| MPROVI NG CAPACI TY AND PERFORMANCE OF PROCESS COLUWNS BY OVERHEAD HEAT
RECOVERY | NTO AN ORGANI C RANKI NE CYCLE FOR PONER GENERATI ON CROSS- REFERENCE
TO RELATBROAPRIMEATI ON [ 0001] The present application cl CRSReLLOFIIBY t O
U. S. Provisional Patent Application No. 61/390,388, entitled "I nproving
Capacity And Performance O Distillation Colums By Overhead Heat Recovery
Into An Organi ¢ Ranki ne Cycle For Additional Power Generation"” and filed on
Cct ober 6, 2010, in the name of John David Pen-ton eta!, the entire

di scl osure of which is hereby fully incorporated herein by reference,
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or gani ¢ Ranki ne cycle. BACKGROUND [0003]Efforts to capture and/or reclaim
waste heat in refineries are known (See, for exanple, Badenhau.sen, United
States Patent No, 2{BIBSIREFERThALE $ai RELAREDAPRBLEOITI@MNINI ver sal waste
heat recovery strategy for all refinery types; and for all of the

heat - genef®0ihg pr doesses:t m&ﬁifﬁéiﬂrmhﬁmﬁ ity wdeh frefisiped Pasnt Mpbatidi ngl vy,
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which s hereby folly incorporated herein by reference.

TECHNICAL FIELD
(00621 The present application generally relates to heat recovery and utilization.
More particularly, the present application relates fo the utihization of process heat hy-product
from process colurmns 1o generate elecinicity and/or mechanical power through the use of an

organic Rankine cycle.

BACKGROUND

0003} Efforts to capture and/or reclaim waste heat in refineries are known {See, for
example, Badenhausen, United States Patent No. 2,335,727).  That said, there is not a
universal waste heat recovery strategy for all refinery types, and for all of the heat-generating
processes performed within such refineries.  Accordingly, much of said cffort has been
directed at finding cumulative benefits from the harnessing of waste heat from a plurality of
refinery processes using a variety of technigues, of which organic Rankine cycle systems are
often part {See, for example, Carson, United States Patent No., 4,109,469).

00041 In many refineries, the hydraulic capacity of process cofumns can be increased
by mnstalling high capacity trays. Reboiler foput can usually be increased due 1o the
avatlability of extra heating mediom (ofien steam) and the excellent heat transfer provided by
phase changes on either side of the associated exchanger. Overhead cooling capacity in such
systems can be more problematic, however, often limited by ambient conditions and the large
amount of space required by their associated air cooling cclis.

[0005] Waste heat has also been recovered through the use of organic Rankine cyvcles

within the geothermal industry. The waste heat teraperaturces from a geothermal process are

pad



[0004] In many refineries, the hydraulic capacity of process colums can be
increased by installing high capacity trays. Reboiler input can usually be
i ncr easedwouel1dw@st2e avail ability of extra heating nedi eeT(uskaiensasran) and
the excellent heat transfer provided by phase changes on either side of the
associ at ed exchanger. Overhead cooling capacity in such systens can be nore
probl emati c, however, often |imted by anbient conditions and the | arge
anount of space required by their associated air cooling cells. [0005]Waste
heat has alestdy beend retgvienedintprooughitervwdeasdsf forgani be Rankénecicyel es
within th 2ot .he . 1.ndy A 1Ne W Jheat. . - s T .

geot her rra?ur%rgo%glsé[sngg}#”emg%%g%%ﬁ;mé?%\r{:%g&%ﬁtlﬁg‘%ig ﬁ%ﬁé%ﬁ&g‘ﬁ%é@gg t%E)I um
over heads cuHowexgeric Rehignqaiar dbshaeteeugioy flogebdet outsiablezirengsst tvediorgani c
Ranki ne cygcle techpal J 0 LN, tYPes of:naPRLi cAL) 9ls - Lhe. current
organ c FARETRLTEIR Al Bk biBRs Rl BPRY BBLN e L % RS GC

condi t i onswulipddic tdconadd yssuds hehidxivatidnge equilprreint pratdst iczlednwipphéanotshe
current desig@ns.i.s.00LeRLoNe. Lo f.oull 0k, €OErasion issues. whi.ch woul d be
preval ent Aonk S ERE A B AR ek o RP AR A MBS AR P

i ncr eased crldsivgRocgnpl exiting céinminppegoat i ng an organi ¢ Ranki ne cycl e system

into an exdgki ng cql v aﬁﬁa%&?xfg%&{l}% a%E,Q&Q&L;J & e\;ﬁlzﬁ%r?écm Biﬂ%mﬁ%& B, ANy

process or ent ance_rrent | (ect he recovery or such over ead heat from
such abovef mefit inoriedd frocleys sedl amys nwoudrdd hecadsemidibenedfli dicallcefiedm a
waste heat, [ acovVRIN/ I &6 %l(% %@%;8@%&%?; 58 wield . ap . FOM A BEacess
ef ficiency standpoint. R 0 he present invention is directed to
pr ocesses cfiolenhewtmdpedovery in refineries, wherein such heat recovery is
realized by channeling thermal energy froman overhead stream of a process
columm to an organi c Rankine cycl egifigzam ki ch el ectricity can be derived
t hrough a turbine-driven generator. The present invention is also directed
to systenmpuboyr i npleepRkéngesih ipreeedsesocdQad] hda: ena«aspecinols, t he
invention, a process for reclai ng, heat from a process, .

wherein such heat recovery is realized by channeling thermial energy from an overhead

streamn of a process columon to an organic Rankine cycle—from which electricity can be

derived through a turbine-driven generator. The present invention s also directed to systems

for implementing such processes.

[O008] in one aspect of the invention, a process for reclaiming heat from a process

column unit mcludes two sub-processes that occur stmultancously and that are Tinked via a

heater or heat exchanger. In the first sub-process, an overhead stream from the process

cohumn unit is directed (o a heater and is utilized to heat a working fluid stream of an organic

Rankine cycle to produce a reduced heat overhead stream and a heated working fhuid stream.

The overhead stream thermally contacts the working fhud stream to transfer heat to the

working fluid stream. The reduced heat overhead stream is directed to another heat

exchanger to produce a cooled intermediate. The cooled intermediate then enters a separator,

where 1t 18 separated mto a vapor stream, a hight hguid stream, and a beavy higuid stream.

The Light liquid stream is passed throogh a pump to form a reflux floid that can then be

directed into the process colurn. In the second sub-process, the working fluid stream is

heated by the overhead stream in the heater to form a heated working fluid stream. In certain

aspects, the heated working fluid stream is vaporized. The heated working fluid stream 13

passed through a turbine-generator set to form an expanded working fhad stream and produce

electricity and/or mechanical power. The expanded working fluid stream is then directed to

another heat exchanger to form a condensed working fluid stream. The condensed working

o)



colum unit includes two sub-processes that occur sinultaneously and that
are linked via a heater or heat exchanger. In the first sub-process, an
over head wWOnem48120m t he process colum unit is directe@Crasaoih®siier and is
utilized to heat a working fluid stream of an organi c Rankine cycle to
produce a reduced heat overhead stream and a heated working fluid stream
The overhead streamthermally contacts the working fluid streamto transfer
heat to the working fluid stream The reduced heat overhead streamis
directed ﬁi@idatr@ﬁrmerﬂlhvetatméxteh@fngeﬂwmmo griodée evodigpidlié dirdant ©xinedisate. The
cool ed inte h S a separator, where it is separated into a
vapor str%a%]%ig{’?%%ﬁgk ?Qm sitream and a heavy liquid stream The |ight
l'iquid stieamis passreﬁdwt mpemghttampuﬁp ntagpréosivaceiefdingdefl fuinda phatss can t hen
be direct n 3 ond, sub-~pr " wor ki ng
Fruid streamrlef R ERbmn REL U ) L8 SRR nBiBRRT e iE 2

heat ed worki-prgeckdes g islksrde‘am {iran hedart A nbeas pegtesd ﬂtfrldewthe@;tfeﬁhsmlﬁmn@ f | ui d
streamis L).48 Th eal, 1S I.S..0 S€ ugh a
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el ectri ci byt mridrord tnﬂ@hamhe"at ipewemilzcﬁhehexpﬁndeek\wen“kidmgc#ﬂh Wirdo®ts eam i s
then dire & I C, rodi@nk n rking fluid
Stream T CoRISASa o I g TH L gy P R e M steR s, purp
to form t Herwdiykiongetf kagi Ad”\fs‘t eremen hiaticentie tgnddidichidatiey fiof wolkengokbgdni ¢

Ranki ne cygl.e t[igoé)iﬁlidrhtét%%ﬂ@fd SGEREL dlt‘tht.at ey t}tﬂe‘é%‘}t' Qo RIOGESS, or
reclai m ng heat from a process colum unit 1nc es thr ee sub- processes

t hat occur:métdmtetiam?e@usﬂy coTlvd nﬂm@timezrmlms\etemhd\@@bﬁpr\o@esee%xare&dii nked
via a firgh,h @M;m@ﬁghgﬁt%s}e%ﬂ an, LAl dosubirocasses AL Lipked via a
second heater rocess, overhead strea rom

process ced eawyed Gl eehi s pdiy ectoad atleﬂlt\:hfémm “raSt:ath@art by disavebdiiglodid P IO%E@ to heat
a first wopkingf ki st ORUIGR 1 Srlbced Neal. Querh ,§ eam and
a heat edwm%%?n ] G(%ia és utggm&&r % ovg@h agd’%g&lr eam @h%dﬁ& i E%%h%agt s the
first wor Rigsg 1fllilfﬂ d*@ttﬁ@&@ﬁ%fe atird hefasny dilsiag g stedven. fibedipst mtfq@ﬁ’mgkiflét uid
stream TheiGdHeRdiBeal oOPLAGAGRL! SAM Ll [PRLE0.LQANRI Gk, n Beat
exchanger to produce a cool ed i nterned at e e cool ed I ntermedi ate then
enters a geparalrdlepknherde ia picducs epactt edpking dluil vxap@rmétdrseaw gated ght

i guid stieam, @0fsdaheamy dil Qulih SLERIMTRS iBlhald AHids SLIGAML S passed
throughapurrptotéorma reflux f hat can then directed into the
process cébidrgan: af @hef%e!é@ﬁdhsm%~bri@élés§cl hpgigo fter‘v‘etﬂumﬂklﬂngmfﬂt #fi e st r eam
s heat ed oy, b RanQYEEARACSLEAAMbRLNGL Lidh 53k Shsl OntRLMBuLhLST heat ed
working fluid stream” The first heaté& ng fluid streamis directed to
t he secondiveht 8t waNge ifs duticdn.z bdbe @Frﬁé‘éﬁ praaﬁtmrthh Wk Gid sgeaneainbof an

or gani ¢ R%%ME‘@{&E»YQJ &ck0s 9&&%%8@01@1 £0Ql 66 Y@%H'w‘%&;ﬁl tt'm&' *~1§ctaﬁleqm&§t@gl a second
heated working fluid stream The first heated working fluid stream

t her mal | y agseit.det sceiehopse k‘i“l*rgﬂéf il gtrert Bampeized. hehepcgatm caRdnkithez cycle to
transfer Reatq ko, DG 00r Kidg §lubee SELERI Qf of Aty %hg’@fﬂnﬁetﬁ@% Jengycl e, The
cool ed Worklngflwd streamls t hen passedthroug %g TTE formthe first
wor ki ng f Fdagh e pecdipte dagiriche srddir e kplsabirogee ssie axpradifor kicvg Briduirernst r eam of
the or gamiscthgaﬁkdcrég t&X&Jt}@r ISy Reat t@ﬁQ:r L0k QLM b 8B 38LQ0H. Iﬂﬁﬁt £ OFKL ng fluid
stream In certain aspects, the second heat ed wor ki ng luid streami s
vapor i zed compscd s RedrehiwisrRemepsiol iaugt ¢ ewn 1! opassedotHedligh a

t ur bi ne- generAt At s&tndiRakold mgea{;gme;g:%gg,e werking fluid stream and produce
electricity and/or nechani cal power. The expanded working fluid streamis
then direft®tl to afovberoheatrexchalgerantion fiopira Bordemsas bworirny f1 ui d
stream The.congdensedi Workiang Jbuld SELLaMhiSe %B%Qs Ragsechit M ough.@ punp to
formthe working fluid streamthat enters the heater of the organic Rankine
cycle, [O0OIO}H A yErechnet Weh hagpecets cofunrhe ipnispt Tighihe gvajedetivspon

recl ai m ng, heat of oM B AEESSg Gak WIRiNkL JLBRLMAESARNE AuBLhead st ream
fromthe process col um - uni t, an overhead conduit in connectivity with the
process colUmAdEAI B SERFAPEERIVT NS FRES OV et Catlyleait Mg Bio Hber ai r

cool ers for,qh&Geh ¥1Giddchco0kiR%hhg QY RENEAd: &tifqeﬁt"@x&&rp{octguﬁ%cés cool ed
internedi ate, a separator for receiving and separating the cool ed
internediate into a vapor product and a |iquid product, a fluid conduit for
returning the liquid product to the proceéss colum unit, and an organic
Ranki ne cycl e subsystem 1In certain aspects, the organic Rankine cycle
subsystem i ncl udes a heat exchanger in thermal conmmunication with the
overhead conduit prior to the overhead stream being directed to the one or
nore air coolers, an organic Rankine cycle flow |line having a worKking
f|UId whereby the row I|ne i's |n thermal cormunl catlon W|th the heat
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[ 0012] For a nore conpl ete understanding of the exenplary enbodi nents of the
present invention and the advantages thereof, reference is now nade to the
fol | ow ngwoestyi4pt2iion i n conjunction with the acconpanyiPaf/use@nostys? whi ch
are briefly described as follows. [0013]FIG 1 is a schematic diagramof a
heat recovery systemfor direct utilization of process heat by-product from
a process columm, according to an exenplary enbodinent. [0014]FIG 2 is a
schematic di agram of a heat recovery systemfor direct utilization of
process hedtmbynpr eduet ofgeom Beoproceds scolysiom, @coordi agectso tanothar

exenpl ar YR%EBQO'HE‘P Sutbsys Q%?Jcﬁut%? el mé‘qaﬁﬁ? %ﬁ%&-&ap%ﬁ&[ Lﬂﬂé'baﬁfm %mgetﬁt

recovery system direct i'zation process y- product from a
process cotmmﬁuamwmdpm@ theoovarpeekanph drpe dmbodi tnertooe [POGRE] 48l Gplek, i s a

schemat i ¢ g, @%E%”&d émQ f}gfeiatﬂo&e]%%"i%'; g%’ %K%Hﬁhf%d' S’dréb@% ‘éz&lf'n'a%aﬁ l,on of

process heat
exenpl ary teryd dummta1;d*EE‘PAtME@l®ES@RB@'ﬂ; N OO ihle Iha@teﬁamnw tremiyoedi nent s

of the i m{h%ﬂ{lii %Qerg}[ goxg GRG rv'eﬂg“a% QQSAH?YX’ the Q’Oitkﬂl% djg s%ragsg heat the working thuid
to form a heated working fluid, a turbine-based generator for generating electricity and/or
mechanical power from the heated working fhud passing through, one or more condensers for
condensing the heated working fluid to form a condensed working fluid, and a punyp for
pumping the condensed working fhiid to a higher pressure to form the working fluid that
enters the heat exchanger.
(0117 The features of the present invention will be readily apparent to those skilled

in the art upon a reading of the description of the preferred embodiments that follows.

BRIE¥F DESCRIPTION OF THE DRAWINGS

100121 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.

[0013] FIG. 1 18 a schematic diagram of a heat recovery systern for direct utilization
of process heat by-product from a process column, according to an exemplary embodiment.
[(314] FIG. 2 is a schematic diagram of a heat recovery system for direct utilization
of process heat by-product from a process columm, according fo another exerplary
embodiment.

[0015] FIG. 3 is a schematic diagram of a heat recovery system for indirect utihzation
of process heat by-product from a process colummn, according to an exemplary embodiment.
[0016] FIG. 4 1s a schematic diagram of a heat recovery system for mdirect utilization
of process heat by-product from a process column, according to another excmplary

embodiment.

DETAILED DESCRIPTION

(00171 Hiustrative embodiments of the invention are described below. In the interest
of elarity, not all features of an actual vmplementation are described m this specification. One

of ordinary skill in the art will appreciate that in the development of any such actual



of clarity, not all features of an actual inplenentation are described in
this specification. One of ordinary skill in the art will appreciate that
in the dewelopmast27of any such actual enbodi nent - nunePOTAIS2011/055132
i nTl enentatio,i-specific decisions nust be made to achi eve the devel opers
specific goals, such as conpliance wth systemrel ated and busi ness-rel ated
constraints, which will vary fromone inplenentation to another. Moreover,
it will be appreciated that such a devel opnent effort m ght be conplex and
tinme- consambw@metbunuimensdinme:nhhel &Esiﬁbeieasipmutnimebwnuéer taakétngefor those
of ordinary skil arf, hayi nef it S €
[0018] Thed%\rcg gﬁ :.picﬁ\i}%%%ai gu pa«tg C%glgé‘;}l]lt%tés’ﬁﬂ ér ;Sn 818%"3 ﬁldq{u:&gns(s)%l‘igt d
f ol | owi ngcdesanrispiron vok W}nﬂb!r moe atipleercenbedicnentisr. WIMdTIGﬂV@lf er mibée to the
attached dr wher ! S, of ea ddhe.d o ntified
by the sag @wlgg@éwgeh g?‘gﬁﬁgaﬁ%ﬁhml fub gggﬁ qu{}r as&e{g%gg‘d e?%ﬁ% shoul d
be under stnwdhté%d bt ptretipe etdedaltine fwa&}es&aﬂimmm gkll’; ongi stténtingvle fretdie
under st andi-ng of; \Pgse wor ds and phrases by those skilled in the rel evant
art. No sp ecial definition of a term or phrase, for exanple, a definition
that is dliffﬂﬂér ent fllomreshe oradimaryy dadegustonayd beanidng ds folvdenst ood by
d tion of non-frmitative'd A 3 3e SR taced 1B Wherels
those Sk"L% o UI% AlbnieS QR ded;ik0 [*&%MB'&GQ D¥ea G %!%t%& yisage of
the termor rase erel n, o & extent that a termor rase is intended
to have ahstpwisaitt C«Fﬁéaﬁihfgﬂwf@rm@eﬁaﬁ@b‘é by atmmefaﬁrﬁgai@ta w@érraqtdranﬂ@thmid\
under st 00d by, kI 1489 ALLSARSe AHCR R ARG AR WL Q0 b Big exPressly
set forth in the speci i'cation in a definiti manner th dlrectly and
unequi vocalthybprovisdedog hethgperidd andafiasistivohoskokillthe "tbetwvem phriase.
Mbreover, vari ous: sl 8aNg,or., candi ti,ons.BY, B8 hefansed ah. i thuterms such
as "hot," \,{YQ(?%} PG ool g%rr\wgr m%“ dét%i?&g’r& g?hlggj fl :ﬁ{gegtd e%r:ﬁ“ nop%lgtyé Those
skil | ed i mrditwey andtougipiobry mesbign by endetyaed Sy diest gl in @fl awicts ioondidtd bhs
relative §0, 00l NELIRLORESS, SRR Aok A0 A0SOLUL & HEARU SIERL Al any
particul ar EEerrpera ture, The present application is irecte
pr ocesses ifiviendrd at me@_oww gy i chgmapigrmesping ogee dign ﬁ}emndbtymp@ bzduct from
process colifimng. il i & &%%&iﬁ%mmgx( ghilbSuch heat i&%cﬁ\‘fﬁr oof Lifchi6Rkd ]%led by
channel i ng or otherw se directin ermal "energy (using eat exchanger)
from a pr éciesiswnebingimt Ovefivstd a8 ﬂ@@zmvmﬂarimm%anhccspﬂaﬁkﬁcﬁém@yéfbremf rom
whi ch el e@%'cﬁ:gﬁx}{wcwm p@wxd% 1'1(}(1@%% Jo R0 c b bhg»elfichrdav'%@*ﬁ‘g‘@ﬂ{a eAhOlicn The
present application is also directed to systens i mpl emrenti ng such
pr ocesses as Beheraldy codidie"prres et of pherits smmigpioky.z BwsotigidiicthRankilthe cycl e
t echnol ogy. .y nataauqnte@@cs%@lvﬁ%hmﬁggos/\émc eShOLL [ QUCLERRE obE,
af orenmentioned issues with current systens, [0020]Referring nowto FIG 1,
a heat re@@@@ﬁwﬂ“@ygﬁi@@ﬁtQt)@‘v’fpéﬁwdﬂfr@@W%fm| | i ZI ng process heat by-product
of an overhgad stregam 101.f¢ m@mmm&%’é g0k Uf;mleZ P h%QO}’MBme§U'dE@b| e
exanpl es of process columms i nclude, but are not limted to, di'stillation
col urms antfisstip] ppepasss hept @a?xmmf*@se@rmpférkyhéﬁ%wpws whele yolekttead
stream 101, B@é & ‘%e%f?}l%r@ l:"igcﬁndhlag (h%*gﬁ‘@'\g]}ge dﬁ@mﬁ}g Qf\@fﬁi@iowe <;IV7Q‘S11§19 aap%yt 320
degr ees Fahr enhei t ("F). In cert’al n exenplary ~enbodi man"ts t he over head
st ream 10%xdbgngariviapor aadsesdlien thahprotesy ‘memanlto@a“tkﬁno%gh—*mm

which electricity can be derived using a turbine-driven generator. The present apphication is
also directed to systems for implementing such processes. Generally, the present invention
withizes organic Rankine cycle technology within an enbanced heat recovery design to
overcome the aforementioned issues with current systems.

(00241 Referring now to FIG. 1, a heat recovery system 100 for directly atilizing
process heat by-product of an overhead strearn 101 from a process coluran 102 is shown.
Sustable examples of process cohimns include, but are not Himited to, distilation columms and
strippers.  In certain exemplary embodiments, the overhead stream 101 has a temperature in

the range of from about 170 to sbout 320 degrees Fahrenheit (°F). In certain exeraplary



an overhead vapor conduit. A portion 10la of the overhead stream 101 can be
utilized to heat working fluid stream 103 of an organic -Rankine cycle. In
certai n ewergpl2angi2enbodi nents, the working fluid streampC08ISRo1gloaties an
organic fluid, In other enbodinments, the working fluid stream 103 i ncl udes
a refrigerant. One having ordinary skill in the art will recognize that the
present invention may enpl oy any nunber of working fluids in the organic
Ranki ne cycl e, Suitable exanples of working fluids for use in the organic
Ranki ne cyebeinmgd, ddeyvethud sean not isla witredd eos tammpordsacliNge 1@) thrdoglom ne
(Br2), car de, (CG14) )|, 1201-1,
C21160) oA 0] Hoaior Bhehe B haBRprt SRR MRS,
hydrazinea@hﬂﬂmﬂ@yﬁmnemhﬁﬁOahm@H@hC@mwnevhahOHV%ﬁkﬁeﬁﬂyhnhmn@@mT®$mbenzen e
or chl orobhe ; Q [ NLane or
nor nal peﬂ Q&%ﬁﬁ%gSf%h ?% Qeﬂég%?%ﬁgg%Qérﬁﬁg Qéﬁglqsb&&%eﬁel%fmgggﬁenzene
(C5H5N) flefdrdt: igen amt imthidora fefreernt 100r }k@E@.uI{j_m@y sRil 4 thgrart will recognize
trichloro I o bl

ai chl o odi Pl (o et RagsPaty shui hEATEENL sty B0 tBsfl BlBe0 o
R-21 (CHCi2H) , ‘\Wteﬁﬁirifg@mémto 8©ka?ﬂmedw 13@}@&} GEGuBHagnmeRy80 frm?udn but

di chl or ongt,h net rpst hy 1 r 12),
refriger ﬁ%e %girﬂ ted reg%l I]?pig (&@ B%F}l&gilfg (Bn:% %@P%ag& cf(t] £ (I(Qe4>( %H%@

chl or o- penbaﬁﬂuo¢@e@h@ﬁ@iéhﬂﬁbﬁ@dﬁ@br@peﬁﬂéﬁﬁmdr@ébhaheunmefmpéemant 123 or
freon 123 3 qr, e | Qr. 1. u e an. e,
refr|geran?%ig%a d%g regﬁRi%gadngﬁCFég §2a9%9“% %& é“&&“t ?{éﬁgﬁl

1, 2- d|chlewommkmﬁ@mbn¢hr@dpee@hanem gedrplhayer amtbenZ2@bdhiordef £EBACT23b1 or
HCFC- 123b b - iso <

> br omo- 2 e sr. TRk fhg A DANEE: Jperpa Gl PYHIRS oF FPERR Laan or
11 FC- 134A(GH R)18%coht i, o, i&OQit et i uor Bet harremior@“fwmogemam(@B@%‘a or freon
150A or CEGI50A 01, B; %(5 019 £ AL 0Rt ARG Bty ene diichl oni de
(CH3CHC12), 1%:h%)op éne o ? (Bbmeﬁeﬁhg%ﬂne dﬂﬁ)enze eigf enygnethane
or tquoIﬁé@ﬂPBylihetéﬂ“@H@Oﬁlﬁdaﬁbdwhdrexrﬁeféﬁﬁnﬁoiahdithkﬁﬂﬁﬁeor In
certain exenp @%mgnmgaﬁgmtémot&%x\ﬁe&hcﬂgdiﬁw& (ERycinclude.a Goupi nation
of conponents. For exanpl'e, one or re of the conpounds identified above
may be cofbined!oY -Wthf«afhydr ocdr bahr it ui 6 f eblowxanplierodivabut ene.
However, mgéa;a ﬁh B ddhah D8 @bl bh J-809NbZ6: e bhE, RLEeSEeNt; 4 nvention
is not limted partlcular type of working fluid or refrlgerant

Thus, t he pirvéis)em, ﬁﬁw vrdetrns hgukdamdE3ber tonsiZdecediCas-1Bmiot Ed! 280 cany

par ti cul an Werkig, Tt keSS Heh.! b1 8t hons  Ahe £hRat Maget, korth in

t he appended clains. [0 portion 1.0la of the overhead stream 101 and
if e wormhﬁ?f¢1ﬁﬁﬂh@$eanq@@smenﬁémﬁaiheaﬂAE%é%amg@ﬂai@Sihﬁ@r@fmhey are

ther”3||YE§9@B@ﬁF@@jLQuP§QQ@§%x@EUQQHﬁQmﬁ%E%hﬂgwhr%hﬂ %%Rﬁﬁ@h%@@ @pd a
reduced heat overhead stream 108. As used herein, The rase "thermally

e ph
cont act" geheﬁap@@ofgﬂéﬂé<¥dm@heké%@hﬁhqeﬁ@£deﬁ@wéy“ﬂﬁﬁdﬁ@ﬁ)ﬂhéﬁwﬁbcess of
heat, and@aes) NRkchd Bl YndBIMRELE: oM XENEOQhandl &r8ELoPRYBIG AL EORLASL Of the
streans neral ly, heat fromthe overhead stream 101 is utilized to heat
the wor ki A dpadstilEamndon: By t Hesarainl engny aetpiigerihedt worksterikads such
that heat nla§ indd@NS I8 dod Bpmiﬁfhgen‘asvef(nee@gmﬁﬁ:r@}%mr 191 %Pt};‘éf&%n W[ﬁlﬁl% ng fluid
stream 103. " The heat exchanger is a part of the organic Rankine cycle.
The heat &eehadgdryeloBY aycobéinahy: tyiher bfdrragionekéhahgernpipatspect
transferring.neatost LAMOR e fdhungr&m@am% %Médq@fv°1(t!0wiéjh<§txﬁﬁ?t% anili tabl e
exanpl es of heat exchangers i ncl ude, but are not limted to, heaters,
vapor i zer §irieidorion 2leveknaiiibphsfidisat Fasolenyeshsaraxehdnérst bror
exanpl e, theideats %&b@ﬂgg & &Qéuﬂﬁxo'@%ﬂ%&dﬂ'e&éw angd-hibeneat .exghapger, a
pl ate-fin-tube coil exchanger, "a bare tube or finned tube bundle, a
wel ded pIéﬁ@lhéa@P%%éﬁhﬁg@r and the like. Thus, the present invention
shoul d no%%@eiConSH@@§QQm§ﬁ)kbﬁ%&%Qm&ﬂd@ﬂMmQ@ﬁ%h?ﬂg@gﬂ%¥ﬂﬁm9&egga§
exchanger unless such limtations are expressly set forth in the appended
clai ms. | Aelet gl prcbsegrpl Carybeenbooi sty chd st Rinkgued ubdtedrreldng 103 has
a tenper atﬂﬁmeshk&n he Hhangeq@f.qfi-0mabeu «80:t en@baut;dbQeik. mh hERE L ain
exenpl ary enbodi nents, the heated working fluid strean1106 has ‘a
tenperature in the range of from about 160 to about 310 "F. In certain
exenpl ary enbodi ments, the heated working fluid stream 106 is vapori zed,
super heated, or supercritical, in certain exenplary enbodi nents, the
reduced heat overhead stream 108 has a tenperature in the range of from
about 90 to about 210 F. In certain exenplary enbodi nents, a portion 101b
of the overhead stream 101 is diverted through a bypass valve 109 and then
conblned W th the reduced heat overhead strean1108 to produce an
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enbodi nents, the separator 120 is a reflux drum an overhead receiver, or
an accunul ator. In certain enbodi nents, the separator 120 separates the

i nt er nedivsiDeostmeRm 116 i nto a vapor product and a | i quipdTArSe@u®s3132 n
certain exenplary enbodi nents, the separator 120 separates the internediate
stream 116 into a vapor product stream 121, a 'light liquid product stream
122, and a heavy liquid product stream 123. In certain exenplary

enbodi ments, the vapor product stream 121 is then directed to either a fuel
gas syst effomatlp cantat girnehijdraocatthidn cxaemear yvnfsgss themgl et predeenw) hcatl n
certain e th i Gl am. 123 is then
Gireat od t&gﬂ%&%&ﬁg’g%ﬂ sﬁf‘}nﬁa ik %ﬂ ?S%ég\%l c%!’f{'n oE”EB‘!H atl f( gt gﬂga 52 1o a
hi gher pr étsmuh@f)‘tm)hépd cduwe! 4 ihefafvyd kd lepai die m@mﬁuzsw@ammw thiraplly s
directed to cess water system (not sho WeBLL AL EX8MR! LY

enbodi rren{m]ﬁﬁtlﬁéé@’l%?‘vgﬁf&l%%qui‘% %%g%gst Q%tsgga(yn\?%aéﬂgh [ r%é’t“ e t6 ggaﬁr ef | ux
punp 130. workigeftidisncaex Eipl Breyicenodinaenos s ¢ h@i vleft uxgepuipnilisocics:.
controlle I ny r . 30, punps the
Tght 11 aqaraeP s EaCR S BYENEE el T
product stredw $33m Tbnm@fé@'ftfhmhst@modﬁr ﬁfézht s@malepor b mﬂf"&@am ofchtihéut ef | ux
product st CLe L\o J m..1 r, f fluid
condui t. a%%%?ﬁ%g%ntbg ﬂd "mtg £ %tgg%?ig(lgro%gé%hgrgf% i 8ﬁeur)e %gg gr oduct

st r eam 133¢i sagpledbt et atX@h’cmem @ﬁtnahyd& d@ﬁrﬁb@ﬁ!bt fiont t@%arragi e plafralpt-tebe or

gasol i ne, Iof Syshem. (ot oL ri{ain. [ v refl ux
product stcéjgaﬁ\é/% %\ t?% Jén[@f &el % %P‘?\g?:“t aé t ne?ep% gcgs(gﬁgtgqhﬁﬂig% t m8%24] At

| east a pdrtikon Thosabofretchiemragte cbonbt kit frg chistdedd ot Hadiml 08I muiichian
directed t0.3,Lur bine; GaNELALOL SUSIEML30, Where Lhe; ARl Liok.d06R,0f the
heated worki % (% Rgg & ﬁglgerﬁn 18% n?ls é)x a%% yg\é!{;@ spr% ugie gar%})%)g(&ice)an d wor ki ng
fluid st rélamﬂﬁsllc@mdiageﬂémm@ﬂpomrwumm Seidtsabam eRenpl ary p@ﬁb&@ﬁlﬂn’@m s, the
expanded wREki NG f P LA Db Basya.dENPRLALHL SR alllBs BRYE from
about 80 to-about 13%8EL ﬁ_ I'm certain enb gllm)rre% an %fitl otn 189581%

heat ed womikikig fﬁui@:p@a@twﬂéélm 108 estugi ek @CLﬁtﬁr&ﬂl}gﬁ’O&t Bppagkony 3l /& 152 and
then conmbined U)cntl ¢ XR3RGEL e k&e%df\ldi!\ﬂ %‘i@@tﬂgaﬁﬂoé & 9%@%&9

i ntermedi ate work fuid stream 1 5, in certaln exenplar ment s,

t he i nt er madilatied, \Abstkmgtmﬁ uilﬁfegmri@amm@s chbgdimente Mpyardiced eeaf piver wédrange of
from about«*rﬁ,B\Qx o i?‘ibx U&mg%m i the néogrizﬁgs%%%gg?;r )qggxgl‘]i(}(}§5]i§2 1&&9’925] The

i ntermedi ate working f stream 155 1 s then ted to one or nore air-
cool ed contemdey smigneThe mittacol ed ﬂwn@élﬁsieﬁrgdrmw ar évetegairugfa t he
organi ¢ R@ﬁ%ﬂxn%l &Y 1%b €nd hidn g&{l&@ldnw ﬁ?‘@ﬁ%d@&)ﬁ H%ﬂqg dﬁ'h%m*éam 4 ih(;@‘[i,ogi Q@J’J& c

Ranki ne cycl e includes two alr-cool ed condensers 157 in series. In certain
exenpl ar y “emioapienarsshedcheat | tthelnalepaig sotrerae chdetisers tsPidsedont rol | ed
by a variabl gk @&%ﬁ(‘ﬁ)yhcgr i ¥8 a8 iThe ald-gookedcondenssrs 3574 gool the
intermediate working fluid st Feam 155 to g?o,r m a condensed wor Ki nﬁ fluid

st r eam 159:ttapexepiegi dnhesienp dbyoetsatiiivent 8] iseheclh onaensbgusiorking f1 uid
stream 159, has,.aiqst enperature in the range of from about 80 to about 150 F.
[ 0026] The condensed wor Ki ng fluid stream 159 is then directed to a punp
160, The ptiwp! 160 s v&rtfmr vepplaphembriganilc Raakione! Yyctlehiel wtegmediad n

exenpl ary{;@é}%ﬁ'sﬁﬁﬂﬁﬁ OE hgi: QLR 180 J Sn&onthhlied. by &, vatdhablsfipquency
drive 161. The punp returns the condensed working fluid stream 159 to a
hi gher pré@émﬂémﬂb ﬂ%}‘r Mu&erttlhév‘%maﬁ@cxwena @fﬁiﬁ%amdwsmt Hat pgeditected to
the heat @%%t}@'ﬂ‘g%ﬁwbé(QQc’n*{ QQ2 Tk EGed 20hdh st 1 BE 85 Asheat s&%@O\{@ Mrgystem 200
for directly utilizing process heat by-product of an overhead stream 101
from a pr&EERdE obeHnIeP cadctchdihgode! andnsy | ExermpPiaripd diiodiipnt . The
heat recoyer,system 200, desat, Qﬁnﬁw@e{@mﬁ&)d‘ir%& Qxe%grc -bed.aboveswihfegard to
heat recovery system 100, except ‘as specifically stated bel ow For the sake
of brevit e Blsenaiag perhoed eseai 110 Hotorper pagented i HierEralberow! Referring
now to Fl G ox‘{ﬁ"s?ia} nh&emdhale: Mﬁjﬂs&gmfdﬂauaﬂatélt{ eam 482 4 smil-Lected to one
or nore water-coo (i condensers 257. The water-cool ed condensers 257 are a
part of tHE Bl RENKE Frelocypete 15 IR éléioﬁtiennn%é%@iﬁvm EbypdEbd AEHPS, the
organi ¢ Raply fNenCYedekife lVIES st et @l £00Leth GORILNSRLS, aRR T 1k AnSeri es,
The wat er-cool ed condensers 257 cool the intermediate working fluid stream
155 to forma condensed working fluid stream 259. In certain exenplary
enbodi nents, the condensed working fluid/stream 259 has a tenperature i.n.
t he range of from about 80 to about 150 'F. The condensed working fluid
stream 259 is then directed to the punp 160 and is returned to a higher
pressure to produce the working fluid stream 103 that is directed to the
heat exchanger 105, [0028]FIG 3 illustrates a heat recovery system 300 for
indirectly utilizing process



heat by-product of an overhead stream 301 froma process colum 302,
according to an exenplary enbodi nent. A portion 30l1a of the overhead stream
301 can bEowpidisged to heat an internedi ate working fl uipdTaiSe@ans368. The
portion 30l1la of the overhead stream 301 thernmally contacts the internedi ate
working fluid stream 303 to transfer heat fromthe overhead stream 301 to
the internmediate working fluid stream 303. Suitable exanples of the
internediate working fluid stream 303 include, but are not limted to,
wat er , gIV@@k@nﬁﬁﬁhehﬁﬁﬁek0ﬁ$nkﬁsmwah«%ﬂestatkehesp%ﬁMKcroﬁmmmwbﬁarbons,
hydrofluor r s, r : xgures of
ot her hydrggg}ggg c%ng%%ghfgh b§g&g§§%ﬁs ﬁyn g%&@ﬂ&§su@ﬁ? géc%gn?ze t hat
t he presemmpenentii che irsiznot’ i dbed 8o tampowalbti &ul ain type ofcvipiiter nedi at e
wor ki 09 | bbb fiSe HNE-PEESINLLAVEALL 0Ny OO0, G108 GANS! AErgd as
limted t cul ar i ntermediate wor i ng ﬁl ess
Ilnttatlon@ﬁahen@mearﬂﬁ set forth in the appended cIalnB The portion 301a
of the ovey d str nd e I..4 wor Ki R | i t m 303
enter a hga?ggxchag%gﬁhggéﬁgu r%ﬁﬁ%gkg q%%fg teg'?a fam% a%%kﬁﬁg fluid
st r eam 306mamidmenty, eduaewthéaﬂ isweﬁitttemnstnﬁeam:@@&m@e pergicbyruihieatio f rom t he
over head g&-b éﬂﬁé’t%i‘mén% ULl n%ii%l 19 s@&%est 08 ik %Q@%‘ ALE t’épt}tkt 09, i} ui d
stream 303. In certain exe ary enbodi nent s e Internedi ate working fluid
streantBOSKHanen@ahen@ew@mvr@uthMthemwamgeﬁ@ﬁmﬁmmhﬁebnnmwBS’@epab@ut 155

in cert.aln. | ef I t i " ng fluid
streant30é{qg%Iﬁﬁggﬁﬁg%ﬁﬂuggggﬁqﬁﬂ%§?§%§e o?ﬁﬁ?gﬁ%gﬁout %8 %ﬁbwgzght 315 F.
I n certai n2axedplbary fandadidrentisimtiié bedugedshesityovdrieatssby gam 308 has
a tenperatpis nga N L0821 angs, 8f. fLam.ahoul a% atSQ @Qﬁ Jr(])wh‘Fmdeat%g‘r tain
exenpl ary e odi nent ts, a portion 01b of over
di verted phﬁﬁmgMﬂanbw®e§ewvaLMe~®®@ aﬂmﬂmhemb%bm@ﬁmeufwﬁthWMempeauced heat
overhead sfr.eam 308, £ 13EY Bl B0V 8L shream 340, In
certain e>§<e(“rr“rip ar yﬁ’ en% di %%sﬁﬁﬂe()i"nt i%ngdl at‘eﬁgz)vi ﬁgé%g (stg’r eam 31% has a
t enper at urdighpr prreie dhgedor flcem kibvalrrodot sissabguthe I5dircted i epiotas n
exenpl ary ,anbadi-peNL S, ‘tpe;% rhead, s eam 0L d Se90Ldilelp dhlagtad through
t he heat ex %E§négﬁ\‘ . 911 n ceﬁ?a%n eien%far? : qaL§% ' a portion
310a of tRhe’ isrtestreth at@tmerthééfﬁ Bt qogaime3aqrivg cmbﬁfé@t@td theor cﬁnepwp nor e
heat exchanorlcsnydifly 6864 akbienamBl ATy eTbdiRRkS, ol s (D heat
exchangers are air-cool ed conde "Incertaln exe ry e bodi ment s,
two air-céakédrcoridensers? B1phighe pm«eeehtpmwseri plaxs producceronmi Id3 exenpl ary
enbodi ment g, 9@19&019{10&41% gﬁ}'tttuncpqla%d 9%@9%%&% Ssjig'aﬂlst @q‘ntd{r&ltjdetq t@é/ a
vari abl e frequency drive I'n certaln exenp ? nbodi nment s,
ai r - cool edrevadeinzer§2 3&‘2*@@@0?‘““{( predidnt @rosedi ameoeme"rtheatﬂﬁ@pr éﬁmaﬁm to form
a condensedy i AL RLTRALAL €351 ERAM: 3 H1iath Ay GELHRLNLEXEMR AR ugIPodiaRNt S, the
condensed i nt érnedi at e stream 314 has a tenperature in the range of from
about 85 tWoHBONYPLGIF shqv)cdpteaiing exenplary ntddk meiug, sigaportiton 310b
of the intgroediate Qverhead s gam 310 is diverted through a bypass val ve
315 and then conbined Wth the condensed internediate stream 314 to produce

an inter médat e st rédnr3uBrtionn Oceriile hraes swpi Juidiivedi Ne it i dineled

i nt er medi af fnatfeeemé bBs s oL ERALEbHE, it Lhge hange, Qlinf hom abaut 85 to
about 215 'F. In certalin exenplar nbodi ments, the internedi ate overhead
st ream 31@“% 5 eppiledloprefiueeet E‘d’ﬁlt%ﬁ owgHng Red sivarc bo| asd cemmieeErs 1812,

[ 0030] The (_&TQEE ?R@EE&@%@%B&&%@ tgfl@ 1§icg Q%Haﬂ»' iy @@&Tﬁ’%tt 19 @assaerpx@r%aa Qe ‘320 I'n
certain exenplary enbodi nents, th separator 320 separates the |nterned|ate
streant318L‘WP@faﬁvap@ﬁmﬁydﬁ@bvﬁ§99éaﬂﬁ@?TﬂﬁamPW§%tﬁiMdﬂﬁ@ﬂdﬁﬁﬁﬁdﬁ@stream
322, and @.hgavdidab it PLIRINCTE: BHEaM 3284 vl %&a@%@@!ﬁ £X R Bh¥ined
enbodlnents the héavy i i quid product strfeam is then directed to a punp
326 that plitns ehedpbaegineilyii Wopr sductrrabresmngradiy workie ghdripressure to
produce a.sheayyerhioiid atarvogl%tamatqtteamﬁ&%mk@ GREhAIieXeRR! 185 Yas «

enbodi nents, the |ight il groduct stream 322 is directed to a reflux
punp 330. EHCEEIY Witk ré%@r%ﬁaw BB Hi avert’s8> the re-flux punp 330 is
controlled by a variable frequency drive 331, The reflux punp 330 punps the
light |iquid product stream 322 to a higher pressure to produce a refl ux
product stream 333. In certain enbodi nents, a portion 333a of the reflux
product stream 333 is directed to the pr&cess colum 302, In certain

enbodi nents, a portion 333b of the reflux product stream 133 is directed to
a |light hydrocarbon recovery system (not shown). In certain enbodi nents,
the reflux product stream 333 is entirely directed the process colum 302,

[ 0031] The heated internediate working fluid stream 306 is then directed to
a heat exchanger 335 to heat a morklng f|UId strean1336 of an organlc

o o v [ 1 e PN — o N 1



punp 342. In certain exenplary enbodi ments, the punip 342 is controlled by
a variable frequency drive (not shown), The punp 342 returns the reduced
heat i nt ewoedi2zuei2ror ki ng fluid stream 338 to a hi gher pCedasarg/os:13pr oduce
the internediate working fluid stream 303 that enters the heat exchanger
305. WD 2012/ 048127PCT/ US2011/ 055132 [0033] At | east a portion 337a of the
heat ed working fluid stream 337 is then directed to a turbine-generator
system 350, which is a part of the organi c Rankine cycle. The portion 337a
of the heﬁﬂ@ﬂ}morkﬂhgﬁf$mm@aswmé@ma@Bﬂsh@mdﬁ@&n&edﬁkﬂﬁihemturbbm@hgenerator
system 35&&% RLQIUGE 13N %P@P@{?@&"D@r&%é A hbyid as;%lf[ Fgﬂ %&%a%@q}agﬁqerate
power. |n certaln exenplar I ments, the ex d urd stream
351 has afﬁénﬂewaturewmmMﬁanngEmoﬁCﬁw@nnabéuh«8@CMGhﬁqupa3@©th In
certain enbedi RNt $: il el UrRl DeL0COBRALA SYSLEM 300 ocRarakes alect ri city
or electrical power, In cértain oth di e S, turbi ne- generator
systen135©mgbme%aﬁé$>wecw&mhuﬁvmmeﬁtmhnwc@ﬁ@dp& émb@mnwéﬂt@mdabvﬂrtlon
337b of th wor ki.ng, f s, di t ypass
val ve 352 L he g R S L P R PR BT T
produce an5% ntersedi atoeploor kmhghrhimm d: 1@5@@@%@5@kilmﬂmér\tfmnn ek émpt ary
enbodi nmen [ ety ! o8tream 355 has a tenperature in
t he rangek%‘ #$§%¥aﬁ€dﬂ§q6ﬂ%g %§t§bQQ%%£q 61IE[SOO?>4]The i nt er medi at e wor ki ng
fluid strée@dfB55 i ght hencdkd peten ol vrendp® moha dicricd oolvedw dondenser s
357 The 8t §80Led,GORARRSEE S, J0RAL &k PRI Ll DAL SARLE,RADKEDE cycl e,
In certai enp ar e organi ¢ Ranki ne cycle inc des two
air-cooledum@ﬁﬂénsevgmﬁﬁﬂbVﬁ-gemﬁe§%&%nmxeMtaﬂﬂle%énpmmpyﬁﬁmbmdrmemts, each
of the al L£0ledoSaNARARELS, 337 & B0nbrolled R.@ Wari 2Rl . frednency
drive 358 ai r-cool ed condensers cool fhe intermedrate wor i ng
fluid stré&h&@BSﬂU@6ﬂ©¢®$h¢@@ﬁb@ﬂ@é@bmork|ng fluid stream 359. In certain
exenpl ary @pbodi Ments, » §he..conden LIRS bl oS bl f

t enper atur[e |ﬁ t he r(gn ]e “of gr o?n aﬁg\u&:}t\p 80 to )ab(gftf?ml 6" g3 % f‘rﬂ
condensedbmriﬂuﬂgﬁffdlﬁm‘«dfhsqdr dan 300 fan phepred rodovedl2 @L@I‘bmﬁf 1w The punp
360 is 8 BALlyLel ohBRiALEATHenBRAKLAS CXEhe0huEehhALNLEXEIRbAT thv.
enbodlnentsiiﬁﬁicpung ﬁsq%ontroﬁ &ﬁ %&ialvgrlégﬁe Frequency gF?ve 361.
The punp 360 r?@@tdﬁﬂﬁ\@ﬂrﬁev%msé@ WerlKiap gpokilgilly ssteddminy359r o sdell gher
pressure {.0.p¢ qu%ﬁmkﬁ%m?ﬁk{o@% il SEEEAM B3GR iy haw dbegtedyio the
heat exchanger 3 l'ustrates a heat recove system 400 for
i ndi rect | ytaymdiptz jvwigkipg 8@@9@69@@6\5“ whq@wélut@moﬁ e ower-hedd wndeagts 301 from
a process 60! 4, 30200REE0NALRE 159 ANPLRCE: GXSHBL AT SAPOMIBR L, The heal
recovery system 400 1s the sane as that described above vith regard to heat
recovery systény 300odiexdepte @rgﬂsfpééﬂmncﬁa/rlcw@@@t édo pelcoppolEoronddiscrsake of
brevity, bhe;siald afkties.Wikd L(ﬂ% mt:}@Ef’e&%ﬁ}@Qntt&%fcgfalghﬁhﬁy\{) nRRTEELL Ng now
to FIG 4, the |nterned|ate working fluid stream 355 is directed to one or
more wat er St vobed » condend @Wﬁ%@md ﬂ*»kf@lm%?@erin eveietcEpRtendefigcasbare a

part of tP&m@&ﬁ@@bgﬁﬁﬁﬂﬁiﬂ$m§ﬁe¢ﬁh1t&mﬁﬁﬂ&@xﬁm *XEPpbaty, gabodi pents, the
organi ¢ Ranki ne cycl e 1 ncludes two water - cool ed condensers 457 in series.
The wat er 1&d3i- eﬁb%@ﬁéféﬁ%%fvsﬂ\mBﬂ%b@M%‘hég|‘*‘nthéifl Hagitest e fiopuoin &P 4ndiddl st ream
355 to fo?é@ir@e&gr&qﬁgﬁﬁgmm;’ek&b ngdﬁécqtgw%;kg }Qafmicfl %aml i3 Gk E@dn@d@%%@é ary
enmbodi nents, the cohdensed working fluid Stream 459 has a tenperature in

t he rangeh@ﬁ “fhgiacabbut 80 to about 150 "F. The condensed working fluid
Strea”145%xb§jthe“}ﬁ$rﬁﬁﬁﬁﬁ&&Qa&QEKPMER §@Qn@ﬂﬁfhﬁm&%&H§“§Qﬂ&9%%wﬂégher

pressure to produce the working fluid stream 336 that is directed to the
heat exché?ﬁ@é’f& -pR@iget of an overhead stream 301 {rom a process columm 302, according to an

exemplary embodiment. A portion 301a of the overhead stream 301 can be utilized to heat
an intermediate working fhuid stream 303, The portion 301a of the overhead stream 301
thermally contacts the intermediate working flud stream 303 to transfer heat from the
gverhead stream 301 {o the intermediate working fluid stream 3063, Suitable examples of the

termediate working fluid stream 303 include, but are not limited to, water, glycols,

9



[ 0037] The present application is generally directed to direct and indirect
heat recovery systens and nethods for producing electrical and/or

mechani cavopowestey utili zi ng heat by-product in an overPhedb26itioexa2 from a
process colum with an organi ¢ Ranki ne cycle. The exenplary systens may

i ncl ude an overhead streamfroma process colum, a heater or heat
exchanger, a turbine-generator set, a condenser heat exchanger, and a punp.
The overall efficiency of the systenms of the present invention is increased
over convémbﬁmda@ﬁéys&ews;ﬁe@auQémpﬁeﬁmmémhe@M&eﬁmd@mﬁen~dubylﬁQMﬁalIy
rejected I(@O;?h*ech?ﬁt H{ng@ﬁ H%‘CE(JI :.%po %{l Q\«ﬁl%géiﬁdﬂoc% OY?LQ§t Toigz.c sklﬂ@g}i 9,09 ling
fans) is now'tec cont nuously operating sonme or
all of thaﬂémcsgmmghdnefatpr@mhangm@s inpt serqdets awi et e bhor gimiaenRanki ne
cycl e con >y 0 asbd1€,0) | ad : of the
col um, tﬁgﬂﬁ? %uﬁnnlgadva§%§£g§mééﬁgﬁekpgg h§ Qm% ?.&ggiﬁﬁgggghput of the
process c@wuqﬂmcawﬁbehfm@mé@geduMAn&ﬁsa$kﬁgn@ﬂmnhy@r®wﬂmcwtap@cmﬁyvof_the
trays, g r%gécdt pa%n‘p rf)q%gﬁi%mg QJ) UM QYE H@a%q DI ESEU %thq%gupre\dfagqy‘ﬂ]\elgg Wth
regard to PRSI at ter advant age, such pressure reduction genera

i ncr eases fivhietreet 483 yeenadicat ixkigpasitoto phéuck adgitdd wmtmcxhzém\srkl iE-’rﬁhsd wil |
DL OV ! D8 RERA! A0 A0 NGB &t HAD! Gerl MHENIRN G 2pLGIcNO |1 Ui d
products to rom col umm Ssi destreans, 4s typica ound
reflnerlesrumdﬁ@kmavuw@ﬁyﬂiEWeisamﬁﬂhmmmidugmad@QM §§$mtﬁbouﬂmt§@ﬂl

mai nt ai negw%gpiﬂﬁj ugm%ﬂn"m%g hld)gnt e!dClm V‘T»' A\eil;} Mld%ﬁ‘ ﬁ'npg) BReL %ﬂc@f thfﬁ m?r m of
reduced reboi'l heat | nput Its app]y to petroc em cal pl ant
col ums wiranle eh byt shoud $ e dmpfr b@uét sin qiﬁemWplmpiyﬂ'oﬁnhﬁ\ﬁ@“@bodﬁdﬁt@kf@:an be

i mproved \Mt%l{!‘e{hﬁ‘r@ %@ﬂ?ﬂ ﬁﬂhquwﬂ%t‘rms qpé‘ﬁ)parﬂ e %pﬁ{,g}[ngg%m f‘l&% %C‘Wte}%g l?cy .
reducing re "heat" i nput e mai ntal ni ng exi sthng product purity.

[ 0038] TherkdfupP &, It H@Lm@s@nmpiﬁmﬁerﬁwi@wmshwwmééieafqpeullqaé sgtaraitl behe ends
and advant,ages.EAtLOREd, A8 Wehbn aRolnase, Lhal Ape! nt%em}n thereip. The
partlcular enbodi ment s di s¢l osed above are i11ustrative on as the
present i nvérrhm@w ey iive 30U fthedcarel wrca!@tﬂ%eﬂdfm%dlﬂfwa’ﬁﬁeirhvp talegui val ent
manners aRArett Lass Shh! 18cheliftcl NRAblehAY1 Ruh NROENSHI O,  he
teachi ngs herein. Wile nunerous changes may, be mad y those skilled in
the art, sughedhanyedeanr grcemcofpalsedaini thivplaphenkgimdngs, ¢fe whigedifivent i on
as def i ned, by..ihe..appangded (G FULIRLTP G AR daTitBLLONS 8T ¢ | nt ended
to the detalls of constructio desi gn "herein shown_ other than as
descrlbedk@hﬂtﬁem@kﬁﬁﬁﬁﬂﬁék@mﬁhqWwﬂ@ﬁi%@méﬁ@¥e@évﬁﬁéhﬁd%ﬁhwuﬁh@eb%ﬁt|cular
ilTustratiye,enpodi ments disclosed above may be altered or nodified and al
such variations are considered within the scope and spirit of the present

i nvent i on [90FRk terﬁ%<¥ﬁ£?h@£@b@ﬁn§“hﬁ%@®ﬁheimOﬁWarﬂoidﬁdﬂﬁaﬁVﬁﬁﬁhﬂ¢ng

unl ess ot Q@&Wﬁ%r@?&m i hym@ceclqun@%h mg%wkaem%g h% emm% fars:

process for reclaimng heat from a process colum™,.nit In a ref |nery,
conpri si ngmbefipis thaseily- Prioere st gneleazcse o rid-soipd 9@@@@@@ 31ghdn fepiias

Sub- procegg. P LhBbAGcd §ws LGRS o Rl ‘cobficfs Q@'HQpﬁ%mJ%@S&n@ RorLien of an

overhead stream from sai d process colum unit to a heater;
exemplary embodiments, each of the atr-cooled condensers 312 15 controlled by a variable

frequency drive 313, In certain exemplary embodiments, the air-cooled condensers 312 cool
the intermediate overhead stream 310 to form a condensed intermediate stream 314, In
certain exemplary embodiments, the condensed mtermediate stream 314 has a teroperature in
the range of from about 85 to about 215 °F. In certain exemplary embodiments, a portion
310b of the intermediate overhead stream 310 is diverted through a bypass valve 315 and
then combined with the condensed intermediate stream 314 1o produce an intermediate
stream 316, In certain exemplary embodiments, the intermediate stream 316 has a

temperature in the range of from about 85 to abowt 215 °F.  In cerlain excmplary
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h)thermal |y contacting in said heater the overhead streamw th a working
fluid to cool the overhead streamto forma reduced heat overhead stream
passi hg awolewause7porti on of the reduced heat over headPsTrisSamiobiiezugh at
| east one -first heat exchanger to forma cooled internediate; didirecting
the cooled internmediate into a separator, wherein the cooled internediate
is separated into a vapor streamand at |east one liquid stream

e) passing at least a portion of the at | east one |liquid streamthrough at
| east oneckbedmepure tnocrhodiae avebfddustrefh Uil is anidely directed through thy adirecti ng
at | east LLen.Qfshe reflux fluid into said process colum unit; and

o HEf P U _and
the second sub process conprising the steps of: g) heating in

sai d heat ¢13¢he worlke rhrgermegiﬁh@ stropnf 6i¢ﬁsa‘n¢reéitfet¢dm|a_l@bm@t¢rl VPd;In certain

D L
t ur bi ne dpiodes sacageiter abgr Lifod ppiod mimcﬁri?ﬁfnd@ﬁneéi‘«‘@ﬁiqeild@ettdnit@irtzyil ad .
rechantcab UG ot ey AR PR ORIt 1 v
fluid; anduwp)passimgrphéicdonddnsadrwbrkitmgoBEdicde bhio pyhsuat tolpeakte one
second puﬂ@avy hguid product stream 327, In certamn exemplary embodiments, the light liquid product
stream 322 is directed to a reflux purmnp 330, In certain excroplary embodiments, the reflux
puny 330 is controfled by a variable frequency drive 331, The reflux pump 330 pumps the
hght hguid product stream 322 to a higher pressure to produce a refhix product stream 333,
In certain embodiments, a portion 333a of the reftux product stream 333 1s directed to the
process colunmm 302, In certain embodiments, a portion 333b of the reflux product stream
133 18 direeted to a Hght hydrocarbon recovery system (not shown). Fo certain embodiments,
the reflux product stream 333 15 entirely divected the process columm 302.

[0031] The heated intermediate working fluid stream 306 1s then directed to a heat
exchanger 335 1o heat a working fluid stream 336 of an organic Rankine cycle to produce a
heated working Thud stream 337 and a reduced heat intermediate working fluid stream 338,
The heated intermediate working fluid stream 306 thermally contacts the working fluid
streamn 336 to transfer heat from the heated intermediate working fluid stream 306 to the
working fluid stream 336, In certain exemplary embodiments, the working fhuid stream 336
mchides an organic fluid or a refrigerant. In certain exemplary embodiments, the working
fhuid streama 336 has a terperature in the range of from about 80 to sbout 150 °F. In certain

I
/
i

exemplary ernbodiments, the heated working fhuid stream 337 has a temperature in the range

of from about 160 to about 310 °F. in certain exemplary embodiments, the heated working

biwi
N3/

fluid stream 337 s vaporized, superheated, or supercritical.  In certain excmplary
embodiments, the reduced heat intermediate working fluid stream 338 has a temperature in
the range of from about 85 to about 155 °F.

[0032] The reduced heat intermediate working fhuid stream 338 15 then directed to a
pump 342, In certain exemplary embodiments, the pump 342 is controlled by a variable
frequency drive (not shown). The pump 342 returns the reduced heat intermediate working
fluid stream 338 to a higher pressure to produce the mntermediate working fhud stream 303

that enters the heat exchanger 305.

1



to formsaid working fluid,; wherein the first and second

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

sub- pr ocesees12088127 si mul t aneously. 2. The process of cl &CEUB20M085182 n t he
second sub-process is a closed | oop organi c Rankine cycle. 3.The process of
claiml1l. wherein the working fluid is an organic working fluid, WO

2012/ 048127PCT/ US2011/ 055132 4. The process of claiml1l wherein the
working fluid is a refrigerant. 5. The process of claim1, wherein
the step ¢¥03Reati ngtidie ayortanrig74 dr‘ijh'rzjhel_a@dﬁwrkrim;tfﬂléd heated” wohdd cﬁgctf:di ui d

conpr i Ses, Q‘R)%ﬂ&’zl Egﬁ%p%\%@@r%b n\ghi E g)axt fOf " the 81”5,[&@1@ ?:EQSH Q9% g%\ 18L aim 1,

wherein the s t'he wor ormt & heat wor ki ng
fluid conpfi J’SéSﬂWﬁIQﬁ waikg ?uhéstmr REhy E‘Mbcuri@li witleHinhing- ssupaeict pten 68l
process. ., produce an expanded working fhad stream 351 and generate power. In certain exemplary
embodiments, the expanded working {hud stream 351 has a lemperature in the range of from
about 80 to about 300 °F. o certain cmbodiments, the turbine-generator system 350
generates electricity or electrical power. In certain other embodiments, the turbine-generator
system 350 generates mechanical power. In certain embodiments, a portion 337b of the
heated working fhuid stream 337 is diverted through a bypass valve 352 and then combined
with the expanded working fluid stream 351 to produce an intermediate working fuid stream
355, In certain exemplary embodiments, the intermediate working fluid stream 355 has a
temperature in the range of from about 80 to about 305 °F.

0034 The intermediate working fhuid stream 355 is then directed {o one or more air-
cooled condensers 357. The air-cooled condensers 357 are a part of the organic Raunkine
cycle. In certain exemplary embodiments, the organic Rankine cycle includes two air-cooled
condensers 357 in series.  In certain exemplary embodiments, cach of the air-cooled
condensers 357 1s controlled by a variable frequency drive 358, The air-cooled condensers
357 cool the intermediate working flaid stream 355 to form a condensed working fhud stream
359, In certain exemplary embodiments, the condensed working fluid siream 359 has a
temperature in the range of from about 80 to about 150 °F.

[0035] The condensed working fluid stream 359 18 then divected 1o a pump 360, The
pump 360 is a part of the organic Rankine cycle. In certain exemplary embodiments, the
pump 360 is controiled by a variable frequency drive 361, The pump 360 returns the
condensed working fluid stream 359 1o @ higher pressure to produce the working fluid stream
336 that 1s directed to the heat exchanger 335.

[3036] FIG. 4 llustrates a heat recovery system 400 for indirectly utilizing process
heat by-product of an overhead stream 301 from a process column 302, according to another
exemplary embodiment. The heat recovery system 400 i3 the same as that described above
with regard to heat recovery system 300, except as specifically stated below. For the sake of
brevity, the similarities will not be repeated hereinbelow. Referring now to FIG. 4, the
imtermediate working fluid siream 353 is directed to one or more water-cooled condensers
457. The water-cooled condensers 457 are a part of the organic Rankine cycle. In certain
exemplary embodiments, the organic Rankine cycle inchudes two water-cooled condensers

457 in series. The water-cooled condensers 457 cool the intermediate working fluid stream



7. The process of claim1, wherein the at |east one first heat exchanger is
sel ected fromthe group consisting of air-cooled condensers and

wat er - cooveaopdasienser s, 8. The process of clai mpCT/USh@n®FF132 he at
| east one second heat exchanger is selected fromthe group consisting of
ai r-cool ed condensers and wat er-cool ed condensers. 9. The process of

claim1, wherein the at |least one liquid stream conprises a. heavy liquid
streamand a light liquid stream and wherein the light liquid streamis
passed thﬁ@h@ﬁbvm@catkh@égmﬂ@myﬂﬁﬁFgmnpUﬁpImQﬁ@@rmm@h@ﬂW@ﬁb@mmﬁ$uhd

10, P P OGRSk Lo AL 90k AR R REES BB OL YT WLL Bt o7 | nErY,
conprisin sub-process, a Seto process, and a
third sub-lfﬁ Gt esly, canhiaséd w&ﬂxinsuhxm goessi e onped Sirpgedt thahaspeps3@fand s

a) di rect Lignat a8k, AR %d&c AD Wg&@{m@@ atnl;leﬁmq RiRaLdAnocess

colum unit to a contacting in said
first heahenevhe¥®V§%head strean1MAth a first working f|UId to cool the

over .head f(s ]am to "jth r;ﬁ%sa 2} %‘gﬂ%ﬁ%n pg%mQ%EI h}?fa‘g,dsitor A ang indirect ifat

passi ng at l'east a portion . over head “st ream t rough at
| east onerﬁvvﬁismea%aekwﬁaﬁ@ébrmoﬁﬁwgmkadcd@h@drmmﬁ&mwéﬁﬁw@éwlmhﬂng

heat by-product in an overhead stream from a process column with an organic Rankine cycle.
The excnplary systems may include an overhead stream from a process colunm, a heater or
heat exchanger, a turbine-gencerator set, a condenser heat exchanger, and a purop. The overall
efficiency of the systerns of the present mvention is increased over conventional systems
because the overhead condenser duty normally rejected to the atmosphere (with the additional
cost of running cooling fans) is now recovered as power. Also, by continuousfy operating
some or all of the existing heat exchangers in series with the organic Rankine cycle
condensers to increase the overall overhead cooling capacity of the coluron, the following
advantages can be realized: (1} the throughput of the process column can be increased with
sufficient hydraulic capacity of the trays, and (2) the process coluron overhead pressure can
be reduced. With regard to this latter advantage, such pressure reduction generally mereases
the relative volatilities of the lguid components. This will improve the separation, allowing
sore valuable mtermediate boiling hiquid products to be withdrawn from column
sidestreams, as typically found in refineries.  Altematively, the same liquid product split
could be maintained at a lower reflux ratic, thereby saving energy in the form of reduced
choiler heat input.  Similar benefits apply fo petrochemical plant columns with only two
hquid products. The purity of the products can be iraproved with the same column heat
mput, or energy can be saved by reducing reboiler heat input while maintaining existing
product purity.
0381 Therefore, the present invention is well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced
in different but equivalent manners apparent to those skilled in the art having the benefit of
the teachings herein. While numerous changes may be made by those skilled 1o the art, such
changes are encompassed within the spirit of this invention as defined by the appended
claims. Furthermore, no limitations are intended io the details of constraction or design

herein shown, other than as described in the claims below. It is therefore evident that the
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d) directing the cooled internediate into a separator, wherein the cool ed
internediate is separated into a vapor streamand at |east one |liquid
stream WO 2012/048127 e) passing at | east a portion of tIRETAIS201¢A5313DNne
liquid streamthrough at |east one first punp to forma reflux fluid; and
directing at least a portion of the reflux fluid into said distillation
unit; the second sub-process conprising the steps of: heating in said
first heater the first working fluid to forma first heated working fluid;
di r ect i ngptheclfriibstaheardddwork idngofdd ubdvctroyvabesdicondr hedtied and al) thier mal | y
contactin . egond. heat t X th a
second \/vt)rgﬁljmrﬁ‘”1 aglk I 18% %\8{}?}3‘ s [%pl rs% gpﬁgatg %E Qt” Y%Q Aﬂfepgr G rgp\g?m a first
cool ed vvorklmgodﬂc thicd jplagmardinary meaning unless 0‘“1f?m1%pas;§lanig mhe efuity @eth ebby ed

wor ki ng fluid through a second )-1.np to formsaid first working fluid; and
the third sib- process conprising the steps of: k)heating in said second
heat er the second working fluid to forma

14



second heated working fluid; 1)passing the second heated working fluid
through a turbine to forman expanded working fluid, wherein said passing
of the sewondimgst2ed wor ki ng fluid through the turbine ®CIWS301a/0§8AEr at or
for production of one of electricity and nechani cal power;
ni ) passi ng the expanded working fluid through at | east one second heat
exchanger to forma condensed working fluid; and n)passing the condensed
wor ki ng fluid through at |east one second punp to form said second worki ng
fluid; wherein the first.A&BM8 second sub-processes are |inked
via the first heater, wherein the second and third sub-processes are |inked
vi a the secondVh#dt @#mc@id wherein first, second, and third sub-processes
occur sinultaneously. 11. The process of claim 10 wherein the
second wor Ki ngi.f | uigd picsesd oo @anhiez Woktkidtg af bdbds column unit h2a rJih@rypr ocess
of claim 10, wherein the second working fluid is a refrigerant. 13
The proceSSUHf* €l ai m 10, wherein the step of heating the second working
fluid to formthe secenrGh-headedndidkbdiGubpticehsCQIPEt S8 rMaRAkhgling: t he
second mor&gpg‘éAU|d. The process of claim1, wherein the step
of heatin&“ﬁﬁ *Second working fluid -to formthe second heated working
fluid conprises vappri ziingiide 9QCQRHArWRINKIaAGvEhiitht Mol @iSppeseri ti cal
process. .

cohumn unit to a heater;

b) thermally contacting i said heater the overhead stream with a working
fhuid to cool the overhead stream to form a reduced heat overhead stream;

¢} passing at least a portion of the reduced heat overhead stream through
at least one first heat exchanger to form a cooled mntermediate;

d) directing the cooled intermediate into a separalor, wherein the cooled
ntermediate is separated info a vapor stream and at feast one Hguid stream;

c) passing at least a portion of the at least onc liguid stream through at
least one first pump to form a reflux fhad; and

£ directing at least a portion of the reftux fluid into said process columm
unit;

and the second sub-process comprising the steps of!

2) heating in said heater the working fhuid to form a heated working flaid;
h}) passing the heated working {luid through a turbine o form an

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

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

i) passing the condensed working fluid through at least one second pump
to form said working {hud;

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

wherein first and second sub-processes occur simultancously.

3

2, The process of claim I, wherein the second sub-process is a closed loop

organic Rankine cycle.

3. The process of claim 1, wherein the working fluid 18 an organic working fhud.
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15. The process of claim 10, wherein the at |east one first heat exchanger
is selected fromthe group consisting of air-cool ed condensers and

wat er - coovedoronrgensers: WO 2012/ 048127PCT/ US2011/ 0551 82TAB20ihAs5518DCcess of
claim 10, wherein the at | east one second heat exchanger is selected from
the group consisting of air-cooled condensers and wat er-cool ed condensers.
17. The process of claim 10, wherein the at |east one liquid stream
conprises a heavy liquid streamand a light liquid stream and wherein the
i ght liquid streanflicgrpassédatht.cughitthewvatkidedmstis oneriferanst punp to form
the reflux fluid. 18. A systemfor reclaimng heat froma process col um

unit in a refigeryryComPLL SERGm 1, whuommhwuqao@%m@mpEQQ%%§wQﬂﬁ&thH§'t
havi ng an overhead stream b) an overhead conduit 1n connéctivity with the

process c Gledsdie (h‘fﬁil’fﬁ"lé fluid comprises vaporizing the working fluid.
6. The process of claim 1, wherein the step of heating the working thad to form
the heated working fluid comprises vaporizing the working fluid within a supercritical

Process,

7. The process of claim 1, wherein the at least one first heat exchanger is selected

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

&, The process of claim 1, wherein the at least one second heat exchanger is
5 for)

selected from the group consisting of ar-cooled condensers and water-cooled condensers

9. The process of claim 1, wherein the at least one liquid stream comprises a
heavy hiquid stream and a Hght liqud stream, and wherein the Hght liquid stream is passed

through the at least one first purap to form the refhix fluid.

1. A process for reclaiming heat from a process colomn unit in a refinery,

COmMprising:

a first sub-process, a sccond sub-process, and a third sub-process, the first sub-
process comprising the steps of!

a) directing at least a portion of an overhead stream from said process
column unit to a first heater;

b) thermally contacting in said first heater the overhead stream with a first
working {hid to cool the overhead stream to form a reduced heat overhead stream;

¢) passing at least a portion of the reduced heat overhead stream through
at least one first heat exchanger to form a cooled intermediate;

d) dirceting the cooled intermediate nto a separator, wherein the cooled
intermediate is separated into a vapor siream and at least one Hawd stream;

)] passing at least a portion of the at least one liguid stream through at
least one {irst pump to form a reflux fluid; and

fy directing at least a portion of the reflux fluid into said distitlation umit;

the second sub-process comprising the steps of:

16



c) one or nore air coolers for receiving the overhead stream through the
overhead conduit and cooling the overhead streamto forma cool ed

i nt er mediWOeP12/048127 d) a separator for receivingPChaSc@alossl32
i nternedi ate and separating the cooled internmediate into a vapor product
and a liquid product; e) a fluid conduit for returning at

| east a portion of the liquid product to the process columm unit; and f)
an organi ¢ Rankine cycle subsystem the subsystem conprising: a heat
exchanger in thermal comating catilomstweddr thhiesiovekheddidcoduig fipriicged t o t he

overhead gt eamheing directed to the one or nore air coolers;

ii) an organi ¢ Rarikine cycle flow line conprising a working -fluid, wherein
said flow line is i t#Hechsd thebvnmicdatilary Wid fo atshentibaterexchanger, and
wherein the heat exchanger .t fers thenmal, eneray framthe, overhead
streamto the wor ki)§)ng f?‘ﬁ]imdihggcgg%ﬁ{ﬁg I%E%td @?ﬁgﬁ&g?% Pfé 1?[ "u]%iﬁggg 8“ 0?18?% a

heat ed worlkidigtifd sgiad working fhad to cool the first hedgtdd) wakipg flbidrie idvasgdsigeriet at or

the turbine of, E‘Mi‘%;%ﬁdt he heated working fluid passes through so as to
generate one of el'ectrici ty and nmechani cal power; and

iv) one or nore condensgrsnd te fconddnsivagingimidéateda workd prgnif fodbde t o form
a condensgagdm[\lg/&@gigfdu% ?ﬂd 19. The system of claim 18, wherein the subsystem
further conprises a“unp for receiving the condensed working fluid to form
sai d working fl ui d.the2Budihe-psystsemmptfisied thé #19rE8 wherein the |iquid product

c_orrpri S€s a heavy i, Fl“i ﬁicaﬁltur gﬁit@qg{cﬁd liiezgcgl 1|clsgwﬂg \%rf&ﬁa@uﬂp% %ﬁ"lr?' n the
light liquid stream is passed throug the fi uid condui't?
second heated working fluid;

b 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 drives a generator for production of one of electricity and mechanical power;

m) passing the expanded working thud through st least one second heat
exchanger to form a condensed working fluid; and

1) passing the condensed working fluid through at least one second pump
to form said second working {hud;

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

first, second, and third sub-processes ocour simultancously.

11, The process of claim 10, wherein the second working fhud is an organic

working fluid.
12. The process of claim 10, wherein the second working fluid is a refrigerant.

13, The process of claim 10, wherein the step of heating the second working fluid

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

14, The process of clatm 1, wherein the step of heating the second working fluid
to form the second heated working thud comprises vaporizing the second working {hud

within a supereritical process.

15, The process of claim 10, wherein the at least one first heat exchanger is

selected from the group consisting of air-cooled condensers and water-cooled condensers.
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£ Pro aim 10, wherein at least one second heat exchanger is
The process of claim 10, wherein the at least one second heat exchanger 1

selected from the group consisting of air-cooled condensers and water-cooled condensers.
The process of claim 10, wherein the at least one hquid stream cormprises a

ad stream through the

A
Ly

16.
heavy liquid strearo and a Hght Hguid stream, and wherein the light Hquid strearn i3 passed

17.
through the at least one first pump to form the vefhux fluid.
A system for reclaiming heat from a process columm umit in a refinevy,

18,
a process column unit having an overhead stream;

an overhead conduit in connectivity with the process column unit;

b)
one or more air coolers for receiving the overt

¢) ¢
a separator for receiving the cooled intermediate and separating the

COMIprising:
a)
overhead conduit and cooling the overhead stream to form a cooled intermediate;

d Tl
a fluid conduit for retwming at least a portion of the lguid product to

conled mtermediate into a vapor product and a higuid producy;
¢)

an organic Rankine cycle subsystem, the subsystem comprising:
a heat exchanger in thermal communication with the overhead

5
y

an organic Rankine cycle flow line comprising a working fluid,
wherein said flow line is 1o thermal conmunication with the heat exchanger, and wherein the

the process cohumn unit; and
conduit prior to the overhead siream being directed to the one or more atr coolers;
cyo

a turbine-based generator, the turbine of which the heated

it}
heat exchanger transfers thermal energy from the overbead stream to the working fluid so as
i

to heat the working fluid to form a heated working fluid;
working fluid passes through so as t© generate one of electricity and mechanical power; and
one or more condensers for condensing the heated working

iv)
The system of claim 18, wherein the subsysiem further comprises a pump for

fhuid to form a condensed working fluid,
19.
of claim 18, wherein the liguid product comprises a heavy liqud

receiving the condensed working fhuid to form said working fhuid.
stream and a light liquid stream, and wherein the light hiquid stream is passed through the

20.  The system
I8

fluid conduit.



