WO 2011/ 069857PCT/ EP2010/ 068425 Power plant with CO2 capture and nethod to
operate such power plant 5 Technical Field The present invention pertains
to a fosswbD20udleodsir ed power plant for the generati on ofPCelEPeawviocssks ener gy
conprising a plant for the capture of carbon dioxide resulting 10fromthe
conbustion of the fossil fuels. It pertains in particular to an apparatus
provi di ng steam used for operating the carbon dioxide capture plant. It
furthernore pertains to a nethod of operating such power plant.
15Background Art Power plants for the generation of electrical energy based
on the conbustion of fossil fuels have been proposed to include plants for
the capture of carbon dioxide (002) produced in order to reduce the

em ssi on of tgh i jrgrai 'gﬁ&ﬁ,
contribute tolis.ét”ﬁ’gia ?aedetn%ﬁgttggzg%@@%@b@%%@?ﬁtﬁe@ufgg rat %Rlao'}t such
power plants has started in pilot projects. Known carbon capture plants

i nclude a CO2 absorber operating on the basis of chilled anmonia or am ne
processés and furthernore several CO2 conpressors in order to conpress the
captured 002, which woul d enabl e iti gf’ﬁir%pﬁi d/or 25 transport. These CO2
capture and conpressi on processes r & &9 gfd;y in the formof heat and
steam pressure. The absorption processes require a heat source for the
regeneration of the absorption agent in a heat exchanger, and the CO2

conpr essi ol hegeyeéserkingeriien peteainsdo eaiossib fudl ifived pawer pkest fathelgengratiom

drive conpressors. .30 WO 2011/069857PCT/ EP2010/ 068425 2 extraction from a
eat r ecovdl TSR RBRAY SYPTFASE DGt [95dhe SPRUKS o PatiTLe Bl deatigs
provi deg byrdrhend ESEousis 8f fddoksiPRls fitgértaifs GO PRHRLEH thantdpdiRes  The
| ow pressure steamfromthe turbines driving the conpressors i's used for

t he r egenempaovidimgasteameussosior ppemtinggertcarbon dioxide capture plant. It

furthermore pertains to a method of operating such power plant.

15 Background Art

Power plants for the generation of electrical energy based on the combustion of
fossil fuels have been proposed to include plants for the capture of carbon dioxide
(CO2) produced in order to reduce the emission of this gas into the atmosphere

20  known to significantly contribute to the green house effect. Most recently, the
operation of such power plants has started in pilot projects.
Known carbon capture plants include a CO2 absorber operating on the basis of
chilled ammonia or amine processes and furthermore several CO2 compressors
in order to compress the captured CO2, which would enable its storage and/or

25 transport. These CO2 capture and compression processes require energy in the
form of heat and steam pressure. The absorption processes require a heat source
for the regeneration of the absorption agent in a heat exchanger, and the CO2
compression requires pressurized steam to drive turbines, which in turn drive
compressors.

30
W02008/090167 discloses a power plant with a CO2 capture and compression

plant, which provides steam to drive the turbines for the CO2 compressors by



5 EP551876 di scloses a power plant with CO2 capture and conpression pl ant
conprising steamlines fromthe high-pressure steamturbine of the power
gener at i onopbanisosseadi ng to turbines to drive the conpr @sI®mMP010O6842He
conpression and cooling of the captured2002. Such use of high-pressure
steamresults 10however, in a reduction in efficiency of the power plant as
a whole due to the | oss of high-pressure steamin the turbines driving the
generator. 15Summary of Invention It is an object of the invention to
provi de a pxitactign fom & deat recoyenesteanvgendratdrddtRBCe duridee stpane targhissi ng a
plant for the capture and  conpr on ., of 002 . where such plant .has an
Phoreased GLTPEisdyoude] GHBBITRRE Rritrg pofialf b B COmBLARLIN e o o
operation (PiRSGeTﬁ@zoﬁ%ﬂlb?élﬁ'eFﬁté‘é% fRTRRE RifbiRsRPWRg HeAEBpRissbAY i Uskae

known in the prior art. Is a further object of the invention to provide
a net hod offoriherragengratiopmidine pbaatptioh adend. t ype. 25A fossil fuel fired
power plant for the generation of electrical energy with a plant for the
capture5and conpression of CO2 from exhaust gases emtted by the power

plant conprd 187%%96I9'éé‘9at¢6v&é?$>éénﬁlﬁiﬁnﬂﬁeb@2 cé’ptﬁFeeﬁrggNjc?tng‘r?hét SRpigNt i gur ed

and arranged to receive via a st a steam f e water steam
cycl e as i mpuiprsirepsteandlinesireasbe thigh-presssine steam turbinengiuihe stosaan and
direct it via a further 30steamline to the CO2 capture ant. The steam

, I
j et ej ect ol9eNETUNRY PIGOF E@ANIHIOMFRIAGR &P HEVE & PYBPEESSOERIANNG ROHPIeSHIRR i ve

steam fl ow i } : i

2011/ 06985 FETHELBE SR BABET BOL SRS b R reRHlreiEaRest® L ne pover
pl ant aonphioseves, inteeaaiuction in efidiergyfofane poper ptarit msid whokt duie & enosycl e
at an extraction point at the internediate-pressure steamturbine or

downst r eamOf NiA-PIRSSPFR sleqaninihe-tusipes diiviagtthe Seneralp-ecti ng 1 ow or

i nternedi ate-pressure to the steamjet ejector.

15 Summary of Invention

It is an object of the invention to provide a power plant for the generation of

electrical energy comprising a plant for the capture and compression of CO2,

where such plant has an increased efficiency as a whole and a higher degree of
20 reliability of operation of the CO2 capture plant compared to power plants of this

type known in the prior art.

It is a further object of the invention to provide a method of operating a power

plant of this type.

25  Afossil fuel fired power plant for the generation of electrical energy with a plant
for the capture and compression of CO2 from exhaust gases emitted by the power
plant comprises, according to the invention, a steam jet ejector configured and
arranged to receive via a steam line a steam flow from the water steam cycle as
input steam and increase the pressure of the input steam and direct it via a further

30 steam line to the CO2 capture plant. The steam jet ejector is configured and
arranged to receive a steam flow as a motive steam flow enabling the pressure

increase of the input steam.



In a first particular enbodi nent, the power plant conprises a steamline

| eading froma cross-over steam|line between an internedi ate-pressure steam
turbi ne awo 2a1lE985pr essure steam turbine to the steam | @CTAPREO6842AN

output steamline directs 10 the steamgvith i ncreased pressure fromthe
steamjet ejector to the CO2 capture plant. In a second particul ar

enbodi nent of the invention, the power plant conprises a | ow pressure steam
line leading froman extraction point in the internedi ate-pressure steam
turbine to the steamjet ejector and a further a steamline fromthe

15steamjet ejector .to th ure plant. In athird e i ment of the
Fovent on. AR ERGR ML AT i B e iRl bl Pelisel A FRAE Mdi ng 1rom
an extract i|@adiRgifidim bbdiMan QW e SEANE cpéle aMahundiaRfioh Qolrtet sheam j et
ejector and a further steamline fromthe steamjet ejector to the CO2

capt ure pl amermgdiate-aréssure steambbdbinener ddwnsteeamirom thenintermediriger pl ant
conprises a_l ow—greisur . sttean? line.leadi 8% froman gcﬁ ractian E(F;i né) at the
condensar PECTIHE LRI ALEC)GLlons o Anigred gl REFSSUR [N e HEAF IEhFIEREP st eam
jet ejector to the CO2 capture plant. 25In each of the above enbodi nents of
the invention, the power plant conprises a steamline | eading steam as

noti ve st edmatfost partistieaenbedimpet tie powkee plant icompsisearm steamdinealetdohg r om
an extraction point at the internped at e_rP[ ssure steam turhbine Pr.ovi ded it

i s upst reao? BriPFRIOUKE FGBEN 141F PEWRENAN e/ Meriate-RieeaH)® YPalhlTyBPRNd
upstream i, HRENREEfe &bﬁﬁf‘ﬂu?tyiﬁb‘?%ftﬁé’gie%'gr?}eé ct .Wn%”UtPQ! Seaff lifd'Girects

30i nt er nedi at e- pressure steam turbine. xanpl'e, notlve steamline can
| ead friom dhe stezah withrircleaadd pyedswrenfitane tHe steapt jes ejectordo ¢laenCQ2 baptwré o a
boil er or heat recovery steam generator steam generator or fromreheat

steam | i nePld¥adi ng WD 2011/ 069857PCT/ EP2010/ 068425 4 from the boiler or

ot ve. St eane e onpa ot PmebBrtl qrihe WRALBCTR! MR ot Eqfickeane

Mbtive ste rom ive steam1'i ne

extract i on |p@ipressuretdtearnilink-pading dram shesutnactiohipomt i ites itéinmediateont ai n a
| arge flow of steamat a tenperature and pressure just sufficient for
noti ve st ePNESSHHE Steamturhing nthersteariel eieaiop@nd alurthes arsteam linstfrom theeam

fromt q§ﬁg S?%agﬁi%%éggﬁggntbaﬁ]egeéée(faaﬁﬁ%gél?hﬂpact on the steamflow in these

l i nes, _ i'¢iency of the power plant _
t her ef ore neegghirg esBddiment BeiNe. inV&etidWes pplvehblaat eonfbrizes tolowsrdsBunt i on

is equipped to direct | ow pressure
steam line leading from an extraction point in the low-pressure steam turbine to
the steam jet ejector and a further steam line from the steam jet ejector to the CO2
capture plant.
20 In a fourth embodiment of the invention, the power plant comprises a low-pressure
steam line leading from an extraction point at the condenser to the steam jet
ejector and a further steam line from the steam jet ejector to the CO2 capture

plant.

25 In each of the above embodiments of the invention, the power plant comprises a
steam line leading steam as motive steam to the steam jet ejector. The motive
steam is extracted from an extraction point at the intermediate-pressure steam
turbine (provided it is upstream from the extraction point of the input steam) or any
point upstream in the water steam cycle from that extraction point at the

30 intermediate-pressure steam turbine. For example, motive steam line can lead
from a reheat line leading from the high-pressure steam turbine to a boiler or heat

recovery steam generator steam generator or from reheat steam lines leading



10 steamfromthe water-steamcycle of the power generation plant for the
CO2 capture and conpression plant. The use of a | ow pressure steam

ext ract i omoi2nsiteags7of a hi gh- pressure steam extracti on ras/ER2@m0mbd4ses ef f ect
on the overall efficiency of the steamiurbi nes in that the working steam
flowis decreased to a | esser degree. Due to the steamjet ejector, the
steamthat is led to the CO2 15capture reaches the required pressure for
operation of the CO2 capture plant. In particular, the steamjet ejector

provi des t fi®n giboiter artheahreeawesy steasy 6aNaraser toreelipigrmpedivéenteesausam
extracted fromthe. water-steam cycl fth wer .plant is |ess than the
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the power plant.is erating at rt-lqad, i.n a turn-do condition, or
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sufficient for the operation of the CO2 capture plant. Here the arrangenent
of a st eamgfiatierjyect tbe pavedsl @antsthéfafofeeremaineamabiraswalie for conti nued CO2
capture operation at all tines of part-1|oad operation. In a further
speci fic enbodi mrent of the invention, the steamjet ejector is 30

operativel ORAG t hanrggbnfi o] co2
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particular, the steam jet ejector provides the required steam pressure even when
the low-pressure steam extracted from the water-steam cycle of the power plant is
less than the required steam for operating the CO2 capture plant. A sufficient
steam pressure is therefore assured at all times and for all operation states of the

20 power plant.
In particular, the power plant according to the invention allows the continued
operation of the CO2 capture plant even when the power plant is operating at
part-load, in a turn-down condition, or sliding pressure mode. During part-load
operation the pressure of steam available from the water steam cycle is

25 decreased and likely not sufficient for the operation of the CO2 capture plant.
Here the arrangement of a steam jet ejector enables sufficient steam pressure for

continued CO2 capture operation at all times of part-load operation.

In a further specific embodiment of the invention, the steam jet ejector is
30 operatively connected to a heat exchanger for the regeneration of a CO2

absorption agent in the CO2 capture plant.



In a further enbodi nent of the invention, the power plant conprises an
additional steamjet ejector (arranged in parallel to the first steamjet

ej ect or awmoRotawdssgured 15 and arranged to receive via RCIEPAMI06835

| ow- pressure steam extracted fromthe v€t er-steamcycl e, increase the
pressure of this input steam by neans of a notive steamflow and to direct
via a further steamline the steamw th increased pressure to the CO2
capture plant. In order to avoid a si ﬁni.fi cant loss in efficiency of the

t ur bi nes, tihe fortbansregiicemdgdinnent oidhe drvandiost tentOa cagtes RNt eperatesact ed

20again from o] at the inter iat.e- pr. re steamturbine or. at. a
o nt. 1t R0 GeiepPboBe P s Se AR R SRR C AR R N ROTAEY gl
st eam t ur bigheappfareRis! fE tHe SRPbINg6F driRehid frefM dateri t abl e point in the water
steam cycle to the second steamjet ejector as descri bed above. The second

steamjet ejector is activated in the case that the steam pressure

25i ncrease |b ns of the first steam el e]ector does not provide.
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increase than the first steamjet ejector. The second steam | et
ej ect or caro e @02 cg@dre plaphbgbésdingthe steaer jebgjenstarh Lowepresswe 80s8mdam | et

ej ector. 2011/ 0698 CT/ EP2010/,068425 6 A nethod to erate a power
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it to aofi mpddntsthedis gqialepacthigherithan das requircdsstpamssessutedfoa the ESuUr e
equal 5or higher than the pressure required for the CO2 capture plant

oper ati on, C@PFEBRNIFY- this steamto the COR capture plant, and using it to
operate within the CO2 capture plant. This can be for exanple to operate a

heat exchanger for the regeneration of a CO2 absorption agent or a heat
exchanger flom farthanewmbbdinmettast tisé invepiting, tepesveérusiant tornprisean @aldlitionahen

the pressure of the extracted , o .

steam jet ejector (arranged in parallel to the first steam jet ejector and) configured

15 and arranged to receive via a steam line low-pressure steam extracted from the
water-steam cycle, increase the pressure of this input steam by means of a motive
steam flow and to direct via a further steam line the steam with increased
pressure to the CO2 capture plant. In order to avoid a significant loss in efficiency
of the turbines, the steam extracted for the second steam jet ejector is extracted

20 again from a point at the intermediate-pressure steam turbine or at a point in the
water steam cycle downstream from the intermediate-pressure steam turbine. A
motive steam line leads from a suitable point in the water steam cycle to the
second steam jet ejector as described above.
The second steam jet ejector is activated in the case that the steam pressure

25 increase by means of the first steam jet ejector does not provide sufficient
pressure for the operation of the CO2 capture plant. The second steam jet ejector
is configured and arranged to generate a greater pressure increase than the first
steam jet ejector.
The second steam jet ejector can be arranged in parallel or in series with the first

30 steam jet ejector.



10steamis below the | evel of the required pressure for operating the CO2
capture plant. This can occur during full or part-load operation of the
power pl amD.20/q@98507i cul ar met hod to operate such power pCarAP2@ONPSRSeES,
when operating the power plant within ag I ange of full or part-I|oad
operation and operating the CO2 15 capture plant by extracting steamfrom
the water steamcycle of the power plant and leading it directly to the CO2
capture plant through a line that bypasses the steamjet ejector. This is

appl i cabl e A medPHier opRyaterd Powen glansiwithuaICQ2 cpaiure Pkant copwrises@xiractieg

pressure of  the_ .extract steamis e | to or re than the pressur.

Fequi red f oSO ERENAl SRSl Be sl ol # A AES PSR S sy ¢ e
20 extract eflesdipanumhiPsr BEWARIEAR fRIMSBURRIMREIE fFedureRGIMEahde CO2
capture plant, the nethod is adopted as descri bed above. For this, the line

| eadi ng st einecting édola/finsbstelaa EORjacipt incseqsingtitsipsesswredd aqprésaune equdl or

t he extracted.st i d di t it he st jet ejectqr f
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plant is al@lﬁ’i‘s's@é’ar‘nQo@ﬁ@@@?ﬂabﬂr@?ﬁ?ﬁfar%‘@siﬁ it BopRbRoginiAerecded above.

When operating the power plant wthin a further part-|oad operation range,
wher e the <apturepladsilhs camiee rezkample e opeemmg leeategxebaoger ®r et ow t he

pressure required, for _op ting the CO2 capture plant, the line to. the
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the second steamjet ejector is then directed to the CO2 capture plant.
These net he@NalNFanrecapeuanoddll 8f Pardoedererian & thepowesilant  ti nes and

5during full-load as well as part-load operation of the power plant. For
exanpl e, when the power plant is operating in a sliding pressure node

during turnp gameuRi ridtBodltebberdtd sUBR poues Pke imEikNMwheatoperatiiethe
extracted fromthe water steam cycle decreases continuously. Dependi ng on

t he pressuP@Wsr plard veiiliin aceege sf dadhor pardogdoperatios ansueperating tee Q2 essur e
to operate t tur I i r,. 10 St i jector, o he
L oPo € R P e B AT Bl B B et
respect i velandqegdingdt Qiredtlyodithe G2 capRas lantiBrough 4 Nee MR PoassestHeeadi ng
to the individual ejectors. 15Brief Description of the Draw ngs

steam jet ejector. This is applicable, when during this range of full or part-load

operation, the pressure of the extracted steam is equal to or more than the

pressure required for the operation of the CO2 capture plant. If the pressure of the

20 extracted steam drops below the pressure required to operate the CO2 capture
plant, the method is adopted as described above. For this, the line leading steam
directly to the CO2 capture plant is closed and a line for the extracted steam is

opened directing it to the steam jet ejector for pressure increase.

25 A further particular method of operating the power plant is applied in addition to
either one of the methods described above. When operating the power plant
within a further part-load operation range, where the steam pressure generated by
the steam jet ejector is below the pressure required for operating the CO2 capture
plant, the line to the first steam jet ejector is closed and the steam extracted from

30 the water steam cycle is directed to a second steam jet ejector. The second steam

jet ejector increases the steam pressure at least to the level of the required steam



Figure 1 shows a schematic view of a first enbodi nent of a power plant
according to the invention with a steamjet ejector. Figure 2 shows a
schemat i cwoizew/wpssa second enbodi ment of a power plant POaEPesidiossy2s o t he
invention with a steamjet ejector. Figure 3 shows a schematic view of a
third enbodi mrent of a power plant according to the invention with a steam
jet ejector. Figure 4 shows a schematic view of further enbodi nent of a
power plant according to the invention with an additional steam|jet

ej ector. 2%Feggure. Ehe stamsn sesllinng fromubersacond stermdeteRiestpr issthendifactad ted

to the CO2 | ant . by operating two steam jet ejectors. Best Mddes
for Carryi ﬁ@gg{?’é?ﬂ@“f%\?@r#i on 30 WD 2011/ 069857PCT/ EP2010/ 068425 8

respectively. The steamturbines are arranged on a conmon shaft 4 to drive
a generator 5 for the generation of electrical energy. The steamfor the
t ur bi nes i Shgseanetheds low theidperation etithieyC@2faapire flard atall tmes aach

enerator such as heat recovery. steam generator HRSG rat ed means
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respecti veltye plEmn andtthe pséssaure of steanothdtioandmnextradtad tfroof tHe watezstdar8 i s

conpl eted by a condenser 7, which_condenses the steam exhausted by the
| ow pr essur¥CIE ERETPEIRDFIEINIOUS|Ye BlEPERE INgPA R B@§§U(%%ftth§(ﬁ>§ﬂ@§9ﬁ@/3tﬁém t he

reheati ng ; | t t r i 8
| eading fo PRLVES 1 Pe e R HESIRIE GPRTaleRE I 2 capUE T, el
conpri ges fnardtbamnet ejestdr] methkdirst, lbe tiexbacsid sfeaasjet ejeatdrie pbointer or from

the HRSG 6 |l eading to a plant 10 for the capture 15 and conpression of 002.
Thi s pl ant OPERMIANsRY respecivanareniiy abelesiberthe fypass Hae o thestersilkesf

chilled amﬂ@éﬁiﬁ%gé{@n@&@ﬂﬁ%ﬁ%@@%.and one or several CO2 conpressors in

order to conpre ext ed fromthe exhaust gases. The captured
and conpressed CO2 is transported to a storage or transport facility by

means of line 11. Gases free of the CO2 are released to the atnosphere or
20directed via line 12 to further separation or processing. Aline 13 is

provi ded for Brief Description of the Drawings

Figure 1 shows a schematic view of a first embodiment of a power plant according
to the invention with a steam jet ejector.
Figure 2 shows a schematic view of a second embodiment of a power plant

20 according to the invention with a steam jet ejector.
Figure 3 shows a schematic view of a third embodiment of a power plant
according to the invention with a steam jet ejector.
Figure 4 shows a schematic view of further embodiment of a power plant
according to the invention with an additional steam jet ejector.

25 Figure 5 shows a plot illustrating the steam pressure provided to the CO2 capture

plant by operating two steam jet ejectors.

Best Modes for Carrying out the Invention
30
Figures 1-3 each show a power plant according to the invention having steam

turbines 1, 2, and 3 driven by high-, intermediate-, and low-pressure steam



return condensate fromthe capture processes to be directed as feedwater to
the HRSG or boiler6. According to the invention, a steamjet ejector 24 is
arranged wo 20h@epssrer pl ant to 25 receive a | ow pressur @Cirmpadiosssam f | ow
via a steamline 20 and 23 and a flowoé notive steamvia a steamline 25
in order to generate an output steam flow of a higher pressure than that of
the input steamflow. An output steamline 27 is arranged to direct the
output steamfromthe steamjet ejector 24 to a steamline 22 leading to
the CO2 capespectiyebnilhemieanitecningsaigsedanged e aorpma@ptshed pladivee t o

drive turbines t rive COP conpr rs.or _as he exch nedium for the
Fegener at | SRTSTAOHE o Pe P GE AR e Bi dbe SRR kb Ros o
The line 2Qédnaratbd dYAeBolldr el Yyta FILATEIRE sfeant§ossratdreduchi 4 hegm t he
i ntermedi ate-pressure steamturbine 2 to the | ow pressure steamturbine 3

and | ead t hieceueary staasd geneeatot RS aroE3ated hyhweane amthehokgxhaust gages The
t W 25 | eads, st. tracted fr. h h t L 26 bet

Che i gh- S0BP 84k, LT ain 161 BiEreamaded N a6 18 (OTRE CIYRISUFSE i on

al  ows hi ghitdsRegWire $1 EREstca Burlife’Ct, e dnd 3 B E8Mn&idd Waere%%@f‘hnéj“ t hout

having to extract steamfroma high-pressure steam source 1n the

wat er - st earress=oecrafteamdinesvéa apd 361 redpectbsly nbhe adver e afcieotiheg its
overall efficiency. An additional steamline 21 |leads .fromthe steamline
20 di 1 ect | PONST AT IOHES 3 BERTRSIe0 1D COrgoassss L hiph SAPISHRETHBGI ng.
non-return ' | HhRE. I I €oldhL L

| ow pr essursgéésrvggig%?tre gg{ﬁ? btlgwtﬂgg% %§%®JP% Igh? 9§<§{ﬁ§$}'gﬁgg§5gug%segnotthe
pressurie ofshbhe) sdreberpheatirdednd veghssingoé thes terdercaté and Sesdwatec marturhor
the operation of the CO2 capture plant. 15 Figure 2 shows a further

enbodi nent i8¢ & kading/erdhedelgher ERIfe 6st eam jet ejector is arranged to
receive an input steam flow extracted fromthe | ow pressure steamturbine 3
via a line 30 and line 23. The notive steamfor the steamjet ejector 24

i's, in thiShenbedemsiant offigurastiedl edtia compeisas furtie e reelivesator lthe ex@sust
bet ween the 20HRSG 6 and the internedi ate-pressure steamturbine 2. As in
t he enbodi G8&§es &om theubpeiler ortfram HrEliRSP Srieading tadeslaat 30 damthe; Ggaptyre and

W U nout Sst G0 ePlse bR it FAK PP ks TRE bk Ab M RBSh AR e

pressure ofondbkhrasid €BcNified Bhinfiehidail @imifé protatseb @indsorsalbf seyeral CORr its
operation. Figure 3 shows a further enbodi nent of the invention conprising

a st eam | etCOB)REESINATS M2 OFFerdagomnress a2 exradigdifrost ke apist gases. dihet he
| ow pressur urbi ne exhau An i nput, steam|lin ) f.rom an
extraction c%Bfur{?g@gﬁm%Oé’gﬁrteﬁéeng}s transpoDr{Jed D'a gtorage or ﬁgnspoar%acnlty by
means of line 11. Gases free of the CO2 are released to the atmosphere or
20 directed via line 12 to further separation or processing. A line 13 is provided for
return condensate from the capture processes to be directed as feedwater to the

HRSG or boiler6.

According to the invention, a steam jet ejector 24 is arranged in the power plant to
25 receive a low-pressure input steam flow via a steam line 20 and 23 and a flow of
motive steam via a steam line 25 in order to generate an output steam flow of a
higher pressure than that of the input steam flow. An output steam line 27 is
arranged to direct the output steam from the steam jet ejector 24 to a steam line
22 leading to the CO2 capture plant. The steam is used in the CO2 capture plant
30 todrive turbines to drive CO2 compressors or as heat exchange medium for the

regeneration of the CO2 capture agent.



30 | ow pressure steamturbine 3 and the condenser 7 to steamline 23

| eading to the steamjet ejector. Aline for notive steam 41 | eads from an
extracti omopoiwmeossy t he i nternmedi ate pressure steam tur PCAEP20100684DE St eam
jet ejector 24. WD 2011/ 069857PCT/ EPZOS_;fO/ 068425 10 A line 21 | eads from
line 40 directly via a non-return valve 21' to the steamline 22 to all ow
for |l ow pressure steamto be used fromthe water steamcycle directly in
the CO2 capture plant if the pressure of the extracted steamflow is

suf fici ent The lie2@isairaegesDio divpriiateanifegim the crasgwever AineHtum the power pl ant

havi ng, in.addition to th et e f th | ant fi
Y o Pur ¢ ndFCEBUAT-blessBe BlsEPTLirbinech FEKH 1o WaleaSuBr 4 BanTEBheatald %5a° A
steam | i ne |&4Y trRagarddtednsicien X stedft Do kHdStedth fet actdI4T PRS SRR lihene 36
to direct input steamto the steamjet ejector 52. A notive steamline 51

10di rect s 29Jeads steanh ekirgetedtfeqamttie cehdaat steard line 20neetweearthg digrej ect or 52.
O her nptive stea

| i h i i 52 i bl h
Qe T (e LS5 Lo LIe S SURA oo cotor 52 are st bl e s ey
resul ting f‘l*kf?é%@h@rﬁﬁo@%llb\ﬁls Pidieptadure stdan® BS dfécittodBe (G0 REp{HFER

capture plant 10. “The steamjet” ejector 52 1s activated for exanple 1n the
case that tphantsyideouat hasingt torextiact stestetion] highbpjesstte si@dmsourcagrethe

fulfills the steam pressure requirenment for the capture plant. For
exanl 6. dNVARGSBOTLFYOR Ohiepavat DEA Masehwnot PovRTsab1acdab IGyeral
pressure ofsidigagp resulting fromsteamjet ejector 24 eventually drops

bel ow the steam pressure required for the CO2 capture plant. In such case,
the |ine 23An additiensitsteam;lete 2| badsrfrdd the stdaos Bde @Dfdirently Ito 8Eedm0 line 2@pened
instead. 20 Figure 5 illustrates a nmethod of operating a power plant with

CC2 capt ur ¢e31iag {0 e Q%\P@_WtHrq Pght @an.haY_H@ PpPEsYRRENpage &t eARiSIMBARMEd t o
the C2 Ca%w CalRlvi e i &lo\ﬁe&_llﬁﬁ/-&egé'u%tétggmoéire%??qs@ﬁ@%i)ﬁ‘éﬁtu#@g%nt
operation of the Power pramt .  The T R ium requi red) pressure raordsr to

ef fecti vel yn tecadeewhbe thEPresyore betHy stebm2biovidgidvignthaywhiee stearkeycleiise at
the val ue of PR(002). I|ndependent of the operation node of the power plant
itsel f, thisyffisieydar bererpiptienehthe e ¢aptureePlgahe t hr oughout al | part- | oad
operati,pn nodes. In a first range of operation I, the power plant is
operating at full load or a high percentage part |oad. Wthin this range,

the pressumeg@e 2 bieows brfasthetesbedméht of the invention where the steam jet ejector
is arranged to receive an input steam flow extracted from the low-pressure steam
turbine 3 via a line 30 and line 23. The motive steam for the steam jet ejector 24
is, in this embodiment, extracted via line 31from the reheat line 26 between the

20 HRSG 6 and the intermediate-pressure steam turbine 2.

As in the embodiment of figure 1, the power plant includes a steam line 21 and
non-return valve 21’ to allow low-pressure steam to be directed directly without
steam pressure enhancement to the CO2 capture plant in case the pressure of

25 the steam from the water steam cycle is sufficient for its operation.

Figure 3 shows a further embodiment of the invention comprising a steam jet
ejector 24 arranged to receive as input steam a portion of the low-pressure turbine
exhaust steam. An input steam line 40 leads from an extraction point between the
30 low-pressure steam turbine 3 and the condenser 7 to steam line 23 leading to the
steam jet ejector. A line for motive steam 41 leads from an extraction point at the

intermediate pressure steam turbine 2 to the steam jet ejector 24.



- 1 (21) 30is higher than the required steam pressure to operate the CO2
capture plant. In this range |, for exanple 80-100% of full |oad, the
bypass vaWoeofR1069853 open and the extracted steam can bePaIamk2dionesiiy to
operate the CO2 capture plant. No V\D% 11/ 069857PCT/ EP2010/ 068425 11
pressure increase is necessary. \Wen the percentage part-Iload decreases,
for exanple during a turn-down of the power plant, the pressure of the
extracted steam decreases as well, and it event uaII?/ reaches the | evel of
V&

t he m ni nu lirgdil leapireddinectd directheviem@nearpeivre vplverd 1’ @ easieam g 22) .

I f the power l.an re now further turned wn w thout the actiyation of
b st eam | oo gl dR Bl lonlBreslR el REbe bR ERuk i wtler hmy st e e
to drop sterddo ahpfuhe pfmits thalRessurs e Bitrittel $ldarisioW istdiffidiehtth.
where the extracted steam pressure P (21) reaches PR(CO2), the power plant
i s oper at i ogperaiedhgp&r®2 cepirepéardt i on range 11. According to the 10

I nvention, the bypass valve 21' is closed and steam extracted fromthe
wat er sPeam cycle is directed via steamline 23 to the first steamjet

ej ector 24ridhe £586W3 Br&ﬁﬁéfgﬁaﬁtshé\ﬂﬁé,Qﬁ%%it}dh @ th@‘é@éarﬁ}%tn idctor bl trePove

the required pressure level PR(002) and is directed via | 27 to the CO2
capture pl @owerplant(dTigure 11 Adunthersseam jet ejecioe H2 arranged iorparbkeldntthact ed

he ot i ve SR b Slaare e S0l REUS oM echractap Tsi P ubBeowrevan  ( 27)

line 36 to direct input steam to the steam jet ejector 52. A motive steam line 51

10  directs a portion of live steam from line 16 to the steam jet ejector 52. Other
motive steam lines to the steam jet ejector 52 are possible as they are illustrated
in the previous figures. Steam with increased pressure resulting from ejector 52 is
directed via line 53, 27 and 22 to the CO2 capture plant 10. The steam jet ejector
52 is activated for example in the case that the steam resulting from steam jet

15  ejector 24 no longer fulfills the steam pressure requirement for the CO2 capture
plant. For example, during a turn-down operation the part-load decreases and the
pressure of steam resulting from steam jet ejector 24 eventually drops below the
steam pressure required for the CO2 capture plant. In such case, the line 23 to
the steam jet ejector 24 is closed off and line 50 is opened instead.

20
Figure 5 illustrates a method of operating a power plant with CO2 capture plant as
shown in figure 4. The pressure P of steam provided to the CO2 capture plant is
given as a function of percentage part load operation of the power plant. The
minimum required pressure in order to effectively operate the CO2 capture plant

25 is given by the broken line at the value of Pr(CO2). Independent of the operation
mode of the power plant itself, this pressure requirement remains the same
throughout all part-load operation modes.
In a first range of operation |, the power plant is operating at full load or a high
percentage part load. Within this range, the pressure of the extracted steam P, 21

30 is higher than the required steam pressure to operate the CO2 capture plant. In
this range |, for example 80-100% of full load, the bypass valve 21’ is open and

the extracted steam can be used directly to operate the CO2 capture plant. No



As the part-load of the power plant is further decreased within the
part-load range Il, for exanple 60-80%of full |oad, the pressure of the
extract edweteamed8sn s |ine 27 agai n decreases. The pres®UrTEPI10bA2St eam
resulting fromthe teamjet 20ejector %4[ decreases as well and eventually
reaches the level of the required steampressure PR(CO2). (Again, if the
second steamjet ejector 52 were not activated, the steam pressure to the
CO2 capture plant would continue to drop at the rate shown in PH (27) ). As
of this poiPigsSUuraéNgease ipnecassasy.oyeeathe gersentage partlopddecicasgs, forl .

! itidadding T ! ; .
25ct osed aigeiiite PPHES sBabB el rovet Bt ok EREk G o3he Eibhpti.y”
Duri ng t he sefah felchrhotistay Welbadrid it @2EniuaNYeeddHes thelle @ ATRhE ndfindffo of full

| oad, the steam ejector 24 increases the pressure of the steamto the CQ2
capt ure pl aequired prassveg fapthe QBB rapbwe platiopesafion B GPR)002Jheapawei ng

ti f the CO2 I . Ext d st P111 111 (53
agai 1 1 SsureI Ta1G LY Jeied s P b B YUR oh e amyeSHedRl | e
ej ector, whischaBrdsduReotPlel extlctv SiBaRPwbuREhrtiiReMBldrYS sERAP RIGSSUre in
line 51, which is well above P111 111 (53). 12 Further enbodi rents of the

i nventi on, samepate aswshawn ByPtde) combi nations of input steamlines to the
hi o of Scl Asdhe PP rBRES MSSBRTaped GiFeia PISRSURE br s oA eSBkRCE)r Wene
éigg;g gf‘g 'r HoWeP IhRUE BpetRRMY hY BafSos 8bAMIBNGRRYE §I. 2cEaing! tdiHee 4shaft
10  invention, the bypass valve 21’ is closed and steam extracted from the water
steam cycle is directed via steam line 23 to the first steam jet ejector 24. The
steam pressure is increased to a level Py o7y above the required pressure level
Pr(CO2) and is directed via line 27 to the CO2 capture plant. Py 27 is the pressure
resulting from the extracted steam pressure without steam ejectors, which would
15  be below Pr(CO2) and the motive steam pressure in line 25, which is at a level
above Py 7).
As the part-load of the power plant is further decreased within the part-load range
Il, for example 60-80% of full load, the pressure of the extracted steam P 27 in
line 27 again decreases. The pressure of the steam resulting from the steam jet
20 ejector 24 decreases as well and eventually reaches the level of the required
steam pressure Pr(CO2). (Again, if the second steam jet ejector 52 were not
activated, the steam pressure to the CO2 capture plant would continue to drop at
the rate shown in Py 27y ). As of this point, the power plant is operating in the part-
load range lll. According to the invention, the line 23 to the steam jet ejector 24 is
25 closed and the line 50 to the second steam jet ejector 52 is opened. During the
operation within part-load range lll, for example 40-60% of full load, the steam
ejector 24 increases the pressure of the steam to the CO2 capture plant to a level
Pui 3y above the required Pr(CO2) assuring operation of the CO2 capture plant.
Extracted steam pressure Py s3y again results from the extracted steam pressure
30 without any steam jet ejector, which would be well below Pr(CO2) and the motive

steam pressure in line 51, which is well above Py (s3).



6boi |l er or heat recovery steam generator HRSG 7condenser

108condensat e/ feedwater |ine 9line for exhaust gases 10CO2 capture and
conpr essiwo 2pl1amp8511CO2 storage or transport facility 1PCOEPROIeMcsyASES

1513l ine for return condensate 16line f,gr |ive steamto high-pressure steam
turbine 20line for input steamflowto Steamjet ejector 21line for

| ow- pressure steamto CO2 capture plant 21'non-return valve 2023line for
input steamflowto steamjet ejector 24 22steaml|ine to CO2 capture plant
24st eam | etFusihets esiboRiBNERtS ofdhe nmtaniiens ircp@nitigaleshissther cambasrions é i@t

'nput st eay L] QWHES 8 1R ReaRt jetbRUS aritmdtild Yd linEB At oA RI Within the

scope of this disclosure.



40l ine for input steamflow to steamjet ejector 24 41line for notive steam
50extraction steamline, input steamline to steamjet ejector 52

3051not | WweobHABPSSTNne 52second steam jet ej ector 53st ea®CITiEPROMO653ITR
capture plant WD 2011/ 069857PCT/ EP201q/3068425 14 d ai ns 1. Fossil fuel
fired power plant for the generation of "electrical energy 5 conprising a
wat er steam cycle and a plant (10) for the capture of CO2 from exhaust
gases enmtted by the power plant characterized in that the power plant
conprises a steamjet ejector (24) configured and arranged to receive via a
steamline (20, 30, 40, 23) an i t steamflow extracted fromthe 10water
steam cycl e of the power plant, ?ggrpé%ﬁg?ag' {'%urggsteam line (25, 31, 41) a
notive steam fl pyyrextdactedtdanPiorbite wat er steamcycle, and to increase the
pressure of the input steamflow, and the power plant further conprises a
line (27, 22) f drtermediateppressueapicdnoiurbivedi ng fromthe steamjet ejector
(24) to_the CO2 capture 15 2. Power plant according to claim

lant (10).
1 charadte zedlqm'p{ﬁ%?urgﬁge%é%rﬁqq ne (20, 30, 40, 23) for the input steam
flow extragted fghgm t he wat er

5 generator
6 boiler or heat recovery steam generator HRSG
7 condenser
10 8 condensate/feedwater line
9 line for exhaust gases

10 CO2 capture and compression plant
11 CO2 storage or transport facility
12 CO2 free gases

15 13 line for return condensate
16 line for live steam to high-pressure steam turbine
20 line for input steam flow to steam jet ejector
21 line for low-pressure steam to CO2 capture plant

21" non-return valve
20 23 line for input steam flow to steam jet ejector 24
22 steam line to CO2 capture plant
24 steam jet ejector
25 line for motive steam

26 reheat line

25 30 line for input steam flow to steam jet ejector 24
31 line for motive steam
40 line for input steam flow to steam jet ejector 24
41 line for motive steam

50  extraction steam line, input steam line to steam jet ejector 52
30 51 motive steam line
52 second steam jet ejector

53 steam line to CO2 capture plant



steam cycle | eads froman extraction point at an internedi ate-pressure
steam 20 turbine (2) of the power plant or froma point in the water steam
cycl e dowwetnaawpgsrom an extracti on point at the intermediraresipnesigr e
steam turbine (2). 3. Power plant aqaording toclaim1l1 or 2
characterized in that 25the power plant conprises a steamline (20, 23)

| eading froma cross-over line (36) between an internedi at e-pressure steam
turbine (2) and a | ow pressure steamturbine (3) to the steamjet ejector
(24). 4. Power plant according to claim1l or 2 30characterized in that

t he power plant conprises a stean1|ineéﬁgo 23) leading froma | ow pressure
steamturbine (3) to the steamjet egje Vﬂ§24). WO

2011/ 069857PCT/ EP2010/ 068425 15 5. Power plant according to claim1l or 2
characterized in that t he power plant conprises a steamline (40, 23)

| eadi ng frdm an Foshikfrl fisedaowsr plant fpethaganesatiawobelestivabesergym t ur bi ne

bctor di flg COTRPG @ AT EPRLCII APBAGRIaS: G P erdartd s ol S HaIToID t he
power pl antexGaNrd A0S émitte8d) theow&plgRt i ve steam (25, 31) leading froma
reheat |ine (26) Detween a hi"gh-pressure steamturbine (1) and an
i nt er nedi atchapaaigszadcinstham turbine (2) to the steamjet ejector (24). 7.
Pover  pl antthé’:1 %8\(/)vre(rj ippa%ttcgmcplr%iersn aGSteam jet ejector (24) configured and arranged to
receive via a steam line (20, 30, 40, 23) an input steam flow extracted from the
10  water steam cycle of the power plant, to receive via a steam line (25, 31, 41) a
motive steam flow extracted from the water steam cycle, and to increase the
pressure of the input steam flow, and the power plant further comprises a line (27,
22) for an output steam flow leading from the steam jet ejector (24) to the CO2
capture plant (10).
15
2. Power plant according to claim 1
characterized in that
the steam line (20, 30, 40, 23) for the input steam flow extracted from the water
steam cycle leads from an extraction point at an intermediate-pressure steam
20 turbine (2) of the power plant or from a point in the water steam cycle downstream

from an extraction point at the intermediate-pressure steam turbine (2).

3. Power plant according to claim 1 or 2
characterized in that

25 the power plant comprises a steam line (20, 23) leading from a cross-over line
(36) between an intermediate-pressure steam turbine (2) and a low-pressure

steam turbine (3) to the steam jet ejector (24).

4. Power plant according to claim 1 or 2
30 characterized in that
the power plant comprises a steam line (30, 23) leading from a low-pressure

steam turbine (3) to the steam jet ejector (24).



15characterized in that the steamline for notive steam (25) |eads fromthe
reheat line (26) leading fromthe high-pressure steamturbine (1) to the
boi | er orwbeatv/mwessovery steam generator (6) to the steamCraPr2@pocsses (24).
208. Power plant according to claim6 characterized in that the steamline
for notive steam (31) leads fromthe reheat line (26) |eading fromthe

boil er or heat recovery steam generator (6) to the internedi ate-pressure
steamturbine (2) to the steamjet ejector (24). 25 9. Power plant
according to any of the claims 1 through 5 characterized in that the power
pl ant conprd ses steam.|ine f.or Ive am (41) | eading from an

I nt er medi atée- pr ?W@?gqteaa%%{q}ﬁgitﬁg}a(@ﬂ éﬁ)ﬁa steamjet ejector (24). 30

10. Power phardctésssy fihgtto any one of the foregoing clains characterized
in that WD 2011/069857PCT/ EP2010/ 068425 16 the power plant conprises a
bypass st edine bower plEnt coswdiseg o steamding (), 23) laatng frotreameklayst3oeamo)
extracted fro he water steamcycle tg.a line (22) directj he steam
irectl 5t GnBreeeet BBt esaite atep iy bids (SPaieR brdnSaLidtatisBERE ai m
10 char aCt?étiéé&oF (24)hat t he bypass steam|line (21) conprises a non-return
val ve (21').

6. Power plant according to any of the claims 1 through 5
characterized in that

10  the power plant comprises a steam line for motive steam (25, 31) leading from a
reheat line (26) between a high-pressure steam turbine (1) and an intermediate-

pressure steam turbine (2) to the steam jet ejector (24).

7. Power plant according to claim 6

15  characterized in that
the steam line for motive steam (25) leads from the reheat line (26) leading from
the high-pressure steam turbine (1) to the boiler or heat recovery steam generator

(6) to the steam jet ejector (24).

20 8. Power plant according to claim 6
characterized in that
the steam line for motive steam (31) leads from the reheat line (26) leading from
the boiler or heat recovery steam generator (6) to the intermediate-pressure

steam turbine (2) to the steam jet ejector (24).

25
9. Power plant according to any of the claims 1 through 5
characterized in that
the power plant comprises a steam line for motive steam (41) leading from an
intermediate-pressure steam turbine (2) to a steam jet ejector (24).
30

10. Power plant according to any one of the foregoing claims

characterized in that



12. Power plant according to any one of the foregoing clains
10characterized in that the power plant conprises a further steamjet

ej ector (SORotowhssgur ed and arranged to receive via a | PO@/BEP2@Y)/068IP0t St eam
froman extraction point in the water eam cycle, to receive a notive
steam flow (51) extracted fromthe water steamcycle, to increase the
pressure of the input steamflow and to direct via a 15line (53) an out put
steamflow to the CO2 capture plant (10). 13. Power plant according to

clai m 12 clizg aewer plasd comprises adoynass sieawringl (@A) | froesa Hneifereinput

from a 11 vt iR0: T A 2 el bR FhEAR fbaMRaelT a e aargritidehine"2"s
generat or (s@darh@irel mmemt@resélgagmrbi ne (1) or fromthe

hi gh- pressure steamturbine (1) to the eam jet ejector (24, 52). 25 14.
Met hod of operating a power plant according to one of the clains 1-13

characteri lzlﬁd Fﬁg%&@é)&%@ﬁg&&glﬁqﬁﬁn plant within a full or part-I|oad

range (P, , the water steam cycle of the

power pl antchata@brizdd fY hadi at e- pressure 30turbine (2) or at a point
downstream of the internedi ate-pressure turbine and directing it to a first

steam j et dhebypasy 2¢pm lime (Zgonwprites pnessetuen velve (Blgssure equal to or
hi gher than a pressure required for the CO2 capture plant operation WO
2011/ 069857PCT/ EP2010/ 068425 17 PR(CO2), directing the steamresulting from

oper at o Tha Joce oSt aeckfuib s o ERRNE 18/egPing BORNER"S bover pl ant
accor dilng tohacdcienizedlinsthahar act eri zed by
the power plant comprises a further steam jet ejector (52) configured and
arranged to receive via a line (50) input steam from an extraction point in the
water steam cycle, to receive a motive steam flow (51) extracted from the water
steam cycle, to increase the pressure of the input steam flow and to direct via a

15  line (53) an output steam flow to the CO2 capture plant (10).

13.  Power plant according to claim 12
characterized in that

20 the power plant comprises a line for motive steam for one or both of the steam jet
ejectors (24, 52) which leads from a live steam line (16) between the boiler or heat
recovery steam generator (6) to the high-pressure steam turbine (1) or from the

high-pressure steam turbine (1) to the steam jet ejector (24, 52).

25
14.  Method of operating a power plant according to one of the claims 1-13
characterized by
when operating the power plant within a full or part-load range (I, Il, Ill), extracting
steam from the water steam cycle of the power plant at an intermediate-pressure
30 turbine (2) or at a point downstream of the intermediate-pressure turbine and
directing it to a first steam jet ejector (24), increasing its pressure to a pressure

equal to or higher than a pressure required for the CO2 capture plant operation



when operating the power plant within a full or part-load range (I, II,
[11), extracting steam (20, 30, 40) fromthe water steam cycle of the power
pl ant andwOfotiegsressure of the extracted steam fl ow i CEgRad1006840F hi gher
than the steam pressure (PRCQ2) requi rqc;} to operate the CO2 capture plant
(10), leading the extracted 10steamflow directly to the CO2 capture plant
(10) via a line (21) that bypasses the steamjet ejector (24) to operate

the CO2 capture plant. 16. Method of operating a power plant according to
claim 13 t&’Ri@O@ﬁadlmlegitlzg@tqgm 1Sswiidng g’pmtﬁw@i sggartnh@t g@ﬁgx (B bl th@iG@2n a

part-load range (l11), where the e r re nera by the first
steam j et éﬁagg{rS I?rétzl?ngy%g@ '&)% 9@%%%%@@??%@%@ n%ﬁ ) for operating
the CO2 capture plant (10), closing a line (23) for extracted steamfl ow
(20, 30, 40) fromthe water steamcycle to the first steamjet ejector (24)

and directilidg t iMetbad odopethtiigempoveoplaz@cc@@ingl® claon d4second st eam 20j et

ej ector (52), increasjing the pressure of the extracted steam and directing
it to thRe é%fr%%%'i'%ﬁc@%l ant (10).

when operating the power plant within a full or part-load range (I, Il, Ill), extracting
steam (20, 30, 40) from the water steam cycle of the power plant and if the
pressure of the extracted steam flow is equal to or higher than the steam pressure
(PrCO2) required to operate the CO2 capture plant (10), leading the extracted

10 steam flow directly to the CO2 capture plant (10) via a line (21) that bypasses the

steam jet ejector (24) to operate the CO2 capture plant.

16. Method of operating a power plant according to claim 13 to 15
characterized by

15  when operating the power plant within a part-load range (lll), where the steam
pressure generated by the first steam jet ejector (24) is below the pressure
required (PrRCO2) for operating the CO2 capture plant (10), closing a line (23) for
extracted steam flow (20, 30, 40) from the water steam cycle to the first steam jet
ejector (24) and directing the extracted steam flow (20, 30, 40) to a second steam

20 jet ejector (52), increasing the pressure of the extracted steam, and directing it to
the CO2 capture plant (10).



