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[ 0001] This application clains priority to United States Patent Application
Serial 1IW@3b)sabd654 filed 22 Septenber 2005, which is aPCT/US2005/040466
Continuation-in-part of United States Patent Application Serial

No. 11/ 099, 211, filed 5 April 2005, which is a continuation-in-part of
United States Patent Application Serial No. 10/983,970, filed 8 Novenber
2004. BACKGROUND OF THE | GASGABE POWERSYSTEM: he | nvention [0002] The
present invention relates to a cascade power system for extracting usable
power from heat produced fromthe conbustion of biomass, agricultural
waste (such as bagasse,) munici pal waste and other fuels. The present
invention also relates to a cascade power system where heat is derived
froma hot flue gas streamby mxing the streamw th a precool ed or
partially spent flue gas st ‘§d flue gas stream has a
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usable power from heat produced from the combustion of biomass, agricultural waste (such as

bagasse,) municipal waste and other fuels, where the system includes an energy extraction
subsystem, a separation subsystem, a heat exchange subsystem, a heat transfer subsystem and a
condensing subsystem, where the system forms a lean stream and a rich stream from a fully
condensed incoming working fluid stream, vaporizes the lean and a rich streams from heat
derived directly or indirectly from a heat source stream, converts thermal from the lean and rich
streams to a usable form of energy forming a spent outgoing working fluid stream and
condensing the outgoing working fluid stream to from the incoming working fluid stream and
to methods for converting vaporizing a lean stream and a rich stream and extracting energy
therefrom.

2. Description of the Related Art '
[0004] Currently, the most efficient biomass fueled power plants have an overall plant efficiency
of up to 20%, i.e., the net power output of these plants is up to 20% of the LHV (Lower Heating
Value) of the combusted fuel. To achieve this level of efficiency, current biomass power plants

require a very complicated combustion system which is comprised of a gasifier and a char



[ 0005] Thus, there is a need in the art for a nore efficient and sinpler
system for conbusting a fuel such as bionmass and converting a higher
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unit and returned as the incoming stream. The system forms a continuous thermodynamic energy

conversion cycle including two interacting subcycles.

[0008] The present invention also provides a cascade power system including an energy
extraction subsystem having a rich stream extraction subsystem and a lean stream extraction
subsystem, a separation subsystem, a heat exchange subsystem, a heat transfer subsystem and a
condensing subsystem. The system forms a lean stream and a rich stream from a fully condensed
incoming working fluid stream, vaporizes the lean and a rich streams from heat derived directly
or indirectly from an external heat source stream, preferably an external hot flue gas stream,
converts a portion of thermal energy in the lean and rich streams to a usable form of energy to
form a spent outgoing working fluid stream, and condensing the outgoing working fluid stream
to from the incoming working fluid stream, where the system supports a thermodynamic energy

extraction cycle including two interacting subcycles.



condensi ng subsystem where the system supports a thernodynam c energy
extraction cycle. The energy extraction subsystemincludes a | ean stream
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heat t AH ; renrixéd s"friegmttg form the cooled mixed stream and a heated working fluid stream. The
heated working fluid stream is then brought into a heat exchange relationship with a first portion
of a cooled spent lean stream to from a hotter working fluid stream and a cooler spent lean
stream. The hotter working fluid stream is then brought into a heat exchange relationship with
a spent lean stream to form a fully vaporized working fluid stream. A first portion of the fully
vaporized working fluid stream is then pressure adjusted and forwarded to the rich stream
turbine, where the working fluid stream is a rich stream relative to the lean stream. The fully
vaporized working fluid stream is then forwarded to the rich stream turbine converting a portion
of the thermal energy in the fully vaporized working fluid stream into a first amount of useable

form of energy. A second portion of the fully vaporized working fluid stream is then pressure
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[ 0015] whegelagodiidtest tht Sndirdot bedtingi cgura wiaod hearatdnefer pyelt atiligidg @ndspatiarsnt ,
Variant lal, of a cascade power systemof this invention; [0016] Figure 4

depi ct sirgulsiing kead frapsianfived todivet sk vapeigedhe lean slnesani Graervapvriderstportan 0bf a
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Figure 6 depicts a block diagram of another preferred enbodi ment, Vari ant
1b, of teheat and vaporize the rich stream and is forwarded to a scrubber and separator designed to

form the lean stream and to supplement the rich stream. The spent rich stream is forwarded to

a condensation unit, where it is fully condensed to form the incoming stream.

[0012] The invention can be better understood with reference to the following detailed

description together with the appended illustrative drawings in which like elements are numbered

the same:

[0013] Figure 1 depicts a block diagram of a preferred embodiment, Variant 1a, of a cascade

power system of this invention;

[0014] Figure 2 depicts a block diagram of a simple condenser;

[0015] Figure 3 depicts a block diagram of another preferred embodiment, Variant 1al, of a

cascade power system of this invention;

[0016] Figure 4 depicts a block diagram of another preferred embodiment, Variant 2a, of a

cascade power system of this invention;

[0017] Figure 5 depicts a block diagram of another preferred embodiment, Variant 2al, of a



cascade power systemof this invention; [0019] Figure 7 depicts a block
di agram of anot her preferred enbodi nent, Variant 2b, of a cascade power
syst em ofwOhn&s/depesent i on; [ 0020] Figure 8 depicts a bl oekTdisagsamnied
anot her preferred enbodi nent, Variant 1c, of a cascade power system of
this invention; [0021] Figure 9 depicts a bl ock diagram of anot her
preferred enbodi nent, Variant 2c, of a cascade power systemof this

i nvent i%3%Fadg pewesYRERAfdNis a0vEEHPBL s a bl ock di agram of a preferred
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subsyst ens; Figure 12 depicts a block diagramof a preferred

embodi 18¢19] piets ipdeckodiagsam of anethige preiarredremhodiment; Wariasbihrafasi on

subsystens:, [0025] Fi . 13 depi.cts a bl ock diagramof a preferred
enbodi r%?ﬁad% Ot gewgc)ﬁ{tlilﬁgé\ﬁegﬁgr} a condensation and thernmal conpression

subsyst{gozy] Kig@RELdEdiay asiddk giaghmtst shottep plefehiimModdhest, Magiaat 1€Df a
enbodi ment of CTCSS Variant 3a of a condensation and thernmal conpression
subsystcesmade po@aB)ystBinfithis ilvedtipn;ct s a bl ock di agram of a preferred

enbodi . CT Vari gnt .3h of copdensati o nd.t herpal. c ression
Subsy BNt Yigteee] dentclnediank degred OBt it s dcsmest Thciabf et
enbodi rggggadgkog el indangf; @ condensation and thermal conpression
subsystens; [0029] Figure 17 depicts a block diagramof a preferred
enbodi {eo22] digdiedBdepmts ablocldtiagrhm of aposfeeedahbatimentc{ ISRV aciontitaesSi on

subsystens; [0030] Figure 18 depi ct@) a bl ock diagramof a preferred
enbodi feipndesatarcng tehmal fOmBLesden sWsyEBEnsat i on and t her mal conpr essi on

subsyst 1 s ElL Qs i i

crbon 11000 8 ke A b block ARl b b s B AR AT Al BRI Y e 1,
subsystienara dod@edhtidri gidrtherdthl deppreiSomsibsgstbmeli agr am of a new preferred
enbodi nent, Variant 3a, of a cascade power systemof this invention;

[ 0033] [89%]Egwe 13alsistsa blogk disgramicd gpzefeimed ernbrdimentod TGS Y asigpbin ofent |
Vari ant 4a Oft' a . Sa gad over .Syst emtof this invention; WO 2006/ 062654
PCT/ USM@P%@A%’G"H - E Iﬂfgﬁgﬁnpﬁs ?ﬁl%tbﬁs %fjl cts a bl ock di agram of anot her
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a condensation and thermal compression subsystems;

[0026] Figure 14 depicts a block diagram of a preferred embodiment of CTCSS Variant 3a of

a condensation and thermal compression subsystems;

[0027] Figure 15 depicts a block diagram of a preferred embodiment of CTCSS Variant 3b of

a condensation and thermal compression subsystems; .

[0028] Figure 16 depicts a block diagram of a preferred embodiment of CTCSS Variant 4a of

a condensation and thermal compression subsystems;

[0029] Figure 17 depicts a block diagram of a preferred embodiment of CTCSS Variant 4b of

a condensation and thermal compression subsystems;

[0030] Figure 18 depicts a block diagram of a preferred embodiment of CTCSS Variant 5a of

a condensation and thermal compression subsystems;

[0031] Figure 19 depicts a block diagram of a preferred embodiment of CTCSS Variant 5b of

a condensation and thermal compression subsystems;

[0032] Figure 20 depicts a block diagram of a new preferred embodiment, Variant 3a, of a

cascade power system of this invention;

[0033] Figure 21 depicts a block diagram of another preferred embodiment, Variant 4a, of a

cascade power system of this invention;



[ 0035] Figure 23 depicts a block diagram of another preferred enbodi nent,
Variant 4b, of a cascade power systemof this invention; [0036] Figure 24
depi ct s awbl2owkeeisagr am of anot her preferred enbodi nent pcvarsc@sn4@e¢ of a
cascade power systemof this invention; [0037] Figure 25 depicts a bl ock

di agram of another preferred enbodi meft, Variant 4c, of a cascade power
system thi.s invention; J0038] Figure 26 depicts | ock.di agr f

anot her[&iﬂ“gf@g\"éedzze‘%BW %{?Pk &t g&‘%‘g@%ﬂ? r%%ége& %‘9@?(%9%’[? Vlgﬁ'iagt %&ﬁt i on;
[ 0039] .Ei i a: .di agram of anot her preferred enbodinent of
a casca e&géﬁ%”ﬁg”gg‘g"{‘?@rfnﬁ% ngjr??g&ll’nventi on; and [0040] Figure 28 depicts a
bl ock q063F] aigofe 23ndvplvey a loek diagexth efhntharpnfeméd enbalmeants Viaviaat 4b.fsit em of
this invention. DETAILED DESCRI.PTI ON OF THE | NVENTI ON [ 0041] The inventor
has fogAspadepewer syssamaafdis MveBHoBxt r act i ng usabl e energy from a source of
conmbustj i th. bi r 1.Cl . ref erred
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prior ahdcadypbwesydib@ dfiieitventibgs al so found that the new systemis
ideally suited for extracti nﬁ t he heat produced in the conmbustion of a

fuel s 0@ rEiguxe 350depintne blogk dingranepEanifesy paefenrd prbedimggt Vawiang Agl ofiast e
(such as bﬁ assel) rmnc{ﬁ%iﬁal V\@st_e and ot her | ow heat val ue fuels.

Pr ef er &BT PARCT YT "PEU88Pried out in fluidized bed conbustors or
Corfbus;[bmé Zlﬁig@re 26 R pich! ABIBHIOABSEmIoF abiStRer fi6fefrled efnBodiffeff oflaaidade pbwey heat
val ue fuels, but, of course, the systens of this invention can also be used

wi t h otshetem dfuiek snviemodrydi ng hi gh heat val ue fuels such as coal, oil or
natural gas. [0042]. The present invention broadly rel.ates to a power system
[ nc Ui R GBS IOR DR Btk R BT RO FROUHER Y el By EFres. and
a heat s%ét&ﬂ%f‘?ﬁis%ﬁt‘?on;gﬂ& working fluid cycle wutilizes a rich working
fluid stream a stream'having a higher concentration of a | ow boiling

conpong0040)fFiguradstdepiceyyisioglndiagramiof anovhed prefehred embediment dfi amsdaddapawearycl e
utilizes a lean working fluid stream a fluid stream having a | ower
concentygemeH ty ImveBliebw boi | i ng component. The cycles are adapted to be

fully vaporized by i@?@&ﬁlﬁ‘ﬁ ﬁ@ﬁfﬂTﬁfﬁr@T‘ﬁ]ﬁ ﬁqmﬁﬂor indirectly
froma hot flue gas i hei r thernal

ener gy [00419 Fhe iHechRIr@ab &fuid dhat QREWBYstém SeParaetih®isabRehey Ty & 6euredof
subsystens. The system also includes a heat transfer cycle adapted to

i ndi r ecompustiemgdses withehigher effieiengy the dmowmesystsmst | The prabereedreyatem of tp
2006/ 062654. PCT/ US2005/ 466 -7 vaporize the | ean stream prior.to.ener
oxt r actIURTORRAVE A GRS ACD JefaTevpienb VRS akbyh Bfer LD steis, SARNiehRr AP, o
the | eghuit 1ARR-3RF s§hteRATTIHRY bRE fHN@RLAAFhe heat produced in the combustion

of a fuels preferably low heat value fuels such as biomass, agricultural waste (such as bagasse,)

municipal waste and other low heat value fuels. Preferably, the combustion is carried out in
fluidized bed combustors or combustion zone. The term biomass is used herein to refer to all
low heat value fuels, but, of course, the systems of this invention can also be used with other
fuels including high heat value fuels such as coal, oil or natural gas.

[0042] The present invention broadly relates to a power system including two interacting
thermodynamic different working fluid cycles and a heat transfer cycle. One working fluid cycle
utilizes a rich working fluid stream, a stream having a higher concentration of a low boiling
component of a multi-component fluid, while the other working fluid cycle utilizes a lean
working fluid stream, a fluid stream having a lower concentration of the low boiling component.
The cycles are adapted to be fully vaporized by absorbing thermal energy directly and/or
indirectly from a hot flue gas stream and the convert a portion of their thermal energy into a
usable form of energy in separation energy conversion subsystems. The system also includes a

heat transfer cycle adapted to indirectly transfer thermal energy from the hot flue gas stream to



[ 00431 The present invention broadly relates to a cascade power system

I ncl udi ng an energy extraction subsystem a separation subsystem a heat
exchange wohsgeateed®t a heat transfer subsystem and a coRGCENS20050M0466
subsystem The system produces a | ean streamcycle and a rich stream
cycle. In the |lean streamcycle, a | edn st reamis produced froman incom ng

t th t b t t he .heat
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por ti ongf td@ﬁv&f‘ﬁ&&%hf?&%ﬁQt?éa&rpﬁn@éﬂié%i:ﬁ%(i@mé‘drtﬁé?efd}ﬁl vapori zed | ean stream
In the r|§P4 streamcycle, a rich streamis produced froman incom ng
st r eam[0048) OTHezmresent inveingonhizabdlgxclates gea sadrays pewmax}dteal moludingranoénetrgyer mal

energy is extracted in a rich stream ort| on the energy extraction
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into a heat exchange relationship with a spent |ean streamto forma fully

vapor i zed andrdtimgd 44 thé deeningatrean, The systemfoms anontifiuqusghermbdynamapenciged

wor Ki n%f)flwd streanl(f t hen %r sure, adjusted and forwarded to the rich
st r eam CRYHSIAB VGl HYBISERYC!EY r eam is a rich streamrel ative to
the | egmmt lﬁﬂﬂbse}ihﬁwéﬁt o'anrMQcﬁ? rd1ZR6 PRI ihéHif g ShikERD ﬁlﬁ thSdnsed
forwarded t rich streamturbine converting a portion of the t her mal

ener gy incontihg wowlt flyidstrpon withe pressiized codled xﬂmsstdrs&aam; wnheme thefmaosmng stmatmt of
useabl e for m of ener A second portion_of_ the full Ol‘léed wor Ki

fluid Spfdagamixed s ylywsélgw@l% P p Rt e 3ne CopPRSY 1513 gpole
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brought” 1 nt eat exchange rel ati ip W t acirc eat nsfer
fluid trelafionshipawithlalnyixedigtesany edfolaahe coteglanixediseeamiahé atheated twoddag ﬁ[ud | uid
I's heated by bringing the circulating heat transfer fluid into a heat
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relationship with a spent lean stream to form a fully vaporized working fluid stream. A first

-

portion of the fully vaporized working fluid stream is then pressure adjusted and forwarded to
the rich stream turbine, where the working fluid stream is a rich stream relative to the lean
stream. The fully vaporized working fluid stream is then forwarded to the rich stream turbine
converting a portion of the thermal energy in the fully vaporized working fluid stream into a first
amount of useable form of energy. A second portion of the fully vaporized working fluid stream
is then pressure adjusted and mixed with a partially vaporized leaner stream to form the lean
stream. The lean stream is then brought into a heat exchange relationship with a circulated heat
transfer fluid to form a fully vaporized lean stream, where the heat transfer fluid is heated by
bringing the circulating heat transfer fluid into a heat exchange relationship with a hot flue gas

stream. The fully vaporized lean stream is then pressure adjusted to a pressure of the lean stream



[ 0045] The present invention broadly relates to a nmethod for efficient
extraction of energy from a hot flue gas streamincluding the steps of
est abl i shwogodaes26sat er acti ng vapori zati on and energy ePCTASRIGN4IBIYE] €S,
where one cycle utilizes a nmulti-conpgnent fluid stream having a higher
concentration of a | ow boiling corrpom§nt of the multi-conponent fluid (a
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fully c ncom ng t1-conmponent working fluid. The | ean and rich
st r eam[0045] i TARGresbiit mvlfwmbwbmaﬂtyeelates ingmethodder effidentiexarattion cdrugrgy from
i ndirectly vaporized r@% a hot external flue gas stream where ortion of
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m xture | east vvo conponents, where the conponents have i fferent
nor mal aymirtiomof the theemaltenerey.in Thed ¢ani streainds ewwadtédniy afléani turbige and a p0rt10n of
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conmponent, Ing conponent is often referred to sinply
as the de@l\gnéxbtd fong the tqaarseaim add cmsqprpi;armam mheorfic}t $teeam The sped meb skseam wor ki ng

fluid is varredthroughout the le YYI ber extracted froma
rich ierkarfed toagoadsfisation W@&r‘fv }Snmlbl 1”I°9ﬁl B%Hn?f’é%‘ﬁg SER- t he
fluid
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concentandthigiefitietidyanéthvdsthad prefarablyridiae htattphaductdia a singtosthgegflwidizéd gl
fluid. [0048] The working fluid used in the s%stems of this inventions is a

mul ti - @@mlﬁ@mor pembestion Zenexbubeoarse Seggrotcef bsan0Brtwd 4bY sergaighpel ses a
| ower | I | n {1&1_ terr al - the I ow boiling conmponent - and a higher
boilin - the high boiling component. Preferred working

fluids [bW]Uﬂfb syy’feﬁlhﬁﬂhs invention uses as its working fluid including a mixture of at least two

components, where the components have different normal boiling temperatures. That is the
working fluid is a multi-component fluid including at least one higher boiling component and
at least one lower boiling component. In a two component working fluid, the higher boiling
component is often referred to simply as the high boiling component, while the lower boiling
component is often referred to simply as the low boiling component. A composition of the multi-
component working fluid is varied throughout the system with energy being extracted from arich
working fluid and a lean working fluid, where rich means that the fluid has a higher
concentration of the low boiling component than the in-coming working fluid and lean means
that the fluid has a lower concentration of the low boiling component than the in-coming working
fluid.

[0048] The working fluid used in the systems of this inventions is a multi-component fluid that



limtation, an ammoni a-water m xture, a mxture of two or nore

hydr ocarbons, a m xture of two or nore freons, a m xture of hydrocarbons
and freonsQ 2006/d6kes4] i ke. I n general, the fluid can conpcras20050t46€s of
any nunber of conmpounds with favorabl e thernodynam c characteristics and
solubilities. In a particularly preferfed enbodi ment, the fluid conprises a
m xture of water and. ammoni a. [0049‘1h&§uitab] e heat transfer .fgéui ds..
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A preferred enbodi nent of the power system of the present invention is

pr esentdedivedhighiaupesatire hytiwcapon beat shnsfer flundsFsifjoerehigh temypeboe heas ttansthr a
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1 cation,
r ef er enmenicipaldwas¢, nfuoket) coal, dil, gatued gh®arddothérdnelsn. [ 0053] One preferred
enbodi nent _of the systemof this inyention is the enbodi nent shown i,
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Conpr essi on Subsystem (CICSS) of Figures 10-19. The stream 5100 exits the
condenslfp5U Thepgsiemenf this inveniqsis designed gra megdylas grinciployped wnbe embpdisd itt o

anbient, Thereafter.. . the rea hayl.n ! ter at the point
261 o riFyaa Virahts3yeh o RS ) ol PR ot R EbPndhse ers he a
a poi ntpRferrédFBaibodimbgtspr essure of the stream S102 at point 92 WO

2006/ 062654 PCT/ US2005/ 040466' -10 is equal to the pressure of the stream

5100 at[0pFIr preferredhemborimeninglobe powar sxstenhef e peeseniSmentioatis prsisentedn j s
t he sang or fi Lphl ar to the co%?osi tion of the a} ream.5102 at point 29. As a
resyl t rigure I. e system shown in Kigure 1 may operate with a simple condenser ‘as shown in

Figure 2 or may operate with a Condensation Thermal Compression Sub Systems (CTCSS)

including a CTCSS described in a co-pending application file simultaneously via express mail
label number EV 510 916 550 filed concurrently with this application, incorporated by reference
and set forth in Figures 10-19, herein.

[0053] One preferred embodiment of the system of this invention is the embodiment shown in
Figure 1 is designated Variant 1a, and operates as follows. A rich working liquid stream, a
stream having a high concentration of the low-boiling component S100 having parameters as at
a point 29 enters the system from either a simple condenser of Figure 2 or a Condensation
Thermal Compression Subsystem (CTCSS) of Figures 10-19. The stream S100 exits the
condenser or CTCSS at a high pressure and having a temperature close to ambient. Thereafter,
the stream S100 having the parameters as at the point 29 is mixed with a stream S102 of working

fluid having at parameters as at a point 92. Usually the pressure of the stream S102 at point 92



of this mxing, a stream S104 havi ng paraneters as at a point 91 is forned.
Thereafter, the stream 5104 having the paraneters as at the point 91
passes t hwougbs/m2d54r st heat exchanger HEl 1, where it PEThSa108M040466
counterflow in a first heat exchange Fr ocess by a condensing stream 5106
of rich working fluid having paranmetet% as at a point 95, forming a stream

S108 having_  paranmeters_as at a_point 10 where a tenper re of
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Ther eafstream S fdhaving the paranetsssas atthe peint Hlppssasdivrngh afhst heatxshangesHBdlat t he
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paranmeters as at the point 92. The stream 5102 having the paraneters as at
t he poipatan®ersas ai apeint 191, Whicheea tstpemnrs o0 thersreamP108és pificinmiite bsingtheat t he

poi nt orm ng the 5104 having the paraneters as at the point 91

o I strea
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par amed OOt 1o S SRk Buld B RS PP & B it e 114
havi ng thioagh tedir@hedtexéltangér HREL, pdicrd it 5@6oled asdfulllybomisgledarabdasinig hbwe dbr
exchanger HE20, where it is heated and vaporized in counterflow jn a ninth
heat el fingdept exchangernroeess.sfouaing susteany S11Q bayjag prravictys phpt # apint 98.
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that the paranmeters of the streamare within about 5% of being in a state
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paraneters as at the point 300 is then divi into Two substreans S126
and S1J8ERe\wwige tds heat¢cbam] waposredoni cotiste8iiw anal nB#iRheat esgwoge proicgss byhe

stream s .
steam S116 of flue gas having initial parameters as at a point 602 and final parameters as at a

point 603 as described below, forming a stream S118 having parameters as at a point 302,
corresponding, or close to, a state of saturated vapor, where close to means that the parameters
of the stream are within about 5% of being in a state of saturated vapor.

[0056] The stream S112 having the parameters as at the point 104 passes through a second heat
exchanger HE12, where it is heated and vaporized in counterflow in a second heat exchange
process by a stream S120 of condensing working fluid having parameters as at a point 206,
forming a stream S122 having parameters as at a point 304, corresponding or close to a state of
saturated vapor, where close to means that the parameters of the stream are within about 5% of
being in a state of saturated vapor.

[0057] Thereafter, the streams S118 and S122 having the parameters as at the points 302 and

304, respectively, are combined to form a vapor stream S124 having parameters as at a point 300.



S126 having the paraneters as at the point 321 then passes through a third
heat exchanger HE13, where it is heated in counterflowin a third heat
exchange W9 200d/s2654wor ki ng fluid stream S130 havi ng paPamaisess/ oasicat a
316, formng a stream S132 having parapeters as at point 320. The stream
S128 having the paraneters as at the ‘651 nt 322 passes through an
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[0059] The returning lean working fluid stream S140 having the parameters as at the point 205

—

el

is then divided into two substreams 8120 and S142 having parameters as at points 206 and 207,
respectively. The stream S120 having the parameters as at the point 206 passes through the
second heat exchanger HE12 where it is partially condensed in the second heat exchange process
to form a stream S144 having parameters as at a point 108, releasing heat to the stream S114
having the parameters as at the point 104 as described above.

[0060] Thereafter, the lean working fluid stream S144 having the parameters as at the point 108
is combined with a vapor stream S146 having parameters as at a point 109, forming a combined
vapor-liquid mixed stream S148 having parameters as at a point 110. A composition of the
stream S146 has an even higher concentration of the low boiling component than the rich

working fluid stream S124 having the parameters as at the point 300. The stream S148 having



S152 having paraneters as at a point 112. The liquid stream S152 havi ng
paraneters as at point 112 is then divided into two substreans S154 and
S156 haviwgQ pevmp@ster s as at points 113 and 114, respe®@Cruskeos/of@e61]
Thereafter, the stream S156 having the paraneters as at the point 114 is
conbined with the vapor stream 5150-Havi ng the paraneters as at the point
111, formng the stream 5106 having the paranet as at. the poj nt. 95,
whi ch Hespasametiersosiat therposful0 then etgis dntp 4t %eﬁéfatc&%}@s@?f&dt Efsep$rﬁ% 9%8r ki ng
fluid stre S124 ' . : P : am
5106 RAURG T2 S 8P R RFRRHREESAE ot 11 PRIt e AR FRBRTT

heat exgsRAYAAg plEdtheted¥8RLa pbiht 112, THE liynid enetan SESE hovingpangnéths as birmedmn 5110
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heat etthisthen givitedduo swo sehstreime §154rnd S15p bowing prranctarges & peiichld agfs 4
havi ng ihe Earam.?ters as at the point 113 enters into a second circulating
punp Pl ‘,"r BVely- i s punped to a pressure sufficient to lift it to a top

of a Sgﬁdﬁz%ere%ﬁ@p tﬁ@lh@zﬁn 5156 h AV ihe He parficdés abBdhe poiBEIS IS ¥GHBMEE Mith

formn tream S158 having paraneters as at a point 105. Upon reaching

t 0 t he tlieoyapof sttcam S160 hiling theE2ransteremat (Be p6inh A1, figmiingthe pagamdl Mrhaving at

the point 105 obtains paraneters as at a point 102, and tHen enters tfhe top
of t hethesparapefsrs asepthe pamt P, aphigh Basa composition eavalips ¢losgtorthe CHEPOIEMNSLs as
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havi ng hhiiggs PR SFRh e 286t @k pbite 9B then DL iras theét haaeophaidey BIBLL, whbiet and
| ean |IQUI§ stream S160 having paraneters as at a point 103 is collected at

a bot t emsdhilly hendessad BivesingShe strvparfiAf haying e premetraascht the poiph B8y angt r eam
S146 havi ng the, paraneters as,at the point 109, .is formed at a upper site
of thePE‘erlgfﬁH@f‘t %@heﬁﬁ ot ai?pﬁln%etm%%?ﬁ‘{) @1‘%@501%1%6\% 3,1?8.\’?-he. paraneters as at
the ppgdi%z el iRuid stRal S5 1At hath@dterd sAtdheBbiah11Perftérd Bfto a®econd
equi librrumwth t%e vapor stream S142 having the paraneters as at the

poi nt 2@dylatihepwas Pl hevheapiiis pumpaito $passurk aufficient telifp i taatapefsa sagibher t he
point 109 is.in a state of a saturated vapor close to (Iigéjhl ILbrium wth the
| i qui d S§2 sdighds s dirpeleoniactihgat /pagss gerdermingastrenryShes hmng RpramGigtsor
stream_ $S14 havi | 09.. ' it h the
ctr camirad it 16 oh BRERENGR 8D i} dEnBBLRbCE Hrhip SEELRFRE M | o
S148 hawiantetérd8s RAREHTRIA0S obirdlpatdetdOasdt abbdiht 163, 26lé drenichrt thbpaf tfe0063]
The liquid stream S160 having the paranmeters as at the point 103 enters
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lean liquid stream S160 having parameters as at a point 103 is collected at a bottom of the
scrubber SC2. Meanwhile, the cooled and rich vapor stream S146 having the parameters as at
the point 109, is formed at a upper site of the scrubber SC2. The liquid stream S160 having the
parameters as at the point 103 is in a state of saturated liquid which is close to equilibrium with
the vapor stream S142 having the parameters as at the point 207, whereas the vapor stream S146
having the parameters as at the point 109 is in a state of a saturated vapor close to equilibrium
with the liquid stream S158 having the parameters as at the point 102. The vapor stream S146
having the parameters as at the point 109 is combined with the siream S144 having the
parameters as at the point 108, forming the stream S148 having the parameters as at the point 110
as described above.

[0063] The liquid stream S160 having the parameters as at the point 103 enters into a second
circulating pump P12, where it is pumped to a necessary high pressure, forming a stream $162

having parameters as at a point 203. The composition of the liquid streams S160 and S162 at the



[0064] The rich working fluid stream S138 having the paraneters as at the
point 301 as described above, is then separated into two substreans S164
and S166 wevnigpep@ranet ers as at points 307 and 309, respastiodalosse The
wei ght flow rate of the stream S166 at_point 309 is equal to the weight
flowrate of rich working fluids streddn 5100 enteri ng the systemat the
point 29 fromthe CTCSS, whereas the flowrate of the str 4 poi nt
307 i s Rotal03 nd203 arﬁeﬁubﬁﬁntfq”di?afl%rtt tia? leap wockipg Hﬁdﬁti%n%fﬁﬂhg of’ﬁ‘{“ 95,
Alternaag]id\seil#, as shown in Figure 3 illustrating Variant 1 al, the stream
5138 having the paraneters as at the point 301 is not split into two

subst r go084]areE richmvirkiag flald stlebm Sl 3&avidgltB8 parametpisathelpeintB 0l as descdiesd t o
the throttle control valve TV1l. To correct the conposition of the stream

5130 habowe iptien spaeated into txo subgrepms f 64aml S1¢fchayinsparametars s #peinig307

h | 412 | it bst r. . 5194
o n o BneRhrd ey AR weiehy h3w 38 of G bfeanl S50 AR XSG ST,
is for WMWraH@H&ﬁ%&orkﬁé FRARYREant 5160 S1TBASY 1hE spiSent BEthS poiaer9 Sddhdravi ng

t he para s as at the point 413. The stream 5194 having the paraneters
as at t@ECHS) wherdghé Howhrate ofitheetieaintS1 64 lae peint 36his 840 téthei wjghttfloav rate

paraneters as at_the point 316 forming a stream 5196 Vi n ragnmeters as
at a pfie steggm S1A6 éﬂﬁPB(’lflh%ﬁ’l Alsripivelyars shoyrdn Kigyre %Bﬁﬁg A 13t gy

as the ' pal The
2t 1 e B KGR SHEh AR B8 phbinet L ATHEDINES0 B oL PIBHBiwd SOl
third tiAeid d1Bof dahmeSTBELE vafaized agl forébfddto HLSBrddy chgrod alkedels Tas at a
poi nt 306. The subcooled |liquid stream S162 having the paraneters as at

t he poiaerrepOBe gemyesition pbthgistream SP3Q bawng persimgiers as adhe point Bbatthestessinger

HE1l 7, re it is heated d f.u vapor.i zed in. count QW | event h

noat ' exShidipuingrabeRictn e ¢riBe noifLAth S inf thie Mg R PRGN Riefu e

par ambﬂrargéteﬁtas iR 397 £R1338aRGpdclivaly. PAAMRARIS1923s RirwhRRdROHheGO2 as
descri bed bel ow, rmng a stream S170 having paraneters as at a point

303, ¢ cnmha;cganmg,enmrging as thetstreama S§8@haviog tieajanamdterd ay afpthe poinhdt® Theose
to nmeans that the paraneters of the streamare within ?}%gl# 5% of . being in

a st at estispmsHPd hayingthoparagreters s bE pomd 3 48 sihen mixgdwith 41 PA3WbRYIng "t he

par amet ' l.S: ' ] . havigg t he
Par amet o Bodifis 491 Bopdh SR Rigg RS e i B R e
at a poihich 3§ then FoievedutPOSthe hedt cRclhnFBSHE1BQMer gy &s b sebare BIREhéwdingtthd he

point 308 is the sane as the conposition and nass flow rate of stream S140

?t t he mmctelfzfasagtbe@ébﬁﬁﬁbed ab0\r/]e, wEere ]Elhe conposi tion cogpri ses thhe*
' i d. 71. T ' ' . yi S166 |
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fifth heat exchange “step by a stream S174a of a high tenperature heat
t r ansf estreage$it 62hizawinggthie parimdtersaas amtieepaint 20 tis describe above, passes through a

seventh heat exchanger HE17, where it is heated and fully vaporized in counterflow in a seventh

heat exchange process by the stream S116 of flue gas having initial parameter as at the point 601
and final parameters as at the point 602 as described below, forming a stream S170 having
parameters as at a point 303, corresponding, or close to, a state of saturated vapor, where close
to means that the parameters of the stream are within about 5% of being in a state of saturated
vapor.

[0066] Thereafter, the stream S170 having the parameters as at the point 303 is combined with
the stream S168 having the parameters as at the point 306, forming a stream S172 having
parameters as at a point 308. The composition and mass flow rate of stream S172 at the point 308
is the same as the composition and mass flow rate of stream S140 at the point 205 as described
above, where the composition comprises the lean working fluid.

[0067] The rich working fluid stream S166 having the parameters as at the point 309 passes



a point 501 and final paraneters as at a point 502 as descri bed bel ow,
formng a stream S176 having paraneters as at point a 409. Thereafter, the
st ream SIW6 2b@vicagF4t he paraneters as at the point 409 pasassocshr@egh an
adm ssion valve TV11, formng a rich working fluid stream S178 havi ng
paranmeters as at a point 410, and entéts into a hi gh pressure turbine HPT,
where' i exp , producin ower, and. becanes the stre 134 having the
par anetté‘iogg}h% ggﬁ%pﬁteex%qqur ﬂ@i@,_whqg%}té%hqaéqd,m Cpntentiofsm ady %1%5%0 g&%he
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pr ocess, poit@0Wiang finab paramiielsBGit Apvim@0pak dosetibedbelswaiormingod sttearh1S176The
rich working fluid stream S180 havi ng the paraneters as at the point 413
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sent into The CTCSS. [0068] The |ean working tluid stream S172 having the
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504 as ‘descri ormng a stream avi ng paraneters as at
poi Nt 408nind b etr&dnti 8880 ey preandterstb et priaud B €Tl rich wadkirdgftipateam SUBD
passes through a second adm ssion valve TV10, formng a | ean working fluid

st r eamh8Yi8g thraparagelssy amaltthe Boins4 b} entersdntietthe low peasepre fubing LIME.ovhere i ow
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at the point 316 then passes through the third heat exchanger HE13, where
it is orobbetha stelcedsatnmptdieapor and is HentsentidtotbaCTESShange process, forming

the str 4Q havi t he ara rs as at the point 205 as scribe
above. lﬁ@&?ﬁeﬁf%‘fvﬁﬂ%@%ﬁv@ sgparp @%Eéwv%ﬁﬁ%ﬂ%fr‘% e%awrtﬁ? At f@ PPSEES eam
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pr essuregcledngé peocessciy astrdainn$ll Mbwftheshick aemSetattreltrdi thanstdragaahaving édifialas at

the point 410 at an inlet to the high pressure turbine HPT, then_ the
pr essumaragietass asaln Tt 303 aad fingparamaiers anpaDomt 3045 desorhed bejaw: feeming r d

throttl I 12. dth t t f t t S168 at th
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nostly in the superheater 2006/ 062654 PCT/ US2005/ 04 -15 heat
exchangérean SIRGharniug piELBeterdne ata pdint 41dy, kideptdrs intalthiedow gpreehtraticndyvorkingt he

process ot Superheal Lng. the f1lm heat, Lrdnster coefCicient Lnglde the

the stream S130 having the parameters as at the point 316. The stream S130 having the
parameters as at the point 316 then passes through the third heat exchanger HE13, where it is
cooled, releasing heat for the third heat exchange process, forming the stream S140 having the
parameters as at the point 205 as describe above. ‘

[0069] If a pressure of the low-concentration working fluid stream S186 having the parameters
as at the point 411 at an inlet to the low concentration working fluid turbine LCT as described
above, is equal to a pressure of the rich working fluid stream S178 having the parameters as at
the point 410 at an inlet to the high pressure turbine HPT, then the pressure of stream 307 does
not change when it passes through the third throttle valve TV12, and thus the parameters of the
stream S168 at the point 306 are the same as the parameters of the stream S164 at the point 307.

[0070] The acquisition of heat by the system of this invention occurs mostly in the superheater



and as a result, if these tubes were to be directly exposed to hot flue
gas, then they would be overheated and would suffer severe danage.

Ther ef or ewoaodvambesur ansf er process fromthe stream 511@cofustéosmsas to the
stream 5174 of the high tenperature heat transfer agent is inplenented.
Thus, the stream S174 of hot flue gasl¥romthe conbustion zone or

conbustion reactor, havin initial paraneters .as at . a point, 600 passes
t hr ougheai exchangers BB a‘@(&ﬁ‘dﬁg@hﬂé ,theeyv@%gr}g ﬁ‘é‘gtls S‘éB&?h‘?i‘FFgle e prO§ess Her e |t
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500 as described below. Thereafter, the stream S174 havi ng, t he paraneters
as at ovehesedandsgouli suffirsevrsedamags- (Therefore a heahizansiss processzrom hestredm
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tenperature heat transfer agent is referred to as THERM [0072] After the
st r eaminitfdl hvarmetdrsSis7ata poiah 66@ passesthrought shfuirhangr hdat axchangerton eighsh heat

exchangers HEl4 and HE15.tp th treans .S166 and S172, the _strea 174a
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ci rcul phrian@tdpsiap aPh, poihesey iahd ifnap papadictoannt anpoint$0@ apriessibeé teldw.i ci ent
to provide for a desired circulation rate of the high tenperature heat

t r ansf Sherggien theotireang Hg4thasinghe amameiess asratihepaint 8Qhissivided wtq i two

paraneters as he i 509. [0073] Th f havi ng

t he pars'i?‘?é’f’%r% giziaa?mf‘ﬁg% &amlg 8 %?%éi% ?Snag tﬁ% é(gl’lﬁ{phse%]I 1338 (rgh?a.’cr lé%%%tg\?e e€xchanger
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is used further To transfer heat tothe stream S162 and S114 in the seventh
and f olinown ketzstances dh Hegablps theefolew, tha highdempsretvambent Grangfir Agenids 1efexedas
descri bed aﬁgm The stream 5116 of flue gas nay be further cooled in a
cTcss that T re conplex than a sinple condenser, providing nore
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[0074] t[@#ﬁ glvg%??gé?%?nﬁgﬁﬁgﬁééﬁnﬁ% ?gndsenser fnoreuse In tlhe gyst em of'rst hi s

i nvent iHE14 and BIBYS toi the strgathe S266 andl St7:rthe egeans StT4wsl STTHD havitg dher ki ng

fluid stream 5182 having the paraneters _as at the point 138 éasses, t hr ough
a Condensaretersasat the peits 3| &l 2 are gompinedn deiaueing the sEeam 7 IBKG th a
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stream S190 havi ng paraneters as at a point 27, corresponding to a state of
sat ur apeavidé foyai desiratheiraslation mate of thefhigh tpmperatisa deal, tranisteh agedt: icharging thed

str eamp%lﬁ%ﬁ_gg% 81% s%rggm %?rﬂ? poe {h% rpgrame’ters as at the point 509.

[0073] The stream S116 of flue gas having the parameters as at the point 601 exiting from the

furnace heat exchanger F/HE19 as described above, has been cooled to a moderate temperature,
and is used further to transfer heat to the stream S162 and S114 in the seventh and fourth heat
exchange processes in heat exchangers HE17 and HE20 as described above. The stream S116
of flue gas may be further cooled in a CTCSS that is more complex than a simple condenser,
providing more complete utilization of available heat from the flue gas stream S116.

[0074] A flow diagram of a simple condenser for use in the system of this invention is shown
in Figure 2, and operates as follows. The rich working fluid stream S182 having the parameters
as at the point 138 passes through a Condenser, where it is cooled and fully condensed in
counterflow with a stream S188 of cooling water or air having initial parameters as at a point 51

at an inlet of the Condenser and final parameters as at a point 52 at an outlet of the Condenser,



as at the point 27 is punped by a feed punp PF, to a required high
pressure, formng the stream S100 having the paraneters as the point 29,
whi ch i s wenbodmeds4i nto the system [0075) The inventor phadispesivared
conputations for Variant 1 a, where hot air was used as the heat source,
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TABLE 1
Parameters of the Streams associated with Key Operating Points
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Working Fluid
27 0.8300 65.80 98.823 -17.0503 0.0497 | 1.00000 | Mix 1
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0. 8300 443-45—4+—885—606 —4 858019996024 69— x 3036165859527
1, 870. Qoblly, 0&p4d T4 §482©334 073289 MZA4@26<%104 bl‘%cooﬁh’é%sl‘@x 85. 0009
688. 48580199 587 1 1481
13416 |0l 983&%8 oI TR RasBRr: s 0@-7%&71\%” 1_3414
0.82987 Vaq 39%595| 30&.B 5214326123 54 461830 0000.911052095068 | 108822 1. 54990
Vap 16(}—6F1-309—0-8300—805-05—1-874—000—1-04214811-—341+6—1—00040—Vap
392. 2F | smd 0.063%04 841483’8‘5 7427304291 2121398%1| 1.6865 (1084090 Whp |409. 3F1(320
0. 8300 [823 3 000 196 ap - OF 32T 0. 830C
413. 15 ”878 db%”% *8 o 995456‘% 1965@@ &@; 09-29‘@8?8 aMix{5 1. 88?. 000
688. 489 as332 b |0- 83 70. 47006008 11,035 o
1. 3205 01% ??Mn QR7%7%4 Ag}%oﬁ 52414 19%2%5 75(?'?5224% g'gn 1 Qqq&glggﬁ?f_&_m
1. 54990 V& Vi 536330 409891 [83000018350. 9B3BBE0. ODSBSD, [2 800025 Mix4796 1. 09000
Vap 634—6F1410 ﬁ?’éﬂ@ﬂﬁ—l,—eFff 00— HO0 00— P35+ 4826 109000—Vva
638. 9F |W93240046)- 568 54 4BCHY uslzé%ﬂs?Q94o46%§3 5250 pr0.62481 H72908 |G Lrigl| BR1-56
Vetnesy »AT Tos014] 43115 735420  933.1136] 1.3205] 1.54900| Mix 0

206| 0.5214| 43115 735.429 933.1136 | 13205 | 1.02270 | Mix 0

207| 0.5214| 43115 735.429 933.1136 | 1.3205] 052720 Mix 0

300 0.8300| 413.15| 1,885.000 688.4858 |  0.9996 | 1.82982 | Mix 0

301 0.8300]| 805.05| 1,870.000] 1,042.1481) 1.3416| 1.82982| Vap| 392.2°F

302| 08300| 413.15| 1,885.000 688.4858 |  0.9996 | 0.24202 | Mix 0

303| 0.1658| 595.47| 1,870.000 | 1,065.4074| 1.2954| 0.72008| Mix 0

304| 0.8300| 413.15| 1,885.000 688.4858 |  0.9996 | 1.58780| Mix 0

306| 0.8300| 805.05| 1,870.000| 1,042.1481| 1.3416| 0.82982| Vap| 392.2°F

307 0.8300| 805.05| 1,870.000| 1,042.1481| 1.3416| 0.82982| Vap| 392.2°F

308| 0.5214| 677.54| 1,870.000| 1,052.9544 | 1.3522| 1.54990| Vap| 160.6°F

309| 08300 805.05| 1,870.000| 1,042.1481| 1.3416| 1.00000| Vap| 392.2°F

316 | 0.5214| 841.33 742429 | 1,216.8921 | 1.5835| 1.54990 | Vap| 409.3°F

320] 0.8300| 823.33| 1,870.000| 1,056.0742| 1.3525| 1.19652| Vap| 410.5°F

321| 08300 413.15] 1,885.000 688.4858 |  0.9996 | 1.19652| Mix 0

322| 0.8300| 413.15| 1,885.000 688.4858 |  0.9996 | 0.63329| Mix 0

323| 0.8300| 770.56| 1,870.000| 1,015.8366| 1.3205| 0.63329| Vap| 357.7°F

408 | 05214 1,051.47| 1,850.000| 1,333.8795| 1.5676 | 1.54990| Vap| 535.4°F

409| 0.8300| 1,050.96| 1,850.000| 1,231.5125| 1.4796| 1.00000| Vap| 638.6°F

410| 0.8300| 1,050.00| 1,800.000| 1,231.5125| 1.4826| 1.00000| Vap| 638.9°F




411 0.5214 1, 050.00 1, 800.000 1,333.8795 1.5706 1.54990 Vap 536.4F 412
0.8300 788.56 512.867 1,063.5002 1.5021 1.00000 Vap 460.6F 413 0.38300

476. 33 50808606/626341914 1. 3128 1. 00000 Vap 149. 3F Heat
1,075.00 14.693 1,043.0000 1.0990 1.94210 Liq

Bowruseoi50&4661ERM
501 THERM 1, 075. 00 14.693

1, 043. 0000 1.0990 0.77309 Liq 502 THERM 830.05 14. 693 798. 0544 0. 9251

0. 773092 I|r1 503 THERM. 1. 075 00-14-693—1-04306000—1-0990—11690% BN 504
THERM "02t.54 1X. 693 67D. 5431 0orP821Q 1. 1H901 i S 5093 THEGRM 7B, \;owgm.e&g:$
721.30]3 0 8637 1. )4210 Lig 509 THERM 753. 3D 14.693 721. 3013 0,8687T
1.9421( 660 AR 7420013195466 2399108560713, 27021 \\/;’;lp AO?U Zﬁ%
601 Al R 111045.03553}1‘13 19&0@075.5%&100@. 7923838795201 /46 | 1556981 V602 APR-AES. 73
13.049 (1 b2 [ 02Q, AV 35 12. b O 1
05970 | 3700po0 N300 | 6 ds58| a3 120t | 0650980 RSB Thadba1ZaoA 1 . "derdR Vap
soc 2¢ 4] Asgs| Taram Tosbna o1 sl 5 et vomnedo | Coo o <
wat er %180 00396 1078 —249—9306F —1+65—64
58. 773 (73. 3057 0.1387 14.1078 Liq -HS&&W‘FCC [0077] In the system of thi g
i nventifo | pve, U g gat, sgurce uged
to generg‘?%ds%@ﬁ @ﬁg%@‘g &‘{)@g %@33)%% f&?o ['2%118 mpedidt ure. Thi s
R NN G R B L A T o e
case wjese | heiERM¢ g830.05| cor thaidve, 708.0544 | hed.2253q 0.87308Yni Ligpal wast ¢
I nci nerfatt+of—etc——t—canrbe—cootgd—onty tora Tetatve rghtenmperatyr e.
In the &8kk THERM¢ {RE-90 e gik698dn WMByYOBR| cob?®d tblé%rle atiAvel y hi gH
t enper gt Nt e rfger S ud ram {heé system
and the géfea#fl' g?%ﬁ gais(LE inadtdf%(%gl war(gma!roe g'%JOlrt QF* poi nt 602
I”S] Senﬁf E@sha THERQK | Thes y@ i an!14.69f3 tlhevdzag@wm 0g.843hi|s1 9-umert iDig [in  whig hOI
e ni fh—hpat—excianrger—HE20+s—exetddetd—sr+eferrga—to—as—Vvarrant—2a—4n

i s shoyn50h| THERMe¢ 4753.30| s e\H@ért t RA30i% | t nQ-863dqsbI421Rg ehitijre stream
S108 hgvi rhe a s U6 P 40057 U4 119
poi nt Joﬁ&?s sel |nrr>§hﬂ’1(g sec ]c?B eag%éégﬁgm@_' JZ?‘%@?M ndPdi gg%fb¥€ t he
stream|Sggd| havigig | §0es par amei el as Bfs 08| PO 782430927401 eIl M859/goFgS
shown iln Figure ustra ing Varilant the stream S138 -having-the
par anetleps2 ps aidAlkhe @os.7 30113.@49rot mdl6680 Nt@6270Q 3.01620r e afp and73 1°F

603 AIR 351.73 12.976 99.4151 0.5970 | 3.27620 | Vap 666.2°F

638 AIR 351.73 12.976 99.4151 0.5970 | 3.27620| Vap 666.2°F

639 AIR 351.73 12,976 99.4151 0.5970 | 3.27620| Vap ~ 666.2°F

Coolant
51 water 51.80 68.773 20.0769 0.0396 | 14.1078 Liq| -249.93°F
52 water 105.08 58.773 73.3057 0.1387 | 14.1078 Lig| -186.27°F

[0077] In the system of this invention, as described above, the flue gas which is the heat source

used to generated usable energy is cooled to a relatively low temperature. This cooling is

possible only in the case where such flue gas is not corrosive, as in the case of biomass

combustion or clean coal combustion. But in a case where the flue gas is corrosive, as in the case

of municipal waste incineration, efc., it can be cooled only to a relatively high temperature. In

the case, where the flue gas can only be cooled to a relatively high temperature, the ninth heat

exchanger HE20 is excluded from the system, and the stream S116 of flue gas having the

parameters as at the point 602 is sent to a stack. The variant of the system of this invention in

which the ninth heat exchanger HE20 is excluded is referred to as Variant 2a and is shown in

Figure 4. It is evident that is this case, the entire stream S108 having the parameters as at the



i nstead all of stream S138 is vaporized and forwarded to the throttle
control valve TV1l. To correct the conposition of the stream S130 havi ng
par anmet erwoasoeats2éshe poi nt 316, the stream S134 havi ngppanspesSoisieas at
the point 412 is split into two substreans S192 and S194 having paraneters
as at points 337 and 338, respectivel'§/.9' The stream S192 is forwarded to the

At t he RAGRH0Y S350 i e DB rab s #Resh PR 2 ey e e SHErh S RIS
a e . n
poi nt - SeifaPERGe M GOplafad BRIRENAY, RANCRA i AR ESIRREEEY Sl o

i s thenhé st SE38 Ha@iride Padincfors v gies pdill B 1eigBogypliaintd beo stiiseaamSaic
having the paraneters as at the point 321. [0078] Both Variants 1 a and

Var i antisstead alhef disami Sh38iis vapprizgd and fordpidgd to thej thiotleceswizel veve HYd 1. siokt h
heat h HE16.. .S i mplo. £ i cat.i | ts i ) i '

i of GREgoCPe eHBPOSYRt ShiBETErnS PO RPE Barer e est b O b E6r G i ime”
denvnstsrﬁhqﬁvﬁ%%neﬂig gs 8 APpbihi £ ¥ 3plitARto twdf subdiRam¥ $19MahdBi 94 hdveng

i ntercool er HEI6 excluded) when applied to Variant 1 a shall be referred

to as ‘pardmetershb at poidtsi337<dnd\@38j respactjuelg. TheFhrearai$aP2 gofesweideplto fliedmai on of
Variant 2a is _shown in Fi gtﬁre 7 agiﬁdg r.efe}{ered to as Vari ant gf or the
Var i ante¥changghHEVa emergiag o thesiygam RS the napmeters ag al lae pRnE 3.4 hi gh

concent | dl ' | uj - d Engl e

i gh coeunafhayibgihe BRlloRf e lpBint STy el ylfr oG En SfsBudinld

wor Ki nghé bariathefty SaiELfudnt 316 fofminge shREAMIV6EviAg patanidids oY pdidB33dxi ti ng
the high concentration working fluid turbine HCT will be in a state of
super hevghiel is,Bipw forwaolsdgp thoheat waehaagersHER3 gmerayaasi the swean SA3§ hpeing dhe her
sinplified l%g echtHdi n%{)ﬁf superheater or fifth heat exchanger HE15. In

t hese FAERLC BR2aNERo 'ng fluid stream S166 having the paraneters as

at t he [9078]tBAAVarint REI1IOPIG5h 924 é’aﬂ&%ﬁkgﬁ_ﬁﬁédhb'féx)ﬂ_udﬁ{&hé ftébsdlesR Me

directly into the high pressure turbine H Thi's sinplification al so
r esul t siith heatrezchanget HE16.i Buenxsimphficdtmngysitsmm efedutiion inraneafficioncy dBtieh

sinplified vari.ants of the system excluding the perheater HE15, shall be
desi gnaveigmal thgmyenion ta apcxisniphich a{eﬂ broamnsyaied Eapwiﬁil%%mgﬁgeﬁmaw

e T . _dl : . -
Var | antorSie S ERRBIAR FeioBl e it ey RRb A0 Wal Bnf B SNIBE P
Var i antts a2 v aiwht YBJ iethisSshdtmda Fifgere ss €Thaaialogoik ¥inplifitaies ofWariant beis | ue

gas nust not be cooled to too low a tenperature, but also as .
si npl i fshewniinKiguse 7 vad isaaforrer 40 as Maniamh 2D. | or dhaiV ariants Aband ¥ arjaatgpy thesel v .

[ 0080] ,Usual | Ln Variants |a, .Variant a,. Varjants. | b.,and, Vari s 2b,
e t oiiier dess iR Bt dosBs il Bty A dich Workimg iR e SRR 71
hi gh prr@@awdeb;t M%ﬁ?[éehﬂgﬁ-léoﬁéeﬂt@ﬁoﬁ‘ Wi TRAD birBink HICTOhKA B difedinCof DI ne
HCT and 1 ow concentration working streamturbine LCT are the sanme, or very
cl ose, wirking faidystreahn S8 82rdmvingt that partmectesnpe phthe peindriB8nexiting thbdigh 2. 5%
of eac rz:ogéer}&‘rra'tioﬁ zvo;lggg ?lulldet%%eah%rl‘ev%ﬂla};eein a state of superheated vapor.

[0079] Both Variants 1b and Variants 2b may be further simplified by excluding the

superheater or fifth heat exchanger HE1S. In these cases, the rich working fluid stream S166
having the parameters as at the point 309 is superheated only recuperatively, and is then sent
directly into the high pressure turbine HPT. This simplification also results in a reduced
efficiency in the system of this invention. Such simplified variants of the system excluding the
superheater HE15, shall be designated as Variant 1¢ when applied to the Variant 1b, as shown
in Figure 8. The analogous simplification of Variant 2b is referred to as Variant 2¢ as shown
in Figure 9. It should be clear that Variants 2a, Variants 2b and Variants 2¢ can be used not
only in cases where the flue gas must not be cooled to too low a temperature, but also as
simplifications of Variants 1a, Variants 1b and Variants 1c, respectively.

[0080] Usually, in Variants 1a, Variants 2a, Variants 1b and Variants 2b, the temperatures



hi gh enough, then the pressure at the turbine inlet of the | ow
concentration working fluid stream LCT for the |lean working fluid stream
5186 haviwgQ 2bsep@nanet ers as at the point 411 is the eamwsSa®soE6ePressure
at the turbine inlet to HPT or HCT for . the rich working fluid stream 5178
havi ng the parameters as at the poi nt2%10, and after expansi on the |ean

wor ki ng fluid stregm S130 havj.n raneters as at the.poknt,.316 is in
a stat @f&fllnﬁlﬁérlﬁ@gll%]&l PIRSPIeE hgﬁ@gégﬁf Hg?l%egﬁgﬁaol?cﬁn ghin ‘fvﬂﬁ?@g ﬂ'élgttu%’%ehanger
HE13. i of A SRR ' &

stat e ??é?r?#éd fog’gcr?h&oéﬁrt%ﬁ?\%%oﬁﬁﬁ oSt retgﬁl%(c),fﬁgeyil%ﬁ%{ﬁg%ﬁég gﬁ%ﬁ’@rﬁs eggﬂl at the
poi nt  FidseaRahdthitahe tengietdterepire sdthin atoat2.6% ofeash otber. VEfhese.tethijpanguees aref or

t he operation of the second heat e,xc_hanggr HE12 and the s ru&be SC2, it

i s necdughenpughh thenithe pressiyseaidhe frebing infgh gt the lewyenseaigrion W(Hfgmﬁ “H{ stregilg 5
not |o th regujredst. . . ' 205.
Ther ef AT egte fre QI LR YRR 188 Lok e pcbfaitte sk M Rt plifioui e 22

i nl et REASSHNS piaburehetHcaibaRRFIeNioMEP T on HOWfdk ititgidh worttintg Mbid necah{¥178ust  be
| ower ed so thatp the tenperature of the stream S130 at the point 316 would
not be HavimgthetpazametensesatitheppintdiPandafiewexpansianibe opp warkiza Awd sreammBlibi nt
205. In such a case, the.pres s.of the str 162 12, 51 ..and
S184 athaymetiepasyusterys at %Qomﬁtﬁe’ﬁé’éaé‘}age ogfgpqeglg%iqﬁyaﬁgf ?‘%1%@? S%Pﬁg%“ t he
stream ] iidlssioRQd rel¥iichyEloRameh g
througﬁﬁ%&éd?ﬁ%@r%&?%{ %ﬁﬁ@£ﬁ¥€%ﬁ eﬁggﬁi({?g&gkglggmg regu}?gd so that the
pr essurseat@bf thbtcadtwa@ingThiid sia¢anpS130 h:30kg ths pegueters as 4thbe poiesIigrooulfbe he

stream S170 at point 303. It is_evi den}_ that in thig case, .the third heat
exchangsiai T3 Talon oF CYFROHE! AARPT ABRETCig Tsthaqperation 96 1ye Speoriddcg! caShanERym ¢ he

above t rded . ' ' f t -.Aas at
the poi PRI ng AIbMESA R 5 AddkGal AR BHESARY b el Enh I STR e poinf™ 21
and t he31gaghot 16WEk tRES 8 rdquires {eipeRit@e®s the direh $140 atihb §binS205. Tieseforein
separated into two streans; a stream S106 of rich working fluid with a

conposithe case thet the tarpperpioranf admissiot istog {ovedhsinkst prosaieios igAowepnqeatiation qui d

with a copposition, as the pojnts 103.a 03. Stre S ' e
par anet‘@?rgpnﬁsdué‘h gfrh’éle;}oaﬁerﬁtmﬁgg?/\ifgv e @8{;@? ﬁeélépe\ﬁﬁ‘%?ﬁ (g{asj? %tgeg%p%?&gaq ﬁ%{;i ng
the parapBtet i néitbellbRePQhdY redBired tefipefutie Fdrithdstidaki 1474t e Jiinti 2060 t he
systemitromthe CICSS, and then was full vapori zed together with the rich

wor ki ndinfshehi alcase,thapreSiites dfithe dreami 81.62,15d52, SI40rndgti841dERAINts A3, 308205 ch

working fluid stream S112 jn the second heat exchanger HE1l2. As result, a
subst arand408 ﬁ’é?rqoi'lﬁﬁp%ﬁ“%%%ioi“ﬁﬁdiaé‘ﬂt@ §ieam %fﬂga'ﬁ‘% TP etﬁ@ﬁéﬂtéﬁ‘él’%m s at

t he poi 2 . rd i I teqh ed by
the parta Pl RASHIEERueh GpY RELERD: S a1V Gyl o T B 01 e
at the ggésaﬁe o2 Qe shleam®16BLESERIIVG isTdtjual foSheptedstieas itieddireas BIT0 apfoint3O3VO

2006/ 062654 PCT/ US2005/ 040466 -21- systemof this invention. [0082] The
syst em Ibis avidest thatierthisoase, the thied beatisachaager/dELS isaatigeed andoloenpeliexistr eans,

I608 ' a;@%&]ié&%@i g‘é%g@% ]C@B%x}egﬁat%es 16:91%i %/vlor ngr Hlﬁd @&fr:a%an%& 56 ﬁax%ﬁg f%% pmepe?s' nt
as at the point 205, after partial condensation in the second heat exchanger HE12 and the heat

and mass transfer process in the scrubber SC2, has been separated into two streams; a stream
$106 of rich working fluid with a composition as at the point 95 and a streams S160 and S162
of lean liquid with a composition as at the points 103 and 203. Stream S106 having the
parameters as at the point 95 was then combined with a stream S100 having the parameters as
at the point 29 of rich working fluid entering into the system from the CTCSS, and then was fully
vaporized together with the rich working fluid stream S114 in the ninth heat exchanger HE20
and the rich working fluid stream S112 in the second heat exchanger HE12. As a result, a
substantial portion of the initial stream S140 having the parameters as at the point 205 has been
re-vaporized at a high pressure by heat released by the partial condensation of the same stream

S140 having the parameters as at the point 205 at low pressure. This is an important aspect of the



i quid stream S100 having the paraneters as at the point 29. The system

al so includes two outlet streans, i.e., the cooled stream 5116 of flue gas
havi ng t hwopasczsedsers as at the point 603 in the case eCTN&eéaniI®es a and
1b, and the stream S116 having the p élarret ers as at the point 602 in the
case of Vari ant 2a and Variant 2b. The"system of this invention also

I ncludes a ri ing fluid vapor stream S182 having the paraneters as
at thes}ﬁ%?lﬁtc’fi gmv 1%h has been expanded in the | ow pressure turbine LPT
porti 0 tﬂ% s‘fy Lie OFRRiK ifenkibh DA R saRRAHBbYe, 1he1u§e31tvvbhﬁlet1 btedhntd, €85 tee
turbln an t he ow pressure turbine in Variants la and 2a and fhe high
concenistradrh $116W0f Kinegas Hdvingithe patrnetert GTatahe Yaint 400,504 Ipgassunmtd 2bgeroldd0083]

The stream S182 havi ng the paranmeters as at the point t be cqndensed
and ¢ héquidsirpes10Bheps %@W%&é‘l 3 5 pou RO o P Rt alsean B3 VRO nt

29. Theu Sl ND} 85 Ine@Yiel Qi 8916 S ke (%Eﬁagn%&% pRtEEA SR P g3 e

par ane rougn a con enser or alr as

descri bgg V¥t Tindabaindi8e Q@éafnosmnﬁeﬁlg@me Isarzsmvtalrslamttﬁe péint 602 ia Yt em of
this invention as described above, operating with a sinple condenser as

shown icaseRafamiars 2aand Variangab. TBosysewalpf ﬁhmmvmtm aseripdndasrichororing | s
59F; ative hum dj of t alr 1s 60‘V e eve re sho n Tabl e
211 P e S e Bt A BhePR 1o e Rt Buied o6
out put 1F30vgyés Qre%l%ng?; dnl%QﬁheMa{dv&‘ﬂrfgnﬁﬂﬁ?e SEING3L (R edsfire

assuned. he per nce and efficiency of the system this.

I nvent itwrbirneand iiee lswgmskmteanﬂbhr}e iniVarismaskdarid2a dndithe hlghbonwdtraudﬂwakﬁgcss in
pl ace of .the sinple condenser as descri bed above. The use of an CTCSS

al | ows fhugd turbiae h(esef Y arigmt Sé@l‘?&éﬂ%‘l%, and correspondingly the pressure

of the

Choot AP AR5 SR S BRRAREE e i D A0 B oledtlafln,,
| ncr eap@ndpbe (PPPREsuRI it toQﬁattdifﬂiel searRISe 06 Uf soinf 29. blfh&%uhiﬂ?é_stm tblae so is
efficiéency of the systemas a whole. Therefore, in alternate enbodi nents

of t he tepassém stfcamil82 haviog theqraramdiers 3§ @m@mndwerrwgoteﬁéypatsm@ﬁs as

at the point en nt o one f sever variapts. of a _con sation
Fher malot i Serb ey < T Fo el Bimanes of sit Bl faahubl oy

pressur, ﬁveﬁhgﬂ'afs | fegitoby abgwoptsﬁﬁﬁ%wﬁl 1 SHMIE REnBERESH 100 FORGARS 2L hon  of
the ri ch conposi tion workin at an anbi ent tenperature, resulting in

i ncr easatbieng ISO comtitbons ({l@ﬂ)ﬁﬁ}]»erauureaof[arresﬁ%Esreéapbp'le&mandltymf theevant ie 0% at sea
specifically 5. basj c . variants of CTCSS

di fferent varj ant CS
were déeed; %&ﬁOEaehTe'ahe.zarlp Tyl 24 ﬁegsncih g%%m@%wa.léahqw 1 fpving

vor ki n T a0 O g A il e s RS GABRE R 0hed, Cpaaad

syst em[008] i Thet gerimbme a0CTFHcishhofithepystbadf this divedtin owartd significantty are
preferred. 0086] For the Variant la-c of the systemthis invention, all
five vanireasedilgtiscrmbordagtiicanTESS nglage offha sannlg condensep as dessribedigboygst em

the pr G98Me oxn anet?f(b@ al?o%vﬁ%% '[h%I rg \é\{lr 3 co%(agllléaﬂgn, &?es{a!nﬂcﬁngly the pressure

of the stream S182 having the parameters as at the point 138, to be substantially lower than is

possible using a simple condenser. This will increase the power output of the low pressure
turbine LPT and the efficiency of the system as a whole. Therefore, in alternate embodiments
of the system of this invention, the stream S182 having the parameters as at the point 138 is sent
into a one of several variants of a condensation thermal compression subsystem (CTCSS) where
it can be condensed at a pressure significantly lower than the required pressure of condensation
of the rich composition working fluid at an ambient temperature, resulting in increased
efficiency.

[0085] In a previous application devoted specifically to different variants of the CTCSS, 5 basic
variants of CTCSS were described. Each variant of the CTCSS could be embodied in two
subvariants, a & b; with (a), and without (b), preheating of the condensed working fluid. For the



gas to a low tenperature, only Variants 3-5 of the CTCSS can be used with
Variant 2a-c of the systemthis invention. [0087] The relative

per f or mrarwo,20&t06263® condi ti ons, of Variant 1 a and Vari aot/uskooamdose@r i ant
2a and Variant 2b of the system of thkg i nvention, assum ng the sane heat
source and using a sinple condenser condense the stream S182 to form

Cond ¢ {RRDse g VatAn af RIS Sesh sttt Vo Bhig NE PR Read, O
wi th difpbgs) %m\é@%ﬁ&ﬁﬁ@é of tHE systeaoRiVihv &g, ﬂr@mﬁhaﬂﬁ oAhIBECSS &ﬁpb@bove

are tabul ated in Table 3. Tabl'e 2 Power Efficiency Data for Variants la-c
and 2a-used)sSing \GarSintaec @uhagswarthe Bpsint mvistionslotnot allav fnvabling ¢fitheBud on of

heat LHV | ncrenent Pressu e at, effic urce L fficiency. .al

out put g38ine lowiempgratuag, only; Variants ngiofﬂae @ﬁééé ﬂz%eslée%ys égargaz*ﬁz@ 8¢ 6. 983
100. 82 r 0000. oo 33.305 83.821 27.913 0.0 100.823 Variant lc
9955, 9%@%%&%%"?%@?% 27.790 -0.441 100.823 Variant 2a 9922.94 35.678

77. 633 [8087 Mher8latlviclpetRPmBaR, at V8O camlitiais, 8PV Ariit 134nad ¥Ariant 68 inPBarimet
-4.824 100.823 Variant 2c 9507.26 34.184 77.631 26.537 -4.927 100, 823 WO
2006/ 06284 Vrainy2bogsheasEssof thiznvebios, agsmweﬂheaam%he@ﬁ squresang usig a
Variants la-b and 2a-Db ing a Dif S. Vari ut put
Ther oo stpficPudiifer 38 spndeied the Sraim RTAT Mo BT e Y acs ROR1RETi Tl
sour ce o Hy, 86k 1€é SRFmAHE) B ISPRIoRHISRS oYV i Panta PEAEV aMant ARhnd Varid®Cfh 88
37.326 83.822 31.287 12.089 73.526 CICSS 5b Variant |la 11618. 05 38. 689
83. 822 apd wmnwb #6th GerdsvarigMestthe CTEHS withot prehéatine a7 Heg9ibodab®8 a820

32.719 17. %%g 58.413 CTCSS 3b Variant |la 11866.93 26.282 91.292 33.123
18. 669 taoH 1n *2b Variant la 11977.69 38.530 91.522 33.433 19. 777

40. 842

Table 2

Power Efficiency Data for Variants 1a-c and 2a-c Using a Simple Condenser

System Net output Thermal Utilization of heat LHV Increment Pressure at
kW efficiency source LHV efficiency al output point 138
% Y% % % sia -
Varjant 1a | 10698.28 35.625 83.822 29.861 6.983 100.823
Variant 1b | 10000.00 33.305 83.821 27.913 0.0 100.823
Varijant 1c 9955.93 33.118 83.912 27.790 -0.441 100.823
Varjant 2a 9922.94 35.678 77.633 27.698 -0.771 100.823
Variant 2b 0517.60 34.222 77.631 26.566 -4.824 100.823
Variant 2¢ 9507.26 34.184 77.631 26.537 -4.927 100.823




CTCSS Ib Variant |b 10871.47 36.203 83.821 30.346 8.751 59.368 CTCSS 5b
Variant |b 11235.70 37.416 83.821 31.362 12.357 45.079 CTCSS 4b Variant |b
11335. 75 8D.200696834821 31. 641 12.358 42.067 CTCSS 3b Vaciraseoosh4dse30. 25
35. 020 91.105 31.905 14.303 38.972 CICSS 2b Variant |b 11550.80 35.294

91. 105 32.242 15.508 35.772 CTCSS 1b2%ari ant 2a 10470.85 37. 645 77.633
29.227 4.709 73.526 CTCSS 5b Varia%%@§&%10899.85 39.188 77.637 30. 425
8.999 54.382 CICSS 4b Variant 2a 1 77 39.537 _77. 637 30,723 10. 068

50. 416 RovgsEffisieysy Data fapVaxiants 1a-b and 2b Gsinga Ditfereps £ ECSS Yakigntsg g
CTCSS 5b Variant 2b 10647.78 38.283 77.635 29.721 6.478 45.079 CICSS 4b

Var i ant| Sgdvend 07 391309tp’3|8 61’ﬂhe7li316 5 thlzgib@ of . 391 LAV, 06| Inc@TEH8l BhP{esr0BT | n
sum th gy i f orﬂ?i“ﬁ?ﬂsl 0
with a ol CTCAS  theroPH? o 3(
possi bl atlcﬁ3582bf th >yst26}890f th|7§526
I nvent i|@TCSE®Bie| experienced in the art will e able t selectlthe variant
and conbiatiat loh Ub1&AIe [sySB68A of| t hi&.8hvent]|i oP2AAd f siombl e ,ond;éﬁ&?er gr a
CTCSS q4@dnsa4b i | | suit! any givdn economic gnd technical condltions 89]
Cur r ent| Vetizt & pf LifHe’Sar|t BPO%asy povierdg? ant § hax89an| LHV-28fi i er§@3‘}16not
exceedil&JCB88R | 1n contlrast thd npst sinp ,t_gj_f_._,;._g,m__v_a_“_am of
the sydtVermbta [ h11866%vent 26882 vdr i arftl292¢ uji ng-%3si pl B-¥dndensdf0%has |an
LHV ef fiSHC8R& ] of 26 5370 i e—11-327 tinethighertanthe —stategi—thd
art bi qIREE! BoheHSTH% s| opéraft ed t o Hate. The ﬁ%@t” effl@v«%t “Lar 88 of |t he
syst em\MOSODIB! 062654 ACT/US2005/-040466 tBi-sHAeptons ‘@L%a. t
| awi t h \Zd‘f%?sné?gﬁ | 980547t hie G#EES Has ah-Lhv ef fi é(? %‘ﬁcy g’:’;{%l 43B9y 730

Variant 1b | 11235.70 37.416 83.821 31362 12.357 45.079

CTCSS 4b

Variant 1b | 11335.75 37.749 83.821 31.641 12.358 42,067

CTCSS 3b

Variant 1b | 11430.25 35.020 91.105 31.905 14.303 38.972

CTCSS 2b

Variant 1b | 11550.80 35.294 91.105 32242 15.508 35772

CTCSS 1b .

Variant 22 | 10470.85 37.645 77.633 29.227 4.709 73.526

CTCSS 5b

Variant2a | 10899.85 39.188 77.637 30.425 8.999 54.382

CTCSS 4b

Variant2a | 11006.77 39.537 77.637 30.723 10.068 50416

CTCSS 3b

Variant 2b | 10313.04 37.082 77.631 28.787 3.130 59.368

CTCSS 5b

Variant 2b | 10647.78 38.283 77.635 29.721 6.478 45.079

CTCSS 4b

Variant 2b 10739.09 38.611 77.635 29.976 7.391 42.067

CTCSS 3b

[0088] In sum, the system of this invention consists of 6 variants. In combination with a simple
condenser and various variants of the CTCSS, there are 30 possible embodiments and
combinations of the power system of this invention. One experienced in the art will be able to
select the variant and combination of the system of this invention and a simple condenser or a
CTCSS such as will suit any given economic and technical conditions.

[0089] Current state of the art biomass powerplants have an LHV efficiency not exceeding 20%.
In contrast, the most simple and least efficient variant of the system of this invention, Variant
2c¢ using a simple condenser, has an LHV efficiency of 26.537%; i.e., 1.327 time higher tan the

state of the art biomass powerplants operated to date. The most efficient variant of the system



i.e., 1.672 tinmes higher than the current state of the art. CTCSS Vari ant
la [0090] Referring nowto Figure 2, a preferred enbodi nent of a CTCSS of

t hi s i nvewbi2o0s/062¢5¢neral |y 190, is shown and is referreacrashaspincas CTCSS
Variant la. CTCSS Variant |la represents a very conprehensive variant of
the CTCSSs of this invention. [0091] “Pfe operation of CTCSS Variant | a of

the CTCSS of this invention is now des 0 t.rea avi ng
par amet &itkis gyenifon, Vasiant 1awish Vagianhlh aﬁliiﬁ ET&sSé‘g f%ﬁévgﬁs“é%¥ g}:lg%?éﬁ’ vapor
or in t vapor, enters into the CTCSS
200. T?\Zeesslf‘}@é[?nﬁe g@&ﬁ%@ﬂgg&ﬁ%ﬂ&%&%&@ﬁ%%@ as at the point 138 is m xed

w th a €¢TCSS Viarkad 1at r eam S202 having paraneters as at a point 71, which
is in a state of a liquid-vapor mxture (as describe nore fully herein),

f or i ng[09901.Reicnmgmm@uFweamasgewnﬁémb@dm@@tae%cﬁ qftthlé iggeniiongg. | f

sat ur st GIUBSTC. if Alsmn R PP RURGp B (A ety TalRlbly FRGSS Yt ©
par amet@hRsdfs @{rerglasm@%heﬁsﬂelvﬂaﬁi ofific CITTSSE of thiSHGBntdonay as to :
correspond to a state of saturated vapor. As a result, the stream S204

havi ng [0A%1]Ereanpetatios e € TGRS Yariapblamof 88 CliCSS dfghis mvan‘sorals@omdeacrddedg htly
t t f the st th t

the por D9 ohstiean Sl 37 el inepmipimelers et Rb oL PapBich bt PETt R EY | ng

the 3\5338?3 rﬁégamﬁés%z &téﬁ%rréthﬁﬂﬁ'y wee rreétbg GRQs Shoithe @‘I@SSQ‘O@YTIH@&P%M"G

resul t aV|n rs as at a point 38 should be in,

or cl oA havingslicapapambtetsak ar tihb@dlnwawrs,mmh@vvethml fostemixed streanS20hkavitat e of
the vapor is wthin 5%of the saturated vapor state for the vapor. In all
cas es naﬁ@nqs@nsasr@ttaep@nb’fl whichds F%ﬁﬂtS%QllﬂﬁldtWOWIWCfés dgsaiberparefully such

Covas) e ERPute & Fra S PRl Ssnl Rl A R B S B sl 1 26

passes §1meudingthe Pabfheteld8adt t%ﬁdiﬂtfmfis iﬂlilstate/\'fmﬁratéd Vépof ARhederdpétature
partially condensed and rel eases heat in a first heat exchange process,

pr oduci efgh@stsanS22tiaviy the parametSB0s ahtheipoint fhmustbechpsasinsicina payyas tal 5.

The stream S2Q06 havi ng.t he r anet rs as.a e 15 | then m xed with
N ot T eHTEEa AT s S Sreali e et S0 hivins B bARRATESS o

havi n IS
yst om ARG 38 3RbeHh o RaBOFRighi el valclF ARG BT RERRGTRIN: Blvidd!
par amet e par@iheteRaspoihdpsinB138lis in asdteb supedirpredivaye then sireaneS8R02Ihaving\ties y

close, within about 5% A concentration of the | ow boiling onent in

st r eam [B20Bcters of sighe prinpHmavt be plosar inuch ¢ ay Bt the f@“ltﬁlgsb?tim §£E4 BAVINE | ower
t han a goncent at on of .t 0i. 1 i ng, coppon strea 0

navi ng RBegRFighutae teut 38 shilo Bk, P sSE IR ARt il R E M erREr, o

the | oWoliRdaht B st&te BITREMpor 1 \'ﬁ/fﬂﬁﬂ%t% 6ﬁfﬁe§3tl19at€tﬁ\/épw stab@fo@ﬂ{ bEI B AP at
the point 16 is |ower than the W 2006/ 062654 PCT/ US2005/ 040466 - 25

concent caats; tha pafamebars dfthe Hrsam SP2ad thepoan {71 efe chhgendn sechra vBIRS tdvaekingze he

par ametéa {el%pgéltu% o% tq'xe stream S204 at the point 38.
[0093] Thereafter, the stream S204 having the parameters as at the point 38 passes through a first
heat exchanger HE1, where it is cooled and partially condensed and releases heat in a first heat
exchange process, producing a second mixed stream S206 having parameters as at a point 15.
The stream S206 having the parameters as at the point 15 is then mixed with a stream S208
having parameters as at a point 8, forming a stream S210 having parameters as at a point 16. In
the preferred embodiment of this system, the temperatures of the streams S208, S206 and S210
having parameters of the points 8, 15, and 16, respectively, are equal or very close, within about
5%. A concentration of the low-boiling component in stream S208 having the parameters as at
the point 8 is substantially lower than a concentration of the low boiling component in the stream

S206 having the parameters as at the point 15. As a result, a concentration of the low boiling

component in the stream S210 having the parameters as at the point 16 is lower than the



point 15, i.e., stream S210 having the paraneters as at the point 16 is

| eaner than stream S206 having the paraneters as at the point 15. [0094]
The strean03Bddekevi ng t he paraneters as at the point 1@crhsnoosassies

t hrough a second heat exchanger HE2, where it is further condensed and
rel easing heat in a second heat exchaffje process, forming a stream S212

havi n arameters_as_at, a . point 17. T stre 12. havi ng t he araneters
as at gp&ps@t@@t#ﬁn of the W@hb%hg%@gnﬁ%eﬁ Hg%st{emnra@(ﬁﬁgylr@%%g %?teﬁl':ag ,a{ ere it
is furth con ' 1 hi r eam

so14 nROPhLSar Senn 1] bbb afle K HAIBoll 163 Rald BB SA0BAT, ||

IS par qlg\qﬁé theGRRIBARERGs abMb pbing 18.0npOsi tion, while substantially |eaner
that the conpositions of the stream 5182 and S204 having the paraneters as

at t he [(09#hTbe s3&na 831 BRavingthe perantotess ag at theapminl 1 Goben passes thoyak 4 seqpndt

anbi ent tenperatyre, The .stream S214 havi.ng the paraneters..as at,the point
18 15 OFRARARE HERAVEETST iR spadthsol g Tolsir S Beh RUFSEO R Ra Bpanke, |
formn t&%gh ' aSatalpomnt 9] The sh@am BRE2 haaAP@Ri ti on
of thegrsot%?%é% 1%%%?/%%2?%?9% anet e@g ast g’to tthe poei nt aTQ is such that it
can be patfatleteys asoi tendnt 13thenpasses throwgipdhiad beat ex¢Ha02&|HERoviete i BrfuBRE8

havi ng the paraneters as at the point 19 then gﬁges through a | ow .
pr essurendepsridna thirddeat exghags pracessdo Egm asheam S WARSPHARFCIS RS ALARpANt

processggei n nterfl.Qw, W a : i : - COQdHifag air
oo Y DEPLIB o513 SERMRAD Bhysopl g HeLsiplicoshing 2
poi nt  ShstABENIcATerthitthe RaipsifisRsof thostfeafB1823hd 8204 BA27s theyarageters as

paranmeters as at a point 1. The conposition of the stream S222 havi ng the

par anetatths pamtal38 arel 3§ dd such that itehenatdd fully cpadensed gambient teaperetvse | Thei on,

I S subst ant| l.eaper than the ¢ osjjd.on of .the.stream havi ng t he
par anefg7an E?H ﬁ%w%ﬁﬁtpaia%e,term§ %tﬁﬁgﬁ?lgf, ]:eédls lrﬁﬁeél g @béb? fea?ﬁéf*‘&?’&g t he
Str eamyg2g2 eyl r [ S siAhnfbat | BhrahelBSts he sist 19 8@ at an
el eva?? prteéggéér gg?hb%gag’rﬁ?g{%razsduce g sst?aevgﬁr)% 1826havisng tlﬁje1 sane
conposicbinpositien af theatradm 8288 hating thetpasamaiére us beitie poas dQriesuch dhatwi dain &l | ow

the streamtao ful I¥ condense. [0096] The stream S222 havi ng the paraneters
a

as at tHbE wdersed af ImpieBLCHPGIHER i nto two substreams S224 and S226 havi ng
' 4 ' : ing th
e B8 AR AR A ol g

wher e iptessiirs cBHdRer HE4aWheleayRtcodled iR e Solrth Heak Bkdhgnge plot&ain Sdmderflawi ng
paraneters as at a point 44, which correspond to a state of subcool ed

| i qui dwithhestrsatS220 of heolingaden osRodingit hayingtisitiahparamatesras abaspaint Mpadpoi nt
44 th h athird t h HE3 i terf] 5 .t h

ot r bamiaBBATAGORy o} Feh BAPL S P E S cHATSRFh 0 1907 f STopR, YAt e e
exchan ParalilcRrSaSatd 0iftas Gth Qéﬁpaﬁﬁ&?of the sthaat §sh¥ Mﬁﬁcgg)ﬂg gﬁ%ﬁ@ms% 8

havi ng paraneters as at a point 14. The stream WO 20
PCT/ US206151 éfffd to h2einSR 3 'basic pgjutitig” s autzstettially leaserthan the copositidndofi s i n,

or close to, a state of saturated |iquid., Again, . :
the stream S182 having the parameters at qhe point q38, which entered the CTCSS 100.

Therefore, the stream S222 having the parameters as at the point 1 must be distilled at an
elevated pressure in order to produce a stream S182 having the same composition as at point 138,
but at an elevated pressure that will allow the stream to fully condense.

[0096] The stream S222 having the parameters as at the point 1 is then divided into two
substreams S224 and S226 having parameters as at points 2 and 4, respectively. The stream
S224 having the parameters as at the point 2 enters into a circulating fourth pump P4, where it
is pumped to an elevated pressure forming a stream S228 having parameters as at a point 44,
which correspond to a state of subcooled liquid. Thereafter, the stream S228 having the
parameters as at the point 44 passes through a third heat exchanger HE3 in counterflow with the
stream S212 having the parameters as at the point 17 in a third heat exchange process Qés

described above, is heated forming a stream S230 having parameters as at apoint 14. The stream



the termclose to neans that the state of the stream S230 is within 5% of
being a saturated liquid. Thereafter, the stream S230 havi ng paraneters as
at poi nt W0 2&/deasided i nto two substreans S232 and S2BéThmeeosg4q@as anet er s
as at points 13 and 22, respectively., The stream S234 having the

paranmeters as at the point 22 is t hef*%i vi ded into two substreans S236 and

S238 hayl .paraneters as points. 12 and 2 r ctively The, stream
eV S I L A R RO i Tt
second yhaal:, Ex63R%8hs HEhe WARS F tHlclstrbain 8080 RdvighA sPAITbER: a¥atuMARDIued in
counterflow to the stream 5200 having the paraneters as at the point 16 as
descr i Thereafibipthe sireaneS230danthgpasdmetercasanpeainplis dsdedfimo twogibatreamsei2I2 S240

havi ng paraneters as at a point, 11. The stream S240 havi n% %‘gg \par net ers
as at en&Sp34 havingparsaefersHs sk ot ige 22nEespeGtivelyn dAe streame R by € where

It is further hea lzeg d r
havi ngp %eg y §§ agig%dé(ggtr ?%g% &llé%lo@gd?%q%u% s%dbﬁgg%&e%‘%ﬁa%%%%?g?ég@?
f or mi n@a@nitdrea Bt PAAR 1284 RN GefREMERE ETR sa8araS236 haing th palaBRRFdastithest r eam
S242 having the paraneters as at the point 5 which is in a state of a

vapor - pbing 2 dheni passes ghroagh thessetonddeat ¢xchanges 53, athsre ibiis heafrdrandipartiadly
separated into a saturat vapor eam .S244 havin ara rs,as.at a

o nt - SaREed T REEHIT foghs S a3 DT e e e P O LGRS 4R

7. [00 : e {ET | 08 kAt 7 0S
di vi de%&fl%e;qg%ts{a/\%ﬂug%ég{(ér%ggiﬁég%hgﬁ%ﬂ gtggg?\rg\? iQng pvgrggzprfagiﬁg?gmtaag gtaa:&ggi nts
70 and112The @spmcS240 dhying Thepaameamas $2th8 pha il h ghentpassea thamegheths fiag hedt t he

poi nt 70, then Easses t hrough an eighth heat exchanger HE%;e where it is
heat ed e¢hanger MEA) wherg dbisrfuptber hegted and; vgRenzeseaicosREHiay &0 Hrectisay, S204

count erf].ow | rd | , ' it al
R B i el L
st r eamhpAag phavichds RdtamRifss as at a point 74.  Thereafter, stream S254
having the paraneters as at the point 74 passes through a fifth throttle

val ve TO7] viihestrean §24% baving theipsramstiug awktitie poipt B yducleisdn a slate of avappessur e
of the stream 5182 havi { he r ters.as at e .point 8, formng the
ot r cant SIS PG B AP AT SL Her i eseRtpist T S sebafedyap i etig
strea ' - ar i ' B ' he

St oan? E1b0 o PRATHE B ATEhA Gl Sahe o e AR e b

S204 havapeginthe paraneters as at the point 38 as previously described.

[ 0099] The stream S250 havi ng paranmeters as at point 72,. then passes
t hr ough0098] Theliquid sfraame S246 hgwing-the Pagpaeisrs 3satoiheointd issdiyidad d¥a ™Weor ni ng

a stre 256 | r I 8.0 e
2t eamsSugas S 0t SRR Bl Pl 70 i 72 NELRUERR Pk
pressuie48that g td pLakIBte A0t t@@%ﬁm mdh&zsaéésmmdagh bheigh@l ReweleRéBngs at
the points 15, '8 and WO 2006/ 062654 PCT/ US2005/ 040466 -27 16. Thereafter
t he st iEESn 8aG6 ihay heajed ad ppartiatt waporiasd dn anheighibi heat Z3changeipteetssiinh a

stream i C e .
counterflow to an external heat carrier stream S252 having initial parameters as a point 638 and

'8y

final parameters as at a pint 639, forming a stfeam S254 having parameters as at a boint 74.
Thereafter, stream 8254 having the parameters as at the point 74 passes through a fifth throttle
valve TVS5, where its pressure is reduced to a pressure equal to a pressure of the stream S182
having the parameters as at the point 138, forming the stream S202 having the parameters as at
the point 71. Thereafter, the stream S202 having the parameters as at the point 71 is mixed with
the stream S182 having the parameters as at the point 138, forming the stream S204 having the
parameters as at the point 38 as previously described.

[0099] The stream S250 having parameters as at point 72, then passes through a first throttle
valve TV1, where its pressure is reduced, forming a stream S256 having parameters as at a point
73. The pressure of the stream $256 having the parameters as at the point 73 is equal to. a
pressure of the streams 8206, S208, and S210 having the parameters as at the points 15, 8 and



S258 having paraneters as at a point 45, formng the stream S208 havi ng the
paraneters as at the point 8 The stream S208 having the paraneters as a

t he poi ntwB 20&/d6besa m xed with the stream S206 havi ng tPhe/ysasoameises s as at
the point 15, formng the stream S210_having the parameters as at the
point 16 as descri bed above. [00100] "Manwhil e, the vapor stream S244

Tt oot e RaRhe s s ahavinedfs BiramelrTufl e Rodit At YA VR agt
exchanggysg g@ylgg *is%xdaggégﬁs %éé g@aa%&&% FarRaf: 8238 %209 hiVife BRY FIBLRES aggt at

t he point ove, IS senht into a top portion of the first
scr ubbehe péihit 8. Ahe streanrs 8208 lafvingelnd paantetorss a therpains Bés themmisted wWithribe steamubber

SC1, a li %ui d, stream S260 having paraneters as at a_point 35 which is in
a st at SX6deEing dheparrmptsts age thePOUE 1felonming the streagh$240 baying the puamsiestet er s

of the stream . e apor stream S244 having the paraneters as at
t he poi%taligl,eﬂoéééﬁéég\g% Iilg(tr%gl?ov\ré'em)ved froma bottomof the first scrubber

SC I. Aooidrg sameMbard®hiledthéa s seéding 80APRHInd AV piigmeRA AMLIRHEINGE istenpOi Nt
30, which is in a state close to equilibriumwith the liquid stream S238

havi ng inteea pettaampart of adigstacrubher $1.rwhigh is imassance adireet qogircbheat wad mesbber
SCl1. [00101] The yvapor stre S262 ' t he, paraneters as_,at t oint 30
st horPCRRIEST i ghe Sone e B S r e RS drvinesind BRERE T o &F thgoud 2he
parti al j. Gondsasets sehﬂnﬁ)%fy ﬁ{hftl ng metﬂ}?t?sfcrﬁbém.%%‘}eﬁflt IPAEd bAGnfakui d

havi ng paraneters as at a po In a th heat exchange process,

f or m ngranskk irethotis? Soubtay S, HajuddEtansS26) aving ppanteter?as at pP6ih03y, whtieh
liquid stream S260 havi ng .t he paraneters .as, at ghe oint 35 1is %qem)ved from
the botisdhh SRcEIRsede el BBRE feloseracans wilip aboit Seieff the PEamelers itk tF8yal ve

the' st rod SiltRaGPaLIfebe SLACHERL b8 ArihABs o B Rnc6  SRdLEPRIL® ©

e parane

st r eam ;ggRSed i Abottbe dMOiECASbass@l. AtiBe PRidtime b vagdhetsin 8260 hay2hS
havi ng the parameters as at the point 45 is then mxed with the stream S256

havi ng panenetpraasabpaint3 G svhich is e astateelogaio dquilibring with the hqudsig208SH38/i ng
the paraneters as aj the point as scribed.above 3] The liquid
stream R&YYB Y QQ?IH@CEeﬁ%aSﬁE%Wrgég’ %tsgfforpﬁéo%gtﬁ{e S‘:‘er%[,’b%/%j(glh has been
preheat @g4g) the Hijy HiEPar A8 @RSS bt A PoRPIY B thASAERL
through[@gmsgcond ﬁ?r‘{) ﬁ]e va vz%'lia%%,%tv\her%ﬁiets%pressg?e I's reduced too an
i nt er meadfifth degtrexslkanger HES, ehereat iprcosked mad phitially cendehsadein ¢dvaterfidve wathes sur e

of the stream S230 having .the paraneter as at, the paint 14, but higher
than t HerepmS2et pEwerking ilud haungpatamotersasiah PR 848 A Aifihheatexghange professpoi nt

1), form poi nt 43, corresponding to a
state O@hﬁ&\g}ps%%&ﬁfﬁq?&ﬁi%ﬁ%%%%%ﬁaﬁﬁ&ﬁésf%&%sqo@ﬁt,ﬁ. the stream S268 havi ng the
par amet osoRs at Thiqd fiteathB260 haink thdPRardetbRiat st tREPFHEIIE rempvedidre VO

2006/ 062654 PCT/ US2005/ 040466 -28 it is separated into a vapor stream S270
havi ng thaattemerfsthascaibber $61 and 3zt semi dheouigh quiodrtls thretile valve TV4, where its

pressure is reduced to a pressure equal to the pressure of the stream $S256 having the parameters
as at the point 73, forming the stream S258 having the parameters as at the point 45. The stream
S258 having the parameters as at the point 45 is then mixed with the stream S256 having the
parameters as at the point 73, forming the stream S208 having the parameters as at the point 8
as described above.

[0103] The liquid stream S$232 having the parameters as at the point 13, which has been
preheated in the third heat exchanger HE3 as described above, passes through a second throtle
valve TV2, where its pressure is reduced to an intermediate pressure, (i.e., a pressure which is
lower than the pressure of the stream S230 having the parameter as at the point 14, but higher
than the pressure of the stream $222 having the parameters as at the point 1), forming a stream
S268 parameters as at a point 43, corresponding to a state of a vapor-liquid mixture. Thereafter,

the stream S268 having the parameters as at the point 43 is sent into a third separator S3, where



S272 having paraneters as at a point 32. [0104] A concentration of the | ow
boi Il i ng conponent in the vapor stream S270 having the paraneters as at the
poi nt 34 we seseagat i al | y hi gher than a concentrati on ofcrhms2e0smudaes | i ng
conponent in the stream S182 having the paraneters as at the point 138 as
it enters the CTCSS 200 as descri bed?&bove. The l'iquid stream S272 havi ng

the paraneters as at the point has a concentration of |.ow bojlin
Compond i SRR o p S aBon AR S2AB HECHE PARTGIOR® 3t ot Theng o TG pSteait i n

the str, . Rav] ters as at the point 1 as descri bed above.
. [Olﬁﬂﬁéagﬂoqw S@?%{;@%@E@g&bf t he basic solution having the
par anmet[e164] @ caficehtittigiobNthedlo@Sboiligs compattnabothe, vapot ettcanm 8270 having ste

circulating punp P1l, where it is punped to a pressure equal  to the,
pr essurnarapfetery @s gt theapim3bisrubstariiallydigher dhast & pancastrgion ¢icthp dowiboding

formng a strea S274 ) ng. anet er i idng to
2”5t =t Sopondl Ebthe e QAR REPR BB B B P B RRARE PR L0
havi ng J0gs REICABEA §bsveaPh@liqulid Sr&idh 827233&@1‘1%&& RerasiRhdss ad AdhypoIRr32 Bdsraeam
S270 having the paraneters as at the point 34 are conbined, formng a

st r eamcSAGAtratiay ofi dowp drodling enmsposentawhichpigiless tBan Thooneentration 92 7w hevlingy t he
paraneters as at the poi I.s then sent into an internedja ressure
E ohclen<SBmpgRons & B e RS0 DR HIFGRrIREers D AhE PPt 1 45 COurbeH Soafh f ol |y
conden ' ol Pl ream
5278 of oS R EHERAn6Re A BRRERIRAAE e e PRURLRRS AU ot & L
and hawengibkd abdvep aftarsghterasirgsiretilatiag pompP1pEhert drispompad &i  grassusAahavi ng
paranmeters as at a BOi nt 23. The stream S280 havin paranmeters as at point
F

23 t herfo dhptepssureneidha skeasn S47Ghaving thei nagppRier apat th%me 1 3k forginggstiveany s

par amorer4 Rg BAEREE AP Bt B oindopilS bt hsealta TRl S Frddiionss
par amettRE sibasoléd liguid SirdHm 9874 hhlid s hd Redhe8 ds ahméﬁwat 31 hRd PRkAIRIRANVIp&S at
the point 40 is then mxed with the. stream S266 havi ng the paraneters as

at t he speamiS276 hasingebe pafaputeahassa, thé pomit 3¢ aze sombinad, SpBningavitregmpS3 Zonet er s
as at oint 26. The co Ltion a ow rate of the stream S282 having

t he paﬁ@ﬁ%‘ﬁ@?@m&éﬂéﬁs qtﬁgo{ég?ﬁheaﬁeaé?397é%%vwgttﬁ%?ar@wste§st%s&a B98I KRy t he
par amet Al RO m%p&% ' Hgy,d as

t he st rsggt?ﬁltg%gg{tﬁaw }ldg%ﬂrglgesugegbro g&%sgﬁagﬁtt t he plc}l r%é Pl 8, wh r}eg\#éeog{legr ed

t he CTGHES fullOédndbised ima seveathiirhbedchandeyprbcegd) éi cqumaslowewith 8 $&n SUE8 efaf t er,
t he stream S284 having the paraneters as at the point 26 enters into a high
pr essurceokngvaifEs ef aibhavd s iah paremeteshasf @pomtsS ap apwng finplpagasetery anald

St oam SBE o8y opmd hRoutt Sro00Rvin AR B oy 2 TGN S2alled] ©

poi Nt 53raekrb b ad pdial PIBLR bficRSn@la RcBAd Bicubing RIMP PE What RAPreSRBSis
paranmeters as at a point 27, corresponding to a state of saturated |iquid.

The st rieapasSR 8% prassungedqndl 0L b0 8R654arRSROUBAGREIHEpArdEters 29atithrepqar2det er s
t th | 27 t t ' third f eed P3 Lt
Sa rrg ed & ﬁes%g{)éﬁ above, o?nr}inegrll s(tarrea'zsm IS%? pz?ramelterrs as%{ a p(()ai%t 4& ',ﬂT;g stream m%rlgv§ng 'S
the parameters as at the point 40 is then mixed with the stream S266 having the parameters as

at the point 25 as described above, forming a stream S284 having parameters as at a point 26.
The composition and flow rate of the stream S282 having the parameters as at the point 40 are
such that the stream S284 having the parameters as at the point 26 has the same composition and
flow rate as the stream S182 having the parameters as at the point 138, which entered the CTCSS
100, but has a substantially higher pressure. _

[0106] Thereafter, the stream S284 having the parameters as at the point 26 enters into a high
pressure condenser or sixth heat exchanger HE6, where it is cooled and fully condensed in a
sixth heat exchange process, in counterflow with a stream S286 of cooling water or air having
initial parameters as at a point 53 and final parameters as at a point 54, forming a steam S288

parameters as at a point 27, corresponding to a state of saturated liquid. The stream $288 having



a desired high pressure, formng the stream S264 having the paraneters as
at the point 28. Then the stream S264 of working fluid having the

par amet erwoasoeats2¢she point 28 is sent through the fifthpChastoosnetranger
HES5, where it is heated, in counterflow with the stream S262 havi ng t he
paraneters as at the point 30 in the- ?fth heat exchange process, formng a

stream S100 havin aranmeters as _at, int 29 as described .above. . The
st reamt@z@éarﬁ‘ét\?’fsﬁ’g a{tﬁgpw&p ﬁg{egregte&ssln&ﬁgﬂg Bbft p?@pﬁﬁewh%%?i“t@ PERREHPCSS
100, a . _ . . . o :

ol osed SRR plelukl forlHE o RS 6S R ind B pRtatletdep o eGOBEINGE | |
SONE CalsedtreafrSAo8 af wodimgf fldib Gaving Wiepgrahetdrslasa thelpoirs 28 apendhoagh e fifthe
CTCSS is not necessary. In such cases, the fifth heat exchanger HE5 is

excl udégatf exshanges HBGS%hepa it nheatedy in souriertlony Wwithothe straamSZ02shaving fhee

stream_S262  havi he a I th int -and S266
havi ng P eﬁeﬁ 3?1%’?‘5% RO apﬁ%@ﬁ%&l%%&e%g?gﬂ{%ﬁ%, gog%é& %%chﬁin%ﬁ}sqlf%amr% S264
havi ng tpafahfété}@ AR SUi% 20tastdeSoriildibovis TAE StréddneS290 BAMThE Pafdnitidigad A&
paranmeters as at the point 29 are the sanme as shown in Figure 3. The CTCSS

syst empoint \29i thén kiEEs the GCINA00, arsl rebfres tocilic tpowes syTICST G CITAISS afbthiy 0108]
The CTCSSs .of .this i.nyention provi I ghly effectiv | i zati on of heat
avai | abq‘Vé’nflP%Fﬁcq?sr‘?g l%ig’ﬂg%gaﬁglaglsrag§#§%§§ Span HEW‘%Q sol uti on havi ng

t he pan | Jaﬂ?ﬂ : r I such
as fror[n th qé??rgggn@sg%%%&?giﬁgﬁgjtﬂgﬁorl S |1%§t“{h g‘?\ltl? ?%’?n%lﬁé%ﬁlgﬁggg?g %§§§§tem
descr i heckssdry.tTheudhrdasss, the fifththeat dxebangki MBS ik exthudadfrofiZUESCROSSartiimet 1a

paranmeters_as at the point 7 comng fromthe first separator, S1, is not
cool ed dpseribgd gboye: As @ resul ﬂ’é’)@@ﬁ@lﬁg%ﬁ? hyipg thernremetersss a4 tha pemnt 3fend theeam

S246 1S, 1N L. h 00_. ing flu | m t he
pover SyRHhREE BB AopdiRaS Eh bt SPUE s i R Sl

par anetey Sardfietdfs dt AR HoRitNB ot thvlstehin S100 S thel gardridtérs as hithé pefat RS Gred
substantial quantity of heat, while at the same tine its rise in

t enper #hagameias shewnin Fighye 3| The CTGES systent iowhich HE®isreapluded isgeferrod tsas

occurs Sec heat exchanger HE2. In the process of further .

r eboi | |¢£C§$ﬁ7 l‘ngggof increase in the tenperatures beconmes nuch faster.
Thi s f y6{gRe R ECRR oPthid ifGertRRQIrbiiBOnRARCERSH ARGl Atidd brnig abhilsHle REAL
exchang?ar El. At %8 sétrrle ?IIE m&*,cijr!l)n1 t'ﬁlg lgr oceés 0 Zcé)n ensatai on 0 teﬁ‘e
st r eamtifs2dvhdbissmggreaineS18p afaineverldng@solationt haeingahe pardBietersstat #hd poiat 138
relatively |arge quantity of heat is released, with a relatively slow

r educt ABhobheat BRprerdendlsounsgs sych as drommidie seeraSA8%t i on, the rate of

reduct i I ' Laher. . . esult .o hi s. nonenon,
 eduet fboRln ghTATR ALy hudlER P R OB

st r eamsolie WaYikig tha parinétdris ARk fdiBt 7 ®Rdhé 0 thé HiRpBepfatd®Tl [k nob8ddléd BN ar e
m nimal at the beginning and end of the process, but are quite large in the

m ddl e a9¢p2U6 B¢ 628612RON 18RI POOIDHE the strein S246 is injeqieddntedhe stream S200
of working fluid returning from the power system.

[0110] When the stream S236 of basic solution having the parameters as at the point 12 starts
to boil, it initially requires a substantial quantity of heat, while at the same time its rise in
temperature is relatively slow. This portion of the reboiling process occurs in the second heat
exchanger HE2. In the process of further reboiling, the rate of increase in the temperatures
becomes much faster. This further portion of the reboiling process occurs in the first heat
exchanger HE1. At the same time, in the process of condensation of the stream S204 having the
parameters as at the point 38, initially a relatively large quantity of heat is released, with a
relatively slow reduction of temperature. But in further condensation, the rate of reduction of
temperature is much higher. As a result of this phenomenon, in the prior art, the temperature
differences between the condensing stream of working solution and the reboiling stream of basic

solution are minimal at the beginning and end of the process, but are quite large in the middle



[0111] In contrast to the prior art, in the CICSS of this invention, the
concentration of the low boiling conponent in stream S208 having the

par amet erwoasoeats2éshe point 8 is relatively |ow and therefarseoosnsishe second
heat exchanger HE2, stream S208 having the paraneters as at the point 8
not only condenses itself, but has t'ﬁg' ability to absorb additional vapor.
As a result, the quantity of heat released in the second heat exchanger
HE2 i refithepweesind heat exchange process is substantially larger than it
woul d ifostr . ' 3 ints 8
and 1907 PICpSRaTRs feRoEAE (FERECTENS Doy o BRIGATR Coleeadtin (e 11 act

af t er wkR Sdrigonehtia strédin S20SAAVIEE OB paruthcBAPas atthé point 8 eektivagoB2id. As a
result, the quantity of heat available for the reboili ng[ proc

ess .
conpr i thenefpre fretheisecond heat exelrnger HEZt stieua $208 daping dhespasamstiers 8y sttflsamnél |y

\ a4 T eh . he of fi ci M
[ 031518 Fabonmeatertrseitilt B hESTE Y 5 bib A5YioRt 18, ASATRE B
is, t Pﬁmﬂfiﬁﬁ%ﬁ%ﬁk&lﬁase@m thi: 58coh@ hBR S HANYAR P2 inARElsdcbRd Bdaeatcdbanddifocess

ef ficiency eat exchange processes occurring in the first and

s econds belsstartiati fange ismn Bk owld de HEtreaBs 52 48 wndSR 06 dei ing dre nararm¢ters9s plethen S208
havi ng the paraneters . at as the point 8 is_defined.b tge t erature of
the stheinisBand?Saapesiyels Wéfﬁf&%ﬁ’é?l@ff?éelé@n%{wtmﬁe elicolSct afiel RrINARE | e

the' | CBRESefan SR B3R cfn XA SE0 AR ETR, R AROItalSE ° e

poi nt RrgrReiflingd $rdded} cdrhiprising e fitd sl see@niirat dxehare percassks iealistaitially ed
fromstream S252 is used to heat stream S248 having the paraneters as at
t he poinateask@, whinhsn turh énasepsehibeedigiacy ofihe GFCPRayséiheam S204 having t he

t t I nt t . Si t
o neltd 73 Rantrd e 0r 4t s7fle nURa R Brafgliiip Uil phTH Y Ao frehEREr At vre
| ncr eagiing 18%abidi6 vk dahéERakk tHWficiaioyAmeIRARctvduhgeprodeesasaceurehgr s as
at the poi'nt 5, and correspondingly the tenperature of the stream S244

havi ngintthe fipsh nadrstcendheat exthangqye Hiftl apd HEE2 dint the compogition obfheistrogm S208
Che. paReiieg Beeamaickrs 18 taorie! B EOTRAD (06 oI i S O RRP e To e o ace
of a hgat r the. uid dbrati haat XL NRFHATAE4

havi ngﬁlt%tpea?%g‘%}gﬁrre eartsﬂfléajt 01%?% Lﬁee %gﬁtth%%ﬁ%m b%f; ﬁ@t%hﬁtsl lizati §n of the
heat fp@ineteieassdt tieapoii®]shdlesmerghd domppsitiame! streara $208 havieg fheipatangsternd an

i ncrease of the concentration of |ow boiling conponent in the produced
vapor &itasdbepESpbPcHla ng the parameters as at the point 30. [0115] The

vapor I .S5262. havi ng. .t h [ kit

concenti1sr s S e el SRl B Qe hadh diyEeR o e 16fied stream
concengs g hindihe phfincfis Q@ét'th@goiﬁmm%isiﬁg thé Renpeain@t of tHeaaeuH 244 havi ng
the paraneters as at the point 6, and the flow rate of stream S262 WO

2006/ Oha6hgthe@aTabBRO% a0 he4e6t 383mdhsyicngt alsergisingihe tanperairead theireyni nt 30

s hi gggzb %Qx?irr:g Echrzeepafralugé’%/errs %ts %t t fe 1%0?1% 5S tﬁgv%é‘"veizi%‘clregﬁﬁé 0Pthe temperature of the

stream S242 having the parameters as at the point 5, and correspondingly the temperature of the
stream S244 having the parameters as at a point 6, leads to a reduction in a concentration of the
low boiling component in the vapor stream S244 having the parameters as at the point 6.
[0114] Use of ,the scrubber SC1, in place of a heat exchanger, for the utilization of heat from the
stream S244 having the parameters as at the point 6 allows both the utilization of the heat from
the stream S244 having the parameters as at the point 6 and an increase of the concentration of
low boiling component in the produced vapor stream $262 having the parameters as at the point
30. '
[0115] The vapor stream S262 having the parameters as at the point 30 has a concentration of
low-boiling component which is higher than the concentration of the low boiling component in

the vapor stream S244 having the parameters as at the point 6, and the flow rate of stream S262



the paraneters as at the point 6. [0116] The concentration of |ow boiling
conponent in the working fluid is restored in the stream S284 having the
par ameterwoaboddsesspoi nt 26, by m xi ng the stream S266, &CTAISF00Si0e1366
solution, having the paraneters as at the point 25 (or the stream S262
having the paranmeters as at the poiml- 30, in the case of the CTCSS Vari ant

1b), with the stream S282 having the paraneters as at. the int 40. The
st r eaim 828 thehmvimefernstag apthe apiat égéﬁ lgghegtthagg}?ﬁ oygatrpd the %eﬁﬂ'gsg‘tg SREBEt ¢ at i on
of lo boi | i %o%ne% than the basic solution, (i. e., is enriched).
Such PR ALREPORELN Used in the prior art, but in the prior art,
In OrG6i16) ‘Th@P&?deﬁtrétmrﬁof;mgb&hﬂgmmp@eﬁﬁﬁmeadvorkmtge]um@ﬂmtceed iptleestean

p

reboi I't'ng” process Is needed requiring several additional heat exchangers.

[ 011715284 hirviae GRGRBsmeferd 4titse point2, ibyrmixing the saean 9266, avery sch sOIUHORt o
tenperature below the boiling_point of t asi ¢ .sol ut i | el ow t he
t enperhaving theprranpeters a5 Eakg %gsﬁ%ﬁ;ﬂﬁﬁr ‘ataﬂb&%a ‘élﬁﬁf}é?’%a&l%ga%s Q% ﬁgheﬁ)oolt?lﬁt 14)

Is utiJized in acsi : trB6n 5887 Haif@thePiARRRGEEs at tH3.

Ther eatt8 ,e%aﬁ‘éo(/%ﬁgﬂ‘%sege]ggﬁaﬁfﬂg?\ggﬁg%Strhe enri c%e. St Feam S282 having t he
par angjoai 0. T sbarh $28PRAviig O parametetsdsnepbisi40iay a highehroopertiatign eHewst r eam
S232 having the paraneters as at the, poi_nt@iS 0118]. Thet SS ofd this

i nventtiodingcamponensithay the basie splptien; (hem it snHgh n%u‘lzhr?&fﬂwllﬁl?men SREMN%s. For
instance, it is possiple to ensi t - A nd Ve L BtdalcanaRl ers as
at  t HB hegpnAr %%%?{nn tpnﬁgﬁlﬁ’gmt(%geritgﬁ)g?aﬁr% lafe preéshg’udrggglondensgr,, t he

sevent B deat S EReP@REss iFdeedeStEghirmesérainmdditionbl pmaebredibngegs. of the stream
S264 wor ki ng fTuid having the paraneters as _at the point 28 is _shown in

Fi gur e{0817]dndhe ETEISSeof tiis anveaios3iMegat St isayailable jahp tlgppagiutedlow dhe

W t hout preheatin he stream.S264, of rkin | ' ters
as at ltqlﬂglgmﬂlﬂttOf?g? Ibasfl% sQRERthi€n P@W"éqﬁ‘}’ﬁ’%{%‘&%r é‘; %re E@g&?%zggﬁﬂgg{%ari ant
2. [ Obd okl oL e ETIOHR 1914 Allpedn auhndiT 68 NettngB, tbMhirthealicathangei on to

ari an T a and CICSS Variant 1b, the pressure of the stream
S268 hgEBNThdrbidtepahanmios hscdad taprotihes tho emriched Stréamn SAL bavingithe patemgtafay t hat

the when m xing the vapor stream S270 having t raneters as at the

poi nt &4t thedoinietQ us@bta@l@tsrr@almbséhr&ttﬂa%%Wdﬁgﬁ@kég’éﬁ%%rtﬁe RAaptelS 4 agoi nt
31, th ;iglg;g?ol ed liquid stream S274 having the paraneters as at the point
31 fulii?‘ftp bs the vapor stream S270 having the paraneters as at the

poi nt gk TTCISRSH i thvehiieRBaSbebsiipiiiad tyhelimpatingeome s'nagluder” t he
poi nt Is In a state of saturated, or slightly subcool eg, | i quijd.

Ther eaédngonentsh&ot ingtance, 827 ossihlé trpenried t 282 haying the paramgieras st g

sent into the second punp.P2, to form the. str |

par anethepeingd0 ‘éﬁth?‘ﬁé‘S‘g‘S %mtﬁ@}e(ﬁﬁapgegsw g?élggl}lxsﬁeﬁ ﬂ@sséé §%§lrlnﬂ%¥> éﬂ?ﬁ%gfml‘zh e

si npl i £]gatd O%ﬁﬂ/ﬁf‘g hHifear) Y264 Forking Tel KaWGREhY piremBterds at educes
WO 200%1}%%2%%%% é%gg%%%G -32 the osergll efficiency of the CTCSSs
of thi feipBi€P8 isxhowhlih Fiure Beandaeferred tregs AHESS Yariang 2a) Agimilar system, but

without preheating the stream S264 of working fluid having the parameters as at the point 28,

is shown in Figure 4, and referred to as CTCSS Variant 2b.

[0119] Inthe CTCSS Variant2aand CTCSS Variant2b, in distinction to the CTCSS Variant
1aand CTCSS Variant 1b, the pressure of the stream S268 having the parameters as at the poiht
43 is chosen in such a way that the when mixing the vapor stream S270 having the parameters
as at the point 34 and the liquid stream S274 having the parameters as at the point 31, the
subcooled liquid stream $274 having the parameters as at the point 31 fully absorbs the vapor
stream S270 having the parameters as at the point 34, and the resulting stream $276 having the
parameters as at the point 3 is in a state of saturated, or slightly subcooled, liquid. Thereafter,
the liquid S276 having the parameters as at the point 3 is sent into the second pump P2, to form
the stream S282 having the parameters as at the point 40, and is mixed with stream 25.
[0120] The simplification ofthe CTCSS of CTCSS Varjant 2a and CTCSS Variant 2breduces



reduced. [0121] Anot her possible nodular sinplification ofthe CTCSS Vari ant
| a and CTCSS Variant |b can be used in a case where external heat is not
avai | abl eyvoanodidsesseahoi ce is made not to utilize externacThsatwso8ueh a
variant of the CTCSS of this invention, with preheating of the stream S264
of working fluid having the pararreter%z'as at the point 28 is shown in

Figure 5 and igs referred _t S CSS Vari ant . Asimlar CICSS pf this
i nvent thsovesel eﬁsﬁic’ceﬁ%f’f gwegg(g@@a%%’f%etngmt@gnﬂutégl}p TG W@%\%‘F KPsdS féﬂ i d
havi ngr%ﬁ[%e(pararret ers as at the point 28, is shown in Figure 6, and
referre 0 ‘as CTCSS Variant 3b. [0122] In CTCSS Variant 3a and CTCSS

Var i anf0131] Adethespdseibie Dad@atsauplificatibrofthe ETEISS Varias latand KT GRS Vatriaid i s
not heated, but rather sinply passes, througlh the fifth throttle valve TV5,
to fodmcanbe useddmacseotharaeitergalineat is apkaratlale, ogtheghoicsas madsyot toputilizgy s

h I xed wth &h . S | . . . P 138,
For mi ng e boe SRS BHER R ed T YL B 88 AR teRi 0o fhe GG,
M Xi N oPRAGAS 1L HASRE tﬁé‘?é&%gteﬁ £S5 et 8B shovid BATEHSS, Aas Rericde

paranmeters as at the point 138 is in a state of superheated vapor. The flow
rate ofoast@FERS Varidt 3and sBaibe CTASSef thik enveatiembuteyithans preheating thesirgam 70

and 71 is chgsen jn such a.way that the stream. 4, havi n he rameters
as at R84 ﬁsmthos@neéﬁhgha‘agg é’e Paqlerg As ?ﬁtEF ﬁ@mﬁ @Fﬁ%‘gﬁ?ﬂsggﬂrgﬁamgﬁg t he
par ame ' and the stream S182 having the paraneters as
at thetrg%%le%fo %g”f‘?gsﬁﬁirgﬁng?éte of saturated, or slightly wet, vapor.

[ 0123] [6122] In BTCSPVasant 3 4nd CTOP$ MayianT SBShy/srdanrS24Baning thT@aBBnafarsi ant

2b in the same manner than CTCSS Variant |la and CTCSS Variant |b are
si npl i fab etthe poinh7&ismotiregsl, bytpthshtinply passesdiongh theditithrostie vatyg TVAoQul ar

i pl i £ cat | f S. Vari ant Var i Wit ti
o "F he fat bis eSS A e e PR B o RO Ap R Mt (B | 00
poi nt  2qgh ﬁaﬁhgm_ﬂr}a%nfétaﬁ h€atfhe UMk 138, foRfn@id tBE stianES209HaSMm ¢ parithetds;

while a simlar si ification of CTCSS CTCSS Variant 2b, w thout
pr eheatas agtht peins38.ddns mid6g pwtess icused oklyniy afdasd whare terstreamdS 182 having thes as

t th int 28, i h i.n, Fi 8, d f d.t CSS Vayi.ant
b, | O DRGSR LY 8 INASTAT P CapeRRaIed VER Tt RE OB A O RS VA% he
bb ; | t
e pore SR R hpBalt Suorils ol AE pain Aot ARKAIA MR OB ISR 62

havi ng $208 haaingmes paramatersis dthie psihnds 4dinied dsheresudtref asxinpehe steapAA02i on of
t he basic solution. This nodul ar si |ification of CTCSS Variant 4a, with
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manner than CTCSS Variant 1a and CTCSS Variant 1b are simplified to obtain CTCSS
Variant 3a and CTCSS Variant 3b. This modular simplification of CTCSS Variant 2a and
CTCSS Variant 2b, with preheating of the stream S264 of the working fluid having the
parameters as at the point 28 is shown in Figure 7, and is referred to as CTCSS Variant 4a;
while a similar simplification of CTCSS CTCSS Variant 2b, without preheating the stream
S264 of the working fluid having the parameters as at the point 28, is shown in Figure 8, and
referred to as CTCSS Variant 4b.
[0124] A final modular simplification is attained by eliminating the scrubber SC1, and the use
of the stream S282 having the parameters as at the point 40 without any enrichment, i.e., the
composition of stream S282 having the parameters as at the point 40 is the same as the
composition of the basic solution. This modular simplification of CTCSS Variant 4a, with

preheating of the stream S264 of the working fluid having the parameters as at the point 28 is
shown in Figure 9, and is referred to as CTCSS Variant 5a. A similar simplification of CTCSS



at the point 28, is shown in Figure 10, and referred to as CTCSS Vari ant
5b. It nmust be noted that the nodular sinplification of the CTCSS Vari ant
5a and CMWB3o00saee@at 5b results in a substantial reductPconsedosniness
efficiency of the CTCSS. Also in Variants 5a and 5b, the stream S222
having the paraneters as at the point331 is not split into two substrearns
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application, eight different variants of the roposed cascade system were
the entrance to the high pressure condenser, heat exchanger HEG6) to the pressure of the stream

S182 having the parameters as at the point 138 (at the point of entrance of the stream of working
solution into the CTCSS). The impact of the efficacy of the CTCSS on the efficiency of the
whole system depends on the structure and parameters of work of the whole system. For
assessing the CTCSSs of this invention, several calculations have been performed. A stream
comprising a water-ammonia mixture having a composition of 0.83 weight fraction of ammonia
(i.e., 83 wt.% ammonia), with an initial temperature of 1050°F and an initial pressure of 1800
psia, has been expanded in a turbine with an isoenthropic efficiency of 0.875 (87.5%). The
parameters of the vapor upon exiting the turbine correspond to the stream S182 having the
parameters at the point 138. Such computations have been performed for all proposed "
variants of the CTCSS of this invention described above, and for a simple condenser system as
well.
NEW VARIANT OF THE INVENTION




presented. Al these systens used, as a heat source, a stream of hot flue
gas froma conbustor. Due to the fact that the initial tenperature of this
flue gas wenowaereny high, this flue gas could not be msedsdioseaidsy i n the
heat exchangers, where superheating of the working fluid occurs. In - the
initial application hot flue gas was-$hitially cooled in a special heat
exchanger, where its heat was transferred to a high tenperature heat
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recovery vapor generator (HRVG as described below. [0129] Referring now to
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Thereafter, flue gas stream S306 having the paraneters as at the
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precooled flue gas stream S304 having parameters as at a point 510 (as described below) to form
a cooled flue gas stream S306 having parameters as at a point 500. The flow rate and
temperature of the stream S304 having the parameters as at the point 510 are chosen in such a
way as to achieve a desired temperature of the cooled flue gas stream S306 having the parametérs
as at the point 500 so that the heat recovery vapor generator (HRVG) functions within
temperature design specifications.
[0131] Thereafter, the cooled flue gas stream S306 having the parameters as at the point 500
passes through the HRVG, which is an apparatus identical to a heat recovery steam generator of
a sort widely used in industry, but used here to moderate the temperature of the heat source
stream of hot flue gas.

[0132] The cooled flue gas stream S306 having the parameters as at the point 500 passing
through the HRVG is cooled, releasing heat which is transferred to a working fluid of a power



process of cooling, the flue gas conprising the stream S306 reaches a
desired operating |lower tenperature corresponding to a tenperature of the
st ream S386 2aa6/m2¢30i nt 506, the flue gas stream S306 i cuivscasd4o46é 0 two
substreans S308 and 5310 having paraneters as at points 509 and 601,
respectively. The substream 5310 havidy the paraneters as at the point 601
has a flowrate equal, to a flowrate of the.initial s 02 hayi ng the
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I nvent isﬁqe [0134] The working fluid stream S114 having the parameters as at
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m xed \@omrg}}gaambpﬂﬁs nédtiong sol ution stream S168 having the paraneters as
at thedgoi nt 306 to forma stream S318 havi ng parangters as at a point
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exchanger HELl7 in the Variant _
exchange process 106-302 or 602-603, which occurs in the heat exchanger HE20 in the Variant

1a.)

[0135] Meanwhile, the stream S162 having the parameters as at the point 203 is likewise sent
into the HRVG, where it is initially heated, in counterflow with the flue gas stream S310 in a
heat exchange process 601-602 to form a stream S314 having parameters as at a point 302,
corresponding to a state of saturated liquid. Thereafter, the stream S314 having the parameters
as at the point 302 is further heated in the HRVG, in counterflow with the flue gas siream S306
in a heat exchange process 505-506 to form a stream S316 having parameters as at a point 303.
Thereafter, the stream S316 having the parameters as at the point 303 is mixed with the rich
working solution stream S168 having the parameters as at the point 306 to form a stream S318
having parameters as at a point 308.

[0136] The heating of the stream S162 having the initial parameters as at the point 203 to form

the stream S316 having the final parameters as at the point 303 is analogous, but not identical



specific differences in this process between the process of the Variant |a
and the process of Variant 3a are as follows: (1) in the Variant 3a, the
process iwodnswigess4i nto two parts: (a) the preheating eCTiuseoostonEasn S162
in the heat exchange process 203-302 and then the vaporization of the
stream S314 in the heat exchange proc%@‘s 302-303; and (b) in the heat
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formthe stream S176 having the paranmeters as at the point 409 by the heat
t r ansf eas at the point 408.

[0139] In an analogous fashion, Figures 21-25 describe HRVG analogs of the Variant 2a, the

Variant 1b, the Variant 2b, the Variant 1¢ and the Variant 2¢, respectively.

[0140] In the Variant 3a-c and the Variant 4a-c cascade power systems of this part of the
application, replaces the process of heating the working fluid stream $172 having parameters
308, respectively by the heat transfer fluid stream S174 having the parameters of the points 503
through 504 in the heat exchanger HE14 of the Variants 1a-c, Variants 2a-c, Variants 1al and
Variants 2al.

[0141] Meanwhile, the rich vapor working solution stream $166 having the parameters as at the
point 309 also passes through the HRVG, where it is heated in counterflow with the cooled flue
gas stream S306 in the heat exchange process 501-502 to form the stream S176 having the
parameters as at the point 409. This heating process the Variant 3a-b and Variants 4a-b

replaces the process of heating the working fluid stream $166 having the parameters as at the



fluid stream S174 in the heat exchange process 501-502 in heat exchange
HE15 in the Variants la-b and Variants 2a-b. [0142] In all other aspects,
t he Vari amo=o0é66ee5and Vari ants 2a-c are identical to thecyase@snso468a-c and
Variants 4a-c. [0143] The efficiency gf t he cascade system of the Variants
3a-c and Variants 4a-c is approxi mat 7'y the sane as the efficiency of the
Variant la-c and Variants -c. Additional, work.requit for.the u of
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0. 8300 Wiridids 98-cSnd thd Vafidh6s 24-00498 38. 3062 1.00000 Mx 1 27 0.8300 65.80
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removes the need to undertake the expense of maintaining as separate heat transfer fluid and its
recirculation subsystem.
[0145] The computation for the Variant 3a has been performed and the summary of
performance and parameters of key points are tabulated in Table 4.

TABLE 4
Parameters at key points for Variant 1a-q

Working Fluid
Pt. X T P H S Ex G rel Ph. Wetness
Ib/lb °F psia Btu/lb Btu/b-R | Btuwlb G/G=1 Ib/Ib (T °F)
25| 0.8300 65.80 98.823 | -17.0306 0.0498 | 38.3062 1.00000 | Mix |
271 0.8300 65.80 98.823 | -17.0306 0.0498 | 38.3062 1.00000 | Mix 1

28 | 0.8300 71.81 | 1,895.000 -6.6126 0.0549 | 46.0704 1.00000 | Liq (-255.34°F)

29| 0.8300 71.81 | 1,895.000 -6.6126 0.0549 | 46.0704 1.00000{ Liq (-255.34°F)

38 0.8300 | 227.98 99.823 | 733.7277 1.3391 | 120.3320 1.00000 | Vap (0°F)
70| 0.8300 65.80 98.823 | -17.0306 0.0498 | 38.3062 0.00000 | Mix o1
71| 0.8300 65.93 99.823 | -16.8732 0.0501 | 38.3125 0.00000 | Lig (-0.44°F)

91} 0.8300| 141.22|1,895.000 729111 0.1955 | 52.6830 1.82819 | Liq (-185.93°F)

92| 0.8300 | 220.15(1,895.000 | 168.9321 0.3455 | 70.8994 0.82819 | Liq (-107°F)

95| 0.8300| 34833 730.339| 734.0856 1.1329 | 227.6479 0.82819 | Mix 0.0218




98 0.8300 213.26 728.339 161.3946 0.3433 64.4930 0.82819 Mx 1 101 0.8300
326. 33 1, 885.000 332.3463 0.5676 119.1218 1.82819 Mx 1 102 0.3508 348. 33

732. 339 280.20646626345111 74.8495 0. 71156 Liq (-0.34F)

108TAIS2@5840480. 04
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202 | 0.8300 413.04 | 1,880.000 689.0005 1.0004 251.2869 0.24136 | Mix 0
203 | 0.1653 433.65 | 1,885.000 383.5037 0.6247 | 137.6916 0.72102 Lig (-122.26°F)
204 | 0.8300 413.04 | 1,880.000 689.0005 1.0004 1 251.2869 1.58683 | Mix
205} 0.5206 431.04 733.339 933.5958 1.3212 | 328.1121 1.54921 | Mix 0
206 | 0.5206 431.04 733.339 933.5958 1.3212 1 328.1121 1.02215 | Mix 0
207 | 0.5206 431.04 733.339 933,5958 1.3212 1 328.1121 0.52706 | Mix 0
300 | 0.8300 41_3.04 1,880.000 689.0005 1.0004 | 251.2869 1.82819 | Mix
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320 | 0.8300 822.66 | 1,865.000 | 1,055.6984 1.3526 | 435.3220 1.19666 | Vap (410°F)
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503 AIR | 1,200.00 13.193 | 412.2779 1.9294 | 133.6975| 3.86146| Vap 1514.2°F

504| AIR| 927.30 13.121 | 339.9780 1.8822 | 85.8742| 3.86146 | Vap 1241.6°F

505| AIR| 834.41 13.085| 315.8715 1.8644 | 709999 | 6.48087 | Vap 1148.7°F

506| AIR| 611.68 13.049 | 259.1817 1.8165 | 39.1355| 6.48087 | Vap 926°F

500| AIR| 611.68 13.049 | 259.1817 1.8165 | 39.1355| 3.21159 | Vap 926°F

510| AIR| 615.62 13.193 | 260.1702 1.8167 | 40.0382 | 3.21159| Vap 929.8°F

511 AIR | 92730 13.121 | 339.9780| 1.8822| 85.8742| 6.48087  Vap 1241.6°F

600 | AIR | 1,742.00 13.193 | 561.7012| 2.0072 | 2427548 | 3.26929 | Vap 2056.2°F

601 AIR | 611.68 13.049 | 259.1817 1.8165 | 39.1355| 3.26929 | Vap 926°F

602 | AIR| 458.65 12977 221.1084 [ 1.7785| 20.7494 | 3.26929 | Vap 773.1°F

603 AIR| 35133 12904 | 1947776 | 17484 | 10.0330] 3.26929 | Vap 665.8°F

6381 AIR[ 35133 12904 [ 194.7776 | 1.7484 | 10.0330| 3.26929 [ Vap 665.8°F
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Coolant
Pt. X T P H S Ex G rel Ph. T
1b/Ib of psia Btw/lb | Btwlb-R | Btuwlb G/G=1 °F

50| water| 51.70| 58773 19.9513 | 0.0394| 02257 14.2527| Lig -239.65°F

51| water| 51.80| 687731 20.0771| 0.0396| 02540| 14.2527| Lig -249 93°F

52| water| 104.53 58773 | 727518 | 0.1377| 2.0600| 14.2527| Liq -186.82°F
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2.0600 14.2527 Liq -186.82F New Preferred Enbodi nents [0146] In the

vari ant s wet2odean6eds4i n Fi gures 20-25 of the invention, tReTABRMSHB466C| ude
an HRVG boiler conprised of two parts, a high tenperature part and a | ow
tenperature part. Hot flue gas pass'r"ng t hrough the high tenperature part
of t he—HR —Eats \Nusaﬁg—%fﬂ" C
par anef er3y asatat titves3goi 53.27350972A15d8 50D, 1377eis pAdddhp. leh@j_stLiea
the paraneters as at the pornt 509 1s renoved fromthe HRVG and t hen
recircul ated by a fanF and conbined with the initial flue gas stream S302
havi ngNewePeferezed Earbndanests t he point 600 to formthe stream S306 havi ng

th t .at th int 500 ich then. t he. G
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the HRVG the flowrate of the flue ﬂas | s different between %g hi gh and
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Figure 26, the HRVG can be sinplified so that the flowrate of the flue
gas t hfaongthe streanHSY® hayvingths parametérs aal tpointfle whichdhegrentsts thoddBRYG. i n
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t he prpxheating eidisoRtibs strddnh S162 hgfig parametesas as thielpeirft 203v rat e of the
flue gas which nust be recirculated to the entrance of the HRVG and as a

r esul t [014dh disraarssulis irkthe FIRY Ghithe flogy vatant the fep gasis diflgronkbtweey thgbighandeqyces

th Ll _effici . 91. ' ' 26,
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havi ng tgndbr&tireC pi¢ STt the tHRV P fis Slibstdriat P Qirkeh ehat0tHe 088! sefiberof thBdo®y st em

from a ndensation Thermal Conpression Subsystem (CTCSS) of any of the
CTCSS tmiypmafatoerpast ofsho RV G. Fhiposwplitgesithe slasiga 0§ theilBBYG.n t he di scl osure
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wor ki ng at paraneters as at a point 92. Usually the pressure

of t he ashdecdue t51R2fabthitibe flbw ratp af thewdiue pas ia somtrolidddypeimh pdiht tesnmegatate t o

the pressure of the stream 5100 having paraneters as ai WO 2006/ 062654
PCT/ Usdtfsemeau g boiling point of the lean solution stream S314 having the parameters as at the
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point 302, the final temperature of the flue gas exiting the HRVG is higher than in the previous
embodiments. This slightly increases the flow rate of the flue gas which must be recirculated to
the entrance of the HRVG, and as a result, requires work from the recirculating fan and thus
slightly reduces the overall efficiency of the system. '

[0149] Referring now to Figure 26, a rich working liquid stream S100 having parameters as at
apoint 29 and having ahigh concentration of the low-boiling component enters the system from
a Condensation Thermal Compression Subsystem (CTCSS) of any of the CTCSS embodiments
shown in Figures 10-19 and described in the disclosure associated therewith. The stream S100
exits the CTCSS at a high pressure and having a temperature close to ambient. Thereafter, the
stream S100 having the parameters as at the point 29 is mixed with a stream S102 of working
fluid having at parameters as at a point 92. Usually the pressure of the stream S102 having the

parameters as at the point 92 is equal to the pressure of the stream S100 having parameters as at



-41 the point 29, and the conposition of the stream S102 having the
paraneters as at the point 92 is the sane or simlar to the conposition of
t he strean02W@GA6kevi ng t he paranmeters as at the point PeT/UA0E/MEsal t  of
this mxing, a stream S104 having paranmeters as at a point 91 is forned.
Thereafter, the stream 5104 havi ng th‘él'pararreters as at the point 91 passes

th h fi t heat h HE11, it heat ed i t | i
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the paraneters as at the9 poi nt 3008]]6@ t hen divided into ﬁwo syhst r.eans
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a t hi r dhdpatmenashiaagthepdintId Qisdescsibed 2bkve. process by a | ean working fluid
stream S130 having paraneters as at a point 316, formn stream S132

a
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form ng a stream S136 havi ng paraneters as at a point 323. e stream 5136
havi ng patemgbers asat ermiss206, folnsang @i stear® 2 Zdshavimgparametdranis 4t 4 peing 30@,am

S132 havi ng W) 2006/ 062654 PCT/ US2005/ 040466
corresponding or close to a state of saturated vapor, where close to means that the parameters of

C IRA]

the stream are within about 5% of being in a state of saturated vapor.

[0152] The vapor stream S124 having the parameters as at the point 300 is then divided into two
substreams 8126 and S128 having parameters as at points 321 and 322, respectively. The
substream S126 having the parameters as at the point 321 then passes through a third heat
exchanger HE13, where it is heated in counterflow in a third heat exchange 321-320 or 316-205
process by a lean working fluid stream S130 having parameters as at a point 316, forming a
stream S132 having parameters as at a point 320. The stream S128 having the parameters as at
the point 322 passes through an intercooler HE16, where it is heated in counterflow in a fourth
heat exchange process 322-323 or 412-413 by a rich working fluid stream S134 having
parameters as at a point 412, forming a stream S136 having parameters as at a point 323. The

stream S136 having the parameters as at the point 323 is then mixed with the stream S132 having



-42 the paraneters as at the point 320, formng a rich working fluid stream
S138 having paraneters as at a point 301. [0153] The | ean working fluid

st ream SI80 2b@vicaF4t he paraneters as at the point 316 ePCTiUsgood/ 044466v
concentration turbine LCT as described bel ow, passes through the third heat
exchanger HE13, where it is cool ed, -#&1 easi ng heat in the third heat
exchange process 321-320, or. 316-205 .as descrijbe abov rmng the stream
5140 hal PRETBEPE 78 fkihe pgint 30, iorgg%e righ 8’,"%86% h‘é‘gﬁgﬁ%}? %3{‘ Biving Tpeambigts,

state %Ea?%é]ﬁf%(ﬁq vapor, where close to neans that the paraneters of the
streamare “wthin about 5% of being in a state of saturated vapor. The

pr essurne153] Theednsasykinys fkiidgrdahu$ 130 lsdviestie Pirdteteayasny thedindl arritmpa as at
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vapor - Iwapking fhiiksstbagt $ B4rhagingghdparamgteprasatthepomt 390.avhigh pas agubstantially
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has an BEWERPIEYREr concentration of the |ow boiling component than the
rich ' £l Lk g&gélﬂ- ' t A BleYlatantd t e 300.
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S156 having araneters 4, "respective

Ther eaf06r108107 a4 051300 36 FPAEbstiani SIBI4LNE inRafedRitet 8 aiSa péint 108, pddading kbt i S
conbined with the vapor stream S150 having the paraneters as at the point

111, f do therntreamd 198hesing 1agBramstersgs Wlzpos §8D asdespalred $»yo5/ 040466
[0155] Thereafter, the lean working fluid stream S144 having the parameters as at the point 108

is combined with a vapor stream S146 having parameters as at a point 109, forming a combined
vapor-liquid mixed stream S148 having parameters as at a point 110. A composition of tfle
stream S146 having the parameters as at the point 109 has an even higher concentration of the
low boiling component than the rich working fluid stream S124 having the parameters as at the
point 300. The stream S148 having the parameters as at the point 110 then enters into a separator
S10, where it is separated into saturated vapor stream S150 having parameters as at a point 111,
and saturated liquid stream S152 having parameters as at a point 112. The liquid stream 8152
having parameters as at point 112 is then divided into two substreams S154 and S156 having
parameters as at points 113 and 114, respectively.

[0156] Thereafter, the stream S156 having the parameters as at the point 114 is combined with
the vapor stream S150 having the parameters as at the point 111, forming the stream S106 having



-43 the paraneters as at the point 95, which has a conposition equal or
close to the conposition of rich working fluid stream S124 havi ng the

par anmet erwoasoeats2éshe poi nt 300. The stream S106 havi ngPChaSp@sanater s as
at the point 95 is then sent into the first heat exchanger HE |, where it
is fully condensed, formng the stream5110 having the paraneters as at the

point 98, and provides he for . the first.heat chan rocess .91-101 and
95- 98 d8° pEERrIHEH a&&w_é?.mt%ﬁ’g?h b PATRAS L 9 fé%ﬁg?‘h icﬂf&‘PPﬂi"n ©

par am?lfghsw&%dﬁ%ﬂlgﬁ%n@%@IZH%VI%Q%E&% ?a.IJai‘fhte‘RersaasS gtctﬁggoi_n‘f’ 3ogUTR: LRAmPSTos P11,
where it 1S purmped to a pressure-sufficient to lIft it to a top of a

scr ubbefavirgGRe pathineters £ af tb podt 95 dotheaséntintattherfisshex ekcingger HEDY, where a

stream S158 having paraneters as at_ a point 105. Upon rea%gi ng tg the top
of the ibis ubyspndsosed, Jormaing tas sipamall Hghavirs the Paramates &s gkthg o @Spyidt 105

obt ai ns_par.anet ers .,as.at, a.poin 2 r . t he

scr ubbé?xggéﬁshﬁefﬁé’r Iﬂéea%rstlé?% gxcé}a}rl%e;b%oﬁg g ii'hltz(i)\? %ﬁ% g?%g a% g%%?rrlg%(g fgt%&fg's at the

poi Nt @75 ASTIERGd fifeanPBOSLhaviiY BE paRnieditShs ROhE beint 013 bitersSfifoldeesndSC2.

As a result of mass and heat transfer between streans S158 and 5142 having
t he parcroetatios pamp #1111 Wherpdi inpupal taragoresure susfigiens td b fito agomefta ssrbber ean
l'iquid stream S160, havin rapeters.as at.a point 103.Ls.callected at a
bot t om S -(HECh S adiisBrEoGe be chanect o pBgRaie R 158 LR DB BIP IS b am
S146 hayl a I E]Fﬁ&] ' ig§f

porti o?\a\éo;?gd[ ﬁ%ﬁ%gﬁjbg‘gégé@ﬂ e tP‘?gﬁ? gpgﬁseam rlggjzhg[?/{%g Sq%%ga%gggﬁr?et ers

as at thearpetRias 40 paint 105absdind paradfeterd bsista fxnt! 102 and thanheneds ihs tapl afslee t o
equilibrium with the vapor stream S142 having the paraneters _as_ at .the

poi nt  2BTubbated sEhetlpan YappoYiresm 4k hagng theanagmiers Arat g RoR207 8s descrle t he

: g is i o erers, i hth
Pau o LoveanldReikabgh oRu ShlRk Sy A8t ol fang Ui S (R BEL 1 €€
st r eam pldhs RASS 4 142 hRvh 2 TRlpAfaefts Afat tHe$HoRA 102 a7 Eesptibelpathothdd t he

stream S144 having the parameters as at the point 108, form ng the stream
S148 haeamtjqtidestrpam Siw0chayimgs paemethrs gsaitrat pointl 03ais caleeted bea batbam of tho158]

The liquid_ stream S160. havj n e paraneters as at the point 103 enters
into a YHibbgr SEEy M?P%Wbﬁ‘?r tib%g‘i?thgl@g ‘W%evraBo’i fiream %‘dﬁ%’@ mggheapaﬁ%l@gtgrssgw hi gh
pressur ' gtg,m : ' ‘g&?@[ 3 [ BA3ne The
corrpositﬁlegéﬂ%m) %%ei%@éil s@%‘\ g@ﬁ%@%%%ggﬂgta 162 é? hféﬁgﬁhsg‘?ﬁ{t?slsmg%S angd 203
ar e subt pafahtdry/ad £ @Reyoiht 03 it thea dtetanf wartdataddidfuld) wdhich is ekiss toSkpllibrisi 0,

S144 and 5142 having the parameters as at the points 205, 206, 108 and
207, r ewitbthevaponstren BI42 haviag e paramsiers apaithepant0d ewhereasibe Kapor siteaithe

. he point 30 described i i
Do subel e Bt e el 1405 s P A0S e 2008 b Bt SEHPLBkE 0. °
r espect dN@liptiunt Yh WS Btid ktrenh SEnHfing B Sdrifass 33 ﬁﬁtﬂé?\éhﬂgm.hﬂleﬁ&baﬁ?t ers

as at the point 309 is equal to the weight flowrate of rich working
flui ds steardShd8180AnY the pagarodters apa tizanmiint1)94s canbintdwish thetstre@n Sddehaving t he

t f t he CTCS t fl f the WD 2006/ 062654 .
|Sa>é-s|- / Egztgrg g;@@m%g@s at t%e p\gpn% rlsg,s‘fonnqgg the cs)tvrvearnzli g?&? havtmge?:he parameters as at tﬁe point

110 as described above.

[0158] The liquid stream S160 having the parameters as at the point 103 enters into a thifd
circulation pump P12, where it is pumped to a necessary high pressure, forming a stream $162
having parameters as at a point 203. The composition of the liquid streams S160 and S162 at the
points 103 and 203 are substantially leaner than the lean working fluid streams S140, $120, S144
and S142 having the parameters as at the points 205, 206, 108 and 207, respectively.

[0159] Therich working fluid stream S138 having the parameters as at the point 301 as describéd
above, is then separated into two substreams S164 and S166 having parameters as at points 307
and 309, respectively. The weight flow rate of the stream S166 having the parameters as at the
point 309 is equal to the weight flow rate of rich working fluids stream S100 having the
parameters as at the point 29 entering the system from the CTCSS, whereas the flow rate of the



-44 stream S164 at point 307 is equal to the weight flow rate of the stream
S106 at the point 95. [0160] The stream S164 havi ng the paraneters as at
t he poi ntwBQéogmsases t hrough a third throttle val ve TVeeI/USos0Siong6e Stream
S168 having paraneters as at a point 306. The streans S162 stream having
the paraneters as at the point 203 erffers into a bottomof the HRVG The

S168 st havi t t 1 i nt. 306 ent i ddl e of th
FRVG e8] G PSS G07 oGRS s RIS ERE B AT e Reat Do 309°RILDS | nt o

and th n_uppe .t t 2

havi ngfﬂglﬁgr Eﬁ? 5%%?%$ls&glg %g%%%@%&&%rtstaggtéhl e%‘%%gsﬂe]rg\t% | rst{lﬁﬁ%é&lﬁeat
exchanggve moces Jord8ag 3Q@ehh S168 haditg phiathetert bslat gpsinsB06edThSIEAmsIBI6RNg

par amet eys as atoa %oi n'? 601 to fo%m a stream S314 havi %Qar aneters as at

a poi nstr@@Phawing thefpatamnetras asatikeapoisRP enternining boiiem ebthe HRYG. Jkhe 5168 n
506. [0162], The heated st S3 i ng. th i nt
302 1 St R RBgABaerRR TRr e ctierra i E8F AEHRYE: okl VR8T .
S econ%@ggggaﬁg{e&% Q@Qtﬂﬁﬁgefn@gsﬁ $nRR2nto3d Mfo eWbétion HE1R o0 8R

stream ving paraneters as at a point 505 to form'a stream S316
havi ngERV@neters as at a point 303 and the flue gas stream S307c havi ng

th t t the point 601. [0163] The st S316 | I xed

i th { O3] B8 Aroe8) GAReY g heie PRt 6100 BRIn OB HE AR Ph CsS VG Pl 1
mbi ned st ' ' ) th

R e e g R R S TN

heat ey6iap@EoTHA% & StfeamISE43A¢inghafatidtcrddb-h B poitt BOR endfd flie pgasireatr $HTIS307a
havi ng” paraneters as at the point 502/504 to forma partially vaporized

st r earh®329 phiavietays pratapeidS96as at the point 304 and the flue gas stream
S307b Vi par anet ers t the.paoint 505, 164]. FH.ha i
exchan E@ éﬁg &@Fglﬁatgéilﬁeag} g@ﬁ@“ﬁﬁ\ﬁhg? ?‘fgmgeerse%f'r# gﬂﬂ“ﬁtaj\? ? rllégh%%l 8?%%\%%@?% as at

t he poj ' 9 ik Pinef bkl IRV RS 82haHgd prodesk 302-t h
heat gﬁ%ﬁgﬁégb%ngggé%oggpg% orﬁléglll 503-502/504 with a co%llgg fSI ue gas

st r eam3@3 Q6 508:600 gvithhe flup anastedant §367 ktving pouameteiOS dra pxiny WF3otforhar m a

full i zed d f bl heat ed [ fluid .S184

havi o “fpeann 8ad 6rh6vits Raceraet B ket 30BTAAUS e the Give Gds St SIVISBIE Ry i ng

t he paranet ers ?Sttﬁé %Eg oi nt 502/ 504. [0165] Sinultaneously, the rich
wor ki n§EPHES 8 PebrPeR e navi ng the paraneters as at the point 309 passes

i nto angl ¢3)rieahedr 831410 tHen Bk éd With iHEdibeadi S168haviRdGhe perangrarsal dtehe paintr t h
heat exchange process 309-409 or 501/503-502/504 with the flue as‘@tream

S306 t 306 to form #aonibjnedstrpam S3 8ihaviegparemetersgs £t the 08 inagaiddisofgh

. at ' 409. Th fter .h 176 i th
Do anotbrconbinza sigan S3fn s e ebieb i igh it BTG PURREIHAS vo
2006/ 0 @6@%4 %gbiy‘%ﬂ%é V466 gas stream S307a having parameters as at the point 502/504

to form a partially vaporized stream S320 having parameters as at the point 304 and the flue gas

stream S307b having parameters as at the point 505.

[0164] Finally in a heat exchange portion HE14 of the HRVG, the stream S320 having
parameters as at the point 304 is fully vaporized and preferably superheated in a fourth heat
exchange process 304-408 or 501/503-502/504 with a cooled flue gas stream S306 having the
parameters as at a point 500 or 501/503 to form a fully vaporized and preferably superheated
working fluid stream S184 having parameters as at a point 408 and the flue gas siream S307a
having the parameters as at the point 502/504.

[0165] Simultaneously, the rich working fluid stream S166 having the parameters as at the point
309 passes into and through the upper portion HE15 of the HRVG in a parallel fourth heat
exchange process 309-409 or 501/503-502/504 with the flue gas stream S306 to form a fully
vaporized rich working fluid stream S176 having parameters as at point a 409. Thereafter, the

stream S176 having the parameters as at the point 409 passes through an admission valve TV11,



-45 forming a rich working fluid stream S178 having paraneters as at a
point 410. The rich working fluid stream S178 having the paraneters as at
t he poi ntwoX0oddsess4ent ers into a high pressure turbi nePEPIIS200808@66 t
expands and the turbine HPT converts ZZﬁportion heat in the stream S178
into a usable formof energy such as™®tectrical power, and becones the

stream _S134 havi ng .t he_ .parane as at th oint 412. reatter..the
ot r eamTne pach G ene0yE Phser ST e ugbopamriosB i i s i 43 o B RIEing ' he
interc : ]%&(&Q@[ : bt of : ot i ng
heat igﬁ%(ﬁsrétre?%juéw E%alitg ié}%(e angea%%gggsﬁge %fi%?ghgé e%t%rzs_c%fzﬂfﬂl 0 rr% Sﬁgl%a
| ower mirbise HET, whert it expards agd thietirtirgtHER 00586 alpartionchgatindhedtens $i¥8at  a
poi nt 413. The | ower_ pressure, rich working  fluid stream S180 having the

par ameti@ip § usable formref epergysucinas dlestiirabpewersandhesomes Big sean Shddhaving ticne

LPT, where it expands. the L.ne . LP . ' | A .t he
st r eambiasirs SRR Dudd PRSP Bfulip SIS R AR gP D Bledoby
beconmesy 2pseRMBuRh e infyédatr opﬁfuatmfe@mc@e&lﬁammsmmre #38cooldiereidasgm S182
havi ng paraneters as at the point 138, which in the preferred enbodi nment

shal | theatiim theofoucthdwet ¢xshangstpabesse #1263 10082433 pformingor fower pressuwsanichi nt o
the CTCSS.. 166] Si taneously, the | ean. i fluid stream S184 havi ng
b aretBrng Jugshsan i AP Raee Dakinetet 35 AR b S PN SE TR VAKYE TVAO
formn Rath ' ' i r oI nt
411. T%lél?q éean mﬁ?ﬁ(ﬂ}gﬂ?g t}%gaﬁg%li’léetg@nrgél%gﬁeh%é\}ﬁ%ﬂtgﬁ%ﬁp%ﬁéng{ti? géw se altn%t he
poi nt  4drbine HEAT,evtices B ekpdnds tuldthetuvbaeicRN tomieito a portida hegt mdhastieam S180bi ne

LCT as  described above, where it is expanded and the turbine LCT converts
a port i@ anesable fermpel epergyasweh =8 decininab Pawers 4B decopes astraie SdP2 Jarimgas

el ectrical power, and s.th a 1 vin h s. as at
the poremsie Ete e HistoAR Sl TR e s Ao b B AT B S Rin3 o
then pamsfsfetBd en®bdinttar Siline iRty e bf Hruted WHpST £hd ik theh s6:@Ghted,

rel easing heat for the third heat exchange process 316-205 or 321-320,

f or m ngha GECSSr eam 5140 havi ng the paraneters as at the point 205 as
descri ve. [ 0167 f.a pressure of th W concentrati on wor.Ki fluid
ot T onmlGh SSimort bl Bogres b Shpin SIS LH AR SR etz b it OF | no

| ow co | | AN | : ' 2 [ qgual
tora pPaacs BEbuNs MEloHh Mmiceite bt VIR, K B N R T B R s
as at huviag paranictefs 4k @b paint 411. efhetlean werkimgdlni pstemat S 8@ havingniee gdfdmetetsen t he

pressure of stream S164 having paraneters as at the point 307 does not
change 2haktheinoiHdthen gptsisghto; the lowicogcantiaten workipg solutipy1urbingJeCAss t he

par aneters th m i [ 2} i ..306
B et nats g bR RhGERT) abRco R A T SRR R el B e o
at t he 5086 ftto B8shble bl BBdneAfyisath 40! hdiRerHRMdBecbmes B Sikdand $159 HaRmgSt r eam
S307d having the paranmeters as at the point 506 is split into two

subst r ¢ézapag3odtersas dt BeQ®it 3¥6.nEhextrcamsi130 having dhe pormeisrssBt dredpond 316

2006/0 hze%%gsslgs t } C%Sg%%)g {h10rﬁ géla? gxchan ger HE13, where it is cooled, releasing heat for the third

heat exchange process 316-205 or 321-320, forming the stream S140 having the parameters as
at the point 205 as describe above.

[0167] If a pressure of the low-concentration working fluid stream S186 having the parameters
as at the point 411 at an inlet to the low concentration working fluid turbine LCT as described
above, is equal to a pressure of the rich working fluid stream S178 having the parameters as at
the point 410 at an inlet to the high pressure turbine HPT, then the pressure of stream S164
having parameters as at the point 307 does not change when it passes through the third throttle
valve TV12, and thus the parameters of the stream S168 having the parameters as at the point
306 are the same as the parameters of the stream S164 having the parameter as at the point 307.
[0168] Afterleaving the HRVG, the spent flue gas stream S307d having the parameters as at the
point 506 is split into two substream S307e and S308 having parameters as at points 602 and



-46 509, respectively. The stream S308 having the paraneters as at the
point 509 is then passed a recirculating fan F, where its pressure is
slightly woeneasedst o form a precool ed flue gas stream pPE3S200680i0AG6 t he
paranmeters as at a point 510. Thereafter, the precooled flue gas stream
S304 having the paraneters as at th€4§bi nt 510 is mxed with an initial

hot fl t. 302 hayi th t . | nt. 600 tqg f
the codl08cremIGEvejse T5¢ Fer SANGHHARH (05 AerEIciess aidhibs ot S8 thanpasati 500
or 531/ 208, nggéf;{?,' Wede ?t@@%e@surec"mrﬁﬁtilﬁ RRAASd (B e a@f&%@ﬁﬁ Rk g&eﬁ?eam

acquisition Te 0 sone anges | e overall process of thé cascade

power 394 @avidk thipSramierkyeatat o point 8169 Thémafeenahb erecpoletl e gds grdand$3fkiht and
alternate variant of the systemof this invention shown in Figure 27, the
pi nch puving thepardmmetpisgs atdhe peintidd 415 mixed Mdthiaa iptialot inegasshpam 8344 havitgat ed.

In thi nbodi t, t heated ri LV | nt
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wher e il thiprmgpdintn astpmolsepghsated righ solytion,is divided{atofWoSHOHSARS 284S t he
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col d ot St Rhep b ERRFRENS 20 HoVoPay ARRREE ot of I FEREARED Wil e
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rich working |iquid stream S100 havi ng paranmeters as at a point 29 and
havi ng iatum diyi amozg intriwe subsrsamsvOpeethewybsseass pligh vapeids hep pxed; st em

from a Copdensation Ther nal lon S t ) '

10 10, TEIEEE PEgh BRantt g B BRR oy T R m R of R

t enper aighiRarid HSFichVapBPRAM is Tharseaé bekupeite@ed VapSATHLAXKiNOYS thgsd >
paranmeters as at the point 29 is mxed with a stream S102 of working fluid
havi ng siearpsisgpesommed insuelt 2 waypbatihe subcotled tean liquidstrpana selliy abserbs alhef Bely eam

S102 havi th t th i 2 l,to.th . f
tho_ st et | RSP ATaS P B supen 4 & sPtt O salitaied of Sty SotbleiEREN ¢ O
of the gifh&RMHRLQRahAKENEhLE fitd HAIRYVES $hés itHanldamtdlPsiakts BAbdiS Ashi&uftane or
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par ametthe pinals poait at the bodingtpoi8 of fize ran eslution Bnowhiosatrd at thg entranse natathesS104
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PCT/ USA00N #23fRVG.
[0170] Referring now to Figure 27, A rich working liquid stream S100 having parameters as at
apoint 29 and having a high concentration of the low-boiling component enters the system from
a Condensation Thermal Compression Subsystem (CTCSS) of Figures 10-19. The stream S100
exits the CTCSS at a high pressure and having a temperature close to ambient. Thereafter, the
stream S100 having the parameters as at the point 29 is mixed with a stream S102 of working
fluid having at parameters as at a point 92. Usually the pressure of the stream S102 having the
parameters as at the point 92 is equal to the pressure of the stream S100 having parameters as at
the point 29, and the composition of the stream S102 having the parameters as at the point 92 is
the same or similar (within 5%) to the composition of the stream S102 having the parameters as
at the point 29. As a result of this mixing, a stream S104 having parameters as at a point 91 is

formed. Thereafter, the stream S104 having the parameters as at the point 91 passes through a



-47 first heat exchanger HE1l, where it is heated in counterflowin a first
heat exchange process 91- 101 or 95-98 by a condensi ng stream S106 of rich
wor ki ng fwoi2dodnaeésag paranmeters as at a point 95, fornPog/us2es0esss S108
havi ng paraneters as at a point 101, where a tenperature of the stream
S108 is sufficient to bring the fl ui d4é ose to a state of saturated l'i quid.

0171 h t S f rich. Ki flui havi h t t
e poifieLlsst sicbaesr HEAT ousresisheatset e op n ania hoeR dangrepacss BY; o
cool ed l%'i%rgg-!d%yc‘l%@lqgéﬁﬁggﬁgljnﬁ% B8 SR Al fluill vaufl% pahmBRA asGXEPGROE
process, fofrmng-a stream havi ng paraneters as at a point 98.

Ther eafgse forniihg afsttbdry S108 danigthasdniceasadii f poanileg, whee paempetaeurs ofishat t he
point 98 enters into a first circulation punp P10, where it is punped to a

hi gh pr%@@mﬁ%d%&ﬁﬁ@i@ﬂttﬁ(l?l’ipgél@?sﬂ#i@ clgse tqfsta@tqfé@tma@dm%vi ng the .
i nt. 29 i : 1 i ng.
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point 29, formng the stréam 5104 having the paraneters as at the point 91
as desdhe ffiest lmboexehajgeipideshefommitig estraaheS$10 baving pa@nivters ag at aApopw98net er s

'S heat B el Sarensed AP O Bine T PedOEs e e RSB AT B e
101- 30 ) S ' ' L haye

par amet st R piko Y, KERR A Hin Bk RRERAT QR0 te MBI ¢
a poi Ntstr38a, S1000ka grhe Partgndérs Gk @S ehet goint 39, oming tha btusant SA0Y hpoing thdher e

cl ose to neans that thethfar aneters of the streamare within about 5% of
bei ng iMrameersapatdhie pointH2ailde stregro 10 loying|thaparampgleses gt the pentA2uw nHEed ng

t he paraneters as he int 300 is then divjfded into two [ eans
S126" antiesstran a0y hilfad BeBhotirers b AR RdneAh Rt Bs S SOOI e
subst r aaehahrfetdiPasi ab thel fintAr AMREGb3d @5ovet  the point 321 then passes
through a third heat exchanger HE13, where it is heated in counterflow in
a t hi r JONEJtMeamtinlegthe 3@¢ar8 3008 haddsthe Paranetars esa theypaant] k0 rpasess Kirogghfd ui d
stream S130 havi ng paraneters as at a point 316, formng a ., stream S132
havi ng %%W&?@g%eaﬂwpwﬁﬁ&e IS geded @ Lyapesai sy s&%mtarﬁ@c Dkt er s

neat od TRTRo iR S RPE2 A 0B e SR AP LGIchtrte oslIE i Bl 5 415

by a rigbai€edsi 3Gt fal poist 306, Formibg Idstiami STR4 hariagpiremhsteds aditbit 8 poditrB00412,
formng a stream S136 having paraneters as_at a point 323. The stream S136
havi ng aoHespsadigor elose o dete pheatyated vamrswhere closatomsang thet the peraeneiers ebm

S132 hayi h A ters L he | mng a rich working
Fioia s Beantdf ARG °§?8§§%?%élégSéagggféaéé%%fjrﬁ&%m. [0174] The | ean
wor ki nqof 73] Thestap&iastreh 33 2 Bxving tHeharaRRERERS £ tie Rint 300 fshBerP@lided RtdtwXi ti ng
a |owconcentration turbine L as descri bed bel ow, passes through the

third hebstrearshSiigend\§128006/105 p 8B RETASUS 006t 320468 322, respectively. The
' substream S126 having the parameters as at the point 321 then passes through a third heat

exchanger HE13, where it is heated in counterflow in a third heat exchange 321-320 or 316-205
process by a lean working fluid stream S130 having paraméters as at a point 316, forming a
stream S132 having parameters as at a point 320. The stream S128 having the parameters as at
the point 322 passes through an intercooler HE16, where it is heated in counterflow in a fourth
heat exchange process 322-323 or 412-413 by a rich working fluid stream S134 having
parameters as at a point 412, forming a stream S136 having parameters as at a point 323. The
stream S136 having the parameters as at the point 323 is then mixed with the stream S132 having
the parameters as at the point 320, forming a rich working fluid stream S138 having parameters
as at a point 301.

[0174] The lean working fluid stream S130 having the parameters as at the point 316 exiting a
low concentration turbine LCT as described below, passes through the third heat exchanger



-48 HE13, where it is cooled, releasing heat in the third heat exchange
process 321-320 or 316-205 as describe above, formng the stream S140

havi ng pawvarmetssgesas at a poi nt 205, corresponding or @CO4S2005/080484 at e of
saturated vapor, where close to neans that the paraneters of the streamare
Wi thin about 5% of being in a state of8-sat ur at ed vapor. The pressure of the

| Ki fluid t $140 havi A t t ' 205
o SubdTISH ETastFRsEIedTHERIBE P L B heal R TRRER PO g 10 91 oo
S124 hayi . t i :

s120 naiRgrbR DA, AREE Al st {¥afRlatbralfilny 2 RTR0S oREpRUELT

concentof globtd atate bhenirenad @idr] whers elopotvantans ithat fegratandias ofthd stream ate a
tenperature of the stream S140 having the paranmeters as at the point, 205,

whi ch ivthin gaait S¥heifbeing iarmstate of sawgiedivgron (heypressprsqf sedean werking 8iid ng
fluid 4 .hayi . ' ' ;
Subst antran Ry frgfe ertliiorR  ATRE Bt A% Bapbtfefll Ml Him Al 2

st r eamyRIAG, WemindihiaarBah FT2 b ind $hparihiGteR Qs At theQfvinti390) g beciuse dad int o

two substreans S120 and S142 having paraneters as at points 206 and 207,

r espectsirvah $140havisg the paa@eRes 4 thegoirt d0pbasarsubsianiiadly lewerchecepbptien 006
passes through.the second heat exchanger HE12, where it i ti.all
condendidoppoiling cuppangntni starts %mﬁ%seg’?ﬁ) @gggera%éf%trggn%d?&%@ﬂng gYer orm a
stream ' S &S It i zed Qidphe
streamp%t%gé% ﬁtgthtg ﬁéﬁgg‘?fm‘@%@?lsﬁ%@é% h%ge%jglgpr?%lﬁggga%sﬂ escri l%gd’ above.
[0176] wiikihedfulid®streanh$1204daningah&pargmelers 43 asthegaint 308 4vhielyhasq substap@albnet er s

as at the point 108 is conbined with a vapor stream S146 havi ng paraneters
as at augher presswe, forming a conbined vapor-liquid mxed stream S148

navi ng (15T e tFr e Rl fgflih Bl hep® SE0RATS i¥hoflmdtlieps SCATEI |
of the js fheMdaReddd iR 140 FRRehhs Shm‘aﬁd@lmilﬁﬁn%?hﬁh{bﬁeré ha4it Poisity F08mnS 207,

having the parameters as at the point 300. e stream S148 having the
par anetrespsctaslnt Thhetrpmi §12Q having dre parenaetersiastad the paipkdgtnssses Shoughites e it

IS separated into sat ed_vapar stream S150,havin rapeters as at a
poi nt | FH0nd DG MG B S PR T P LT P Broges,
Doi Nt i o . > U
Phen airr o e 1L B O A AR e PSP R G bt
poi nt s {3 {i@ sramISIAS Haeiap det pardhyters| £3 b T pdhe 10k hs describéeabeve.cam S156 havi ng
the paraneters as at the point 114 is conbined with the vapor stre 5150

havi ng [0HES] pEhemanbien the lean vwerkingdluid siream Y14 haying theparpmetsisag aitheneist i ng:

t he par.aneters,as,at the, poi AVl | dof . ose
(wi ¢ e Sypoipgs Fn 2 veblkSuRnS14% BeviFe iR R FPRREI, Alnfdionfingl 00
the parapslggad 38ixed skdith BP4hadhe Parﬁhﬁterssasr@c Sia051 012X icdgpbkitiop df ALt er s
as at the point 95 is then sent into the first heat exchanger HEM where it

i s ful Isyreamisddahedingftwrprragetetses sit theapoins1 09 hasan evngnibighepeangensration cdsheat t he

poi nt Vl%)w %%g?r{g%%rzn%?)ﬁenega/nlgﬁez 91(9}?@%;]1&)&? Suid stream S124 having the parameters as at the

point 300. The stream S148 having the parameters as at the point 110 then enters into a separator
S10, where it is separated into saturated vapor stream S150 having parameters as at a point 111,
and saturated liquid stream S152 having parameters as at a point 112. The liquid stream S152
having parameters as at point 112 is then divided into two substreams S154 and S156 having
parameters as at points 113 and 114, respectively.

[0177] Thereafter, the stream S156 having the parameters as at the point 114 is combined with
the vapor stream S150 having the parameters as at the point 111, forming the stream S106 having
the parameters as at the point 95, which has a composition equal or close (within 5%) to the
composition of rich working fluid stream S124 having the parameters as at the point 300. The
stream S106 having the parameters as at the point 95 is then sent into the first heat exchanger

HE11, where it is fully condensed, forming the stream S110 having the parameters as at the point



-49 98, and provides heat for the first heat exchange process 91-101 and
95-98 as descri bed above. [0178] The liquid stream S154 havi ng the

par anmet erwoasoeats2éshe point 113 enters into a second ci PCuitaRoosn4@asp P11
where it is punped to a pressure sufficient to lift it to a top of a
scrubber SC2, which is a direct cont4®t heat/nmass exchanger, formng a

t S158 havi t t i nt U hi the t

of |t ho SBerpayidattat Fde e SIganseorgs P01 gl 950858 de%sbed Mhove” poi hi
105 obt;ai I t..a:. paknt 102, . t he
sor ubbd i BELRRIARS ShentS1s it E bart i er b ERIRN £ Sk neb ARelind [

poi nt  29éulBorlpsap PRE, whdieites pafipel td agréssurersuffieidnt @ lidit tb bepafasbiubberSC2.
As a result of mass and heat transfer between streans 5158 and S142 having
t he par¥Fiewdich igg directdentapiheat/mpepexghengen formypg psteqny SIH8 hayingparametery ean

| i d st [ t t ' 3. . al
bot't om B £ RBT 305 BRen BTG loh 3 todalbiBERCs A G RIS BEHRE AR o,
S146 hayingidbes RWAIBHE08 0BBirRipardnitferd 84 £t pbR9102,9nll iR ARl thetopRITe;e
portion of the scrubber SC2. The |iquid stream 5160 having the paraneters

as at tsombpeiSG2. IR lean vaporstrstmtSd 42 hawiay thephmohekdrsjas ad thagoint R07 &s dssostee t o
equilibrium (within 5% wth the vapor stream S142 having th araneters
as at taREVEHERiRES ajgyer %%?@éféh‘i *’r?éubb\‘?éggg- é‘ﬁ?é"é\#g %Sslmihﬁ% W&e Wt ers
as at t | N

cqur | SRR s 48 pb e pRaficRie 2 2 e doM PR RPN ro BRI Bhotand
as at tlb liqued Bireakd 3160 havivia pararséte a abh4mih 08 rig collect@hataniitens ofisheat t he

point 109 is conbined with the stream Si44 havi nﬁ the paraneters as at the
poi nt  1508ibbérdiGA. nleamehids, thepepBdsad mighiviapor sirpam $SdA6 hayiag theparametemas poi nt
110 as ,descrifhed. above 0179] The liquid.str 1 havi n raneters
as at tHEPYB; ﬁ’?” ?%Hg?ﬂ g%&ppﬂ]tpgrtéoq ?ﬁtﬂascrgﬁ%ﬁﬁg} ﬁbﬁ?g%%ﬁﬁ“iﬁ%?fm&@% t is
punped {0, RERASEA hel ot 105 BSRW Sate HOEAMIAGd Aqaid! FABhSS 6Bse BRYLMBrium

par amet erg as at a point 203. The conposition of the liquid streams S160
and S1®ithin 3% ewith thenapoiddamrSi 420RAyingebppearimetetsyas abthe peinb 0L miticsdak yhd eaner
than the lean working fluid streans S140, S120,. $144 and_S142 having the
par anet'@per sisagy STeNayHIs s paamctesngs at thispeiRidl (07 In 2 sy ekt sapuripd vepdiso]

The ric | | uid st r 3 | f t | nt
301 as dEds Falforii by SR RS, DAk SRR AT e pimBlre 2 P
S166 haiiritd 0RATIRERRApRE Stréten 814@@dviiiSthd Pérandsicdls 204 the pSIALTLOY i ebbinElevikei ght
flowrate of the stream 5166 having the paraneters as at the oint 309 is

equal tthe strrann814shhaving dhe parametersy asci thppinhi§ fornming she stepansSH8 hxingg t he
paranmeters as at th oi nt entering the systemfromthe CTCSS, whereas
the fl c}ﬁfp%{?‘lgetgfs a[sr?gt eﬁ%&ﬁﬁ%ﬁ@iﬁ"&%’e‘gs‘?%ﬁ 307 is equal to the weight flow
rate ofjoi g THe IRAMY 38Ry 8160 NSRS MY pRBmetelsUh&it kind P6int 108 M ifith Mamid g t he
paranmeters as at the point 307 IS then divided into two substreans S168a

and Sl6astulhten pgmpManwhere & ispumpeditopoiatessa@highnereSits, forespeastiaast §162The WO

2006/ 062654 PCT/ US2005/ 040466
having parameters as at a point 203. The composition of the liquid streams S160 and S162 at the

points 103 and 203, respectively, are substantially leaner than the lean working fluid streams
S140, S120, S144 and S142 having the parameters as at the points 205, 206, 108 and 207,
respectively. '
[0180] Therich working fluid stream S138 having the parameters as at the point 301 as described
above, is then separated into two substreams S164 and S166 having parameters as at points 307
and 309, respectively. The weight flow rate of the stream S166 having the parameters as at the
point 309 is equal to the weight flow rate of rich working fluids stream S100 having the
parameters as at the point 29 entering the system from the CTCSS, whereas the flow rate of the
stream S164 at point 307 is equal to the weight flow rate of the stream S106 at the point 95,
[0181] The stream S164 having the parameters as at the point 307 is then divided info two
substreams S168a and S168b having parameters as at a point 306 and 305, respectively. The



-50 streans S162 stream having the paraneters as at the point 203 is then
conbined with the substream S168b to form a stream S314 havi ng paraneters
as at a pa0OnN0cAB26s4The stream S314 having the paranet ePsTAS2@6/080366 poi nt
302 then enters into a bottomof the |5—| G The S168a stream having .
paranmeters as at the point 306 enters”a mddle of the HRVG The stream S166

havi ng paraneters as at the,point 309 entered.i an asses_t.hrough an
upper psgrp'txmgﬁlgéfgem%a{/wg tﬁ%@é{aﬁegefﬁff a%’ﬁlée B‘BIPQ%% 831 ﬁ&%ﬂ%&%‘%@i the
par anet | D303 11302, MRl Qréabn S8 HRVG
in a Sg@g%ﬁ%éshggtf&gixg t<r31nge jsaggg%g%%ﬁﬁé?ég%}g@%?&%o%_tg% with a flue gas
st r eamia3thghthé paramngtepadsanticepoint 392 dlhereenpers mito 2M6ttom dfdheHR V@ aTbelSE6§22am
S316 having paraneters as at a .point 303 an,(a a flue gg;%sﬁ_éeam S307

1

havi ng SarRHMeYEE PERCITrs 8 fighppoibo enters gamiddieof theH &8 %90, i ng

havi ng ‘e eparafiie § bededfe REh{Yp0 Sarddind g pRlEE e ier RGNS

havi ng thoRVEters as at the 308 in a | ower mddle point of the HRVG The
conbi ned stream S318 having the paraneters as at the 308 is then partially
vapor i 46882]rTke sieamdS HAV@Vinethe priahwmicye as pt heaoint 303-i3beatedt a JoprpOLi®DS5

wth a S am S307 | aranmet ers as, at e [ .02/ 504 to
Form & BT pBe U E3R R sicerd Y AR bRRiac oo Wit G 8- il 1 e
304 an I SL ' ' 05.
oLa4] TP S P D B e e 2320
havi ng papaneemtaeaisa paine303 dvel aqrhiergas 30dam $30Td havingparaizteds aratla poief 80@bl y
superheated in a fourth heat., exchange process 304- 40& or_ 501/ 5&)3-, 02/ 504
with a [0883cthehented ghieans 53 Habavesihe parogiers asat ths ppintdddisdhepguie %(“gél’ilent 500

501/ 503 : || i . | - ki
1 urd SErRm b8 o Rt B 80 306 B RRAR LBt HER S8 HRA "0
st r eam s34t aters@ it i 3088nRAHERMRAIdEe PSinabf tHREIRVI)t TBOEdhbitied bitchBD$318

Si mul taneously, the rich working fluid stream 5166 having the paraneters as
at t he lpwingthe po8mpessasat thet W8 anthen padially vapprm@é@raﬁmdtlilga( G exsthange HRVG
in a paralle th t change process -409 or 501/503-502/ 504 with
the 1 | drogess S0b-SUk or SOGB4 IR BT e Bioreas s30T D HecAnAs s RO Pein
stream | : ' r i Keam
76 he R e O B ot T e o

val ve Titlelgas straaniSAQ7Mhaving pavanbtersgsfak thechodtrS08m S178 havi ng paranmeters as
at a point 410, and enters into pressure_turbine HPT, where. it

hi gh
expandsl0484 Firally i Bi rat ﬁmhaa%p@%pal ﬁEaerf. b BBYG: the stigams$3d0-havang s

i nt ble f f , | '
St r oam PS5 R Y% RGPV DL SRRy GhonRL AEERTER Af
st eam gzt dedyodess 30L409aF SUTE0BLS)2A5040ith BRodled Bhe gagstﬁamaﬂamgghe the

fourth heat ‘exchanger HEL6, where it is cooled, WO 2006/ 062654
PCT/ US280&he4B48 @t a point 500 or 501/503 to form a fully vaporized and preferably superheated

working fluid stream S184 having parameters as at a point 408 and the flue gas stream S307a
having the parameters as at the point 502/504.

[0185] Simultaneously, the rich working fluid stream S166 having the parameters as at the point
309 passes into and through an upper portion HE15 of the HRVG in a parallel fourth heat
exchange process 309-409 or 501/503-502/504 with the flue gas stream S306 to form a fully
vaporized rich working fluid stream S176 having parameters as at point a 409. Thereafter, the
stream S176 having the parameters as at the point 409 passes through an admission valve TV11,
forming a rich working fluid stream S178 having parameters as at a point 410, and enters into
a high pressure turbine HPT, where it expands and the turbine HPT converts a portion heat in
the stream S178 into a usable form of energy such as electrical power, and becomes the stream
S134 having the parameters as at the point 412. Thereafter, the stream S134 having the
parameters as at the point 412 passes through the fourth heat exchanger HE16, where it is cooled,



-51 releasing heat in the fourth heat exchange process 412-413 or 322-323,
formng a |l ower pressure, rich working fluid stream 5180 havi ng paraneters
as at a peOnLOAL3s4The | ower pressure, rich working fl ecu/usteosandgd 80
havi ng the parameters as at the point 413 then enters into a |ow pressure
turbine LPT, where it expands and t heSturbi ne LPT converts a portion heat

in th S180 | nt ble f h .electrical ,
M S R R R M PR L R T S T
5182 haydng, 2 g]aﬁ[ﬁ% @{réar&%lab Halifig praﬂfete}§§s at itk 413. Th R $h&EH8dich

enbodi nent s n, ofr close®to a state of saturated vapor and is then
sent i nverkidghfui€ & J1808GYingi theipiranetus hy at thh @oine &3 wherkenters fihtaiadlost r eam
5184 having paraneters as at a point 408 passes through a second adm ssion

val ve Trasuretebinedd T wheegit segd thefndpingl.Bh goryera portion hept prhestopay s as

i 411, I Kj fluid. i
05 ot OB R Ausahls et Rl 0k dnebcich ERPL MAER-ORG RIS SERLARELL D o,
tur bi N&akdpletds as Qtea%%dihtbf&. a0 ¥iReanV B E8Ehdving Sar@xe8RASdt hBGoll e 38 ik LCT

converts a portion heat in the stream 5186 into a usable form of energy
such aghepreftrrddeaibodonent shalhbk incarehess to hstate ofsatwratadvanon eindiy thersent into

par arretﬁr%%@gssat the point 316. The stream S130 having the paraneters as at
t he poit‘? ‘then passes through the third heat exchanger HE13, where it

s COO'O(ﬁf'mrﬁhﬁnﬁﬁﬁé&Qslg%E léaﬁgxlotrﬂﬁ%hﬂids@reaﬁ%ts4%’éﬁﬂ?gﬁﬁm@fe?é:ﬁsa%aﬁéiﬁfﬁﬁ@ or

321- 320, rmng the stream S140 having the paraneters as at the point 205
as desqrasdee thivoyiea spEkil7ddrissian pales IV H), dbrmhing al loan worldey fluat steaan®186 ng
fluid stream 5186 having the paraneters _as_at the goi nt 411 at an inlet to
the | ohayBigarameiars aratadoktdd L1 Thy lgan wekinglyidptream §18¢havirgthe gyyameters s
equal t ressu f th | rKj i I:

par anerrd BLBGTHE e chferd AQMEN0Y Khebithe By RHERR ShirdBlifeLls

HPT, t hRBcrdttd aB6RSHHUER IOk egpdndadand tASthrbiRa YO E e Rfion Béat i thé fifaRDi Nt
307 does not change when it passes through the third throttle valve TV12,

and t huSl8eletopasabhefosnof efierghsick as dastrisiipowen wdbecomess estraam 8130 kaying t he
poi nt 06 are the e as ar amet f .the stream S164 havi.n e
Dor arretlB DAt fiait gy Peisblb. THE e ShY Bavine iy PGS AR PR Hifont
flue g 761 | Lotk stk i : i ng
par aner e TSR TG e LTl g R e e e T g
t he parizaeéehsng@prédess 36-p0s oit 323EB20| foriviegthp dgean S0 koiing the phtangtcdhans F,

where its pressure is slightly increased to forma precool ed flue gas
st r eam 38T A0Ags dperipgaBd¥t ers as at a point 510. Thereafter, the

recool I 4 b . L Lnt 510
o 1 RS bl R TnmeE o RS R R S A e UG BBl
at a paisht tHirdta11 of 41 inldd @ e Wve dordet@atdswoikiaiSaR6ine I ds Bderibed
paranmeters as at the point 500 or 531/503 as described above. Such a

change above,hieequabioaspressurdietithe tclywiosking @nid stz $138 boving theprgaseten as he WO
2006/ 06t g gginlt:)gé z%sa%ogl?e/t(%g QﬁeGEigh pressure turbine HPT, then the pressure of stream S164
having parameters as at the point 307 does not change when it passes through the third throttle
valve TV12, and thus the parameters of the stream S168 having the parameters as at the point
306 are the same as the parameters of the stream S164 having the parameter as at the point 307.
[0188] After leaving the HRVG, the spent flue gas stream S307d is split into two substream
S307e and S308 having parameters as at points 602 and 509, respectively. The stream S308
having the parameters as at the point 509 is then passed a recirculating fan F, where its pressure
is slightly increased to form a precooled flue gas stream S304 having the parameters as at a point
510. Thereafter, the precooled flue gas stream S304 having the parameters as at the point 510
is mixed with an initial hot flue gas stream S302 having the parameters as at a point 600 to form
the cooled flue gas stream S306 having the parameters as at the point 500 or 531/503 as

described above. Such a change in the process of heat acquisition leads to some changes in the



-52 overall process of the cascade power systemof this invention. [0189]
In this enbodi nent, the stream S138 of superheated rich solution with

par anmet erwoasoeats265poi nt 301 is divided into two substreaos/US2@6/0ad6 S164
having the paraneters as at the points_ 309 and 307, respectively, as is
the case in the previous variant. Howe¥er, thereafter, stream S164 havi ng
the paraneters as the point 307 i.ch.is all of the rich vapor which
nust bé’veFﬁt@(}gBCW ?ﬁ%ﬁ%scﬁg%lﬂo‘ﬁr%%?ﬁl\g%gﬁs H}Y\?Pﬁ‘bn't he paraneters as at the
poi nt 119 thi jV i Lk8od t K 83 ,8pd S1
I R

st r eamBlLEB01af divided intapwo stisscas S1e6 palrSiGdthavegalse paratbiersmsianthe Omtd s
then nixed with a stream 5162 of |ean |iquid having the parangters as at
the poid® ad307isepestivelsngs is hocapain WS DrodoysaYagRa diQweNergheeplierptifeam 203

s in te. of 0 Lol d, - r : S as
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S162 the paranmeters as at the point 203 fully absorbs all of stream S168b
t he paransetrersintiswatsubstsame She8a308 S168b haviegihe parametersagatpaiets 3063106 he

paranmeters as at_ th oi it 302 .is forned, ichisin a state sat urated
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| ocat edS1a62 Hahidg ¢ padammetersiak at théipoiad2 @B 8 iwla statetdfauidaviad lapnd, wherad stedm of

the HRVG This allows for better cooling of the flue gas in the HRVG
[0191] Sk6S8bdhe passmetorsas ptibe painbHiStis insa Hatc of sunseheptsd yepao The mixing pf hessoi | s

in the for e I.n J oi nt
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st r eam xp&eHoint20P ANBIBEGHS ald 6f siearh 91 6B ki padiidetérd adavtRehotht 305t Agarasufist ream
S168a of superheated rich vapor the paraneters as at the point 306 as

descri Fettvagitam SHAdh¢ parametersasabthepeBr§03fis fosaed, wdvieh isgn 8 state df gafuratesl

par ameter? ﬁtivs‘@{t; éoge foi.gt 308. The paraneters of the stream S316 at the
poi nt 3BFIE 6led Hgtidych a way that after mixing with stream Sl 68a
the ParmHIerite dkal SIMCHEYalincA0 os LN thd SSiH 302Ehusit 1RO HRVE Gher it
paranmeters ‘as at the point 308 is Iin a state of saturated or slightly
super hdatmsliatelyatarts Thboik aAs argsutththe pinchaoiri 3l the boflinggmintwdithe legn sodbitidn on
with paraneters as_at point 308 i in the as_|

pr evi ou§noYyeqatzdabthe pairanse lrﬁ%FbéFPfdr?éggg%gﬁgﬁﬁgb eRds Qgt,smsRV f@ﬁ%&mﬂfﬁ
liquid ﬁﬁwq@%ﬁg?%%wg&?&%ﬁl?ﬁ%gﬁ{&em@b a point 29 and having a high

concentrati on conponent enters the systemfrom a

Condenget 9qrTheae4rmiS3Ce &wgamm gpsbeint 10218y Woilkirpie SR VGtd Brmlhe
stream 5100 exits the CTCSS at a high pressure and having a tenperature
cl ose tthe atierne 5316 g tictparametens ap@t AE0BNGISS dorrespruting 652 69 EAEE apor

liquid mixture. Thereafter, the stream S316 the parameters as at the point 303 is mixed with the

substream S168a of superheated rich vapor the parameters as at the point 306 as described above
and forms a stream S318 of lean working solution the parameters as at the point 308. The
parameters of the stream S316 at the point 303 are chosen in such a way that after mixing with
stream S168a the parameters as at the point 306, the resulting stream S318 the parameters as at
the point 308 is in a state of saturated or slightly superheated vapor. Thereafter, the stream S318
of lean working solution with parameters as at point 308 is superheated in the HRVG, as in the
previous variants.

[0192] Referring now to Figure 28, a rich working liquid stream S100 having parameters as at
a point 29 and having a high concentration of the low-boiling component enters the system from
a Condensation Thermal Compression Subsystem (CTCSS) of Figures 10-19. The stream S100
exits the CTCSS at a high pressure and having a temperature close to ambient. Thereafter, the



-53 stream 5100 having the parameters as at the point 29 is mxed with a
stream S102 of working fluid having at paraneters as at a point 92.
Usual |y twe 2pssszasne of the stream S102 havi ng the par agcgtise@sAas04aé t he
point 92 is equal to the pressure of the stream 5100 having paraneters as
at the point 29, and the conpositiom8f the stream 5102 having the
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then divided into two substreans S126 and S128 having paraneters as at
poi nt s Beameierny agatthe paigp¥ (Tihe efrgam $HE2 hayinssthe paamsEreishbibie peint feis prikedret er s
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pr 0CeSStBYadinioRRNad T Billnf 1 deBdriRATLEAS0 havi ng parameters as at a poi nt
316, formng "a stream S132 having paraneters as at a point 320. The

st r eam [9124 Maanwiglet the spasm SR0&hsviag thetparanisterpad attthS@dAnpHHEg®@sses througiha an
i ntercool er HE16, where it is heated in counterflowin a fourth WO
2006/ 06565 Isetroxghsugss Bl @here it 1s heated and vaporized in counterflow in a second heat

exchange process 101-300 or 206-108 by a stream S120 of condensing working fluid having

parameters as at a point 206, forming a stream S124 having parameters as at a point 300,
corresponding or close to a state of saturated vapor, where close to means that the parameters of
the stream are within about 5% of being in a state of saturated vapor. '

[0195] The vapor stream S124 having the parameters as at the point 300 is then divided into two
substreams S126 and S128 having parameters as at points 321 and 322, respectively. The
substream S126 having the parameters as at the point 321 then passes through a third heat
exchanger HE13, where it is heated in counterflow in a third heat exchange 321-320 or 316-205
process by a lean working fluid stream S130 having parameters as at a point 316, forming a
stream S132 having parameters as at a point 320. The stream S128 having the parameters as at

the point 322 passes through an intercooler HE16, where it is heated in countetflow in a fourth



-54 heat exchange process 322-323 or 412-413 by a rich working fluid stream
S134 having paraneters as at a point 412, form ng a stream S136 havi ng

par amet erwoasocats2@4poi nt 323. The stream S136 havi ng t lreTaBR@SRIEGEE as at
the point 323 is then mxed with the stream S132 having the paraneters as
at the point 320, formng a rich wor R? g fluid stream S138 havi ng

4s

paraneters as at a point . [L019 The | ean r Ki fluid ream 5130
havi ng hpﬂtee)ggyaggﬁepgcgssay%g?}l RE 48%143%‘ by 8 YVP\FIT%I‘% fﬁ?%\ﬁ#ﬁ%ﬂcﬂhi‘ ﬁlﬁf"fn@n
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321- 32Qtre4m 8186 RVng s palesrtardis apthopeint 32X iviirg ndx&l witkathe Stddin 832 haging
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sat ur atteeiparapeters agakthe peing 320, fermingmsch warking Buidsirasm S 38 hyving pasangeteSam ar e

wi thin about 5% aof being in a state of saturated vapor. The pressure of the
| ean Wt R 2B d  stream S140 having the paranmeters as at the point 205
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stream S140 havi Q/g t he paraneters as at the point 205 is then divided into
two subyetiieahent SYpof beieg mnustats o arafsaranet: el pessate fdhalean ogkiag Juish7,
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stream S144 having paraneters as at a point 108, releasing heat to the

st r eamsEe@8 S1d0 hawyng the ppranzotars asrag thepoitt 205 bagroiuhstarttdlydeweraosoednbaiiondbye.
[0198] Thereafter, the | ean working fluid stream S144 havi he .par.aneters
as at tth%ia%l?qﬁmgl%npqngn% SritATh dycqpdenseat 9§%Per§ql¥eé)§il?°3¥%m@#rﬁwﬁg%t ers
as at .ol | PR DEtkr tNAPSfenidefitind oFRERIT VAEHPeD G,

havi ngebpar aégréertsérggttgfse%ggﬂtggg’gvﬁt llogge,& corrpoegéﬂtei on of the §st ream S146

havi ng wiingahadsitcahsS 1234 ldviigthe paametetds db iz mint@00 whichhes a substastmdliyat i on
of the |ow boiling conmponent than the rich working fluid stream S124

havi ng higher peaseiiet ers as at the point 300. The stream S148 having the

e copdpieaetptilf B Monbb2 php ReRR Tl pafhl o AERMEL AL bt I £ 1

is sep Va Vi'ng parameters-as at a
poi Nt %id then dAAGbdS Ao sABstidaftl SH2(AHESIMITHS thelpaiinitgerd as &PiRs 206amd 2072
point 112. The liquid stream S152 having paraneters as at point 112 is
t hen direspbetivilnt The sweasm 5320 bavisg SESpprameteSia56t Heviavet 200 pusers/tIBRSE the

PCT/ Uszsggc?z{d%%gt%gglan ger HE12, where it is partially condensed in the second heat exchange process

206-108 or 101-300 to form a stream S144 having parameters as at a point 108, releasing heat
to the stream S108 having the parameters as at the point 101 as described above.

[0198] Thereafter, the lean working fluid stream S144 having the parameters as at the point 108
is combined with a vapor stream S146 having parameters as at a point 109, forming a combined
vapor-liquid mixed stream S148 having parameters as at a point 110. A composition of the
stream S146 having the parameters as at the point 109 has an even higher concentration of the
low boiling component than the rich working fluid stream S124 having the parameters as at the
point 300. The stream S148 having the parameters as at fhe point 110 then enters into a separator
S10, where it is separated into saturated vapor stream S150 having parameters as at a point 11'1,
and saturated liquid stream S152 having parameters as at a point 112. The liquid stream S152
having parameters as at point 112 is then divided into two substreams S154 and $156 having



-55 paraneters as at points 113 and 114, respectively. [0199] Thereafter,
the stream S156 having the paraneters as at the point 114 is conbined with
t he vaporwetn@awsed3150 havi ng the paraneters as at the pecmusidt/jo4d466 m ng
the stream 5106 having the paraneters_as at the point 95, which has a
conposi tion equal or close (within 5%3to the conposition of rich working
fluid stream S124 having.th {Jarameter as at the point 300. The stream
S106 hRAFHBCIeHES ﬂd?%‘ﬁétlg?@‘g& %feSPﬁﬁlvﬁg’r nt 95 is then sent into the first
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heat exéaR@estacSIFe hQling Gk parachebars Sfat dite pded 1 1,¥ethiap thestrearh SPESYavie
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to lift it to a tap of .a scrubber . Whi s a direct _,cont at / mass
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paraneters as at the point 105 obtains paraneters as at a point 102, and

t hen erHElLS, wheee it igfulbfcontiensed doralibgtheSE2am $hE) havag thepoamsterssam tBigdnhavi ng
the paraneters as at the pqQint 207 as descri bo nters . wer

por t i oS fnq pravides figsh &r thg-sirst heat gxchaggg proggss ﬁiﬁﬁaﬂ@ﬁ@g@slﬂfﬂ%@ﬁgﬁﬁmﬂst ween
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poi nt ]&@uiaﬁoﬁﬁnﬁl‘hp@l tOowidre & ibairhsed tofa préssuresafiiciineto 1I5CR to Weepwihiscabbeihe
cooled and ric ve(lgror stream S146 having the paraneters as at the point

109, i S€hrvhich iap direoioatacpbat/maps efchangersferrameastreap S158 hayipgparamsterseam

5160 hauvi th t . t th i nt 103,45 i t f . ted
i qui o et (08T LRER reBisg R fis bR R ARTHERTSSE, P shedn 3158 fovBE e o
S142 hayhirfifettd 8s RINATRLEIS BEiiRlipatddfetBRiab bt a%g%nt 100808 Afenldifers 8RYIOFId €am

S146 having the paraneters as at the point is’in a state of a saturated
vapor sctubber $C2. écheilbanbrapunstiewintS14R h50g thetparanisters agpiithe mimt@8faSkS&ieavi ng

the paraneters as at the pojnt 2. The vapor_ stream S146 havj ng . the

par ameta®P¥e. gaterya lpWer prstion 0@5@5%@%&%%@@ afpslf o%mﬁ%s @%aﬁﬁas&faﬁbqﬁw%g t he
ar anet ' ] ks t ,
Par amoreangS! Banli¥42Buine §fara R ke fio Rl 1B AR Dl 0P |

5160 haeamBqiib&treah BESOHaViRSpaddmEtbR a3t il polft31 08rik @bHedtéd ot @bbtiuni @f the
circulation pu P12, where it is punped to a necessary high pressure,

f or mi ncpcenbber Meapwhile $heggolsdraa raperstigamBS146ihaying ¢ paravecters apaki t i on

f th ' [ 60 d S162 h ' 103 . 20 .
P espoctine Bt 18} B iReddatnRR o RaEhe bR RER T bR R T P10 bhvitg e
5140, S42Paramtif m@aé%%;/th@xggzﬁ%ftéﬂﬁe BALAETRICR 1% which!iDeloBlorty it A 206,

108 and 2 respectively. [ ] The rich working urd stream S1

havi ng (hthipsfopwith dhiesvapsr stteatn$ 42dianing3bd parsmeiesasiabthe pdint 207,6/1E626 Hdk

PeT USZV%(BCS)I/‘ gtli%GSGI 46 having the parameters as at the point 109 is in a étate of a saturated vapor
close to equilibrium (within 5%) with the liquid stream S158 having the parameters as at the
point 102. The vapor stream S146 having the parameters as at the point 109 is combined with
the stream S144 having the parameters as at the point 108, forming the stream S148 having
the parameters as at the point 110 as described above. |
[0201] The liquid stream S160 having the parameters as at the point 103 enters into a third
circulation pump P12, where it is pumped to a necessary high pressure, forming a stream S162
having parameters as at a point 203. The composition of the liquid streams S160 and S162 at the
points 103 and 203, respectively, are substantially leaner than the lean working fluid streams
S140, S120, S144 and S142 having the parameters as at the points 205, 206, 108 and 20;7,

respectively.

[0202] Therich working fluid stream S138 having the parameters as at the point 301 as described



-56 above, is then separated into two substreans 5164 and 5166 havi ng
paraneters as at points 307 and 309, respectively. The weight flow rate of
t he strean03M@d6kevi ng t he paraneters as at the point BQ¥/US00EQuEL6t 0 t he
wei ght flow rate of rich working fluids stream 5100 having the paraneters
as at the point 29 entering the systeﬁ?‘fromthe CTCSS, whereas the flow
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process 302-303 or 505-506 Wwith a flue gas stream S307a having paraneters
as at ahpilevals®TNVI040 fionf ostrean §H68 halihy parapeteryasctit atpoadB05SI2e stieanng

paranmeters as at the point 304 and_.the, fl .gas stream S307a havin
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S306 having the paraneters as at a point 500 or 501/503 to forma fully
vapor i ZdBVAmd preferably superheated working fluid stream 5184 havi ng

par amet at a | 408 and the flue, gas stream S307a ving the
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ex changgs ptreas 830 BORviOpavamSidrk/a5 03 BEial JRS tofoinha pédtiady yeporiged geaan5306
to forma fully vaporized rich rking fluid strea 76 havin araneters
as at pdiZ9thayingperameiess é%ﬁttté‘i"l,’m‘%t\l@“ agd ﬁ@ﬁ%ﬁ? 8“%%@%@“‘@&%’%&?@? & as at
t he poi 4 ' i ded into two substreans S177a and S177b having

par arret%trﬂ%egognﬂﬁnéggﬁhts 422 and 420, respectively. The stream S177a havi ng

the paOaos]EhsllEH athdahex@einpd péidnpHEIEsof the HBVG)nthadiiieasi $320viadvieg TV11,
formng a rich working fluid stream S178 havi ng paraneters_as at a point
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working fluid stream S184 having parameters as at a point 408 and the flue gas stream S307a
having the parameters as at the point 502/504.
[0206] Simultaneously, the rich working fluid stream S166 having the parameters as at the point
309 passes into and through an upper portion HE15 of the HRVG in a parallel fourth heat
exchange process 309-409 or 501/503-502/504 with the flue gas stream S306 to form a fully
vaporized rich working fluid stream S176 having parameters as at point a 409. Thereafter, tﬁe
stream S176 having the parameters as at the point 409 is divided into two substreams S177a and
S177b having parameters as at points 422 and 420, respectively. The stream S177a having the
parameters as at the point 422 passes through an admission valve TV11, forming arich working
fluid stream S178 having parameters as at a point 410. The rich working fluid stream S178
having the parameters as at the point 410 then enters into a high pressure turbine HPT, whefe

it expands and the turbine HPT converts a portion heat in the stream S178 into a usable form of

energy such as electrical power, and becomes the stream S134 having the parameters as at the



-57 point 412. Thereafter, the stream S134 having the paraneters as at the
point 412 passes through the intercooler or fourth heat exchanger HELG,
where it we 2o@aléeshs rel easing heat in the fourth heat exth@sags/op4e€ess
412-413 or 322-323, formng a | ower pressure, rich working fluid stream
5180 having paraneters as at a point @I3. The lower pressure, rich working
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poi nt 3](3)7 does not change when it passes through the third throttle valve
TV12, asibvelwiere Hés o agd thedurbingd ST cenyarispsortivaieanihestigan 486 &xHe as
at the poi 306 are the sanme.as.the paranmeters of .t Str 1 vi ng
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havi ng paraneters as at points 602 and 509, respectively. The stream S308
havi ng pinsegimoagiethetisirdlscabtxchireepHINB, Bh@eitss dobked, ekeasiag heat for therthind beat ng

fan F, where its pressure WD 2006/ 062654 PCT/ U§12005/ 040466
exchange process 316-205 or 321-320, forming the stream S140 having the parameters as at the

point 205 as describe above.

[0208] If a pressure of the low-concentration working fluid stream S186 having the parameters
as at the point 411 at an inlet to the low concentration working fluid turbine LCT as described
above, is equal to a pressure of the rich working fluid stream S178 having the parameters as ét
the point 410 at an inlet to the high pressure turbine HPT, then the pressure of stream S164
having parameters as at the point 307 does not change when it passes through the third throttle
valve TV12, and thus the parameters of the stream S168 having the parameters as at the point
306 are the same as the parameters of the stream S164 having the parameter as at the point 307.
[0209] After leaving the HRVG, the spent flue gas stream S307d is split into two subs&eaﬁ
S$307e and S308 having parameters as at points 602 and 509, respectively. The stream S308

having the parameters as at the point 509 is then passed a recirculating fan F, where its pressure



-58 is slightly increased to forma precool ed flue gas stream S304 havi ng
the paraneters as at a point 510. Thereafter, the precooled flue gas
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i ntermedi ate solution having the paraneters as at the point 408 passes

t hr oughfidlyasporized end suleviesateiidigainmng dhesticam §81d Saingthe paraptbtareas atths poort m t he
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Its pressure IS to the pressure of e stream

5185 hatdiragng thestrpan &176 dasingShaparithetesaisrdt tHBoint 409 Ahen tHeestehineSIM6 SI77¢
having the paraneters as at the point 421. Thereafter the streapns S185 and

S177c hednerpated vaper hawdag the pasarpeters 48 ap Hicnpainki489 isavided into fwe substiogasy
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descri bed above "achieve the sane result and differ only in their degree of
conpl exivhyre ildpressfifeiis redincsgd, afnd emters darfito tthe B® Tarbinenassn @l prior vaiifiier to any

meani ng [Olill 1? %%g gt?eémcgll%él\(/)\gn%gn%%{ig ezsg uétlioﬁ gx/qgg ﬁx%%gfr/agl%%)eﬁg z?s atthe point 408 passes
through a admission valve, TV10, where its pressure is reduced, to form the stream S185 having
the parameters as at the point 423. Meanwhile, the stream S177b of rich superheated vapor
having the parameters as at the point 420 as described above passes through a throttle valve
TV12, where its pressure is reduced to a pressure equal to the pressure of the stream S185 haviﬁg
the parameters as at the point 423, to form the stream S177¢ having the parameters as at the point
421. Thereafter the streams S185 and S177¢ having the parameters as at the points 423 and 421,
respectively, are mixed, forming the stream S186 of lean working solution having the parameters
as at the point 411. Then, the stream S186 having the parameters as at the point 411 into the
LCT. '
[0212] Allofthe variants described above achieve the same result and differ only in their degree

of complexity. The efficiency of all of these variants do not differ to any meaningful degree. One



-59 experienced in the art can thus choose fromthe variants above, or from
the original variant, such a configuration as is best suited to the
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references cited herein are incorporated by reference. Although the

i nvention has been disclosed with re?%rence to its preferred enbodi nents,
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power sysém@m conprising an energy extracti on subsystem a separation

subsystem a heat exchange subsystem a heat recovery. vapo ener.at or
(HRVG) (2133 \All esfergneps cied Bergbraa incom et %Feéﬁ%?-eéﬁp%ﬁ‘(t&? S?tl%g%i/st em

where the syst i ' . t i j ' K id
Cycl osPean TR LRI ) P ERRitoRint i RaBBkMIaREsi oL
havi ng ofisiHi1gh ek afenNERPhresiate@haties and @v¥dibichtidn Batepayteiedie which dohet defeer
cycle wutilizes a | ean working nultl-coggonent wor ki ng fluid stream having

a | ovefrozptheessopaandopirgfof theniavensignissidpscrifed abgysreadclaimpdheaedliesh streami s
derived froma fully condensed incomng nulti- conponent stream where the
separation subsytemis designed to produce the lean and rich working fluid
streans, where the heat exchange subsystem and the heat recovery vapor
generator subsystem are designed to vaporize the |lean working fluid stream
and the rich working fluid streamfrom heat derived directly and/or
indirectly froman external flue gas stream where the energy extraction
subsytemis designed to extract energy fromthe |Iean working fluid stream
and the rich working fluid streamin separate turbine or turbine stages,
and where the CICSS subsystemis designed to condense a spent rich stream
to formthe fully condensed incomng nmulti-conponent stream and where the
flue gas flow rate is the sanme throughout the entire HRVG and where an
initial hot flue gas streamis cooled by a re-circulated portion of a spent
flue gas streamexiting the HRVG [021512. The systemof claim1l, wherein
the energy extraction subsystem conprises a |lean streamturbine, at.|east
one rich streamturbine and at least two throttle control valves, where the
| ean streamturbine is adapted to extract energy froma | ean stream where
the rich streamturbine is adapted to extract froma rich stream and where
the first throttle control valve adjusts a pressure of a rich streamto
that of a pressure of the rich streamturbine, where a second throttle
control valve adjusts a pressure of the lean streamto a pressure of the

| ean stream turbine and




optionally a third throttle control valve adjusts a pressure of an optional
rich substreamto a pressure of a |l eaner stream [0216] 3. The system of
claiml, wber@/m2dshe separati on subsystem conpri ses a secuhisesos/04@66
separator and three punps, where the separation subsystemis adapted to
forma |l ean streamand a nake-up st ré8m havi ng a conposition the sanme or
substantially the sane as an i ncom 2006/ 062654 PCT/ US2005/ 040466
-61- working fluid stream [0217] 4 S ystem of claim 11, wherein the
heat ewggﬁgﬁ: subsystem conprises at |east four heat exchangers adapted to
vaporize the rich stream and heat or partially vaporized the |ean stream
[0218] 5. The systemof claim1l, wherein the heat recovery vapor generator
subsystem conprises a_heat recovery vapor generator, and a recirculating
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separation subsystem conprising a separator adapted to produce a rich vapor
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adj usted second portion of the lean liquid streamwith the pre-basic
sol ut i enbsysteanaretdssigoedioavaparizethedean workingt fluid sirears and thegclawbiking flpsk t i on
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subsystemcconprising & first condenser an rst punp adapted to fully
condengke tible wakingaflbiy stemdensegatatesiucbis®butirbime stageanartdowhare tha CTAWSSy
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second condenser and a secon
HRVG and where an initial hot flue gas stream is cooled by a re-circulated portion of a spent flue

gas stream exiting the HRVG.

[0215] 2. The system of claim 1, wherein the energy extraction subsystem comprises a lean
stream turbine, at least one rich stream turbine and at least two throttle control valves, where the
lean stream turbine is adapted to extract energy from a lean stream, where the rich stream turbine
is adapted to extract from a rich stream and where the first throttle control valve adjusts a
pressure of a rich stream to that of a pressure of the rich stream turbine, where a second throttle
control valve adjusts a pressure of the lean stream to a pressure of the lean stream turbine and
optionally a third throttle control valve adjusts a pressure of an optional rich substream to a

~ pressure of a leaner stream.

[0216] 3. The system of claim 1, wherein the separation subsystem comprises a scrubber,
aseparator and three pumps, where the separation subsystem is adapted to form a lean stream and

a make-up stream having a composition the same or substantially the same as an incoming



punp adapted to m x a second portion of the fully condensed basic solution
stream and the rich WO 2006/ 062654 PCT/ US2005/ 040466 -62 vapor streamto
form an owoOgodang26sir eam to fully condense the out goi ngPsrSa00samEcs O
pressurize the outgoing streamto a desired high pressure, where the first
portion of the lean liquid streami s‘ﬁ}‘essure adj usted to have the sane or
substantially the sane pressure as the incom ng stream and where the second
porti orvogking g M. 5t r eam i s pressure adjusted to have the sane or
substantially the same pressure as the pre-basic solution stream and where
the streans conprise at |east one | ower boiling conponent and at |east one
hi gher [6217]i4ng cOMeaystain ofokirh Hewherspothe head escluige hebsgiteraanmpases a hastsanme
or different with the conposition_ of the incoming streamand, th ut goi ng
st r eamfepihgat qm@%wdam@ngmapglzeﬁh@%w{% %lﬂrp@ﬁtaqfrpﬁlif}aﬂm&?%iZﬁd tefﬁgean
corrposis{rgac%rrl\ ofthe incom ng nmulti-conponent streamis selected fromthe
group consisting of an ammoni a-water m xture, a m xture of two or nore
hydr ocarbons, a m xture of two or nore freons, and a m xture of

hydr ocar bons and freons. 02_22{ 9. The systemof claim1l1, wherein the
conposil0318h Sof t Hkhe; system efcrlaimn L whergiohe fieat ISEQWeRYV aRRTcRalor SUBSYRICHY e of
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oil, natural gas and other fuels. [0224] 11. A cascade power system
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concentration of a | ow boiling conponent and the rich stream has a hi gher
concentartempenatuoé of the hot flve greisirearny. conponent, a heat exchange subsystemis
adapted to heat and vaporize the rich working fluid streamand to heat the
| ean working fluid streamindirectly fromheat derived froma hot flue gas
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vapor i ean and rich working urd streans direct from heat “derived
from aconddneel. f | ue gas stream conprising the hot flue gas streamand a
re-circulated portion of a spent flue gas streamexiting the HRVG
subsystem WD 2006/ 062654 PCT/ US2005/ 040466 -63 an energy extraction
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form of en®ndy¥nsafiollseparation subsystem comprising a separator adapted to produce a rich vapor
stream and a lean liquid stream;

a condensation heat exchange subsystem comprising three heat exchangers and two throtfle
control valves adapted to mix a pressure adjusted first portion of the lean liquid stream with an
incoming stream to form a pre-basic solution stream, to mix a pressure adjusted second portion
of the lean liquid stream with the pre-basic solution stream to form a basic solution stream, to
bring a first portion of a pressurized fully condénsed basic solution stream into a heat exchange
relationship with the pre-basic solution stream to form a partially condensed basic solution
stream;

a first condensing and pressurizing subsystem comprising a first condenser and a first pump
adapted to fully condense the partially condensed basic solution stream to form a fully condensed
basic solution stream and to pressurize the fully condensed basic solution stream to form a
pressurized fully condensed working fluid stream; and

a second condensing and pressurizing subsystem comprising a second condenser and a second

pump adapted to mix a second portion of the fully condensed basic solution stream and the rich



a condensation thermal conpression (CTCSS) subsystem adapted to fully
condensing the spent rich streamto formthe fully condensed i ncom ng

wor ki ng fwoi2dosteeesam where t he system establ i shes two iPotrasaa@siomgesor Ki ng
fluid cycles, a lean streamcycle and a rich streamcycle designed to

i nprove the efficiency of energy conv@¥sion of thermal ener gy fromthe

external flue gas_stream [0225] 12. .The stemof claim1l, . wherein the
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[0226] 13. The systemof claim 11, wherein the separation subsystem,
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fluid stream [0227] 14. The system of claim 11, wherein the heat exchange
subsystem conprises at |east four heat exchangers adapted to vaporize the
ri ch sf92din8and Hdwsystem pealaiial, Wpeteipibe Foreppsithan afgaincomingapiti-goapamepnt] 5.
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streamw th a portion of a cool flue gas stream to forma cooled flue gas
streamand to transfer heat fromthe cooled flue gas streamto the | ean
and rich working fluid streanms and where the cool ed flue gas streamhas a
hi gher flow rate than the hot flue gas stream and where the cool ed flue

gas st s a l r : : : hot
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syst emstréans camprides,a mheureofiwhiee andadasanat i on subsystem conprising a -
condenser. [0230] 17. The systemof claim 11, wherein the condensation
subsystem conpri sing: a condensati on separation subsystem conprising a

separ aupfsRqapt e QLAY CRIA 1T bhBoliAROhor ld SRTBRA BmbAAR alcbABliGH " am
a condéngati on heat exc ange subsystem conprising three heat exchangers and
two t hieffldehe stream formed from combustion of biomass, agricultural waste (such as bagasse,)

municipal waste, coal, oil, natural gas and other fuels.

[0224] 11. A cascade power system comprising:

a separation subsystem adapted to produce a lean working fluid stream and a rich working
fluid stream form an incoming multi-component fluid stream comprising a low boiling
component and a high boiling component, where the lean working fluid stream comprises a lower
concentration of a low boiling component and the rich stream has a higher concentration of the
low boiling component,

a heat exchange subsystem is adapted to heat and vaporize the rich working fluid stream and
to heat the lean working fluid stream indirectly from heat derived from a hot flue gas stream,

a heat recovery vapor generator (HRVG) subsystem is adapted to vaporize the lean and rich
working fluid streams directly from heat derived from a cooled flue gas stream comprising the
hot flue gas stream and a re-circulated portion of a spent flue gas stream exiting the HRVG

subsystem,



control valves adapted to m x a pressure adjusted first portion of the |ean
liquid streamwith an incomng streamto forma pre-basic solution stream
to m x a woeseursessadj ust ed second portion of the | ean IPCcquaisdoostoneasn Wit h
the pre-basic solution streamto forma basic solution stream to bring a
first portion of a pressurized fully €¥ndensed basic solution streaminto a
heat exchange relatjionship with the pre-basic sol ut amto.forma
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and to pressurize the outgoing streamto a desired high pressure, where
the fi resterpd flie@as effeatthe | ean |iquid streamis pressure adjusted to have
the same or substantially the sanme pressure as the incom ng stream and
where the second portion of the lean streamis pressure adjusted to have
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effluent stream forned from conbustion of bionmass, agricultural waste (such
as bagasssere)of auichsirpah tothstof a pressiire o thie richatreamitupine, whereatsbeonditimoltte WO

2006/ 062654, PCT/ US2005/ 040466, .- 65 [ 0232] 19. The stem of claiim 11,
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hydr oc awdssms of arlehner gomam. [ 0233] 20. The system of claim 11, wherein the

conposition of the incomng nulti- conponent stream conprises a mxture of
wat er and ammoni a. [0234] 21. A method conprising: mxing a fully condensed
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a make-up stream having a composition the same or substantially the same as an incoming

working fluid stream.

[0227] 14.  The system of claim 11, wherein the heat exchange subsystem comprises at least
four heat exchangers adapted to vaporize the rich stream and heat or partially vaporized the lean

stream.

[0228] 15.  The system of claim 11, wherein the heat recovery vapor generator subsystem
comprises a heat recovery vapor generator and a recirculating fan, where the heat recovery vapor
generator subsystem is adapted cool a hot flue gas stream with a portion of a cool flue gas stream
to form a cooled flue gas stream and to transfer heat from the cooled flue gas stream to the lean
and rich working fluid streams and where the cooled flue gas stream has a higher flow rate than
the hot flue gas stream and where the cooled flue gas stream has a desired temperature lower than

a temperature of the hot flue gas stream.



sanme or substantially the same conposition; bringing the rich working fluid
streaminto a heat exchange relationship with a m xed stream to forma
cool ed mweaostmeamn and a heated rich working fluid streamuskeosngisag t he
heated rich working fluid streaminto a heat exchange relationship with a
first portion of a cooled spent |eamdforking fluid streamto forma hotter
rich working fluid stream and a cooled first portion of cool ed spent |ean
wor ki ng fluid stream bringi ng the hotter rich working fluid streaminto a
heat e o rel : o form
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fully vwapdenseed rich vvorkl ng fluid streamto a pressure of a rich vvorkl ng
fluid streamturbine; converting a portion of thermal energy in the fully
vaporized rich working fluid streaminto a first amount of a usable form

of energya ngi ange
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heat exchange relationship in a heat recovery vapor generator subsystem
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poi nt of the heat recovery vapor generator; adjusting a pressure of the
fully viaponingetiedns infosmmagaerbasic solptiesdigan, ‘@d}mm Brdssuge aaijlpsrc@swmrml pefrtiont he
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a second rtion of the cooled | ean working fluid stream and a press

adj ust edlatibnshsp withr the pre-bdsi@sclepan atream teefornl & gartollytcordams¢dbdsic solatidn qui d

| ean working fluid streamand a rich scrubber stream pressurizing the
Irqurdsltrééli‘i‘=\/\ork| ng fluid streamto a desired higher pressure to formthe

| ean wor r lébi??tr 2 Qﬁl"ﬁfm ed
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rich li p%gsgnzed fully condensed working fluid stream; and

asecond condensing and pressurizing subsystem comprising a second condenser and a second
pump adapted to mix a second portion of the fully condensed basic solution stream and the rich
vapor stream to form an outgoing stream, to fully condense the outgoing stream and to pressurize
the outgoing stream to a desired high pressure,

where the first portion of the lean liquid stream is pressure adjusted to have the same or
substantially the same pressure as the incoming stream and where the second portion of the lean
stream is pressure adjusted to have the same or substantially the same pressure as the pre-basic
solution stream and where the streams comprise at least one lower boiling component and at least
one higher boiling component and the compositions of the streams are the same or different with

the composition of the incoming stream and the outgoing stream being the same.

[0231] 18.  The system of claim 11, wherein the external flue gas stream comprises a
combustion effluent stream formed from combustion of biomass, agricultural waste (such as

bagasse,) municipal waste, coal, oil, natural gas and other fuels.
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bringing the hotter rich working fluid stream into a heat exchange relationship with a spent

lean working fluid stream to form a fully vaporized rich working fluid stream;

adjusting a pressure of the fully vaporized rich working fluid stream to a pressure of a rich
working fluid stream turbine;

converting a portion of thermal energy in the fully vaporized rich working fluid stream into
a first amount of a usable form of energy;

bringing the lean working fluid stream into a heat exchange relationship with a cooled
external flue gas stream to form a heated lean working fluid stream;

bringing the heated lean working fluid stream into a heat exchange relationship in a heat
recovery vapor generator subsystem comprising a heat recovery vapor generator and a
recirculating fan with a cooled flue gas stream to form a fully vaporized lean working fluid
stream, where the cooled heat transfer fluid comprises a hot flue gas stream and a portion of a
cool flue gas stream taken from an intermediate point of the heat recovery vapor generator; -

adjusting a pressure of the fully vaporized lean stream to a pressure adjusted to a pressure of

the lean working fluid stream turbine;
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pressurizing the liquid lean working fluid stream to a desired higher pressure to form the lean

working fluid stream;

mixing the rich scrubber stream and the cooled second portion of the cooled spent lean
working fluid stream to form a pre-separator feed stream;

separating the pre-separator feed stream to form a separator lean liquid stream and a separator
rich liquid stream; '

mixing a second portion of the separator lean liquid stream with the separator rich liquid
stream to form the mixed stream; and

condensing a spent rich working fluid stream to form the fully condensed incoming working

fluid stream.

[0235] 22.  The method of claim 21, wherein the external flue gas stream comprises a
combustion effluent stream formed from combustion of biomass, agricultural waste (such as

bagasse,) municipal waste, coal, oil, natural gas and other fuels.

[0236] 23.  The method of claim 21, wherein the composition of the incoming multi-
component stream is selected from the group consisting of an ammonia-water mixture, a mixture
of two or more hydrocarbons, a mixture of two or more freons, and a mixture of hydrocarbons

and freons.

[0237] 24.  The method of claim 21, wherein the composition of the incoming multi-

component stream comprises a mixture of water and ammonia.

[0238] 25.  The method of claim 21, further comprising:
splitting the fully vaporized rich working fluid stream into two substream, one being
forwarded to the rich working fluid stream turbine and the other being pressure adjusted and

mixed with the heated lean working fluid stream prior to fully vaporization.
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[0239] 26. A method for efficient extraction of energy from a hot flue gas stream comprising
the steps of:

establishing two interacting vaporization and energy extraction cycles, where one cycle
utilizes a multi-component fluid stream having a higher concentration of a low boiling
component of the multi-component fluid, arich working fluid stream, and the other cycle utilizes
a multi-component fluid stream having a higher concentration of a high boiling component of
the multi-component fluid, a lean working fluid stream, each stream being derived from a fully
condensed incoming multi-component working fluid stream;

vaporizing the lean and rich working fluid streams utilized in the two interacting cycles from
heat derived directly and/or indirectly form a hot flue gas stream, where the direct heat transfer
occurs between a cooled flue gas stream comprising a hot flue gas stream and a portion of a copl
flue gas stream and the lean and rich working fluid streams;

converting a portion of thermal energy associated with the lean working fluid stream and the
rich working fluid stream to a usable form of energy to form a spent rich working fluid stream
and a spent lean working fluid stream,

separating a portion of the spent lean working fluid stream to form the lean working fluid
stream and a make-up stream, where the make-up stream has a composition the same or
substantially the same as the incoming multi-component working fluid stream; and

condensing the spent rich working fluid stream to form the fully condensed incoming multi-
component working fluid stream The spent rich stream is forwarded to a condensation unit,

where it is fully condensed to form the incoming stream.

[0240] 27.  The method of claim 26, wherein the external flue gas stream comprises a
combustion effluent stream formed from combustion of biomass, agricultural waste (such as

bagasse,) municipal waste, coal, oil, natural gas and other fuels.

[0241] 28.  The method of claim 26, wherein the composition of the incoming multi-
component stream is selected from the group consisting of an ammonia-water mixture, a mixture
of two or more hydrocarbons, a mixture of two or more freons, and a mixture of hydrocarbons

and freons.

[0242] 29.  The method of claim 26, wherein the composition of the incoming mulfi-

component stream comprises a mixture of water and ammonia.



