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(57) Abrege/Abstract:
A method and corresponding apparatus for separation of carbon dioxide from an exhaust gas of a fossil-fired power are provided.
In an absorption process, the exhaust gas containing carbon dioxide is brought into contact with an absorption medium so that the
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(57) Abrege(suite)/Abstract(continued):
absorption medium Is laden with carbon dioxide. In a desorption process, vapor from a water/steam circuit of the fossil-fired power

plant Is heated, wherelin a laden absorption medium Is regenerated. In a subseguent expansion process, the regenerated
absorption medium Is expanded so that a vapor and an expanded absorption medium are formed, wherein the vapor Is recirculated
Into the desorption process. The laden absorption medium Is divided into a first part stream and a second part stream. Only the
second part stream Is brought into heat-exchanging contact with the expanded absorption medium. The first and second part

streams are supplied to the desorption process at different process stages.
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ABSTRACT

A method and corresponding apparatus for separation of carbon dioxide
from an exhaust gas of a fossil-fired power are provided. In an absorption process,
the exhaust gas containing carbon dioxide is brought into contact with an absorption

5 medium so that the absorption medium is laden with carbon dioxide. In a desorption
process, vapor from a water/steam circuit of the fossil-fired power plant is heated,
wherein a laden absorption medium is regenerated. in a subsequent éxpansion
process, the regenerated absorption medium is expanded so that a vapor and an
expanded absorption medium are formed, wherein the vapor is recirculated into the

10 desorption process. The laden absorption medium is divided into a first part stream
and a second part stream. Only the second part stream is brought into heat-

exchanging contact with the expanded absorption medium. The first and second part
streams are supplied to the desorption process at different process stages.
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P

Method and device for separating of carbon dioxide from an

exhaust gas of a fossil-fired power plant

FIELD OF THE INVENTION
The invention relates to a method for operating a fossil-fired

power plant and, in particular, to a method for the separation

of carbon dioxide from an exhaust gas of a fossil-fired power

plant. The invention relates, moreover, to a fossil-fired power

F
A

plant having a separating apparatus for the separation of

carbon dioxide from an exhaust gas.
BACKGROUND OF THE INVENTION

In fossil-fired power plants for generating electrical energy,

an exhaust gas containing carbon dioxide occurs due to the
combustion of a fossil fuel. This product is usually discharged
into the atmosphere. The carbon dioxide which accumulates 1in

the atmosphere obstructs the dissipation of heat from our earth

and 1in this case leads to a rise 1in the earth's surface

temperature due to what is known as the greenhouse effect. In

order to achieve a reduction in the carbon dioxide emission 1n

fossil-fired power plants, carbon dioxide can be separated from

the exhaust gas.

Various methods are known, in general, for separating carbon

dioxide from a gas mixture. The absorption/desorption method 1is

customary especially for separating carbon dioxide from an

exhaust gas after a combustion process.

The described separation of carbon dioxlde by means of the

absorption/desorption method 1is carried out on an industrial
scale by means of a scrubbing agent. In a conventional

absorption/desorption process, the exhaust gas is brought into

contact 1n an absorption column with a selective solvent as a

scrubbing agent. In this case, the uptake of carbon dioxide

=

takes place by means of a chemical or physical process. The
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purified exhaust gases 1s purged

further processing or discharge.

from the absorption column

The solvent

Toxr
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laden with carbon dioxide 1s conducted into a desorption column
in order to separate the carbon dioxide and regenerate the

solvent. Separation in the desorption column may take place

thermally. In this case, the laden solvent 1s heated, a

F

gas/vapor mixture of gaseous <carbon dioxide and of the

evaporated solvent being obtained, what 1s known as the exhaust

vapors. The evaporated solvent 1s subsequently separated from

the carbon dioxide. The carbon dioxide can then be compressed

P

and cooled in a plurality of stages. In the liquid or

d

frozen

state, the carbon dioxide can then be delivered for storage or

utilization. The regenerated solvent 1is conducted anew to the

absorber column, where it can take up carbon dioxide again from

the exhaust gas containing carbon dioxide.

ﬁ

The main problem in the existing methods for the separation of

F

carbon dioxide from an exhaust gas 1s particularly of the very

F

high energy outlay which 1is required in the form of heating

energy for desorption. It has not hitherto been possible 1in the

prior art to discover any useful improvements in this which

F
—

would sus

ficiently reduce the energy outlay of a separating

g

plant for the separation of carbon dioxide whilich 1s integrated

1into a power plant process.

P

In the chemical industry a multiplicity of extended cilrcuit

link-ups for saving heat energy 1n the desorption process are
known. Thus, EP0133208 shows a method for assisting the
regeneration of the absorbent in the desorber, what 1s known as
the 1lean solvent flash method. EP1759756-A1 shows the lean
solvent reheating method 1in which desorption process 1s

asslisted laterally. A circult-1link up disclosed in DEZ817084-CZ

pre——

assists the absorption process by means of side cooling. A

further method for an extended circult link-up 1s disclosed by

patent specification DE1167318 as what 1s known as the split
feed method.
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However, known standard methods for extended cilrcuit link-ups

from the chemical i1ndustry

F

for the separation o:

carbon dioxide
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from an exhaust gas cannot readily be adapted to other

applications. Precisely when the carbon dioxide separation
method is integrated into a power plant process, the extended
circuit link-up may, in the overall balance, 1in interaction

with the power plant process, exhibit a markedly reduced energy

saving or even have an adverse effect.

Even a possible lowering of the intrinsic energy requirement

F
p—

does not necessarily lead to a rise in overall efficilency.

Also, with integration 1nto the power plant process, no

officiency 1is to be expected from a mutual

anling

favorable overall

interaction. The additional outlay therefore would not Dbe

justified in economic terms.

The general disadvantage of separating methods for carbon

dioxide which are known from the prior art therefore continues

to be particularly the high energy outlay. Precisely when the

separating method 1is integrated into a fossil-fired power

plant, this 1leads to an undesirable deterioration in the

overall efficiency of the fossil-fired power plant. Even when

F

the standard method is broadened by means of a known extended

circuit link-up from the chemical industry, 1t has not hitherto

been possible to lower the intrinsic energy requlrement of the

separating method appreciably.
SUMMARY OF THE INVENTION

One object of the invention 1s to propose a method for the

separation of carbon dioxide from an exhaust gas of a fossil-

fired power plant, which method makes it possible to have high

P
p—

separation efficiency, along with a 1low intrinsic energy

requirement and, at the same time, a favorable overall plant

efficiency of the power plant process.

P

A further object of the invention is to propose a fossil-fired

power plant having a separating apparatus for carbon dioxide,

F
p—

which makes 1t possible to have a high separation e:

ficlency,
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along with a low intrinsic energy requirement and, at the same

pr——

time, a favorable overall efficiency of the power plant.
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The object aimed at a method is achieved, according to the

pr—— gi—

invention, by means of a method for the separation of carbon

dioxide from an exhaust gas of a fossil-fired power plant, 1in

which a fossil fuel 1is burnt 1in a combustion process, an

exhaust gas containing carbon dioxide being generated, the
exhaust gas containing carbon dioxide 1is brought 1nto contact
with an absorption medium in a subsequent absorption process,

carbon dioxide being taken up by the absorption medium, a laden

absorption medium and a purified exhaust gas being formed, the

laden absorption medium 1s regenerated 1n a subsequent

desorption process, a regenerated absorption medium being

formed, the laden absorption medium being delivered to the

desorption process at least in a first part stream and a second

part stream, and regenerated absorption medium 1s expanded 1n

an expansion process, vaporous absorption medium being formed,
and the vaporous absorption medium being recirculated 1nto the

desorption process.

-

The invention in this case proceeds from the idea of adoptilng

methods known from chemical process engineering 1n order to

achieve the object. It 1s expedient to select from the

£

abundance of di:

pre—=
p—

ferent proven and perfected additional circuit
link-ups methods which do not compensate or even overcompensate
their positive ©properties, even 1n 1nteraction with one
another, when used 1n the power plant process. The essence of
the invention 1s 1in this case to combine the methods with one

—rra—
_—

another in such a way that the positive effects of the methods

can largely be added to one another. This 1s achieved,
according to the invention, by means of a directed combination
of the split feed method with the lean solvent flash method.

f—

Surprisingly, precisely 1n the combination of these two

methods, the finding is arrived at that the 1intrinsic energy

gr—
p—

consumption of the separating apparatus can Dbe lowered

*

ficiency of the power

-

decisively and, moreover, the overall e:

plant process having carbon dioxide separating plants can be
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pre——

markedly increased. The costs of the carbon dioxide separation

process are thereby drastically lowered.

In the lean solvent flash method, evaporation 1in the sump of

the desorption column is assisted by a wvacuum flash tank. In
fect that the boiling

~—

this case, use 1s made of the e;

- o

temperature of the solvent falls 1in the <case of a lower

pressure. The electrical energy necessary for generating the

vacuum 1in the flash tank 1is so 1low, as compared with the

pre—=

thermal energy saved in the evaporation of the solvent, that

the overall balance 1s positive.

In the split feed method, the stream of laden solvent coming

r——
—

from the absorption column is divided and 1s partially

introduced, cold, into the head of the desorption column. As a

result, the exhaust vapors contained 1in the head of the

desorption column are already largely condensed. This relileves

the condenser following the desorption column, so that the

condenser does not have to discharge the heat outward via

cooling water. Instead, the heat may be wused directly for

heating the laden solvent.

According to the invention, these methods are comblned 1n a
directed manner and are 1integrated 1nto the power plant
process. For this purpose, laden absorption medium 1s delivered
to the desorption process 1n at least two part streams. NO

additional energy i1s required for delivery 1n at least two part

streams. The first part stream is in this case delivered to the

desorption process in a process stage 1n which exhaust vapors

are predominantly present in the desorption process. By the
exhaust vapors being acted upon by laden absorption medium from

the first part stream, the exhaust wvapors condense. As a

result, the condensation process which follows the desorption

ﬁ
 —

process 1s relieved, and electrical energy for the routing otf

cooling water of  the condensation  process 15 saved.

Furthermore, the laden absorption medium delivered 1s heated as
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a result of condensation and is available for the desorption

process. Since
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the need for preheating is avoided, heating energy 1n the form

of heating vapor 1s saved 1in the desorption process.

The second part stream is delivered to the desorption process

in a process stage in which 1t is directly available for the

desorption process. A delivery of laden absorption medium 1n a

plurality of part streams in a plurality of process stages oI

the desorption unit may likewlse be envisaged.

The regenerated absorption medium then leaving the desorption
process 1is then delivered to an expansion process 1n which 1t
is expanded. Electrical energy 1s expended 1n order to generate

- s~

a vacuum. As a result of expansion, part of the absorption

medium evaporates. The expansion process thus separates liquid

absorption medium from vaporous absorption medium. The vaporous
absorption medium 1is then recirculated 1nto the desorption
process. As a result, the recirculated vaporous absorption
medium assists the desorption process and thus leads to a

Jr—

saving of heat energy in the form of heating vapor. The saved

heating wvapor can therefore be used 1n the power plant process

for generating electrical energy.

grom—

The combination of the split feed method with the lean solvent

flash method surprisingly exerts only a very minimal reciprocal

influence. Thus, without conslderable subtractions, the

contribution to the intrinsic energy consumption of the

separation method by the individual methods can virtually be

added together. In this case, separation efficilency 1s

increased. It 1s 1in this case especially surprising that, by

the two methods being combined according to the 1invention, the

F

overall efficiency of the power plant process 1s also 1ncreased

to the same extent.

ﬁ

In an advantageous development of the carbon dioxide separation

method, the first part stream 1s set at a temperature T; and

the second part stream 1s set at a temperature T,. In this
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case, the temperature T; is lower than the temperature T;. The

temperature T; 1n thlis case corresponds
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F

approximately to the temperature of the laden absorption medium

leaving the absorption process. It may also be necessary to set

the temperature T; to another temperature, depending on the

— —
h—

operating conditions of the desorption process. The setting of

P

the temperatures may take place by means of a regulating

process. The temperature T; and the temperature 1T, are

regulated as a function of the operating conditions required 1n

the desorption process.

In a further advantageous refinement of the carbon dioxide
separation method, regenerated absorption medium 1s 1n the

expansion process separated, and, 1n a heat exchanger process,

heat is extracted from the regenerated absorption medium and 1s
delivered to the laden absorption medium 1n the second part
stream. This makes 1t possible to utilize the heat which still
remains in the regenerated absorption medium, 1n order to heat
the laden absorption medium in the second part stream. Thus, Dby

F

the heat exchanger process being regulated, the setting of the

temperature T, can be carried out at the same time.

Expediently, the expansion process 1s carried out at a pressure
P; and the desorption process at a pressure P;, the pressure P,
being set lower than the pressure P,. Owing to the lower

F

pressure P; in the expansion process, the evaporation of the

absorption medium is achieved. The pressure P, may 1n this case
lie above atmospheric pressure, and consequently the pressure
P, may be a pressure between atmospheric pressure and the

p

pressure P,. In a particular development of the carbon dioxide

separation method, 1in this case the pressure P; 1s set
approximately to atmospheric pressure. This takes place, 1n
practice, 1in that the desorption process 1s carried out at
atmospheric pressure. The pressure P; 1s consequently set to a

pressure below the atmospheric pressure.
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In an advantageous development of the carbon dioxide separation

method, the vaporous absorption medium 1s condensed Dbefore

being recirculated into the desorption process. In this case,
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the pressure P; 1is raised to the pressure P,;. The aim of
compression 1is to recirculate the vaporous absorption medium
into the desorption process. Recirculation 1n this case

P

preferably takes place in the region of the sump.

Expediently, the laden absorption medium 1s extracted from the

absorption process 1in an overall stream, the overall stream

being divided 1into at least the first part stream and the

second part stream. Division into several part streams 1S

likewise possible. The division into the first part stream and

pr—
—

the second part stream 1s preferably controlled by means oI a

regulating process. Regulation 1n this case takes place as a

function of operating conditions required 1in the desorption

process. A division 1s to be understood also as meaning a

branch-off or partial extraction. In principle, the extraction

F

of laden absorption medium from the absorption process 1n

several part streams may also be envisaged.

In an advantageous development of the carbon dioxide separation

method, a gas/vapor mixture of gaseous carbon dioxide and

vaporous absorption medium is formed in the desorptlion process

F

as a result of the regeneration of the laden absorption medium,

F

condensate being condensed out of the gas/vapor mixture 1in a

condensation process. The condensation process 1n this case

follows the desorption process. The gas/vapor mixture 1s

F

largely exhaust vapors. The composition of the condensate 1s

dependent on the absorption medium used. In the method

according to the i1nvention, largely pure water 1s condensed

out. Due to the split feed method, the condensation process 1S

appreciably relieved, so that, on the one hand, less cooling

water has to be provided for condensation and, on the other

hand, less condensate also occurs.

-~

A solution of H;O and of amine derivatives 1s preferably used

as absorption medium. As compared with ammonla-based absorption

ﬁ

medlia, dealing with a solution of
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H-O and of amine derivatives entails fewer risks and adverse

environmental 1nfluences.

The method is preferably employed in a fossil-fired steam power

plant or in a comblned-cycle power plant.

P

The object almed at an apparatus 1s achieved Dby means of a

fossil-fired power plant with a separating apparatus for carbon

dioxide which follows a combustion apparatus and through which

g
—

an exhaust gas containing carbon dioxide 1is capable of flowing,

the separating apparatus having an absorption unit for the

F

uptake of carbon dioxide from the exhaust gas containing carbon

dioxide and a desorption unit for dispensing the taken-up

carbon dioxide, the absorption unit being connected to the

desorption unit wvia a connecting line for the purpose of

conducting a laden absorption medium, the connecting 1line

having a first subline and a second subline, and the first

subline and second subline being connected to the desorption

unit at wvarious junction points, and the desorption unit beilng

connected to a pressure tank, a vapor formed 1n the pressure
tank being recirculatable into the desorption unit via a vapor

line.

e

The invention 1n this <case ©proceeds from the 1dea of

integrating the split feed circuit link-up together with the

lean solvent flash into the separating apparatus. For this

purpose, the connecting line has a first and a second subline.

Further sublines are possible. The first subline 1is 1n this

case connected to the desorption unit at a junction point other

than that of the second subline. If the desorption column 1s

set up vertically, the junction points are spaced horizontally

apart from one another. The horizontal arrangement of the

ﬁ

junction points may vary as a consequence of construction. The

sublines are designed for conducting a laden absorption medium.
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The desorption unit is followed by a pressure tank which 1is

connected to the desorption unit via a sultable 1line for
conducting a regenerated absorption medlium. The pressure tank
is what 1is known as a flash tank 1in which a medium can be

evaporated. Moreover, the pressure tank 1s connected to the

desorption unit via a recirculation line for vapor.

The split feed circuit link-up can be comblned with the lean

solvent flash 1in a surprising way. Only an 1insignificant

influence exerted via the two circuit 1link-ups one upon the

F

other as a result of the operation of the fossil-fired power

plant can be found. Thus, without considerable subtractions,

the contribution to reducing the intrinsic energy consumption

P

of the separation method and the contribution to the overall

efficiency of the power plant process by the individual methods

can be added together, this being achieved, moreover, with an

P

increasing separation efficiency.

F

In an expedient development of the fossil-fired power plant,

the connecting line i1is connected to the absorption unit at one

F

junction poilnt. An absorption medium to be conducted out of the

absorption unit during operation 1s therefore discharged by the

P

connecting line at only one point. A plurality of junction

points at which absorption medium to be conducted out 1s

discharged may also be envisaged. The plurality of Jjunction

polnts may 1n this case be spaced apart from one another
vertically or horizontally in the case of an absorption column

set up vertically.

A vacuum can preferably be set 1n the pressure tank. For this
purpose, the pressure tank 1s designed correspondingly and
comprises a vacuum pump and pressure valves.

g

In a particular development of the fossil-fired power plant, a

heat exchanger 1s provided, which 1s 1nserted on the primary

slide 1nto the second subline and which 1s connected on the
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secondary 1ncoming side to the pressure tank and on the
secondary outgoing side to the absorption unit. As a result,

when the
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b

fossil-fired power plant 1s 1n operation, heat can Dbe

transferred from a regenerated absorption medium 1n the
pressure tank to a laden absorption medlum 1n the second
subline. The regenerated absorption medium is thus cooled for

renewed use in the absorption unit, and the laden absorption

medium i1s heated for regeneration i1n the desorption unit.

P

In an advantageous refinement of the fossil-fired power plant,

a compressor 1s inserted into the vapor line. The compressor 1s

an apparatus by means of which a vapor can be transferred out

F

of the pressure tank into the desorption unit. The compressor

is preferably a vacuum pump with a backflow check wvalve. The

backflow check valve prevents medium from flowing out of the

desorption unit back i1nto the pressure tank.

H

In a further advantageous development of the 1nvention, a

regulating valve 1is provided, which 1s connected to the

absorption unit via the connecting line and which 1s connected

to the desorption unit via the first subline and via the second
subline, so that, during operation, an absorption medium
flowing through the connecting line can be apportioned 1n a

ratio V to the first subline and to the second subline.

Regulation in this case takes place as a function of operating

conditions required in the desorption unit.

The fossil-fired power plant 1is preferably configured as a

steam power plant comprising a fired Dboiler and a steam

turbine, or as a combined-cycle power plant comprising a gas

turbine and a waste heat recovery steam generator which follows

the gas turbine on the exhaust gas side and which 1s 1nserted

H

into the water/steam circuilt of a steam turbine.
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p—

According to one aspect of the present invention, there 1s

—

provided a method for the separation of carbon dioxide from an

r—
—

exhaust gas of a fossil-fired power plant, the method

comprising: an absorption process whereln the exhaust gas
containing carbon dioxide 1s brought into contact with an

absorption medium so that an absorption medium laden with

carbon dioxide 1s formed, a desorption process whereln vapor

from a water/steam circuit of the fossil-fired power plant 1is

heated, and 1n which the laden absorption medium 1s regenerated

so that a regenerated absorption medium i1s formed, an expansion

process followling the desorption process, wherein the

regenerated absorption medium 1s expanded so that a vapor and

an expanded absorption medium are formed, wherein the vapor 1is

reclrculated i1nto the desorption process, wherein the laden

absorption medium 1s divided at least i1nto a first part stream

and a second part stream, and wherein only the second part

stream 1s brought into heat-exchanging contact with the

expanded absorption medium, and the first part stream and the

second part stream are supplied to the desorption process at

different process stages.

F

According to another aspect of the present i1nvention, there 1is

provided an apparatus, which 1s 1ntegrated into a fossil-fired

ﬁ

power plant, for the separation of carbon dioxide, the

apparatus comprisling: an absorption unit, the absorption unit
pbelng connected 1nto an exhaust line of the fossil-fired power

plant such that exhaust gas contalning carbon dioxide 1s

conducted through the absorption unit, a desorption unit, the

-

desorption unit being connected into a water/steam circuit of

the fossil-fired power plant such that the desorption unit is
operable to be heated by heating vapor extracted from the

water/steam circuit, a connecting line connected to the
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11b

gr—

absorption unit for the purpose of conducting a laden

absorption medium, a pressure tank, wherein the desorption unit
1s connected to the pressure tank via an absorption medium
line, such that a regenerated absorption medium can be supplied
9 to the pressure tank and the pressure tank is connected to the
desorption unit via a vapor lline such that wvapor can be
recirculated into the desorption unit, and whereln the pressure
tank 1s connected to the absorption unit via an absorption
medium reclrculation line, wherein the connecting line branches
10 into at least one first subline and one second subline, the
sublines being connected to the desorption unit at various
junction points, and wherein only one heat exchanger 1is
provided 1n the absorption medium recirculation line, which
heat exchanger 1s connected at the primary side i1nto the second

19 subline and at the secondary side into the absorption medium

recirculation line.
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Exemplary embodiments of the invention are explained 1n more

detail below by means of accompanying diagrammatic drawings, 1n

which:
RRIEF DESCRIPTION OF THE DRAWINGS

fig. 1 shows an exemplary embodiment of a carbon dioxide

separation method of a fossil-fired power plant,

fig. 2 shows an exemplary embodiment of a steam power plant

with a carbon dioxide separating apparatus,

F

fig. 3 shows an exemplary embodiment of a combined-cycle power

plant with a carbon dioxide separating apparatus.

DETAILED DESCRIPTION OF THE INVENTION
The carbon dioxide separation method illustrated 1in figure 1

has essentially a desorption process 10 and an expansion

process 20.

Laden absorption medium 25 1is delivered to the desorption

process via a first part steam 30 and a second part steam 40.

Delivery takes place 1n various ©process stages of the

desorption process 10. In the desorption process 10 the laden

absorption medium 25 1s regenerated. In this case, a gas/vapor

mixture 50 of carbon dioxide and a vaporous absorption medlum

L L

is formed. The Ggas/vapor mixture 50 and a regenerated

absorption medium 26 leave the desorption process 10.

The regenerated absorption medium 26 is subsequently delivered

to the expansion process 20. In the expansion process <20,
vaporous absorption medium 27 1s separated from the regenerated
absorption medium 26a at a pressure which 1s lower than the
pressure 1in the desorption process. The regenerated absorption
medium Z26a 1s conducted out of the expansion process 20 and
recirculated 1into the absorption circuit. The  vaporous

absorption medium 27 1s recirculated 1into the desorption

process.
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The steam power plant illustrated 1in figure 2, with an

integrated separating apparatus for carbon dioxide, comprises

essentially a fossil-fired steam generator 60, and a separating

apparatus for carbon dioxide 70 which follows the fossil-fired

steam generator 60.

The fossil-fired steam generator 60 1s connected to the

separating apparatus 70 via an exhaust gas 1line 80 for the

discharge of the exhaust gas. Moreover, the steam generator 60

is inserted into a water/steam circuit 90. The fired boiler 60

is connected via the water/steam circuit 90 to a steam turbilne

P

100 by means of which a generator 110 can be driven.

F

The separating apparatus 70 consists of an absorption unit 120,

— (— -

of a desorption unit 130, of a pressure tank 140, of a

F F

compressor 150, of a heat exchanger 160, of a condenser 170, ot

a heating device 180 and of a heat exchanger 190.

The absorption unit 120 1is 1nserted 1nto the exhaust gas

line 80. Further devices, for example desulfurization plants or
blowers, may be inserted into the exhaust gas line 80. To
conduct a laden absorption medium, the absorption unit 120 has

an absorption medium line 200 connected to it. This branches at

a branch 205 into a first subline 201 and a second subline 202.

The first subline 201 is connected to the desorption unit 130

at the first junction point 210 and the second subline 202 at
the second Jjunction point 211. The heat exchanger 160 1s

inserted on the primary side into the second subline 202.

The desorption unit 130 is followed by a condenser 170 which 1s

connected to the desorption unit 130 via a condensate line 220.



CA 02750780 2016-03-22

041006-877
~ 14 -

The desorption unit 1s connected to the absorption unit 120 and
to the heating device 180 wvia an absorption medium line 230.
The pressure tank 140 1s 1inserted into the absorption medium
line 230. Thils pressure tank 1s designed for a vacuum and 1S
connected to the desorption unit 130 via a vapor line 231. The
compressor 150 1s 1nserted 1nto the wvapor line 231. What are

not 1llustrated here are further devices for generating and

regulating the vacuum 1in the pressure tank 150. Furthermore,
the desorption unit 130 1s connected to the heating device 180

via the absorption medium line 230.

The absorption medium line 230 1is linked up on the secondary
side to the heat exchanger 160, so that heat 1s extracted from
an absorption medium carried in the absorption medium line 230
and can be transferred to an absorption medium carrying the

second subline 202.

In addition, further devices may be 1nserted 1nto the
absorption medium line 230. Thus, for example, a heat exchanger
or an absorption medium pump. The heating device 180
corresponds to a heat exchanger and 1s 1nserted 1nto the
water/steam cilrcuit 90. The water/steam circuilit 90 may have

further devices, such as, for example, coolers or pumps.

Figure 3 1llustrates a comblned-cycle power plant 56 with an
integrated carbon dioxide  separating apparatus 70. The
combined-cycle power plant 56 comprises essentially a gas
turbine 101 which drives a process compressor 102 and a
generator 111 wvia a shaft, a waste heat recovery steam
generator 112 which follows the gas turbine 101 on the exhaust
gas side and which 1s fired by the gas turbine 101 and 1is
provided for steam generation, and a steam turbine 100 which 1is
connected to a generator 110 via a shaft and which 1s connected
to the waste heat recovery steam generator 112 by means of a

steam line. The waste heat recovery steam generator 112 1is

connected, so as to conduct exhaust gas, to the separating
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apparatus  70. The following separating apparatus 70 1s

configured essentially
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in a similar way to that of the steam power plant 55 in figure
2.

The advantages according to the invention should 1n this case

be made clear by the example of an 800MW power plant process

fired by bitumen coal. In fossil combustion processes of this

type, an exhaust gas with approximately 10 to 15 percent by

P

volume of carbon dioxide 1is obtained. With a separation rate of

90% to be achieved for the carbon dioxide contailned 1n the

P

exhaust gas, a thermal energy requirement of 3.5 GJ/tco2, using

the standard circuit link-up of the carbon dioxide separation

process, 1s required 1in order to separate one ton of CO,. The

P

standard circuit 1link-up of an absorption/desorption process

stands as a reference for the followlng calculation.

pre—

Using the split feed method, the thermal energy requirement for

H

separating one ton of CO, can be lowered to 3.1 GJ/tcoz. AS

compared with the reference, the losses of overall electrical
power can thereby be reduced by 7.5%. This measure lowers the

relative CO, avoidance costs of the separation process by 9.9%.

P

The 1ndividual integration of the lean solvent flash method

makes 1t possible to lower the energy requlrement for

P

separating one ton of CO, to 2.3 GJ/tcor. The losses of overall

electrical power can thereby be reduced by 9.2%, so that the

P

relative CO, avoidance costs of the separation process are

reduced by 8.2%.

F

By virtue of the invention, then, the advantages of the two

methods can virtually be added together. Thus, the combination

F

of the two methods does not have an adverse effect on the

intrinsic energy requirement, and therefore, 1n this operating
example, 2.3 GJ/tco» are required in order to separate one ton
of CO,. The 1losses of overall electrical power can be reduced

P

by 15% and the relative CO, avoilidance costs of the separation

process can be lowered even by 16.9%.
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Thus, by virtue of the invention, a power plant process with an

pre——

integrated separation process for carbon dioxlde can Dbe

provided, 1in which a marked increase 1n the current quantity

F

produced by the power plant can be achieved Dby means of

directed combination of the split feed method with the lean

solvent flash method. This 1is possible, since the 1intrinsic

P

energy requirement of the separation process of the combilnation

P

is surprisingly substantially lower than that of the individual

circuit link-ups. Since at the same time the 1nvestment
requirements are low, the «costs of the carbon dioxide

separation can be lowered drastically.
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CLAIMS:
1. A method for the separation of carbon dioxide from an

—

exhaust gas of a fossil-fired power plant, the method

comprising:

5 an absorption process wherelin the exhaust gas

contalning carbon dioxide 1s brought 1nto contact with an

absorption medium so that an absorption medium laden with

carbon dioxide 1s formed,

a desorption process wherein vapor from a water/steam

10 circuit of the fossil-fired power plant is heated, and in which
the laden absorption medium 1s regenerated so that a

regenerated absorption medium 1s formed,

an expansion process following the desorption
process, whereln the regenerated absorption medium 1s expanded

19 so that a vapor and an expanded absorption medium are formed,

wherein the vapor 1s recirculated into the desorption process,

wherein the laden absorption medium 1s divided at

least 1nto a first part stream and a second part stream, and

wherein only the second part stream 1s brought into

20 heat-exchanging contact with the expanded absorption medium,

and the first part stream and the second part stream are

suppllied to the desorption process at different process stages.

2 . The method as claimed 1n claim 1, wherein the first

part stream 1s set at a first temperature and the second part

25 stream is set at a second temperature, the first temperature

peing lower than the second temperature.
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3. The method as claimed 1in claim 1, wherein the

expansion process 1s carried out at a first pressure, and 1in

which the desorption process 1s carrlied out at a second

pressure, the first pressure being set lower than the second

pressure.

4 . The method as claimed in claim 3, wherein the second

pressure corresponds approximately to the atmospheric pressure.

5. The method as claimed 1n claim 1, wherein at the
expansion process, the vaporous absorption medium 1s condensed

before being recirculated i1nto the desorption process.

0. The method as claimed in claim 1, wherein the laden

absorption medium is extracted from the absorption process 1in

an overall stream, the overall stream being divided 1nto the

first part stream and the second part stream.

7. The method as claimed in claim 1, wherein a gas/vapor

g

mixture of gaseous carbon dioxide and vaporous absorption

pre—e

medium 1s formed 1n the desorption process as a result of the

gr—

regeneration of the laden absorption medium, a condensate beilng

#

condensed out of the gas/vapor mixture in a condensation

Process.

3 . The method as claimed 1n claim 1, wherein a solution

o

of H,O and of amine derivatives 1s used as the absorption

medium.

9. The method as claimed 1n claim 1, wherein the method

1s used 1n a fossil-fired steam power plant.

10. The method as claimed 1n claim 1, wherein the method

1s used 1n a comblned-cycle power plant.
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11. An apparatus, which 1s integrated into a fossll-fired

ﬁ

power plant, for the separation of carbon dioxide, the

apparatus comprising:

an absorption unit, the absorption unit beilng

gr—

connected 1nto an exhaust line of the fossil-fired power plant

such that exhaust gas containing carbon dioxide 1s conducted

through the absorption unit,

a desorption unit, the desorption unit being

g

connected into a water/steam circulit of the fossil-fired power

plant such that the desorption unit 1s operable to be heated by

heating vapor extracted from the water/steam circuit,

a connecting line connected to the absorption unit

r—

for the purpose of conducting a laden absorption medium,

a pressure tank, wherein the desorption unit 1s
connected to the pressure tank via an absorption medium line,
such that a regenerated absorption medium can be supplied to
the pressure tank and the pressure tank 1s connected to the
desorption unit via a vapor line such that vapor can be

recirculated into the desorption unit, and wherein the pressure

tank i1s connected to the absorption unit via an absorption

medium recirculation line,

wherein the connecting line branches into at least

one first subline and one second subline, the sublines beiling
connected to the desorption unit at various junction poilnts,

and

wherelin only one heat exchanger 1s provided 1n the
absorption medium recirculation line, which heat exchanger 1is

connected at the primary side 1nto the second subline and at



10

15

20

25

CA 02750780 2016-03-22

54106-877

20

the secondary side 1nto the absorption medium recilrculation

line.

-

12. The apparatus for the separation of carbon dioxide as

claimed 1n claim 11, whereilin a vacuum 1s set 1n the pressure

tank.

—

13. The apparatus for the separation of carbon dioxide as

claimed in claim 11, wherein a compressor 1s 1nserted 1nto the

vapor line.

*

14. The apparatus for the separation of carbon dioxide as

claimed 1n claim 11, wherein a regulating valve 1s provided,
which 1s connected on an 1ncoming side to the absorption unit

via the connecting line and which 1s connected on an outgolng

side to the desorption unit via the first subline and via the

second subline, so that, during operation, an absorption medium

flowing through the connecting line 1s apportioned in a ratio V

to the first subline and to the second subline.

ﬁ

15. The apparatus for the separation of carbon dioxide as

claimed in claim 11, integrated i1into a steam power plant

comprising a fossil-fired steam generator and a steam turbine.

lo. The apparatus for the separation of carbon dioxide as
claimed 1n claim 11, integrated into a combined-cycle power

plant comprising a gas turbine and a waste heat recovery steam

generator which follows the gas turbine on an exhaust gas side

and which 1s inserted into a water/steam circuit of a steam

turbine.
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