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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
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t he desi re@ii‘p@mwwmipem@am\ﬂévwgy tohere are currently several drawbacks
with utilization of an organic Rankine cycle in a refining process or
various flue gas exhaust systens. dhgrgugient technol ogi es have been unable
to reach the necessary efficiencies at the | ow tenperature ranges of these
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ener gy SOWEQ@. SUMVARY 0006£The present inventiqn is d{ rect ed tg )r ocesses
fOI‘ heat L ery fiii 61&1 SFbCCé) g!& 11’1V&1’11101’) a process 1or mawect }‘v Uiizimng process nea

by-prodact from refinery operations includes three sub-processes that occur simultancously.
The first and second sub-processes are linked via a first heater, and the second and thitd sub-
processes are Hnked via a second heater. In the first sub-process, a process heat by-product
stream is divected to the first heater and is atihized to heat a first working fluid stream to
produce a cooled by-product stream and a heated working fhud stream. The cooled by-
product streara is then exhausted to atmosphere. Fo sore instances, the process heat by-
product stream includes flue gas from a fhud catalytic cracking umit or recovered heat from a
high temperatare reactor, such as a fired heater, incinerator, hydrotreater, catalytic reformer,
ot isomerization unit. In the second sub-process, the first working fluid stream is heated by
the process heat by-product stream in the {irst heater to form a first heated working flaid
stream. The first heated working fhid stream is directed to the second heater, and is utilized
to heat & working fhiid stream of an organic Rankine cycle to produce a cooled working fluid
strearn and a second heated working fhud streamn. The cooled working fluid stream is then
passed through a pump 1o form the first working fluid stream.  In the third sub-process, the
working fluid stream of the organic Rankine cyele is heated to form the second heated
working fluid streara.  In certain aspects, the sccond heated working floid stream is

vaporized. The second heated working fluid stream is passed through a turbine-generator set
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heat by-product, wherein such heat recovery is realized by channeling
thermal energy froma process heat by-product streamto an organi ¢ Rankine
cycl e frowowhi2olassbectricity can be derived through a techiuseeidnsiien
generator. The present invention is also directed to systens for

i npl enenting such processes, [0007]1n one aspect of the invention, a
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fluid passing through, one or nore condensers for condensing the heated
working fluid to forma condensed working fluid, and a punp for punping the
condensedwvaani/oagidsl uid to a hi gher pressure to form thecwarskéngsfihui d t hat
enters the heat exchanger. [0010] The features of the present invention wll
be readily apparent to those skilled in the art upon a reading of the
description of the preferred enbodi nents that foll ows. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0011] For a nore conpl et e understandi ng of the exenplary
enbodi mentlsidofestihethprglsent of mpentdndmsen dortdvedadvalritcdgesd theneoflyidref er ence
i s now ma | on | onj. un .
accorrpany?(%al dcrogat?%\&px s 9‘9{'% rﬁ%ldd P{)@B%% 1y d;[‘e%ﬁa %g%&’ m?g WD, ﬁ&l‘[? izl FiG |
is a scheh&$VCW®magmémmomca@h@@ﬂﬁmém@memmt@ysﬁ%nrfmgeut|I|zat|on of waste
heat fro t[{ﬁ‘)]{)]l ui d CI%E @de&w O*G{Laﬁ&lﬂl&%n%q utn’ wﬁi%c%ﬂfﬂ? %pﬁ'\?gnagj t%é\e r{%ii@z’i y

enbodi men
1 the art upon a reading of the description of the preferred embodiments that follows.

BRIE¥F DESCRIPTION OF THE DRAWINGS

(0011 For a more complete understanding of the exemplary embodiments of the
present mvention and the advantages thereof, reference is now made 1o the following
description in conjunction with the accompanying drawings, which are briefly described as
follows.

[0012] 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] FIG. 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 is a schematic diagram of a heat recovery system 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.

00201 FIG. 9 is a schematic diagram of a heat recovery system for utihization of an

exhaust gas stream {rom a steam generator unit, according to an exerplary embodiraent.



[0013]FIG 2 is a schematic diagram of a heat recovery systemfor
utilization of waste heat froma fluid catal ytic cracking unit, according

t o anot hewoexenpBesy enbodi nent. [0014]FIG 3 is a schemamius2dilagilam of a
heat recovery systemfor utilization of waste heat froma fluid catalytic
cracking unit, according to yet another exenplary enbodinent. [001:5]FIG 4
Is a schematic diagramof a heat recovery systemfor utilization of waste
heat froma fluid catalytic cracking unit, according to yet another

exenpl ary [{@dbbdi meftG. [00016JHEkGic Bagren al sbhematicey gbagrianidfaip:ivéat

recovery %PYI%ES q}tsf s?rr’anlilkiﬁ{nia%%%!ng%ne%t rput’lg‘)céggédigg %t ang%éxper Qi% zII:_\ egbg@n%mf i red
heater unit, a(‘?coral ng to an errp?ary'e odr nent . [66%“| IS a
schenmat i c [{@Pagr am ofGal lheatcheweovdrgams pst b feopvent sybemdbi wiizofon of an
exhaust gas stream from a steam geverator umit, according to vet another exemplary
embodiment.
(00231 FIG. 12 is a schematic diagram of a heat recovery system for utilization of an
exhaust gas stream from a stearn generafor unif, according to yet another cxeroplary
embodiment.
[0024] FIG. 13 is a schematic diagram of a heat recovery system for utilization of an
exhaust gas stream {rom a gas turbine unit, according to an exemplary embodiment.
[0025] FIG. 14 15 a schematic diagram of a heat recovery system for utihzation of an
exhaust gas stream from a gas turbine unit, according o another exemplary embodiment.
[(0326] FIG. 15 is a schematic diagram of a heat recovery system for utilization of an
exhaust gas strearm from a gas turbine unit, according to yet another exemplary embodiment.
100273 FIG. 16 13 a schematic diagram of a heat recovery system for ntilization of an
exhaust gas siream from a gas turbine umit, according to yet another exemplary embodiment.
[0028] FIG. 17 1s a schematic diagram of a heat recovery system for utilization of a
process heat stream, according to an exeroplary ermbodiment.
(0297 FIG. 18 i3 a schematic diagram of a heat recovery system for utilization of a
process heat stream, according to another exemplary embodiment.
100301 FiG. 19 15 a schematic diagram of a heat recovery system for utilization of a
process heat stream, according to yet another exemplary embodiment.
[0031] FIG. 20 is a schematic diagram of a beat recovery system for utilization of a

process heat stream, according to yet another exeroplary embodiment.

DETAILED DESCRIPTION

(00323 Hlustrative emmbodiments of the invention are described below. In the interest
of clarity, not all feabires 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 1o achieve the
developers' specific goals, such as comphance with syster-related and business-related
constraints, which will vary from one implementation to anocther. Moreover, it will be

appreciated that such a development effort might be complex and time-consuming, but would



process heat by-product froma tired heater unit, according to another
exenpl ary enbodinent, [O0018]FIG 7 is a schematic diagram of a heat
recovery wWobemm48ms utilizati on of process heat by- prodect/udse@mossifii r ed
heater unit, according to yet another exenplary enbodinent. [0019]FIG 8 is
a schematic diagramof a heat recovery systemfor utilization of 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 syetibelesk br a ptuthe zatertgnnofor dnscexhadistty gal irsthe eammfinoie &estieam

gener at or y%gd,‘sﬁ%g%grdi ng to an exenpl ary enbodi nent WO
2012/ 048155BCT/UE2071/ 055141 [0021]FIG . 10 is a schematic di agram of a
heat recov#By] syst dim fromemitintdngat mopn tefbeder undersiood by reading the following

fesceription of non-hmitative emobodiments with reference to the attached drawmgs wherein
like paris of each of the figares are identified by the same reference characters. The words
and phrases used herein should be undersiood 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 definttion that is different from the
ordinary and customary meaning as understood by those skilled o the ast, is intended to be
imphied by counsistent usage of the term or phrase herein. To the extent that a term or phrase
1s intended to have a special meaning, {or instance, a roeaning other than that understood by
skilled artisans, such a special definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides the special definition for the
term or phrase. Moreover, various streams or conditions may be referred to with terms such
as "hot,” "cold,” "cooled, "warm,” etc., or other hke terminology. Those skilled in the art will
ocognize that such terms reflect conditions relative 1o another process siream, not an
absolute measurement of any particular temperature,

[0034] FIG. 1 shows a direct heat recovery system 100 for utilization of a {lue gas
stream 102 from a fhuid catalytic cracking regenerator unit 101, Generally, the floe gas
strearn 102 is a high temperature heat stream that is generated by the combustion of coke in
the fluid catalytic cracking regenerator unit 101, o certain embodiments, the fhie 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 corplete, at ieast a portion 102a of
the flue gas stream 102 enters a waste heat stcam generator 103, A botler feed water stream
14 also enters the waste heat steam generator 103, and heat from the floe gas stream 102 is
utilized to heat the boiler feed water stream 104 to produce a steam stream 105, In certain
embodiments, the waste heat steam generator 103 generates steam at pressures in the range of
from about 15 fo about 1100 pound-force per square inch gauge (psig). A reduced heat flue
gas stream 106 then exits the waste heat steam generator 103 and enters an electrostatic
precipitator 107, which removes any catalyst fines 108 present in the reduced heat flue gas
stream 106 to produce a reduced fines flue gas sweam 109 In certain exemplary
embodiments, the reduced fines flue gas strearn 109 has a teroperature o the range of from

about 350 to about 80{ °F.



exhaust gas streamfrom a steam generator unit, according to another

exenpl ary enbodinent. [0022] FIG 11 is a schematic diagram of a heat
recovery wobem48ws utilization of an exhaust gas streamCirruseoia/osileam
generator unit, according to yet another exenplary enbodi nent. [0023] FI G
12 is a schematic diagram of a heat recovery systemfor utilization of an
exhaust gas streamfrom a steam generator unit, according to yet another
exenpl ary enbodi nent. [0024]FIG 13 is a schenmatic di agram of a heat
recovery $308fkem f orn atriakd a@atodomnsf whim gx haustigas te eanydupdm ardgas t ur bi ne
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[ 0026] FI G, *rﬁ,J’\ 2 ﬁso aﬁh?ﬁ%tb n(f@rqli ﬁlg\}l‘ La)@bogf % lﬁ%ta o Q}%Qéggvythg}/lsl Q,{Il { Ol

utilization of amftr S , according to

yLt anot héf2.ex émﬁﬁr areg} W@ﬁ‘b@d?mﬂéﬂ]% also enters the bmlex i 10/ 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 streara 115, In certain crobodiments, the boiler 110 operates af a pressure in
the range of from about 15 to about 1100 psig. A reduced heat flue gas stream 116 then exiis
the boiler 110 and enters an clectrostatic precipitator 117 to remove any catalyst fines 11§
present in the reduced heat flue gas stream 116 fo produce a reduced fines flue gas stream
119, In certain embodiments, the reduced fnes flue gas stream 119 has 8 temperature in the
range of from about 350 to about 800 °F.
00361 In certain embodiments, a portion 102a of the flue gas siream 102 can be
routed through the waste heat steam geonerator 103, and the resulting reduced fines fluc gas
sirearn 109 can be combmed with a remainder portion 102¢ 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 126 may be any type of heat exchanger capable
of transferring heat from one fhad stream to another fluid stream. Suitable examples of heat
exchangers include, but are not limited to, heaters, vaporizers, economizers, and other heat
recovery heat exchangers. For example, the heat exchanger 120 may be a sheli-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 like. Thus, the present invention should not be
considered as limited to any particular type of beat exchanger uniess such limitations are
expressly set forth in the appended claims. {n certain other emvbodiments, the flue gas stream
12 can be entirely routed through the waste heat steam generator 103, In certain alternative
embodiments, a portion 102b of the flue gas stream 102 can be routed through the through
the botler 110, and the resulting reduced fines flue gas stream 119 can be combined with the
remainder portion 102¢ of the flue gas stream 102 aftcrwards prior to entering the heat
exchanger 120, In certain other embodiments, the fue gas stream 102 can be entirely routed
through the boiler 110, In yet other embodiments, a fivst portion 102a of the {lue gas stream
102 can be routed through the waste heat steam generator 103, a second portion 102 of the
flue gas stream 102 can be routed through the boiler 110, and the resulting reduced fines flue
gas streams 109, 119 can be combined with a third portion 102¢ of the flue gas siream 102

afterwards prior fo entering the heat exchanger 120, In certain other embodiments, the flue

~3



[0027]FIG 16 is a schematic diagram of a heat recovery system for
utilization of an exhaust gas streamfroma gas turbine unit, according to
yet anot hwo 2erdapi3ary enbodi nent, [0028]FIG 17 is a sclirematse@1dsagr am of a
heat recovery systemfor utilization of a process heat stream according to
an exenpl ary enbodi nent, [0029]FIG 18 is a schematic di agram of a heat
recovery systemfor utilization of a process heat stream according to

anot her exenpl ary enbodi nent, [0030]FIG 19 is a schematic diagram of a
heat recoger \yreesryéﬂémnf drectit ediérZati opheoferd 20 poe dsgnhedtegtskébmtaccording to

yet anot her,, %S%P Saind z@“ﬁod& TROL mﬁ@pﬁ ]b'f'u%m&% Ruifoc? SRGIRL LG i, ggram of a

heat recovery em f or Tiza
corobination to produce an 1.1put flue gas str;,'lm 12:3 prior to entering the heat exchanger 120,

(00373 At Jeast a portion 1254 of the input flue gas stream 125 1s then utilized to heat
a working thud stream [26 m the heat exchanger 120. The portion 1253 of the input flue gas
streamn 125 thermally contacts the working fhud stream 126 to transfer heat to the working
fluid stream 126.  As used herein, the phrase “thermally contact” generally refers to the
exchange of encrgy through the process of heat, and does not wnply physical mixing or divect
physical contact of the materials, In cerfain exeroplary cmbodiments, the working fluid
stream 126 includes any working fluid suitable for use in an organic Ranking cycle. The
portion 125a of the input flue gas stream 125 and the working thud stream 126 enter the heat
exchanger 120 to produce a heated working fhuid stream 128 and a reduced heat flue gas
sireamn 129, In certain exemplary crobodiments, the working fluid stream 126 has a
temperature in the range of from about 80 1o about 150 “F. o certain exemplary
embodiments, the heated working fluid stream 128 has a temperature m the range of from
about 160 to about 450 °F. In ceriain exemplary embodiments, the heated working fluid
stream 128 15 vaporized. In certain excroplary embodiments, the heated 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 fluid stream 128, In cerlain exemplary
embodiments, the heated working {luid stream 128 is superheated. o certam excraplary
embodiments, the working fluid stream 126 enters as a high pressure liquid and the heated
working fhuid stream 128 exiis as a superheated vapor. In certain exerplary embodiments,
the reduced heat flue gas stream 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 to a
termperature just above its dew point. The reduced heat flue gas stream 129 can then be
vented to the atmosphere. In certain exemplary embodiments, a portion 125b of the input
flue gas stream 125 is diverted through a bypass valve 130 and then combined with the
reduced heat flue gas strcam 129 1o produce an exhaust flue gas siream 131 1o be vented to
the atmosphere. In certain exemplary embodiments, the exhaust flue gas stream 131 has a
lemperatare in the range of {rom about 300 °F to about 800 °F. In certain exemplary
embodiments, the entire portion 125a of the input flue gas stream 125 is directed through the
heat exchanger 120, and 1s exhausted to the atmosphere at a teroperature of about 300 °F.
[(038] At least a portion 128a of the heated working fhad stream 128 is then directed

te a turbine-generator system 150, which is a part of the organic Rankine cycle. For purposes



process heat stream according to yet another exenplary enbodi nent,

DETAI LED DESCRI PTI ON [0032] Il lustrative enbodi nents of the invention are
descri bedwbebve4si3n the interest of clarity, not all fe&Cunsgolofdsanl actua

i npl enentation are described in this specification. One of ordinary skil
inthe art -will appreciate that in the devel opnment of any such actual
enbodi nent, nunerous i npl enentation-specific decisions nust be nmade to
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definitional manner irectly an qU|voca ﬁ rovi des the speci al
defini ti opbdupfdt’he term or phrase. Moreover, varlous streans or conditions
oot her 17RY ter mi ot gy R AT saT halairear R S ma B ey
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st eam generator. 1Q31ge {@5031820) Bhe B SR &Sy a04iLDE pLAPIE:0Efi§ om about
15 to about i1‘8 poundﬂﬁﬁfce ﬁ%r sqha%% i nch ﬁauég ?6&5l b .}régﬁced heat
flue gas strelmnoEEhentiekicns afHee wette fedesed hegm géﬁéﬂé@ﬁmp\eﬂm@ﬂfand
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fines f'U%n&@§u§$‘ﬁﬁﬂhl@ﬁmﬂ@§m@h-%%R%E%hg¥Q4¢” the range of from about 350

t o about ) _
[004{}} FIG. 2 shows a direct heat recovery systemn 200 according to another

exemplary embodiment. The heat recovery system 200 is the same as that described above
with regard {0 heat recovery system 100, except as specifically stated below. For the sake of
brevity, the simularifics will not be repeated herembelow.  Referring now to FIG. 2, the
mtermediate working fhid stream 155 is then directed to one or more waler-cooled

condensers 257. The water-cooled condensers 257 are a part of the organic Rankine cyele.



WO 2012/ 048135PCT/ US2011/ 055141 [0035] I n certain enbodi nents, when the
conbustion of coke is inconplete and the flue gas stream 102 cont ai ns

si gni fi camD 2are48t38 of car bon nonoxi de, at | east a portipom/use@h/osf14t he fl ue
gas stream 102 enters a carbon nonoxi de boiler 110. A fuel stream 111 and
an air stream 112 also enter the boiler 110 to conmbust the carbon nonoxi de
in the flue gas stream 102. A boiler feed water stream 114 also enters the
boil er 110, and heat fromthe conbustion process and the flue gas stream
102 is utit czed torheat chheliboid, die frgede Watler: stcicempudstdwbovprradeed a st eam
stream 11 tain. e nts iler.-1 t [ essure
inther a’lré]%‘%dCof I%F‘Z;Doﬁ}!f aﬁldg?qg%q? %’ktd%gﬂgbm Y &g%@?gﬁ%cngg q%e‘}‘agt%kl Tue gas
st ream 116utdhemaexist sothen boichémsdil@o: am@ and etr @maﬁv‘)el e Lerost atdrgiary

pr eci pi tator . t y\ fal J ’ dh J. duced
heat flue %g)s %i%ms %C ?5%}4} da*vn) 1&%1?1‘!1¥ eam ’5‘9%’% ﬁfjt%g%g’gig%?‘p'}iﬁlgéi %[e%)ai?r?n 119. In
certain emtwcdﬁii?renm) it tIETr %@G@dﬁeﬁ%ﬁ%) Nfillituéulgaseast Zré?amﬂ‘ia.i_lginhasi ® the

t enper at ur, ! e t - N : 036].1 n
certain e %?66 L'Etﬁh 1%agﬂ ggi?{élnggng%psoy T”O% EO%L@CIq it QQ& boe g@?‘eé%ﬁ%ﬁ %%r# be

rout ed thldmwghﬁbﬂ*e wvast:"émirgeat?ﬂst eam gener at or 103 and the resulting

r educed f| flue Sy shlg eg W GBI, portion
102c of tr[| %ue ggg@stﬁggm%?géggt%g?\;\ﬂg%&? Eenf %Oo*&eﬂﬁﬁs’kMéwg agqlgh
exchanger 11@@ss sFhen htat Thexghagegas 32O $25as pvar\%mm\ ttlheimerigaimbmmmm ne

cycl e, The.Dgab \SXERANIRT, 120 IRy, PR, BNY.Ly B0l NERLGXANANGRT,gpabl e of
transferrlri’g heat' frontone Streamto anot hef f stream Suitable
exanpl es ofpchehicrexehangrfsrinnehudeiChatat dre arottidn 391 elht opuhidatses s,

vapori zersg 0 N o Iy, . anger s or

exanpl e, %e o §e}fakt ime%% eginm;e}{églt %B%n %% %‘%9}1% %ngg%hbgéﬁgba? eicﬁa{gger a
pl at e- f i nptaibe3Boiol ﬁltnyp*et ofe zexetham@ép jhegmifllarcentpaybige @pxkﬁnmhetﬂsmcamé%undl e,
wel ded pla e a a oP vention
shoul d not' ﬁ(ﬁe&cﬁl@s}%ﬁ%egggékrl im tegﬁé a% 3g§ SJ%E e\E\?g\r 58&%%%"%{%

exchanger sumives’s istel. bitpictat fiors! @r edtelxabe@slﬂymgemi ifhmii hh\mswhema»ppended
claims. |ny6entabhharseaRadl AL SublGiddieceas Shream 102 aan.0e
entirely routed throug ‘the waste Heat steam gener at or . In certain

al t er nat i véoteorbodiopebingomaopoist iTonpABRbI%6h of themﬁ)hufémgaw @tumééﬁﬁ@fme can be
routed thiguglh, hie LOROVAN ADGNPOLY Elkdde sand LhR.L SSUNL] BEaEEdyeed Tines
flue eras stréam 119 can be conb |ne e remal n portiofi 102c of the
flue gas steeamsro? aafduerdierddicpmas @ireatnouénﬁrepq g thepheatbesisangdy 120, In
certain othgr jeglﬂp P OBNLS 1ot N6 L1698, $16E 0 enentid gl y, routed

t hr ough th&g )3 gi[1010 ?ﬁaq aet mE)t‘hgirC en‘Bo rrgii?tf%n %)O%?%r gt b%OF%I on 102a of
the flue gasisteepmylODogias: ﬁbehér @fmfé@otwgo@qhstrhie Iébise threralgt eahy
generator . 103,¢ 808 aﬁ&ﬂ%p% t\gogmf%ﬂ%b Qfcethi eiéngﬁrp%m%ﬁ@&mxﬂeoz \f@@@ be
routed through the boiler 110, and the resulti reduced fines

streans 10&ti &qei\eawme)d@mi“ﬁ?ewwetlhf“armlmﬁéli@@rﬁbfrtiﬁmmezhmef 54 e b | ue gas
stream 102, Ahf GRYANARPI: Aok ROE BLL 0O L Roat, @asetafwg%t mikBfe i certain
ot her enbodinents, the flué gas stream 1 can directly enter heat
exchanger a®@. itSQiy Privh nghoradhedripats fid b&w ‘ﬁf»tifhe Z8raen \Aliiﬂ“il by ewegnioZee t hat t he
flue gas %&ﬂ@%}?x@@lqg L8k Q\%rn&)fa%aéi%dm{snyﬂgﬁgn fspuays 1@}%@ ilh@hz%r%y Feam

conbi nation to produce an 1 nput flue gas stream 125 prior to entering the
heat exchaayerdivigs! thicpgs7iyrass Yabasel andgbin joointd 54h gfc tedvecd pputucidabie gas
stream 123,15, I?@et@ p‘rl(;d ld zed, 1'&19% lﬁ@@%asastx%ﬁﬁ K"PQ} Efx! Wiyekast Li%aﬂ?ngm%ﬁefle nyt he heat
exchanger 120. The portion 125a of "the input flue gas stream 125 thermally
contacts tHginwgreRPlRg epidimetsy éfarﬁxm%t fer waﬁs«ﬁ‘e%hé«md tegreeraverike ng f 1 ui d
stream 126,,.A§¢ fr‘&ﬁ% hergl ﬂ ab&beﬂ}@k’if aﬁx%vt&;heJEé?&Jih ONEAGKs. 1QGRGK aly refers
to the exchange of energ %/ hrough the process of heat, and does not inply
physi cal ##sxitiagnorS & meety éiw?sﬁéfapugéldm Bt cohenzhe atist b akgusiphiodst t ai n
exenmpl ary ,eIRQAI BN Supel B WORKI NG fl Ui d stream 126 i ncludes any worKking
fluid suitable for use in an organic Rankine cycle. The portion 125a of the
i nput fluégadk streapri@s 2anal hhecalpd riciinee fidpeest Y ameT 28 stdengche heat
exchanger 3320, 1.9 P& Q;QH;GQMH heateds WrkinRg o filbii by skrgamd 8.and; and gduced
heat flue gas stream 129. In certain exenplary embodi ments, the working
fluid stream 126 has a tenperature in the range of from about 80 to about
150 F. In certain exenplary enbodi nents,iot he heated working fluid stream
128 has a tenperature in the range of from about 160 to about 450 'F. In
certain exenplary enbodi nents, the heated working fluid stream 128 is
vaporized. In certain exenplary enbodi nents, the heated working fluid
stream 128 is vaporized within a supercritical process, with conditions at
a terrper ature and pressure above the cr| tical point for t he heat ed wor ki ng
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cool ed condensers 157. The air-cool ed condensers 157 are a part of the
organi ¢ Rankine cycle. In certain exenplary enbodi nents, the organic
Ranki ne cwol2e127mgi3ddes two air-cool ed condensers 157 i nPS@riSesL1/0Suit abl e
exanpl es of air-cool ed condensers include, but are not limted to, air
cool ers and evaporative coolers. In certain exenplary enbodi nents, each of
the air-cool ed condensers 157 is controlled by a variable frequency drive
158. The air-cool ed condensers 157 cool the internediate working fluid

st r eam 155dvadfrerimakiconide nsed: 3W6r Kihﬂgo fipud e ot the aptdSGrkibp lod@rstradnn

exenpl ary = e e g4t re 9

t emper atur3 zsn?ln&%ﬁge%%’ﬁ“ etkﬂofA %?{%nﬁ% %%8 {n(‘%d (g ;EL Oalgl %‘?‘hé&g%ﬁ(gensed
wor ki ng fbmr@13%réanmiﬁQwWSWMHEWmHMHembeé W@Hﬂﬂ@ﬂwp%&6®13Wh@dp®ﬂpﬂﬂ60 is a
part of th%ﬂgx(vgaﬂidc QEKI Re \%¥Cll‘iec’m Op%nguﬁ&k%?o W@y bi% &:D%mt y}pe%lp?my
commer ci al'l punp suf the ement s of
t he systeﬁsh@h$@h9§@thbneﬁmd%hﬂnméﬁibmnt@mwnmhanymenmgdoh@ﬂnsbot&@ punp
160 is co t Qg y. L Y. V. 6 J o] et urns

t he conde%%e Wbrk$nh' %%%3&% a%?%%gg%'4% hzﬁﬁxﬂ%hPeggﬁrgqgoi@ggéuce t he
wor ki ng fhurmpSMn@anrmgﬁﬂ@haﬁfkmldbwed@édouémmhéﬁﬁéatiex@h@ngemmtﬁﬂ

[ 00401FI G, cﬁig&%@ & ﬂéi;{t]é%ic foJl Gl nl§GOVEL %s "53{ %&10 accordl ng. ?eua”Ot her
exenpl ary enbodi ment . e recovery syst em’ I's e sane
descr|bedcmb@ﬁ@umﬁUhmﬁ@gaYMOPQ%héam r@®QV§%ybsywvgﬁﬁrﬁﬂﬂnevawp@ﬂagi
specifica st ated, J f [ L imlarktiies will
not be resgg%éd eré?ﬁbg¥%wh 4ﬂﬁﬁﬁﬁ§£ngvlpb@é é?kﬁ hﬁhesﬁk%gﬁﬁ%dlate

wor ki ng f buicthestd. el ci sopldne pmdidieate hetredonbhoar worbing vt serca 6% ed
oS er B 2D b A UL R 200k S CONAAEL5. 200, A1 9 8B Ll IR, o7 031! ©
Ranki ne cycl n certain exe fary ‘ertbodi ment ts; the or gani c nki ne cycle
i ncl udes WMOME@rGiGEM&eeuai @@ndreﬁée@ S 2B7328ns éleqb%éshm@ﬁea imti@rwb@of ®d
condenser g, 257..CO e, tnt R Iy Wi ¢ ream. A0, forma
condensed’ wo%‘n (Q%Tﬁgdwégﬁgén1gégg%'%Dc§$% |ﬁ%gxgﬁ%faf§ngn€é)lnen{s t he
condensedHWGﬁk&m@vﬁ*vmdﬁsﬁﬁ@@ma2@91ma§wwfﬂ@nw@nam@p@ﬂkmﬂfhemﬁangbﬁ@f from
about 80 Laahonlie 190 Fo wibe Gandansarvorksl o n&h%&ln%g (230,25 ik then
directed to tHe punp and i s ‘returne er pressure to produce

t he wor ki Age fikterinddigter @@W&ZBM{ biegar &i0disribot é@cat?d o rrerhem 4 bxdhan@m 120.

[ 0041] F1 Gz SNOMS AR N L L AL OEEFON Y X 3Y81LAM, 300, [0, 4l Izat i on of
an i nput gas stream 3 5% he I nput 1 ue gas st ream 3 IS the same as
t hat descmubred%bwve% Uik tietmsdiaiedv arping r&pmitsi'feﬁmé%as p@timahq w%mgafmd for the
sake of bregyi ty,6 &P§n§£@lhé£L&%%%JMﬂd not be repeated hereinbel ow.

Ref erring nom1 0 l'east” a portion 325a of the input flue gas
stream 325K} uti | ﬁéﬁﬁtadmﬁ@at%a& sokklongd othie Gtid 326 i thenaditveiad
exchanger  32Qvifinpat Lﬂ@m%%é% oy gh%dh 1apHE ohiif 19A%: 284 RAM 35 hermal Iy
contacts the working fluid stream 326 transfers heat” to th rking
fluid strédmgze. ﬂtgesii twafﬁ#r@ féi%hmwé? of~ t@md%biﬁkhtngbfﬂam@*@vrr%aﬁﬁ §2<6

| ncl ude,  Qubro@L R OlahdlivlBllad foig WRLET351GLY GOLRe SAE MhNBH Lwn%y al kanes,
al kenes, chloro Iuorocarbons hydr of | uor ocarbons,” carbon di oxi d (Cx2),

r ef ri ger antgodimgrds, Hoerognéed bt Heid ¢ Hydn éhlaﬁ%@n@@@@@ﬁé’hﬂﬂ%l%%@f fportion
325a of t Q@ou‘* RuL, ’tbloHteéizgasF Stﬂ@c@%@%ﬁﬁ@@neﬁ‘l@ei MEK&E&Q@I sj:iiﬁ 1 s\ssgﬂ%?@% 326
enter the heat exchanger 320 to produce a heated working fluid stream 328
and a reddeEshthabrtripiiue deryicst ream B2t ptheembaiimoaik dplugrye-snpodl ment s,

t he wor ki @&tcfn{ uk(ﬂ %tcrdec@r@c%?rﬁnmmﬂt am%rtﬁwn@oa;ac&bel {w@ﬁ&?%?fb dram about
85 to about % I'n certain exenplary enbodi nments, heat ed wor ki ng
fluid str éaaﬁngzwﬂﬁaé‘iuai rearp 8F atsub eriph thrdyeh g apgpes oflve P BrandesitcordBed o about
455 "F. I g;gerdabnexesrl, @nmhge,@@mmt&gdw&éﬁ% ;E%Qﬁ!z‘&i%% \b&%o fﬂhMQv&@z? stream
32.9 has a tenperature inthe range of from about to about 750 F. In
certai n edbodimenes, cxsiﬁ@iaﬁ*«e@mé@mh@am fipigreicgas ‘mikiéaﬁvsizsgca‘ﬁ@ 3¢obked to a
tenperatugﬁgwgﬁgL ARV dcto? ndeWLPRk Bt sndhiesk @duced heat flue gas stream 329
can then be vented to the atnosphere. In certain exenplary enbodinents, a
portion 328B4bf t hdbifiprircdipgervgas: B¢ semndas i Gergliverd e R Baghita bypass
val ve 330 and them:conbr ned. W Lhthepeduced; heat fl Lengas st reama29 to
produce an exhaust flue gas stream 331 to be vented to the atnosphere. In
certain exenplary enbodi nents, the exhaust flue gas stream 331 has a
tenperature in the range of fron1about 300 to about 800 "F. In certain
exenpl ary enbodi nents, the input flue gas stream 325 is entirely directed

t hrough the heat exchanger 320, and is exhausted to the atnosphere at a
tenperature of about 300 'F. [0042] A portion 328a of the heated working
fluid stream 328 enters a heat exchanger 335 to heat a working fluid stream
336 to produce a heated working fluid stream 337 and a




reduced heat working fluid stream 338. The portion 328a of the heated
working fluid stream 328 thermally contacts the working fluid stream 336
and transwensimst3sto the working fluid stream 336, |n eeTisoi1pzanpl ary
enbodi nents, the working fluid stream 336 includes any working fluid
suitable for use in an organic Rankine cycle. In certain exenplary

enbodi nents, the working fluid stream 336 has a tenperature in the range of
fromabout 80 to about 150 F. In certain exenplary enbodi ments, the heated
wor ki ng fkuild istergane@8iahasntadienpebatgrec Rmidikeyrlangidof twbromealbdut 160
Stroam 337 S intr Jod thn Bort e SRERer s e bt AencL M Re ek ed
wor ki ng f koiddnsstsr’édm @B8Folisl Wapwmizecicwwm qima Stpéreritodal afpri@eéess in
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fluid stréain 388@1111&5e*e@irméimpemhmbmeltd nbet heidﬁaﬂgeﬂddin;f flgmsabout WBEM@ about
155 F. . DMERLS,. 8,00t 8 f+the heated working fluid
str eam 328 ur R tER o0 Sy Bofti 382 -5 shO L ERLE SRS L th
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o cont  of 1 B BHPRE Be p  E  Y RSl eh  Fne

i nt er medi aé®® wor ki ng fI UI d stream 340 to produce the working fluid stream
32.6 that rs thesheat,,ex / 0 43 I . n.337a of
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ystem 350 Lo o e e e AN e g o DR e A bR e BT e e
power , i nboeitt, din siedentpls aril “e‘m@r@dtmetnd éﬁ»nmhéoexp&rﬁmm wor Ko idfif 4, Lmd stream
351 has a %&g&%@t\%&é RutiNg e f2R9L 100 L LS &R%tm&g LRy @&‘?&htgo‘ké%s In
certain e ment's, the turbine- generator system 350 generates Tectrici ty
or el ectr#eal Upﬁbmpr,wpwdeewfmm Bt/ e 2 parbodirmerssic Rahigng ek rie*gremer at or
system 35 BN Galy PRURE. Ly CGRILRE RS TRRALIRI S s ROr ti ON
337b of t%e {2%9% |ﬁng ﬁ;}%}g Str ggn’%" 3 Téﬁdl Q/(grt% (@{&oﬁgh a b bypass
val ve 352 4%@1} Fhen Wérervm’tewreehivd tohderhes éxbawéjé@ iforking Wirkine fstdseenm 351 to
produce ans{ ol GhiTG A Ak &IQLKNDN guf@!m S10eaM A0k oL A6 ddl B erpl ary
enbodi nent s, the i ntermediate wor stream 355°has a tenperature in
t he range cofdesed mpdbutiBsern ’Fé‘bb@ta fﬂm&fcﬁm [ro04apThe fom @oreditarovnor ki ng
fLuidStream;359,d Sl dbAReted: LR.AN80 O IRLEA 1w (ORlGA@ondanser s
357. The air-cool ed condensers 357 are a part he organi ¢ Rankine

cycl e. | nidepidion egenpicseys tem*b@d@mﬁewem%ﬁéndﬁ gammcé I ki diected/ i1 &< i ncl udes
two air-cegled,condensers 357 in series. In certain exenplary enbodi nents,
each of the air-cooled condensers 357 is controlled by a variable frequency
drive 358[00fhe ai r FebolwdcvolidénsarasdiBsiegiostoveieyitit éPrrEdivatdosmomrki ng
fluid str gam ﬁ%g?n &R ilci)t(lm @&V%QQQ%%C&OMLK&RQLJ&Wf g IR 3?(’}59&5 sﬂonvncer tain
exenpl ary enbodi menF e condensed working fluid stream 359 has a

t enper at u nixevqﬁﬁthﬁeOfﬁlaln@e ﬂéﬁ high wmpaBoMR o8O iorrabY irates pydrmreatth gaiglghdens ed

wor ki ng f IrfL.*brglelst([ %%Erlx?‘é«‘?nhﬁmt Q%Qg gi' r%t ﬁg‘j Jieg i@ 5PUT B %%Qa e-ﬂ]em RUER: %360 is a
part of the organic Rankine cycle. I'n certain exenplary enbodi nents, the
punp 360 ifwdeentsteln &80 pynatoardiapy antr Sutreicsyradprlieyef B8dery The ipeings. 360
returns the &901‘39'%@% Y&Prdﬂdﬁ%iidﬂ‘éﬁ& §x§1{\eﬁﬁ‘ Befint stﬁnﬂogh% 5. PIEESSYEE LO
produce the working fluid stream 336 that is directed to the heat exchanger
335, [ 0045FFpdBncigs. §hi@v€/ss g0 SR irpd et mhémmr ¥ovsiy Byey eptia0e! #ecddeding to

another  peater 502 and heat the feedstock stream 503 to produce a heated feedstock stream 507, In
certain embodiments, the heat from the resulting flue gas stream 508 can then be used to heat

a steam streama 509 to produce a saturated or superheated steam stream 510 and a {lue gas



exenpl ary enbodi mrent. The heat recovery system 400 is the sanme as that
descri bed above with regard to heat recovery system 300, except as .
speci fi cavbpost@ssd bel ow. For the sake of brevity, thePsirnisb@niosiies w |l |
not be repeated hereinbelow Referring nowto FIG 4, the internediate
working fluid stream 355 is directed to one or nore water-cool ed condensers
457. The wat er-cool ed condensers 457 are a part of the organi c Ranki ne
cycle. In certain exenplary enbodi nents, the organi c Ranki ne cycl e includes
two wat er sogol €d. ¢ondenserspl4dl Embndiserts, s, (1iFfhes waterd tboledncordenser s 457
cool the termed Stream 355 to forma condensed wor ki ng
fluid st rltekgm%%é t‘?%g%ée{}? gztng%‘afle%ngry enbodi nents, the condensed wor ki ng
flui d st r €Y 459 hdse diut epperatube iaw thhebr angedob Kaonpabout 1B0ct ® about
150 'F. Th ) rKi LS. th dl d_t.0,the punp
360 and S%Fkg}? %Eg' &ixm"ﬁv H] g\rtanal‘(drr\]ggtﬁz é“%{i% gllgm S ) ? Illm f{u?is 1%%‘(1]5'?2[" I d
stream 3361viulda:tdﬁlyswmmeﬂisiéduit&blet*he s gt (&@@hmgbne 3&3& T[@@Mﬁ}:éﬁ@f et i ng Rowh
to FIG 5, g vV Y/ OrfO,j’ |,\z| Joma hig
t enper at ur e r eac %gm‘“g%&h %gqagc%‘ﬁ%eﬂ ??ﬁggec ti 8ﬁy%f “Jaé&’ fﬂ% tb% edu% eér) 502, is
shown. | [1 mecﬁfgvmrkm;eﬁb@tdﬁmrué ar gailﬁ hfcdhregFm ttéhrpeaﬁ\ammﬂ‘feafdm’d&u; g& samm
i nci ner at Qr e G, o] | rhzatl
Gener al | y? t %?5}9 5%% e “%% M“lg utrsagd i r?gg ragsgei nge%m% t % }951‘3{{'# eedst ock
st r eam 503tgoi 1ig. tfoe acaroefilwerayaaimm the oQaiit &bfbleneexalnpﬂlnésmbﬁa meg jwerye tnits
i ncl ude, t Q et . raade; di.st.i L] r
distillat ?%ﬁoﬁnl s Lt:LI %hceé}gglkﬁql\gﬁ% <glgrrign § b m?{t]] ﬁ% E&J@g%ﬁ%ngog gaﬁklan air
st r eam 506 Z&ntfghe aot}errgn%\nd seoti biY ok at hepditnedn Heatese G0rantth&to t he
f eedst ock st t eam.5 pr.o \ £ St 514l certain
enbodi ment’ %}u t;ﬁ{enghggt&q?no% Xgﬁlggr%sig@% %ﬁg fﬁg&h%gh;? %gﬁm&ég can1 then be
used t o heatpeatst elar‘fimstaﬂeamim taboydr tidu@ea‘@ Séb@u’ht el mﬂasup@mwjé@t ed steam
stream 10,0 aud L HEn0AT REIEAMALL D 620t 3) agxm?e&enp{( ALy eohadients, the
flue gas stream as a tenpérature in nge of from abou 350 to
about 800 mﬁvdﬁﬁlaﬂ)ﬂﬂ]ﬂ theatéd M@“Kgl&’s Osidr eapamn 531 eawemhred béhtuty bdpzedied heat a
ebodi ment 8 Che oyl mg Py d Be e 150 el dee: Sey Gorerng 11 i d
sui t abl e farerhgged. i aaﬁmpwmfm anmipmeﬁt@eyelfeimirHemrﬂht@egﬁgszseasit‘r éam 511 and
broduce.  WASTER novki e f1 o et onm TSI Ta S Fottaad hear®h ok gas
stream . 51@11c€ﬂﬁecitfﬂm@aga@&@t3ﬁeamﬁ strprheradl dbgutcohtiactle ehechbdrkilng 1 uid
P R R e e A B T
convect i oposieed 2wl 8f woiend flpddreahedl ey di%tzd thrrm b @ by grishvadyeetp laad yren
tegbngg 'r g?B%(aniln%@ew12*9?12'g];g{]edsxl-zﬁir@];%uéﬁgrﬁwr‘ilfzi ﬂ)gprr)% Jdk d \xﬁ)‘i Ii%f‘ﬂ‘ i %ﬁmglgfitsgl .
exenpl ar y lepdseai mremplsty ehiwdheatsetowor ki guid| syfan s“*ﬂéff eeméi emcrﬁ’aae i the
temperat kgl b bhE $baNAS; B (l0Maboyl o160, LA ARAULyARtccks 1kt al 1
exenpl ary enbodi nents, the heated working f stream 5 I'S vaporl zed. In
certain eﬁew}ptfefmﬁ@nb@dif%ﬁiﬁ@ickiﬂihe idhelt wdlenwbPki ng fluid stream 514 i s
vapori zed g i N a SUPEr LEiLiC s, PEALSSSkind B GaLEA: B XN Bl¥.gubodi ment s,
t he heat ed working flurd stream 514 1s superheated. In certain exenpl ary
enbodi mentwbing-pmeiEy gpedn Fehtvibiese gagion sl tam BeSvdibse dutderisenatirie in t he
eat 11 ue gam e Lt R e o e B R RO P st dhced
u .
heat fl uecyaglsy rebpdBIEs denewhalsd perventled streomt he! AtsnpEpherere fbgert ain
i vert od {Hrouah L by bass R T T T R
iv u
wor ki ng f B g%{r eema&“ﬁ4dctc@nwdx§uéﬁénaaw ngnfdetiiiel o8cr eahe®I8Is.|the cert ai n
?ﬁeﬁm ar yuea?m?ghnne% %m{&h%ﬂw%éﬂ %Uﬂéﬂxgﬂ ﬁdv{ ﬂ‘??ﬁ@ <,513t/§1t1 hﬁ&nﬁr&@ﬁ%&ﬁ%ﬁ” ein
e range o rom abou to about F, In certain exenplary
enmbodi men® &t ehie\srkipagiofd sisgmst! eelarﬁi\eitzd igoughtd Pelagp wilveedtZedhd ebugh t he
heat er 513,m{;QQA8kM k! c&@Bliew @Qﬁﬁ:'{pgﬁ 2483 s6f « &%d WK ;G nd f‘hl‘éic%cﬁlhﬁgam 518
is then directed to a turbine- gener ator system 550 where the portion 518a
of the working fluid stream 518 is expanded to produce an expanded wor ki ng
fluid stream 551 and generate power. inicertain exenplary enbodi nents, the
expanded working fluid stream 551 has a tenperature in the range of from
about 80 to about 440 'F. In certain enbodi nents, the turbine-generator
system 550 generates electricity or electrical power. In certain other
enbodi ments, the turbine-generator system 550 generates mechanical power.
In certai n enbodl nments, a port| on 518b of the work| ng fI UI d stream 518 |s
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fluid stream 555. In certain exenplary enbodi nents, the internediate
working fluid stream 555 has a tenperature in the range of from about 85 to
about 445wB8.20{2004B35The i nternedi ate worki ng fluid streamCh/UsS20119531hEN
directed to one or nore air- cooled condensers 557. The air-cool ed
condensers 557 are a part of the organic Rankine cycle. In certain

exenpl ary enbodi nents, the organi c Rankine cycle includes tw air-cool ed
condensers 557 in series. In certain exenplary enbodi nents, each of the

ai r - cool educiotrdensey. sin5b7aii sxcpphty obbadndys, devarinablie Wrrequéndytdmi ve . 558.
The air-caqel denser.s; cQol e t.e working fluid stream
555 to fo(rgﬁt }gaqggt‘n e%%% &y 10%290 O‘?mnn aggétgrgea{nggdhs }ﬁn certain exenplary
enbodi mant@-wlt he cdhdeﬁsexddimmhrhm@ Fdiptcbawtss 2 anh&G8rehad toant: emt)ercatlur ein

t he range o qt . c ed. v [ uid
stream 55§°9% 01 d %mﬁ %9 a& ?1 %(ptg"g »0%%3\_.;}68'5:*5 196 ﬁ%pgfn% % 1c a,Q‘?i %’)f t he
organi c Ramift rie acty@t eerilbhtmsem‘itoamn:wxerrpﬂganyRemwdtvrﬁemchldv{the ea}:mnfpie@GO is
control |l ed VA b egquen 56 u 5 r t he
condensed ?/\K/opir¥ S’%r 534]['% %sctre%mg gé g{ éﬁh\‘ #bt&agggs% ?th ot u%gdth

wor ki ng f k@nddmtsr“éam Bk Qlicihata vesiale ﬁteq;t*e@ @m’tﬂ‘ié Heaﬁtermﬁmm[i@@ﬁ@] FIG 6
shows a di:k€ ! r m accor [0} I ary
cmbodi ment T ekt P R L L MR R A0S . YRR B
above wi t A5%. e@tard‘tat ooyvagtary e@mﬁerrwsygt eimd%@c; wexceptiuidsiepedst hoat | y
stated be . -the. Eevidy. e g6l t ot

repeat ed t[te eltdn n ﬂ %@%(gfr (rarlmh%bﬁﬁévﬁ) tg }H]gi%% ed |dﬁ$§}sﬁﬂeh%§@é ftiAg(t?kl ng
fluid st reemmﬁ"&?@ ij shati derriditr eqed 560 dheporp orie 't\tearttef theoojued Feokdenser s
657. The water-£ogl ad &Qﬂﬁ'ﬁj@s%%t@@&n Mf ? R 00k V)Q%EQE%%%B%Q&“ he
cycle. In certalin exe enbodi nen he’ or gani c ine cycle includes
two wat er il@@@h@ddlmmﬁénéfélw 185 P6Y retwes ﬁ'@§0ﬂdﬁh3dwai leng dodlsedere6pienser s 657
cool the inter £, f I D 0 ed wor ki ng
i d ot oo gg e o L R DR L 8 LRu T B ST Wor ki ng
fluid str é@m%Sg héﬁraét@meretimoe tient thewwsangecmféitf*r sywdbboute 80tto about
150 F. The.sondensecierkignld wid & heam 3% s hen direchsd 49,4 he purp
560 and is r tuTned to a higher pressire to produce e working fluid

st ream 512 ithhegard tg téttrte“@tfeﬂ '»‘ztS@nt Wi, hreaitter ~;5’m®mi[‘y0%1il®0@ Fr b o 0én
indirect ' I L ECOVEEY.: SYaLeM,LQ0, putibiizat ion.0 Slye gt ream
711. The PFS‘Z" gas “stream 1{%:{“;3 ewggme §‘§é tZ\gat Jgesc c}H é(g\a/li tvx% h
regard -t @ftngdalgagorsing eldin 5gam a:na f ohert Heewake ofie lor emrt:ywtftrheoied

Sim L ari t G|t D& LeREAed  NALE! ek oW REf BF LIAG RANLOFLG 7, the
flue gas stream 711 is ut| ize eat a wor ki ng fluid stream 712 in a
heat er 713: cThe flogelygasmsidinsnn, 7Hlowher Rabiiye oot @@Etléc\tthe W keopigd f | ui d
stream 712, re@%tsr@a%t LRy, h@‘ﬁé whe- tthedwg A%ttte £4~Lu091 St £ @3 Medike wortlhd abl e
exanpl es of the wor K ng fluid stream 712 incl ude, but are not limted to,
wat er, gl ye®l %waltlh?eprtprietm pl agpgrysedabkamesidskane 9. Ehketof FW‘@Cfar bons,
hydr of | UOLAGREAORS fhc(‘c@ﬁrt&gndq)oo\)%éjﬁﬂf Qlckhosh Gl GREANLS in AR KL i1eS Of

ot her hydrocarbon co nent s as stream 711 and thé portion 712a
of the workdung0 f4 dhodt réarﬁﬁ?l@&%ﬁtﬁémw%@ ﬁ‘eétset&wft%? #® eheprdydeieeivdhheat ed
wor ki ng f Lyl 0583 Leame 4 Ldqand,@nd sAuced  heated méﬂ%&ﬁ;ﬁ ;ﬁﬁdr &am, £1byckhe heat er
713 can be 1 ntegrat ed Into thé convection section of fired heater 702. In
certain e%éﬁ@%@%éﬁﬂé@'éﬁﬂents the portion 712a of the wor ki ng fl UI d stream
712 has ay dtﬁfqper at ‘t”%(? i @m&b@n H8HQe u,%t ref«&%ﬁ’ &QQMWN@% tghéﬁg%t A8 gaF. 1N
certain exe mbodi ment's, the heated 'work urd stream 71g has a
t enper at ursec&i‘th’itlhéhﬁ anysasof et dhh eﬁeu‘ﬁmi@*sihtndic ut d‘%@ witieregpd e Ep¢ ai n
exenpl ary .erhadi BBNLSq ok be \gtecttt%ee%b Gl mt HEi0R8: &t Loeam.lh af AR
tenmperature in the range of from about F, The reduced
heat fl ueRgagingtioeainfre57.¢anflethems %eﬁvéﬂtledi iti@dﬂhem@emlsheﬁed sipRnger t ai n

exenpl ary %%%!K@mts T8e R dul %F!:m?alalpti@’?m%tﬁ%o%kkdhng c;iftétyf'[ﬁnﬂm%@mt 712 is
di verted through bypass val ve 717 hén conbined wth the heated

wor ki ng f P danstepseigm WI@ t@kﬁfé’dﬁ%@@a‘mw@? k St wipplst plebmree fuid certain
exenpl ary ;eRogbNBAR, bl Re WOtk QQTLfl&!YUCId @E&t@@ﬁ@n@a@t hags, auheaperature in
the range of from about 165 to about . in certain exenplary

enbodi ments, the working fluid stream 712 is entirely directed through the
heater 713, [0052] A portion 718a of the morking fluid stream 718 enters a
heater 735 to heat a working fluid stream 736 to produce a heated working
fluid stream 737 and a reduced heat



working fluid stream 738. The portion 718a of the working fluid stream 718
thewal |y contacts the working fluid stream 736 and transfers heat to the
wor ki ng fwoidizgussam 736. In certain exenpl ary enbodi me®C3juskéie/ostinki ng
fluid stream 736 includes any working fluid suitable for use in an organic
Ranki ne cycle. In certain exenplary enbodi nents, the working fluid stream
736 has a tenperature in the range of fromabout 80 to about 150 "F. In
certain exenplary enbodi nents, the heated working fluid stream 737 has a
t enper at ur@ciofiutrhertrandedotludrpomaaboutbol 6@ xtde (BDBUtrel45Qattf and migert ai n
exenpl ary _enpodi e Ki n id.s LS,V rized. In
certain exe%% aF&ﬁQ%%DncagW?S%éthé¥ﬁ%a ég &%&kﬁn “ﬁqﬁphﬁg%%egﬁr §gtis
vaporlzedeww¢gﬂwé&@upEﬂ@mntrwamwmrode$smv®Wn@emﬁaiw0émeﬁbkhmymeﬁb®dinents,
the heate id 37,1 per riain, lary
enbodlnenggyp{é' gh”uﬁ'dgﬁegtgaggkﬁﬁ”ﬁtfgld‘gﬁﬁkggafggiﬁg’% &q‘&ﬂgggture in
t he range%@ﬁmﬁpbmﬁ@@bM®%85xtokabuwmti@ﬁﬁﬁwtmwﬂéemmalneemmomﬂhﬁnfgnaa
portion 7 r-Ki, sk 18 ver{e bypass
val ve 739%§§§%f%éggébnblng% mn#% ﬁ%ifﬁg%%%ﬁo €$9§%$ & Q %ﬁh gt?%ant738
to producemamqwmmManﬁaﬁGWWarmrm@ﬁﬁwthgﬁw@ﬁnmﬂd@ibmmWnﬂﬁ%meEMenplary
enbodi nen i,n d fKi-ng f | ature in
t he rangeg%' %$§W#5%§%E%8 @?%uﬁ%guf %géeH%Q %%%ﬁi C%?%% ?gtgxﬁggggag fluid
st ream 740cdt sludgrsetted 7t pha pompedd2 it fe reectcdilinrestenplldny sewbodl Hent s, the
punp 742 kg, FQ%DECGOA hteﬁucbél%ast&é% '7‘%‘?' S g{cg%‘d%ﬁ%gg& k¥Canrd é%gnlh‘? s R, 742
returns the internedi ate”work stream 740 to uce the morklng
fluid streasmpi2obhaiment epstt rptnélltﬁeeftﬂewvt?fi& I EI058 Al 121 ealserial phowti on 737a
of the he N i-ng ) A0 43 1o ! ed. t; o
t ur bi ne- g§%e‘%¥%¥&gﬁsa&hﬂ%gﬁ%&&ﬁgqﬁ'%g a§méggpﬁgrﬁ(%&b%ra%%% hﬁmklﬁe cycl e.
The porti oelkzgridvidftdhe’ IRedt emtamxkiriﬁqwfcmbpdimsmﬁ &hamv %ﬂlblibitbstipandéﬁ in the
t ur bi ne- gene r. e 0 ed f. stream
751 and goner StgeRENere (Re KP LR L A TRARET ot Kb L e
wor ki ng f Itmbfdinetmsestmwmnmﬁed argreni é rattireey ciimttcﬁtemrahgehe#mrf Bdm about 80 to
about 440 ghs, n certga@mremmr TR Brind NEGWHERL AE- GENCE ALAK 75Y ] &M 150
gener at es eIectrrcrt or e ectrical power. In certain oth I ments,
the turbi mergen@rdtiormsiétient?8q gener atcesogrichanonl?’ p@d@rhquﬂd g@ttain
enbodi ments,.;a, ﬁ&&t O 7340 9L a‘&;hg hﬁ@% %d m‘é@kﬂaﬂg ffuhtykt@m%t ﬂ@at%%etﬁy s
di verted through a bypass val [vé hen conbi ned e expanded
wor ki ng f Feitebtssihy warmizShid srepr ddii el tmsfﬁrathertrteaﬁa‘tﬂeumﬁw ﬁtgsdﬁt Wed Ist ream
755. In C%&%@! &ﬁ%&?ﬂ%ﬁ%&(m?%o@ﬂt@&m “!uﬂaest %Wz@%@lt&%gaﬂt@%&ﬂ% i d
stream 755 has a terperature in the r nge o rom about 80 to about 445 'F.
[ 00541The séipblerpredd st omorkiRagkifd gkl &t pesameysHlivs cohebyvdily, dstvadkitd one or
more air- o6kt SANASNSANR: L in ADEAL breaole, ﬁ%(tgg?«%@ °/ Sf, @8, @ part
of the organi c Rankine cyc In certain exenp odi nents, the organic
: Ranki ne eyatréuy pebeigieaty vlmhari@l tzf@féﬂﬂedbebwaenser W%m@q& @éﬁiesxangﬂ certain
exenpl ar y ,eRhadLHRNS RGN0k L ALl SOBhE] CORARRIEN B (akdlfeant rol | ed
by a varlable frequency drive . The air-cool ed condensers 757 cool the
i nt er nedi dvd Wftxl %gf‘»f‘vrimreu%tiﬂe“«aﬁtfvsemmwr orhedmenh dersadd workiengid | ui d
stream 7. S 70ei ARl LXRMPL A SADAYEAL 5, L6 CondeRsed.arklng f1 ul d
streant? 59 has a. erature in the range of from about” 80 to about 150
"F. The céﬁd@m@m\k@nﬂ stfchigi ‘g7 st ediere9 i sereencribipgctdddingnia thanp 760.
The pump 780cdithcd Pk Ohid 12, AUGARLC, RAMKLAR FYG Bned br 6K LALA seXLMI ary
enbodi nents, the punp 760 is controlled by a varia bl e frequency drive 761.
The punp 7BO! £ &1 Ut g eehen cohadnses N RN G | diter sekeaurbgrepn HeHE gher
pressure EQ1QQQQ%Q§1{Q£m%QBK%WQQa&y%gt&%&%%HhﬁﬁﬁuiQéke&ﬁaﬂkoﬁ%&ﬁ@1&0 the
heater 735. [0055] shows an indirect heat recovery system 800
accor di ngsterantt r‘?ei?' Oéixerr:pl igreyneimbodpegt fuidnecdiedil. r e sv@ty osyiam 800 s
the sane %z%b&ﬂ%&nt@%ﬁ%i Qﬁ&hf@ab&?}!&m\!v‘fﬁhi LeAAr Aot Q%%pt{w%9%€{h¥1%§%9m 700,
except as speC| i cal ¥ stated bel Ow. For the sake of breV|ﬁg
sim | aritifes Hew Sonigtavopid PR peathe doierediici wakisiloRetispn 7y is wtﬁ%m G 8,
the internpediate WPE&%HvahMbQ/éﬁ&%ﬁﬂ%@5§mu%ng“ﬂ@C£%ka@upﬂ aOlariE €
wat er - cool ed condensers 857. The water-cool ed condensers 857 are a part of
t he organi ¢ Ranki ne cycl e. In certain exenpl ary enbodi nents, the organic
Ranki ne cycl e includes two water-cool ed icondensers 857 in series. The
wat er - cool ed condensers 857 cool the internediate working fluid stream 755
to forma condensed working fluid stream 859. In certain exenplary
enbodi ments, the condensed working fluid stream 859 has a tenperature in
t he range of from about 80 to about 150 "F, The condensed working fluid
strean1859 |s then dlrected to the punp 760 and is returned to a hlgher
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[ 0056] Referring nowto FIG 9, a direct heat recovery system 900 for
utilizing a waste heat by-product stream 901 froma steam generator 902 is
shown. Gaweraldosg13she st eam generator 902 is used wher ePel/US2610065181 Of
steamis required. In certain enbodinents, a fuel stream 905 and an air
stream 906 enter a burner section 902a of the steam generator 902 and heat
a water stream 903 to produce a steam stream 907 and the waste heat

by- product stream 901. In certain exenplary enbodi nents, the waste heat

by- pr oducticgteneam @073 hdde autpipe ratuy éciinetrivdistcangking filufd vrralbidite 400 to
about 100 7] ., -ex e nents, the waste heat

by- pr oduc mdrmr“e%cn}?géi]f ?%u% ?rrag}ctlezdmt%mt” dlr}é\}legbce)ggval ve 908 and can be

separ at ed[i08b an exhasstpogtonddm 908 landd svorldisibhdrigemsBy eaOiiBetedhe

di schar ge,s 910. d Led a; gk d.

di schar ged %{“ E‘ = %% ﬁgjgaﬁgg b V%%”b dd’%»té()g}z%g%%}f%qg mhgwu];‘t a}q %5%1909 can
be utilizédawt rveamcfawmmmr‘hlgi “ftllfﬁﬁ d*"stsreerarmﬂ@illz theThéinpaetdron *@@@a 6% the
exhaust st | | St and
transfers ({1&@@ ng QE{CW\( Had ﬁ%?@gﬁﬁr rbgg% é‘fé 39?@n”fwégr acrungngxer?%%gr

enbodi menesbodihentsdrlkexpropdfd ‘mmdmgtﬁr glane94 251 Ime lhudesrany nwbde kinpgo i d
suitable f €| n ni rii 09a. of..t he
exhaust stagr;))rela[r%%mﬂ)gﬁtﬁﬂgamggkﬁa% g%%%r%eé%n gf’%g mée%ramg %éf?e?é 913 to
produce a gheated!oworki crg:lsfvlitraiobosv@r efarnv@f&mr@mbnworhedu‘f@edc hedate-gebagst stream
915, The DealersPldol i hRalicPholde BTADL G RaNKLIe CYSLE, 71n gaptaln
exenpl ary ‘enbodi nént's, e wor ki ng fl ur stream 91 errperature in

t he rangehdﬁadfwvmria@@uﬂts u8on 9/ abbutted BOUEL 2 bppoertiad rﬁ%wérﬁphanyrbmad

embodi ment, Y ; i t, in the
range of f‘?grtnﬁca%g%% ggl %ﬁ dnS% 4 I(i)ldﬁ%#iﬁ%lrltﬁéfln%%xegwtgl}ep?%ﬁngg2{ ment s,

t he heat edbmﬁkvtn@mfﬂhemdimst@rﬁé@m@lﬂ fhs ivepudinizedirkipg ﬂe@rﬁmm 7exénpt ary
enbodi rrentice1 1tah§c heat e \q_,] MOEKL qgof ki distr,eam 914 is vaporized within a
supercriti ca process. 1n certain exerrp‘l ary enbodi nents, the heated working
fluid str é@mﬂgm i §hs uperhdat edrkiimiuésitcaini Sexehpl chraymenvbmdnnemasnr t he
reduced heat Sty eg he ecature In the range, of, from
about 300%‘1?%)&62 gtfug%rbogf HSI‘I'%e ?Legf]c%d ﬁéelggt%ex}ﬁaugtI %tir earn 9 Sacainkthen be
directed twla iprptrer Wwéekﬂmrsmaﬁnd @b sghar Jedieoytthechdposphoresicd n
certain examplaly;4 &”PPQ'évﬁ?mﬁ, o8 %ﬁ@g&\g%{%@&fbﬁa%g 902, andyt *lﬁ JDeaier 913
can be |ntegrated into the primary sta n certain exenTlary

enmbodi mentsidetshe T5é ducetolddty eydiabis fregteneain g 58 c dhe hecdilvdesnddstrod an

I nci ner at gk, Q;Tolﬁcﬁf«‘ n#@ﬂ% whh H%fﬂ L0 RELNYs {%' g%@@f&ﬁ opw%rﬂﬁ adlameppere. In
certain exenplary e I ments, portion of the ex %t stream 909 is
di verted thf- oérgh*?i’étivby}ﬁméﬂwaftnbeh@@?‘i aﬁdGQﬁIfiefh & wetkivgeduidistrprot &Y besduced heat
exnaust Stigam@dh hO -LOYNEEnIREXIANShoSLECAN HBeorkilhCPLbALR YOI ary
enbodi ment's, the exhaust stream 918 has a tenperature in the range of from
about 300 Sr@mabﬁdur thgQ gireciep to japupe redi Abexenpl @iy a@ﬂ%@ﬁﬁﬁ”@?ﬁaéit Rapenexhaust
stream 909, 4;s qgtdg r&h y’x@r‘)ﬂ%ﬁﬁt erﬁhddh{ %"tht hﬁm@e%eﬁ Aotk 0(95§]V Ayl east a
portion 914a of the heated king fluid Stream 914 i's then directed to a
t ur bi ne- gén@ratoftivgyt erﬁh%?en“nhe? eirrhfe kﬁdﬁ?ﬁﬁiw@fﬁd9’%&@“@#1%%@@41@&@%&‘ fwor ki ng
fluid stream S SXRARIEd &R RUUGE. AR eXRANGRD Ml Ki g S 4 d stream
951 and generate power. In certain exenplary enbodi nents, the expanded

wor ki ng f K88 st r editr 98 Bhivas an ndepgicicat tprevenn syskat ﬁ%ﬂhgeoeﬁmg icoPRotlsbut 80 to
about 440 e‘rJizvarO es?@(l;érﬁcrﬁ] GFHJDQ&H FE’?N@%; SV‘%&P\Q{(‘E}HQQ} %‘11%@&@131”&@11%&?‘55%@0 wor ki ng
fluid stream 914 is diverted through a bypass val ve 95 hen conbi ned
Wi th the expandebolor kit bt % enmios tpedicyghotie 3(—:33@&?1‘ #niti’er prEdioat e

wor ki ng f |bH:kﬁ'» Srﬁé %‘ﬂﬁb@@é it @ b &!e&e@’ﬁ%h%& Qi@?cqq!rcnﬁ% So Fideg, the
intermedi ate Wworking fluid stream 955 has a tenperature in the range of

f r om aboutrig@edige arbmtw By spean) G5B9 19RNecd fit erenEdiat eV ERdiNigCopiigiEds st r eam
955 is theg dirfeched bRd ARRieNers"RF 6Bl ; hare 50@L %&a&@@ﬁ%@&eé@a%% corlhe
air-cool ed condensers 957 are a part of the ordganic Ranki'ne cycle. In
certain exemplar ymepboaitmdr grganih8agrirariicly Rewler neo eper-ecdiaciondresers wo

ai r- cool edsendensens Il chdleS&hi8Rers b GRY hRliR-GxeAR Al Yineabadi-pRNt s, each
of the air-cool ed condensers 957 is controlled by a vari abTe frequency
drive 958. The air-cool ed condensers 957 cool the internedi ate worKking
fluid stream 955 to forma condensed woriking fluid stream 959. In certain
exenpl ary enbodi nents, the condensed working fluid stream 959 has a.
tenperature in the range of from about 80 to about 150 "F. The condensed
working fluid stream 959 is then directed to a punp 960. The punp 960 is a
part of the organic Rankine cycle. In certain exenplary enbodi nents, the
punp. 960 |s controlled by a varrable frequency drrve 961 The punp 960

o o =N a2 o o o v



fluid stream 955 to forma condensed working fluid stream 1059. In certain
exenpl ary enbodi nents, the condensed working fluid stream 1059 has a

t enper at Wwe 20re/t4BB5r ange of from about 80 to about 150 PET/USh@1o6¥1densed
working fluid stream 1059 is then directed to the punp 960 and is returned
to a higher pressure to produce the working fluid stream 912 that is
directed to the heater 913. [0061] FIG 11 shows an indirect heat recovery
system 1100 for utilization of an exhaust stream 1109 from a steam

gener at or 71102oriTheveikhad storigty féa'mtieh@l%ﬁ@s It hetganemalsntdrabdideserihbed above
withr egar dg%ru? )v(\h%ﬂ%tt u%cg In%%ﬂ‘ 5%99?{:1\ a%&iq Qm tﬂ%m Io(c oquonp &% tt) al%ou?
simlarities w e repeate ffer ei nbef ow. ’portron

exhaust stifedm 1110@)ndramab‘e0vmﬂl€|”iuz<em€am ?héat hao vigedddrig thd pringp Sttﬂrceelm 1112.
The porti 2 stre 1 t1r ] niac e wor ki ng
flui o strommtns S PP R Rt PR P BB S 4 2

Sui t abl e éxearpb®s of the working fluid stream 1112 i ncl ude, but are not
limted t ter, l's hegr-mnal u sﬁJ,ka S

chl oroflu ro}é\gr bons h%&&% o(%vl Egog%cagpgodﬁrs& {cgtr od’rjrl &% @Fc%z%%“mé ¢

ref ri ger amtasig banbly mﬂr&t’msu&smd?ﬂ‘ Gomersthydrogarbtd ts:mnwenemesﬂ‘v'l’thestpmti on
1109a of ft, WSt S ] U, ] enter a
heater 111 taoag@r@o§ﬁt:et$\é @5‘1%&)%&%?(@“5&? £’ u{ugegs]?}rn “51%1%%1&%% alr}%éuced
heat ex haasrtamsii%@amrﬂ_ilwmmn?ﬂéemtmaa W@xewpbeﬁwﬁerrﬁ@dtcmmpe ratpr 2 wod ki ng
fluid stream 1112 has 9?53%6693 W{tgm xgeagth&)ﬁraﬁﬁg‘% Sl hfh[a?%@v% %U{t sfonn] O about
160 F. In certain exenplar I ment eate g flul stream
1114 has &0t erfperattmrﬁe&r‘tﬁmheﬂhvamge sothef woitn aboutv-miebct gratpodft! 465" F. I n
certain e i heat exhaust stream 1115 has a

t enper at u?‘(‘fg‘@mﬁ%%qugrg‘g*é’%g?fgir‘%%hhg oﬁg&gggﬂto about 900 'F. The reduced
heat exhali$t7kt r eans tdbst canlptaheﬂnibehmhnmdtmedmtﬂmtat orproducy stgpackl 1416 and
di schar ge t he, T er e | . he steam
gener at orq} 88 Tgnd%trﬂ?géﬁggt ?F“ f%g can ﬂm drxﬁtng Of}g%lce}%q?ﬁg%n?ﬂ%&) ?Vrgdrrgr st ack
1116. | n Seritgentexefpl afly @wbodi rents) ! Otchebr éidueédo héatt%eama&st agd ream
1115 can b, dlLeckad ho a0l NELakar oRh (S CLihbRheRl ific.h 8 RAI09

di scharged to the atm)sp ere. ertaln exenplary e Iments, a portion
1109b of thkcabxmadsts Stid eta@wm‘iGQ Tbg pditigePPedolt the eﬁthghstat st hyaile 1117
and then %SRHPJrJtﬁd }é\ﬁ&h ftuh?st %9‘é@?%ﬂ%@%faﬁ’%@%%@31&‘}0'%8%?};%%@ta 0y BY Q}guce an
exhaust stream 1 I'n certain exenplary enbodi nents e exhaust stream
1118 has aertaerm‘efmtam empaiisndngs. Hangekot FTrdomcabdit i3OGt onaboltizddE " F. | n
certain exenpl.ary,epbodinents, (it he £xha 5RANT hd 09al$ €D do8lyg di rect ed
t hr ough tﬁeqﬁieg%re]rglllgg (50612 IAJ;% %astyg&*ﬁ%}r td?oﬁn 111413{%? (BEJ ﬁgade

wor ki ng f hgivebrsng Bafvticrrddi@ntier shagichBgt teprotit 35 eetethwatking fnet kicrrg 714 ui d
Stream 11%%5%@& @dacateu eet&ednwowregmtérw rmrpt 3% @a@t @cfogduced
heat working fluid stream 113 portion 11 the heated - wor ki ng
fluid str éfam@ztimcmhtervmttorﬁmwm afetvsor@he ﬂmr%m 9t?r twd@ smpeEv P36 and
Lransfer s fgat: bl NE.MAY I A0S 14 4 SH SATN 3801l NGBk hA. BXGRLAT Y

enbodi ments, the working f | ui d stream 1136 in. cludes any wor ki ng uid

sui tabl e Morkings@uid fregm %ﬁ@am enRankine teyene ofifiprcdrpal of tedemplar -

enbodi rrentécevtdthea\aarjtar Qnttddt-h‘rc‘qttsst}{eerémké-lm%@nl&aﬁmg sepPer AL tsmudt he range
of from about 80 to about . I'n certain exenplary enbodi ment's, the
heat ed woERiHgeEmgiagy @tﬂrOéaTFﬁﬂEblgl? hyged wokegpbidhsiigpe d1A 11 treorimAgathef a f r om
about 160 t&mﬁe%ﬁté@ o b 8L Rk, eﬁssm%ewtfcrm%s TR ntiheybeat ed
workrngflurd stream 1 Is vaporized. In certain exenplary enbodi nents,

t he heat ed!workicHgafi. uiﬂdwstlreamﬁ»mmb@mamrﬁ» zedioyd toni mhasbigen i ti cal
process. Ly £t%ﬁa};@ D8 IR afde Yor E&*ﬂqgénﬁ@@é% sshi@oheat ad war ki g, shlyid stream
1137 is superheated. In certain exenplary enbodi nents, the reduced heat

wor ki ng f Eikaen Fo canbe 138was (ae pEnperatutie arlﬁdwrerafvaﬁﬁgtec yfmofhein dbout 85
to about 138 m’n{?} ﬁz%%b%h;&o@t@&dst&%me%@va@r @Qﬂ&l!i@{éh%&‘b% of; #NQ.MRLKI Ng
fluid stream 11 di verted t hr ough a bypass val ve 9 and t?ten, conbi ned
with the rté*ddeetwrmr@atm%?ikﬁ ng FeriEh gremiearabrdgers. He mﬁsrec‘éi Al ek nedi at e
wor ki ng flul.g stsream: 4i40.4 8 sehdidh-DoexenRhaty LaPadidiRnEiShatneo the

i nternmedi ate workinf, flui d stream 1140 has a tenperature in'the range of
from about 85 to about 160 "F. The intermediate worKki ng fluid stream 1140
is directed to a punp 1142. In certain exenplary enbodi nents, the punp 1142
is controlled by a variable frequency drive 1143. The punp 1142 returns the
internmediate working fluid stream 1140 to produce the working fluid stream
1112 that enters the heater 1113. [0063] At | east a portion 1137a of the
heated working -fluid stream 1137 is then



directed to a turbine-gen.erator system 1150, which is a part of the
organi ¢ Ranki ne cycle. The portion 1137a of the heated working fluid stream
1137 i s expantadsi3n t he turbine PCT/US2011/055141
-generator system 1150 to produce an expanded working fluid stream 1151 and
generate power. In certain exenplary enbodi nents, the expanded working
fluid stream 1151 has a tenperature in the range of from about 80 to about
440 F. In certain enbodiments, the turbine-generator system 1150 gener ates
el ectri ci eynoepheal doteiavad:cpoleramtbedingest apaitiot Web cbib edicn® ntrsyn ¥as
turbine-g t.or m.1150,0e €; chani gal loas L
enbodi rnent%IsJ“(ancgi 1%63}‘ ygéw%iffl?%]g (9)1‘ %ﬁ’e}%e%ngﬁ&%%i%ggwf%vﬁ st ?aggm ia?l 71s
di vert ed Pht oughdac bypass! vadawed B15 amdint @@mpb@nﬁnlb@dnw1 thet hdaex panded
wor ki ng fl ui Ny 115 r.od £ t t 1B § Iuj stream
M55, n chef P 8T ot b RIROHER S RLERITE BRI E0 et 1
st ream 115&nhdmsy amb@np@mmhaleeﬁmn s?txfhiafi Sﬁ}éng@u(rﬁv dircotny! dbogh tI8Octior S%ibout 445 F.
[ 0064] The .4 rrredl . [ ed to one or
nore air- mﬂ% ed congté%st\gf{gﬁk%%%“# he’ %IB{ 83510 é”d{ig(l(jj%1 tg%?@?%* %5&7 QC% a part
of the organiugiRagrkéner gyeheliticeeht giroreXdnpl Gr jeenbodiine At sitdre or gani ¢
Ranki ne CYE. t NEBASELS, 1521 i certain
exenpl ary ell oé?n%%gg%ue&gg%% %ngﬁ%g)g@gb %gdt%{:%ln%ﬁen aF ggﬂci%ég?esi i{:gntrol | ed
by a vari ablen cfquhaehmybbdmncv@ t&i@@and‘fﬂlefomlrrg-@omt@dlnéghd@rﬁstemgcqm@h cool the
ARl bout SO 1 0 (tjl Tiail S n 31 HHe
| nter medi BLe.RNKING Sl @ SLEERME 4SS La fietmausendansed . werking, fluf d

stream 115 7 ‘certain exenplary enb nent s e condensed working fluid
stream 1158tdiasoraing éhpletratu P&t isniitehed fhange dd?&pafss orvabBurnd8gnteomabbodit 150

"F. The c g, . J89. directe La,punp
1760, The pus S1ugey ShaTsthil et pEP R e ERLER AP
exenpl ar y%ihbbdptmemt@cmpihfe Eehopirk 6 Othp gt cmtiimlwe)@in@ﬁuai srap: &bf @af ¢ equency
drive 116 50 | e, ed working fluid stream 1159
to a hi ghic%m prgléés)}&?:gm]r#a T Ergﬁ %Q%ﬁ%q}v\gggmng?l uid stream 1136 that is

di rect ed {®5the hedtem: eimF@@%]t‘FHH@ v stghows S anthimddicrie€to dneat mpwcovery
system 1200 accondi.ng EALT Y Y o] Jh govery
system 12 Otl%g%%ﬁgsgé%pagﬂ?h & ?s(gd%? %% é’gg%ed!ﬁ ﬂ&r%gar&a%q{taﬁmg
recovery syst eimfmﬁecmé!x@émm%a@m@p@mw prgatit fagtmteade belvgw, twPFor-cpdled sake of
brevity, L bar Lt Les Wy, 2pe ! [ I f ng now
to FIG 1%g%0%e] I l?\tja’e%nrréi %Et e1 1\/\56?%%8&@7 i %él'? gié]g%tg nlg$ a ragctg QE(E:I& to one
or nore watisksseodSéds condéndersyvaiphy ﬁ@ﬁ'ﬁhﬁétwﬁt‘:@r%&oﬂle@ @@ﬁ@“e%éqf@vfi%? are
a part of okheodngaRl AR KA GYE Sreahds SRRl N EXEID] AiineThALERAL S, the
organi ¢ Rankine cycle incl udes t,,vo water-coo condensers 1257 in
series. THe® wit erisgooicetiacontbpbearss, ER5fordovkd thgkuigntied msedivate® Wor ki ng
fluid stream %Eém Qe b2 9;;) A rgﬁna@%%%‘ﬁ/@ilﬁ';ﬁ@ off | chdu%tdérﬁ@(mwgn%ﬁ)% ﬁ ko certain
exenpl ary errbo ment s, condensed wor uid stream 1259 "has a

t enper at ureap? Phet kaﬁg@m@f 0fam(ﬁﬁlpé’é@utﬂl%ﬁ}»ﬂfib@@b‘éatpailﬁi)f“i@lbf&améj\aé@ﬁﬁensed
vorking fluhd Sbream 1aa0,hs thGRALELGheduhy dde Ruap AL 6R and. s, ret urned
to a higher pressure to pro uce he wor ki ng stream 1136 that is
direct ed fisatchey featdsl. 1hgmy n“p 66661 Ret %r%)ﬁbmwdeﬂ@ngﬂad spgem §5Yfr ect heat
recovery sl dson foneuihh Whakiod Wash g eal A RUAMNC ek beam 1301 from
a gas turbine 1302 is I'n Certain alternative embodi nments, the gas

t ur bi ne i §¥%6eb| acedlw ﬂfh S%p‘»m egEkcigepe rrae oy (Yot 3 Adhwajcording Bertodicn

enbodi rrenwm%r uﬁkg&g«wa%%% Maiﬂgv@sestam ot & %m&&@@@&%a ;bEMQQ@S
turbine 1302 and I s conbusted CE}ro uce energy and the waste heat

by- pr oductvistieseehe 180 1ecovary éje?m? eenh azroyiﬁe#bowwéﬁ‘i@ Fphige s e heat
2%05{ O(iz%xe%&»r eaMl3QLidagna.t BORSEALME Lol 1&i&heRL@HQQ Rf &ram apaoyt 450 to

intermediate working fluid stream 955 15 then directed to one or more water-cooled
condensers 1057, The water-cooled condensers 1057 are a part of the organic Rankine cycle.
In certain exemplary embodiments, the organic Rankine cycle mchides two water-cooled

condensers 1357 in serics. The water-cooled condensers 10657 cool the intermediate working



[0067] I n certain exenplary enbodi nents, the waste heat by-product stream
1301 is directed to a diverter valve 1308 and can be separated into an
exhaust swopearya809 and a di scharge stream 1310. The di echarsg@19531eam 1310
can be directed to a bypass stack 1311 arid then discharged to the

at nosphere. A portion 1309a of the exhaust stream 1309 can be utilized to
heat a working fluid stream 1312. The portion 1309a of the exhaust stream
1309 thermally contacts the working fluid stream 1312 and transfers heat to
t he wor ki figidf dtugprd 956 rtea“mnl@mndehwd oerktiag r‘fiu'eixemnt alyo. er?tn@dtaﬁremestplewe
working fl .St e hj se in an
organi c Ra%r%kgillgu{meﬁpe&%%%&& gjorstﬂ %g% EI3?%@ Je;!‘h s Lm” réhﬁq“fé(?g and the
wor ki ng ftﬁumdtbsm‘ﬁvéambb@tlzﬁémt efrmaomieatcéwml@fgii Utttbstmmdu@ex ’hé‘aﬁtueﬂ twor ki ng
fluid str 1 e St. m e, heat er 1313
is a par t%‘@’ u%i% )%Oalgt 1\%&(1%&'?0 ghh@@t‘cqra%tﬁ s j?:()t?t% SR VV(JII?}% mﬁﬁ%d_ Tent s,

t he wor Ki ﬁgtﬁlduemkdsw}ealm@@ﬂ has a terrper ature in the range of from about
80 to about,.150 "F.kn, ce i Qq\ t t he t ed.working
fluid streamizia ﬁgg a Ut“% qq Egﬁﬁﬂp Y% %/“rtgmrlllatn§ g%g ﬁr‘gm“gg% IIP%G}%é)to about
450 F. i nemuttairwneklétﬁ}ftoar zystemneﬂment $72. t He dxéarb@d!cmrl ki#hig tifed saind ast r eam
1314 is V%B%L{ﬁt%d BBy £&1H AL, d@%&eﬂﬁl\ﬁ[ Y SAPOGI ”?d"t wt be. hegt.ed, war ki ”9
fluid stream 1. i's vap or i e In a supercrit ical process. {ncertain
exenpl ar y sienbodisrehtrst bq frecapddtcanthblork i A gofibuil 0% tal elamxmwsucsmsiub‘er heat ed.
In certai r I «1he hedu t R eam.131. 5 has
a tenper a'? u“?§%£%ﬁéh%%§g o] n@@%ﬁggﬁgaﬁd Zﬁg%ggj%@t%ﬁ)t%%%é\@%gt %’ue reduced
heat exhau$i® thtrmebineob8es i*ts?amrklheﬁuibetf@m Edt ed! tioslarspritnathy wotkaekk816 and
di schar geqf et & lt he @ﬁt?g)%gl@e% Sos of Dl Qn%rl&f?ﬂ' uigxteeml Laﬁymefmé)gttrrﬁ‘pﬁfﬁ’lmtltgc? reduced
heat exhaust stream dn be directed to an incinerator or a scrubber
prior to lei ngatdu sctisoffed thomitded  afuidss phediraecs. | mﬂ@em ai rrlexi@mplcaibyns,

enbodi nen 9 e S, 9 s, diver, t hr ough
a bypass g}gﬁl %%{Fmgﬂa;? e%g‘ggngf}ﬁ?e)’d%k}@%gttsh}]eﬂﬁﬁ g’ eéat Qex aﬁtﬁ)glft]j stream
1315 to pmdtumemanlethausrt 1 §Pr @8 phe 181838t ¢ Wmcérlﬁ%mmi @xewpltlw Juidnyodi nent s,
the exhaust,shreamdalfivas, Sy alemerat it ikt L ANOR: Ol [LAmARON 250 [0
about 1100 "F. In certain npl ary enb e exhaust stream 1309 is
entirely dilredpedn hwléughusitf*hte °heatieswm3m3mm{ 9068} ALk dasitsteprpolititen 1314a
of the heated . working; tluid strgam,l31l hengdicected. 1 Tary
t ur bi ne- gengrgt or syst %nﬂ 5 V\ﬁgl’ g%ﬁhée% E)cird%l on61314a no?u ﬂqe eat ed wor ki ng
fluid streshedi3as, ity Pe%p@rweté@a@%m@mc@ aﬂtaextyamdre@trwmrkq rged $luradn st ream
1351 and genenal e PRWLEss &N Gelhahn . SXamm! Al%aehodhrent sy the. gxpanded

wor ki ng fl u(?]d stream 13531 has a terrﬁté?%t Ore |?ll%ﬁe Fan ge of C?r%mtabout 80
to about 44@F1if haceicpaiAienoditaeatns fog sport P @sltzﬂ@@otf Thrercthsed ed

wor ki ng f b g‘(attr %%5515@14 5 ir§thgd H@&Peegdth{ Qe aapypt% etta/aLt e@@é& wand then
conbined with the expanded work gb luid stream 13 0 produce an

i nt er medi ati@smr% Wgwftﬁlalf-dﬂ@ttiﬁfe PEEBENs,| he e afepr: e&iehlﬁluamgt tenyedl nent s,
the hate: |mRclake MORINGSHULGnaLLEAM 1359, 038 8L GIREIAIMIGLLD fbe Tange
of from about 80 to about 5°T. WO 2012/ 048135PCT. 2011/ 055141 [ 0069] The
i nt er medi atdecafioreRl g &t@nlstirléam 385edial telrerodiyEet ®d fobbprersY Yror e

ai r - cool e@etﬁoﬁgﬁﬂl‘g%& R éa?’%?nosﬂ‘-!%% al, cev%@l%;@ﬁpﬁ@ﬂd:ﬁﬂ)%ﬁ! D13t 81 @LRArt of
the organi c Rankine cycle. in certain exenpldry enbodi nents, the organic
Ranki ne c§l€|Céh:iuﬁtc,smaesl%Liatlrndé@et@di ordaniset 57386 hep porglapddesith they cert ai n
exenpl ary , &nhadi.eRE. S @@%‘  Of's Eh%d%&!mcg% %Qst&%qeﬂﬁeﬁt%&%%xek peontrol | ed
by a variable frequencg rive 13% he air-cool ed condensers 1357 cool the
i nt er medi grecdNotki g Shuiditsendant he%»maltt@rcmi dreqordensed aevidCAde f | ui d
stream 13389, ishs GEr t@i O, a%eémliét L% &H@Bgﬁéﬁ%mﬂ% -h&: cepdensediworking fluid
stream 1359 has a tenperature 1n"the range of from about 80 to about 150
"F. The céhde&rsedusiohkiatgr ¥ Puid stream 1359 is then directed to a punp
1360. Thepupp 1360i;5,:8, I%%meftt&ﬂ% Qf gapi CwRapki ”ﬂ@d CY¥Ghe 1 ineRrfain
exenpl ary "enbodi ments, the pump 13 I's control | éd by a variable frequency
drive 136¥eaiTHa3Dimira 360 e %rr%si*ttdﬁéﬂcéﬁﬁewge@ ek nyrfipafigidstpeeam 1359

to a hi gher;pLessylecdondf Q@H&t@: hiye swerking f huk ‘ii»ostfoﬁet@”lalé’?tl% thatsi s
directed to the heater 1313




[0070] FIG 14 shows a direct heat recovery system 1400 accordi ng to anot her
exenpl ary enbodi nent. The heat recovery system 1400 is the sane as that
descri bedwalowa4sissh regard to heat recovery system 1300CTANC@EpPOSHS]
specifically stated bel ow, For the sake of brevity, the simlarities will
not be repeated hereinbelow Referring nowto FIG 14, the internedi ate
working fluid stream 1355 is then directed to one or nore water-cool ed
condensers 1457. The wat er-cool ed condensers 1457 are a part of the organic
Ranki ne cywolieng ﬂ%@%tuﬁiﬁ4eksenqaiﬂ\argntaetxbbﬂwmws$m@ hecaor gignisod Ramiiirne cycl e
i ncl udes Ler-co e e he ed
condensergy%i%v@ coo 8 %g&'l n%e]lﬁr?}gﬁ%‘tcé&\%g?“ %5 {mb ghs retai\r(t\;% g ?g&form a
condensed %Wanki g ifdluied asyt peamzl A5 suilahlecler taiin Aexegﬁni"ahwkkemwdr nent s, the
condensed | § 4 asq a4 Leoper |fré of from
about 80 {6 C}‘Qgp%t E&I%'hngmégx ggrriflslédﬂl\%r\ %j u}g K méprm I4 gq?s t hen
directed tomg t lré fpungot3BD trarigui §5¢0r &t ubn@tt&mmxamhimghembt\ﬁmeissw@ he@epr oduce

t he wor Ki am,1 irecte or

Do KL SHARAMARAS Lhat 8 S oRKed L Wl RN SE TR, o,
of an exhaustiast eapkl50Sodifveisekhdustd at)m\earﬁuif‘é@@amsl ithe sapereds 1t hat
descri bed v o} St d f. e of
brevity, t%%gs‘igﬁtx\q %tr}l {H?[%?n\%n{ﬁ hgﬁ%ﬁbé&? %5 el 3%’%2}?3 ﬁquI (alrmﬁkn%g%?gon 1509a
of the exhaustitist meamsm@@cz@ancmmtﬁtfx Lmiz@dmr@, hmaitcaadwﬂkngw@wiﬁlxmm stream
1512. The {por LiQn., . zgﬂa%; t, am. 1. ry » ts the
wor king fl u§|)7(rzl&sst9 %%%1%151 “ar gg ans grg% éelgt&%oﬁé)ﬁ%%%rﬁﬁj uik %gnft @%tream
1512. Sui ttadshe! teﬁamphefsﬂwfd*tlheﬂ wgr“tmmgf“fftﬂm thost $eambiBl D5 "hcliudei,idl'but are
not limted.t teloio@l YER! S 11tNe sl i L ahkkenes,

chl or of | uggocﬁﬁlg}ggs%\% r1 o%%tijo}hoecsgjr glng%cta{%or{quso%%@d ? @%ﬁlb%ﬂ?

ref ri ger amtis; | Bdndiicnyresing! wot Herchydl bearbsmedbrponent!d?s Theodorti on
1509a of the exhaust str 509..and, Lhe \{vo;n ina. fluid s 12.enter a
heat er jfg ?tg p?fd 'ué@ : glaltqiegﬁ\?\lor k} n‘ gistgcrxea“ 151%5anﬂ U;ér educed
heat ex ha@rsftrrrs:tlﬁtea\rw@mﬂmd lshieage t t48ihas emmtfmw*ethbmamﬁﬁ@n abdre B ki ng
fLuid stream 1l has @cLeupes abune i ihe, nange at. ngutm% {o about
160 'F. In certain exenplary e df men ts, the heate tIU| stream
1514 has acttaenpemator achodindie, hamgep df 4% somiabiodby 168t Mputcy455: "F. | n
certain exempl aly, GIOPALTENLS vd HEHEHICEdARAL eXRAUSL 5 1L FAMAIAD nas
tenperature in t hie ange o : frton}l about g% t6 about 1000 {ﬁ %}e reduced
heat exhaustkin fredsncdB 15! Tian colsnbdiwadi Fdéted to a primary stack 1516 and
di schar gegyg) the almRsphe il NaALLE BN EXCTRLAY eahodienLs i bbe reduced
heat exhaust stream 1515 can be directed to an incinerator or a Scrubber
prior to Bemf@i tdisslotharcgstkrttor Hiemat!ddsphier 6.2 patt ¢labe aiganie Xanphagypic.

enbodi mentg, ;quttmnaiég%@mt w&\&%ﬂeﬁh@%?@aﬂstﬁe’am c],\g%eé $y dlevighted through
a bypass va ve 1517 and en conbi ned W t he reduced heat exhaust stream
1515 to proguie afcwxHabist reripeam im@ttdlwr@eg thidnstegenpParyd empedt nent s,
the exhaustystneARADLEARAS anl ARSLAINISNINCS BEHANGE Ofcalr OF ARONT 250 tO
about 110 In certain exenpl ary enbodi ments, the exhaust stream 1509 is
entirely #immeeted it ieough of ferhdatef? podgut $490°72] At celieasmbadipertt.i thh 1514a
of the hegfgd. worLking JtLrH'ldb§tﬂE e@msléaﬁttaot&raetahtteaw 1232410 Jeat a
working fluid streami to produce a heated work ng fluid stream 1537 and
a reduced “fibatimgios Kiagy: tfimﬁaecrgtar e 588 emhemp@retliwewallma At ceiyen heat ed
wor ki ng fleﬁ‘hﬂin%&ﬁ@%'ﬁnl@l‘} RN £ORLACR S B ]wqti@ 09 Lhi o3ty gam 1536
and transfers heat to the working fluid stream 1536, in certain exenplary
enbodi mentspast evavbtie #y tltmp@ﬂemdearﬁ 1836 i vdelsnafyidwtickitind 5t Itui d

sui tabl e %Q!du USE tmataemervg@mts aRANKLAS | Csxclte cerlalh GERbALLAEXEIRLAT %o

enbodi nmen t he work luid stream 1536 has a tenperature In the range
of from abobiim v@ewwﬂatﬁn tidﬁte@lirbulhetsééﬁtmrawre%e%mg?Lfeméb@réﬁ@so t he
heat ed worki n@;sf-kui d stream 1537 has a tenperature in the range of from
about 160 to about 450 'F. In certain exenpl ar%/ enbodi ments, the heated

wor ki ng f @8 st r edir 183 Peiliglovyplors Feid stpgn ¢ &Y Aitheneluspd awﬁeémwt ment s,
the heat ed; worki dghdbidisdi 18T €A Ap3hidiScouaRQnd 286 Within 8¢ SUPELELL ti cal
process. In certain exenplary enbodi nents, the heated working fluid stream
1.537 is superheated. In certain exenplary enbodi mnents, the reduced heat
wor king fluid stream 1538 has a tenperatmure in the range of from about 85
to about 155 'F. In certain enbodi ments, a portion 1514b of the working
fluid stream 1514 is diverted through a bypass val ve 1539 and t hen conbi ned
with the reduced heat working fluid stream 1538 to produce an internediate
working fluid stream 1540. In certain exenplary enbodi nents, the

|nterrred| ate wor Ki ng f|UId stream 1540 has a terrperature |n the range of

o ~r- a1 o A NN 11— o - . A= AN



directed to a turbine-generator system 1550, which is a part of the organic
Ranki ne cycle. The portion 1537a of the heated working fluid stream 1537 is
expanded WO 20t248135bi ne- generat or system 1550 to producecCansexpasiied
wor ki ng fluid stream 1551 and generate power. In certain exenplary
enbodi nents, the expanded working fluid stream 1551 has a tenperature in
the range of from about 80 to about 440 "F. in certain enbodi nents, the
t ur bi ne- generat or system 1550 generates electricity or electrical power, In
certai n oRhgrnerbbdilmentss; exchelatyuridiodesegeniée atgpric Hpsitienr L ES50cigeaerat es
mechani cal . rene] rtaj ent.s, ortion b eat ed
wor ki ng f I “d&%{ ?O€§%3§g§7 | 21 Seﬁ?er% m%%%r%% r' Ln%ﬁ%ég%\z/’ agi é@‘gfpand t hen
conbi ned widitdl tdeecrexpdhted onordicady fal w@bistfremnylﬁﬁ‘«i: 168 prididuc”e‘@@ind
the- | nt er COAATE WarKPRo P BRER Ao pe b PR SRR T e
of from aboutngg0:d eireamouw 44settfn cf0QR4] El'miethmm ﬁiedo*aiteeaemwkqmmﬂmﬁ uid
stream 15 N 6. onden 557. The
ai r-cool e§§con té%géelrag %@g%ggrl%%a aqér ?g (%HP% eoél%odrwg%% %ﬁ%klﬂrﬂg (gneic et In
certai n exenpaiyd enbudil ABmtibm dihetctérogamlr@ R&ﬁkllh@pwym[E>(‘|1mhude*sn¢vvo
cach of {RE o PSRk SRR oGRS T TR LY ETEEREN <
f r equency verabled reiB&8y difhe! lail r Tboplrewl | tdndens elrcswi@@?cdomkmg Heidistitesr medi at e
wor ki ng flui LLieam. 1o e [ fluid. st 1559. In
certain e>}e gdﬁ Zar%/1 e%;“ S?l?r%{r? %&Q{ﬂ‘é c“g‘ﬁggn?ég’dﬁﬂlhﬁg’% ‘Iug ggts[r({ag)ﬂ%mﬁw has
a terrperafﬂﬁﬂtfe t¥b.-t he range of from about 80 to about 150 'F. The condensed
wor ki ng f Fup.eh stregm 1559 Irected 1o, u ) § 1560 is
a part of {t hg] or ga%?@(}: F?an?#kﬁégggig’legt Ee%n eg&e]l\r %\alﬁﬁmgx@g]&g?yd%%g ﬁ?)#ggt s, the
punp 1560 cisnptontrbddiedt. b? hahoparciablyeyfiere d déhie yhedring es hggbscribhbalpuap 1560
returns t%w&a&sm [ 00kl Hhd SELEAMLARRGN! Qi QBN BLERSUEE O
produce the wot FIUrd stream 153 irected 16 the heater 1535.
[ 0075] FI Ghreysy, shomuiazrrm~ n*dl"irnectm heaticd seovetoyy. ssfems 1600oadCoridithg to
another exeUpLaty SARO0AIR o NsNERILAGOUS % SYSLEM 1000 (Salle, same as
that described above regar to eat recovery system 1500, except as
speci fi callPy. s?t“iatV‘ei@fJQ@ﬂ@WmMF% he 7 seckepaf ofireev oy, Raokee syl | larcptdies wi | |
working {1 ord ot oan 1Es Wi SR 8ol o b ShEgRe @
condenser /68 PerieThEhosetiarcoe CIggR sepisheigBTnaliae: wonpre hugfstrg organic
d $231 hEhovyestt lobtasd derser! Bl seie flugfstr hre i
R R S s
condenser geresRugdototkipe liidsegame it tes werkimngref i ticd astercé nmese8 Sée f orm a
condensed oy i g 1T e g D LAY ETRPLes o from
about 80 t®l @b@u’gcﬂ@@mighﬂr’h@c@@ﬁd@ﬁ@é@rcmthﬂggﬁmndn@@ i@éﬁﬁi%%@mgé t hen
directed toy %ﬂ@aepl}lm 1560 and is returned to a higher pressure to produce
the working flurd stream 1536 that is directed to the heater 1535.
[ 0076] Ref EF¥fhg nowecterigGowl e, Flg. ol rebieciHeat repweiovesiyn Sy&t Bmuti7on: £ or
R Sl B b i R S T L
to, disti thdﬂwm%éshrgiﬂmsw@nﬁesmh@gbmh 2] Hosglegangiatet es@én*mw‘r farppigdi ment s,
Bbout 170 B aRat 00 T R S e Ao Be Srofuidt st eam
1701 can benpiclis guoduge frauey avhork page fokali iy -wedush e 2301Thée gettd on 1701a
otream 1705 A T anarers Foat™t ot o uarid e P S Sam A Cert ai n
S sfers ng fluird s [ [
exenpl ar y raEgbediaverost 4 Creaer KiORG f1 ui d stream 1712 includes any worKking
the heat by product otrean 1707 and The oy Ky o R a2 nter a
heat er 171%6@6@ Priotivest aﬂhveéiﬂédm@owbhgfpm&tfﬁdmgtaﬁ et 7gaE ndo% 2 rdetiuced
heat exhaugtnasdoreaimh 1740 TiEhgschead 8feah 1330 b & RALLa A 5 %ﬂ%:.s%gﬁrl's@l Ranki ne
cycle. in certain exenplary embodi nents, the worKi ng fI uid stream 1712 has
a tenperature in the range of from about 80 to about 150 "F. In certain
exenpl ary enbodi nents, the heated working fluid stream 1714 has a
tenperature in the range of from about 160 to about 450 'I', In certain
exenpl ary enbodi nents, the heated working fluid stream 1714 is vapori zed.
In certain exenplary enbodi nents, the heated working fluid stream 1714 is
vaporized within a supercritical process, in certain exenplary embodinents,
t he heated wor k| ng fI UI d st ream 1714 i S super heat ed I n certain exerrpl ary
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fromabout 90 to about 510 "F. In certain exenplary enbodi nents, the heat
by-product stream 1701 is entirely directed through the heater 1713.

[0077] At weast2/msporti on 1714a of the heated working fl gcu/useeleansidvlg is
then directed to a turbine-generator system 1750 where the portion 1714a of
the heated working fluid stream 1714 is expanded to produce an expanded
working fluid stream 1751 and generate power. In certain exenplary

enbodi ments, the expanded working fluid stream 1751 has a ten .perature in
t he range aof thfir djimhabfe@to B0 atesbouts 4400t F0% nf Gertiaun serbodidient &5  a.
portion 17 " k I AT i hrough a
bypass val' éﬁ“i% ”ahg éﬁ[ﬂ]é%\a ‘“.‘“*‘F%ggd ?X}td% I(ia(mg)%(g]z}anctle V\%?%I ﬁ‘&‘““%ﬁgt’% stream
1751 to pteduwdle @n: ﬁttnt‘erwetfﬁhﬂattéu@mdemngﬂf‘lmd drastirre dmt 17 5% whringelftidi n

exenpl ary ents,. ter Sqne | 25 has a
t enper aturﬁgq?(r)lj%tﬁeﬁr %n{\h\f,{p;’! r o%nrp% 11?8%%%} A o%“tl&lifg%] e?%]b]%‘] %’f
i nt er medi ateiwolhkd ng"aiﬁlb lﬁn*dtsfsxtlr&eargdm?%m&@e tyhien Tdé psectredmﬁooibn@e@ausmr e
air-cool e T, cool.ed. ¢ set 751 a rt of
t he or gan%c%%agﬁg a%S[hclwlmlé ﬁﬁd r‘I’;taimn?ge)f?et” ttT %Pkg g%nbo% 1EOTEP LR ghqewtg? ani c
Ranki ne cywolleng hod ﬂdress ﬁthbalalinettmei e:d*é@bﬂdeﬂsensﬂb?mmhmt@eﬁiBSdptarn certain
exenpl ary e 1.0 500 densel s td alids.gontrol I ed
by a vari ab{gg(?j rd[e%tr}ie%}g?/g%%lﬁkvoﬂl L%%g @’%“é)?‘a‘t ’?rggooorﬁ%d E%ﬁ e}ﬁi‘ ?sldi%‘%}g)cool t he
i nt er redi atE workimmgrairairdhs tangae %S BbouodT prarwd 160 elnsediworakirtegy f | ui d
stream 17 dj de g fluid
St ream 1720 e R T 1 50, o abeut. 150
'F. The cehdensed workiHyg'H | Wi drisp reea'ntt@?&@hatémtcnfen*hd|hp<e@:t ediking Znipunp
1760. The p 60 .8, art .of . a nki 1C) €0 ol MeCRIE @l N
exenpl ary er‘r‘gpd%ane%l)t&sE \tgﬁcg B%n%E&irgg)geirﬁ)gg‘bglnltg?ﬁq dn[gy%é(lg dS:'}frfltkgttlfg”ﬁ#requency
drive 1761‘1cailfh§51ﬁaﬂrwm?z@® wiigtnuy mgertifisaconaen sledemvor kionglayt elebdsteneam 1759
to a high Qrki f.Lul m is
A R S o R A G B L R
sysbern 18@0ccddecdredbavng stroamahditSHes a eovanaphas ip tenbog wfe”nm abﬁh‘e”’ Heatbaquecovery
system 1806y) & the SaTg 188 Lhak feserd bed, aboyeyu eh JagaLd, La.ness
recovery systeml 1700, except as specifica fy stated bel'ow. For the sake of
brevity, thikdgimideard theegmpwithbrendp dedaip e’p@@tﬂ@fd ddrdingbiel dw.redRefehwi ng now
to FIG 1%7;]1'15 l’tgtrwlﬂ‘t & ?%g! @}Lﬁr N0 l%' ﬂgxtutltéﬂtq rs&%@&ﬁé t{ Ehgﬂ_ tqtl C?Ct ed to
one or nore ter-cool ed condensers . The wat er - coo ton sers 1857
are a par to ¢ cittrnerﬁheregamccimaﬂnkwierw @y@tﬁ@nemn &cperimaﬂnﬂ%méﬁﬁleamwehweh nent S.
Lhe or ganigooRanklga o6l | Belides,d Yo ualehecopladGandansaks.d 8o
series. The water-cool ed condensers 1857 cool the internediate wor |ng
fluid stredmd 788 B or rodice onhdense draver Kit hginfdetidiy commésnyi8Bionentsn certai n
exenpl aryat%@?@k%@&ﬁ 13 1@y %%ﬂ%ﬂ%g HW% K!n@&mftk%h%%ﬁ Eﬁ%'a@;&ﬁ%&ﬁ@ a
tenperature in the range of ~ from about e condensed
wor ki ng f ﬂrmca*ﬁsltheaniﬁ&%@omsmﬂ helhe aifeet peam B iecrpitrkp di1P60 tAetitse r et ur ned
to a highgr,pressure to produce the working fluid stream 1712 that is
directed to the heater 1713. [00801FI G 19 shows an indirect heat recovery
system 1908Rbr ut iAtilgat i anrtioaf Dhé&art by -begrddwetns ipdaitran0?!4 Fhécheat
by- producty,stdeam QL 0!151?6‘”‘;[& y%@rm3§(§wt Q@tthv%siﬁﬁrll hed, ghqy ﬁeci‘!@dt‘v‘t})rl&g ard to
heat by-product stream" “1701, for the sake of brevity, the simTarities
wi || not Beidr sisant 8d4 hereetanﬁfel @v@m%tp@ﬂtﬁ\eﬁﬁi@@@éﬂ@a‘ Apifest qetati3pY apd oduct
stream 19@3’0 ﬁxaﬂﬂ%%f uito'cl’xlt%t?g( Wiat@%bo@m\ﬁ@{skﬁtg& %&éﬁ%%&eﬁﬂﬁ ;Jt%gx tﬁ:{he
portion 1901a of the heat y-product stream1l thermal |y contacts the
wor ki ng f hed ﬁtLW?“eatnf&%ZaWd‘f framdpErtd thakut HS) ¥ hénwarltét ﬁ@?\ﬁmﬁ“ﬁ &tream
1912. Sui t,able 1 examm!&s: taf@dtwheavtghhtdagegtnt i d StEeam éh%%h &rtgtttgi@ahput are
not limted to, water, col s henni nol ui ds, al kanés kenes
chl or of | udBBcaKhEns wtﬁ?m flitiotbe cap156ns \*«L@&Yrgbéwdﬁw@%rdé t@mﬁ)odmc an
refrigerantsm.and w@t?%ﬁ Ut‘i&@ «t%m%@?rinQé!x%@Q%@ﬁ% é%ﬂﬂ%ﬁa%{&ﬁm*%e infdheROL i on
1901a of the heat by-product stream 1 d the working fluid stream 1912
enter a hegtlére fiod gicpy [pFos e mpenant edhwm@méoml&éw S8 damh4t014 and a
reduced heat exhaust stream 1915. In certain exenplary enbodi ments, the
working fluid stream 1912 has a tenperature in the range of from about 85
to about 160 "F. In certain exenplary enbodi ments, the heated working fluid
stream 1914 has a tenperature in the range of from about 165 to about 455
F. In certain exenplary enbodi nents, the reduced heat exhaust stream 1915
has a tenperature in the range of fromabout 90 to about 500 'T. The
reduced heat exhaust stream 1915 can then be vented to the atnosphere. In
certain exenplary enbodi ments, a portion 1901b of the heat by-product
stream 1901 |s di verted thr ough a. bypass vaI ve 1917 and then conbl ned W|th
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In certain exenplary enbodi nents, the heated working fluid stream 1937 is
vapori zed. In certain exenplary enbodi nents, the heated working fluid
stream 1980 202/048136r i zed wWithin a supercritical processpPcCiruse@nioaiinl

exenpl ary enbodi nents, the heated working fluid stream 1937 i s superheated.
In certain exenplary enbodi nents, the reduced heat working fluid stream
1938 has a tenperature in the range of fromabout 85 to about 155 "F. In
certain enbodi nents, a portion 1914b of the working fluid stream 1914 is

di verted {H6BuUgh aTbypasmeaﬁaﬂwmlﬂi@BQ sgrsthedoh é o Scelpinndetwd tchortehe meduced
heat wor ki ng. am:19 pr L. it r fluid
stream 192@18%0%% c‘girdtgﬁlgf”% lre%irrp a ‘8“ r(r)g’(3 O%t”al S thﬁggllﬁ 5%%3‘5:@% l&&g&grkl ng

fl ui d st r Eamido40ichds "atmﬁmephtwnemdmldmet P ar{sgmf Ghoffinomcebiotitde85v¢ 0 about
160 ' F. The L I N f tr 9. Lre a purrp
1942, in cer%‘gldrel Og?gd @ft,em\’\P{] ni)g%l & Lgdl% aﬁi]%gx%i%’%géfgwq g%nt%g%lfg%led by a
vari abl e tméqijemdgmds |1vie' &Mﬁtroﬁl;hé)y piumd‘tligzﬂ@qwetwdm 138 ikt ermmedidat e
wor ki ng fI Jream 1 e i a 9 t hat
enters thé Ldgést%}erﬁ‘%m gﬂ?‘ﬁd&?ﬁi@g eas%kn1 M@é Fllgﬁ%l igg&?% 8 }gltahg&ﬁ %{tgd d

wor ki ng f meitkdosstriéstmebd3?s.i b cetven edinpéey edbxtdmﬁa}t‘;t e bpmilesgenerkatmoituigy st em
o0, ot chech 230 BRLL Bl LN 5 PLO2BLE FARKIIE, Vel THETDIRE LOR.AIPT. of

t he heate stream 1 i's expande he "t urbi ne- gener at or
system 195@11@@ fﬁm@@tuu@ 1@n° expandedchor kg 360 allsDWIQahﬁéﬂQSipahdt tgener at e
power . enpl £.:€ id st ream
1951 has & eraePdiiFeR, B M AR IRDL Apod He EYRANGGT MO SRR £

certai n enbodienemtery the 3t bﬁheyrgemér@tr@tmsyls:u@mi@@ﬁmag@neﬂaﬁegmm

el ectrici tlyﬁgoio aellng%g m\aulrc 8)5}%@&& IL{% \/9(9[{1&19:'* doln}g%!l l§m)91gf im:tﬂ]éﬁed FthQe

t ur bi ne- generator” sy gener at es rrechanl cal power. In certaln
enbodi nentigaicrd3pgorti on 1937b of the heated working fI uid stream 1937 is

di verted gh abypass;val 522 en, I he, . axpanded
wor ki ng fﬁ&rgju tregﬁ(ﬁxlgg%m% yﬁio%ﬁcgwa%g?ﬁgerrre at'ﬁgjaqk WI(%% b %]w gp tream
1955, in ecermrdion cekapirar Weimb@dwmm\ssmm Hé04 lntt@rxnedmatﬁiet Wfl‘wh@ﬁf«sb ui d
stream 1995, has, A, LEPRLALMULEchN b LadifioD:abouh, 89, 10 4ot 445
"F. [0083] Tfﬁe |%§3rne %g‘?{e %N?)rctll ng f ecf“ ?pﬁ%%ér%elacr%fw %P]Qgﬁ»y[ hgn dfrggt ed to
one oOr nNDPEVAY, rmicéjojﬂezdif@mﬁaeﬁnsb@ srE98l7herdhelai. r Resolrediosondeliséf.shd957 are
apart of hhe.ALIanlc ANk NEGYGhey i hekankatd XRL ahy. cpbadipgats, the
organi ¢ Ran I ne cyc nc es two air-cooled condensers '/ in series. In
certain eX@rﬁp:hsaw%W@iwmf»goie@a@mmmHﬁedsﬁ ¥ pagion ledrgohdensies 9/ck057 i s
control | eg vari.ahl [ q}y,\ Ve r198 ne.alhis6e0l.e4. nsers
1957 cool %E%m?ﬂnt)%r : RI g?éf% é‘ ?‘Ir&’ iir str%ca?%-IE 1955 lugc Sgrvr?n é%ggﬁggensed
wor ki ng f keriddnsstsriéamnsosg. Thm‘é@r @f@ieﬁ Ce‘%bmr‘ialr‘ﬁ emb@@vtrfi@mt@émwt‘vhébe@ndensed
wor ki ng flﬁ‘d dCLuSI’.;{ qa,&@ §n9§s9m daéméentw%nﬁ%ﬂlﬁu?d Lntheisbange.af, tromapout 80
to about F, The condensed luid stream 1959 is th n directed
to a punp Cil%@imﬁméhepm n§gePoiciggh %ﬁaﬂt agf l4phdaot ganreiRankitneargyefe, In
certain exgihaioehadi MBnES il BaIRNIP.4A0 dits EOR T iedc by aiiay | abl e
frequency drive 1961. The punp 1960 returns the condensed worKki fluid
stream 1959 pugp 1a6<h41rgihemmeé§<s@l?ﬂ@h@w prodivoeodupetasrkimglad m»arr‘sltﬂf*%am 1936
that is dlﬁ{@gggg Cdttgﬂgsﬁllgdtgqgter 1935. [0084]FIG 20 shows an indirect heat

recovery syst em 2 accordi ng to anot her
H(J 15 shows an indirect heat recovery system 1500 for utilization of an

exhaust stream 1509, The exhaust stream 1509 18 the same as that described above with
regard to exhaust streamn 1309, and for the sake of brevity, the similarities will not be
repeated hereinbelow. A portion 1509a of the exhaust stream 1509 can be atilized to heat a
working ffuid stream 1512, The portion 1509a of the exhaust stream 1509 thermally contacis
the working fluid stream 1512 and transfers heat to the working {hwid stream 1512, Suitsble
examples of the working fhuid stream 1512 include, bul are not limited to, water, glycols,

thermino! {luids, alkanes, alkenes, chlorofhuorocarbons, hydrofluorocarbons, carbon dioxide
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exenpl ary enbodi rent. The heat recovery system 2000 is the sane as that
descri bed above with regard to heat recovery system 1900, except as

speci fi cavbpost@ssd bel ow. For the sake of brevity, thePsirnisb@niosiies w |l |
not be repeated hereinbelow Retelling nowto FIG 20, the internmedi ate
working fluid stream 1955 is directed to one or nore water-cool ed
condensers 2057. The water-cool ed condensers 2057 are a part of the organic
Ranki ne cycle. In certain exenplary enbodi nents, the organic Rankine cycle
i ncl udes (W2 waterropoteiducondeari ogrs D& Abion cepivess. Thepwater ool ed
e B P R LR TBELE EaARL) RO dustd aam Aag Lo, form a
condensed wor Feam 2059. I'n certain exenp Iments, the
condensedhwbﬁrdkwnigmfgl il sswream@@lﬁ@ haks:cal bcenpieimattwream nvt‘he ﬁn an@ea of from
about 80 to, Th nden I‘kl, ay o) s then
directed t }b”nt%%)y m%écgnfggb Y SO&% q%tlgﬁst%é%qt Ii]&h; wggm%eglsﬁ E,\%f’b OKpr oduce

t he wor ki rligmfdbuuitdﬁ% n@atri@%ﬁm mirileseidwlnrewnéddltr@nt Wi Htetati emki@%id

00851 The sPGe ek oLy RLLAN, TR CURLOY: AX AUTARE (OluiPld 0 fhlbge I n the
organic RANKI N cycl e, Suitable exargr'p es of working 11 uids for use in the
or gani ¢ Rardainhey @y@b@nmmltmjeeduwthcafr edbnot strdam t8d itae a amponibe HNH3)

brom ne ( tn et 4 ethyl..al.g or ol
(CI—ISCI—IZC]—Iﬁr gﬁ%%y : 5% %%%Emgg()bd}ﬁeﬁ}% %%%do etnetzg%%fégjé‘gﬁgglﬁltﬁ (}%rg%gggnzene
(C6F6), hydeazline ;(imfc&m)ﬁaclﬂéttlhwnd alsclomgld torthmetrhantok. (ICH804d pxemplary

nonochl or o} en hL ar zp). ..0r . b oride
(OBHEC) . “HOBER Ehe o et Rl ganE ang"{ 1eBy M raxane of PeOfalane: (1 cs)"
pyri dene Ww@?ﬁb‘@ﬁl@h@m( E5haBN)o, the @ﬁm‘h}g@nadtﬁ Wlnro%fnpéonml@dmm -11 or
R-11 or trjehl orofl uaro (;Qgg?) e 12,91, fhe or R12
or dichl o%b #?d%%orre{eheg}r%g%&gié ,Edﬁfﬁrl ﬁelrog ﬁ@g%a T ?‘eelon %Tﬂ J}gy CFC- 21
or R21 (@H@ﬂ@@)mﬁrf@ft rng@ﬂé;mt c8@rugrsi: ézme&m‘*3@1*@&&1@@6-&?;1@16%&%@1& h

di chl oro - +C g thyler 2C12),
refriger gﬁ%ﬁ%ﬁ@ &5 e%ﬁ%f%%g n’t&%ﬁ% 15906?1(?2 11 Q%C%Forlgru}ogﬁt éﬂg%uér oet hane
or nonochlieropent 20| neboet hhd. mefathigereantlad 28ibodinfenieohe 2EBuOBUMBFC- 123 or
R-123 or :gﬁ 1960scdon bnrda ik UQF hane, refrigerant 123a or fi-eon
123a or ! igl%Sa 36? gcii néu or 1, CZlefkg%] oro-1,1,2-trifluoroet hane,

refriger aﬁtﬂ”@Bbl ot igasepmo1R8H 1 1 rofHOFCr12Bhikoe fRid #BbT bYl4haleot hane or

2. bromo- 2nhl: 0505 1y tkulz bbb LBG@SLhAN R s EbLART AL, F 1800, 134A or
|1 EC- 134A o!r]“R- o Poitnd QR e H}éiﬁ% i #?‘3@&% ["fSO%mBr freau
150A or CE&718@A @frdup?:dﬂ&@m@rkmﬁ 8wrio«ﬁ9€e'tlha?f€e gie ebhph diaédadipic ik oreidé
(CH3CHC12),...\ 1)) ARRSRS HAR) mali PLAE yhhenzene: 4k Rheayd: et hane or
toluol (C 7mr IQ;lwager FH @m onL %xt?(g VH%C% ' &l&z% h ES‘BE Iﬁgcertal n
exenpl ary @ﬁt‘mdp FRETYEIE, ﬂu@fh@ CW@‘JHern ginfe P@ll@lemyiarsnmbm@mt%@nmormq ond of
COMPONEN Sy 0L IBXATRI:E o 0081 Bl ?%m?ﬁ%iet eucammaundsid dankliad gpove my
be combined or wth a E)/drocar bon tluid or exanple, isobutehe. However,

t hose ski kieseh priophey appodpnfts rtéwgfmnzeﬂm%am%m&%r%ein!tuniﬁmfem #ghei s not
i ted t 0, 30%e Baklibtl A7 o MR oo WO 00 fl HLAL QL S8ILI-08LaNG hofipys, the
present invention shoul d not be considered as |Iimted %/ parti cul ar

wor ki ng frv‘vur@w@ihté%%@ucﬁ s lpEpdraws imbe reeal ryn geut f@ri@ﬁ ¢ 4¢h'é- appended
clains. [Q0¢ &ATh&eggﬁaegﬁm@:%w%'Jgnea F098080al Lkadi 15@%13%5&@361&15 ous heat
recovery systens and rret hods produci ng él ectrical and/of nechani cal
power fr ofgrE: h@s&mp@@um@i@ﬁﬂﬂph‘@ fé&é@fwdamﬁk@g/éiwérﬁﬁcmyﬁi n%mdém‘é Vit @
exchanger rarptnw'p%cgeﬁﬁra%ﬁw S8 bt A oGONGRRsE i NgAky %Wﬁg%m@m a punp.
The present 1 nvention is a dvant ageous over conventional heat recovery
systens anédmstshpdseald. il cgtdin epepihpambofaentiolt dedotHerii serkpe fef ected to
the atnosphere; 30 i Qdé!&% aalr§%§ {He%&% AndLO5MEehancal ( Rovery, Lhus

i ncreasing process efficiency 71Ther ef ore, the present invention is
wel | adaptesodipent ?@pzﬁletﬁh@%w§ha>mk%ﬂaﬁﬁwéﬂs‘ Sré it dioned tagpeheltyras t hose
that are kﬁbeﬁ%tmﬁh%%bxﬂbm&h@a P& trl&%!é@i‘iw@”&@@;‘uﬂ?ﬂi srefiseboged.above are
illustrative only, as the present invention may be nodified and practiced
indiffer éfhtm%m‘fdé‘mM\?éﬁl‘@nﬁmﬁaﬁﬁéms HSparfererivip ehoglayskinbtddgein hhe art
havi ng t he,benghi-tyRfind NEdLeaGH N80 &Ry Wk 8 MMDREONSH GhANESS, My be
made by those skilled in the art, such changes are enconpassed within the
spirit of this invention as defi ned by the appended clains. Furthernore, no
limtations are intended to the details zf construction or desiuzn herein
shown; other than as described in the clainms below. It is therefore evident
that the particular illustrative enbodi nents discl osed above nmay be altered
or nodified and all such variations are considered within the scope and
spirit of the present invention. The ternms in the clains have their plain,
ordi nary meani ng unl ess otherwi se explicitly and clearly defined by the
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CLAIMS What is clainmed is: 1. A process for utilizing process heat
by-product fromrefinery operations, con .prising: a first
sub- pr ocese,20m/@836Nd sub- process, and a third sub-process/ustha/ofimst
subprocess conprising the steps of: a)directing process heat by-product
froma refinery operation to a first heater; 11)thermally contacting in
said first heater the process heat by-product
about 160 °F. The mtermediate working fhuid stream 1540 is directed to a pump 1542, In
certain excrplary embodiments, the pump 1542 is conirofled by a variable frequency drive
1543, The pump 1542 returns the intermediate working fhuid stream 1540 to produce the
working fluid stream 1512 that enters the heater 1513,
[(073] At Jeast a portion 1537a of the heated working {luid stream 1537 is then
directed to a turbine-genecrator system 1550, which is a part of the organic Rankine cycle.
The portion 1537a of the heated working fluid stream 1537 45 expanded in the turbine-
generaior system 1550 to produce an expanded working {fluid stream 1551 and generate
power. In certain excraplary embodiments, the expanded working fluid stream 1551 has a
temperature in the vange of from about 80 1o about 440 °F.  In certain embodiments, the
tarbine-generator system 1550 generates electricity or electrical power.  In certain other
embodiments, the turbine-generator system 1550 generates mechanical power. In certain
embodiments, a portion 1537 of the heated working fluid stream 1537 is diverted through a
bypass valve 1552 and then combined with the expanded working fhuid stream 1551 to
produce an intermediate working fluid strearn 1555, In certain exemplary embodiments, the
intermediate working fluid strearn 1555 has a teraperature in the range of from about 80 to
about 445 °F.
[(3074] The intermediate working fluid stream 1555 1 then directed to one or more
air-cooled condensers 1557, The air-cooled condensers 1557 are a part of the organic
Rankine cycle. In certain exemplary embodiments, the organic Rankine cycle meludes two
air-cooled condensers 1557 in series. In certain exemplary embodiments, each of the air-

oy
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cooled condensers 1557 i3 controlled by a variable frequency drive 1558, The air-cooled
condensers 1557 cool the intermediate working fluid siream 1555 to form a condensed
working fluid stream 1559, To cortain exemplary embodiments, the condensed working fluid
stream 1559 has a temperature in the range of frorn about 80 to about 150 °F. The condensed
working fluid stream 1559 is then directed to a pump 1560, The pump 1560 is a part of the
organic Rankine cycle, In certain exemplary embodiments, the pump 1560 1s conirolled by a
variable frequency drive 1561, The pump 1560 returns the condensed working fhuid stream
1559 to a higher pressure to produce the working fluid stream 1536 that is directed to the
heater 1535,

(00751 FIG. 16 shows an indirect heat recovery system 1600 according to another
exemplary embodiment. The heat recovery system 1600 s the same as that described above
with regard to heat recovery system 1500, except as specifically stated below. For the sake of

brevity, the similaritics wiil not be repeated hereinbelow. Referring now to FIG. 16, the
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with a first working fluid to cool the process heat by-product to forma

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

at nospherw 20ten48B860nd sub- process conpri si ng the st epsPoOff/US2011/055141 d)
heating in said first heater the -first working fluid to forma first
heat ed wor ki ng fl ui d; e) directing the first heated working

fluid to a second heater; Othermally contacting in said second heater the
first heated working fluid with a second working fluid to cool the first
heat ed wokkérmgdifitk iiod-it011fid rsm;aa‘ fi563¢ di@f@@'ﬁe@ onvorrkingrg walegoaled condensers g)

paSSI ng t hgﬁ Ilr“lt W (?90?(8!)0% éggd lb‘SI %k rlltro(}u%h f%n@;l'ﬁ@%(ﬁg g(l”: r@n%@i{gaq‘if I T st

wor ki ng f|UId s --proce S conprrsing
cxurp!m Y emimdmmmx ﬂu organic Rankine cycle includes two water cooicd LOHd?ﬂSd\

1657 in series. The water-cooled condensers 1657 cool the mtermediate working {fuid stream
1555 to form a condensed working fluid stream 1659, In certain exemplary embodiments,
the condensed working fluid stream 1659 has a temperature in the range of {from about 80 o
about 150 °F. The condensed working fluid stream 1659 is then divected to the pump 1560
and is returned 1o a higher pressure to produce the working floid stream 1536 that s directed
to the heater 1535.

[0076] Referring now to FIG. 17, a direct heat recovery system 1700 for utilizing a
heat by-product stream 1701 from a process column 1702 18 shown. Suitable examples of
process columms inclode, but are not Hmited to, distillation colummns and strippers. In certain
exemplary embodiments, the heat by-product stream 1701 has & temperature in the range of
from about 170 to about 700 °F. A portion 17014 of the heat by-product stream 1701 can be
utthzed to heat a working Thud stream 1712, The portion 1701a of the heat by-product
stream 1701 thermally contacts the working fluid stream 1712 and transfers heat to the
working fluid streamn 1712, In certain exemplary embodiments, the working thud stream
1712 includes any working thud suitable for use in an organic Rankine cyele. The portion
1701a of the heat by-product stream 1701 and the working fluid stream 1712 enter a heater
1713 to preduce a heated working fluid stream 1714 and a reduced heat exhaust siream 1715.
The heater 1713 is a part of the organic Rankine cycle. In certain exeraplary embodiments,
the working fluid stream 1712 has a temperature in the range of from about 80 to about 150
°F.  In certain cxemplary embodiments, the heated working fuid stream 1714 has a
temperature i the range of from about 160 to about 450 °F. o certain exemplary
embodiments, the heated working fluid stream 1714 18 vaporized.  In certain exemplary
embodiments, the heated working fluid stream 1714 is vaporized within a supercritical
procegss.  In certain oxemplary ewbodimenis, the heated working fluid stream 1714 is
superheated. In certain exemplary emboediments, the reduced heat exhaust stream 1715 has a
temperature in the range of from about 90 to about 500 °F. The reduced 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 is diverted through a bypass valve 1717 and then
combined with the reduced heat exhaust stream 1715 to produce an exhaust stream 1718, In

certain exemplary embodiments, the exhaost stream 1718 has a termmperature in the range of



h) heating in said second heater the second working fluid to forma. second
heat ed wor ki ng fl uid; I ) passing the second heated working
fluid thrwoghi22048135bi ne to form an expanded wor ki ng fl uipdT/vsh@nasii4sai d
passi ng of the second heated working fluid through the turbine drives a
generator for production of one of electricity and mechani cal power;

J]) passing the expanded working fluid through at | east one heat exchanger
to forma condensed working fluid; and k) passing the
condensed fwor #iongd laitdut htlolighinaterkeastmphe pumdintatsf Ormegiabdpsésond

wor ki ng fl ui d; ) @g Iln and second sub-processes are
i nked V|a¥aﬁlm?lm&9n0h Lcu&@§£ Qiﬁgghe sgiond and third sub-processes are

i nked vi &% he secdﬂd&heauermﬂahd¢mhbﬂﬁHmﬂfdn@tbn§§cdnﬁwmaﬁ614hﬂmdl
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2. The process o
sel ect ed floomitche @?@upemvnéﬁswlmgmméaanmﬁ@dai@@dwand@dseﬁandﬁdland
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process héa
has a teroperature 1o th° 1zmge oi f. om about 80 to about 440 °F. o certain embodiments, a

portion 1714b of the healed working floid stream 1714 is diverted through a bypass valve
1752 and then combined with the cxpandmd working floid stream 1751 to produce an
mtermediate working fluid stream 1755, In cortain exemplary embodiments, the intermediate
working {luid stream 1755 has a temperature in the range of o about 80 1o about 455 °F.
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[3078] The intermediate working fluid streamn 1755 15 then directed to one or more
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air-cooled condensers 1757, The air-cooled condensers 1757 arc a part of the organic
Rankine cycle. In certain exemplary embodimaents, the organic Rankine cycle meludes two
air-cooled condensers 1757 in series. In certaim exemplary embodiments, each of the air-
cooled condensers 1757 is controlled by & variable frequency drive 1758, The air-cooled
condensers 1757 cool the mtermediate working fluid stream 1755 to form a condensed
working (hud stream 1759, o certain exemplary embodiments, the condensed working flaid
stream 1759 has a temperature in the range of from 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 erobodiments, the pump 1760 is controlled by a
vartable frequency drive 1761, The pump 1760 retarns the condensed working fhad stream
1759 to a higher pressure to produce the working fluid stream 1712 that is directed to the
heater 1713,

[0079] FIG. 18 shows a divect heal recovery sysiem 18300 according to another
exemplary embodiment. The heat recovery system 1800 is the same as that described above
with regard to heat recovery system 1700, except as specifically stated below. For the sake of
brevity, the similarities will not be repeated hereinbelow. Referring now to FIG. 1§, the
mtermediate workimg fhad 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 cycle.
In certain excroplary embodiments, the organic Rankine cycle inclodes two water-cooled
condensers 1857 m serics. The water-cooled condensers 1857 cool the intermediate working
fluid stream 1755 to form a condensed working fhaid stream 1859, In certain excmplary

embodiments, the condensed working {luid stream 1859 has a temperature in the range of



gas or waste heat fromrefinery operations. 4. The process of claim
1, wherein said process heat by-product conprises flue gas froma fluid
cat al yti cwonackisssuni t, 5. The process of clai mpCT/ush@n@sii4sai d
process heat by-product conprises heat by-product generated by

directing flue gas froma fluid catalytic cracking regenerator to a waste
heat steam generator for generating steam passing said flue
gas through an electrostatic precipitator to renove catal yst fines present
in the fl demgasyt 8&ndabout 150 °F. The comdgouwkrdRge thel sproe édY heat dipyriegroduct

fromthe }Aet%w%mgqsf & é}idtii %&n‘&eﬁ%@ %‘! %ﬁgirg‘)csbggct jocn'(?d:ﬁg '1“19 i\&/togxtiig)r fhoid stream 17?2 The
process of cla n1ﬁ, Wherein sai d-process heat by-product conprises heat

that is directed to the heater 1713,

[(080] FIG. 19 shows an mdirect heat recovery system 1800 for uulization 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 streamn 1701, and for the sake of brevity, the similarities will
not be repeated hereinbelow. A portion 1901a of the heat by-product stream 1901 can be
utihized to heat a working fhud stream 1912, The portion 1901a of the heat by-product
stream 1901 thermally contacts the working fluid stream 1912 and transfers heat to the
working fluid stream 1912, Suitable examples of the working fuid stream 1912 include, but
are not hmited to, water, glycols, therminol fluids, alkanes, alkenes, chlorofluorocarbons,
hydrofluorccarbons, carbon dioxide (COZY, refrigerants, and mixtures of other hydrocarbon
components. The portion 1901a of the heat by-product stream 1901 and the working fluid
strearn 1912 enter a heater 1913 to produce a heated working fluid stream 1914 and a reduced
heat exhaust stream 1915, In certain exemplary embodiments, the working fluid stream 1912
has a teroperature in the range of from about 85 to about 160 °F. In certain exemplary
embodiments, the heated working fluid strearn 1914 has a temperature iu the range of from
about 165 to about 453 °F. In certain exemplary embodiments, the reduced heat exhaust
stream 1915 has a temperature in the range of from about 90 to about 560 °F. The reduced
heat exhaust stream 1915 can then be vented to the atmosphere. In certain exeraplary
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 embodimenis, the exhaust stream 1918 has a
temperature in the range of from about 90 to about 510 °F.  In certain exenmplary
embodiments, the heat by-product stream 1901 1s entirely directed through the heater 1913,
[081] At Jeast a portion 1914a of the heated working fhud stream 1914 enters a
heater 1935 to heat a working fluid stream 1936 to produce a heated working fluid stream
1937 and a reduced heat working fluid sircam 1938, The portion 1914a of the heated
working thud stream 1914 thermally contacts the working floid siream 1936 and travsfers
heat o the working fluid stream 1936, In certain exemplary embodiments, the working fhnd
stream 1936 includes any working fluid suitable for use in an organic Rankine cycle. In
certain exemplary embodiments, the working thud stream 1936 has a teroperature m the
range of from about 30 to about 150 °F. In certain exemplary embodiments, the heated

working fluid streamn 1937 has a temperature in the range of from about 160 to about 450 °F.



by- product generated by directing a flue gas froma fluid
cabal ytic cracking regenerator to a boiler, wherein the flue gas conprises
car bon nowoxpbasenbusti ng the carbon nonoxi de in the poiritseotosgyener at e
st eam passing the 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

el ectrostatic precipitator, 7. The process of claim1l, wherein said
process héatwbkk@rmdmetad@ﬁ@whSe@ehenﬁhemédmﬁéaiManMﬁé7hﬂghﬂﬁedpénature

reactor. . cutamf cxu%ah eﬁ% rg&gss hg 1&3?Jdav{ JILIZ% Jm%[r :{nplé 17 1?»%0@@&&9% £ ature

reactor 1s I NCl ner
supercritical process. in »cmam cx;mpiary Lil’lbﬁd]l’ﬂ@ﬁ»& the heated working fhud stream

1937 1s superheated. In certain exerplary embodiments, the reduced heat working fluid
stream 1938 has a temperature in the range of from about 85 to about 155 °F. In certain
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 193% to produce
an intermediate working {luid stream 1940, In certain exemplary embodiments, the
intermediate working fluid strearmn 1940 has a teroperature in the range of from about 85 to
about 160 °F. The intermediate working fluid stream 1940 18 directed to 2 pump 1942, In
certain exemplary embodiments, the pump 1942 1s controlled by a variable frequency drive
1943. The pump 1942 retams the intermediate working fhud stream 1940 to produce the
working fluid stream 1912 that enters the heater 1913,

[0082] At least 2 portion 1937a of the heated working fhud stream 1937 is then
directed to a turbine-generator system 1950, which i3 a part of the organic Rankine cycle.
The portion 1937a of the heated working fluid stream 1937 is expanded in the turbineg-
generafor system 1950 to produce an cxpanded working fluid stream 1951 and generate
power. In cerlain exeroplary embodiments, the expanded working fluid stream 1951 has a
temperature in the range of from about 80 to about 440 °F. In certain embodiments, the
turbine-generator system 1950 gencrates electricity or clecirical power. [n certain other
embodiments, the turbine-generator system 1950 generates yoechanical power.  In certain
embodiments, a portion 1937b of the heated working fluid stream 1937 i3 diverted through a
bypass valve 1952 and then combined with the expanded working hud stream 1951 to
produce an intermediate working fluid stream 1955, In certain exemplary embodiments, the
miermediate working fhid siveamn 1955 has a temperature in the range of from about 80 1o
about 445 °F.

[0083] The intermediate working fluid stream 1955 is 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 melades two
air-cooled condensers 1957 in series. In certain exemplary embodiments, each of the air-
cooled condensers 1957 is controlled by a variable frequency drive 1958, The air-cooled
condensers 1957 cool the intermediate working fluid stream 1835 to form a condensed
working [hid stream 1959, In certain exemplary embodiments, the condensed working fluid

streamn 1959 has a temperature in the range of from about 80 1o about 150 °F. The condensed
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9. The process of claim7 wherein said heater is integral to a convection
section of the high tenperature reactor. WD 2012/ 048135PCT/ US2011/ 055141
10. The pwocep#48f3scl ai m 1, wherein the second worki ng fPCwius2013/0sakect ed
fromthe group consisting of organic working fluids and refrigerants.

11. The process of claim1, wherein the step of heating the second working
fluid to formthe second heated working fluid conprises vaporizing the
second wor ki ng fl uid. The process of claiml, wherein the step
of heati ngrotium %tééemdmv\@ﬁﬂkﬁsngenfdiuttdd tooe fuonni Whe Tsepond ! Heas edawoirtke ng f 1 ui d
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process, pr OCGS I ZI ste conpri'si ng:
variable frequency drive 1961, The pump 1960 returns the condensed working fluid stream

1959 1o a higher pressure to produce the working fluid stream 1936 that 1s directed to the
heater 1935,

[0084] 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 systern 1900, except as specifically staled below. For the sake of
brevity, the similarities wili not be repeated hereinbelow. Referring now to FIG. 20, the
mtermediate working fluid stream 1955 48 directed to one or more water-cooled condensers
2057, The water-cooled condensers 2057 are a part of the organic Rankine cyele. In certain
exemplary embodiments, the organic Rankine cycle includes two water-cooled condensers
2057 in series. The water-cooled condensers 2057 cool the intermediate working fhud stream
1955 to form a condensed working fluid stream 2059, In cortain exemplary embodiments,
the condensed working thud stream 2059 has a temperature i the range of from about 80 to
about 150 °F. The condensed working fluid stream 2059 is then directed to the pump 1960
and 15 returned to a higher pressure to produce the working {luid stream 1936 that is divected
to the heater 1935,

[(085] The present invention may employ any number of working fhuds in the
organic Rankine cycle. Suitable exaroples of working {luids for use in the organic Rankine
cycle inchude, but are not himited to, aromonia (NH3), bromine {Br2}, carbon tetrachloride
{CC14), ethyl alcohol or ethanol {CH3CH2OH, CZH60), furan {C4H40), hexafluorobenzene
or perfluoro-benzene (C6F6), hydrazine (NZH4), methyl alcohol or methanol (CH30H),
monochlorobenzene or chlorobenzene or chlorobenzol or benzine chloride (C6HSCL), n-
pentane or normal pentane (nC5), i-hexane or ischexane (1CS), pyridene or azabenzene
(C3H5N), refrigerant 11 or freon 11 or CFC-11 or R-11 or trichlorofluoromethane (CC13F),
refrigerant 12 or freon 12 or R-12 or dichloredifluoromethane (CCI2F2), refrigerant 21 or
freon 21 or CFC-21 or R-21 (CHCI2F), refiigerant 30 or freon 30 or CFC-30 or R-30 or
dichloromethane or methylene chloride or roethylene dichlonide (CH2C12), refrigerant 115 or
freon 115 or  CFC-115 or R-113 or  chloro-pentafluorocthane or
monochioropentaftuorcethane, refrigerant 123 or freon 123 or HCFC-123 or R-123 or 2.2
dichloro- 1, 1,1 -trifluorocthane, refrigerant 123a or freon 123a or HCFC-123a or R-1234 or
1,2-dhchloro-1,1,2-trifluorocthane, refrigerant 12361 or freon 12361 or HCFC-123b1 or R-

123b} or halothane or 2-bromo-2-chloro-1,1,1-trifluoroethane, refrigerant 134A or freon

30



a first sub-process, a second sub-process, and a third sub-process, the

first subprocess conprising the steps of; a) directing waste
heat by- pwodocxto48Bsa first heater; b) ther marlus2@onsadti ng i n
said first heater the waste heat by-product with a nrs working fluid to
cool the waste heat by-product to forma cool ed by-product; c)
exhausting the cool ed by-product; the second sub-process conprising the
steps of: d) heating in said first heater the first working

fluid to fidkaraliFiris4A heRtlédA wot. Rji@geti'zlfumbethane, refrigerant 150Ae)r fobon 204 ng t he
first hea t S860N . thermal |y
cont act i né??%&?é&ﬁ seconéq}] dppgr &hg i rs’?gnﬁ thlodldt’ o7 3(,1{( ]TZP thi(‘:lp‘mn% h a
second m(ﬂi%ﬁ@‘ﬂi@hmfs o nogolbetdvec for rbtoyiredbed ampkmhg "fH&}u dao (fgkim a first

cool ed wor grhﬁgdl )XI?J gv /,), d"id ﬂﬁ)f, like, o In ' 1ta,m exP @%};,”%b%@%mﬁ r%%? rrgr?j I%ﬁ:jkl ng

fluid throu rmsai
may include a amnbmmmn of L.mnponemb. For example, one or more of thc compounds

dentified above may be combined or with a hydrocarbon fluid, for example, iscbutene.
However, those skilled in the art will recognize that the present vention 18 not imited to any
particular type of working {luid or refrigerant. Thus, the present invention should not be
considered as limited to any particular working fluid unless such limitations are clearly set
forth in the appended claios.

[086] The present application is generally directed to various heat recovery systems
and methods for producing electrical and/or mechanical power from a heat source. The
excmplary systems may include a heat exchanger, a turbine-generator set, a condenser heat
exchanger, and a pwop. The present invention is advantageous over conventional heat
recovery systems and methods as it utihizes heat that would otherwise be rejected o the
atmosphere to produce eleciricity and/or mechanical power, thus increasing process
efficiency

[O087] Therefore, the present mvention is well adapted to atiain 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
m different but equivalent manners apparent to those skilled in the art having the benefit of
the teachings herein. While nomerous changes may be made by those skilled m the art, such
changes are encompassed within the spirtt of this invention as defined by the appended
claims, Furthermore, no limitations are intended to the details of construction or design
herein shown, other than as described in the claims below. It is therefore evident that the
particular iltustrative embodiments 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 uniess otherwise explicitly and clearly defined by

the patentee.



the third sub-process conprising the steps of: h)heating in said second
heater the second working fluid to forma second heated working fluid;
passi ng twe emassheat ed working fluid through a turbi reTius2610/0851an
expanded working fluid, wherein said passing of the second heated working
fluid through the turbine that drives a generator for production of one of
electricity and mechani cal power; passi ng the expanded
wor ki ng fluid through at |east one heat exchanger to form a condensed
wor ki ng fluid; and WD 2012/ 048135PGT1.48%6811/ 055141 k) passi ng t he condensed
working fluid through a punp to formsaid second working fluid;
wherein the fiVstiand»sésond sub- processes are linked via the first heater,
wherein the second and third sub-processes are |linked via the second
heater, and wherei m pldeksstior 38800 predftd HoRi 5.0y S0kt BrACESSES fREUbns,
si mul t aneousl y,
comprising:
a first sub-process, a second sub-process, and a third sub-process, the first sub-

process comprising the steps oft

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

with a first working fhuid to cool the process heat by-product to form a cooled by-product;
¢} exhausting the cooled by-product o atmospherg;

the second sub-process comprising the steps of
Fo)

d) heating 1 said first heater the first working {had to form a first heated
working fluid;

c) directing the first heated working fiuid to a second heater;

fH thermally contacting m said second heater the first heated working

fhiid with a second working fluid to cool the first heated working fluid to form a {irst cooled
working fluid;

) passing the {irst cooled working fhad through a pump to form said first
working fluid; and

the third sub-process comprising the steps of:

hj heating in said second heater the second working fluid to form a
second heated working {hud;

1} passing the second heated working fhid through a borbine to form an
expanded working fluid, wherein said passing of the second heated working fluid through the
tarbine drives a generator for production of one of electricity and mechanical power;

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

k) passing the condensed working fluid through at least one puoyp to form
said second working fhuid;

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

first, second, and third sub-processes occur sinultancously.
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14. The process of claim 13, wherein the at

sel ected fromthe group consisting of air-cooled condensers and

wat er - cooweaoansisaser s. 15. The process of cl ai mCI8IS261n/05518T1
conprising the step of directing the cool ed by-product to one of an
i ncinerator, a scrubber, and a stack prior to exhausting the cool ed

bypr oduct

directing
strewmto

to the atnosphere. 16. The process of claim 13, wherein
sai d waste heat by-product conprises waste heat from a steam generator
process of clal.m 13hewhersial chaind, waste thheakasbypaphatduwataicss: genkriad ed by

| east one heat exchanger is

The

fr‘f@%l%@é erbilf c%nﬁst%t%ﬁé‘i}ngoeoﬁ‘et;c %(%El‘ier dagqua{%g-céoﬁ‘c% NGl th a heated air

m 3t éam an e was eat

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

gas from a fluid catalytic cracking unit.

5. The process of claim 1, wherein said process heat by-product comprises heat
by-product generated by
directing flue gas from a fhud catalytic cracking regenerator io a waste heat
stcam generator for gencrating steam,
passing said flue gas through an clectrostatic precipitator to remove catalyst
fines present in the fue gas, and
recovering the process heat by-prodoct from the flue gas exiting the

clectrostatic precipitator.

6. The process of claim |, wherein said process heat by-product comprises heat

by-product generated by

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

combusting the carbon monoxide in the boiler to generate stear,

passing the flue gas through an electrostatic precipitator to remove catalyst
fines present m the flue gas, and

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

clectrostatic precipitator.

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

recovered heat from a bigh temperature reactor.

&. The process of claim 7, wherein the bigh temperature reactor is a fired heater

or an memerator.

9. The process of claim 7, wherein said heater 18 integral to a convection section

of the high temperature reactor.
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18. The process of claim17, further conprising the step of diverting a
portion of the waste heat by-product through a diverter valve for

di schar giwgQ 20/@ssspher e, 19. The process of cl acwmus3)1nbanei n sai d
wast e heat by-product conprises waste heat froma gas turbine, 20. The
process of claim 13, wherein said waste heat by-product is generated by
directing fuel into a gas turbine, and conbusting the fuel in the gas
turbine to generate power and the waste heat duct. 21. The process
of claim 13, wHer eiliic phecss eCdmd: wortkicngh$ fewid Wwekisglledtiegdcred motrhibe

group consisting of organic working fluids and refrigerants.

1. The process of claim 1, wherein the step of heating the second working fluid

to form the second heated working fluid comprises vaporizing the second working fluid.

12, The process of claim 1, wherein the step of heating the second working fhud
to form the second heated working fluid comprises vaporizing the second working fluid

within a supercritical process.

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

process comprising the steps of

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

a first working fluid to cool the waste heat by-product to form a cooled by-product;
¢) exhausting the cooled by-product;

the second sub-process comprising the steps of:

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

)] directing the first heated working {iuid to a second heater;

£ thermally contacting in said second heater the first heated working

fluid with a second working thud to cool the first heated working fhad to form a first cooled
working fluid;

g} passing the first cooled working fluid through at least one pump to
form said first working thuid; and

the third sub-process comprising the steps oft

by heating m said second heater the second working fluid to form a
second heated working fluid;

1) passing the second heated working fluid through a turbine to form an
expanded working fluid, wherein said passing of the second heated working {luid through the
turbine that drives a generator for production of oue of clectricity and mechanical power;

i} passing the expanded working thud through at least one heat

exchanger to form a condensed working fhuid; and
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group consi sting of organic working fluids and refrigerants.

The process of claim 13, wherein the step of heating the second working
fluid to wormzdeiisecond heated working fluid conprisesPeaseeziony4t he
second working fluid, WD 2012/048135PCT/US2011/ 055141 23. The
process of claim 13, wherein the step of heating the second working fluid
to formthe second heated working fluid conprises vaporizing the second
working fluid within a supercritical process, 24. A system for
utilizing a heat by progugts teompdinsidhgorking fluid through apuwop gardpe: Radki ne
cycle co ter, a turbine and generator, at |east one heat
exchange?E&gr%%:f’g%dﬁjﬁ!}fil’ﬁlﬁfali mhereln the at | east one heat exchanger is selected
from air-cool ed heaxtw@mt’marfgm@aiaﬂﬂdﬁlﬁlatuéfm@wdﬂede Heatd exchanigersaerand

a heat Sokvl‘mirlgm L quc{] avgdh ﬁnrd %%% ?1%9 I ﬁ“lkqt? %1%1% %u, \gcg hia‘% 9”3;@" ghe Shy heat

byproducts from Fefinery by-p
first, second, and third sub pmcesse\ oceur :ﬁnn.hdneoL.m}y.

14, The process of claim 13, wherein the at least one heat exchanger is selected
from: the group consisting of air-cooled condensers and water-cooled condensers.
15, The process of claim 13, {urther comprising the step of directing the cooled

by-product to one of an incinerator, a scrubber, and a stack prior o exhavsting 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 claim 13, wheretn said waste heat by-product is generated by
directing water into a steam generator,
heating the water with a heated air stream to form steam and the wasie heat

by -product,

18.  The process of claimm 17, further comprising the step of diverting a portion of

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

1%, The process of claim 13, wherein said waste heat by-product comprises waste

heat from a gas turbine.

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

by -product,

21.  The process of claim 13, wherein the second working {luid is selected from the

group consisting of organic working fluids and refrigerants.

22, The process of claim 13, wherein the step of heating the second working fTuid

to form the second heated working fluid comprises vaporizing the second working fluid.
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23.  The process of claim 13, wherein the step of heating the second working fhuid
to form the second heated working fhud comprises vaporizing the second working fluid

within a supercritical process.

24, A system for utilizing a heat by-product, comprising;
an organic Rankine cycle comprising a heater, a turbine and generator, at least
one heat exchanger, and a pump, wherein the at least one heat exchanger is selected from air-
cooled heat exchangers and water-cooled heat exchangers; and
a heat source, wherein the heat source is one selected from process heat by-

products from refinery operations and waste heat by-products.

78
[ )



