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(57) Abréegée/Abstract:
Provided are a CO,, absorber that reduces CO,, contained in flue gas; a regenerator that reduces CO,, contained In rich solvent

absorbing CO, to regenerate the rich solvent, so that lean solvent having the CO, reduced In the regenerator Is reused in the CO,
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(57) Abrege(suite)/Abstract(continued):

absorber; a heat exchanger that allows the rich solvent to exchange heat with the lean solvent; and a controller that controls to
extract rich solvent portion that is part of the rich solvent, to allow the rich solvent portion no bypass the heat exchanger, and to be
supplied into the top of the regenerator without exchanging heat so as to minimize a sum of an enthalpy that is taken out of the
regenerator as CO, gas accompanying steam and an enthalpy of the lean solvent after heat exchange with the rich solvent in the

heat exchanger.
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Abstract

Provided are a CO, absorber that reduces C0O, contained
in flue gas; a regenerator that reduces CO, contained in
rich solvent absorbing CO; to regenerate the rich solwvent,
so that lean solvent having the C0O, reduced in the
regenerator 1s reused 1in the CO, absorber; a heat exchanger
that allows the rich solvent to exchange heat with the lean
solvent; and a controller that controls to extract rich
solvent portion that 1s part of the rich solvent, to allow

the rich solvent portion tTo bypass the heat exchanger, and

to be supplied i1nto the top of the regenerator without
exchanging heat so as to minimize a sum of an enthalpy that
1s taken out of the regeneratcr as C0O; gas accompanylng
steam and an enthalpy of the lean solvent after heat

exchange with the rich solvent in the heat exchanger.
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CO, RECOVERY APPARATUS AND CO, RECOVERY METHOD

Technical Field

(0001] The present 1nvention relates to a CO, recovery
unit and a CO; recovery method that can dramatically reduce
the amount of energy used in regenerating a CO, absorbent

in a CO, recovery process.

Background Art
[0002] It has come to be pointed out that one of the

causes of the global warming 1s a greenhouse effect of CO2Z,

and 1t has became an urgent task, also internationally, to
provide a countermeasure for COZ2 to protect the global
environment against the warming. CO2 1s generated by any
human activities combusting fossil fuels, and there are
increasing demands for suppressing CO2 emissions. Along

with such an 1ncreasing demand, researchers are

energetically investigating a method for reducing and

recovering COZ2 1included in flue gas, to apply in a power

plant that consumes a large amount of fossil fuels, such as
a thermal plant. In such a method, flue gas emitted from a

steam generator 1s pbrought into contact with an amine-based

CO2 absorbent to allow such absorbent to absorb the CO02,

and the recovered COZ2 1s stored therein without being

released 1nto the air. As processes for reducing and
recovering CO2 from the flue gas using the C02 absorbent,
Japanese Patent Application Laid-open No. H3-193116, for
example, brings flue gas into contact with the CO,
absorpent 1n an absorber, heats an absorbent that has
absorbed CO, 1n a regenerator, isolates C0O, as well as
regenerates the absorbent, and circulates the absorbent

back to the absorber and reuses the absorbent therein.

[0003] As shown 1in Fig. 5, a conventional CC, recovering
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apparatus 100 as mentioned above 1includes a flue gas cooler
14, a CO; absorber 16, and a regenerator 18. The flue gas
cooler 14 cools flue gas 12 containing CO; emitted from an
industrial combustion facility 11, such as a steam
generator or a gas turbine, with cooling water 13. The CO;
absorber 16 further includes a CO, recovering unit 16A.

The CO,; recovering unit 16A brings the flue gas 12,
containing the cooled CO;, 1into contact with CO» absorbent
({herelinafter, alsoc referred to as "absorbent") 15 that
absorbs CO,;, to reduce CO, 1n the flue gas 12. The

regenerator 18 causes CO, absorbent (hereinafter, also

referred to as "rich solvent”) 17 that has absorbed CO, to

release CO; to regenerate the CO, absorbent.

In the CO, recovering apparatus 100, the regenerated
CO, absorbent (hereinafter, also referred to as "lean
solvent™) 15 having CO, reduced in the regenerator 18 1is

reused 1n the CO, absorber 16 as the CO, absorbent.

[0004] By a CO; recovering method using the CO,
recovering apparatus 100, a flue gas booster fan 20 raises
the pressure of the flue gas 12 emitted from an industrial

combustion facility such as a steam generator or a gas

turbine and containing CO,. The flue gas 12 is then sent
into the flue gas cooler 14, cooled by way of the cooling
water 13, and then sent into the C0O, absorber 16.

10005] The CO, absorber 16 then brings the flue gas 12

in a counter-current contact with the CO, absorbent 15 that
1s based on amine-based solvent, allowing the CO, absorbent
15 to absorb the CO; contained in the flue gas 12 by way of

chemical reaction.

A washing unit 16B, included in the CO, absorber 16,

prings the flue gas having CO, reduced in the CO-
recovering unit 16A into a gas—-liguid contact with

circulating condensate water 19. The condensate water 19
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contains the CO, absorbent, and 1s supplied via a nozzle

included in a washing unit 16B. In this manner, the CO,

absorbent 15 that has accompanied the flue gas having CO;
reduced 1s recovered. Flue gas 12 having CO, reduced 1s

released out of the system.

A rich solvent pump 22 1ncreases the pressure of the
rich solvent that is the C0O, absorbent 17 that has absorbed
CO;. Then, a rich/lean solvent heat exchanger 23 heats the
rich solvent by way of the CO, absorbent 15 that is lean
solvent regenerated by the regenerator 18, and supplied
into the regenerator 18.

(00006} The rich solvent discharged into the regenerator
18 through the top thereof causes an endothermal reaction,
thus releasing a majority of CO,. The CO, absorbent that

has released some or a majority of CO, in the regenerator

18 1is called semi-lean sclvent. By the time the semi-lean

solvent reaches the bottom of the regenerator 18, almost

all of the CO; 1s removed, turning the semi-lean solvent

1nto the absorbent 15. A regenerating heater 24 then heats

the lean solvent by way of steam 25, supplying steam inside

the regenerator 18.

CO, gas 26a 1s guided out from the top of the
regenerator 18, together with the steam that has been
released from the rich solvent and semi-lean solvent in the
regenerator 18. A condenser 27 then condenses steam
contained in the CO; gas 26, and a separation drum 28
separates water 20b from the CO, gas 26. The CO, gas 26cC
1s then released out of the system, and recovered

separately. The recovered CO; gas 26c is injected into an

o1lfleld using enhanced o0il recovery (EOR) method, or

stored 1n an aquifer as a countermeasure for global warming.

The water 26b separated in the separation drum 28 is

pumped up to the top of the regenerator 18 by way of a
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condensed-water cilrculating pump 29. The rich/lean solvent
heat exchanger 23 cools the regenerated CO; absorbent (lean
solvent) 15 by way of the rich solvent 17. A lean solvent
pump 30 then 1ncreases the pressure of the lean solvent 15.
After being cooled down by a lean solvent cooler 31, the
lean solvent 15 1s supplied into the CO, absorber 16.

10007 ] In Fig. 5, the reference numeral lla denotes to a

flue for the flue gas 12; the reference numeral 1lb denotes

to a stack; and the reference numeral 32 denotes to steam-—

condensed water. The CO, recovering apparatus may be

elther added to an existing flue gas source to recover CO»,
or 1nstalled with a flue gas source that is to be newly
installed. A door that can be opened and closed is
attached on the stack 1llb. The door 1is closed while the
CO, recovering apparatus 1s operating, and opened while the
flue gas source 1s operating but the CO; recovering
apparatus 1s not operating.

1 0008] As a methoed for releasing CO, gas from the rich
solvent 17 that has absorbed CO, to regenerate the
absorbent, steam stripping is used. According to this
method, the absorbent i1s boiled in the regenerating heater
24 to generate steam. The absorbent is heated thereby in
the regenerator 18, and is regenerated by wav of a steam-
stripping effect thereof.

10009] Disadvantageously, this method has a high heat
loss, because steam is released out of the steam system by
accompanying the CO, gas 26a that is brought out of the
regenerator 18.

[0010] In response to this issue, according to a
suggestion disclosed in Japanese Patent Application Laid-
open No. 55-9079, for example, in a process for
regenerating a spent aqueous amine absorbent liguid

containing acid gas impurities such as hydrogen sulfide and
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carbon dioxide by stripping the acid gas impurities from
the spent amine absorption liquid 1n a regeneration tower,
an 1mprovement 1ncludes: splitting spent absorbent liguid
stream such that at least a portion of the spent absorbent
stream passes directly to the top of the regeneration
tower; contilnuously measuring the temperature difference

between the liquid entering and the vapor exiting overhead

at the top of the regeneration tower; and also continuously
measuring the difference in temperature between the
combined mixture of the vapor rising from the bottom of the
regeneration tower plus the vapor entering at the
intermediate point and the ligquid entering at the
intermediate point, such that the temperature differentials

—

at both the top and i1ntermediate points of the regeneration

tower are maintalned at temperatures ranging from 1 degree

to 15 degrees Fahrenheit (F) to reduce steam regquirements.

Citation List
Patent Literature

10011]

i PATENT LITERATURE 1] Japanese Patent Application Laid-
open No. H3-193116

' PATENT LITERATURE 2] Japanese Patent Application Laid-
open No. S55-9079

summary of Invention

Technical Problem

10012] However, according to the amine regenerating
method disclosed 1n the Japanese Patent Application Laid-

open No. S55-9079, the enthalpy of the entire system is not

taken 1nto account. Therefore, 1t 1s desirable to reduce

steam requlrement considering a heat balance of the entire

system.
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[0013] The present invention 1s made in consideration of
the above, and an object of the present invention 1s to
provide a CO; recovery unit and a CO; recovery method that
can dramatically reduce the amount of energy used in

regenerating an absorbent by considering an enthalpy of the

system of CO, absorbing apparatus.

Solution to Problem

[0014] According to an aspect of the present 1nvention,
a CO, recovery unit, which 1ncludes a CO, absorber that
brings flue gas containing CO, into contact with a CO,
absorbent to reduce the CO; contained 1n the flue gas, and
a regenerator that reduces CO, contalined 1in rich solvent
absorbing CO, 1in the CO; absorber to regenerate the rich
solvent, so that lean solvent from which the C0O, 1s reduced
1n the regenerator 1s reused in the CO, absorber, includes:
a heat exchanger that allows the rich solvent to exchange
heat with the lean solvent; and a controller that controls
to extract part of the rich solvent to allow the part to
bypass the heat exchanger, and to be supplied into a top of
the regenerator without exchanging heat so as to minimize a
sum of an enthalpy that 1s taken out of the regenerator as
CO, gas accompanying steam and an enthalpy that is a result
of subtracting an enthalpy of the rich solvent before heat

exchange 1n the heat exchanger from an enthalpy of the lean

solvent after the heat exchange.

[0015] Advantageously, 1n the CO, recovery unit, control

1s performed to approximate a temperature difference
between the rich solvent and the lean solvent at an
entering side of the heat exchanger and a temperature
difference between the rich solvent and the lean solvent at

an exiting side of the heat exchanger.

10016] Advantageously, 1n the CO, recovery unit, the
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part of the rich solvent that has bypassed the heat
exchanger accounts for 3 to 15 percent by weight of the
rich solvent.

[0017] Advantageously, the CO; recovery unit further
includes a first heat exchanging unit that allows the part
of the rich solvent that has bypassed the heat exchanger
and been guided into the top of the regenerator to exchange
heat 1n an upper sectlion of the regenerator.

[0018] Advantageously, the CO, recovery unit further
1ncludes a second heat exchanging unit that allows the part
of the rich solvent that has bypassed the heat exchanger to
eXxchange heat with the CO, gas accompanying steam extracted
from the regenerator.

[0019] According to another aspect of the present
1nvention, a CO; recovery method, for a CO, absorber that
pbrings flue gas containing CO, into contact with a CO,
absorbent to reduce the CO; contained in the flue gas, and
a regenerator that reduces CO; contained in rich solvent
absorblng CO; 1in the CO, absorber to regenerate the rich
solvent, so that lean solvent from which the C0O, is reduced
1n the regenerator 1s reused in the CO, absorber, includes:
allowing the rich solvent to exchange heat with the lean

solvent; and controlling to extract part of the rich

solvent to allow the part to bypass the heat exchanger, and
to be supplied into a top of the regenerator without
exchanging heat so as to minimize a sum of an enthalpy that
1s taken out of the regenerator as CO, gas accompanying
steam and an enthalpy that 1s a result of subtracting an
enthalpy of the rich solvent before heat exchange in the
heat exchanger from an enthalpy of the lean solvent after
the heat exchange.

L0020] Advantageously, the CO, recovery method further

includes allowing the part of the rich solvent that has
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bypassed the heat exchanger and been guided into the top of
the regenerator to exchange heat in an upper section of the

regenerator.

[0021] Advantageously, the CO, recovery method further
includes allowing the part of the rich solvent that has
bypassed the heat exchanger to exchange heat with the CO,

gas accompanying steam extracted from the regenerator.

[0021a] In one aspect, the present invention provides a CO,
recovery unit, which includes a CO, absorber that brings
flue gas containing CO, into contact with a CO, absorbent to
reduce the CO, contained in the flue gas, and a regenerator
that reduces CO, contained in rich solvent absorbing CO, in
the CO, absorber to regenerate the rich solvent, so that
lean solvent from which the CO, is reduced in the
regenerator 1s reused in the CO, absorber, the CO,
recovering unit comprising: a heat exchanger provided at an
intersection of a rich solvent supplying line for supplying
the rich solvent to the regenerator and a lean solvent
supplying line for supplying the lean solvent to the CO,
absorber, and suitable for allowing the rich solvent to
exchange with the lean solvent; a split rich solvent
supplying line suitable for extracting a part of the rich
solvent from the rich solvent supplying line, suitable for
bypassing the heat exchanger without heat exchange, and
suitable for supplying the part of the rich solvent to the
regenerator; an adjusting valve inserted into the split
rich solvent supplying line; and a controller suitable for
giving the adjusting valve an instruction to approximate a
first temperature difference between the lean solvent

exiting the heat exchanger and the rich solvent entering
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the heat exchanger and a second temperature difference
between the lean solvent entering the heat exchanger and
the rich solvent exiting the heat exchanger, based upon
information concerning at least temperature and flow rate

detected by a plurality of sensors.

[0021b] In a further aspect, the present invention provides
a CO, recovery method, for a CO, absorber that brings flue
gas containing CO, into contact with a CO, absorbent to
reduce the CO, contained in the flue gas, and a regenerator
that reduces CO, contained in rich solvent absorbing CO, 1in
the CO, absorber to regenerate the rich solvent, so that
lean solvent from which the CO, is reduced 1in the
regenerator 1is reused in the CO, absorber, the CO, recovery
method comprising: proViding a heat exchanger at an
intersection of a rich solvent supplying line for supplying
the rich solvent to the regenerator and a lean solvent
supplying line for supplying the lean solvent to the CO,
absorber, and allowing the rich solvent to exchange with
the lean solvent; extracting a part of the rich solvent
from the rich solvent supplying line, allowing the part of
the rich solvent to bypass the heat exchanger without heat
exchange, and supplying the part of the rich solvent to the
regenerator; inserting an adjusting valve into the split
rich solvent supplying line; and giving the adjusting valve
an instruction to approximate a first temperature
difference between the lean solvent exiting the heat
exchanger and the rich gsolvent entering the heat exchanger
and a second temperature difference between the lean
solvent entering the heat exchanger and the rich solvent
exiting the heat exchanger, based upon information

concerning at least temperature and flow rate detected by a

plurality of sensors.

8a
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Advantageous Effects of

Invention

[0022] According to the present invention, the heat
balance of the entire system can be taken into account. As
a result, the amount of steam suppllied 1nto the reheater

can be dramatically reduced.

Brief Description of Drawilings

[0023]

P

Fig. 1 1s a schematic of a structure of a CO- recovery unilt

—

according to a first embodliment of the present i1nvention;

Fig. 2A 1s a schematic of a heat balance of a lean solvent
and a rich solvent 1n a heat exchanger included 1n the CO-
recovery unit shown 1n Fig. 1;

g

F'ig. 2B 1s a schematic of a test example of the heat

balance of the lean solvent and the rich solvent 1in the

—

heat exchanger of the CO. recovery unit shown in Fig. 1;

Fig. 3A 1s a schematic of a structure of a CO- recovery unit

pr—

according to a second embodiment of the present 1nvention;

F1g. 3B 1s another schematic of the structure of the CO-

recovery unlit according to the second embodiment;

e

Fig. 4A 1s a schematic of a structure of a CO- recovery unit

according to a third embodiment of the present 1nvention;

-

F'ig. 4B 1s another schematic of the structure of the CO-

s b
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recovery unit according to the third embodiment; and

Fig. 5 is an exemplary structure of a conventioconal CO;

recovery unit.

Description of Embodiments

10024] Embodiments of a CO; recovery unit according to

the present invention will now be explained in detail with

reference to the drawings. The embodiments disclosed
herein are not intended to limit the scope of the present

invention 1n any way.

Example 1

[0025] A CO, recovery unit according to a first
embodiment of the present 1nvention wlll now be explained
with reference to Fig. 1.

Fig. 1 1s a schematic of a structure of the CO,
recovery unit according to the first embodiment. Fig. Z2A
1s a schematic of a heat balance of a lean solvent and a
rich solvent in a heat exchanger included in the CO,
recovery unit according to the first embodiment. Fig. 2B
1s a schematic of a test example of the heat balance of the
lean solvent and the rich solvent 1n the heat exchanger of
the CO,; recovery unit according to the first embodiment.

In Fig. 1, the same structures as those 1n the CO; recovery
unit shown 1n Fig. 5 are given the same reference signs,
and redundant explanations thereof are omitted herein. Fig.
1 depicts the CO, regenerator 18 included in the CO»
recovery unit 100 explained above.

As shown 1n Fig. 1, the CO; recovery unit according to

the first embodiment i1ncludes: a CO, absorber (not shown)
that brings flue gas containlng CO, 1nto contact with CO,

absorbent to reduce the CO; contained in the flue gas; a

regenerator 18 that reduces CO; contained 1n rich solvent



CA 02688966 2009-12-22

17 that has absorbed C0O, 1n the CO, absorber to regenerate
the rich solvent 17, so that lean solvent 15 having CO»
reduced 1n the regenerator 18 is reused 1in the CO;
absorber; a rich/lean solvent heat exchanger (hereinafter,
"heat exchanger") 23 that allows the rich solvent 17 to
exchange heat with the lean solvent 15; and a controller 40
that controls to extract rich solvent portion 17-2 that 1is
part of the rich solvent 17, to allow the rich solvent

portion 17-2 to bypass the heat exchanger 23, and to be

supplied 1nto the top of the regenerator 18 without

exchanging heat, so as to minimize the sum (E1+E2) of an

enthalpy (El1) that i1s taken out of the regenerator 18 as

the CO; gas 26a accompanying steam, and an enthalpy (E2)
that 1s the result of subtracting an enthalpy of the rich
solvent 17 before exchanging heat in the heat exchanger 23
from an enthalpy of the lean solvent 15 after exchanging
heat.

In Fig. 1, the references sign 18A-1 denotes to a

first regenerating unit; the references sign 18A-2 denotes

Lo a second regenerating unit; the references sign 18B
denotes to a washing unit; the references sign 18C denotes
to a demister; the references sign L; denotes to a rich

solvent supplying line; the references sign L, denotes tc a

lean solvent supplying line; the references sign L; denotes

to a split rich solvent supplying line; the references sign

41 denotes to an adjusting valve inserted into the split

rich solvent supplying line Lj3; and the references sign F
denotes to a flow meter.

1 0026] According to the first embodiment, the rich
solvent portion 17-2 that is part of the rich solvent 17 is
split 1nto the split rich solvent supplying line Ls,
supplied 1nto the regenerator 18, stripped in the first

regenerating unlit 18A-1 included in the regenerator 18 by

10
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way of steam rising from the bottom of the regenerator 18
to release CO, gas. The released CO; gas 1is taken out from
the top of the regenerator 18 as the CO; gas 26a

accompanying steam.

Because the extracted rich solvent portion 17-2 does

not exchange heat in the heat exchanger 23, the temperature
of the rich solvent remains low, maintaining a great heat
exchange capacity. This heat exchange capacity allows the
rich solvent portion 17-2 to exchange heat with steam in

the first regenerating unit 18A-1.

As a result, a less amount of the enthalpy (El) 1is

taken out of the regenerator 18 as the CO, gas 26a
accompanying steam, in comparison with a scenario without
splitting the rich solvent 17.

(0027 ] A major rich sclvent portion 17-1 having

exchanged heat in the heat exchanger 23 is supplied into an

intermittent area of the regenerator 18, and stripped in
the second regenerating unit 18A-2 in the regenerator 18 by
way of steam rising from the bottom of the regenerator 18

to release CO, gas.

10028 ] According to the present invention, the enthalpy

(E2) of the lean solvent 15 after exchanging heat in the

heat exchanger 23 is obtained. The enthalpy (El) that is

taken out as the CO; gas 26a accompanying steam is also
obtained. Then, an adjusting valve 41 is adijusted to
adjust the amount of the rich solvent 17 to be split under

an 1nstruction of the controller 40, so as to minimize the

sum of the enthalpy (E2) and the enthalpy (E1).

[0029] The enthalpy (E1) that is taken out as the CO»
gas 2Z26a accompanying steam can be obtained based on a
temperature (T;) and the pressure of the CO, gas 26a that
1s taken out accompanying steam, and the amount of the

recovered CO,.

11
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The enthalpy (EZ) of the lean solvent after exchanging
heat can be obtained based on a difference between a
temperature (Tg) of the lean solvent 15 after exchanging
heat 1n the heat exchanger 23 and the temperature (T;) of
the rich solvent 17 before exchanging heat in the heat
exchanger 23, and the flow rate and the pressure of the
lean solvent.

(0030] A ratio of the rich solvent portion 17-2 to be

bypassed differs depending on a plant facility; however, it

1s preferable to set the ratio approximately between 3 to
15 percent by weight.

This 1s because, if the ratio is not within this range,

the sum of the enthalpies (E1+EZ) will not be minimized.

[0031] Furthermore, as shown 1n Fig. 2A, the controller

40 preferably controls to approximate a temperature
difference at an entering side of the heat exchanger 23

. (the temperature of the lean solvent 15 (T¢) - the

Cemperature of rich the solvent 17 (Ty)): AT,] and a

temperature difference at an exiting side of the heat

exchanger 23 [ (the temperature of the lean solvent 15 (T¢)
- The temperature of the rich solvent 17 (T-)): ATy]
( ATazATb ) -

At this time, because the rich solvent absorbs C0, gas
in the CO; absorber, the rich solvent becomes greater in
volume approximately by 10 percent. Therefore, to make the
neat exchange performed in the heat exchanger suitable, the
temperature differences should be brought to the same level.
In this manner, the efficiency of the heat exchange can be

made 1i1deal.

10032 ] More specifically, when part of the rich sclvent

17 was not split, as shown in Fig. 2B, the temperature

difference at the entering side of the heat exchanger 23

12
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was [ (the temperature of the lean solvent 15 (Tg: 60.0

degrees Celsius) - the temperature of the rich solvent 17

(Ty: 52.0 degrees Celsius)) AT;: 8.0 degrees Celsius], and

the temperature difference at the exiting side of the heat

exchanger 23 was [(the temperature of the lean solvent 15

(Ts: 109.4 degrees Celsius) - the temperature of the rich

solvent 1/ (T;: Y96.8 degrees Celsius)) ATy,: 12.6 degrees
Celsius], respectively, and these temperature differences
were not approximate.

In contrast, when part of the rich solvent 17 was
split as disclosed herein, the temperature difference at

F

the entering side of the heat exchanger 23 was [ (the

Cemperature of the lean solvent 15 (Tg: 62.1 degrees

Celsius) - the temperature of the rich solvent 17 (T;: 52.0

degrees Celsius)) AT,: 10.1 degrees Celsius], and the

temperature difference at the exiting side of the heat

o~

exchanger 23 was [(the temperature of the lean solvent 15

(Ts: 109.4 degrees Celsius) - the temperature of the rich

solvent 17 (T,: 99.3 degrees Celsius)) ATy: 10.1 degrees
Celsius], and the temperature differences were the same.
(0033] In this manner, the heat exchange efficiency of
the heat exchanger 23 can be maximized.

[0034] A particular example of an operation performed by
the CO; recovery unit will now be explained.

(1) The CO; recovery unit is driven to recover CO, from
the flue gas.

(2) When the circulation of the absorbent reaches a
predetermined stability, a controller unit, not shown,
controls to gradually open the adjusting valve 41 so that
part of the rich solvent 17 is split to the split rich

solvent supplying line Lsj.

(3) The enthalpy (El) taken out as the CO; gas 26a

13
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accompanying steam 1s then obtained. The enthalpy (EZ2) of
the lean solvent 15 after heat exchange 1s also obtained.

A controller, not shown, controls to adjust the adjusting

valve 41 so as to minimize the sum of the enthalpy (El) and

the enthalpy (E2).

(4) While the operation 1s kept running, the controller 40
constantly monitors to keep the sum of the enthalples to
the minlmum.

[0035] By controlling according to the present invention,

the heat balance of the entire system is taken into account.
As a result, the amount of steam supplied into a
regenerating heater 24 can be dramatically reduced.
T0036] [Test Example]

A test was performed using an amine-based solution as

the CO, absorbent to recover 29.0Nm/H (57.0Kg/H) of carbon

dioxide. In this test setting, according to the
conventional method where no part of the rich solvent 17
that 1s to be supplied into the regenerator 18 was split,
the temperature of the CO, gas 26a that is taken out from
the top of the regenerator 18 accompanyling steam was 87
degrees Celsius.

On the contrary, as shown 1n Fig. 1, when the portion

17-2 of the rich solvent 17 was split to minimize the sum

el

(E1+E2) of the enthalpy (El) taken out of the regenerator
18 as the CO, gas 26a accompanyling steam, and the enthalpy

(EZ2) of the lean solvent 15 after exchanging heat with the
rich solvent 17 in the heat exchanger 23 (33.1kg/H that was
approximately 5 percent of 681l.1lkg/H of the rich solvent 17
was split), the temperature of the CO; gas 26a accompanying
steam declined to 60 degrees Celsius.

At thilis time, the heat lost in the lean solvent 15 was
1,310Kcal/H, and the heat gained at the top of the

regenerator 18 was 4,830Kcal/H. The amount of steam
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corresponding to the energy of 3,520Kcal/H that is the

difference between these two was reduced.

-

[0037] Therefore, approximately 7.5 percent of

46,800Kcal/H that is the amount of steam used in the

regenerating heater 24 was reduced to improve the heat

efficiency of the entire system.
[0038] In other words, according to the present

invention, the heat of steam to be taken out from the top

of the regenerator can be recovered to increase the
temperature of the rich solvent, as well as to regenerate
the rich solvent. In this manner, less amount of energy is
required to supply steam in the regenerating heater 24 that

generates steam for regeneration of the absorbent.

Example 2
[0039] A CO,; recovery unilt according to a second

embodiment of the present invention will now be explained

with reference to Figs. 3A and 3B.

Figs. 3A and 3B are schematics of structures of the
CO; recovery unit according to the second embodiment. In
these drawings, the same structures as those in the CO,
recovery unilt shown in Fig. 1 are given the same references
signs, and redundant explanations thereof are omitted
hereln.

As shown 1n Fig. 3A, the CO, recovery unit according
Lo the second embodiment includes a first heat exchanging
unit 18D that allows the rich solvent portion 17-2 bypassed
and introduced from the top of the regenerator 18 to
exchange heat at the top of the regenerator.

In the first heat exchanging unit 18D, the rich
solvent portion 17-2 that is temporarily is brought into
the regenerator 18 is heated by way of rising steam, having

the temperature thereof (T;) increased by the time of being

15
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released i1nto the regenerator 18.

0040 | Therefore, the amount of steam used 1n the
regenerating heater 24 car. be further reduced, 1n
comparison with the first embodiment, further to improve
the heat efficiency of the entire system.

10041] More specifically, as shown in the temperature

distribution in Fig. 4B, the steam was supplied intc the
bottom of the regenerator 18 at the temperature of 140
degrees Celsius (tg); after the major rich solvent portion
17-1 was stripped by way of rising steam to release CO, gas
1n the second regenerating unit 18A-2, the temperature of
the steam was 86 degrees Celsius (t;); and the temperature
of the steam after passing through the first regenerating

unit 18A-1 was 82 degrees Celsius (tz). The rich solvent

portion 17-2 was then temporarily brought intoc the

pr—

regenerator 18 at the temperature of 52 degrees Celsius

(Ty) . After the heat exchange, the temperature of the rich
solvent 1ncreased to 62 degrees Celsius (T7).
0042] As a result, 1t has been demonstrated that, when

ﬁ

the amount of used steam was 120kg/H, a reduction by

13.4kg/H was achieved, accounting for 12 percent of a steam
reduction. At this time, the lean solvent was let out from
the regenerator 18 at the temperature of 109.4 degrees
Celsius (Ts); after exchanging heat in the heat exchanger
23, the temperature of the rich solvent was 99.3 degrees
Celsius (T;); and 10 percent of the rich solvent portion

17-2 was split.

Example 3
[004 3} A CO; recovery unit according to a third
embodiment of the present invention will now be explained

with reference to Figs. 4A and 4B.

Figs. 4A and 4B are schematics of structures of the

16
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CO; recovery unit according to the third embodiment. In
these drawings, the same structures as those i1n the CO,
recovery unit shown in Fig. 1 are given the same references
signs, and redundant explanations thereof are omitted
hereiln.

As shown in Fig. 4A, the CO,; recovery unit according

to the third embodiment includes a second heat exchanging

4]

unit 18E that allows the CO; gas Z6a accompanylng steam,
taken out from the regenerator 18, to exchange heat with

the bypassed rich solvent portion 17-2.

RBecause the rich solvent portion 17-2 that 1s before
being supplied into the regenerator 18 exchanges heat with
the CO, gas Z26a accompanyiling steam that is to be released
out, the rich solvent portion 17-2 1s heated by steam,
having the temperature thereof {Tg) 1ncreased, by the time
the rich solvent portion 17-2 1s released into the
regenerator 18.

(0044 ] Therefore, the amount of steam used in the
regenerating heater 24 can be further reduced, in

comparison with the first embodiment, improving the heat

efficiency of the entire system further.

[0045] More specifically, as shown 1n the temperature
distribution in the Fig. 2B, the steam was supplied into
the bottom of the regenerator 18 at the temperature of 140

degrees Celsius (tg), after the major rich solvent portion

17-1 was stripped by way of rising steam to release CO, gas
1n the second regenerating unit 18A-2, the temperature of
the steam was 86 degrees Celsius (t;); and the temperature
of the steam after passing through the first regenerating
unit 18A-1 was 82 degrees Celsius (t3). The steam was
released out of the regenerator 18 at the temperature of 80
degrees Celsius (T4). The temperature of the rich solvent

portion 17-2 was 52 degrees Celsius (Ty7). After the heat

17
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(=]

exchange performed in the second heat exchanging unit 18!
the temperature 1ncreased to 62 degrees Celsius (Tg).

[0046] As a result, 1t has been demonstrated that, when

gfp—

the amount of used steam was 120kg/H, a reduction by

13.4kg/H was achieved, accounting for 12 percent of a steam

reduction. At this time, the lean solvent was let out from

the regenerator 18 at the temperature of 109.4 degrees

Celsius (Ts); after exchanging heat in the heat exchanger
23, the temperature of the rich solvent was 99.3 degrees
Celsius (T;); and 10 percent of the rich solvent portion

17-2 was split.

18
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We claim:

1. A CO, recovery unit, which includes a CO, absorber
that brings flue gas containing CO, into contact with a CO,
absorbent to reduce the CO; contained in the flue gas, and
a regenerator that reduces CO, contained in rich solvent
absorbing CO, in the CO, absorber to regenerate the rich
solvent, so that lean solvent from which the CO;, 1s reduced
in the regenerator 1i1s reused in the CO, absorber, the CO,
recovering unit comprising:

a heat exchanger provided at an intersection of a
rich solvent supplying line for supplying the rich solvent
to the regenerator and a lean solvent supplying line for
supplying the lean solvent to the CO, absorber, and
suitable for allowing the rich solvent to exchange with
the lean solvent;

a split rich solvent supplying line suitable for
extracting a part of the rich solvent from the rich
solvent supplying line, suitable for bypassing the heat
exchanger without heat exchange, and suitable for
supplying the part of the rich solvent to the regenerator;

an adjusting valve inserted into the split rich
solvent supplying line; and

a controller suitable for giving the adjusting valve
an instruction to approximate a first temperature
difference between the lean solvent exiting the heat
exchanger and the rich solvent entering the heat exchanger
and a second temperature difference between the lean
solvent entering the heat exchanger and the rich solvent
exiting the heat exchanger, based upon information
concerning at least temperature and flow rate detected by

a plurality of sensors.
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2. The CO, recovery unit according to c¢laim 1, wherein
the part of the rich solvent that has bypassed the heat
exchanger accounts for 3 to 15 percent by weight of the

rich solvent.

3. The CO, recovery unit according to claim 1 or claim 2,
whereilin

the split rich solvent supplying line is guided into
one upper side section of the regenerator and constitutes
a first heat exchanging unit by which the part of the rich
solvent exchanges heat in the one upper side section, and

the split rich solvent supplying line is once out of
the regenerator and again guided into the other upper side
section of the regenerator to release the part of the rich

solvent 1into the regenerator.

4. The CO, recovery unit according to any one of claims 1
to 3 further comprising a second heat exchanging unit that
allows the part of the rich solvent that has bypassed the
heat exchanger to exchange heat with the CO,; gas

accompanylng steam extracted from the regenerator.

5. A CO; recovery method, for a CO, absorber that brings
flue gas containing CO; into contact with a CO, absorbent
to reduce the CO, contained in the flue gas, and a
regenerator that reduces CO, contained in rich solvent
absorbing CO; in the CO, absorber to regenerate the rich
solvent, so that lean solvent from which the CO, is reduced
1n the regenerator is reused in the CO, absorber, the CO,
recovery method comprising:

providing a heat exchanger at an intersection of a
rich solvent supplying line for supplying the rich solvent

to the regenerator and a lean solvent supplying line for

20
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supplying the lean solvent to the CO, absorber, and
allowing the rich solvent to exchange with the lean
gsolvent;

extracting a part of the rich solvent from the rich
solvent supplying line, allowing the part of the rich
solvent to bypass the heat exchanger without heat
exchange, and supplying the part of the rich solvent to
the regenerator;

inserting an adjusting valve into the split rich
solvent supplying line; and

giving the adjusting valve an instruction to
approximate a first temperature difference between the
lean solvent exiting the heat exchanger and the rich
solvent entering the heat exchanger and a second
temperature difference between the lean solvent entering
the heat exchanger and the rich solvent exiting the heat
eXxchanger, based upon information concerning at least

temperature and flow rate detected by a plurality of

SENsors.

6. The CO,; recovery method according to claim 5 further
comprising allowing the part of the rich solvent that has
bypassed the heat exchanger and been guided into the top

of the regenerator to exchange heat in an upper section of

the regenerator.

7. The CO, recovery method according to claim 5 further
comprising allowing the part of the rich solvent that has
bypassed the heat exchanger to exchange heat with the CO,

gas accompanying steam extracted from the regenerator.
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