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ABSTRACT

The process and the device serve for air separation and steam generation in a combined
system that comprises a steam system (10) and an air separation plant (9), wherein a feed air
stream (1) is introduced into a multistage air compression system (101 , 102, 103) having n
stages (n >= 3) and compressed to a first high pressure that is equal to the final pressure of
the air compression system, and, at this final pressure, is introduced (8) into the air separation
plant (9). An intercooler is arranged between an i-th stage (102) (1 <= i < n) and an i+1-th
stage (103) of the air compression system; there, the feed air stream (4) is cooled in indirect
heat exchange with a feed water stream (11).

(Drawing)
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PROCESS AND DEVICE FOR AIR SEPARATION AND STEAM
GENERATION IN A COMBINED SYSTEM

DESCRIPTION

[0001] The invention relates to a process for air separation and steam generation in a

combined system.

[0002] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[0003] An air separation plant can be constructed as a low-temperature air separation plant,
as a membrane plant (on the basis of polymer membranes or ceramic high-temperature
membranes) or as an adsorption plant. In each case, the feed air must first be compressed in
an air compression system. In the case of a low-temperature air separation plant, the "air
separation plant" comprises a main heat exchange system for cooling the feed air against
return streams, one or more turbines, one or more separation columns and the condenser or

condensers associated with the separation columns.

[0004] The word "steam" here always refers to process steam, that is to say high-pressure
water vapour that is used as an energy source, in particular in one or more steam turbines. A
specific example of a steam system is a steam power plant that generates electrical energy
with the aid of one or more steam turbines. In this case, the air separation plant can supply the
steam power plant with, for example, oxygen, for combustion of a fuel in an oxyfuel or oxycoal

process.

[0005] A "stage" of an air compression system can also be formed by a machine having a
single compressor wheel in a separate housing and having a separate drive. Alternatively, a
stage is formed by a compressor wheel of a combined machine having a shared drive for a
plurality of stages, wherein the machine optionally comprises a shared housing for these
stages. Also, a combination of said machine types is possible in order to achieve an air

compression system.

[0006] The transfer of heat of compression of the air compressor of an air separation plant
to feed water of a steam system is known from EP 930268 A2, US 4461154 and WO
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2010062437, Here, in sach case, complelely adiabatic air compressors are used that s 1o say,
any inlercooling is dispensed with. Although sdiabstic air comprassors deliver a high outiet
tfemperature, their efficency is relatively bow and they consume a relatively largs amount of
erergy. The feed water itsel is used as “first heat carrier straam”. The "coupling in of the heat”

from the heated fivs! heat camer stream o the stearm system i schiaved here by feeding in the

first haat carrier stroam as foed water o the steam system.

(00071 In addition, “Use of haatl recoversd from intercodied alr comprassor io pre-heal boller
feed water” published in the IP.com Journal 17 September 2008 ISEN1833-0001 discloses a

covmprassion system in which two coolers are seres-conmecied on the heat camler sida.

048]  In the contexd of the invention, the first heat carrier siream can be used directly as
feed waler. Allernatively, the hesat from the healed first heat carrder siream can be coupled by
simple or multiple indirec! heal exchange into the sieam system, for example in g heat
sxchanger, in which the first heal carrder stream is passed i indivect counterdiow & g feed

waler stream of the sfeam system.

0008 Itis an object of the present invention 1o overcoms or amsliorate at least gne of the

disadvantages of the prior art, or {o provide a useful allermative.

(G010 The object of at ivast a preferrsd smbodiment of the invention s o achisve
favourable use of the heat of compression of the alr compressor with a relatively low enargy

consumption of the comprassor,

A1) In a first aspect, the present invention provides an infegraled process for al
separation and steam generation in & combined system comprising a steam system and an aiy

separation plant, said pocess comprising:

~ infroducing g feed air stream info & multistage aiv comprassion system having n
stages, wharein nis greater than or equal 10 3, and at feast & first part of the feed alr stream is
compressed fo a Hrat high pressure that is equal to the fingd pressure of the alr compresaion
system, and, at this fingl pressure, is infroduced inlo the air separation plant,

- remaving the feed air stream from the an (-1 1th stage of the alr comprassion system,
wherain | is greater than 1 and i s fess than n, and infroducing the feed sheam, withouwt

intercociing, o an -h slage of the air comprassion system,
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~ ramoving the feed air stream at an outlet temperature Toull) frons the b stage oi the
alr comprassion system and infroducing the fesd air stream at this temperature info an
interooclier which is aranged between said i stage and the subssguent {+1)th stage of the

alr comprassion system,

~ pooiing the feed airstream in the inlercocier by indirect heat exchange with & heat

carriar siream,

- coupling heat from the heat carrier stream healed in the intereooler infe the steam
system, whemin the heat carrier stream is used directly as fesd waler in the sieam system oy

the haat of the heat carier stream is coupled by indirect heat exchange inte the steam system,

- introduding the fesd air stream into a further conler positioned downsiream of the

ntercoaisr and upstrean of the last siage of the gl compression system, and

- infrodusing at least sald frst part of the Tesd air stream into an aftercooter
downstream of the last stags of the air compression system, and cooling said first part of the
foed alr stream in said aftercooler by indirsct heat exchangs with said heat camier stream

before infroducing said fivst pad of the fead air siream into the air separation plant, and

b

- wherein said heat carder stream, after being heated in said afterconler, s intreducsd

into said intercocler.

{00131 Undess the context clearly requires otherwise, throughout the desonption and the
clnims, the words "comprise”. “comprising”, and the like are {0 be conshued in an Inolusive
sanss as opposed o an exclusive or exhaustive sense; thatl is 1o say, in the sense of

“mniuding, but not limited o™,

00131 In the nvention, between fwo stagas (he ith and the i+ 14h) an interoooler i used,
but none behween the fwo siages before (51 and 1) {For sxample, slages 1 fo b1 can be
compristely without cosling, for instance If the stages 1 1o b1 are implemented by a plurality of
stages of an axial compressor or by s plurality of axial slages of a8 combined axiabvadial
compressor). Az g resull, st the Hh slage, an oullst temperature Toutll} of the air is reached,
witich & markedly higher than that In an iscthermal compression system i which an
intercooler s arranged betweern aach palr of slages. This increased air femperature Toul(l) is

availably in the invention at the intake of the inlercooier for heating the first heal camier stream.
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{33441 This outlet temperature is fower than thal of a comparable adishalin comprassor,
with which, also, correspondingly iess heat I8 availabde for healing the tirst heat carrler strean.
Howsver, in the contexd of the invention, it has proved that owing 1o the targetsd dispensing
with one or morg individual interconlers, the cutlet tempersture of the air comprassor can be
adiusied fo be sufficiently high that ralional utilization of the waste heat of the feed water
prehealing s possible, atl the same time the efficiency of the air compressor decreasas only

modsrstely and, In paricular, s markedly higher than that of gn adiabatic comprassor.

T

/
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[0015] In comparison with a customary intercooled (isothermal) air compressor, the waste
heat can be transferred to a higher temperature level than the first heat carrier stream. The
corresponding heat flow rate and temperature can be optimized with simultaneous

minimization of the drive power of the compressor.

[0016] The at least two series-connected compressor stages without intercooling permit an
efficient heating up of feed water (or of water from an intercooled circuit for heating up of the
feed water) up to temperatures of 125 to 140°C (or else higher). The heating up of the water
(or of the heat carrier of the intercooled circuit) in this case takes place in a heat exchanger
(the "intercooler"), in which the water stream is heated up and the air stream that is
compressed in at least two stages is cooled. In contrast to the case with conventional
intercoolers or aftercoolers, the heat in this case is transferred with a substantially lower mean

temperature difference. This is, for example, 5 to 20 K, preferably 7 to 12 K.

[0017] The first heat carrier stream that is heated in the first aftercooler is introduced into
the steam system. In the steam system it is either directly used as feed water in the steam
boiler, or alternatively it serves for indirect heating of feed water. In the latter case, the "first

heat carrier stream" can also be formed by a fluid other than water.

[0018] The use of the process according to the invention is particularly expedient in the
case of steam power plants, when, therefore, the steam system is formed by a steam power

plant.

[0019] Two groups of steam power plant processes are known which simultaneously serve
for energy and CO, production from hydrocarbonaceous fuels (coal, natural gas, petroleum
etc.) and contain an air separation plant, IGCC processes and oxyfuel processes. These
processes can be used both primarily for energy production with CO, separation as a by-
product, and primarily for producing CO, or CO,-containing fluids, with electrical energy as a

by-product.

[0020] In an oxyfuel process, the fuel is not burnt with air, but with oxygen or an oxygen-rich

gas that is supplied from an air separation plant.

[0021] In an IGCC process, liquid or solid fuel is first converted in a gasifier into synthesis
gas, which principally consists of CO and H,. This gas is thereafter further chemically
converted with use of hydrogen, and from CO and H,0O, then H, and CO, (shift reaction) are

formed, and the CO, is separated off. Combustible gases from the gasification and shift
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reaction are used for energy production in a combined cycle gas and steam cogeneration
process. In this case they are bumnt in a gas turbine, exhaust gas from the gas turbine is
passed via a waste-heat boiler in which the flue gas heat is transferred to the steam circuit. For
operating the gasifier, oxygen and nitrogen are used; nitrogen can, in addition, be used for
diluting combustible hydrogenous substances prior to entry into the gas turbine. These gases

are generated in an air separation plant.

[0022] The energy efficiency of IGCC or oxyfuel processes can be improved by the
integration according to the invention of air compressor waste heat into the steam circuit. The
hot air (or a part of the air) after the compression (in one or more stages of the air compressor)
in this case is passed through a counterflow or crossflow heat exchanger in order to transfer
the heat to a fluid (the "first heat carrier stream") which is likewise passed through this heat

exchanger. The air is cooled in this heat exchanger and the fluid heated.

[0023] The fluid used is the feed water (or a part of the feed water) from the steam circuit or
another heat carrier fluid that releases heat to the steam circuit. The air compressor waste
heat is thus directly integrated into the steam circuit. This integration of the air compressor
waste heat into the steam circuit leads to the energy production of the steam circuit being

increased.

[0024] In the context of the invention, the feed air stream is introduced into a further cooler
downstream of the intercooler and upstream of the last stage of the air compression system in
which the feed air stream is cooled: the further cooler can be constructed, for example, as a
direct contact cooler in which the cooling is carried out by direct heat exchange with cooling
water. By this means, firstly the temperature at the outlet of the intercooler can be kept
relatively high, and thereby adapted to the temperature of the incoming first heat carrier
stream. Secondly, a low intake temperature into the last stage results, which makes the

operation thereof more efficient.

[0025] Furthermore, an aftercooler is used, in that the feed air stream - or when a part is
branched off upstream of the last stage, its first part- is introduced downstream of the last
stage of the air compression system into an aftercooler and there is cooled in indirect heat
exchange with a second heat carrier stream. In this aftercooler, a further part of the heat of

compression of the air compressor can be recovered.

[0026] Preferably, in this case, at least a part of the second heat carrier stream heated in

the aftercooler forms at least a part of the first heat carrier stream that is introduced into the
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intercooler; the aftercooler and the intercooler are therefore series-connected on the heat
carrier side. The first heat carrier stream is thereby available at an elevated temperature even
upstream of the intercooler. Therefore, the heat of compression recovered in the aftercooler
can also be utilized for the feed water preheating and can be used profitably in the steam
system. Via the water-side series connection of the aftercooler and the intercooler, at least the
waste heat which is removed in these two coolers is made available to the steam system in the

form of preheated feed water or a heated up first heat carrier stream.

[0027] In particular, the air compression system is formed by a single multistage air

compressor having n stages.

[0028] "Multistage air compressor" here means an integrated machine in which all stages

are seated on the same drive shaft or are connected to the same gear.

[0029] Alternatively, the air compression system can comprise at least two air compressors,
namely one main air compressor and an aftercompressor, wherein the last stage of the air

compression system is formed by the aftercompressor.

[0030] The intercooler of the air compression system can then be arranged downstream of
the last stage of the main air compressor; alternatively, the intercooler is situated between two
stages of the main air compressor. In general, the aftercompressor is constructed as a single
stage; in principle, however, a two- or multistage aftercompressor is also usable with or without

intercooling.

[0031] The outlet temperature Tout(i)} at which the feed air exits from the i-th stage of the air
compression system is between 120 and 200°C, preferably between 130 and 170°C.
Temperatures in the first heat carrier stream of, for example, 125 to 140°C may thereby be

achieved.

[0032] In many cases it is expedient if a second part of the feed air stream is taken off from
the air compression system at a second, medium pressure which is lower than the first, high
pressure, wherein the second part is branched off from the feed air stream downstream of the
intercooler or downstream of the direct contact cooler. The medium-pressure air ("second
part") is therefore compressed in the first stages together with the high-pressure air ("first part")
but taken off from the air compression system upstream of the last stage at the second,
medium pressure. The medium-pressure air can likewise be introduced into the air separation

plant or utilized for other purposes.
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[0033] For sxample, in efficient alr separalion processes for producing low-pressure
impure oxygen for steam power plants under Oxyfuel processes, generally, two Teed air
streams af different pressures are required (high-pressure air = firs! part and mediunm-pressurs
air = second part). The two air streams can be provided using only one sompressar {driven by
an slectric motor or 3 steam twbing). This is ensured in that at least one air stream is taken off
st upstream of the last compressor stage, in partcular immediately downstream of the

infercooier or, if prasent, immedialely downsiream of the direst contact cooler.
5]

{0034 Clearly, a third air part can similarly also be obtained at a third pressure level, in
that this is compressad together with the first and second parts to an intermediate pressure of

the air compression system and then branched off from the folal air stream.

0035} Mot only the inlercoclsr but also the aftercocler can be construcied as plate heat
exchangers, in particular those made of steel, or else as ubs-bundle heat exchangers using
straight tubes which are operated in crosscounterfiow. Howsver, it is more expedient ¥ the
infercooler or the aftercocter or both are construcied as helically colled tubse-bundie heat

exchangers.

03] "Healically colled tubs-bundle heat exchanger” here describes a heat exchanger in
which at least fwo tube bundies of helically colled tubes are amanged one inside the other.
Such heat exchangers are epsrated in crosscounterflow and are desaribed, for example, in the
monograph "Tieftemperaturiechnik” {Lowtsmperature technology] by Hausen and Linde, 1885
on pages 471 to 473. The tubes can have fins internally, externally, or on both sides. The fluid
{watsr) that s to be heated up s passed through the tubes which are coiled onto a core. The
compressed air that is to be cooled flows i the outer space betwasn the fubes, the core and
the vessel shell. Figurs 1 herein corresponds lo Figure 8.2 at page 472 of the Hausen and
Linde monograph (1885) and shows a helically colled tube-bundle heat exchangsr providing
heat exchange betwesn a haat exchange medium and three other fluids.

{00371 The demands made of coolers for air are vary high. Firstly, the amount of heat o
be transferred s rather large {corvesponds o roughly the compressor output), secondly, effarts
are made o kesp the temperature difference in this air-waler heat exchanger as small as
possitde (£ 20K) in order fo minimize losses. Large pressure drops on the air side must not
form, the heal exchanger must manage with high temperaturss of up to 200°C and the

sorresponding thermal stresses, and it must be cost efficient.
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{0038] The conventional fube-bundle heat exchangsrs (TEMA heal exchangers)
customarily used as air coolers are not pptimally suitable for this object, since they funclion

rather as cross heat exchangers and thereforg are operatad with markedly larger temperature

differences. : - 7
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Furthermare, they are not paricularly compact. The very efficlent and compact aluminium-
plate-finn heat exchangers typioal for the low-temperature part of an alr separation plant are

probiematic because of high operaling lemperaiures.

[0038]  The helically colled crosscounterflow heat exchangers are robust. They can be used
at the relatively high tempseratures reguired here and are insensitive to the thermal siresses. In
adrdition, they are compact and efficient apparatuses, thersfore give rise to moderate costs and

can oparate at lemperature differences of less than 10 K.

[0040] Such helically colled twbe-bundle hest sxchangers can be used not enly in the
irventive process and the inventive device, bul generally for cooling compressed gir against 8
heat carier stream that is 1o be heated up. A further possibility Tor use s, for exampls, i the
use of o helically colled tube-bundle heat exchangsr as aftercocler of an adizbatic air

COMBIRskar.

[0041]  In principle, belically colled iube-bundle heal exchangers can slso be used In any

other process as interconler and/or aftercouder of an alr compression system,
100421 PFreferably, the first and second heat carier streams are formed by a waler stream.,

3043 In o second sspect, the present invention provides an integrated apparatus for air
1 g o

separation and steam generation with a combined sysiem, sald apparatus comprising:
~ & gleam sysiem and an alr separation plant,

- & multistage ar compression system having n stages, whersin n is greater fhan or
equal to 3 for compressing a feed alr stream fo a first, high pressure that s equal 1o the final

pressure of the alr compression system,

- means for introducing the compressed fesd air stream at the final pressure into the air

separation plant,

~ msans for removing the fead air stream from an (13- stage of the air compression
sysiem for introduction, without interconling, into the Hh slage of the air comprassion system,

wherein { & greater than 1 and s less than n,

, - means for removing the feed air stream st an outlet temperature Toul(l) from a stage
of the air compression system and means for introducing the feed alr stream at outlst
temperature Toul{i) into an infercocder which is arranged betwesn said b stage and the

subseguent {+1th stags of the alr compression system, wherein the interconler is
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construcied for cooling the fead air atream by indirect heat sxchange with a first heat carder

straam,

~ means for coupling heat from a heatl carrier stream, heated in the intercoolgr, inlo the
steam system, wherein the heal carier sfrearn can be usaed direclly as feaed waler in the steam
system or the heat of the heat camier stream can be coupled by indirect heat exchangs into the

steam systam,

~ megns for introducing the feed alr stream into 3 further cooler downstresmyof the

irtercocier and upstream of the last siage of the air compression svsiem,

- means for introducing et least a first part of the foed air stream intd an aftercooler
downstream of the last stage of the alr compression system and before introduction of the first
part of the feed alr stream inlo the air sepanation plant, which sftercooler is constructed for
cnoling the at lsast the frst part of the Tead air stream by indirect heat exchangs with the heat
carrisr stream, and

- means for introducing the heat carrler stream, affer being heated in the afterconler,

into the intercociar,

[0043al  In a third aspedt, the presant hwention provides an infegrated process for sir
separation and sieam generglion in 8 combined system comprising a steam systen and an aw

saparation plant, said process comprising:

- infroducing a feed air stream inle & multistage air compression system having n
stages, whanein n s greater than or equal o 3, and at least g first part of the Teed alr siream is
compressed o a first high pressure that is equal to the final pressure of the air compression

systam, and, at this final pressure, i inroducsd inlo the alr separation plant,

- removing the feed air stregm from the an {(-11-th stage of the air comprassion system,
wherein | is greater than 1 and s less than n, and intreducing the feed strean, without

mnteronoling, info an bth slage of the air compression syslem,

- removing the feed air strearm al an outlet temperaturs Toul(l) from the Hh slage of the
air compression system and infrodusing the feed air stream at this lemperaiurs infe an
intarcocier which is arranged between said Hh slage and the subsequent (H1)-th slage of the

alr compression syslem,

- pooling the feed air stream Iy the Intercosier by indivect heat exchangs with & heat

carar stream,
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~ coupling heat from the hoat carder stream healed in the irtercooler info the steam
syatem, whermin the heat carmier stream is used directly as feed water in the steam syslem ar

the heal of the heat canler stream is coupled by indirect hieat exchiangs info the slsam system
¥

- infroducing the fead alr stream into a further cooler positioned downstream of the

infercooier ardd upstream of the last sings of the gir compression system, and

~ introducing at lsast said first part of the feed aiv siream into an aftercooler
downaiream of the last atage of the alr compression system, and cooling said first part of the
feed air stream in said aftercocler by indirsct heat exchange with al least & part of said heat
carrier stream befors introducing said first part of the fesd air siream into the air separation
plard, wheraln optionally anciher part of said heat cartier stream does not undergo indirect

heat exchange i said aftercooler,

- whersin said at least part of sald heat carvler stream, afler being healed i said

aftarcooler, is introduced into said intercooiar, and

- i said another part of sald heal carder stmam doss not undergo indirect heat exchangs in
said afterconier, said another part of said heatl carriar stream & combined with said &l least a
part of said heat carder stream bsfors sald heal carder stream e Introduced into said

intercootar.

[0043b]  In a fourth aspedt, the pressnt invention provides an integrated apparatus for air

separation and steam generation with a combinsd system, sald apparatus comprising:

- a slean sysiem and an air separstion plant,

~ & multistage air comprassion systam having n stages, wherein n is gregter than or
aqual to 2 for compressing a feed alr stream o @ first, high pressure thatis equal to the final

pressure of the air compression sysiem,

- mieans for introducing the compressad fead air stream at the final pressure infe the air

separation plant,

- means for ramoving the feed alr stream from an {1 1-th stage of the air compression
sysigm for introduction, without infercocling, into the h slage of the air compression system,

whareln | s greater than 1 and s less than n,

- means for ramoving the feed air stream at an cutle! temperature Tout(l) from a stage
of the air compression system and means for introducing the Tesd air stream at outlet
temperature Tout(l) into an interoooler which is arranged between said i-th stage and the

subsequent (+1-h stage of the alr comprassion systen, wherein the interoovler &
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consiructed for cooling the feed air stream by indivect heat exchange with a first heat carrier

siream,

- means for coupling heat from a heat camier stream, heated in the intercooler, inlo the
steam system, wherein the heat camier stream can be used dirgctly as feed water in the steam
system or the heat of the heat carder siream can be coupled by indirect heat exchange into the

steam aystanm,

- means for introducing the feed air stream infe a further conler downstream of the

iterconier and upstrean: of the 1ast stage of the air compression system,

- meang for introdusing at least a first part of the feed aiv stream into an aftercooler
downstream of the last siage of the air compression system and before introduction of the first
part of the feed air stream into the alr separation plant, which aflercooler Is constructed for
pooling at least the first part of the feed air stream by indirect heat sxehange with at least a

part of the heatl carrier stream,

- msans for optionally divecting ancther part of the heat carrier stream o bypass the

indireot heat exchange in said aftercoolsr,

- means for introducing heat carrier stream, after being healed in the aflercooler, into

the intercooier, and

- if the another part of the heat carier stream bypasses indirect heat sxchange in said
aftercocler, means for combining the another part of the heat carrier stream with the al lsast &

pari of the heatl carrier stream before the heal carer strsam is infroduced inlo sald intercooler,

{0043¢] in a fifth aspect, the present invention providss a separated air product, or &

saparated steam product when produced by the process acconding o the first aspect.
! P §

10044} Further advaniages, features and defails of the present invention shall be described in
the following with references o the Figures, whereln:

Figure 1 shows a helically colled fubs-bundie heat exchanger as known in the art
{norresponds o Figure 8.2 at page 472 of the Hausen and Linds monograph (1888}, and

Figure 2 shows an exemplary embodiment of the process according to the invention.

{00454 The exemplary embodiment relates lo a three-siage alr compression syslem
having the stages 101, 102 and 103 {n = 3). In the sense of the patent daims, the second
stage 102 is the "Hh" siage, the firat stage 101 8 the "-1-h" slage. In both exemplary

ambodiments, the air compressor has an infercooler 202 and an aftercooler 203, The
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combined system has an air separation plant 8 and a steam system 10 {represented only in
Figure 2). The steam system 10 is formed by @ steam power plant. The air separation plant is

e

constiucied here as a bw-lemperalire air separation plant. The air separation plant @

generates an oxygen-enriched
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product strearm which s intraducsd info the combustion chamber of the sleam power plant 10

{which is not shown iy the drawings)

[0D48]  Atmosphernic air 1, 2 s drawn i via 3 filfer 20 35 "Teed air stream” at 1.01 bar and
300 K from the first stage 101, The feed alr stream 3 exiting from the first siage s passsd
direcﬁyq that is o say without cooling, to the second siage 182 and there further compressed o
a "secnnd, medium pressure” of 3.0 fo 2.8 bar. The feed gir stream 4, downstream of the
seoond atage 102, s cooled in the infercooler 202, Al least a first padt § of the fead air stream
§, downstrsam of the intercooier 202, 8 comprassad in the thivd and last slage 103 of the air
comprassion svslam further o a final pressure {the "irst, high pressure”y of 4.8 {0 5.8 bar, The
high-pressure alr 7 is cooled in the aflercocler 203, The fead air stream {or the Hrst pant of the
feed alr stream) 8 s infroduced info the air separation plant § downstream of the aftercooler
203.

{00471 The intercooler 202 is operaled using a first heat carder stesam 3171 as cocdant which
anterg at @ temperature of 315 © 340 K. This Is heated in the firsl intercooler 202 by indired!
heat exchanges with the feed alr siream o about 385 fo 435 K. The heated first heatl carrier
stream 312 is introduced info the steam power plant 10 and there serves for generating
process steam, oither by direct use as feed waler or by indirect heat exchange with the feed

water which is intraducad intn the sieam boller

[G048] - The fivsl heat carrier stream preferably enters info the infercooler 302 at a relatively
low pressure of less than 20 bar, preferably less than 10 bar. The “pumping up” of the waler
stresm 8 higher pressure preferably procesds downstream of the heatl exchanger (ot

showr in the drawing).

[0048]  The aftercooler 203 is cooled by a second heat carmier stream 18 which has a
temparature of 220 to 310 Kl in the sxemplary smbodiment, the firat and second heat carier

streams {12, 15} are formad by & waler stream.

{00501 The feed air 5, downstrean of the infercocler 202, iz brought in dirsot heatl sxchangs
with cooling water 301 in a further cooler, which is here designed as a diredt contact cooler
300, and cooled in this case by 10 o 18 Kl The cooling water 301 is formed, for example, by
old water from an svaporative cooler. From the boltom of the direct contact cooler 300,

heated cooling waler 302 is taken off,
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{00581} The aflercaoler 203 and the intercooler 202 are series-conmecied on the water side
{(hest carrier side), in that the heated water stream 316 from the aftercooler 203 forms the first
heat camier stream 311, The femperature of the heated second heat camier stream 316 & 315
0 340 K. The air intake lemperature between the infercooker 202 and the direct contact cooler
300 is increased because of the preheating of the first heat carmier stream 316/311 in the
afterconier 203. Mere, the heat removal in the aftercooler must virtually be "shifted” 1o the
direct contact cocler, that s to say the direct contact conler 300 must remove morg heat. For
this purpose, here, in addition lo the cold water introduclion line 301, a conventional "hot"

cooling water streamn 303 s also mntroduced.

{0082] if required, a second part 13 of the feed al stream can be branched off from the
fesd 35 alr stream 5 as medium-pressure alr immediately afler the intercooler 202 or ~ as
shown - immediately afler the direct contact cooler 300, and fed separately o the air

separation plant 8.

{0083] The exsmplary smbodiment can be implementsd In two variants. In the first variant,
the B alr compression system is formed by a single multistage air compressor having three
stages. In a second variant, the air compression system has g two-stage main air compressor
and an aflercompressor, wherain the last stage 103 of the alr compression system is formed

by the aftercompressaor, and the first two stages 101, 102 by the main air compressorn.

00541 in g departure from the exemplary embodiment shown in the drawing, the invention

s

can also be emploved in g system having a four- or multisiages alr compression aysien.

[005E] in ancther smbodiment, the first heat carrier siresny can also be intreduced in
whole of in pad into a system different from a steam system. In principls, the heat of the
heated up first heat carrier can also be utilized in any ather sys{em that has a heat requirement
at the malching temperature level For example, this stream can be used for hsaling up
cageneration gas for molscular sieve adsorbers {which serve, for instance, for purifying feed air
for the or an air separation plant) or for heating up a process stream before expansion in a

LIS

“hot” turbing in the meaning of the applicant's patent application EP 2 847 934 A1 and the
applications corresponding thereto. in this other system, also, the first heat carier stream can
sither be used directly or the heat thersof can be coupled into the system by indirect haat

sxchange.
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1. An infegrated process for alr separation and steany genera tsun in & combined system

comprising & steam system and an sir separation plant, said process comprising:

- infroducing a feed air streant into a mullistage air comprassion system having n
stages, wherein 11 s greater than or equal o 3, and at least & first part of the feed alr stream' is

s:csmg:recscd to a first high pressure that is equal to the final pressure of the air comprassion

system, and, at this inal pressure, is infroduced inlo the alr separation plant,

- removing the feed air stream from the an (-1 }-th stage of the alr compression system,
wherain {is greater than 1 and i s less than n, and infroducing the feed stream, without

intercooiing, intp an +h stage of the air compression system,

~ramoving the teed air stream at an sutlet lemperature Toul{(l} from the ith stage of the
air comprassion system and infroducing the fesd alr sfream at this temperaiurs Ivlo an
infernooier which is arranged belween said -th sfage and the subseguent (5 1)3th stage of the

aly comprossion system,

- cooling the feed air stream in the interoooler by indirect heal exchangs with a heat
4 k

arrier strean,

- coupling heat from the haat carder stream healed in the intercooler into the steam
system, whersin the heat carrier stream is used dirsclly as fesd water in the steam system or

the heat of the heat carrier stream iz coupled by indirect heat exchange inte the steam sysiem,

- introducing the feed air stream into a further cooler positioned downstream of the

nferoocler and upstream of the {ast stags of the alr compression system, and

~ introducing al least said first par of the fead air stream into an aftercooler
downstream of the last sfage of the alr compression systam, and cooling said first part of the
fead air stream in said aftercocier by indirect heat exchange with said heat camier stream

before introducing sawd first part of the feed alr stream info the air separation plant, and

<wherein said heat camer stream, affer being heated in said afterconler, is infroduced

irito said inlercogier

2. Process gecording o Claim 1, wherein the further cooler 18 construciad as a direct
cortact cooler and the feed alr stream is cooled iy the direct contact cooler by dirsct heat

axchangs with cooling water,

3 FProcess gecording to Clalm 1 or 2, wherein the air compression system is formed by a

single mullistage air compressor having n stages
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4, Frocess according to Claim 1 or 2, whersin the sir compression system comprises atl
least two alr comprassors, namely ong main alr comprasasar and an affercomprassor, wherein

the last stage of the alr compression system is formed by the aflercomprassor.

8. Process according to any one of Claims 1 1o 4, wherein the oulist lemperature Toul(l)
of the feed alr stream from the h siags of the air compression system is batwean 120 and
200°8.

8. Process according © Claim 8, wherein the putiet temperature Toul() of the feed air

stregm from e iHh stage of the air compression sysiem is between 130 and 1700,

7. Frocess according fo any one of Claims 1 1o 8, wharein the heal carer siream is

hegted in the inlercoaisr o 8 femparalure betweean 125 and 1400

3, Process according o any one of Clalms 1 fo 7, whereln a second part of the fosd alr
stream is removed from the alr compression system at 8 second, medium pressure which ig
lower than the first, high pressure, wherein the secend part is vanched off from the feed air

strasm downsiream of the interceolesr or downstream of the further cooler

8. Frocess according fo sny one of Claims 1 to 8§, wherein the intercooler andfor the

aftercocter is constructed as g helically colled tubs-bundle heat exchangsr

16, Pracess gocarding o aay ons of Slaims 1 fo & wherein the inferceclsr andfor the

affercocler is consiructed as a piale heat exchanger.
11. Process according to any one of Claims 1 fo 10, wherein the ssoond heat camier

stream is formed by @ waler strean.

12, Process according o any ong of Claims 1o 11, whersin the sfeam system is & sleam

power plant.

A rocess according o Clgl »whersin the steam power plant s an owyiu e
13 Process according to Claim 12, wherein the sieam power plant is an oxviuel powear

plant or an integrated gasfication combined cycle powst plant.

14, An integrated apparatus Tor alr separation and sleany ganeration with a combingd

system, said appantus comprising:

- & slgam system and an gir separation plant,
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a mullisiage alr compression system having n stages, wherein n is grealer than or
ggual o 3 for comprassing 2 feed air stream o a firsy, high pressurs thatl is equal to the inal

prossure of the alr comprassion system,

- means for introducing the compressed feed air sream at the final pressure o the air

separation plant,

- means for removing the feed air stream from an (-1 +th stages of the alr comprassion
system for introdustion, withoul infercodding, into the iHth slage of the air compression system,

wherein | is gresterthan 1 and { 5less than n,

- means for removing the fesd air slream at an oulled temnperature Toul{l) from & slage
of the air compression system and means for introducing the feed air stream al outlet
temperature Toulll) into an intercooler which s arrangsd between said -th stage and the
subsaguerd {31 R1 stage of the sl compression system, wharein the infsrcooler is
construcied for cooling the fead alr slream by Indirect heat exchange with a first heoat carrier

stream,

- maarns for coupling heal from & heat carrier stream, heated in the inlercocler, inlo the
steam systenm, wherain the heal carrier stresm can b used directly as feed water in the steam
sysiam or the heat of the haal carrier strear can be coupled by indirec! heat exchangs into the

steam sysiem,

- means for introducing the feed air stream info a further cooler downstream of the

intercocler and upstream of the last siage of the air compression system,

- means for introducing at feast s first part of the feed alr stream inlo an aftercooler
downsiregm of the last stage of the alr compression system and befors intraduction of the first
part of the feed air stream into the air separation plant, which aftercooier is constructed for
sooling the al least the first part of the Tend air stream by indirect heat exchangs with the heat

camier stream, and

- maans for infroducing the heat canier stream, after baing heated in the affercosier,

into the Intsreooier

18 Anindegrated process for alr separation and steam generation in & combined system

comprising a steam system and an alr separation plant, said process comprising:

- irtrodusing a fesd alr stream inle a multistage alr compression system having n
stages, wherein n is grealer than or equal 1o 3, and at least a first part of the fead air stream is
sompressed to a frst high pressure that is sgual fothe final pressure of the air comprassion

systen, and, at this final pressure, s introduced o he alr separation plant,
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- removing the fead air stresm from the an (-1 1th stage of the alr compression system,
wherein | is greater than 1 and iis less thary n, and infroducing the Tesd strsam, without

intercooiing, into an i-h siage of the air compression system,

~ removing the fesd air stream at an outlel lemperature Tout(l) from the Hth stage of the
air comprassion system and introducing the feed alr siream atl this temperature info an
infercociar which iz amanged bebwesn said h stage and the subssauent (i+11-th slage of the

air compression system,

- cogling the feed air stream in the infercocier by indirect heat exchange with g heat

carrier sfream,

- soupling heat from the heat carrier stream heated in the intercooler info the steam
system, wherein the heal carrier stream is used dirsclly as fead waler iy the steam system or

the heat of the heat carvier stream is coupled by Indirect heat sxchange inlo the sleam system,

- introducing the feed air stream inte a further cooler positionad downstream of the

intercooter and upstrsam of the last stage of the air compression system, and

- intraducing at feast said first part of the Teed alr stream into an aftercodier
downsiream of the lsst stage of the alr compression system, and cooling said first part of the
feed air stream in said aftercooler by indivect heat sxchange with at least a part of said heat
carrier stream before inlroducing said first part of the feed alr stream inlo the alr separation
piant, wherein optionally another part of said heat carrier stream does not underge indiredst

heat exchange in said aftsroooler,

- wharsin said at least part of said heat carrisr atrsam, after baeing heated in said

aftercooier, is introeduced inip sald interconisr, and

~ i said another part of said heat carrier siream does not undergo indivect heat
gxchange in said gllercocler, said another pad of said heat carrier stream s combined with
said gt least a part of said heal carler stream before sald heat camler strsam is infreduced into

said intercooler.
18, An inlegrated apperatus for aiv separation and steam generation with a cormbined
sysiem, said apparatus comprising:

~ & slogm systam and an alr separstion plant;

~ & maultisiage air cornpression system having n slages, wherein n is grester than or
squal o 3 for compressing a fead air stream to a first, high pressure that is equal to the fingl

prassyre of the alr compression syatem,
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~ mgans for infroducing the compressed fesd alr sirsam at the final pressure in the air

separation plant,

- meana for remmoving the feed alr stream from an (-1 )3th stage of the air comprassion
system for Introduction, without intercooling, info the Hth stage of the air compression system,

wherai | s greater than 1 and s less than n,

~ means for removing the feed alr stream at an outlst temperature Toul(l) from a stage
of the alr compression system and means for infrodusing the faed air siream at outlet
temperature Touwl(i} into an intercooier which is arranged between said i4h stage and the
subsequent {i+1}-ih stage of the alr compression system, wherein the intercooler is
constructed for conling the feed alr stream Dy indirect heat exchange with a first heat carrier

stream,

~ means for coupling heat from a heat carrer stream, heated in the infercooier, into the
stsam system, wherein the heat carier sfream van be used dirgetly as foed water in the steam
system or the heat of the heat carrier streany can be coupled by indirect heat exchange info the

steam sysiany,

- means for introducing the fesd alrstream info a further cooler downstresam of the

ercouter and upsiream of the lgst siage of the alr comprassion system,

- means for introducing at least a first parl of the feed alr siream info an affercocdsr
downsiream of the last siage of the alr compression system and before infroduction of the first
part of the feed air stream into the alr separation plant, which aftercoolar is constructed for
cooling gt least the first part of the feed air stream by indirect heat exchangs with al lsast a

part of the heat carrier sream,

- means for optionally directing another part of the haat carrer stream 1o bypass the
indirect heat exchangs in sald aftercooler,

- mgans for introducing heat carrier stream, after baing heated in the aftercooler, into
the intereaoler, and

- f the ancther part of the heat camier stregm bypassses indirect heat exchange in sald
aftercouler, means for combining the another part of the heal camier stream with the at lsast a

part of the heat carrier stream before the heat carrer stream is introduced info said infercooisr,

17, A separated air product; or a separated steam product whan prodused by the pmocess

acconding to any one of Claims 10 13,
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18. An integrated process for air separmation and steam generation substantially as herein
described with referance o any one of the smbodiments of the hwvention illustrated in the

accompanying drawings andfor sxamples.

18 An integrated apparatus for air separation and steam generation substantially as hevein
described with refevence ¥ any one of the smibodiments of the invention Hllustrated in the

acoompanying drawings gndior sxiamplss.
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