V., on the basis of the
caleulation results of the 0, recovery rate control unit

111 and the CO; recovery amount control unit 112.

Beeed

(0046

Next, the overall operation of the €0, recovery unit



PMHA- 16090 -PCT

1 related to the present enbodiment will be described.
The flus gas 11A containing CO; exhausted frowm industrial

facilities

b3

; such ag & boller and a gas turbine, is
introduced intce the guenchsy 2, and is rought intc
countercurrent contact with and cooled by the cooling

water W, after the 0, concentration, gas flow rate, and
temperature in the flue gas 11A are neasured by the flue
gasg detecting wunit 101, The cooled flilue gas 114 is

introdused into the 0, abgorber 14 via & flue 18. he

flue gas 1124 introduged into the (C0; absorber 14 iz

¢t with the {O0y-albsorbing

g

brought into countercurrsnt conta
aglution 12 containing alkanclawmine oy the like in the C0;
absorgtion section 141, and becomes the flus gas 118 from
which COp in the flue gas 11A has besen absorbed by the C0p-

abgorbing seolution 13 and €0, has hsen removed,

The flue gag 118 from which <0, has been removed
riges via the chimney tray 145, is brought into gas-iiguid
contact with the cleaning water W, supplied from the top
part side of the washing section 142, and becomes the [lue

gas 117 from which the C0,-absorbing solution 13 entrained
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measured by the OO, concentration meter 102 and the flue

gag 11C is exhausted from the tower top part l4a of the

Y
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GO, abgorber 14 to the gutside, after the mizst in the gas

iz caught by the mist sliminator 14§.

The CCis-abgorbing =solutionm 13 {(rich golution} that

hag absorbed 0, i3 sent o the rich-lean scolubtion heat

exchanger 52 bv a rich gelvent pump 51 via a rvich solution

Y
T
¢

supply tube 50 in the CO;, absorber 14. In the rich-lean

sciuticn heat exchanger 52, the CO;-abscrbing solution 13
{(rich scolution) sent from the C0O; abscorbey 14 is heat-
exchanged with the CO;-absorbing solution I3 {lean
golution) sesnt from the COy-abisorbing solution regsneraton
15, The CO:;-absorbing solution 13 {(rich soluticn) afterx
thig heat exchange ig suppiied to the upper part of the
COz-abgorbing solution regenerator 15. The COy-absorking

geluticon 13 supplied to  the COz-absorbing  solubion

agenevator 15 has CO; rewmoved therefrom and begomes a

=

gsemi-l=an scolution, while flowing down to the towsr bottom
part 153b via the COy-absorbing scluticn supply part 151,
Thisg semi-lean solution 13 civoulated through  the
circulation line Ly, ig heated by the saturated steam S in

the regeneration heater 31, and becowmss the CC,-absorbing

The gaturated steam § after

gaiuticn 13 {lean solution
being heated becomes the saturated stean condensed water

Wy. The CO; gas 41 removed from the CO;-abscorbing sclubtion

13 ig releasgsed to the outside as the 0, gas 44 from which

§
o9
ut



the condensed water Ws has besen separated through the
upper part of the separation drum 42 after the moisturs
theveof ig condensed by the condenser 42. In thé COL q&&
deatecting unit 103, the C0, concentration in the €0, gas 44
is measurad.

[0049]

i
]
o3
6

w
;.L
»]
i

\

COz-absorbing solution 13 {lean socolution) of
tower bottom gpart 15b of the CG-absorbing solution

regenerator 15 i1g supplied to the upper part of the

gorphion section 141 of the CO; absorbexr 14 by the lean

o
by
0

golution pump 54 after being heat-exchangsd with the COy-
absorbing solution 13 {rich solution) by the rich-lean
sclution heat exchanger 52 wvis the lean solution supply
tube 53.

{aes0]

'\'}
2
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{

e

a flow chart illustrating a neth

g
l,..' "

i
0
!
%

controlling the CO; regovery rvate control unit 113 and the
CO, rvecovery amceunt control unit 112 related to  the
present embodiment. Ag illustrated dn ¥Fig. 3, the &
recovery rate control unit 111 controls the opevation «
the CO; recovery rate on the basis of the set value ¢ the
flow rate of thes CO;-absorbing scolution 13 based on a
reference value that is get in advance on the basig of the
LS

GO, concentration in the flue gas 113, the flow zrate and

temperature of the flue gas 1134, and a sat value of the
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flow rate of the sgaturatsd steam S to be supplied to the
regeneration heater 31, in early stages of the operation
of the 0, recovery unit 1 {8tep 8Tiil). ydditionally,
after =lapse of a predetevmined period, the O, recovery
rate control unit 1311 measures an actual measured value of

the CO; recovery yate using the

4

lue gas detecting unii

e

101la and the €O, concentyration wmeter 102, compares the
actual measurved value o©of the 0, recovery vate with the
target value thereof (Step 8T12), calcoulates the flow rate
cf the saburvated gtean 8 and the flow rate of the {0y~

abgorbing scoluticon 13 in order to wmake the 0, recovery

{Step BTL3}). The CO, racovery rabte oontyol wunit 111
controls the CO; vecovery rabte on the basis of the sev
valug obtained by correcting the flow rate of the O0;-
absorbing sclution 13 and the flow rate of the saturated
steam § to be supplied to the rsgenervation heater 31 (Step
STi4}
0051

Here, the 00, recovery rats control wunit 111 corrects

tean 8 and the flow rate of the CO;-absorbing solution 13

[¢4]

o
ot
=
O
w
y
t

ased with respect

M
o
Y
=
e
b
o
;'»
¢

{lean solution} are
value, for examgle, in a case where the actual measured

value {(for example, 8£5%) of the CO; recovery rate is lower
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than the target value {for example, 920%;. Accordingly,
gsince the absorbing sclution control unit 114 increasges
the flow rate of the J0;-absorbing solution 13 (lean
solution} and the steam control unit 115 dncreases the

flow rate of the saturated steam 3, 1t is possible to

The CO; recovery amount control unit 112 contryoels the
OO, vecovery amount on the basis of the set valus of the
flow wate of the (O;-absorbing solution 12 based on the
refervence valus that is sget in advance on the basis of the

T0, concentration in the flue cgas 11A, the flow rate and

regeneration heater 31, in early stages of the operation
of the C0, recovery unit 1 {8tep §TILL). Additionally

after elapse of a predetermined period, the CO; recovery
amount control unit 112 measures the actual neasured value
of the €O, recovery amount uging the C0; gas detecting unit
103, comgares the wmeasured actual wmeasured value with the

target value (Step 8712}, calculates the flow rate of tha

and the flow rate of the CQ;-absorbing
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asolution 13 in ordey to make the CO; reacovary
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the sat value (Step 8TL3}.

[££]

the tarvgset wvalue, and correct

?.(2

Then, the 0, recovery amount contreol unit 112 countrels
the C0; revovery amount on the basis of the sst wvalue
cohtained by correcting ths flow rate of the C0;-absorbing
gsolution 13 and the flow rate of the saturated steam 5 to
be gupplied te the regeneration heater 31 (Step 8T14}.
[Go52
Here, the C€O; recovery amount contrel unit 112

corracts the sget wvalue guch that the flow rate of the

D

3

saturated steam & and the flow vate of the C0;-absorbing

3

solubtion 13 {rich solution) ars increased with respect to
ue, for examnple, in a case where ths actual
neasured value {(for exanple, 8% t/h} <f the {0, recovery
ancunt ig lower than the target value {for examnple, 80
t/h} . Accordingly, since the absorbing solution control

unit 114 increases the flow rate of the COy-absorbing

"G
:

sclution 13 {rich szoluticon) and the steam controel wiit 1315
increases the flow rate of the saturated steam 8, it is

neagsured valus of the C0;

-
1
ot
-
o
jeF
el

possible to incresse the acg
recovery amount of {0, recovery unit 1 toward the target
value thereof.

fonsg]

As lescyibed above, acgerding  to the present

e

bodiment, the ciroculation amount of the COz-absorbing

solution 13 and the amcount of the saturated steam 3

t
3
(3
¢

h
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guppliad to the regenaratbion heatesr 31 can e

appropriately controlled according to changes in  the

44

N
Cy

actual measured values of the CO; recovery rate and th
recovery amount in the flue gas 11a. Accorvdingly, even in

= case where theve i1ls an influence oun the predetermined

relational expressicon to be used for the operat

kS

on contrel

fae

s,

of the O0; rvecovery unit and the precision of a wmeasuring

instrument dus Lo changes in opsration condition and the
mEasuring instrument, the OO0, yecovery unit 1 that can

control the 0, recovery amount and/or the 0, recovery

-t

rate to  the target wvalues with high accuracy c<can be

In addition, an example In which both of the GO,

racovery rate contrcedl unit 111 and the 0, veccovery amount

.

contral unit 112 ave provided, and thus both of the €0
recovery rate and the OO, recovery amount are controlled

has been descoribed in the above-described embodiment.

However, the invention is not limited to this
configuration including any one of the CO; recovery rate
control unit 111 and the CO; recovery amount contrel unit
112. Even in this case, the circulation amount of the CO;-~

absorbing scliution 13 and the awount of the saturated

steam 5 sgupplied to the regeneraticon hesater 31 can be
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0

appropriately controlled accordin to  changes 1in  ths

[42]

actual measured values of the 0 recovery rate and the CO;
recovery amrcunt. Thug, it is possikble to accurately
contyrel the C0; reccovery rate and the CO; recovery amount.

[0058]

Additiomally, an exanmple in which the absorbing
gsolution control unit 1i4 and the gteam conbtroel unik 115
are controlisd on the bagis of the corrected data that the
20, recovery rate control unit 111 and the {0, recovery
amount control uwunit 112 have corrvected has been described
in the above-degoribed embodiment. However, the invention
ig nobt limited to this configuration. The 0, racovery
unit 1 wmay control the flue gas conbrol unit 113, the
absorbing golution contrel unit 114, and the stean control
unit 115, on the basis of the data obtained by further
adding the OO cencentraticn in the flue gas 112 and the
gag flow rvate, temperature, and the like ¢f the flus gas
118 o the corrected data that the 0, recovery rate

control unit 111 and the €0, recovary amount confrol unit

112 have corrected.
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racovery rate control unit 111 and the

CO. recovery amount contral unit 112 has been described in
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embodimaent. However, the invention is

1
o
[41]
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not limited to this configuration. The CO; recovery unit
may operate any one of the €0, recovery rate control unit
111 and the CO; regovery anount contrel wunit 112 in a
first ceontrol mode where the corrected data ig calculated

and controliled at any time, and may operate the other in a

the operation in this way, the interfervence between the
corracted data can be reduced even in a cass whare a
measurenent error or the like hag occurred between the

2 control

(*

calculation processing using the CO; revovary rat
unit 111, and the calculaticon processsing using the QG
racovery ancunt control unit 112, Thus, 1t is posegible to

control the 0, yecovery rvate and/or the CO; vecovery

amcunt ta the target valueg with high accuracy.

[oos2a]

Moreovar in then above-described embodiment, an
operation control may be performed by providing a dead
sand,  without performing the integration calculation

one of the CO; recovery rate contrel unit

4
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Lid
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111 and the 0. recovery amount contrel unit 112, Fig. 4

ig a conceptual dlagram of an operation control in which &

1-,(3

dead band 1 provided. In addition, in ig., 4, a

w

N
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Ag illustrated in Filg. 4, in the present embodiment,
for example 1f an operation control is performed such that
difference values D between target valuss (8P} and actual

measured valiues (PV) of thes 0, recovary rate and the GO,

b}

recovery  awnount all within a predetermined rangse by
{1}, the difference wvalusg D gradually decrease with
elapse of the operation time t. Thus, when the difference
values D betwesen the targst values (8P} and the actual
measured values {(PV) of the 0, racovery rats (%) or OOy
recovary amount  {t/h)

time t2 smaller than a pradetermined rangs B from the

rF

range of the operation time tl, the opsration control is
performed by proportional calculation by providing a dead
band without performin the integration caloulation
regarding any one of the 0, recovery rabte control unit
111 and the <0, recovery amount control unit 112. ds a
reguly, even in a case where an interference of Gthe
corrected data betwsen the CO, recovery rate control unit

111 and the 0, recovery amount contrel unit 112 ocours,

regarding any oune of the €O vecovery rate control unit

1
98]
)

i



PMHA-16053C-RCT

-

11l and the 0, recovery amount control unit 112, =a
pradetermined offset gmaller than an offset (for example,

about 2% of et value of the C€0; recovery unit 1} causad

jei]
]

by the interference of the corrected data Dbstween the

vaiues (PV) of

g
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S: SATURATED STEAM

Wi: COOLING WATER

W,, Wi: CLEANING WATER

W4 SATURATED STEAM CONDENSED WATER

Ws: CONDENSED WATER

[0063]

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.

[0064]

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 CO; recovery unit comprising:

a CO, absorber that brings a gas to be treated and a CO,-absorbing solution into
contact with each other to cause CO; included in the gas to be treated to be absorbed into the
CO;-absorbing solution, and supplies the CO,-absorbing solution which has absorbed the CO,
to a CO,-absorbing solution regenerator through a rich solution supply tube;

the CO,-absorbing solution regenerator that heats the CO,-absorbing solution which
has absorbed CO,, releases CO, from the COs-absorbing solution, regenerates the
CO;-absorbing solution, and supplies the CO,-absorbing solution which has been regenerated
to the CO; absorber through a lean solution supply tube;

a first sensor that detects a CO, concentration in a flue gas exhausted from the CO,
absorber;

a second sensor that detects a gas flow rate and a concentration of a CO, gas exhausted
from the CO,-absorbing solution regenerator;

and at least one of:

a CO;, recovery rate control unit that, on the basis of an actual measured value and a
target value of a recovery rate of CO; in the gas to be treated based on CO; concentration in
the flue gas detected by the first sensor and CO, concentration in the gas released to the
outside from the CO, absorber, changes a circulation amount of the CO,-absorbing solution to
be supplied to the CO; absorber and changes a supply amount of saturated steam to be
supplied to a regeneration heater of the CO,-absorbing solution regenerator to control a

difference value between the actual measured value and the target value of the CO; recovery
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rate to be within a predetermined range; and

a CO; recovery amount control unit that, on the basis of an actual measured value and
a target value of a recovery amount of CO; in the gas to be treated based on a flow rate and a
CO; concentration in the exhausted CO; gas released to the outside from the CO,-absorbing
solution regenerator,

changes the circulation amount of the CO,-absorbing solution to be supplied to the
CO, absorber and changes the supply amount of the saturated steam to be supplied to the
regeneration heater of the CO,-absorbing solution regenerator to control a difference value
between the actual measured value and the target value of the CO; recovery amount to be

within a predetermined range.

2. The CO; recovery unit according to claim 1, comprising the CO; recovery rate

controller and the CO; recovery amount controller.

3. The CO; recovery unit according to claim 1 or 2, wherein the CO; recovery amount
control unit controls the CO, recovery amount through proportional calculation and
integration calculation on the basis of the difference value between the actual measured value

and the target value of the CO, recovery amount.

4. The CO; recovery unit according to any one of claims 1 to 3, wherein the CO,
recovery rate control unit controls the CO; recovery rate through proportional calculation and
integration calculation on the basis of the difference value between the actual measured value

and the target value of the CO, recovery rate.
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5. The CO; recovery unit according to any one of claims 1 to 4,

wherein the CO; recovery rate control unit includes a first control mode where the
circulation amount and the supply amount of the saturated steam are calculated and controlled
at any time, and a second control mode where the calculation is not performed at any time and
the circulation amount and the supply amount of the saturated steam are calculated and
controlled for each predetermined period, and

wherein the CO, recovery amount control unit includes a first control mode where the
circulation amount and the supply amount of the saturated steam are calculated and controlled
at any time, and a second control mode where the calculation is not performed at any time and
the circulation amount and the supply amount of the saturated steam are calculated and

controlled for each predetermined period.

6. The CO, recovery unit according to claim 5, wherein any one of the CO; recovery rate
control unit and the CO; recovery amount control unit is caused to be in the first control mode,

and the other is caused to be in the second control mode.

7. The CO; recovery unit according to claim 5,
wherein the CO; recovery rate control unit is caused to be a first control mode,
wherein the CO; recovery amount control unit is caused to be a first control mode, and
wherein control is performed by providing any one of the CO, recovery amount

control unit and the CO, recovery rate control unit with a dead band.

8. A CO, recovery method comprising:
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a process of, in a CO; absorber, bringing a gas to be treated and a CO,-absorbing
solution into contact with each other to cause CO, included in the gas to be treated to be
absorbed into the CO,-absorbing solution and supplying the CO,-absorbing solution which has
absorbed the CO, to a CO»-absorbing solution regenerator through a rich solution supply tube;
and

a process of, in a CO;-absorbing solution regenerator, heating the CO,-absorbing
solution which has absorbed CO,, releasing CO, from the CO;-absorbing solution, and
regenerating the CO,-absorbing solution, and supplying the CO,-absorbing solution which has
been regenerated to the CO, absorber through a lean solution supply tube;

a process of detecting, by a first sensor, a CO, concentration in a flue gas exhausted
from theCQO, absorber;

a process of detecting, by a second sensor, a gas flow rate and a concentration of a CO,
gas exhausted from the CO,-absorbing solution regenerator;

wherein, at least one of:
controlling a difference between an actual measured value and a target value of a recovery rate
of the CO, to be within a predetermined range by changing, based on the actual measured
value and the target value of the recovery rate of CO, in the gas to be treated based on CO,
concentration in the flue gas detected by the first sensor and CO; concentration in the gas
released to the outside from the CO, absorber, a circulation amount of the CO;-absorbing
solution to be supplied to the CO, absorber and a supply amount of saturated steam to be
supplied to a regeneration heater of the CO;-absorbing solution regenerator, and

controlling a difference between an actual measured value and a target value of a

recovery amount of CO; to be within a predetermined range by changing, based on the actual
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measured value and the target value of the recovery amount of CO, based on a flow rate and a
CO, concentration in the exhausted CO; gas released to the outside from the CO,-absorbing
solution regenerator, the circulation amount of the CO,-absorbing solution to be supplied to
the CO, absorber and the supply amount of the saturated steam to be supplied to the

regeneration heater of the CO,-absorbing solution regenerator.

9. The CO; recovery method according to claim 8, controlling a difference between the
actual measured value and the target value of the recovery rate of the CO, and the recovery
amount of the CO; to be within a predetermined range by changing, the circulation amount of
the CO,-absorbing solution to be supplied to the CO, absorber and the supply amount of the
saturated steam to be supplied to the regeneration heater of the CO,-absorbing solution

regenerator.

10. The CO, recovery method according to claim 8 or 9, wherein the CO, recovery rate is
controlled through proportional calculation and integration calculation on the basis of the
difference value between the actual measured value and the target value of the CO; recovery

rate.

11. The CO; recovery method according to any one of claims 8 to 10, wherein the CO,
recovery amount is controlled through proportional calculation and integration calculation on
the basis of the difference value between the actual measured value and the target value of the

CO, recovery amount.
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12. The CO; recovery method according to any one of claims 8 to 11, wherein the CO,
recovery rate and the CO, recovery amount are controlled by switching between a first control
mode where the calculation is not performed at any time the circulation amount and the supply
amount of the saturated steam are calculated and controlled at any time, and a second control
mode where the calculation is not performed at any time the circulation amount and the supply

amount of the saturated steam are calculated and controlled for each predetermined period.

13. The CO, recovery method according to claim 12, wherein any one of the CO, recovery
rate and the CO; recovery amount is controlled in the first control mode, and the other is

controlled in the second control mode.

14.  The CO; recovery method according to claim 12, wherein the CO; recovery rate and
the CO; recovery amount are controlled in the first control mode, and any one of the CO,

recovery amount and the CO, recovery rate is controlled by providing a dead band.
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