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hereby fully incorporated herein by reference.

TECHNICAL FIELD
(00621 The present application generally relates to heat recovery and utilization.
More particularly, the present application relates fo the utihization of process heat hy-product

to generate electricity and/or mechanical power.

BACKGROUND

[0003] Objective and regulations surrounding carbon and energy osage has raised the
importance of designing and retrofitting existing processes for higher levels of energy
efficiency. The primary driving forces are the need to reduce greenhouse gas emissions or
local pollution, reducing the energy investment requirement, and best utilizing existing
supply capacitics to tmprove the access to energy. To increase the energy efficicncy of a
process, it is necessary to improve the utibization of the energy inputted and reduce the energy
wasted to the atmosphere. One coromon area of wasted energy 18 in the heat exhausted from
sources within the ofl and gas mdustry, from processes such as fluid catalytic cracking
regenerator column overheads, steam generator exhaust, turbine exhaust, and other flue gas
SOUTCES.

[(004] Currently, methods for recovering higher ifemperature waste heat include
witlizing the heat for preheat of other processes or for the production of steam. This heat can
be utilized in heat recovery steam gencrators or heat exchangers. One such avenue of
mereasing the encrgy efficiency of a process is to utlize the low temperature “waste heat”,
typically below 500 degrees Fahrenheit (°F}, for power generation or mechanical power. In
geothermal applications and reciprocating ecngines, an organic Rankine cycle system is
utilized for the conversion of heat to power. The exhaust gas or brine exchanges with a

working fluid to produce the desired power output. However, there are curently several



i nportance of designing and retrofitting existing processes for 'higher

| evel s of energy efficiency. The primary driving forces are the need to
reduce grwerhouseldgas em ssions or |ocal pollution, redecrrus2athesaser gy

i nvestment requirenent, and best utilizing existing supply capacities to

i nprove the access to energy. To increase the energy efficiency of a
process, it is necessary to inprove the utilization of the energy inputted
and reduce the energy wasted to the atnosphere. One common area of wasted
ener gy isdebmmewh@a@ﬁawhauémedﬂ&ﬁ@ﬁwshmm@@siwwtdﬁﬂmﬂmhevmkkvaﬁds@as

I ndustr Y, 0 cxh LP:.IE %\S% SeSTEUQLJQR%S wh ng\ afigv‘ %n%icacklcag} rhe ner at or

col um ovér eaa Steam gener a ust, bi'ie exhaus other flue
gas sourcesrmﬁ6604k@ukweNU@wpune@h@ﬂs»F@ﬁMpQC®V@mmmg hk@h@mﬂbenpemature
\tAﬁZt Sr ggﬁ%,tcllng)?]mbqem tlf,ln Zul Qg@ %coq%@ tc a?;ro&{u Q\Q‘% dxpu LQ qm) {wypmgiovgig ?c? Ss?;a];nor
generatorsdom@hbaﬁxemwhhmgersw«ehéﬂsuchbamenuem@$ wMuwaﬁﬂm ﬁgmhheaehergy
te;:‘o: g;ﬁ[‘;@%@@ Ogﬁﬁg %irceaesgt i rﬂéér?'ﬁ%%lsﬁr?@ﬁn'aﬁ% mk%“éPEE %t. ‘%Jcﬁmi‘égg%%d@at
nechanicahmpbmpnaanMQgﬂmheMMag\ﬁppkﬂﬂ@tmﬁﬂﬁwanmuneﬁmbawaat|ng englnes an
organi ¢ RARKENS oY ShE ek A Skl d 260 0L theacanuaralon Lh.0%Al Lo

power . aust gas or brine exc nges mn to produce

t he dESIr@dTp@MEHW®M?§&UOahbméveﬂgyﬂh@ﬁe are currently several dr awbacks
with utilization of an organic Rankine cycle in a refining process or
various flue gas exhaust systens. dihgpesrient technol ogi es have been unable
to reach the necessary efficiencies at the ow ten .perature ranges of
these proggss] streans prebddidvbonalid Yirccklhd mtmgﬁ@e&n@hﬂghﬂs vhawephesgn unabl e
to incorp ra%e ap propri ate exchanger techno og %% gt you 8 suffjciently
decrease PEUPYRY Wbt s PFY §eoP 18 s Wla B TEANPPH Y BIEY T 11 owr at es
and t enpepatils @sat bfhesiactattandtsg disdid EM:J}(M@QSL]W ﬁ”rbm&brﬁ&ﬁéiblﬁ&hthcuh B¢ egrating
the technal ogy within nuch nmore conpl ex process settin when con ared to
the cur r eHETTHETRIE 21 GHE: A OB Ther EFFE; b el e AIReFR S Fbcess 1o
effectlvekm1@ﬁﬁm@ﬁﬁbGWﬁ@ﬁ&y%@ﬁpture and convert this waste heat to a useful
e g O T oo i RS S BLES oL VB ON, L8l 85L 8T LG, pr ocesses

product from refinery operations imchudes two sob-processes that occur simultancously and
that arc linked via a heater or heat exchanger. o the first sub-process, a process heat by-
product stream is divected to a8 heater and 1s utilized to heat a working fluid stream of an
organic Rankine cycle to prodoce a cooled by-prodoct stream and a heated working fluid
streamn. The cooled by-product stream is then exhausted to atmosphere. In some instances,
the process heat by-product stream includes fhie gas from a fhuid catalvtic cracking unit or
recovered heat from a high temperature veactor, such as a fired heater, jncinerator,
hydrotreater, catalytic reformer, or isomerization unit.  In the second sub-process, the
working fluid stream is heated by the process heat by-product stream in the heater to form &
heated working fluid stream. In certain aspects, the heated working fluid stream is vaporized.
The heated working {loid stream is passed throogh a turbine-generator set to form an
expanded working {luid stream and produce electricity and/or mechanical power. The
expanded working filuid stream is then directed to another heat exchanger to form a
condensed working {hud stream. The condensed working fluid stream is then passed through
a pump to form the working fluid stream that enters the heater of the organic Rankine cycle.

[0008] In another aspect of the invention, a process for directly utilizing waste heat

by-product jnchudes two sub-processes that ocour simubtaneously and that are linked via a
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heat by-product, wherein such heat recovery is realized by channeling
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BRI EF DESCRI PTI ON OF THE DRAW NGS description in conjunction with the
acconpanyi ng draw ngs, which are briefly described as follows. [0012]FIG 1
i s a schewatn/dsegr am of a heat recovery system for utiPCramseelonszaBs wast e
heat froma fluid catalytic cracking unit, according to an exenpl ary

enbodi ment, [0013]FIG 2 is a schematic diagramof a heat recovery system
for utilization of waste heat froma fluid catal ytic cracking unit,
according to anot her exenplary enbodiment, [0014]FIG 3 is a schematic

di agr am oficsaripteatin cegovery vl steempdrgranyitg Biapatekoridf awdst® Heatbeirom a
fluid cat ,Al%%isc cracking unit, according to yet another exenplary

enbodi nment,
(00121 FIG. 1 is a schematic diagram of a heat recovery system for utilization of

waste heat from a {luid catalytic cracking unit, accordmg to an exemplary embodiment.

[013] FIG. 2 is a schematic diagram of a heat recovery system for utilization of
waste heat from a fluid catalytic cracking unit, according fo another exemplary embodiment.
[0014] FIG. 3 is a schematic diagram of a heat recovery systern for utilization of
waste heat from a fluid calalytic cracking unit, according to yet another exemplary
embodiment.

[0015] FI1G. 4 is a schematic diagram of a heat recovery system for utilization of
waste heat from a thud catalyfic cracking unit, according to yet another exemplary
embodiment.

[(H316] FIG. 5 is a schematic diagram of a heat recovery systemn for utilization of
process heat by-product from a fired heater unit, according to an exemplary ercbodiment.
[0017] FIG. 6 48 a schematic diagram of a heat recovery systemn for utilization of
process heat by-product from a fired heater unit, according to another exemplary
embodiment.

[0018] FIG. 7 is a schematic diagram of a heat recovery system for utilization of
process heat by-product from a fired heater unit, according to yet another exemplary
embodiment.

(00191 FIG. § is a schematic diagram of a heat recovery systern for utilization of
process heat by-product from a fired heater unit, according to yet another exemplary
embodiment.

[0020] FIG. 9 is a schematic diagram of a heat recovery system for utilization of an
exhaust gas stream {rom a steam generator unit, according to an exernplary embodiment.
(0217 FIG. 10 1s a schematic diagram of a heat recovery system for utilization of an
exhaust gas stream from a steam generator unit, according to another exemplary embodiment.
[0022] FIG. 11 13 a schematic diagram of a heat recovery systern for utilization of an
exhaust gas streamn from a stearn generator unif, according to yet another exeroplary
embodiment.

[0023] FIG. 12 is a schematic diagram of a heat recovery system for utilization of an
exhaust gas stream from a steam geverator umit, according to vet another exemplary

embodiment.



[001:5]FIG 4 is a schematic diagram of a heat recovery system for
utilization of waste heat froma fluid catal ytic cracking unit, according
to yet arwoOherzm@ssepl ary enbodi ment. [0016]FIG 5 is a ®charsatiiiosdsagr am of
a heat recovery systemfor utilization of process heat by-product froma
fired heater unit, according to an exenplary enbodinent. [0017]FIG 6 is a
schematic diagram of a heat recovery systemfor utilization of process heat
by-product froma tired heater unit, according to another exenplary

enbodi mant[QO'”ErDOlB] FEG, 137s iaschairstdxhéagaarh of dhagrameof syatchdat vtitiegover yn syst em

for utili Zat au\qn srg&pigm%'a oas ‘ ']m %npac g:? f rn%r;p 1a%E%_r|§r %E&ESQE‘{ uni t,

according to ano exenpl ary € is a schematic
di agram o[i}()évheat &G oMer y seystemifom ot & hstazaiw@ry Q{stcm for utifization of an

exhaust gas stream {rom a gas turbine unit, according to another exemplary embodiment.
[(026] FIG. 15 1s a schematic diagram of a heat recovery system for utilization of an
exhaust gas stream from a gas turbine unit, according to yet another exemplary embodiment.
(00271 FIG. 16 13 a schematic diagram of a heat recovery systern for utilization of an
exhaust gas siream from a gas turbine umit, according to yet another exemplary embodiment.
[0028] FIG. 17 is a schematic diagram of a heat recovery system for utilization of a
process heat stream, according to an exeroplary crobodiment.

100297 FIG. 18 13 a schematic diagram of a heat recovery system for utilization of a
process heat stream, according to another exemplary embodiment.

(00301 FIG. 19 is a schematic diagram of a heat recovery system for utilization of a
process heat stream, according to yet another exemplary erchodiment.

100313 FIG. 20 1s a schematic diagram of a heat recovery systern for utilization of a

process heat stream, according to vet another excermplary embodiment.

DETAILED DESCRIPTION

[0032] Hlustrative erobodiments of the invention are described below. o the interest
of clarity, not all features of an actual implementation are described in this specification. One
of ordinary skill in the art will appreciate that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the
developers' specific goals, such as compliance with systero-related and business-related
constraints, which will vary from one implementation to another. Moreover, it will be
appreciated that such a development effort might be complex and time-consuming, but would
nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit
of this disclosure.

[(033] The present invention may be better understood by reading the following
description of non-limitative embodiments with reference to the attached drawings wherein
like parts of cach of the figures arc identified by the same reference characters. The words
and phrases used herem should be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those skilled in the relevant art. No
special definition of a term or phrase, for example, a defimition that is different from the

ordinary and customary meaning as understood by those skilled 1o the art, is intended to be



process heat by-product froma fired heater unit, according to yet another
exenpl ary enbodi nent, [0020]FIG 9 is a schematic diagram of a heat
recovery wobemd4gse utilization of an exhaust gas streamcirruseoia/osiieam
generator unit, according to an exenplary enbodi nent, [0021]FIG 10 is a
schematic di agram of a heat recovery systemfor utilization of an exhaust
gas streamfroma steam generator unit, according to another exenplary
enbodi ment, [0022]FIG 11 is a schematic diagram of a heat recovery system
for utili zaglicdby obnsarrrexhgusttcgas: stpheamhdrriomla tisteam @ame;ﬁmt @rphumag t |

according, qt&gx(? ed tgﬂaqzta @esrm%%”E 19 waei%'l%o%'c %‘%{1‘53 mLOQ ? m %us ooﬁbSCherm‘t ~
di agram of® ‘a“heat” recov St&m For Ut 119 Zat 1 '6n of “an" exhaus gas stream

from a st ealrdgenenatomn éuwmix,ai @ﬁmumﬁwdgbﬁ oxpyeetly a:rm@ﬁem texgaplieatiyn enbodi nment .
definitional manner that directly and unequivocally provides the special definition for the
term or phrase. Morcover, various streams or conditions may be referred to with terms such
as "hot,” "cold,” "cooled, "warm," etc., or other Hke terminology. Those skilied in the art will
recognize that such ferms reflect conditions relative to another process stream, not an
absolute measurement of any particular temperature.

10034 FIG. 1 shows a direct heat recovery system 100 for utilization of a {lue gas
stream 102 from a fluid catalytic cracking regenerator unit 101, Generally, the flue gas
stream 102 18 a high temperature heat stream that is generated by the combustion of coke in
the fhuid catalytic cracking regenerator unit 101, In certain embodiments, the flue gas stream
102 has a temperature in the range of from about 1100 to about 1800 °F. In certain
exemplary embodiments, when the combustion of coke is complete, at least a portion 102a of
the flue gas siream 102 enters a waste heat steam generator 103, A botler feed water stream
104 also cnters the wasic heat steam generator 193, and heat from the flue gas sircam 102 is
utilized to heat the boiler feed water stream 104 1o produce a stcam stream 105, In certain
embodiments, the waste heat steam generator 103 generates steam at pressures in the range of
from about 15 to about 1100 pound-force per square mch gauge (psig). A redoced heat flue
gas stream 106 then exits the waste heat steam generator 103 and enters an elecirostatic
precipitator 107, which rerooves any catalyst fines 108 present in the reduced heat fluc gas
stream 106 to produce a reduced fines flue gas stream 109, In certain oxemplary
embodiments, the reduced fines fue gas stream 109 has a temperature in the range of from
about 350 to about 800 °F.

[(035] In certain embodiments, when the combustion of coke is mcomplete and the
flue gas stream 102 contains significant amounts of carbon monoxide, at least a portion 102b
of the flue gas stream 102 enters a carbon monoxide botler 110, A fuel stream 111 and an air
strearn 117 also enter the botler 110 to combust the carbon monoexide in the flue gas stream
132, A botler feed water siream 114 also enters the boiler 114, and heat from the combustion
process and the flue gas stream 102 is utilized to heat the boiler feed water stream 114 to
produce a steam stream 115, In certain embodiments, the boiler 110 operates at a pressure in
the range of from about 15 to about 1100 psig. A reduced heat flue gas stream 116 then exits
the botler 110 and enters an electrostatic precipitator 117 to remove any catalyst fines 118

present in the reduced heat flue gas sirecam 116 to produce a reduced fines flue gas stream



WD 2012/ 048132PCT/ US2011/ 055138 [0024]FIG. 13 is a schematic diagramof a
heatrecover)' systemfor utilization of an exhaust gas stream from a gas

t ur bi ne uwot2p122@82di Ng to an exenpl ary enbodi nent, [O002ETRIS®) 110451838 a
schematic di agram of a heat recovery systemfor utilization of an exhaust
gas streamfroma gas turbine unit, according to another exenplary

enbodi nent. [0026] FIG 15 is a schematic diagramof a heat recovery system
for utilization of an exhaust gas streamfroma gas turbine unit, according
to yet andthem cescenphbrdmendddiredntd Hifc® 027 3G anl 69 s a taghenat incthdi agr am
of a heatr&&ggMgﬁgﬁ§%§£ ?%&%&tgbu%jzation of an exhaust gas streamfroma

gas turbine“unit, accor g to yet anot her exenplary enbodi nent.
[0036] in certain embodiments, a portion 102a of the flue gas stream 102 can be

routed through the waste heat steam generator 103, and the resulting reduced fines flue gas
stream 109 can be combined with a remainder portion 102c¢ of the flue gas stream 102
afterwards prior to entering a heat exchanger 120, The heat exchanger 120 is a part of the
organic Rankine cycle. The heat exchanger 120 may be any type of heat exchanger capable
of transferring heat from one fluid sircam to another fluid stream. Suitable examples of heat
exchangers include, but are not Hmited to, heaters, vaporizers, economizers, and other heat
recovery heat exchangers. For example, the heat exchanger 120 may be a shell-and-tube heat
exchanger, a plate-fin-tube coil type of exchanger, a bare tube or finned tube bundle, a
welded plate heat exchanger, and the hike. Thus, the present invention should not be
considered as limited fo any particular type of heat exchanger unless such himitations are
expressly set forth in the appended claims. In certain other embodiments, the flue gas stream
102 can be entirely routed through the waste heat sieam generator 103, In certain aliemative
embodiments, a portion 102b of the flue gas stream 102 can be routed through the through
the boiler 110, and the resulting reduced fines flue gas strcam 119 can be combined with the
remainder portion {02¢ of the flue gas stream 102 afterwards prior to entering the heat
exchanger 120. In certam other embodiments, the flue gas stream 102 can be entirely routed
through the boiler 110. In vet other embodiments, a first portion 102a of the flue gas stream
102 can be routed through the waste heat stearo geoerator 103, a second portion 102b of the
flue gas stream 102 can be routed through the boiler 110, and the resulting reduced fines flue
gas streamns 109, 119 can be combined with a third portion 102¢ of the flue gas stream 102
afterwards prior to eontering the heat exchanger 120, In certain other embodiments, the flue
gas stream 102 can directly enter heat exchanger 120, One having ordmary skill in the ant
will recognize that the flue gas stream 102 can be treated any number of ways and in any
combination to produce an input flue gas stream 125 prior to entering the heat exchanger 120,
[0037] At least a portion 125a of the fnput thic gas strearn 125 is then utilized to heat
a working fluid streamn 126 in the heat exchanger 120. The portion 125a of the input {lue gas
stream 125 thermally contacts the working fluid stream 126 to transfer heat to the working
fluid strearmn 126.  As used herein, the phrase “thermally contact” generally refers to the
exchange of energy through the process of heat, and does not fmply physical mixing or direct
physical contact of the materials. In certain exemplary embodiments, the working flud

streamn 126 includes any working fluid suitable for use in an organic Rankine cycle. The
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[0028]FIG 17 is a schematic diagram of a heat recovery system for
utilization of a process heat stream according to an exenplary enbodi nent
[ 0029] FI Gvor8i1vmsBs2schemati ¢ di agram of a heat recoveryPsydtSemifossi3s
utilization of a process heat stream according to another exenplary

enbodi ment. [0030]FIG 19 is a schematic diagram of a heat recovery system
for utilization of a process heat stream according to yet another

exenpl ary enbodi nent. [0031]FIG 20 is a schematic diagram of a heat
recovery sysivendFaorf tutidul dat gaonrafr &3prdteseriigafuidtireamacciortlt hgit o yet

anot her e)c(:ﬁrﬁ%g%{ Yo %bﬁ)géurggre%theatgiz@g‘!k%xgg[%lt%‘g’%lmpﬂb%d a reduced heat flue gas
stream 129, In certain exenplary embeodiments, the working fluid stream 126 has a
temperature in the range of from about 80 to about 150 °F.  In certain exemplary
embodiments, the heated working fhid stream 128 has a teraperature in the range of from
about 160 to about 450 °F. In certain exemplary embodiments, the beated working fluid
strearn 128 is vaporized. In certain exemplary embodiments, the beated working fluid stream
128 is vaporized within a supercritical process, with conditions at a temperature and pressure
above the critical point for the heated working fhud streamn 128, In certain exemplary
embodiments, the heated working fluid streamn 128 is superheated.  In certan exemplary
embodiments, the working fluid stream 126 enters as a high pressure hquid and the heated
working fluid stream 128 exits as a superheated vapor. In certain exemplary embodiments,
the reduced heat flue gas streamn 129 has a temperature in the range of from about 300 to
about 750 °F. in certain embodiments, the reduced heat flue gas stream 129 is cooled 1o a
temperature just above its dew point.  The reduced heat flue gas stream 129 can then be
venied to the atmosphere. In certain exemplary embodiments, 2 portion 125b of the input
flue gas streamn 125 is diverted through a bypass valve 130 and then combined with the
reduced heat flue gas stream 129 to produce an exhaust flue gas strearn 131 to be vented to
the atmosphere. In certain exemplary embodiments, the exhaost flue gas stream 131 has a
temperature in the range of from about 3060 °F o about 800 °F. In certain excroplary
embodiments, the entire portion 125a of the 1oput flue gas stream 125 18 directed through the
heat exchanger 120, and is exhausted to the atmosphere at a temperature of about 300 °F.
[0038] At least a portion 128a of the heated working fhuid stream 128 is then directed
to a turbine-generator system 150, which is a part of the organic Rankine cycle. For purposes
of the present application, the term "turbine” will be understood to include both turbines and
expanders or any device wherein useful work is generated by expanding a high pressare gas
within the device. The portion 128a of the heated working {luid streanm 128 is expanded in
the turbioe-generator system 130 fo produce an expanded working fhud stream 151 and
generate power. In certain exemplary embodiments, the expanded working fhud stream 151
has a teroperature i the range of from about 80 to about 440 °F. In certain ernbodiments, the
turbing-generator systern 150 generates clectricity or electrical power. In certain other
embodiments, the turbine-generator sysiem 150 generates mechanical power. In certain
embodiments, a portion 128b of the heated working fluid stream 128 1s diverted through a

bypass valve 152 and then combined with the expanded working fluid stream 151 fo produce



[0032]illustrative enbodi mnents of the invention are described below. In the
interest of clarity, not all features of an actual inplenentation are
descri bedwpreotdnasizgpeci fi cati on. One of ordinary skill ipaTtuseoianss1es | |
appreciate that in the devel opnent of any such actual enbodi nent, numerous
i npl enent ati on-specific decisions nust be nmade to achi eve the devel opers’
specific goals, such as conpliance with system-rel ated and
busi ness-rel ated constraints, which will vary fromone inplenentation to
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exarrpl e, ni fL nt of r t | n Ust omary
nmeani ng agmgg%!eor s”% 6%361%)&% ﬁ “elgtskr % ]gd |EE1 3 ch‘%?lgf&r Sﬁﬁ}tﬁg% Bt §tg
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reani ng oEREERERas ERETEungar PR Bof AR e R B Rhatu AR 0
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definitionf er, various streans or conditions
may be r eﬂenirmtamdswmt tﬁns:t érrcg:dﬁu@m@w "fh‘otTh' progl thY'is "squol ddie bigamm " etc, ,
or other R'l & (‘Q'[im @Qé g)ygi 1683 qn(?asf% %lﬂr VL { ogmgtrtﬁ'ﬂ!%rfttvm%ll ! u%gg%&l’%ﬁo t hat
such terns refl@ect conditions relativ anot rocess Stream not an
absol ute rreatswﬁemmgoﬁtqawy‘»ptarqf i tbe Is‘arcnt\esﬂméw»aeﬁ thsmem [@034]&51 Genblshows a
direct heat,recovery. systeml00, g LA e 925, 8hngam 102
froma fl g%ggagiat al'yti c rgg]lisll%gu% egegﬁergt%o?{t unt u%%éii gnerg%E E &ﬁe flue
gas streamidoRihp §0raif?!rﬂc@rwt<errmfémébtume‘ heat a sicheamssihiato rrrsdvgeﬁervatrede by the
conbust i O@Euﬁ’if trgd%keZétHwttssnﬁm{;tl;Lqumg acl)tleta'n e g%@Ckl ng regenerator unit 101. In
certain enbodi nment's ue gas stream 102 has a tenperature in the range
of from abut] 1100 He absuts B8O0K! hent Cé@ﬁ‘t@a‘{ nyaewerﬁﬁpartymémbo@l mEties, when
the combusti,on Of.GRKES TEOTR! Bl Al kha%H @uRQLt] o 3028 8Ey e, 1 ue gas
stream 10% ﬁjnaefsmaL wa%tt'e ﬁeét steam ¢ ener at Srm%ré A b 1%TI er 1 & wcete
st r eam 10&talrswrdntiertsoohey waste! Weeate G@tcﬁem}gﬁeﬁér%@rhckﬁfﬂ i“mathd\?rx‘re&t from
the flue gas;stfeamltOg.d Snutd bhz kb nBeababde ;be%t &1 mﬂ P ery, St eam
104 to produce a steamstream 1 10: 'n certain embodi e e ‘wast e heat
st eam generrtfatieirmmoemgeeeﬁlat e cagn dam atthpr dssinded e tahencrang?éer@ﬁoifi om about
15 to aboul,gtdQQ Aound: [QLLERRIoIRUALEINED, GANELLL BRLGL RaihEdURed heat
flue gas stream 10 6 then exits the waste heat steam gener at or and
enters aniekatiy @‘mtﬁr\c cieb@@p@n dltcorrediBy Ranthbecty clemoivdss tanyvasatcabiydt fines
108 presentdiflckhs; fedEedThealil LifiaBcile £am 06t anBhAGHES, Ak educed
fines flue gas stream 109. In certain exenpl ary enbodi nents, the reduced
fines fl ué“iugla%&eftlr}éértp 1@911 Ragsnderpednpekaruited isieaphéd% ahgec: i Presmiabout 350
od cnt 0 hoed if 3] 2 swig ih th
to about 8004k »[QQ% !él GG @r%@mqﬂ' T8 RLS, o HAED «feh? compusidpn of coke
is inconplete and gas stream 102 contains significant amounts of
car bon no#Hoxi de fo é”twl e%)st a? “!p@r“tii@@‘ﬁd roZpnpfluig Heean 4% gawnstredahiold? enters
a carbon Bg}ﬂg)fétdﬁdt?pﬂe u@f{fdjﬁ;ghlgﬁifp% S %meltgcl‘w%glg%mﬂluem§t5@&@5?1412 al so
enter the boiler 110 to mbust the carbon monoxide i n | ue gas stream
102. A bordrleqmdfteétghwépeﬂm@cr edim 114 al so enters the boi I er 110 and heat
fromthe egubusti oniRr 0GRSS (ARG ENG S UG GRSy RNl 0% Soridr b nﬁﬁg to heat
the boiler feed water stream 114 to produce a steamstream 115. I'n certain
enmbodi nentlss eashEcdsoplier Thp ppup Peg 2e skcant 39 1@&@9@{9#@ th dessebedaavgee 6RL from
about 15 t.0.200ul, 1400, RS G fod RVESLGhNGRE of dUG08S FhilBAR 16,0t Ben exits
the boiler 110 and entérs an el éctrostatic pr ecipitator 117 to renove any
catal yst fines 118 present in the reduced heat flue gas stream 116 to
produce a reduced fines flue gas streams



119. In certain enbodi nents, the reduced fines flue gas stream 119 has a
tenperature in the ranee of from about 350 to about 800 "F. [0036]in
certain ewbadizmasgtiz, a portion 102a of the flue gas streamubo®i1oa13be
routed through the waste heat steam generator 103, and the resulting
reduced fines flue gas stream 109 cart be conbined with a remai nder portion
102c of the flue gas stream 102 afterwards prior to entering a heat
exchanger 120. The heat exchanger 120 is a part of the organic Rankine
cycl e. Themhaatmfxdhamgéhﬁ12@~mayuUﬁGaﬁyﬁmypeunﬁﬁméﬁﬁae&@ham@ehwqapable of
transferrin t one fluid.streamto angther fl u ui tabl e
exanpl o5 o st syeiadqaresti hefudly SRR GoERE RO ply Yifo B! SRR
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exchanger uni ons are exp ressl o 'he appended
cl ai ns. InAwb@tawmumwhemneﬂbmdlﬁt@p@ﬁmtﬁéabfmewgagﬁsemeanﬂmﬁzv@ahnbe
entirely ro wast e ene F B ain
alternative eri’o%&?ne %2 §628%%r$% geﬁlb%g”ﬁ arﬁj%@?ﬁ}% X? L{Jugé grhg%gg'{ﬁé;hm ﬁﬂ% can be
rout ed thsoughihhedehﬂbu@ﬁwmwétbmbMemmiﬁﬂ lapgatrheenplsyl dibngrreedubed fines
flue gas . ~pe. - 0 of the
flue gas §t9§§ﬂ$%%%‘§%er§argqp%r|%F%A%QS% g?{fgygﬂgﬁﬁhgggétgﬂéﬁgég 120. In
certain oph@rheﬂmpﬁhnmﬁmsmwnmehé%uedgaémsﬂhehﬁmmﬁzqthﬁdb@ﬂ@ﬂﬁﬂpeﬁyarouted
through the bo r , D 02a of
the flue 32@95% %%ﬁ%%gﬁbk%)mﬁét?%ﬂ?edgthrg%gﬁp&§ﬁx%mg‘ﬁa%%agg§%8ga}
gener at or ie S ETO § & fcomeond i ofe riufye of from a peamt c&t be
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routed thr, ] 1d qt | £ th e gas
streans 16@?@1?§Q§§ﬁgbe %5&%?ﬁéggﬁf%£§§ ?ﬁ#{ 9@ ?gg%ggéc ?%§ﬁ§ ?Iue gas
strean1102maiher®mwd®ﬂmrﬁb¢Wﬁ@wéﬁbevﬂng"%henheaﬁgexchbmg%wxﬁ@ﬂﬁﬂnnucerta|n
other embodinents.;,the,,f s 15105, @L! ¥ AL S s
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exchanger 0. One haV|ng ordi'nary s e art recogni ze that the
flue gas StTwam ’ﬁ@iﬁeaﬂtﬁbﬂmvﬁebpéaﬂanyhﬁumberméﬁlhéyscémﬁiWﬁﬂém£%

conbi nat i o a ue. eam (WMol erlng the
heat exchgﬁﬁé} 8QH£F8“§]%QQQ$SF%§§'%g%ﬁéﬁgloﬁ]%% gRéﬁ& t%q?ﬁ%%ti | ue gas
st ream 125eriagn edvemiant ehbodetentso thveabaal Wor kdspgedih GF dhsst ¥ BawrR@e inrthe he heat
exchanger . fgq ho 2308t t he..laput.. | SN agthermal Iy
contacts t%% gl ?%89 F€i§£%§?2%n112 tS tréﬁé% g§¥ ' E%%ég E?ng fluid
strean112@?»%@ﬂn§édﬂh@ﬁ@ﬁn¢ﬁrwétphwﬁﬁé?h%meﬁﬂﬁkﬁy3%bﬁ$hewxﬁg§ﬁbwah¢y refers
to the eangnge f L ERELOY.L T 8UgRnE e process of heat, and does not inply
physi cal KE? di?%ct ‘%%ba? contact of the naterlals In certain
exenpl ary L@l‘%ﬁbdl mert Ssomqfh-‘éibwtm et weiddnstiyié simam 268 iepiels adiet cadiyngror ki ng
f1ui 0 sui b3bleehOr v bR fg ik 0301 Lo RARK LG GY 6L &ins TG BOLEINGN JP0a of the
i nput flué gas stream 125 and the work ing f stréam 126 ent er e heat
exchanger rip@dthgat p‘rtme&émé %eat?é)@ Wbt Rittigp MSa |06|ms tipssedny R8s dnd sicareduced
heat Tl ue a5, SiAeam dane GRS bk O EX LI AL Y RIDOMIRNS ol MBI KI N
fluid stream 126 has a tenperature in the range of from about to about
150 F. | nseert &ion lexemyl acypirbotioers, tbs W@rﬁ%ﬂed Qmikrmnﬂhw dost r eam
128 has awhﬁ%er‘!%;dutg abi@ &)Ii]enx[: ange, Qﬁﬁmt){coﬁtmmoy}tﬁicjﬁomt 0 @QOU‘&} %51@» F. n
certain exenplary enbodiments, the heated wor ki ng fluid stream 128 is

vapor i zed smbyiigers dienw @k‘éﬂﬁpféb?@%mﬁwdﬁém@wﬂ%éVh’éaf@éi WOl KT Agpuf Fii d
stream 12§, 9., V300K T aduth LR SHRAIELL! i€ AluRLARRSS nuitlkfnfoRdRLT ons at
a tenperature and pressure ab he critical point for the heated working
fluid streapraegure|if Seryyp rpief;éemebfar ;ﬂbérfbd@wifeﬂ?s Tt hec ﬁeat el ki ng
fluid streamd28:d shSYpRINGaLed. mh@sgéﬁﬁéBﬂ exgipLal Y e rhod] PRALS,y t he
working fluird stream 126 enters as a high pressure | iquid and the %eated
wor ki ng f Feibefiseriedhy hoseeyivtidnadud guper hdatedrodsdrvitin scairpaiincaéxenpl ary
enbodi rren%’ﬂﬁ\msts helnr eg’lé?ledxéﬁﬁé%v f‘lirﬁl!@dig“aéb S{hlg. e@:@k&@orﬂﬁg id SNP&I akure in the
range of from about 300 to about F. I'n certain énbodiments, the
reduced heat flue gas stream 129 |s cooled to a. tenperature just above its
dew point. The reduced heat flue gas strieam 129 can then be vented to the
at nosphere. In certain exenplary enbodi nents, a portion 125b of the input
flue gas stream 125 is diverted through a bypass valve 130 and then
conbined with the reduced heat flue gas stream 129 to produce an exhaust
flue gas stream 131 to be vented to the atnosphere. In certain exenplary
enbodlnents the exhaust que gas strean1131 has a tenperature in the range
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exenpl ary enbodi mrent. The heat recovery system 200 is the sanme as that
descri bed above with regard to heat recovery system 100, except as

speci fi cavbypostmassd bel ow, For the sake of brevity, thepsirnisb@aniosiies wil |
not be repeated hereinbelow Referring nowto FIG 2, the internediate
working fluid stream 155 is then directed to one or nore water-cool ed
condensers 257. The wat er-cool ed condensers 257 are a part of the organic
Ranki ne cycle, in certain exenplary enbodi nents, the organic Rankine cycle
i ncl udes bw@rhnab@rLacmmiedxmmhd:emsm@m@ﬁﬂ tienederd lest wiikegWaldencaodbed
condenser g 257 er medi rking. fluj tre forma
condensed%%rfiﬁ X m K rtir eao%lta tb&f \r%qé%? %flh e%er%% am’nﬁﬁégg&sh?s t he
condensed pwopki 31‘@ xftl*im lghast r«\eamgﬂﬁgd blasmal B enperatiul meughm bvhessr&ahgé%f from
about, 80 out 150 F Th)ev sed rKkirk LfI uj Jean 59| t hen
di rect ed t%‘ptt%l% bofﬁjﬁni%Gﬁitlania“| S U‘r”“e Sfﬁe 70" aqﬁi it ‘mq r’éssu ]e()% 'S p?oduce

t he wor ki mgetfrkaiiiitd votitgaieid 26ctrh#E0. s c&diamemﬂepﬂafty@ntbhénheiat thechantges 120,

[ 0041] FI 1.0 Diar Sheat ery.s r, utildjzation of
an i mput 1RO Pl IO G ERh L BERY ke SYRMEMATL Sl 2T L0 2
t hat descfbbedcrabdue wirking r;bgas*d’amo*-wmwhctf Hmtﬁga:s sprmaitl25; camdn f or t he
sake of br, L.ar, 2 WL L . herei.nbel gw

Ref erri ng %\é\/@tl% eéﬁ?iéligclélm 1t% F&ggtﬁ Xam&bgfﬁ]?%ﬁpgé aéﬁ’% he 1 ﬁgu@?ﬂ fl Eeé gas

st r eam 325uis 361 rdivrzede ivehedbtcaywork ithg st"fchﬂ:ﬁd“ &t pi@amc:%izﬁwpmra fhedt
exchanger . 3 I X o she input flue gas stream 325 thermally
contacts Fﬁégwgﬂ%hpg?%dggcgcgggh% "and transfers heat to the working
fluid strédss326. $u|1¢&abilfe’1tema‘ﬁi}l feishdfmthe\ ov@r&ihri@ stfehni3d7 sttheahneg26

i ncl ude, re o d-*g r Lye ther.r - Ui ., al kanes,
al kenes, g 15%&?5 I%‘%% Sg%a%%ﬁs b W%f F% S?g’cglr gonusm ﬁégriggo{}%!él gg(‘l"hge%%?t@),

ref ri ger aidd®, ol dirdrentek tvorkes fofd makremh;sdxmacrdmmheccm%mem@m ther p&f ti on
325a of t . (( or 326

ent er thel&hpllﬁ eﬁléh\é?lr%gdecrg% ﬁqmt ﬁ)c%qg‘n%éatg? &le 19 ?Xﬁam 328
and a reduweditheat tHfel :msﬂgaisw @kmgaimd:&z@am Bt %rafanm“aexenp‘har@gewﬁfudm ment s,

t he wor ki ng. flui £ai 326 2, ratyreinathe r thrf énabout
85 to abouétgi E?g QI&%{H n certalﬂﬁg%retxérrcplﬂ;gr&y1 enbod |J;r%é)n&sgt"lé%ﬂgI F?leatiegg)workl ng
fluid st reammgiﬁhta@ ‘aO*tﬁéqmeﬁiatxwe orpetdhe othangbodinchip.ohy abourgctésiot o about
455 F, In,cert aid, exelpl A, SIPodi Jent Se-dihe Fedhead heat f bug_gas, stream
329 has a 5Eerrper(a‘t“élin)r(er%t\)n %gi raﬁbe of Scﬁ%rhg o%’? ggg g 1out%fggt v I n
certain embodi wehing Huidhecpreddit sdivhead thiduge a@asasswieam@;@g tpey c@@bine@l to a
tenper at ut &Sk, %EQ&’&MR% ﬂ%"!m@ﬁf Aby o WG E@QHS%QE}J%%‘?’JW XH‘? ﬂggsst S1f eam 329
can then be vente he “at nos i'n certain exenp odi ment s,
portion 325b &f crthies qxhﬁpﬁu‘tvryfqn@i@d@rasﬁsm [ taanicls: “nseﬂsrpg/éiritde:ttkearhﬁéughﬁ a bypass
val ve 330, a@q M@ea@&rmerz@ﬁowdm%h% {bsglagg%.heat flue gas stream 329 to
produce an haust as stream 331 to be vented to the atnosphere, in
certain ex®xpl ary é“@be@ﬁlmemswtm e 3P iebyedrostd ware 33Molvas- a
tenperat urg, l&a}w@eas&@ﬁgﬁ Qf‘\cfa Qmi Qe300 3ggaéqu£t §i01(g; oﬁfamlc aﬁﬁéé ain
exenpl ary enbodi ment s, the I nput 1 ue gas stream is entire I rected
t hrough t Iq%dﬁhéatc@rémhaﬁ@éw gredingnd, s ouxhabsten wee itsbidat W@S}Hhé@iéd at a
terrper at ur&l(@iseﬁbwt i3 0jes. F al &041%] &ngLM %Q}bi:};d?n%é‘*ﬂgf eaEh%EHQ@ ?ﬁ% ki ng
fluid stream 328 enters a heat exchang heat a wor |ng urd stream
316 to preddeeen Yiéat edtrabdikivigvaipblp cﬁ%@tt»n@/afriﬁ*@ﬁi% anfde airceducwdddveas wor ki ng
fluid streamo3phe. inlBrenoL t&‘n%ws(?%?\"ggmtsh?tchﬁ‘% EEnBK] Deihk Ul sbeam 328
thermal |y contacts the workin stream 336 and transf heat to the
wor ki ng f B8f-d is eersns 386 iany nmbféi&mam lexergiard wertiadinenteim 85 biwor ki ng
-fluid st raﬂs@}g@@@n{ ﬂQ' Hdese any B, kgong sLJ)Laudo sfu' %@%Lﬁa&g duéaaorn@@ or gani c
Ranki ne cycl'e, 1n certain exenplary enbodi nents, e wor I"ur d” stream
336 has asteppErat tree dirgrtadhie amangeobf Thy prEREOUE a@@iftubma@@mnmmr: In
certain exgnpl g Byca‘%niPOQl:HﬁQ}tysm&Qﬁrl?x%attﬁ@d W Ksn g f oH*chioétﬂweémd?{%a has a
tenperature in the range of “from about gtoaout F.” I'n certain
exenpl ar y feqtsodhi fetit3d]- tihe rHeated : *Wﬁkthﬁgﬂmemsé V&t kiéaﬁv@we@is Wapotized, In
certain exenplary enbodi nents, the heated working fluid stream 337 is
vaporized within a supercriti caI process, In certain exenplary enbodi nents,
the heated working fluid stream 337 is superheated. In certain exenplary
enbodi nents, the reduced heat working fliuid stream 338 has a tenperature in
the range of from about 85 to about 155 "F, in certain enbodinents, a
portion 328b of the heated working fluid stream 328 is diverted through a
bypass val ve 339 and then conbined with the reduced heat working fluid
stream 338 to produce an internediate working fluid stream 340. In certain
exenpl ary enbodl ments, the [ nter rredl ate wor Ki ng fI uid stream 340 has a
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[ 00431At | east a portion 337a of the heated working fluid stream 337 is
then directed to a turbine-generator system 350, which is a part of the

or gani c Rsokorea4srsel e. The portion 337a of the heated wechkiusgoffilossids st r eam
337 is expanded in the turbine--generator system 350 to produce an expanded
working fluid stream 351 and generate power. In certain exenplary

enbodi nents, the expanded working fluid stream 351 has a tenperature in the
range of from about 80 to about 440 'F. in certain enbodi nents, the

t ur bi ne- géneratorursyrstrahr35H0 wgamer it s ceinSds thack tiyecond telhedtaticcdbngower . I n
certain ot h@r enbodi nents, the turbine-generator system 350 generates
mechani cal Power. In certain enbodi nents, a portion 337b of the heated

wor ki ng f F@KE] st r edid: 383Abpwss di Vtﬁiitt’fédh@*@hr?@u\g’w aysbypa¥s avalde; 852wdnd t hen
conbi ned with.the ex ed, working fluid strea 1. 10.produce

i nt er medi é}t‘”gphl gﬂ“ : Yiq ghstﬁrdeM 355 ﬁjrr? %%r“f %]i“ggné&lé s ég Clrl%r‘rdb(%él“m&*nt S,

the inter mﬁlraxaei *w@lekl ﬂg&drt ms@nsﬁﬂ@em}ﬁ%srwashaly i*mﬁﬁe-iim ﬂjprethﬁ pekt k€ range
of froma t > WE .00 '[ r)t ate n uid
stream 35 cllé}gv ?[ﬁ 1?‘(2%,[\&1 ‘%u bx. élcgt éﬁl n&ﬂm ei‘{c@q% h(g%\'fl\gegdsse?gs é571 The
ai r-cool e@tﬂwn@ian%n @113517@31:@@ *@mstdmf“sﬁ h:eowrfgamrc wlaa’nkspcﬂu@i @vyiédn&xs In
certain e ry LS, . e ey ydes, .t wo

ai r-cool eé?ggk engg{‘%&}%ggﬁl ﬁ&g?r l%%ﬁgltggggpﬁ&gxé&m] b LQ“hrrbio gt?r%%t s, each
of the ai exodrednbohdens alsog@sic Fsrﬂ@mwct\«wbllhéddabywawm p«aibﬁtabttﬁlﬁ@quency
drive 3584 %”Tﬁ 'éézs 19\?%\&?9 C&QQQ %Eiel% %5’7 uo?gu utﬁg?n !:hgl Q{(g?g!Tg Wc‘-)nlx(' ng
fluid stream3 rm a condense rkin stream3 n certain
exenpl ary >én®ddmnblsicﬂ$&@’6>d@rm@née@bawoﬁfﬁlﬁ%l rﬁrgwfrhm @ﬁ@pilalefaimb:eﬁ@ahiasﬁa

t enper at ur, [ r,0im,.a0 1 Ut e nsed

wor ki ng fl(gx}daﬂe%a kirg;gglgd 816&1(’14 éﬂlgbﬂé&%e@gmé%t@? o s;]“gojéi .1b_iz *EMS QEQC&E 60 is a
part of th&d &rgém onRamkd wekmgdlued stiopmceP timiban éx«em@il tarthe Bnm&ﬁﬁn:alﬁtis t he
punp 360 al l;abl.e. freque [ h 360
Fetir ns t FoEannatiufl iR SaLAR B hbAMMEL (b8 fhlls IRGEUTR: IO

pr oduce theﬁtm‘ﬂikﬂmgﬂﬁl uid stream 336 that is directed to the heat exchanger
335, [004 an i eet, t Yoo SYSt cording to
anot her id ﬁary engw%fi’ b ﬂ$%£e hae%'}ft%atrheeét()\?gg\régl5’s5'5%(1§ SmgQ&h’%ﬁg&gam as

t hat descuﬁpmedl@b@meﬂwmhmégewd% w56 heartimesoiery 2 Sysittenri300, is exvept  as
speci ficalk]ly. el ow,. o 22 D) mt | s wll
0t be T opeat o e e T ARl L gy’ R BT T o

wor ki ng f kddrdhes tor same@B80i wildiCeeotiéd thedirghigagr SHoe st erefioon liebkatondenser s
457. The %E}§501%9941§Q{}§9&R§{&5£ oPir é@ln@r @ui bR%r‘egn& Llhi aQd; gapilts m l,(l ne
cycle. In certain exe odi frent's, e organi ¢ Ranki ne cle’includes
two wat er teioob edt @Oné@mseﬁSiwél@%iiﬁfmﬁﬂsmﬁ\e@d ‘v‘&h@mwét%eﬁm@ooméad émr@d@n@ers 457
cool the Laharaedl ale wakkl ngs Ll v&ﬁﬂl%%q &0, 854N ERRAGRSGA, vOT ki ng
fluid stream 45 I'n certain exenp odi nent s, ‘he condensed wor Ki ng
fluid strbemi489 amfalscaaﬂl@écrvéémtﬂaps@n p% ttfheochafngém%ﬂfd Mﬁ@msabmam B0- o about
190 F. TheCONAansat WORKhO0 bl Shieam: 4R%ukan bHL0, b ected Jf pof he punp
360 and i s returned her pressure produce the wor Ki ng f T

st r eam 3386 stehatstrpan 494 @dr@taw 8 stthatch eaturasehiah gern 8B {@M@]dR@Wn&Wu ng now

to FIG. Sreath iqil,r %9&m%ae&e;{‘&&r@%&%&h&&%&%E@ @LQ%‘&; bqlreallﬂtSill; -hz?si zﬂgnlﬁgﬁgre in
the range of from about 350 to about 800 °F.

100471 The flue gas stream 511 can then be utihized to heat a portion 512a of a

working fluid stream 512, In certam exemplary embodiments, the working fhud stream 512

mchides any working fhad suitable for use m an orgamic Rankine cycle. The fhue gas stream

511 and the portion 512a of the working fluid stream 512 enter a heater 513 1o produce a

heated working fluid stream 514 and a reduced heat flue gas stream 515, The flue gas stream

11 thermally contacts the working thad stream 512 and transfers heat to the working fluid

streamn 512, The heater 513 1s a part of the organic Rankine cycle, and can be integrated into



froma high tenperature reactor, such as a convection section of a fired
heater 502, is shown, in certain enbodinents, the high tenperature reactor
is an i ncwoenmtmsgi32hydrotreater, catalytic reformer, or PCITarseriiosiiBon unit.
Generally, the fired heater 502 is used in a refinery to heat a feedstock
stream 503 going to a refinery unit. Suitable exanples of refinery units
i nclude, but are not limted to, crude distillation units and vacuum
distillation units. in certain enbodinents, a fuel stream 505 and an air
st r eam 506:entertica sbuionef ths écidihonerdhi2 t heemin ednipéat erhkﬂﬁﬂenanﬁie heatn t he
feedstock . sfream 503 .1 o heate Jst o tr certain
enbodi ment’ sia (ﬁaim "2 mmf rrhgén%t agl ?gsu ] tF‘llgmf %uré” Héa%“ 5 te?am gb%uéﬁﬁt(ﬁen be
used to helatut a‘fs’t%eamshneam@@@ drbofpetaces ia:aeatw\wrialt\eﬁhaérstrsauperihe‘at ed steam
stream 510 _an oF: eam 21 I)n, cert ain, exenpl ients, the
flue gas gtn%e%rﬁ Biﬁl{lﬁ a%’ i(e‘aatg(uu e Vn't s ?aﬂ%eﬁonﬁf ?%ér/‘ﬁ ab‘béé%p 850 to
about 800 etbodip@QY4 TheT hentdd wemgasihsﬁ rseeam 514 icamotibehn be cutard pzegdldap heat a
portion 5] rKi t.,ream 5 I rt.ai e Y.
enbodi ment %goﬁ%%nq%ﬁo Jatoz t w o ﬁgﬂ% ftvi?iga%l%%Zéll%ngl {}r S&Lh n\a ﬁm?xakﬂﬁmra 1¥Val
sui t abl e poresaseld peram e‘f@gaaﬁﬁ T Rénftivaes cgheliwr*ifheorkzlnglefhgrastrsmr éa’mrﬁll and
the porti Ld. str r ter 513 to
produce agﬂ)egqtje% iolf] ?‘ﬁ%%ﬁiﬁhg‘g %1%%51%@ A{% %‘g}r‘ﬁ‘ u%e ngegﬁ }qf l}fg gas
st r eam 515mpThgnd inu?et gag: of freambit 1300 heppalk I"yO gontraetigintdnéodorckEnge f | ui d
stream 51 t, K at : t 124 The. heater
513 is a %)adrg%ua i thﬂe E{ §Uacrdf?jc lﬁ?ﬁgck'g hg,lp\r@&lf(,r &gdg&c]%:(:)gfbgﬁc%%g%a ¥ %gl nto the
convect i ogasgeth om ofo _ihhebef%neéi t(hélati@rmzﬂ@_& th nerger taimpisexenpianopts, a
embodi msn&n%ﬂimg E'ﬁhb%(r)l{htelv%%ziég‘ d?&ea&kﬁ?\{\p\%g& thn%%hq bi‘%ég am 5‘%% CEQ@% 2
tenperature In the range o rom about In certaln exerrpl ary
enbodi rrentembitaﬁrﬁewihe‘éitedﬂ%\smmg foldstdas Ot anprbd 4o hastidnd Brperatuflé. in t he
range of baou t . i< ment s,
t he heat e (Qc%ﬁ& B %F llj'! fa%@fj %te&g%i %%4 i gn‘%g}&grl z}eng jpéf n C“qur%%T |1)r§mg{<@(r)rig% ary
enbodi mentmge t>ﬁ‘éomelamed3m Kiong4F1 Gi do tlraeamaﬁ“bhw snivdpomisz éd wirkihi n a
supercri tiggal, %&%ﬁ%mfrﬁ 8‘?%[ glﬂr} aexenpl.arysgnbodi ments, the heated working
fluid st reamg S super eate ' certain exenpl ary embodi ments, the
reduced h&d¥sf|ue geddessts panvblBahagcaveenpénaturen i tshecor dre jed 6f 2 f r om

P )
about 300 1.0.,2bQut, ./ Fessd nager tain.gnhodi L SyordiDE Al edu feat flue
gas streaﬁ%’@.’i? ggt()aigg%pgﬁaﬁurig o?l-pglb“gut" g EP% =5 The ?e cgﬁgﬂé‘af _%I ue gas
st r eam 515xpadedtthervdhe cmefmtfedeﬁi gofkhe @rm@pﬁn@pémd genereletpaiver- e‘ixemlar y
enbodi ment.s.. &, PeLbbARRL3R: Aot Ki d st . gl yer ted
t hr ough atgb";gE asds3 v%{)d\;;eU T (ga * gﬁ}yé%%n‘b?%g \Lrlméith th%agﬂ1 %)%a wor ktl ﬁg fluid
st r eam 51#0go opfodude: @W\r\m kivqtrg W U d s eereameBi@imdng, cler tuditpe-gxenpl ar y
embodi mentg, .t ke, \A@Lr&r @@9@;& R’n@ éter;ee-rm’g&wba%naw; ﬁm%%gtegr)sdﬂn@n& he [ ange of
from about™ 155 to out . In certain exe ment s
wor ki ng frnuinda SUEEHTE B fr>§) z-.eml@ tpsghgrhefiigabpeven inrna@ughmbm*erﬁém eprt i55113
[0048] At '1se@sty o ROLLQMALARA s khe MRLKL B, UI Byaly e S48y dstien
directed to a turbine-generator systemb5 re the portion 518a of the
wor ki ng f kerinat vdaime S18nisl ewbmd‘edi ‘tealprﬁebluzzeomﬂexptarrefeélm\ﬁmfkbmg fluid
stream S5h, AN gener at @ RABLerplfly CARIRRCXRTREA Y RTROAL IR S red1e
expanded wor ki ng fTuid stream E? has a terrperature In the range of from
about 80 t9 Ebyoumpprourt B thy lﬁﬂ&?eﬂffatirﬁbeﬁbédﬁ Pentdd) “-he t ur bi ne- gener at or
system 55uggner at &g, GheRLEE Wiy 16 BRkA1G3L: ROWRced b BER! ALR AL her
enbodi nents, the turb I ne- gener at or  system 550 gener at és nmechani cal power .
In cert ai sowrbedienst $57.a7 po pEceneba@Persfs B MRor Rithel h gradms theaking 518 i s
di vert ed LALOUAN. R PURASRVANERAZ, A00:LICR.AQN0L BEdh LI LOG. SypaNded
wor ki ng fluid stream 55 o0 produce an internedi ate working fluid stream
555. | n cepdaisrseXenp éﬁ*ys ensodirentsmpiatie cinhedinpdi wtle t\r\drlmaﬁgwr’wu d
ST eam S53,M8%eA EHPGALMIG, | Nyd-0f. FARGR: Ok LIOM 3ROUE-.BRcd Onabout 445 " F,
[0049] The internediate working fluid stream 555 is then directed to one or
mor e air - Seovlobde sertietise regBAluidsanispl pdolnedcwdndehsekwe 57 sgpan g part
of the orgafi ¢, Banki PEEYE SrbddinGRL LAl B XROPLRRY:LIRQdIBRNESs Lihe organic
Ranki ne cycle includes two air-cool ed condensers 557 in series. In certain
exenpl ary enbodi nents, each of the air-cool ed condensers 557 is controlled
by a variable frequency drive 558. The abr-cool ed condensers 557 cool the
internediate working fluid stream 555 to forma condensed working fluid
stream 559. In certain exenplary enbodi nents, the condensed working fluid
stream 559 has a tenperature in the range of from about 80 to about 150 "F.
The condensed working fluid stream559 is then directed to a punp 560. The
punp 560 IS a part of t he organl c Rankl ne cycl e. In certar n exerrpl ary

e - Y. . e~ a



[0051]FIG 7 shows an indirect heat recovery system 700 for utilization of
a flue gas stream 711. The flue gas stream 711 is the sane as that

descri bedvaehowa4siseh regard to flue gas stream 511, andpComustée/osake of
brevity, the simlarities will not be repeated hereinbel ow. Referring now
to FIG 7, the flue gas stream 711 is utilized to heat a working fluid
stream 712 in a heater 713. The flue gas stream 711 thermally contacts the
working fluid stream 712 and transfers heat to the working fluid stream
712. Suit @:lntpemevxahpﬂhesmgé of frem v@nd&i&@gﬂ fabaiitd 586t ediv Fbdedsaltbudeyg bud are not
limted t Yo r. | t her.m S | kanes,. .al kene

chl or of | ugr g\ﬁg%rs%d%s& ﬁg%ﬁ 5t Gdro qggons” B Ut %%Oﬁ“a.pm Uimt(0 &y, ; Raniine

ref ri ger angss. dnchLM1xtupeeiacf »mbdder*nh“bydhsoeamboﬁsﬂcx@rmowéhﬁsbv Theriflaue gas
neator 71300y 5080 REafRE 3B el R T itk TSI S B S hea
flue gas éthhea:msm&u pTclsﬁeud']teamemrz;lF&@marbeil tlhtnegdla:tced td tht beatehélTonvecti on
section of,a.fired heate e e Vi€ ment

portion 755)%]0f théjil@v\o%k%q‘ﬁ 1%1 r’(ftck e %’Q‘L/‘% Ul?ma (X)O mée)qélf’uige%fon {]he range
of from aboutpiBb ctbodabout Tmﬁﬁm Fcotery gertaitn 1eﬁemhfaﬁy hgnbbadbekrtoss t he
heat ed working, fdui ream. /[ S t ange.of from
about 165 t% %;oodul%g h%g I\falg'ﬂ %é:lﬂeg@afmﬁcc ‘%n?ér%?%f‘"e 1&1 SH)%? ntg%h&eer\educed
heat fl uebgasyshy eankZlB s bt enperatoarebilomyt rmmanggeowm fillong.about 300
Lo, 200Ut TpBFsalle. Ledion, ealy Tve. dns, shigamag. sanLhen be uept ed to
wor ki ng fkd1ddﬁs§txﬂeami'ﬁd2aiesudxwiewti@dsetrmbugmadlbypaselgsﬁazh\?enﬂ'la?»}ahd then
conbi ned ed g £l q i ng
fluid st r\éﬁagngygg%epﬁﬁ%e?{%%&erg&ertr}Eﬂ %J id #ﬁ 3 meyjc g g;ﬂoiuﬁ 96k ug Y)\@Fﬁ d

st ream 718otassca d@nperms.uifee tht heiddamg@nef: <B:r7owfph1b@utmmﬁ®a"leovmlbogjt 455

"F. In certain.g l.ar ts, .fhe 4 ui e

entirely ?lﬁrﬁe%‘(%e{gﬁrtgt}%ﬁ@t he gggt&eﬁo %}g ﬂl}l\%(}%“éq?%g Jorthlgon{dgfléa %%’2%

wor ki ng f Icmbfdiiistmse&mnﬁmgliedN@r@11HIMéateenl @Sﬁa‘»tadahgavma i Wwordkieng Fdmui d
stream 73§, 1 osproduce, @ e IVITe RS ced heat
wor ki ng f?%‘%udb(s'lti rgejtgmte % ﬁfgq%\({)grlﬁ%%r% %}?’ahgﬁ &%g@%ﬁﬁﬁﬂ% ﬁlcdd%gg ream 718
t her mal | y peopt@bes it themwdm(ax nighdt hﬁmdrs?prpeaimemﬁwezﬁidlﬁﬂuamrfser §ihiédtisto t he
wor ki ng f 1y r [36; in certain exenplary enbodi ments, the working
fluid st rggmﬁﬁ% hlgglg%k ges any working fluid suitable for use in an organic
Ranki ne cy&lel |n dépthaitnvesemglat yeserbodiynerits,70¢ e viorking f fugigds st ream
736 has a.bagpanatyt ful Bulhie,f AN0E Rl hE AmatRUl:g hout.. 480 i d
certain e;e%p ary e%‘r‘bg)di’rsngn%s1 thgt eat 1%35”1‘ 0 C?T‘%l%d@str ad gé? has a

t enper at uEe stmare Ael, rla&h‘@eﬂ@fsﬂftrfdﬁﬂfabbum g tl@‘i aﬁbwct bg BPcHdE, htlmﬂb@bm ain
exenpl aryRe@?dllm%%mthe BA 8 HORKE NG it m;@ Mofdf: heakaperi zed- In
certain exe enbod i ments, the heated wor TUi'd stream 737 is
vapori zed 7w mmlwatai E@pé‘fheﬁwtgaeerw@r"éd:ds@mimomem &P moemrfbmhmaren%dl ment s,
the heat eqnmﬁfcagag Hig SLIRAM. Bl § FUPSLNBRI B kL1 CRL LAl SXGHPI ary
enbodi nent s e reduced heat ing fluid stream 1738 has te’nperature in
t he range sofant tigrrdbisulbu 85 1tob imbolito wgr Blycelp tesamingl fﬁmésrrbbm»ﬁeﬁrt»e»% a
portion 71’1%@ \ﬁ{mdﬂ&eoo\(prﬂ‘(vﬁ%gui h%‘x‘&ns te';iﬁ@mdgo:!zgie (@ ﬂgi Yﬂfltﬂe?qitst h\ﬁ@ HQ}QUA@S bypass
val ve 739 and hen conbi ned he reduced heat rking fluid stream 738
to producef amcri pitdercagddi a@@pwfm ﬁgt fllogigds staewanh! 7@130 thq porget ¥ ddancidkenpl ary
enmbodi rreni'w%rl\n;m;ﬁ Q&%ﬁaﬁﬂ%%ﬁh@%& nfg%frd }Hjeﬁixét rh?@m Z@‘ngaﬁn@x &W?I ature in
the range of ftom about 85 to about he I nternmediate working fluid
st ream 7407 srediqedbeaddug gfhau@mbl*M?» h~tdrcprce? t?@bﬂ nexesripl alohesmediinent s, the
punp 742 g&ug@mmt%i%%y . VA LA eex&ﬁegwec@xﬁmq{cwaJ?&M herPUMR, 742
returns the intermediate working fluid stream 740 oduce the working
fluid streamwiig Heemah? aisg ttfhecmeaﬁefrw Ta1ge Oi[id%dqu\t Jteaktut &6hdr th on 737a
of the healgd, é’;‘@x’hﬁi“ R/g,ﬂ’fbl(‘ﬁ&li‘bgﬂ{%t*ﬁ@%cg%gﬂéﬂ'@' ﬁlmﬂle%r’@@ﬁﬁq rﬂ):@amem the

turbi ne-generator system 750, which is a part of the organic Rankine cycle,
The porti 6me78i7AowBfabeHd Ohéapleyt m% g cRllaip @xestiasn aniaimgns. diepatided in the
turbi ne- ggnerat ofs S¥ak oM R0 L£QsRLAAUE & i8R 2R ARILHMNOTKI NG dit bighpSt ream
751 and generate power. In certain exenplary enbodiments, the expanded
working fluid stream 751 has a tenperature in the range of from about 80 to
about 440 'F. In certain enbodi nents, the turbine-generator system 750
generates electricity or electrical power. In certain other enbodinents,

t he turbi ne-generator system 750 generates nechanical power. In certain
enbodi ments, a portion 737b of the heated working fluid stream 737 is
diverted through a bypass valve 752 and then conbined with the expanded

wor Ki ng fluid stream 751 to produce an | nterrredl ate work| ng fI UI d stream

— — — . e - .



cool ed condensers 757. The air-cool ed condensers 757 are a part of the
organi ¢ Rankine cycle. In certain exenplary enbodi nents, the organic

Ranki ne cwol2e1zmsgi3ades two air-cool ed condensers 757 i nPseniseL1/05313¢ert ai n
exenpl ary enbodi nrents, each of the air-cool ed condensers 757 is controlled
by a variable frequency drive 758. The air-cool ed condensers 757 cool the
internmediate working fluid stream 755 to forma condensed working fluid
stream 759. In certain exenplary enbodi mrents, the condensed working fluid
st r eam 759hhashiedt leapdratarsecim 7t hear amgéweofemfesﬁ omitabowbsp8Oct dnabout 150 "F.
gzﬁpcggge:’]}g??kg\g;% 4 {nlhsu!agr %Iﬁlec 75?1% L "'(1110 uid slirze?n(%tigj téi?ﬁ%(égﬁigh%F;?o The
enbodi rrenta@‘vpﬁheaiwnﬁ ahBEo ¢<snb@@m\mtmltdaﬁét¢atb§/warkvgrjuabiﬁemf‘r efqlqumw"ml ve 761.
The punp 7 Lk Ul he.con lense rkin lLuid, N gher
pressure twojgﬂn ifljmliq d}%l FI‘% ? *‘ta,mcl (irgtalg%g!hm?%i m fg:?rsté}c O t he
heat er 735gs a [<B@65Ju: ﬁF[TG,hG 8argh@w$ o&inahenidlé‘wetetabh@abgréc dvemyns ysﬁne&ﬂwﬁoo
accordi ng ¥ I At L ecovery, system 800 is
the sane agg?%ﬂgnw% W)ﬁbgp ﬁ%gu“%pbq? ESW%Q sgRr %p?mgl a”’t’f1 rqé%ogée&y syst em 700,
except as{®peri fi cal pytigt AtSed! belvanmki: 1fdnaait%haaiEa%@elmﬁ% bbexart’y; id et a
simlaritig ] ed, 0 f.erri-ng no 5 8, the
nt er medi gg%igvﬁ)fr}\%(d nt%iﬁ UI(\&ggiu?igcéfm Qeé%a W 31 Wmd s 4%} 5 %ng}dgrr\éﬁ&&i ﬁ EQ’

wat er - cookedigntiddnsers 7857 Th lpertwat’éka eboﬂce\do kmgd@xn‘s gregm8B R tarieally part of
the or gant.g, Banki N 6YGf <o MGk LAl Ry EXRTRL AL Y. TRAG] ABAL Sl NG qLoani c
Ranki ne cyc e inc WAT ef < cool ed condenser's in series. The

wat er - cooketicondehsersb@57ercodle wiking nher fedipat’e m@&rd@ agy fbiding Stid eam 755
to forma r Ld.s St.r _certain. exer Ly,

enbodi rrentg Qgﬁ%%ggﬁiw%ns%gg R&l i'ng ﬁef i?rﬁl{néfgg rerﬁggﬁi‘ggégﬁdéﬁs}”rﬁ %Rioglr%{ff ure in
the r angeﬂ@i‘d sfreomy #bioat [ @Qretao: rabbuht rahBOof tFom Thet Yomdensedo %oriklvntgn‘il ui d
stream 85 h tead Lo, 7 2] I, ned hi gher
pressure t%‘f) ng)rl%dgééié&{tuﬂ%”% H é??é?}gq}sﬁdrgg}g%{??% hai% *l“rlée@f gdéf }fo t he
heat er 738{ fi{0056] Ref &r nrﬁengﬁﬁdw tioc kG, u\@fﬂpiawchmbe@rtmnie,aﬁa hegdweryinsyst em
900 for utyld zi 1 £a I g%gg f ener at or
902 is sht([)l\lﬁf(li * Eg%e‘r%]a ﬁi C%Lﬁ'e in%g%ggg% %tﬁ oitrﬂg V?gjibcsge%mvﬁgfé }rinl(g sour ce
of steam biscapeqiis e@pfmrcmi eidrt aisppeeriod iprentss i actfaret egphearm@08nasd an air
stream 90§, eﬁ‘i&g ngkQHrfﬂl?J REGIRON Qg?rﬁ‘m% e, E} ’J?ggﬁféeln%%@ﬁm%’%%é‘”d heat
a water stream 90 pr odlce ‘a’ steam stream 9 Ke Wast e

by- pr oductedstadegmnh ©OLing [nidegceni’As éxenfpiraryientsctl meat i iethebwadt éo heat

by- product, st rea 1..has &, erar yre. i md,he s.ange, of gt 1?1 t.. 400 to
about 100 %F S}“[ (‘)?05711 I'n cer tbg(?%%}geée ar P 8rbhb 35@1;19 i uﬁ{ e bﬂg heat

by- pr oduc tivetadeam: 9od byrsssishe FE R dod Tbﬂammm@ritwetﬁi *vatiede“t’@@@a aﬁq&iltgafﬁmbe

separ at ed k07 AN, LXBANSL SHEAMA09.40d Adischanas 3t Leam 84, Ihe

di schar gesst ream 91% can be directed. aﬁE Sass st ack 911 % t}h

di schar gedmbatimtigs. dhenps e wAkparih N)ﬁregmﬁoélfﬁs £ henpsseae 5t thsmmam 909 can
be utilizedy tz%o!}'re@tmaxbm%i) RY afne%tgmﬁ«ﬁfra a%v%%iﬂmﬁ ;BP”;(') 2098, pf the
exhaust stream 909 thermally contacts the wor |ng stream 912 and
transf er s phigat/4%.0 it hetaigopkinngof Fobafinstoresin 191®, 742ns @emttxvé}wh bexerpitdy y

embodi mentygy, hlleayRrib et Lt 56 Leam B2, Lackyres. 2ay MRr Ling Ahul d

sui tabl e foqli use I n an orggnlc nkine cycle, The portion 909a of the
exhaust sﬁ“ﬁ@%‘hﬂ@{)‘@fﬂaﬁéﬂ'@ﬁiéﬁvmRikﬁgﬂﬁmaq“dmﬂt?tédm 912 enter a heater 913 to
produce a,gaf ed working, foith st £GAM. Q;é\&%ﬂ\%mi@g%ﬁ%d Rahcfflaust stream
915, The heater 913 is a part of the organi c Rankine cyc In certain
exenpl ar y ehbddimenergior @m@m\/\bﬁkﬁlmgh ﬁldmdﬁ OstbF@amﬂgiiznﬂ@fswiﬁt élpesdEture in
the range-of, J;“S%%QLQ@% kﬁ% iu‘?d s%b%lﬂ't”ﬂé(%x;ﬁmdéd‘i Ger LAl o@&eﬂ&l Bt¥m 750

enbodi nents, the heate lurd stream 914 has a tenpefature in the
range of for st abé@?mmdtwr@&n wd%@m R apdh gererategiony ce xlervplian gxeamwisdi ment s,
the heat egmm%wg el ¢ %bﬂds& »'2 SR, Hthy S APOEA 28 el M C BT HALR LXEHR) ary
enbodi ments; the heated working fluid stream 914 is vapori zea within a
supercr i t Pt SFriecees. 44h Terlp aicHaioariligoyise fsodimsrcseraphayshaal 8y wor ki ng

fluid str €&MMates electricity or electrical power. In certain other embodiments, the turbine-generator



914 is superheated. In certain exenplary enbodi nents, the reduced heat
exhaust stream 915 has a tenperature in the range of 110111 about 300 to
about 900wWOPRo1zflasi3zeduced heat exhaust stream 915 can t lrem/useoidiossaét ed to a
primary stack 916 and di scharged to the atnosphere. In certain exenplary
enbodi nents, the steam generator 902 and the heater 913 can be integrated
into the primary stack 916. In certain exenplary enbodi nents, the reduced
heat exhaust stream 915 can be directed to an incinerator or a scrubber
prior to b‘&iﬁﬁg 78l socharegeckchaidehpovadrnos pherie cewbndivests, ai mrégxre rrb"flhawfythe
enbodi nmen 909 e _e; L Leam 9091 s hrough a
bypass valt}L Ve QTE;((“ goghselgmgo%tbfqﬁ% R &(Plho 2 ﬁl}%ﬁué‘gﬁ” hﬁtgaatwE aﬁMS lnt“%ream 915
to pr oducaiamheethaldsd weitkimgalmdOdi8am 7 il ‘@emdarmmex‘empddweywahb@(ﬂﬁuwientasn t he
exhaust stk has i re.in § ofJom.abo 00 to
about 905 F En“%%r“ﬁé‘f%} é‘%e%\%d%%‘*n%“ i Erm%t““ Wit g aus‘t“%gt rggéagn 909 is
entirely @hmpemttedmttﬁtrr@mghﬁfrhe aheat‘«@to m&w 0058] At |l east a portion 914a of
t he heate ki ng 4 S irected t ne-gener at or
system 95 D&%re re ttfém 1?%5}@%@&?& i%m(?fﬁ ﬁeé?e V\oa??lct%é) faqnu%{igs’t %ueram 914 is
ex panded t@okpir auid@eexan ﬂax pandedosiat kindgpséb (P asta Bam%& ogndicgenenat e

power . certai X . . . | stream
851 has. a T orpar ot e S S Il SR R P LR DB

certai n enodixwents, irasqos.t | onc@idbowfptary emhefamed\ werkiohghd lauriodolsd r eam 914
|s diverted é&%%“&h & %9%%»"1 afiGh] 9?%@9»@% &rﬂﬁg 5§07l f‘@%é’é&a‘ %5 garﬁxpa”ded
worklngflw Stréam 9t uce I'nter nedi at e Wor Ki n tream
955, in céftaichthexempbdnty weﬂﬁmdhntéwtcsm the *prmbechmédvat\eomg Iﬂnniqtftdnul d
stream 95 a . . range, b 8 Q ut 445 'F.
[ 0059] Thegl %t 2? mﬁ%gr&oigkgnlb&?I%gf d %n%)eg% 915%8%& ﬁe% SthdrngecwathJ(é:) one or
nore air- ttm@@taedc gotﬁldeamseprsAigiSTaboﬁFWé taiabeut 36F 8d Eondedewed woShzalled a part
of the or - i l. t ar i e organic
Ranki ne cy e |ﬁ??l&3£‘ﬁw C\/\7(%i glarphglggflggd%!éo g@nsersdéggq?ﬁlgé}g%?%?mlﬁ certain
exenpl ary ceribodit nt@ntns exeaphryo frobdiignaily, -tleoohen ©8ndenserisd 9574 iwuigdnt rol | ed
by a variahle fr yﬁl £, 928, 491800l Lohdensers 9 ol the

i nt er medi at %%n ?I ui g 3}é{it egm %gg 4 %Lgm%g%g?ong%nggd \E/vor;l ?%8 | ui d
stream 959!?%@@@1‘% @imd@x@hp}vaﬁ\wge“imbﬂlcmntfst'ﬂ attthéiragod detis editandiki ng fl ui d
stream 95 a tegperature i h4hg gan , G0 380YL.oRhd £ 150 "F,
The condeﬁsggfwor ki ng ?asu\:&d éutre%m& g'g QEO‘R N di rgct e£ (tﬁgn a%p%?r)g}é%o The
punp 960 kxcumplpartbofmetde Tor gfa@nreewﬁanm%ﬁ@ &99c$ die spine gehttalerribxertphar y

enbodi nent, WoR A GO oLl B frequencydrive 961,
The punp %@8 I%ggt%u?ns tﬁgQélb%’ ens?e LJS aQXJT%]MEE} Sg%rd}grhw% ttqua(gr(l):tgher
pressure toviy. dblmmitihtemvwﬁmoh@wfftmmdé §Et:n<*@éﬂv‘912<qf¢1an bew db réet 8diit o t he
heat er glg‘mern EL@Q‘.@Q‘]OYE ,g’fhugiq Y§QX(PW§J @ &5&@&40 g&ﬁa&‘ ﬂfn@gQ&\ft%¥~¥0<§é/cis&ﬁﬁgngfgoo
according to anot her exenpla I ment . recovery system 1000 is
the same &87.t Bt w@t@s@ﬂl@éédﬁﬂhmvémama ragal de p@aheé%mﬁ@cwér yigggtiem 900,

except as cy?a%%@;{;{ n&ﬂa‘xda%gﬁt A LLRE! WMhiiFOL ENBes §&§ew9fm§[ E¥ (;dyuonl:in\%rx

simlarities w erepeéte herelrieow Retelling nowto 10,

t he i nt er irEdingteBesworkivigr £ paiedcostieamt 8580 ﬁhtﬂﬁéméwemleidf ﬂeldoﬁea%r nor e
wat er - COO|7e“dtuci9m§n§1§{c§se&%¥lml Tﬂgd Waﬁrg@o@i Qmﬁ gre'?nb]wgﬁl%m@"ﬁe a part
of the organic Rankine cycle, 1n certain exenpl ary e di nents, the organic

Ranki ne cyeldensehpbiidiasiua ruwatbé? bas Gt et dehs wree A0BT $heusirt elout The

wat er - coolglicongens s, o 9%&@% Lhen! b 6t IRAGALEARIKL Aduf 44 fhast ream 955
to forma condense fFuid stream 1059. In certain exe

enbodi mentgumngdie d&@ﬁ@éwgw“ammr@dn@ the Wpﬂl“é’tf?léémCE@E?@()h@ﬁh&iﬂt‘vé @ria*t ure in
the rangegf..f;50m about 80 to about 150F, The condensed working fluid
stream 1059 is then directed to the punp 960 and is returned to a higher
pressure {®5pr oduc&styenanerkinfio. 5 puligcisicpienm 9r2syrhiat Y00sfod bledized to t he
heat er 913.,i[ QOBL FlGict ddeaBhOWS AN dAM LREGLiNRAYS %@QQVéfﬁérﬁlk{%@malqloo for
utilization of an exhaust stream 1109 ftom a steam generatof 1102, The
exhaust stpEan PID9 ysad vivecvsamiougs of Hatm deseithekd camwmwd@iheméegérfa to

exhaust stfean@09q »andsfak dhensake o sRLBY bdd o iR&cam generator 902 and



simlarities will not be repeated hereinbelow. A portion 1109a of the
exhaust stream 1109 can be utilized to heat a working fluid stream 1112.
The portiwo 20088130f t he exhaust stream 1109 thernmal |y eomtusedisd/ osdies wor ki ng
fluid stream 1112 and transfers heat to the working fluid stream 1112.
Sui t abl e exanples of the working fluid stream 1112 incl ude, but are not
limted to, water, glycols, thermnol fluids, al kanes, alkenes,

chl or of | uorocar bons, hydrof | uorocarbons, carbon di oxi de (CQ2),
refrigerahtsgwaﬁdﬁmhmﬂ@ﬁesmoﬂxeehemnhydmoﬁanh@nmoﬂﬂpdnenv rodfifietrpor t i on
1109a of the gxha Lr nd the working a 12 _enter a
heat er 11lgptonﬁ?%§%éz a %ea%n qﬁgrkiﬁl fiui dC &hgl %a% a%re%uced
heat exham$umsmreanmm@15OfﬁnW@EWﬁaWhmekenﬁﬂ%F? enbodlnents t he worki ng
fluid str 112 te h n [ to about
160 "F, ce talan%)%(‘e]%1 upggiﬁ%j%ﬁﬁﬁﬁﬁé %?\ﬁ%% ? ngkgng§IU|d%stream
1114 has anhEﬂmEnaﬂmeXnnhbhﬁsmangeabtaﬂm@ﬁﬂabwuri@ﬁ5wt@u®&0&%>455& I n
certain exenplar i pents, the t s 1 has a
tenperatuﬁ%ggn*thgﬁgggpeﬁgfﬁklm 238%t”g0%'Po%%bgéﬁug%@*fgé$%ghré%%ced heat
exhaust stirednritids ican atherhelre Alprrect ¥ bbtha cgrbsrarenséckn b4 16izand

di schar ge , N r. [ Sernli€ Steam
generatorQJaéﬁgn%dg%ﬁHﬁﬁ %ﬁlgfll éﬁﬁOES%?n ééfa edQPﬁ hA e %gﬁﬂary st ack
1116, In @en@aﬂhvex@npthmymembddin@hﬂ%@ﬁbheﬂnedudedﬂmeawﬁe%hausﬂ dtream
1115 can e, di E%%E}%dy g&b(ﬁiﬂt Lckney &&82 ol & c§1%r}'49l?1?ﬁu ! g&r WB&UQ% N
di scharged to the“at'nbsphere.”in certain exenp . a portion
1109b of thebbihausHMSKW&%nmRﬁmoga%skdﬁnep@edlﬁﬁaoﬁ@h awbyeassﬂﬁﬁhme 1117
and then ¢gQ . N hgat ust A Logduce an
exhaust s?rggﬁﬂgi%gh2?6$hﬁrf§¥n§§%§ E0%?%?}93EIIW%&%H]it&h%%Shggs?gstream
1118 has amt@nﬁeranﬂwemmwtﬁhemﬁaﬁgémﬁmmmtﬁﬁna@mmmﬂﬁeﬂﬂymkabmnmcQ@B F, In
certain e r di t exhay 9, l.y.directed
Chrougn ¢ ho han e PR ATRhute SE0R S b AE M 1 kY Rt e

wor ki ng fhmedoshneaﬂwalﬁﬂuenmetsﬁaﬂhehtexﬁmkﬁanw@*n@dmdmwmerkmnga$$U|d
stream 11 1 A B, < uced
heat mork%%éghtﬁ%gggggegﬁt%gégggﬁﬁgkégghlgﬁ&%%%lkg%ghgﬁéthggg%%(&gfklng
fluid stré&aprtbldgkerhermaithogireunt dotisattheonorkitng sfrbag 8! Sitsrearn2d.36: and
transfers e W Lyl g o [ LAk, ex%e ry
enbodi rnent‘Cés]rgﬁIjt Eh‘gt 9‘%& T]% dﬁk@ﬂgd&s%r ea%&%%g’g] ?u%%fif esbjg?tyl; b T(lgngmﬁ %I d

sui t abl e Parrgsenl iprocars. dr gariie oRamkinembyddhens, L eted ajorkiex 8wplsaram

embodi mens, 15%%&/\9{05' NGk JUH anlx}td f%%éd%ﬁ&tﬁ}é B LERES &%%LP R bhe range
of from abou to about n certain exe T di ment ts, the
heat ed woithd nigrfirging ist“reeamr i 8Fohbgit 404 e‘m@em*a%@m’te Hn* teheed gex! st f r om
about 160 E“é% é@ﬂq%gn ﬁt@t@bv &ree{eﬁ (&€ Jn@lr@ et)@'ir@laﬂﬁ Xls&@%gtt%?gtﬁvoxﬁhle at ed

wor ki ng ff tream 1137 i s vaporized, In certaln exe I ments,

t he heat edum%fnglat‘fl aribgdigeriedn ﬁt:@B?emewa?ieranéed hwtrt?il g i@u@eg"efﬁqiti cal
process. bily GRIAALA, EXATPIAT K r%mit%k!?tﬁ?!&% enlt@RRAL G0 ALK DG Lhyld stream
1137 is superheated. In certain exenplary enbodi nents, t he reduceg heat

wor ki ng f Fedegh Sitdraearye M@%‘w%iasmantﬂem@riatweibbﬂ et %awgeiltstwwbm tabout 85
to about 1R lE;re Ip L&@\Et@e ﬁ@&%oﬁﬁ@htﬁ a b R ’50'99'11 ﬂtg%éRuQ tr&&l%d@% ki ng
fluid streantﬁ |verte hr oug pass val ve and then conbi ned
with the Fiedt@etdom bweiskfﬁing@ﬂ mddbesltxpeaimcmsis m@dp%@dl@@:@’ﬁaﬂnb sHewt medi at e
working flwi ¢ shiGaMAA0. \RaGeDlal i EXEmPLaL: }éia%ngggdd%?&ttss thed B8aust
intermedi ate working flurd stream 1140 has a t erature in the range of

f rom aboutt®8 & iaib@dtrr‘ncet)u“een tphrangertdrane dbat éommwggqﬂ “hi deseiseam 1140

is direct egenﬁ)@traanatsnmlwm G enLAl g3 emgattlyaemtpamem}sm 1§ _punp 1142
is control a vari able frequency drive punp 1142 returns the

i nt er medi a(t%&\/vor ki Ay Idapiu ndrignfédnyithalgated “]@ﬂ@tﬁﬁeed B hem\i%ﬁ kit difeciecd st ream
1112 that (eplais. the.eater b1 00031 AL igash. A-R0 L 00; hlATacRl the
heat ed wor ki ng f | Ui d stream 1137 is t directed to a tur%lne gener at or
syst em 1180% ishpesHed © modyay oo ofrapded ‘vwlg@mﬂed Ratii Pe a0f ceeral Thevgoft | on
1137a of E&%l pe@ttt Gﬂry"‘&{bléhtﬂgmt ! thlé gp§t§50§ %@klﬁ'&héﬂ &m@?ﬁ@apgﬁds tlntlﬂp bg ©in

t ur bi ne-generator system 1150 to produce an expanded wor ki ng fluid stream
1151 and generate power. In certain exenplary enbodi nents, the expanded
working fluid stream 1151 has a tenperatiure in the range of from about 80
to about 440 "F. In certain enbodi nents, the turbine-generator system 1150
generates electricity or electrical power. In certain other enbodi nents,

t he turbine-generator system 1150 generates nmechani cal power, in certain
enbodi nents, a portion 1137b of the heated working fluid stream 1137 is
d|verted through a bypass vaIve 1152 and then conblned mnth the expanded

A A Pr~a v - .




[ 0064] The internmedi ate working fluid stream 1155 is then directed to one or
nore air-cool ed condensers 1157. The air-cool ed condensers 1157 are a part
of the orwenor2/Hsm3ki ne cycle. In certain exenplary enbo@Crarstel1/053188 or gani ¢
Ranki ne cycle includes two air-cool ed condensers 1157 in series. In certain
exenpl ary enbodi nrents, each of the air-cool ed condensers 1157 is controlled
by a variable frequency drive 1158. The air-cool ed condensers 1157 cool the
hat e: medi ate working fluid stream 1155 to form a condensed working fl uid
strean1115@14¢m(ﬁémtamnme%bnpban94@ﬁbOMKnammsmbthchnd@HSe@ $orikihng fluid
stream 1159 h L efpera t f.f apout out 150
"E “The oonancul bRk e bR o RIS b B
1160. The wphnp ckp6@ed @otai agahtd sofart Bgl ‘(orpg(ahrﬁcalﬁaﬂakmd@ ecwrkeg b sgeant ai n
exenpl ary sembodi ment s 11601 i v@rl frequency
drive 116f:'D*Tﬁ”‘e“r‘r%ri “i”f‘é@)‘ P *h‘é’ﬁg%% nlé“eo‘r‘””ﬂogn y“‘% ?%Sf%?eam 1159
to a higheﬂm@n@ssmnanﬁmxpﬁ@dm@bomﬁ@mwmnkﬂﬁgﬂfIU|d strean11136 that is
directed to.the he 0065] 3 ct at . recovery
system 12%{8)“5ﬁc0r d%t}?(g %&g%o [W‘”Q%g’x mé;f C%E%Q%ng%c *‘%w hogl”ﬁre%} “Pcovery
systen112@®ﬂ@tcmMQmsaﬁe" §h¢h@ﬁ0®@tonﬁhsds§bbve«Mpthoﬂ@ganﬂnmd%MEEw
recovery § )0 28 pL 2chfige . t sake of
brevity, %Egﬁgkﬁﬁgr?$?§§%p ﬂ%ﬁ 5ﬁgbé£r%§%% é%&‘é?gfﬁbeﬁﬁ¢wuﬁé#é$%%ng now
to FIG 12¢ndeversi t7ernnedicat elnworkinng:cfiplersd csbodamid 186¢5 of shdizreectled t o one
or nore "‘%%cm Q9584 C%HQ NEARDAE w%%ézfc%ﬁ%a&y\@h@r)ﬁgoqngqf%9&%@%@&1 g 227 are
a part of gani c nki ne c ain exe ments, the
organic Réhk@awétbcyr:dlemﬁwtc ades: fimbs tman 863 ts\ooﬂnedwcmdndem@fksw 1RERtam ser i es,
The wat er ygo0led. conden: E&\ %&ﬁm ?O'f tbo @&{lv&‘&gg%l a{i&i"‘mﬁ g f,luid stream
1155 to form a condense d str ertain exenplary
enbodlnent@Mhtmecebmdensedimpmkﬁn@§%Huma&sﬂ6%§n1I@S@mhasahwvénpe&amure in

t he range feQ W 1 he rking. fluid

St eam 1280 75 Preara el Rk R S 4 I IR L e
pressure Lmi@rddu@emvhacmpM%1ngb¢ﬁmﬁw$,SbreammeQ&SUWatﬂkéidane&néduto t he
heater 1133, [0Q0 erpil 1 L0 T Y S C T - W0 | & Goyery system
1300 for §tff%Z|%§L§%&a§%g ﬁmggnggﬁgbg%é%ééggggk{%@%%ng%ﬁ%g gﬁg %urblne
1302 is shuwr.prdssircenteline @b wersmatiinkesuswh 64 treins dircctei & GaseatauPbi. ne | s

repl aced a di | general of. o 1 aln di

fuel stream ?50 a(g?@a#ga?f %srl%éé%nﬁggoggl%ﬂwt@ﬁéqg%sg% u](@?ﬁg) % 02 and i's
conbust ed stpprpdubainmer g adretherywastre Hdas tysape ediiet destribebrhot801. I n
certain exgmmlary..sohe I &8 e, heat: by pr sty §am: 1301 has a
t enperature |é dﬁg ranglgn‘g?ts%}&gmﬂab%%?& % toi‘”a%out&iq%% b 1? bg%]%l n
certain e%éﬂﬁiaﬁyﬂeﬂwwdﬁﬂﬁﬁﬂﬁ bt heeaiess hacinedty. bieioroducty 9ﬂﬁéaﬁ$ﬁ@@1 is
directed t0.a. doé L 4&hho V@Aief%ha-?ep%s@mg &an dﬁ&tcﬁl RALAL ef L AvRD. Sxpaust
stream 1309 anc di scharge stream 1 i schar ge strean11é10 can be
directed p@ida““bypéé% Eica*ceskd Tead @némtsﬁeHbdlagtﬂﬁaiﬂgﬁedwtcmgam&aa%m@ﬁher e. A
por t1 on 18095,.0f L1 XBAtSEnSEL FAMLAND EAMDE M b 88wk AudiERboRy vOT Ki NG
fluid stream 1312.. THe portion 1309é of the exhaust stream 1 thermal |y
contacts t:héicmwdi“hbmf\hm»d Toe wetamwkﬂézﬁfahd»t»rlé?héﬁéﬁ Schearmetiplentielinor ki ng
fluid streamdddd.oshn okt RimEXGHRIAN, ATROGIIENLSs. Ghe.nef kiagkl ui d
stream 1312 includes any working fluid Suitable for use in an o ganlc

Ranki ne cyebelmThe ﬂ}?omiij@ﬁ‘vdl‘ﬂggélédﬁid HeapxiPadons o tonwanigeothand:ee ke wor ki ng
fluid str %@ma%%%ﬁ%“%w%ﬁt %ohﬁ‘at;%fa pﬁ?ﬁ%@;g&%H&&%‘f@gt@ﬁbe@%(ﬁgn\%’ﬁ#w%g (f1uid
stream 1314 and uced heat exhaust stream 131 he heater 1313 is a
part of tHe rorgaid enRankivmed ¢y e bigher meseiar taddiex drphaiipe ddodiesredis, the
wor Ki ng fhﬂkgd§&ﬂ%qg&é%;§@@has a tenperature in the range of from about 80

to about F, In certain exenplar
{006 i FIG. 11 shows an indirect heat recovery system 1100 for utilization of an

exhaust stream 1109 from a steam generator 1102, The exhaust stream 1109 is the same as
that described above with regard to exhaust stream 909, and for the sake of brevity, the

similaritics will not be repeated hereinbelow. A portion 110%a of the exhaust stream 1109



enbodi nents, the heated working fluid stream 1314 has a tenperature in the
range of from about 160 to about 450 F. In certain exenplary enbodi nents,
t he heat eslowordd4sp2f | uid stream 1314 is vaporized. |n cecraisnoiessmps ary
enbodi nents, the heated working fluid stream 1314 is vaporized within a
supercritical process. In certain exenplary enbodi nents, the heated working
fluid stream 1314 is superheated. In certain exenplary enbodi nents, the
reduced heat exhaust stream 1315 has a tenperature in the range of from
about 250 ctdbeabibudd 14 000 a Wikihiduid edacdd 1l hete pextmausit‘)asﬂ treanpdld skncan t hen
be direct rihmry stac 01 S Yt r e. In
cor o n exannraPPLIdRA oA AR B00 S RORE SRt O 0 B IRNTE o e
di rect ed tiocaan! lit thm‘ebiat’mmms oatfsetrxubttteﬂm@maam o2 meiung bdi »s@trraﬁigeddto t he
at nospher In cert exenpl di S ort| o] 9

i L %}ﬁyt hr' “8’ hrgg U pas‘gjpv n}lﬁg}m%“%%tlh

alny
exhaust streaVr‘n“m 95?]00 di ver

conmbi ned Wwd: hﬂtttmaxrbentuc.adorh@attdcemstetr&t:metananﬁ:amsmtee oppddugelranbex haust
stream 131 | h xhaust = s 318 has
o omper atape TS e pAHSL IR BF RSk By Tuod BRL Y Hidhe BNURAE A
exenpl ary 1eﬁ2bmdn r«rérntts ch@ extaustiestd eainng 309 susaent 14 eldy dihwetbad t hr ough
t he heater X 0068] 1] sIo] 43 9f . ea ing fluid
stream 13??’9‘"'?9‘%%& gl r@%:gfeﬁg% &ﬂ%i?? %ﬁgmérg%e%a"t or&i %U{& E%gQSI(I)\fQ\K)rist*ere t he
portion 13l4apoftuthe heatwd wiofriahngoftl 30 do sbrueddd 1“314h‘1 sueixpami@éhit 0
produce a | ui a r.at e
certain eg%%ﬁ%&qgeg%\,%é%&ﬁ rkf‘ uﬁlﬂde%e{?%afr?déggl @El%erg%% eam %51 has a
t enper at uplou A6 heatmang® 6f ?ﬂrwrtmabfeutxpiw srodibout, melt)cdlﬁwdl waceqhtﬂaar:
enbodi nent, Fed .0 n I, fI t 1314 is
di verted tﬁerlglu ;ﬁ?g& Qnéé%ﬂpl vfe}milf}g'f ?@4 %ﬁé\{?\ jgé Qn%ibﬁ @9 }5 Jj"ﬂl%ﬁr(r%r&e%‘(}%anded
wor ki ng f hert gx satifreawmlgsl cpothpr bfd@re‘etcarp 3 mtiezrrn”et(dr@tléémi tiusxntgrgbdi #i e st r eam
1355. In cert exe r di L . ten (ng..fluid
St r oam 1360 Post, “EEMBLA e ARG Rk BE S IpRCARERS 22080 el Gas
"F. [0069]1>¢?ebmtie-frr¢teﬁmaftté;» wondel mgelf | uied tstm‘@a&m&@@ﬁlﬁmmmh}mﬁmm thected to
one or &, i 600ked Gondensers, koG« e Alhagosled condensers 4357 are
a part of “The organi ¢ Ranki ne cyct1 fh Certain exerrp ary e iments, the
or gani ¢ R&fikg Aecheyeet & ibnelmydesret vio cario coobl curdenser spa857 IMbséries. | n
certain e Yo ENDodis o I, e] er 57 is
controll egggei)%l;tvsalr%ma ﬁ’é?%%&éﬁ%@ b"&éﬂ 3@ ¢1 @h%kg?lrcgg(o Qﬁ? ]([:lgqntg]gnsers
1357 cool radnesdihattar i satt:env\brﬁkpmg’(ﬁlﬂﬂ dxstseamplIsE. tlo Eormremdndensed
wor ki ng flLuidistream 1 J R Gerd Al ry qemhodi ment hg,condensed
wor ki ng fltuk(gjis%rwgagrgt g%% ﬁa" a terrper at ﬁlr@hl%r% t e 1raU eflaolfabt”trlom aﬁout 80
to about 58! '9F; “Hhelacwridie nsedrwor kitrgrfdngsi @?S@‘ﬁlé&m\tt@’@g i@ tshewrdy r ect ed
to a punp 41360, The, -186Q is a part of the organic Rankine cycle. In
certain exe ‘iatrl nigy}gimtrrents the punp 1360 is controlled by a variable
fr equencyt@léiz}\/e 136‘&1 leaPhe npnln@ 118Bootrtet irass! vhidingdhdersed: Workkiolwg 1 ui d
stream 13§9'1t€trq 35 Q)' tg’tlﬁig wihi &%’§*S*ijt(t§ sttcpmp[lqgu& Em&ih&’ av@latéh%rltt wg%&%&%&m 1312
that is directed t e heater 1313 0070 14 shows I rect heat
recovery syst &m ?M@i‘?tﬁaﬂchﬁ@r diorkgng Suidrigtdrer! ie&erhbt arjpoentd b peive . beTthé heat
recovery systemd#Qds bhe,saum askdhe dssGll Aed AoV Wi Lh wegard to
heat recovery 'system 1300, except as specifically stated bel ow For the
sake of bheayic e W‘t‘ﬁe“iésfilnﬂ@ﬁiiﬂtlﬁe{s Wickiaimotenyry epudinedishée eorkbe bw
Ret el | ing RO {Q6Th&hael fny WG INHGE TBALALE NOUKINGLhyi SyRhECOM 1355 s
then directed to one or nore water-cool condenser3 5/7. Thé water-cool ed
condenser serpbFxegpég cphgdimgts. tthew elﬁ\g?anfﬁléd Rairiki hBYoclpe Ide cmpeiaiger Bahn
exenpl ary £ILOHIRM Sy 406 QAN RAMKINAGCUEL B, NEhNARS LI WRLES - cool ed
condensers I457 in series. The water-cool ed condensers 1457 cool e
i nt er medi atoeiygoikd pepasl WP dbasterienparaBs s the 1ge m aore ebrie ided abwr REthg- f 1 ui d
stream 1459 .|, GeHbBLLEXAIRLAT ¥e SPPAL IR Sy d Q%dfﬁorﬁdﬁﬂsﬁgm%ﬁk'tﬁ‘g fluid
stream 1459 has a tenperature in the range of from about 80 to about 150
"F, The cendensedriporkitmginfnigi de streamiinguidstetieni diy sppregdrotihe punp
1360 and '“3“ efcBitithi REAeLO 1R Rt QDELn i %ﬁ%ﬁ!&%nﬁ& @EQ%Q‘%d RA%%M\DHJ%MQC@LA uid
stream 1312 that is directed to the heater 1313. O71]FIG 15 shows an
i ndi rect heat recovery system 1500 for utilizati on of an exhaust stream
1509. The exhaust stream 1509 is the sane as that descri bed above with
regard to exhaust stream 1309, and for the sake of brevity, the
simlarities will not be repeated hereinbelaw. A portion 1509a of the
exhaust stream 1509 can be utilized to heat a working fluid stream 1512,
The portion 1509a of the exhaust stream 1509 thermally contacts the working
qurd stream 1512 and transfers heat to the V\Dl’kl ng qurd stream 1512
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[007: 2] At | east a portion 1514a of the heated working fluid stream 1514
enters a. heater 1535 to heat a working fluid stream 1536 to produce a
heat ed wowWi2nrp/f48132d st ream 1537 and a reduced heat wor lecmgskédmiossisg r eam
1538. The portion 1514a of the heated working fluid stream 1514 thermally
contacts the working fluid stream 1536 and transfers heat to the working
fluid stream 1536. In certain exenplary enbodi nents, the working fluid
stream 1536 i ncludes any working fluid suitable for use in an organic
Ranki ne cytieis sltpﬁ*@fereﬂailn cewempktamyyare rhodiiment.sthe tﬁkﬂ@tf\dd’[‘ﬁmi Rgkidguihdd st ream
1536 has a_t in the.rang fLrom.abo 10, about, 1 F. In
certain e%err%llnglr%% eéJ odiment s in fhh < eaot‘eI 81\/\%)br Ki %3 m FFUTd st t?eahrﬁ ?%ﬁai has a
t enper at ucebpdimtte apange 1otf4bfof omvablong (116 6Gr¢aon HbébﬁdM\ﬁ@d Frough adepdsai n
exerrpl ary _enbodinent.s, the heated wor StEeam 32 ’ er zed.
in certai n%exgphg mm}mn{% m“?@{]? e J éh(g}g”tgeégv\& Etmc? mﬁﬁd %{Orpé%tm 1537 is
vapori zed aw mthnm?danes upémm@r ttltudcateapr @bﬁ@ss In | qriger ¢amplagx empldansntenbodi ment s,
t he heate r. tr e ertai xerrpl ary
enbodi rren%llt H ﬁg‘tt n%! 3 %\Amo?z‘aﬁln la?ﬁn?f)%%% %]%ai% g&%ﬁgf}% IJgsl agéﬁteggper ature
in the ran@tes o060 e othwabt@mrtn d&& \tv@l\abdhttd 4550 "0 snlircard @iapenbodimént s, a
portion 1 q i t,r I e a bypass
val ve 1533&a%d9\t ﬁ% Olﬁl m hg ;9,%1ﬁe11%§fn6%§§fbﬁ&§ g\\{g btie geqFF& ?gigibxtream
1538 to pﬂwuc&t‘aiwmmtlém i tatﬁ@ werkddmge fvbding Sti¢ etamilﬁél() to prodeertbai n
exenpl ary di ent. roedi rking fluid stream 1540 has a
t enper aturwg)ml%g) ﬂ%%r %ﬁ ‘téhg Qtrﬂgn}ng%%tcgg%@to about 160 F. The internedi ate
wor ki ng f [ticd] st rea‘—\mltl_uﬁﬂ@ piogiodi rié6t edthe dicalep wrpkidS 42id stmare €t §aiinthexenpl ary
enmbodi nen o 154 cant 1, I I f c rive
1543, The Bk ey PReiftab ey aom (3. SRk Pt bl SUARLM 16 10
produce t ﬁem wortiki: d3 Tl o @a sltszrtehmﬂ@mﬂtlh atresant! €¥7sist ﬁtxeattqiemle thelisdbBie- [ 0073] At
| east a porilon 19374Qh 4 ?%dh%a V‘%t} »@%tq Jr‘ttuﬂihs? LLGaM193( g fben
directed £o a turbi ne-generator system 'S a atdfteorganlc
Ranki ne cyeve. iThet mttmmb*yl@@mainwtt He dveatied wwordg thgd fi éumdilst theam 1537 is
expanded in, Lhe W&L?%gg%“ gqt%o SYS1EMoto20 %0 tBréB%% e BlafxRanded
wor ki ng fl Uitd stream generate power. [n certain exerrpfary
enbodi nentwhint-kecakpanded WoP tgpwgﬁtcfsl ftlttcdnstt«'rceaﬂncws‘tlmws dnteeripercdture in
the r angeu(?‘{)ojl‘t%&m a]tpco%tfbi %cg)graéap Qy e 4400 %i"lu fLs GREL AL g d'iH&QlItcﬁ't the
t ur bi ne-generator 'system1 generates efectricity or ctrical power. In
certai n othibrdiwerbodivmeint § [ 37hé trdebihecgondhat @Wcirsysﬁelmd%is@ tyeongr at es
mechani cal t | t b t, ted

by ROV | 5:Co1t ALN SHROM JROY; 1o ¢ heate
wor ki ng FIUd stFt"eam 15:3}7 i's” ﬁ?g\}e%tg%? %r%%g%% Ogﬂa”sgi?ﬁ\zki iL\Q%zgnlrgé}{](gnd t hen
conbi ned_ \mftdhn aamaniexpdntedinos Kidgttdui histle eamn&sIpky privdocetsahe
| nt er medi %tﬁg\%ttt% LD ufx Htug BLEEADs 4299 10s iR b2 S EOPLAL Y GREGL Ment s,
the interned ate wor stream 1555 has a tenperature I n the range
of from abeut 480t o about 445 F, [00741The inter rredl ate working fluid
stream 15aielp therthglntt%t@aqtaterm@ﬂo A2 1 GRRl f CONARRS LR, 557, The
air-cool ed condensers 1557 are a part of the organi c Ine cycle. in
certai n exenped yorslmisedi ent sthet h*‘eu@i@amﬂ@-nﬁam&the Ay beﬂ ioh deudisanie wo
ai 1 - o0l ey GORARRRENS I ARy B8 :ARniploi CAE LAk RXANRL ALY subadigent s,
each of the air-cool ed condensers Is control by "a vari ab
f r equency agrpsied 488G THES Qi serpol @duéemcteﬁsiéms 033@5%%@& cagihef ihﬁtﬁe’r nedi at e
worki ng 1 Liidh shieam 19558 datmed condansedinor g, fhuid, shieam 1559, i n
certain exenplary enbodi nents, t condensed ' wo ng fluid stream 1559 has
a tenper atendensen thé cange le‘tﬁif#i@m abou @Qkit%e&?»@béu‘tS p5@rmR oofidensedndensed
working - Gloigh 84 GATNIGS9 hSADPOMLECLAMbARA, RUTPLRA0y RS RUAP 1560
is a part of the organic Rank ine cycle,” I'n certain exenplary ‘erbod di nent s,
the punp 580 189 borittpobdrdee bytha rapge ii*fatbtﬂeaifwe%juteﬁwﬁ a4 Ve Theemderppg punp
1560 ret uLRsih:i§ Andens el : WRLKNG. & Ll n?pt [@8MLonsht 01 @ Dk ghers L essure
to produce the working fluid stream 153 hat is directed to the heater
1535. [ 00PEREF Bankig: hlews: @i rdey cﬁléetliriﬁrét Gearyrdy st esrteded ceor di ng
to anot heta@%emg%xy arhodigent,s o Jhe | NBALwLEGOVSEYenSHSI &ML 000 o84 he sane
as that described above with regar to heat recovery system 1500, except as
specifically stated bel ow For the sake of brevity, the simlarities wll
not be repeated hereinbelov,i. Referringonowto FIG 16, the internedi ate
working fluid stream 1555 is directed to one or nore water-cool ed
condensers 1657. The water-cool ed condensers 1657 are a part of the organic
Ranki ne cycle, In certain exenplary enbodi nents, the organic Ranki ne cycle
i ncludes two water-cool ed condensers 1657 in series. The water-cool ed
condensers 1657 cool the i nt er medi at e wor ki ng fI UI d st ream 1555 to for ma
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WD 2012/ 048132PCT/ US2011/ 055138 [0076] Referring now to FIG 17, a direct
heat recovery system 1700 for utilizing a heat by-product stream 1701 from
a processwoabimasBZ02 i s shown. Suitabl e exanpl es of precedas2cialos51mBs
i nclude, but are not limted to, distillation colums and strippers. In
certain exenplary enbodi nents, the heat by-product stream 1701 has a
tenperature in the range of from about 170 to about 700 'F. A portion 170l1la
of the heat by-product stream 1701 can be utilized to heat a working fluid
stream 171259 Phehiper preonurd B0kadwé teheorhigatiivhlystpriodud thet s elamtdV0lix¢ hermal |y
contacts ing fluid stream 1712 and transfers heat to the working
fluid strtelé% W%sk In certain exenplary enbodi nents, the working fluid
stream 171®ébhcl udéSC%aﬁy‘s'f\mﬁ lkeh ngdifebUibed: sndtegbbyeicfrol200 secdrtiv@am argani C
Fankine eXel ] nRARLL OB JR1ALRL LUShealy PYRLOSNCH, SLIGRT RIOL and the
fluid str eajn hido amduawsedu«sedl ih@fatcxaxhausstmga}iﬁamcm%l@y Fphiec hatoér 1713
5200 KL IR SEOMILE anll pe Sl erc NG MAGFHSTR] arstcerbal ment s,
80 to abomtter&ﬁ@afeﬁorkmg Ged tsadam EBoenpﬁwyrdembmdmrmmmatet hfeﬁchieca‘mé@hsmr ki ng
fluid str el at4r X t to
about 450%3{1? lﬁ%%éigér?t %flﬁ%d Le(f(hgépnp‘l ag% glrﬁ)pidlﬁtn(gn ea(pg%? J(gt g%‘@moi?{ﬁ%‘gg)f | ui d
stream 17 &knipdary apordizeds, thnogent &prkiexens|iaglydce rm@ddatm ngd ¢ohderhaat ed
wor ki ng f 1,4 am 1714 i Li.Zed- W t hi uper c. cal..nr.
Cortai n exor S oo st AL A bR Ao SHPRE L AL EREST
super heat éd5 priveer raidanes ewpliar Juid bodi h:ér%t én ctihen pedpbede mieaitrr@%haust
streaml? astemeratyre. i.n f abg out 500
T e R e BT
at mospher ebouk R5TET t@kroekeyrpharingfbddirmentFp lampr@rima@d t«lﬂ@]&bmﬂ 1f>ihe heat
by- product, st 0L s, rted thr , 7 t hen
corbi ned i Th TR Ll R Feaf bl AN R BASR AR IB (hILuRRE et
st r eam 17 k8he baptec éi¥5ai n exerrpl ary enbodi nents, the exhaust stream 1718 has
a tenpera int S QJ‘ <0 b 9..ahal 1Od:f 5 éaln
exenpl ar yt[debrr?godl ne%ist" %{%%gmheai{&bglg %r(g %1(}?*%81%&2& %‘;bg |9s eoﬁ'iki?rle d| rected
t hrough t kesthéet by-p7a@ strfa@0 0] Aton] astt r&mpdpiﬁii pnhdwi 4ig cofiain higcripdiat ed
wor ki ng -f, ‘??:”% ted JHED Nes gengrator. system
1750 wher }pH%gm%%}tl 0 %%i‘la %Jg,@% hgegt%e of ?In% f( lfllk’d{}?g’l reé%g1?%14 IS
expanded ewbphodice fanl sespahtBdioion kirgefo urQﬁ et elangad 78inandgexer at e
1751 has & P e Ao a AR e ar P b Aboar 80 T about” 440 F T
certai n enbudilarenmsodigegorid Wnstwqmby@fodvﬁem heati el bmr&iemgcvfimlm o e eam
1714 is di. \ﬁgige{qﬁ‘% Jﬂgogpég;@ A.Rypass-val ve 1752 and then conbined with the
expanded stream 1751 to produce an internedi ate workin
fl 5i d str é@ﬁﬂl?SS Ep nu@eirct%amniaexemmﬂezwgtsewb@@mem $y-pradectisheear pdiiat eg
wor ki ng flti oSt el 58, Nafsanl QIPEE A MECql ko RS hAROE 0 hEomapout 80
t o about 25% dFE [0078 The ?nt ermedi at 8 wor ki 1&( 1 f(u?d stkream)175£5 is then
direct ed tocigres sgramd? - allre- th%eélefd%tsemdiéh%@lsbelt Evtud The batess gosl iéd!
condenser §,d 487 0,84 RAGL «Bloshie. O JANEE  7ANKE AE NGl Syl RO ALY
exenpl ary enbodlnents the organic nki ne cycl e includes two air-cool ed
condenser stHZPg P fagt eepike& iiullfirﬁt@emtiéﬂh Ebcarpplicar YORBdEH ardmsssireericdiOBf t he
17 5h The O o T B B A A YRS T o
st r eam 175%atrol3f &r incartdo poarsedewodkiag. BF otk hadicams591? ingludssppai n
e e e R el T R L
wor ki ng f Kigagn é&%eﬂeﬁqﬂﬁsgrﬁﬂe HHe Aty etiettior @ laa?pum%ﬁlmaeédt%e heeiap 1760 is
a part of »&;H&a«%ﬁ@@% %mR@ﬂMrﬂ% r&iﬁ%zl:@%a ALGEr &aLR 1 exenml ﬂf Yer§TPOdLgBRNts, the
punmp 1760 is controlled by a variable frequen drive 1761. The punp 1760
returns tkethecrgandedinpeiindofckigig cempéantarsgueg, Schighes pdesste to
produce t he;wog Iﬁ't%d@'ﬁﬂé ¢h &L [’i%génﬁ]{?&g alcheko oS BhiN8g e dint &n@@x&% r 1713.
[0079} FI G rlrts) Zhowsta '?'Ihr e(r:]t Peat recovery tsystigo(l)SOO ?(r:]cor di ng tot ﬁnt(:)t her
exenpl ary enbodi nen e heat recovery system is e sane as a
descri bed above with regard to heat recovery sysbem 1700, except as
specifically stated bel ow For the sake of brevity, the simlarities wll
not be repeated hereinbelow. Referring nowto FIG 18, the internedi ate
working fluid stream 1755 is then directed to one or nore water-cool ed
condensers 1857. The water-cool ed condensers 1857 are a part of the organic
Rankl ne cycl e. In certal n exerrpl ary enbodi rrent s, the or ganl C Rankl ne cycl e
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[ 00801FI G 19 shows an indirect heat recovery system 1900 for utilization
of heat by- product stream 1901. The heat by-product stream 1901 is the
sane as twetotessrszbed above with regard to heat by- proaattussemnessmd 701,
and for the sake of brevity, the simlarities will not be repeated

her ei nbel ow, A portion 190la of the heat by-product stream 1901 can be
utilized to heat a working fluid stream 1912. The portion 190la of the heat
by- product stream 1901 thernally contacts the working fluid stream 1912 and
t r ansf er s chbatiméngs, ti“mémt‘mbmtorhirg: flidibigbast rédmmd9 t2paBurd abhersexamples of the
wor ki ng fl ,291n ude u Le Vatery . |l ycol s,
t her m nol ?Lhﬁgig ké?%es al ke %h(girwgdr%ﬁl%%cha%'QKMW?WO e aid
hydrofluosmwarbﬁﬁgssearbeh dm@mnmee(fﬁﬂywcn@@@mg&rahtsynamdmﬁn%t®ﬁ@s of

ot her hydrgc qq 190, 1a of the, heat, | oduct
stream 1901 %qgﬁe ik “%t“r““g”gt%‘”é VL2 St et T8 RS %‘%1%[

produce aﬁhéaMeﬁwmmnkﬁhgiﬁmundSEHme@mnﬁ@@ﬂiand%alwedubedmﬁeammemhaust
stream 19 |5 t g, £d.u ream
1912 has %Sdtmecdr}}cgt ‘tﬁa%st \trt. npt at{ag ?’J{gjfg %n(g{r'rl] tg mta%f §§ otng abgﬁtoﬁt() ig’iz)o _
certain exe’rfp‘lf*artyw e&dbadnnem@wtsh@nheaﬁedlw%@ digeibd i abrstaresimk 1914 has a
t enper at ur e, e sl b @m bg 455 |n
exenpl ary atg ng émpv%d t(")inl% ﬁ%}ur{% gce H]tn e§§ HS]Qt ,?Ej?rgx%{%iiga%s 161?_3&%@&? {rg i‘?

per at ure mdlatahewaanijé 5 ofin for Greviad outn 1@@@@@*‘&!@@1}%5@:@ ptifE. to Fhieg rhsdia@efti heat
exhaust stream 1915 c [ €. n
exenplarykt% &g%"%xc %?“;Q%' 1@%&?3@?%&%1ﬁ %oﬁ%ﬁ?% %%ﬁg h%?gS%%§%n11901
i s divert éd% hrbughd di“btyma@évmai veadve] 37 'add“aftnhemﬂmwdbuﬂedmmsthut hetreduced
heat eXhalé\% &t\{rgﬁmzjr%? I'h&)dnzp 199&1%.?51 a*neaglxlga‘s u.%ltzg}g %rgmt]p ATV em o%itge%qt ai n
exenpl ary enbod the exhaust stream 1 rature 1n the
range of tlrmn@bmat:m@@ﬂi%obaabm;k&mc i the retnem o,ﬁairrstlaabp exﬁhiplaaw 1éPbedi ment s,
t he heat r c el ater
1913, [OOE{T de%ﬁ Eﬁaa%g}rht?’?“g% t!“gijjg&of The ewﬁégtée gﬁ\/\b&lﬁzﬁghﬁ{}%ﬁgtream
1914 entehsat@ ! héﬁat er 1935 to heat a working fluid stream 1936 to produce a
heat ed wordgsng f1uid sty eam. 1934 ande A nedus el Neat, MorkiNg 1] w gt ream
1938. The portion 1 1%% ogﬂké 3Lheatgd ﬁor%y& qﬁd%admgpreamigl%thernalIy
cont act s thestatop kitrgiokicoickist welam! 3986 mrrdutpoan@f it 4 Heht bewdtinekinpr ki ng

fluid str I | k S, ahieswar kisag fLuid
streant19ggﬁ:&&%gdgsmaﬁ$%§g&ﬂl éﬁngé E?%%?g%ﬁ%r’ggg T%dijggﬁgaic

Ranki ne cyelcete gavee einteaitan ewewbhar@@mtmdi trhentr@ndctih@ﬂwﬂtmhg chinuiBdl st ream
1936 has LAt une dn.the, fonf ot 0,"F. In
cortain eltnorary erppdrnant e FPRaRR TR ke AP e B EPMEIESY hao &

t enper at upetion 1th¥é xﬁarrg@a@ﬁ Woriong bidutreabs 03 tots ab@dtd thsﬁthdlbmmer tlad n

exenpl ary , esbodi frRn tamxﬁ%pe w%attsdair%&iiwa thmsgute@msl?gg LY ARQr i zed.

In certain exenp odi nent s eat ed wor k Tul gream1937|s
vapori zed Htmfthhthﬁic & owtﬁeﬁilmi rfttﬁ@aﬁbpriee e exeppiser qnatOﬁmexeﬁbt wrymedviodi ment s,
the heat e%rtarghtn@qtmgn@vstaeg%%@? b SUREINERLGHe, kD LRLLAS exenpl ary
enbodi ment s he reduced "heat ing f dstream 1938 has a tenperature
in the raﬁ@é%f f r dite abouedigs wokiabiud ‘*31?5’5“ RS pthaveluegphiosgisodinment s, a
portion 1%114901&f adt@@ts\é@rlklﬁng Ttll ufindw%g %%c‘]‘tgjr 135’ C&' Ve?&gr@@fttm Qlugrﬁ(, a bypass
val ve 1939 and then conbi ned re duced heat working f ui d stream
1938 to prediueecyals. ﬁht»efrarredqce:lpiewm?t@ﬁh@nﬁl P drasbe daniinoa0le infudsetwai n
exerpl ary .enhad] FEALSers LBS! INGRETCR ALe WEKING dbblithe 3t &AM 18¢0;has a

t enperat ure In the rang from about about

i nt er medi at@cdwriinags f B o a@t}t@hﬁht%@ﬂﬁ@u d‘lwﬁiedt‘eéﬂ‘t@i%g pdﬁr}p dtt%tzicd I n
certain e%arseltersyrﬁmgd' AENL S the rewtplgt%g !rt;sanp(?@‘w Qf lg%t PYoReli@f i abl e
frequency drive 1943. The punp 1 returns Internmedi ate working fluid
st ream 1940 iﬁ)ruédtf@e Bh% W‘ﬁ%ﬁlhg‘wﬁilplﬁiidﬂgitqdwbl@i@ adped entkersstitithe heat er
1913, [0082).A¢ skeast, t%&@&t&v‘c%‘ atl:ga%7@-0tq{tm§ Reun@al St k&N g pE U’fﬂdgmgtﬁ ream
1937 is then directed to a turbi ne- generator system 1950, which is a part
of the organin Rankivne oyt kehermiigcipoitd o b8?a Tef vite  Hédt eaaweiRé ng 1 uid
stream 1937.h;s pexpanded. kN 4b8 n&é—!ﬁﬁ!u?‘émg&ﬂ&&@é Qe 2¥%p18R $920:410; py pduce an
expanded working fluird stream 1951 ahd generate power. |In certaln exenpl ary
enbodi ments, the expanded worki ng fI uid stream 1951 has a tenperature in

t he range of from about 80 to about 440 22F. in certain enbodi nents, the

t ur bi ne-generat or system 1950 generates electricity or electrical power. In
certain other enbodi nents, the turbine-generator system 1950 generates
mechani cal power. In certain enbodi nents, a portion 1937b of the heated
working fluid stream 1937 is diverted through a bypass valve 19:52 and then
conbl ned W t h the expanded wor k| ng fl ui d stream 1951 to pr oduce an

- . oA N - . B N Y L



?Ih:a- g?ggﬁ?ccﬁgﬂﬁ?ﬁgri 1|957. I The air-cool ed condensers 1957 are a part of
Ranki ne (,W0|2912i/(]2I813ude)s/Cte’ n certain exenplary embodiments, the organic
exenpl ary_ enbodi ment s WOhaI ][-cool ed condensers 1957 i mCIAIs2@3/053168 certain
by a variable fre Nent egC_ 0 1the ai r-cool ed condensers 1957 is controlled
it or medi at e wor k?n fly _(rjl ve 1958. The air-cool ed condensers 1957 cool the
stream 1959. In cer?ai nUI stlream 1955 to forma condensed working flund
stream 195@idbas @utrenps e;(gglrirpnary enbodi ment s, the condensed working f | uid
"F. The cqng}ens ppsTatiile Thaptie e o i atlonliB0 oy sabout 150
1960. The punp elg‘%\éf@ prs.:.sugc {U I%leﬁgufcgli e :‘»chl'gmamuéd %ag.ihqg d{hateCtd?ngt%LPté)eP ;Imr::
b
S;(ie\r/ne)l zilr9>é emjldglgﬁnt Sl?t herg;mp 1960 is cgnt rolled by a variable frequency
to a highér ?essu?{g( togq?ﬁﬁ“ 1h “ﬁ e Cﬁ?‘r’]‘“‘?‘f’ ]Sd@nw‘m 09 [l fg) ? o Rm 1959
directed tamntﬂhe heatden 19 ;;J U'd stream 193
syst em 2000, ac( yrg 18,20 te[gwﬁﬁpﬁlﬁte@m@h@m i mnmmr‘Emﬂbb‘bm‘‘“5GCOVery
Sy St o 2008 FEAN 409,48, AQLIRN LEX SURLALX, STRAH RN I Lo gpovery
L?g\?;’te;y S%nsﬁ:emrlgﬁﬂlwﬁtgxeﬂbtnoabe specid haahicvst &t:redmgeioe;w\r o W6r 16.hde sake of
to El G ' 28 &1{1 le11<&€ & rélrlh_e il%\{sgéa\;\g?t&?sﬁ% g%g %%Le[ %g(gl’g gs‘%&gv \‘ngf %{; lEng now
or nore wa@@lcmctsdkiéﬁ ‘Bondenseris! @08RserThe 7wat mm €d to one
a part of (the arganiec R&H cycl e fparicy c@dgao@mensews:iczom are
bt ol R SO ST IR b ST SR SRR, (1
seri es.
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[ 0086] The present application is generally directed to various heat
recovery systens and nethods for producing electrical and/or nechanical
power fronoaotpeagidzource. The exenpl ary systens may i nclpaatasaotheaii3s
exchanger, a turbine-generator set, a condenser heat exchanger, and a punp.
The present invention is advantageous over conventional heat recovery
systens and nethods as it utilizes heat that would otherwi se be rejected to
t he atnosphere to produce electricity and/or mechani cal power, thus

i ncreasi ngerprtocess tebfing lierheized m@]atﬁfwmhexfeoﬂe ceAtaﬁree‘cpmeBtanttir‘ﬁodinmtsi on is

wel | adap&;&%o%? s@RbLAL ctxpauxtﬁ%ggm 9(?1 %‘q"ani ah”%%;za%’ ‘a“q yell pas those

that are her ent therein caf osedL above are
i1l ustrat iwebiond with ‘asﬁdh@dm&s&m‘stlxnmmh ono yiudaealw&!dmxftlsedmah’ﬂ éspriactl ced
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pat ent ee. rocess [i°’zi'ng process eat by- rom refinery
oper at i onggat @o‘ﬁrp M)Sxﬂ'mdimfhﬂmmsib 3 U <praoe @@mpb}mdcrd)tﬁmndths wospraobeds, the

first sub RLAC 3R FAIRE Ia§3! Qfgrkgi!ggeﬂﬁ& %L%ﬁzbgfﬁn‘ use i an organic Rankine cycle. In
certain excmplary embodiments, the working fluid stream 1536 has a temperature in the
range of from about 80 to about 150 °F. In ceriain exemplary embodiments, the heated
working fluid stream 1537 has a temperature in the range of from about 160 to about 450 °F.
In certain exemplary embodiments, the heated working {luid stream 1537 is vaporized. In
certain exernplary embodiments, the heated working fluid stream 1537 is vaporized within a
supercritical process. In certain exemplary embodiments, the heated working thuad stream
1537 1s superheated. In certain exemplary embodiments, the redoced heat working fluid
strearn 1538 has a {emperature in the range of from about 85 to about 155 °F. In certain
embodiments, a portion 1514b of the working fluid streamn 1514 1is diverted through a bypass
valve 1539 and then combined with the reduced heat working fhud stream 1538 to produce
an intermediate working fluid stream 1540, In certain excmplary cmbodiments, the
mtermediate working fluid strearn 1540 has a teroperature o the range of from abowt 85 1o
about 160 °F. The intermediate working fluid stream 1540 is directed to a purop 1542, In
certain exemplary embodiments, the pump 1542 is controlled by a variable frequency drive
1543. The pump 1542 returns the intermediate working fiuid stream 1540 fo produce the
working fhuid stream 1512 that enters the heater 1513,
[0073] At least a portion 1537a of the heated working fhuid stream 1537 ds then
directed to a turbine-generator system 1558, which is a part of the organic Rankine cycle.
The portion 1537a of the heated working fluid stream 1537 is expanded in the turbine-
generator system 1550 to produce an expanded working fluid stream 1551 and generate
power. In cerlain exemplary embodiments, the expanded working fluid stream 1551 has a

temperature in the range of from about 80 to about 440 °F. In certain embodiments, the
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a) directing process heat by-product froma refinery operation to a heater;
b) thermally contacting in said heater the process heat by-product with a
wor ki ng fwoi2diz@sseol the process heat by-product to fororaseaalossdss

by- pr oduct ; c) exhausting the cool ed by-product to

at nosphere; and the second sub-process conprising the steps of:

d) heating in said heater the working fluid to forma heated working fluid;
e) passing the heated working fluid through a turbine to form an expanded
wor ki ng f kubids-gaherceispstgai idShassing ofctidie dedtcedalwomict ndn fdenidid otter ough t he

tur bi ne dr—ring&%mghtsg%nee{u%ﬁ erectaoir topgosgelflrg: }?:g)n e%];—:fa 0% fan?cl FI[Q tw[eir“CiItl Xcr@a@?
mechani cal’ POWeF: 't)passing the éxpande rking Tiuid fthrough &t T east one
heat exchambatimtis, kgenmica 1 E0hdé nvedaiwbwkikng hidktdam AR g)ipagsi thgugthe
Condensedbc\‘y‘\f}%‘ésk LG fl‘l‘ﬁlil zgndt tlﬂgrp ggnhoig‘gd \!VS@'SL'%& 9\?}%}&5‘ r\rhpmigl%; fﬂg{drrgtream 1551 1o
prodoce an intermediate working fhuid stream 1555, In certain exemplary embodiments, the
termediate working fhid stream 1555 has a temperature in the range of from about 80 {o
about 445 °F.
[0074] The intermediate working fhud stream 1555 is then directed to one or more
air-cooled condensers 1557, The air-cocled condensers 1557 are a part of the organic
Rankine cycle. In certain exeraplary embodiments, the organic Rankine cycle mcludes two
air-cooled condensers 1557 n series.  In certain exeroplary emmbodiments, each of the air-
cooled condensers 1557 is controlled by a variable frequency drive 1558, The air-cooled
condensers 1557 cool the intermediate working fluid streama 1535 to form a condensed
working fluid streamn 1559, In cortain exemplary embodiments, the condensed working fluid
sirearn 1559 has a temperature in the range of from about 80 to about 150 °F. The condensed
working fluid stream 1559 is then directed to a purap 1560, The pump 1560 is a part of the
organic Rankine cycle. To certain exemplary embodiments, the purap 1560 1s controlled by a
variable frequency drive 1561, The pump 1560 returns the condensed working fluid stream
155% to a higher pressure to produce the working fhuid stream 1536 that is directed to the
heater 1535.
(00751 FIG. 16 shows an mdirect heat recovery system 1600 according to another
exemplary embodiment. The heat recovery system 1600 is the same as that described above
with regard to heat recovery system 1500, except as specifically stated below. For the sake of
brevity, the sirailarities will not be repeated hereinbelow. Referring now to FIG. 16, the
miermediate working Juid stream 1555 is directed to one or more water-cooled condensers
1657. The water-cooled condensers 1657 are a part of the organic Rankine cycle. In certain
excmplary embodiments, the organic Rankine cycle includes two water-cooled condensers
1657 1o series. The water-cooled condensers 1657 cool the ntermediate working fluid stream
1555 to form a condensed working fuid stream 1659, In certain exemplary embodiments,
the condensed working fhiid stream 1659 has a temperature i the range of from about 80 to
about 150 °F. The condensed working fluid streama 1659 is then direcied to the pump 1560
and 1s retwrned to a higher pressure to produce the working {huid stream 1536 that is divected

to the heater 1535.

25



sai d working fluid; wherein the first and second sub-processes
are linked via the heater, and wherein first and second sub-processes occur
si mul t anewo212/048137he process of claim 1, wherein the arcCrasstilosasheat
exchanger is selected fromthe group consisting of air-cool ed condensers
and wat er-cool ed condensers. 3, The process of claim1l, wherein said process
heat by-product conprises flue gas or waste heat fromrefinery operations.
4. The process of claim1l, wherein said process 'heat by-product conprises
flue gas f06M a f| Welneat @lwikildCct ackding hemi koovery system 1700 for utilizing a

heat by-product stream 1701 from a process columm 1702 is shown. Suitable examples of
process columms melude, but are not hrotted to, distillation columus and strippers. In certain
exemplary embodiments, the heat by-product stream 1701 has a temperature in the range of
from about 170 to about 700 °F. A portion 1701a of the heat by-product stream 1701 can be
witlized to heat a working fluid stream 1712, The portion 1701a of the heat by-product
strearn 1701 thermally contacts the working fluid stream 1712 and transfers heat to the
working fluid stream 1712, In certain exemplary embodiments, the working fluid stream
1712 includes any working fiuid suitable for use in an organic Rankine cycle. The portion
1701a of the heat by-product stream 1701 and the working fluid stream 1712 enter a heater
1713 to produce a heated working fluid stream 1714 and a reduced heat exhaust stream 1715,
The heater 1713 is a part of the organic Rankine cycle. In certain exemplary embodiments,
the working [hud stream 1712 has a temperature in the range of from about 80 to about 150
°F. In certain cxemplary embodiments, the heated working fluid stream 1714 has a
temperature m the range of from about 160 {o about 450 °F.  In certain exemplary
embodiments, the heated working fluid stream 1714 is vaporized. In certain exemplary
embodiments, the heated working fluid stream 1714 is vaporized within a supercritical
process.  In ceriain exemplary embodiments, the heated working fluid stream 1714 s
superheated. In certain exemplary embodiments, the reduced heat exhaust siream 1715 has a
temperature i the range of from about 20 to about 500 °F. The reduccd heat exhaust stream
1715 can then be vented to the atmosphere. In certain exemplary embodiments, a portion
1701b of the heat by-product stream 1701 i3 diverted through a bypass valve 1717 and then
combined with the reduced heat exhaust stream 1715 to produce an cxhauost siream 1718, In
certain exeroplary embodiments, the exhaust stream 1718 has a teraperature in the range of
from about 90 to about S10 °F. In certain exemplary embodiments, the heat by-product
stream 1701 is entirely directed through the heater 1713,

(0771 At least a portion 1714a of the heated working fluid stream 1714 is then
directed to a turbine-generator system 1750 where the portion 1714a of the heated working
fhuid stream 1714 is expanded to produce an expanded working fluid stream 1751 and
generate power. In certain exemplary embodiments, the expanded working floid stream 1751
has a temperature in the range of from about 80 to about 446 °F. In certain embodiments, a
portion 1714b of the heated working fhuid stream 1714 18 diverted through a bypass valve

1752 and then combined with the expanded working fluid stream 1751 to produce an



WO 2012/ 048132PCT/ US2011/ 055138 5. The process of claim1, wherein
sai d process heat by-product conprises heat by-product generated by
di recti ngwblzoe/gss2f rom a fluid catal ytic cracki ng regereratses 1065138 wast e

heat steam generator for generating steam passing said flue
gas through an electrostatic precipitator to renove catal yst fines present
in the flue gas, and recovering the process 'heat by-product
fromthe flue gas exiting the electrostatic precipitator. 6. The

process omﬁ@ha&mnh®%M§ﬂwﬁsmwaﬁd5brm@e$@ihe&@mbyﬁ@ﬁdmmmﬁ b@h@ﬁ&@ﬁseheat

by- product vl etEm& \%aan 755 has at &,I%ptwﬁtwi m!‘t cltmé,rlq %om a%teﬂf %6%{* cibout “f‘ lui d
catal ytic cracki g regener at or (o] erei he as ‘conpri ses

car bon nof@xXEde, T‘m intermediate working fluid sm,am 1755 15 then directed 1o one or more
air-cooled condensers 1757, The air-cooled condensers 1757 are a part of the organic
Rankine cycle. In certain exemplary embodiments, the organic Rankine cycle meludes two
air-cooled condensers 1757 in series. In certain exemplary embodiments, each of the air-
cooled condensers 1757 is controlled by a variable frequency drive 1758, The air-cooled
condensers 1757 cool the intermediate working fluid stream 1755 1o form a condensed
working fhuid stream 1759. In certain exemplary embodiments, the condensed working fluid
stream 1759 has a temperature in the range of fror about 80 to about 150 °F. The condensed
working fluid stream 1759 is then directed to a pump 1760, The pump 1760 is a part of the
organic Rankine cycle. In certain exemplary embodiments, the pump 1760 is controlled by a
variable frequency drive 1761, The pump 1760 returns the condensed working fluid stream
175% to a higher pressure to produce the working fhud stream 1712 that is directed to the
heater 1713,
(60791 FIG. 18 shows a direct heat recovery system 1800 according to another
exemplary embodiment. The heat recovery systera 1800 is the same as that described above
with regard to heat recovery system 1700, except as specilfically stated below. For the sake of
brevity, the similarities will not be repeated hereinbelow. Referring now to FIG. 18, the
termediate working fluid stream 1755 is then directed to one or more water-cooled
condensers 1857, The water-cooled condensers 1857 are a part of the organic Rankine cvele.
In certain exemplary embodiments, the organic Rankine cycle inclodes two water-cooled
condensers 1857 in series. The water-cooled condensers 1857 cool the intermediate working
fluid stream 1755 1o form a condensed working fhuid stream 1859, To certain exenplary
embodiments, the condensed working fluid stream 1859 has a temperature in the range of
from about 80 to about 150 °F. The condensed working {fhiid stream 1859 is then directed to
the pump 1760 and is returned to a higher pressure to produce the working fluid stream 1712
that is directed to the heater 1713,
[00R0] FIG. 19 shows an indirect heat recovery system 1900 for utilization of heat by-
product stream 1901, The heat by-product stream 1901 is the same as that described above
with regard to heat by-product stream 1701, and for the sake of brevity, the similarities will
not be repeated herembelow. A portion 1901a of the heat by-product streamn 1901 can be
utilized to heat a working fluid stream 1912, The portion 1901a of the heat by-product

strearmn 1901 thermally contacts the working fluid stream 1912 and transfers hest to the



conmbusting the carbon nonoxide in the boiler to generate steam

passing the flue gas through an electrostatic precipitator to renove

cat al yst woner/@ssgent the flue gas, and r e ®QTAISR201Q/053188 pr ocess
heat by-product fromthe flue gas exiting the electrostatic precipitator.

7. The process of claim1l, wherein said process heat by-product conprises
recovered heat froma high tenperature reactor, 8. The process of
claim7, wherein the high tenperature reactor is a fired heater or an

I nci ner at ewrking fluid stre@m [Phe &ﬁmblesszmqﬁe%cifaiemﬁ‘kinmﬁa‘ﬁeirwnsbﬁ1@1 ilvdaltdnti s

integral to A GOMMEG! 190 SEGLLO TPhinhD Bl L &EMREEAL Ui L ARG oons,
hydrofluorocarbons, carbon dioxide (CO2), refrigerants, and mixtures of other hydrocarbon
components. The portion 1901a of the heat by-product stream 1901 and the working fluid
stream 1912 enter a heater 1913 to produce a heated working fluid stream 1914 and a reduced
heat exhaust stream 1215, In certain exemplary embodiments, the working fluid stream 1912
has a temperatore 1o the range of from about 85 1o about 160 °F. o cortain exerplary
embodiments, the heated working {luid stream 1914 has a temperatare in the range of from
about 165 to about 455 °F. In certain exemplary embodiments, the reduced heat exhaust
stream 1915 has a tcroperature 1o the range of from about 90 to about 500 °F. The reduced
heat exhaust strearmn 1915 can then be vented to the atmosphere. In certain exemplary
embodiments, a portion 1901b of the heat by-product stream 1901 is diverted through a
bypass valve 1917 and then combined with the reduced heat exhaust stream 1915 to produce
an exhaust stream 1918, In certain exemplary embodiments, the exhaust stream 1918 has a
temperature in the range of from about 90 to about 510 °F.  In certain exemplary
embodiments, the heat by-product stream 1901 is entirely divected through the heater 1913,
[0081] At least a portion 1914a of the heated working fluid stream 1914 coters a
heater 19335 to heat a working {fluid streamn 1936 to produce a heated working fluid stream
1937 and a reduced heat working fluid stream 1938, The portion 19i4a of the heated
working fluid stream 1914 thermally contacts the working fluid stream 1936 and transfers
heat to the working fluid stream 1936, In certain exenplary embodiments, the working fhad
stream 1936 includes any working fluid soitable for use in an organic Rankine cyele. In
certain exemplary embodiments, the working fhuid stream 1936 has a teraperature in the
range of from about 80 fo about 150 °F. Iuo certain exeroplary crobodiments, the heated
working (huad stream 1937 has a temperature in the range of from about 160 to about 450 °F.
In certain exemplary embodiments, the heated working {huid stream 1937 48 vaporized. In
certain exemplary erbodiments, the heated working fluid stream 1937 is vaporized within a
supercritical process. o certain exemplary embodiments, the heated working fluid stream
1937 ia superheated. In certain exenmplary embodiments, the reduced heat workmg thad
siream 1938 has a temperabire in the range of {rom about 85 to about 155 °F. In certan
embodiments, a portion 1914b of the working fluid stream 1914 is diverted through a bypass
valve 1939 and then combined with the reduced heat working fluid stream 1938 to produce
an intermediate working fluid stream 1940, In certain exemplary embodiments, the

termediate working fhid siream: 1940 has a temperature in the range of from about 85 {0



10. The process of claim1, -wherein the working fluid is selected fromthe
group consisting of organic working fluids and refrigerants, 11. The
process oVochmymsmB2 wherein the step of heating the worlkcmgistémiossis® f orm
the heated working fluid conprises vaporizing the working fluid, WD

2012/ 048132PCT/ US2011/ 055138 12. The process of claim1l, wherein the step of
heating the working fluid to formthe heated working fluid conprises

vapori zing the working fluid within a supercritical process. 13.A process
for utilizbmg9BSt eltheatripyliapr oduot fugompai SPHDLs directed to a pump 1942, In

certain excrplary embodiments, the pump 1942 is conirofled by a variable frequency drive
1943, The pump 1942 returns the intermediate working fhuid stream 1940 to produce the
working fluid stream 1912 that enters the heater 1913,

[082] At Jeast a portion 1937a of the heated working {luid stream 1937 is then
directed to a turbine-generator system 1950, which is a part of the organic Rankine cycle.
The portion 1937a of the beated working fluid stream 1937 45 expanded in the turbine-
generaior system 1950 to produce an expanded working ffuid stream 1951 and generate
power. In certain excraplary embodiments, the expanded working fluid stream 1951 has a
temperature in the vange of from about 80 1o about 440 °F.  In certain embodiments, the
tarbine-generator system 1950 generates electricity or electrical power.  In certain other
embodiments, the turbine-generator system 1950 generates mechanical power. In certain
embodiments, a portion 1937 of the heated working fluid stream 1937 is diverted through a
bypass valve 1952 and then combined with the expanded working fhuid stream 1951 to
produce an intermediate working fluid strearn 1955, In certain exemplary embodiments, the
intermediate working fluid strearmn 1955 has a teraperature in the range of from about 80 to
about 445 °F.

[(083] The intermediate working fluid stream 1955 1 then directed to one or more
air-cooled condensers 1957, The air-cooled condensers 1957 are a part of the organic
Rankine cycle. In certain exemplary embodiments, the organic Rankine cycle meludes two
air-cooled condensers 1957 in series. In certain exemplary cmbodiments, each of the air-
cooled condensers 1957 i3 controlled by a variable frequency drive [958, The air-cooled
condensers 1957 cool the intermediate working fluid sircam 1955 to form a condensed
working fluid stream 1959, To cortain exemplary embodiments, the condensed working fluid
stream 1959 has a temperature in the range of frorn about 80 to about 150 °F. The condensed
working fluid stream 1959 is then directed to a pump 1960, The pump 1960 is a part of the
organic Rankine cycle, In certain exemplary embodiments, the pump 1960 1s conirolled by a
variable frequency drive 1961, The pump 1960 returns the condensed working fhuid stream
1959 to a higher pressure to produce the working fluid stream 1936 that is directed to the
heater 1935,

00841 FIG. 20 shows an indirect heat recovery system 2000 according to another
exemplary embodiment. The heat recovery system 2000 is the same as that described above
with regard to heat recovery system 1900, except as specifically stated below. For the sake of

brevity, the similaritics wiil not be repeated hereinbelow. Referring now to FIG. 20, the
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a first sub-process and a second sub-process, the first sub-process

conprising the steps of: a) directing waste heat by-product to
a heat er ;w0 2012/048132 b) thermally contacting in said Rreatuseotiiossiamst e
heat by-product with a working fluid to cool the waste heat by-product to
forma cool ed by-product; c) exhausting the cool ed by-product

to atnosphere; and the second sub-process conprising the steps of:
d) heating in said heater the working fluid to forma heated working fluid;
e) passingﬁﬂh@&meanﬂdmmﬂmﬁhmgmfHuﬁdsﬁhﬂ@dQ@o&:MUmbbNemt@mﬁ@&mmémmﬁxpanded

working f I“b‘l‘!"/d "The wa{c?lcooii%awg \"Ifk(p;g an an Oihﬂ%aéf%mcv&?ankg 1e gk ilf{ ggrt ngr ough
t he turbine ‘drives a gen er at oduct] on of ‘one of - &l ectri ¢ % and

mechani cakxqpgey ; mﬁimdmmmx the organic Rmkum@,@]engptydwe tex pardedh! m\bgrdgdq'mgarf | uid
through at’i}:} Rast 11@9”?1% \MQL ngﬁgap Lafmgmmr Q()ﬁlc L0 & & rrg Sl »govq g lfimr&g:tr n%“ d. and
1955 to form a condensed working fluid stream 2059, In certain exemplary embodiments,
the condensed working fluid stream 2059 has a temperature in the range of from abowt 80 o
about 150 °F. The condensed working fluid stream 2059 is then divected to the pump 1960
and is returned 1o a higher pressure to produce the working flaid stream 1936 that s directed

to the heater 1935.

[O085] The present invention may employ any number of working fluids in the
organic Rankine cycle. Suitable examples of working fluids for use in the organic Rankine

cycle include, but are not limited to, ammonia (NH3), bromine {Br2), carbon tetrachloride
(CC 14}, ethyl alcobol or ethanol (CH3CHZOH, C2ZHS0), furan (C4H40), hexafluorobenzene
or perfluore-benzene (C6F6), hydrazine (N2H4), methyl alcohol or methanol (CH30H),
monochlorobenzene or chlorobenzene or chlorobenzol or benzine chlonde (C6HSCL), n-
periianc or normal pentane {(nCS5), i-hexane or ischexane (iC3), pyridene or azabenzene
(CSHSN), vefrigerant 11 or freon 11 or CFC-11 or R-11 or trichlorofluororaethane (CCI3F),
refrigerant 12 or freon 12 or R-12 or dichlorodifluoromethane (CCI2F2), refrigerant 21 or
freon 21 or CFC-21 or R-21 {CHCI2F), refrigerant 30 or freon 30 or CFC-30 or R-30 or
dichioromethane or methylene chloride or methyiene dichloride (CH2C12}, refrigerant 115 or
freon 115 or  CFC-115 or  R-115 or  chloro-pentafiuorocthane or
monochioropentafltuorcethane, refrigerant 123 or freon 123 or HCFC-123 or R-123 or 2,2
dichloro-1,1,1-trifluoroethane, refrigerant 123a or freon 123a or HCFC-123a or R-123a or
1,2-dichloro-1,1,2-trifluoroethane, refrigerant 123b1 or freon 123b1 or HCFC-123b1 or R-
123bt or halothane or 2-bromo-2-chlore-1,1,-trifluorocthane, refrigerant 134A or freon
134A or HFC-134A or R-134A or 1,1,1 2-tetrafluorocthane, refrigerant 150A or freon 150A
or CFC-150A or R-150A or dichloroethane or ethylene dichloride (CH3CHC12), thiophene
(C4H45), toluene or methylbenzene or phenyimethane or toluol (C7THE), water (H20),
carbon dioxide (C0O2), and the hke. In certam exemplary embodiments, the working thad
may mchide a combination of components. For example, one or more of the compounds
identified above may be combined or with a hydrocarbon fhuid, for example, isobutenc.
However, those skitled m the art will recognize that the present mvention is not Hmited to any

particular type of working ftuid or refrigerant. Thaus, the present invention should not be
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passi ng the condensed working fluid through at | east one punp to formsaid
wor ki ng fl ui d; wherein the first and second sub-processes are
| i nked viwothe/dester, and wherein first and second subPcprusec@3lssd3occur
si mul t aneously. 14. The process of claim 13, wherein the at |east one heat
exchanger is selected fromthe group consisting of air-cool ed condensers
and wat er-cool ed condensers. 15. The process of claim 13, further conprising
the step of directing the cool ed by-product to one of an incinerator, a
scrubber, candicad st dokeprd oy hoicehausingrnt:id trdess oodhddnibyrons pr odudtset 0 t he
atrn)spher(?w1 §ﬁha§égi%ﬁ§mﬁgof claim 13, wherein said waste heat by-product
conpri ses was st om'a steam generator.

[0086] The present application is generally directed to various beat recovery systers

and methods for producing electrical and/or mechanical power from a heat source. The
exemplary systems may include a heat exchanger, a turbine-generalor set, a condenser heat
exchanger, and a puwmp. The present invention is advantageous over conventional heat
recovery systems and methods as it utilizes heat that would otherwise be rejected to the
atmosphere to produce electricity and/or mechanical power, thus increasing process
efficiency

[O087] Therefore, the present mvention is well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced
i different but equivalent manners apparent o those skilled in the art having the benefit of
the teachings herein. While numerous changes may be made by those skilled in the art, such
changes are encompassed within the spirit of this mvention as defined by the appended
ciaims, Furthermore, no limitations are intended o the details of construction or design
herein shown, other than as described in the claims below. It is therefore evident that the
particular illustrative embodirents disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the present invention. The terms in the
claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined by

the pateniee



17. The process of claim 13, wherein said aste heat by-product is generated
by directing 'vater into a steamgenerator, heating the water with a

heat ed aiwobraasisto form steam and the waste heat by- pPomrsko11/055138  18.
The process of claim17, further conprising the step of diverting a portion
of the waste heat by-product through a diverter valve for discharging to

at nosphere. 19. The process of claim 13, wherein said waste heat

by- product conprises waste heat froma gas turbine, 20. The process of
claim 13, wherein said waste heat b§tpidg8uct is generated by directing fuel
into a gas turbine, and conbusting the fuel in the gas turbine to generate
power arid the™igidt daipedts:

1. A process for utilizing process heat by-product from refinery operations,
COTIprising:
a first sub-process and a second sub-process, the first sub-process comprising

the steps of

a) directing process heat by-product from a refinery operation to a heater;
b) thermally contacting in said heater the process heat by-product with a

working ftuid to cool the process heat by-product to form a cooled by-product;
¢l exhausting the conled by-product to atmospherg;

and the second sub-process comprising the steps of!

d} heating in said heater the working fhuid to form a heated working fluid;
) passing the heated working uid through a twbine to form an

expanded working fluid, wherein said passing of the heated working fluid through the turbine
drives a generator for production of one of electricity and mechanical power;

H passing the expanded working thud through at least one heat
exchanger to form a condensed working fhuid; and

) passing the condensed working thid through at least one purap to form
said working fluid;

wherein the first and second sub-processes are linked via the heater, and

wheretn first and second sub-processes occur simmftaneously,

2. The process of claim 1, wherein the at least one heat exchanger is sclected

from the group congisting of air-cooled condensers and water-cooled condensers.

L3

The process of claim 1, wherein said process heat by-product comprises {lue

gas or waste heat from refinery operations.

4. The process of claim 1, wherein said process heat by-product comprises flue
3 5 3

gas from a fhad catalytic cracking unit.
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by- product. 71.The process of claim 13, wherein the working fluid is
sel ected fromthe group consisting of organic working fluids and
refrier ersiot2812/048132 The process of claim 13, whereirrustda/osiiep of
heating the working fluid to formthe heated working fluid conprises
vaporizing the working fluid, 23.The process of claim13, wherein the step
of heating the working fluid to formthe heated working fluid conprises
vapori zing the working fluid within a supercritical process, 74.A process
for utilizing a hedte bycps odusty |.compnt siihgrocas héat 1-podlt prrogesshand a
second sulgj;_%gﬂ%gg%gﬂmttgh%yfl rst sub-process conprising the steps of:
directing fluc gas from a fluid catalytic cracking regenerator 1o a waste heat
steam generator for generating steam,
passing said {lue gas through an clectrostatic precipitator o remove catalyst
fines present in the flue gas, and
recovering the process heat by-product from the flue gas exiting the

electrostatic precipitator.

5. The process of claim 1, wherein said process heat by-product comprises heat

by-product generated by

directing a fluec gas from a fluid catalytic cracking regenerator to a botler,
wherein the fhue gas comprises carbon monoxide,

combusting the carbon monoxide in the boiler to generate steam,

passing the flue gas through an electrostatic precipitator {o remove catalyst
fines present in the flue gas, and

recovering the process heat by-product from the flue gas exiting the

electrostatic precipitator.

7. The process of claim 1, wherein said process heat by-product comprises

recovered heat from a high temperature reacior.

3. The process of claim 7, wherem the high temperature reactor is a fired heater

Or an ncinerator.

9. The process of claim 7, wherein said heater s integral to a convection section

of the high feraperature reactor.

18, The process of claim 1, wherein the working fluid is selected from the group

consisting of organic working fluids and refrigerants,

11, The process of claim 1, wherein the step of heating the working ffuid to form

the heated working fluid comprises vapornizing the working thaid.
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a) directing the heat by-product to a heater; b) thermally
contacting in said heater the heat by-product with a working fluid to cool

t he heat Wwo-2prxodss2 to form a cool ed by-product; PCT/US201a05H8Naust i ng
t he cool ed by-product to atnosphere; and the second sub-process conpri sing
t he steps of: d) heating in said heater the working fluid to
forma heated working fl uid; e) passing the heated working

fluid through a turbine to forman expanded working fluid, wherein said
passi ng of theﬂheaﬂédpmmmkbﬁQMhiUhdwmhr@ughpbhkm@wﬁbéwe&p@m%msmabg@nerator

for produ Lof .el | C Jrechani c p .
2012/ 0451 35PeH Ot 0o sET e e I S B R s o ougn

at | east onecsheat

13, A process for utilizing waste heat by-product, coraprising:
a first sub-process and a second sub-process, the first sub-process comprising

the steps of:

a) directing waste heat by-product to a heater;
b) thermally contacting in said beater the waste heat by-product with a

working {luid to cool the waste heat by-product to form a cooled by-product;

¢) exhausting the cooled by-product to atmosphere;

and the second sub-process comprising the steps of:

d) heating in said heater the working fluid to form a heated working fluid;

e} passing the heated worlang fluid through 2 turbine to form an
expanded working fluid, wherein said passing of the heated working fluid through the turbine
drives a generator for production of one of electricity and mechanical power;

£ passing the expanded working fluid through at least one heat
exchanger to form a condensed working fluid; and

g} passing the condensed working fluid through at least one pump to form
satd working fhuid;

wherein the first and sccond sub-processes are linked via the heater, and

wherein first and second sub-processes oceur simultaneously.

14.  The process of claim 13, wherein the at least one heal exchanger is selected

from the group consisting of air-conled condensers and water-cooled condensers

15, The process of claim I3, further comprising the step of divecting the cooled
by-product to one of an incincrator, a scrubber, and a stack prior to exhausting the cooled by-

product to the atmosphere.

16.  The process of claim 13, wherein said waste heat by-product comprises waste

heat from a steam generator.

17. The process of clamm 13, wherein said waste heat by-product is generated by

directing water inio a steam generator,
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exchanger to form a condensed working fluid; and passing the condensed
working fluid through at |east one punp to formsaid working fluid;

wher ei n twe 2hiwmsi3and second sub-processes are |inked vipaTtuseothesiies, and
wherein first and second sub-processes occur sinultaneously.

heating the water with a heated air stream to form steam and the wasie heat

by -product,

18, The process of claim 17, further comprising the step of diverting a portion of
5 b4 g

the waste heat by-product through a diverter valve for discharging to atmosphere.

19, The process of claim 13, wherein said waste heat by-product comprises waste

heat from a gas turbine.

20, The process of claim 13, wherein said waste heat by-product is generated by
directing fuel tio a gas turbine, and
combusting the fuel in the gas turbine to generate power and the waste heat

by -product,

AR The process of claim 13, wherein the working {hud 1s selected from the eroup
: £ g

consisting of organic working fluids and refrigevants,

22, The process of claim 13, wherein the step of heating the working fiuid to form

the heated working fluid comprises vaporizing the working fhaid.

23, The process of claim 13, wherein the step of heating the working fiuid fo form
the heated working fhuid comprises vaporizing the working fluid within a supereritical

process.

24, A process for utilizing a heat by-product, coroprising:
a first sub-process and a second sub-process, the first sub-process comprising

the steps oft

a) directing the heat by-product to a heater;
b) thermally contacting in said heater the heat by-product with a working

fhiid to cool the heat by-product to form a cooled by-product;
¢l exhausting the conled by-product to atmospherg;

and the second sub-process comprising the steps of!

d) heating in said heater the working fhuid to form a heated working floid;
¢) passing the heated working fluid through a twrbine o form an

expanded working fluid, wherein said passing of the heated working fluid through the turbine

powers a generator for production of one of electricity and mechanical power;
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£ passing the eoxpanded working fluid through at least one heat
exchanger to form a condensed working fluid; and

) passing the condensed working fhuid through at least one purop to form
said working fluid;

wherein the first and second sub-processes are linked via the heater, and

wheretn first and second sub-processes occur simmbtancously,

(7o
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