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Ir h Fedicled rl[t Urù \ÿoLld s cDersy NilL bc cxlnutd ÿithû a cenrury. lû üris

siruatlon, lh. coùùûics rl[t haÿe encrsy r.sources likc OITLCS are trins to keèp thcn owt

Esourcos rùr usi'rg in tic cmeryeDcy càse, This leds lo decEase in Lùc prcLlüclion ofoil ond

nilral gd §ltich rcsul§ h Lhe pcùllùLh pri.c iircElsiDs ererytlây. Pctrolcun is a nüjù

:o rce ol ènergl n1 oùr lifc. lhe Deù i',d sÙy couDlrics (NIC, hale "ery lnse enersy
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!r'r.r LIc d.Drcslic cofsuuurion 
^ll 

oIthc NIG aftr I'nn] tirc highPliccolpckoleu.r. To

!Nrhù ü,! ptublctr,. rlr. ùf.ret coNunrtri!D his 1! be Ledu.ed Nlany counlrics hxÿc issr.d

rnù, cDcrsy cons.(rlion Pkù§ lor rcducilr the cncrcy c.tsÙftption. wiû ûe l c't plan,

llre Ènùpr.onsuùrplnù is 6!nrscur d.ù1in làclorics and bnildi!)gs, and uFtu.'i'rg thc use

01 Nn.Mblc cner!!. lhÈ i ùstial sc.Lùr, \ûicl, collÿmes llrgc.froùnl!l en.rgr. È

|![ii]e for rhe \ay !i ùe thù cNrg! cilirictrtl]

llcar iùleg'rrnr Nnre lnrch technology is ône of lhe ènergy opti iarioD nrcrhods

j,imh Teclùrolo-É! is lhè mosr Oa.ncrl molhod 1or apflynrg prucess i egation Prcces

I tceulnm h a \crr Npo,rxnl ,nexns ùl irproviùg energy cficicDcy ol indtrn.irl aûd

man'lItûing ]]tuùcscs \rhilc minihizi,tg llEir cnvûomrent iDrpaci By dalyzirrs the

rlrÙmodr.ùnics ota f,!.ess, a', ensiiccr can qmliÙ 118 Ilrnnodynâmic cficieDcy.lÙr

|'occss. ide.ritr'thù rc-eions üÈ.c cncrsr- .âD be belLer ulilized and dclinc the mlDinuDr

rareec fitr cnùrg, c.rsuDrDtjù Pi' 1 tcchnology is used mosrly lôr d1c ltcât Exch gcr

Nc.rorks Slnrùesls (JU'NS). lr can ako bc xlllied ùr Dhlilllrioù Colrnû Desisn. ivhs

Lixchanser Nslworks Sr Dlhesn (NIliNS), bâldr sdrodnhns, io1âl LLlililies systenr dè.ien. clc.
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.rô\ù,t. lhN pil.h rc.liDoùS) caD bè trîd rr Jrrennine rhe nrnrionm Lc!ùnurcDc ùr

hoLhholàndcoi.lLtllilierturFroces.

(i Nl lt \t- l\ llioLrL(l loN
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oÙlain thc besl design lvbicb poss6l gb degrce ofeNrgy reolcrr. T1É stùdy is se!5âtcd

nno llrce parrs. r'hc tu:l püL is lalkins âboùl MlÙdl gæ NC. (w[at's NC, LNO, LC!, NO
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CHAPIIRE I

Cen€râl Look On N.tu'?l Gâs NG

Naiural gas, ie cleinesl ol the Iossil tuels, is rhc lîsrcst grcrvnrs pdnrary energy

soüLcc for the wodd toddy. Cônsunption of mtural gas is pdectcd to nucasc by ncaCy 70

pêrceht betwcer2002 ard 2025. L(ùcficd uxtural sâs (INC) i§ 
'he 

Drosl eùonomicsl §Ey to

kaNpon mtual Bas over long diûnces. l{educliotrs i,r cosls dùoughoùt !rc LNC chaiD,

âdlances in LNC lèctuology. etc. hlve tmNfoirned LNC nxo n,1 increâsingty global energy

option snnih 10.il. ln onl) otrc quarLc' ofr cenru.y,lhe inrcmalioral cncBl sccnc l,:s

wihe$ed â rcmark.ble groMh in LNC lr.Je 
^s 

un.llomatc lircl, thc dcnrund oi LNC h
dorbling every ten ycas. lû 2001. worldk rotâlLNC dcnrnd Nas c§inarcd ro be over 100

ffDa. By 2012, ir is c{pccted rô be 270.xpa. Wnh flrc expecialiol olincrêaiing dcmând for

erere-y ÿith riû.. l,NC has csrdblishèd nse[ æ rhc ruel tor ÙÈ lururc. hr 200s, ûc globâl

l iquefaclio n capâcity fo r LNG $âs 150mt!a.

t.2. WIàt h Thc Nntorâl Câs

Nâlùral sâs is tlr eâs oblaincd IlonmlùEl undcr$ound LeseBois either trs rrcc sas

orsas associated qilh cNde oil. lt seneÈlly contâins làrsè ano na olnedEre (cH4) âlofs

ÿith decrcæi.s ahounls olother n,ÿdbcîrbons. Inrpuritics slch ô H2S. N2, ând CO2 âre

.nen fouurl wilh thê gxs. l1 âlso genenlly conEs sarLratcd ÿidr Nater ÿapo,. oth.r

i,,fomration on natumlgas a.c foùnd in làble L.
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Composiüon olNàu âlGâs []l

I.3. Gàs In 
^lqeril

I.3.1. OveNierÿ

^lgeria 
hâd 161.7 lrilliot cnbic Iær (Torl ôl Prôvenmlùalgâs Èsoaes (lhe eishth

largc$ nr Lhe 1rc d) as oL Jùty 2007. Algerias largcst Cas lield is t[c supergiùt Hassi

R Mel, dh@vered in 1956 lnd holdins pôlen rcseres of about 85 Tcl Hâssi R N4ël âtcounh

for aboùl a quftrer of Algeriâh iolâl dry natural gâs prôdrclion. 'fhe ÈhÀindcr ofAlsùias

mluEl Es rcsefles centff.round âsociaÎed (drey occu alonsside qude oil resde, and

'oF'.u.s( ieds 'i,e$urh ûd ioulca§. '.Ban ot'l'e..oJnl.) LlroLlic "m
Alscin, the Rltourdc Nonss Ègion holns l] Tcl of knorYn res.fles Alsô in

sôutleaslcür Algcrir! neat rnc Ùbyan bordcr, dre lI 
^nenâs 

rcgion in.ludcs lhe Tin

Foù)e lab. on (lFT;t.l Tùj). AImr (4.? T.0. OMi DnneLâ.Dd Oucd Nonûer nclù

llre ln Srlâhlùjrion irsouihcm 
^lgcrix 

holds smxller, less dcvclopcdr6c cs(5,0Tcl).
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Iis I :'l'oD Afdcrn Nâlurnl Grr Provq Resc,aelloldcrs,200?

Thc county pbnu.cd 2.3 lcl !l nârurâl Aas 200d, lhe eiahlh lase{ h thc so d

,nd rlre sscond larscst aDoùs OPEC ûcùbcr counties (beùind lkr). Alseriâ cûnsrned

0.68 T.l olnâlùâl sâs nr 2004 some 24 pelceû ot its rroduclion. Iù 1997, Algeriâs

nalûral gos pLodnrlion èxceedcd thc couDlryl oùdo oil PrcduùLion fôr dre fi$r ine,

rhoûCh n 1B silce lallen bekM oil produclion asanl The Algerian eovenùrcnr 16

encdù,!Êcd lhe donrestic use of nalural Eùs, whlch rlprcsmted 62 Perccrt ol !t
ùounlry! lor.l encrEJ consùùprion in 200,1, Thc renrâining nâtuLal aâs is exlro ed, *nb thc

nrdjoritÿ goinslo Eùropc lDd so'ne to dreUnilcd Srarcs,



1996 '093 2!00 2002 2nn4

Iig2 :Algerafs I'otrllltdroc!rhon pjoduc!lior,198.t-2004

1J.2. ll\tlor.,tioh rtrd P' ù.tucrion

Devclqrnrc ol ilrc ln Salâh Èeton h .rucill nr Alse a,s ltan (o ircreâsc irs

ùlluml gds produrrion. Thc IÙ Salù Crs conso.lnLn. qratuership of Srabit, Bt! ùd
Sonalr&h. \rxs lhe firsr nrqor uatrEl sâs prrhcjship beNecn Sonar6ch md ù r'orcign

opcmlor. llrc coNo ium has derelopDerkighrs tor sevcD ot rhc t§elÿc cxûrjng ficlds in ltrc

h Salah Egion. Ir Salah tias \rillâlrpr.Èe exisrnrg lctts ud exptorc tiJr ne§ natur:Ll gas

rcscNes h tl,è resion Thc llclls.onrsltcd by r|e consoniùi1 ùonlajtr licven rcscres
ô16 Tcl. wnh polcnli{ll} lO Tcf il roratrecov.mbte sèrves.lrital produclion ar rhè

h SaLah lields Lregân i'r Jul) 2004, atrd once lidlÿ onhrc, rhey ,rould podùce soDe

330 million .ubic lèc( f-. diy (l\,l1nclll) ot Datùal gls !ÿcr Dricr (o iûiar nanop, ltt.
cotuorliunr had eâdy siÊoed nrtumL96 Npptl,cùnrrcrs \vtlh Eur.Dcan o$ronr6. In À,lxÿ

1997. l'r Sllah (;r§ sericd ih Ji§r nârLtrâl gas srLes deal \ÿitr nâLiân electriùny gene.ator

'Ilic llil .nntrles Ii Slhh (;'rs ro hte o{r xn crinDa !ùrùxùr h nnlr ÈDd Nrtr 190

Nl'rclld !lDilu.xlAls ln Srlrir C.s is rl$ Dü,kdi,rs,râtrrrl rrs [, porùtrlr] ùLic.ts irl
Lu'ù|.. Tu[.) in( N.dl] /\1 .r.



Àldilioul Àl-rcrilù nâuxL gâs p]oiùds lr\c ccrlùrcrL x,otrrLl tl!rù blo.ks i,r Lh. lllizi

pDvi,rce ol sourheusl AlAeri4 neâr rhe l.ibyan bo«lù: Ohrnet, ln A'ncnâs tùd Gassi loùl

Ohànet,ledbyàconsofllùftolDrlPDillilon d Sonalrach, is in lllizion thenonhened-qe

oa lhê Sâùâra descrL. l,oduotion otnatuBl sas, NGL, md liqùilied pelrolouù $s (LPG) !t

Onaner besan in Ocrober 2003 The Obaner proiccl inclL'dcs a nxlural sâs FroùBsira llart
wilh câpacily lor10,000 bbvd olcondensrre. dd 26,000 bblÂl ùlI-PC.

InNoÿcnbe!2004, Algeriâ n*ddqlx tcnder lo Repsol YPI und CasNarLml lbr ânà1ù.1

gâs psject ar Casi roùil. a licld conr0inins 9 Tcl ol Iûÿèr1 iesencs lhc $2 billion

nncsnLed projù.t will consÀl.l 52 devctopnEDt\vells, ! 780 Mnrcÿd ndu.rl Câs troc.silrg
ùcilily. a 630-NINli'd nalunl Eæ pipcbr, aûd à 500-Nl'nc17tl ùâlulal 8.s lilueficlnr

lornnml at Ap.ÿ. lIili.l omduclion !t G$si Touilshoukl begnt in2009,Nil| IlrcbnLliol

ns sd deslined lor Spain an,l oûer Eùropran ùa*cts. I0 Junc 2006. sonaftch, RP and

Skroil ber{n producnr-q m(Lml gas or il,e I', 
^nlens 

ncl.l 
^1pe 

[ ùodû.tiof thc ie]d

should ùoduce around 900 ùnlctd ol nalural sas. plùs 50.000 bbl/d or condcDsrt! an,l

l-Pc. lhc rrcjcct cludes constudion or rlnec lipclifts to car4 dre nydrocarbon. ro

rhc SonalEcn distibùrior slstem nt Olmel. In 100:1, SllloiL pn.chascd 50peicemof

r.3,3.l'ilrcliùes

1.3.3.1. Domestic Slstem

Al-!cri.s domesriù tilèlin. slslom ccrle,s rroùnd rlt llrssi Rl4el mtuiîla$ iield.

1he llrsenpinehre sysGn* onn.ùr Hàsi Rù1el 10 lnluelled ùaluùl êas (LNO) cxpo

lemnlnk nloùg rhcMedi{eriâtreâD Seâ. À ll5{ile. 4.13-billi.t'cubic leer te Jxy

(B.l/d) synùûi oonnc.rs llxsiRi\1cl to 
^rzc§, 

qhilc à 360 nrile, I 98ldfld syscm

oik.t I lasi lt lllel to Skildn. A sûaller

fipeliN (2r0 nics. 690 lllorcfl(l) xl$ ,ù.s bcrEcD ll.$i Rllcl ud 1s..'. tuxr 
^lliqrl

Iltllsi iil,l.l is thc ceore. of 
^lgeiias.ntir. 

Dairtril sns ùnnspùn ô.l!rùrk. so pi|cLn§

ùnn1.clb ù ILoDtlE côun[\ nujor trâtu.| 
-qns Pr.dùùir]! resiols A 600rnjlc. 129

Brlitl 0iPèline hrks lLr l[\nren$ rgiù,: . :ll0rù11.. i7.l-NlDcfld Iipelirr ..ù0.ü\



lL,r Lr SrLih r.!iùr: .oJ r 9l) nic,6l0 lllNl](l ir5r.ir ûr lonr lL'c otrlu'nL gii l!1(s

t.1.3.:. E\p(,rt S)stùn

TheE are t\ro mluül gN piFlirc colncctions bctrÿeer Algeriù and !ùropc l[ry)
llic 670 rnile.z.l2 Bcûd I rüN-ÀlcditcrLùcù (Imnÿùcd. àls, rrllert l.inico Mâll.i) linc

inN lloD Hxssi lt'rvlcl,vi I0nisr âtrd Slcir, to rmitrland lLrLl Con, cl.J n: l'l3l m{l

doutled ir Lr9,l. t]tL. a'c Dhtrslo co0s1rüc1 an xJditionâl conrFrcssor {riion slong tbc

lraDsncd Ih could incrmsc.âpâcit! L.

:r.ts-Bc1itl.,\n i ernrtiùMl ..ôsonim,, Ie,l by sl)âirrs Enasns. i\'loDrco r SNtl, xnd

Slriùrch.opentes lhc l-000 nilù. 320-Ilb.1ld NlnÊhstr-Europc Cxs (Nllli lso callürr

l,eJro l)un,nF reLl) Mh(i, complcred in 1996,corùeds UssiRmel qilh Co oba, Sp rria
i\'Iorùcco, §lBeit lics tuo tlrc spannh ând l')onucnesè nrtu,àl Sàs tnnsirÀsion

Dct*.rks. Ii 
^u!ùsr 

2ool.Sonatnch lrvrdcd ABR { $91millioncontLîct tùbuildanltLml

g$ .onrprèss!r iation on tlrci\lEGhrc iroüer lo inc,rasc rlre liùescoD.city 1o 1.78 Bcfld

3ÈF n,

)Ni

l;is 3: lDtiorlrE ol.\lso'hn

Eelq rn

Trrei, Finr!ril,
t-':],t !i

Nrturxl Crs - llillion Cübi. I.d, 2lrlri



In lùly 2001, I cùnsoniun lcd 6)r Spûi s Cepsr (20 perccnù.od 
^lgeri0!Sonatnch (20 Fr.cr1) asrud ro build à narurai sff Dipèrnrc tinLinr 

^tgerir 
aud titrops:

iÿIcdgtu.'lhe l2û'nilc i\,lcdgu ritl li'rk llcni Sât, Atgcri! to r\lnre.ir, Srrijl, Rirh æ
èvè0lral cxrctrsion tu []!nce. tl Sèptenrbù 2002.Ihc consolliùû co rJrtetcrl a stùdy otrhc
lincr ictuiLiliry.:nd iùiri.l .ôisùuctiù .n ft Dmtrcl slbutd bcgil aronn.i June 2007
'lhe Sl.2 liili!. NlcJ$z. nhich shorLd bc conrpl.r.d by 2009, Nil l[ÿc u iiriaj
cnFcit!ollsoNI cil, nrcErsiDg to à o :nnunrotl.55Bcfld.Thcrcareal$ptâns ro iun

i ]Irillel p!\.r .xbl. hNorcfrber2002. Colsxsn lhal n hàd sistrùl I tùLrer ol.irxenr

'o 
puc[âsô :]5 B!fr- .l narml s6 ÿix Meneiz. a nr 2oo.t.lbcrdrlta rtso igrrcd rô

È,thde 15lrcfly Lo,n thc lnÈ.

1.1.3.,1. Grhi Pip€1itre

h 2002, Sonalrdr sisned ! dcâl lvilh rhll,s Enet .nd Cennflyt Winrcshxtl ro

lnm Oaki, acoùÿ) liuù 10 buildanÀ(rml gasFipettue tron^leciia 10 tlrl, T[e pipèrnrc

\rill rù lDnr Cûs RNldl h El K.l. Alecriu, ùron nn n.dsrarltù seoriuD to Crgtiùi.
So.dil a. Tlis is ro Lrc Iollowùd ty o onstrore se.tior ro Oitria. Sùdnria, rhcna in.t,
offshorc piDelh 10 CD }csciia, lralr. Ths C.Lsi nipelijr., qlliù[ js cu .ntty uDdor

connnuion.\'illliave i',ninlcarr.n! oI770 990 i\4jnctd â.d. as {nh iuedgaz. thcE arc

plons liï x Èrxll.l loLvcr crblù. lbc Cirhi p'oed coutü bù .orrpleGd by lar 2OO9

lnnlsâharD l,ircliiÈ SoMùncI and rtrcNiscriii N ionol Pcrroteùm Colrôra(ion (NNt,()
lo'ntrd dre liârs Srh n Nùrùnl (ias CoDsorliuDr (NICIL) in 2l]l]Z. 1.hc NICiI
consor{nù rinN ki.ônirod r l,8oorrito nalum lxs li]rctin! toD w ü. Nigcrix ro

lhs Rillel. rix NiE.' th.r. r,t rlso plar s tu coDd'tr!( I tutut :LnJ tib.r o|rri..ùhte

]»,allèl n,lheI pc irc 'lhùNl(ll:1, pipcliDc\outdnLitiTr rlûphDose! iltcdÊ.2 ùnd

1.3.3.3. ùr.dsas I'ipelirc

cri$iu lr.dsrld prltir. l. !ûr- Nlgli!0 rdu.i gr\ ro firùp.xnr,â,kors.A
'easii lir\ ÿudr .r ttu lrtNSrlr rLr 0ilfl])c is ùùdcr§xr [tr1 ]!ùj.!l DroLrler srh

xs rlr. ûÙ.rs. t.ogrh r\ |f:iLl. ib.rllle xr ûrù dÈrù,.(s (, rh. rr!j..Lnù,]tr!



I.4. Liqùc1ied Natùral Gas

Lhu.ûed narùLal sas (tNO) h rrrural sas rhar has bccn cooled to abour mnrus 16?0
Colsius C260 degrces lllncntrejr) Lr shipmert aD,j/or slorase xs l L!r, Thc volùnre o|thc
liquid is aboùr 6001iincs snraltcr lhM rhe sisùoùs tonù. h thtscoorpâclrornrj nalrll sas caû
Ùe §lilpcd ii,special rânkqs (o ÈccivjDg tcr hnr k. 

^t 
rhese rùmriuâs rtr LNC h r€lLtrrd ro

I Siseons Iarù rtrri rr +nnlcd b_v riDe ijÈ ro distiburion conrp.trics, ildùj,in oonsutue$.

lùNx,J l[c A]!c'ran !o1ùù.rtr rou ( trLc ro s.e rr. iiltit,lln)i li trLrn! jnnrLiltri|! 6)

nrovi.E ir I()r! Jisrxr..s trherc piletnc
gas lhor r.siors §irh ÿrsl |rducrion

Liquclinr! n{rht êrs t,njvit.s r nEans ot.

tûDsforl is noL Iiasihle. xttùrnr! acles r! nafurt

ForenLial r1râr ur loo rtrranl iionr cDd-us. m.rke!s io

t.4.1. Liquelied Nxtur.t Gàs in 
^tsqi.

lvilh the:ilxn up oI thc 
^rzclv 

ct,4z ntanl nr 1964. Alsc,ia $càm. rhc Nond\ i$r
flldrccroi'liqù.lird n ult ras (t.Nc). Algerii À r. tutr{ir largesl cxpoac..t LNG
(ùchnd IrdoDùsiù,lvhldrsr. ùnl Qatà). cxporriig iLotrrd lj Frcen( ot rhe \orlls
iolâi. Thc vtur ajornÿ of 

^leerirs 
LNc èxFôis so lo \v.srcn ourpe. erpccixltv

Itucc, SÈnr anJ ]tr'ker. Sonarxclr hàs LNC cxl]dn c.Drftcrs \viLt, cnz de frn cc.
AèlAiuns DGla!âz. Sp.ijts tni!às, Turkel,s tsôras, trrty,s Snùn, rûd Creces DEp,l.
Ll(ir! :005, Àllcrit exDôrred t7 ts.I 01- l_NG 10 rlF lNlcd Sralcs. sùnre t5 p.refLot
r".,lrr\'!u , ,. r., .t rÊi ,. \ \,iR. ,.e.rt\.
eifoa tcDnri is rhc 

^]zerÿ 
iâcitrrr. rlDse lhree l,cilitics plo.lu.ù ! combi,rèd:47

Dcidôl .c-EâsiJi.llLNC oi|,r :nri&ri le.ninrts nr!lürle Skikdaâùd 
^rqi.r\



ct1,\ll ülti I_----__È=È__-=-_f!j l.q_

Iiiu4 : 1r,ir 5 tntr0,lr if ,\tÊ(É,n LNc, t(,05

ir

1.5. Lnrurlie:l Icrrotcun, gJ!

l,iqxcliedl,cùllehr 6$ (LpC) ccnsisrs ilrnnr olrN!1n.. bùranc nnd is.LrLhnô d
Dtay aho coninnr Cr rnd cl 0ns umted hJdrù.jâ.trons. us r,rro üje is ns 3 tijùl, truf ii ij itso
ridesfrcad 0sù ,s in &Dsot Pl.pcitur. and ff ârhenrtca (êedso.[

1.5.1 l,I,G Descdù(ioo



I r. mu üors(irucnrs oI Ll)(j: p&,ir..l eihef ii |cù.teùnr r.inreiùs is ihe Lj!r
cnd lircûnr oldjstillalion rnd crlcknrr ûoc.$.s. Edù.lion oicrude oil or purilic n, ol
n uml gâs a.c Dainly prlpmc ùrd buranes, LpCs produo«t try sccondary Etncrl
!rcocssine, e.e. cricMig. may contril uDs0ruralùd hldrocübôns such as prôprtene and

burcncs nùl snr.lltrxccs ôldi.lctnsnr0y o bc produced. Conain ccificârions pcrnrir rle

tresenceofrpto l09n ùan. lnhl diencs nr LPG. The tcvet oJ djenes û Ll,c is undq rcÿiew

iùln dràll CllN srÊcilicârion aor turonrc(tv: Ll,Cs ùotoses â rhxirntr0r lcÿelo1.0.j,/o nrol.

I-PCs obraim.t as lhc liqrLiLl conderBtrrc nr ùslLratgàs or.Àrdc oil prcdu0rion (.tso krorvn as

nrlurrl s.s liqûids o. Nct, âr. les litety lo contain appEcirbtc moùnis ot ttFsè

ùDstlrM(el lldio. h.ns

l,PGs rcnnally,joillil lo\ÿ corcenûtujonsotrrjoùs suldu. cor\rounds, ,fhc lcÿ.ls
pdnrilrcd.re 30\cr.d Lry rlr Le.hri.ùl s|cciti..1ion. \yhicb llnicllt) prcsrribEs tnr:jr\ toL

toral s(phur, [rdLolcD s]Lphdc, ani nd..prrns Dcpcnnnrs or rtrc bffe o oor, o.totrrânis

(aho desùribcd as i.nch arcnts ô. denaxrams) mry be ldded i,r snll qrnrnics (fpn) so

lhâL$s lciks nu), be delcclcd 6t,§nell. Ar ùni-icinA lgeur such ds nErhamtDay bB addcd

ir snall !uanriri.s 10 i)ieÿenli.c and hyd[re iornÀlior it kl.res orrsularors

LPCS a'e $idcly used ff litots and as liednocks nr ohemicât 1]Iocesscs. I. sornc coùnrries

{hcft is aho cxrcnsive use as autoûrorirc fuct A largù lolune is distriirutcd, Duch ot ir nr

snallcoDhiners, lor Jomcslic hcatlng rnd coolnlg nR i'r localions Nherc 0iled suFirlies ot

sas ar! nolâvâilxblè. LPCs arc àlso nscilasrropclrâils in prcssurized xr.sotùonraircs.
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Il$l Ixrr.rxr,'r l\I't Pitrc[ \tr.rh\i\

Dnù ro tlE closc rlationshiP bel\ÿeen rc eners] aon en'nonùetrht ÈoblctrN,

ltco\€rins lccIno]oqr .nd opri',ri7ûrs encrly corsuDrnrion hale I Dâjor Lotù nr e.!nonmùnl

p eclnù by Driniùizâlion thc arDos r c ltltul!ùrs §rh æ SO:, COx_ NOx this

tnrjmizarilD DraI dc.rcûsc llre lre.nlmusc etccL. urd llE ôzo.e layer d.stnrclion OD tlre

!rhcr h0nd. o imiz.liof oaEnc.sr c!ùsunrplion nnd irs rcc.ÿerins Dr.y rnihirniz. rlE u.rer

ûnn IDr oil .oNu.1rlri, ir (he heât cxchâùse's (icb.ilers afd conrlùùsr, n1 pdLolcuû

diniLlnlion«nurùrs.sleciâlly.rhùdinill.ln,Iscct.fcor$mùs:'srearde,loaenel!)nrlhe

chclnl.al ùnd td,ller0r i Lsr.ica, tu.cc sr ynrg drc says iI \vhich rÿe mrt decEase lhÈ

.onsumrri,)0 is ofsrcil lùrpo,lancù onc oi lhese E1&lit solutnrns is the Itoil Irtssrrri0n.

\hi.h is !oi ! b hr prù\ùlcd in rLis rcscxntr r.lLh I difùrrx dc. nlnr rhr f(rcr fturn{§

I1.2. D€fi tritiûn of hrrt iùtcgratior

lIôât litcgratio. (or I,hch lccIDù]ogl/Pro.ess IdBsra(io, h ar cùrlgy sarifg

nûhodologl lllil r.s bccn ertènsiÿcituscd i'r lhc !'ocessing an(L po$ùr ecncrâtilg i'rdustLy

oler ihe lxnloIer6. lhis mcthod examiies ùrc poleDlùl olùx.hangiire herl bÈBccn hcâr

sourccs ud hclt si,rks lia rhc ruc ol ieaLc\ùlnnlcrc ânl rcducnrg ûrè anrounr olerùmal

ùeilnrg tùnl coolin-e ÉquiE{|. A s)'stctrratic LlsigD pmcedùre Irâs beeD delcloteJ tù p,ùvile

t|c firaL.rq!l rùdudilr l.sl!û !1 the syrùn.1lr ûethod has tu'thcr beetr devclof.d i.
sltril rhe soùte ol hèxtn,g xnd cooln,g Rluird (c g. sean,, hol raLù, !oollùg \!!rc.) and

nko Lhe rùrctrtirl ol ForÈ' p,odudnn, in ilF tbnn oInül!\!rk ùr ele0rirâL ùodtrctiûn. lhis

n1èlhld.logr n based ôn tlrè lnùsn rDd uD']tslaDdix_! ol hert èrrrxncc b.rlter p,r.es

iLc.nrs thougll rlre ùs. oIa renrDcrtLfù-o thrLF diâgmn. lhe 
'nerh.dologl 

nd nl.nLifies

soûnÈs ôJ h.âr (r.rred hor sroxnrs) nl sirrs orhrd tcrircd .oll ÿrcânx) nr rc pLoocss



cll,\ul ILL: I

11.3. Orlc.tn rs of I.xr inttsrriion

'lltc pm.csinsolc.ude oiland rârumtgas rcqùnesan c.omuus tunou otcnersyi $hjch is
$hy ÿc æ consrânrty exerining Bays ro nnFovc ctreqy cflicicncl Ttrc xdvdr.gd re
i\ÿofold: nol onlydoes â nrore eiicienr encrgy poticy süÿe ro rcduce lhe sùbsranriat cosls, bur
ilokodoesnNhroqràrcrnccivnojùenr.

Thc objccrives turd bcnefirsoftlèar l.lesrajur .àn bc surhariseJ as 1ôllor$:

. 1o..hic!c lmnuial s rnlgsbl bcfler tnocsshenlnncsdion (marnniznrepmùs-
ro,pLoccss hcar r.co very aD d todLonrÊ rhe ex lernal urilnr to ,

. Systcruricâltÿ desi$irg M oprirnlts.heDc.turililycxchmgc ùelrv.ùn frûtuùcr

. (cdùcethe ær.url ol êml,8, nrPul foreuch disriltdion colunh b! scteclingrtÈ
op(imll desisn paraftlc^ sucn âs æltux ration. q ÿatue,erc

. Re.tLcc rhe rolal atrlounr olereral irlpni ro drù ènliÈ syjc0r bÿ hear nae-e,:rion.

. Chanse rirc Énpcrâturc le\ctothcnt si,,ks.nd sources, oneorborh, rcqùhd lhc
disrillârions,srch !s lerDerarùLe or pre$ùe



II.1, PINCII IIJ('IINOI,OCY

ll .{.1.W}ar is pnrcl Tcctrnotoqÿ?

Il.4.l.l.MMning oI tie T€ n pir.h Tcctrnotogl

l he renn..Pn(h Tcclùôtolll.. wâs irlbdnccd b) I_irùrhotf a.d VrJevold !o rqnlsùnl l
kNserolrhcnnotjlnanicaly b0scd ù cuDds rhar sû{anlec mi.inujn en.r&r lcvets h d.sisû
olheâr exclràDsùr nelrlrks. Orcr rhc tas No dccades ir l{s c,ncqed 6 aD unconÿcnlional
devclopmenl n, ptu.ess Jesisn u)d ene4y eDserÿrrjon. Tie r.nn ,r,itj.h tmtÿsis,is nàènùe.lr ...-.,.,-.pt, ,o.. 1.. ,,i..,r.c. , - o 1 ,."
nü!ÿiar pmc.sscs Delclopren§ ot rigo:xus $nrçùc p,lgrMs likc InrhljxDrc§s H,

strrù1l'rscl - Âsl]or pnrhrû l)àve plyed ro be ÿerr, $èrirt nr phch.nllysir of ùon,picx
irll]Nii prfuùsscs\illr sPcedând eiiuirrùy.

Il.{.l.2.lrasis olpinch rechnology

Ii',ch l.chnolug, p,lscrh a si,nplc nrcrhodotoe' fo. sy$cjn rircât ty lmtysing ctÈùical
pro€sses nnd rlr shlundins ùlihy syjeDx rÿirh lhe hclp of re lirrr ..d Sc.ond t_ârs oI
rhcnodlranrtcs È l.irsr Lâÿ ot Thcnnod)naDrics pillrrcs rhe enel.ly èqu.tn» r.or

tn. , ,".. ,, i, I ,",, ô.,. ,.Errù5,r r ... la e th.
\crvnJ ',r c.j r. ii c. 

' 
,. ., ,o n. l,!-r flo\ . " 

,.. 
".," , - , ,. .., ,. u.

l1loûlcs rlùotrsh ltrc exchansei ùnn h I hell erchùrrcr unn lerrho â hor srr n .!n be
c.olcd bclow.old jtu,nr strptty leDrpe ùc ror . cotd §rcânr can bchearcd ro âl.mDûxnnc

lve'f-.,J olr.' .,. n I r,,.,.c t.c,,,!, r,,,,,,.. b., 0.e..b â leDrperatrrc Jettrled by rhc ,.rprrd? tptraæ| .t t\e ierr ù\uhûDûsr .th.

,O,r,-, , ,"(Eâii lcùperlft. Dtuilcs, tor nje led er.hn reÙ ùnit Trc rôDrpèranrr. levùl âr rlbjch
Dlnrirl is nbs.r\eJ i,r rl[ trocess tr ftf.crtJ io âs ,7n,.r 2rr,,, rt ,1,iikh .ottlition,,l\.
0iIc' .lirh thc ùririrnùmdjiviL! ao,ae nltoralt in rreiJLrnleruir.



IL 
' 

LI

ll ..l.l..1.Obi0cri\ cs ol.r,in.h 
^Drhsisr,ltrct, 

^nrt\s* 
ts ùscd ro idcnrjtl crcr-gl c.n.nd leol c\ohtu,scr ncA,oi.k (tr[N)

capirnl ùÿ ragch Ji,rnprc.6said recogûizins rtre !iirct ponrl. ùepn,cedu,e liNlpredicrs,
.âd oldcsjgr. il'o nrtnjmrD rÈlunqncnts otexrenrûl ener$,, ncrwork @4 ùd urc nùnjtrcr.lnnils lor a giver Droces ar llE pnrl lroinr. Nqr a hcar exchusq ner§o.L dosisn rhar

sntislics rlrclc rarsers * syDlh3sizcd, t,nrnLtr the nel]rolk À
c.ÿ xnd, r lxpùa c.ÿ.r,he h","",_ 

". ;",,,",.,.i ; ;,:i:lT,i llilllTïiilïil
Drinre ol,j.rlire olljnct, rnntysh is tu !clri$ù linflrûl savjtrgs br t,cfior proccss r,e!tintcg'lrtion (nrlxnnizing proccrs-tû1rorN: hcrl rrcovorl ând rcduring lùo e\terhùl
trrilit:, lordt th. sD!cft olnrocess herr inlcg,xrion È iln§ûaled,n thc craDp]e iisùNe{l

II..r.l..l.A Sinrpte ]rrxùptr of ll-o(css tnrrgmrjon bJ più(h An,l).sis

. 
(ùrsid., rltù rn to,vnrs snn|le p.o.sss []iis 5(â)l rere recd srrcur (, i ,eaolùr is

Ienrcd belbrù nn.r ro r rc&ror ud rhc lrodtrcl srcarn is tô bc coolcd. Tbc hcadr! d.ooliirgnedoNLr),6eorsreaù(Healltxchdgèr-r)âû!cûori,rgrÿrler(Hcârltxùtjansets2).

'lsp.clivelr. The Te.pcünrs (r) \s. E»lhah! (rrl rior ror ùre lèc.l xnd p.o.lucr strans
depich rl[ lDr (srcanù nnd mkllcw) uriliLy loads shen rhcic rs no reiicrt overtar or.rhehol d col! ÿrcan, prrrilcs

I

1A0

$0

rie (rrr \\rrrt,r!Ft,N \,tr.trtnir, t.lI

r,



r\n r renau\c, nn|tuved schùrLc rs nùru nr li!trr i(b) wherc I r add r.D ôtn n.§

'Ueat lrcnarger 3' rccoveN lrroducr hod (x) k, Frùlur rhe fccd. The neùn md..olins
lMlcr rcqùiLcmcnts âlsù scr Eduæd hy lhe s! e lnoùit(x). rho ùnoLnl oj hcur rccovcrcd

ë) depends on t1'c ùiniinùn appr.aol renrperatur. allowed lor rhe nc\ÿ €xch Dse.. the

frhnîùn tèDfernlur.pproùh bctrccn lhe tro curves on thù lerricll!\G i; Dt nnr and thc

ponr *hcre tis lccurs is nefiDùd 4 tl,e',l)ircl". fmn tltr T-H pl!l. rhr x anrounr

con$pon.ls ro a DT,.in vdrE ol20 oC. tlcEising th€ Dt ilir ÿaluc tcrds ro nighù nliLiq

rcqunamcnls xnd lo\erâLea lcqùjEDrenrs

(li: fi -\

IJ

xt)lt

100
,0
s0

I
1

R

r00 oc

1l))

rigS(b): Iû,Irov.d r'ntr\ SllNncnnI TJI prclilr.

11 .4.1.5.1)§.lopn'cùt otl,i cl Tc.}oology Alproâc1r

\\'heù rhc proccss i,r'ùlver s otlc ho1 nt ùùl ùâr» (is nr ùlve e^-' nplc) n n cns!

10 Jcsirû ùr oplnnu) hcd rc.or.ry erch r-!c' n.Nork lntrLnnel) b) hùisùc Drerh.ds lo

âD) nrdùÿriilscl uf I[cnuù1bù r)l!]rror s nr la g. (hâr rlic lrtuLi1iotrrl dùsisr âttrùrolr hxs

h.rtr r,)uD!l b tre li'nilirg irr lhù iosi-lr ol 1sùùd r.Nùrk \\:nb ûe Je\elofmenrollnrcl
1!!l»ùlo!r Irlrclc1930'\.oilor1orritrrlrùtr\.r[(l!i{î\.sni r pùsiLl.. Lrl i-!o



ùrsilcrrbl! p.o.cls irùpio1eùrc s ùotrLd L{ Jr\(nù.Lt Jroh

rt,t,rôa.lb !'r dc!icred ir l.l!orc 6.

TPtrlilionnI Dcsi,rn ADDronctr

Ulililr

/-n-{r-\ d;iÈ\ /L t\ 
--,)2{-s,:i"r'- "'>1p12 <tls "-r,.,,>

Tccl!nologJ ADDr!àdt
Besisn or Corc Procrss

Iis 6: (;,xnlk ticprr\cnrtrtn,n,'ITr!ditionâl !\ l,i',rh Drsis, Anrror.hcs

Tradiliûnxl Dsisn ,\.nro!û: Fist, r1r cùre 01 thc Focess h dssigncrl wilh nxen

llow ùres æd (eDperâlùes rietdnrg rhc fur! md ùass Lral .c tor thc lLoccss Tho rùe

desigtr ola Lexl 
'rcove'l 

slne'n s ùnnphrcd Nerr.rhcrcn.nrDgdtrriesrcsrtsfi*L6yrtrr*ôr

lItr trrll§,§yecn Eæh ôfuhese exùrcÈes È t.rùmÈd i.tcpendeDlty of rLe orhc,s

l,i,rcl T.rl,nolo§ Àpprùxcl: troùù$ irne$a(ion usùg pi,rch lechnolosl oltc.s a

noÿclaflrLoacl to generarc torsek lbr n,iri$utrr ùncjry.on nllior bcbr. hear recorery

retworÀdcsier llcat 
'ecovcryar 

nlilirl syÿeùr.. shnns or 1trÈn.orsjdered nr ûe dcsirn

ol the corc process Lrûncriotrs hctrÿeetr 1 E hcd r.û\.,f ùtrt nriti!- sl$.ft are a so cotrsiJcjrL

1he fi,rh dlsi!tr lxr rcyeal oDDôilmtries ro motill lhe rorc !rô.es ro nnpmve heâl

nrrcsmritlr Therircl rpû(rxc,l5 ùniquù h.cnuie i rsh âll |r!!cssris \ÿnhmtrine sreams

rs!sinlle. irrcerxled sl5rc0r.ltris rlerhod hel0s ro opLirr Æ rlrg hear ùx'ln.er eqL I s duirs
Ii!drlsnoarheeqùiPD'cir.



I I -,J.1.6.^rcrs oI Applitrrioùs of t,inch 't cchnotog,l

Pin.ù orisiD.lùd in the pciroùhcoicnt secrôi and is noiÿ beiDs âpplied ro sotve I wiJe
mrge ol Droblùhs in Dr.instod0r cncmical cnsnreerins. vtrercvü karina ard cooljng of
proccs oâlcrials lakcs tlaceslfieLe is!poGnlid ottonuniq. ftus innid xfttiùârjonsoflhc
lcdûùlogy §lLe Èund irr loje.rs retali4 ro enêr§ sarijre in i,iduslries as di"€rsc $ noû
aDJ dcal lnod ùd drink, tc\rilcs, paper aùl càrdb.a , cùnmr. bæe ch.nricats. oil. lid

Earlyemphrsiso0 e N ey .o nserrarion lcd to LhemÈcotucprion lh c onseFârion is tho

nmû dèr ol .fplicrrioD tnr trirch tccnnolo§ Tr lc.hnotoCy. §hen xppticd *irll
n!rgirration, ru nlicl reacror desisn, seprraodesiln, ùd thc oÿerrl p,oces oDljrnrTrrion

irr aûy plmt. 11 nas been rlllied ro procesiig nrobtems Ltrar go far berond eDc0/
{rserÿûliù ll hus becn ùrhrlo}cd lo sov. DlbtenB .s divere as iDtro\inaeiftu.rl qklil)

'edùcnrg 
oorissnns. nicEasnr8 frodrcl lield. ,lcb.rltcnecknre, incieâsnrB tllùrshpur. and

i ptuvin8 rhe lleribilitt rDd salùi) ol rhe processes

snre ns connn.iùial nr ro dùcrion, tincl technoLosy has 2chievcd oursr0ùdiDe re.ûLd

ùlsuccess in thc Jesi-qn and relroit olchemical nrâmrn hùir8 faciliries. DocùùenreJ rcsrl§

rcpotud in rc iir.,rlure nro\ rhrl cncigl roÿs lmre bec. reduced by 15.l1]%. cnF.iry
dcbo(leneckirsachicvcdbr5l5%InirclDfirs,andcapil.tcosrrcducrionot5-tl]%lnfncr

It..1.2.8âsic Conccplsof l,n,chAùi1Ish

Mos nrduÿrial l]Io.c$cs nrvolvc translèr ot hcai cillEr lrom one |j!ùùss srrean to

âoorher ploccs ircanr (nrtcbhe-lnrs) or i!» I rliLi§ n.canr lo n pr..èss nEonr. tr the

prescDl cn.igr c.is s riccnùiù âllo\er rhe Mrld, nre tàrger i'r any indr§b i t pLoccs dcstsn ts

ro n1ùnni7. rirc pfuccss ro process hcd.rcovery aod lo nrnriDize rhc rriti! (ene.-§)

tr..ir." { ,.. .e.o\.'. ' j ,i,L,, c,..e)
rùtùncricnr (À,lElt) â I qrpro!ridc heàr crcl'ânBer nexrork (uENl G Equiicd. the !esign ot
§L.h a ncùtù'k is oil in cas) L.slt.ùn§iderin! th. li.r dùr ùosl Froù.ssùs iNolre i txr!.
DuDrl.r ô1 p,n.cs dr tr(ilirt §rexN The û iliont dcsjgD apDjmch hr! ,enrtrd ir
mnlorks \irh high c{pihiart r ili§c!«s §iù rfu àlyùr! oatnrh rDi)sis.onlqrls rirù

nctr\o,lidcsi!tr|asb..o.rerc! srslcùrricàndmclhodird.



Dnrh rnàlysis is givm hel0r:

. Co,rùincd (Hor rnd Cold ) corpùrilr cuNei Uscd b prcrlicr tùBcrs lbr

. ilfirinrunr enesy (boir hot ùrd ùold üLiliLy) rcqrirùd.

. Ivûr iin ùù rcl*or k drca rcq uned, and

. ùlnrirnm nrrnbcr olcxdünCcr unilsrequiLed.

. Drmn| nnd Irinù &,irl: Tne DTnrnr ulue delcnni'res horv closely llD hot a c.la

ùomrosite curvès cln ùe rriDchctl' (oL sqùazcd) without viùlrting rlte Second Là* ùl
'l hennodynrnrlc\ (,rcre.l1hc [cilùx.hrtrlcrs cxn hùv! ilcf\].' ùrccrc$ovù).

. Grmd Composite Cune: Used ù seled âppopriùlc level! oltrtiliries (nlximiæ chenper

0(ililies)10 ùd o1e' rl ùrergr rcqulûn0tr6

rolnl Silc 
^nnlrsh: 

l'his coù!cflùrahLrs rh. ùul)sis ùl th. eDsrg) $rg.lôi m c li1t

l)iâùsne riùr coùsisroise\.'tri fr!!ersci :etr!di)l xc.ntxi uriiitr- sr!.n1.

\\lùi irLhùr r.nxrh i.§ nrti.s liLrr 'Il.liônrl l:tÈt.\mlrsis. N.hork l']itch. TùI

t trîcrBJ/ xnd Cxpnal Cost Targcliùg: Used ro calculàlc rorel amuul co3t ol udhics lnd

clpilal cosr ol liùà1 cx.hlnger nexyork.

' Tol"l Cùrl Tr,getnrC: deter0rtuc lhe oFnnun, leÿcl 01 heal recov€ry or lLe opti'num

DTnrin uIE, b) bâl.ncnre cncqy turd càpital costs. Usins this merhod. it is fossiblc 10

obllir ao accuraie c*in,aie (rvnhn, 10 l59l) ororerall heal recovery sydùn cons rÿithôùi

havnrE lo desiSn tlE srslcnr. Thc essencc of thc pitrch xpprorch is dte speed ôIÈ.ûiotlic

t l'lusMn,us rnd 
^IDropriri. 

PhrcDcnt l'rin.id§: 1bc ?hÆIÿIhùt! Pri,i.ipl.r

rrùvide guiJâD.ù rùgxinirg hùrÿ â nLdces car bc nrodified nr oiner to rcdùæ as$ciâted

ùd]ny nùcds . .ons. lk 1ùaraïidè t,l c,tunl l\'r,cà1A prJ! c insighh lnr poper

iinÈg.rliûn oiko!.qniOûÈ s like distillrrùn..lunN elaFùrâtos, tùrmes. heàl clr8ines,

herlDunrrsck ù o,i.' r'rùlLL.e lÈ ulililr't(luir.Drcnrsolrhc.o,nbi'rcdslsicD



'\\ rLu J,ir)rlr'. lt\irô!ùl

olwlrrl rÿe Doÿ câlt t,inch

I§dl 
^r.J»i\'. 

.OnlnrtsrLiùr ol (.,,rr[i,r. ]lùr .t ,r\ar
Pimh, ù(c 

^E 
bcnrg drlclorert.

Tl,csc brsic îornx ud conccpas hnÿr b€ronrc drc foùndiriun

trig 7: Stups ofpnrd, Anrt,r.sis

SELECTIoN OF tNflAL DTnh VALUE

omrnucrororcovposrncuÀiEli lE6iiiôlliEiîiG

rstltl,lttOlOrOpIltU Ot,,V,tiiI

tosNrnc,floN op Hcr, coro & u-illiEii frll ll;piôa;E
'uent.tlL ora exrarcro[Ei"iiôEsîIiliîisi iii

tsrrmllolr or nnmul.l Èlrnc[osiünEeË

esri,r,lrror,r or r.trN caprrnL cojirli&i

eslrlltol op mlcrnaL t qreÉrc ron HÊti DÊsrcN

§l9l!tqE[!4!GER NEryoRKl



ll .,1.l.l.ldrntificâtion ol llot, Cold, nnd Utilis Strc,nrs in drc t,r,rcss

.'IIotShtnmÿoEthoseUrarnrusrbecoolcdoraEaÿûitablcrobccootùd,

e.g. prodùcr_cooling befoE sloage

. tcold St'canE' æ rhose rhat rnust be Àemàl e.S tccd prehcal betôrc a

! 'Ûülity Slrunÿ aro used ro

e\changc belÿeetr p.ocess strcrfrs

diilcrcnl ho. uiilirics Grùânr, hot

(coolnrs ware., air, ælrisemm, ek)

hcar or cool process ÿreans, Bhm lDt
is .r Imcti.âl or ocono'nir 

^ 
trumber ol

*1ier, Iloe Aas- ctc.) .ùl ùld uiilitic§

Thc idenLitcâlio. olslaams needs to tre donc sirh caE as soriêùmes_ desdtc ùndcreojtrc

clnn8cs i', lenperluE, rho srEanr is not âvàihble for hcll excimge. Ior exdple! Nhetr a

gâs slreaû is compresed lhc slEaùr tcDrDeraluiù rises bccùse ol the coDvc6jon of
nrechanical cnôisy into hcol anrl noi hy ân), fluid to fluid h*t eachaDge. Hence such â srcan

nray not be aÿailâblc io oke !ùl in lny heal ercharye In lhe coDtcxr otpinoh a ysis. rtris

strem nay or tuay nol be considciè,1 t! be a tNces strc0m.

II .t.3,2.Thc.mâl Data tritrâctiôn lbr Procrss ând Utilitv Str€r'ns

For each hol, ùol! ùd ùrilitÿ srGdn idcntiiic . lhe lôllosnr8 rheûnal dâla h exl.acted

tom lhe_pro ccss ùât rill d hext balù.e llo* sheèl:

. süPl'll rcmlcrnture (Ts.c) thê tenrpernlL& :t \ÿhich rr srcrù l§

! |.'rStrren'nc.rru'r.l'rr/ rc L (.In.'i

. Il.r( crprci§ û.rr r.l! (CI lt\/ C) r re producr ol to\r 
'xrc 

(rr) i'l

19tr.r ,l \prcilù [e (ct L]lLgai



CI! rx CD

. trtrttrlpj C[!ng. (ll) !$0rinlùd *n]r. slLcam pasnr-! 1ùor sh th.

(\..'Ji :r.r tr.!r ' trr'od'i.

Lisl Li§.ic'!r cllùâlnrr U=Q+w
lû â lMt.r.lrânpc'. m ncchnric.llvor i ls bèilgIcrn,ùcrl

ÿ=0 (zq.o)

lh. rbore ùqnxlnm sirn|itùs 1o: r'hùr Q rùlrcseùc tlt Lcal sut,flÿ or

lùûxùlisoci.r.,l \ilh rhe nLein, lt ir eircn Lr trc rcl.tioship: Q= (rP x

(IS ' TT)

hnbrlpyCbx gt, H cIx(ls lT)

'| tk è lL rlcill. hùr vltlcs ù(v t!! lir tùlta bè tcnu)u ui
n 4 "tit 

n! \ it li)1 t 11t.1)t1.tiltt t drg!

I11Ù sncnnr drln n0d Lh.ir Dotendùl tlli.{ on lhe ù1rltrsiôtrs ola Iirclr .naitsis should

be.otrsi.L.'.J du,n,g xl1 sel olllrc i m tsis. ^rl 
eùoncoùs o' itrcomtt d . cat lèa.l

to lilse corcL$irnrs lro ùrloi\o nrisllkes. the drta ex(riclior ls hnscd o, tÈ'hn]

qulifi..l prnrcLrcs. For d.oiLs ôn piirlcides oldrlà erlrclion The drl! exmctrl h

alr \l.nnr It

t ilrl
L ,, n,..

Lr--]

E

| 'rr\rl' lL1

E

tilil,Iil

l^1

TI
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ll .4.:l.l.S.teclio orhirixl D-tinir V.luc

llrc dùsign ol ànt hùrr Lïnslèr lqùipoenr n1ùsr aivâys adheÉ ro urc Seoond Las oi
'lhcrùodyn.mics ihnr pNnjbns in) tônrter.xûe ûossoÿer Lrerweèn ihc hôl and rhc cotd
strlaù ic a ùriilirnnh heol trnhster drvin8 iorcc nnln atways bc alto\ÿed for a teasible
lE.l rra.slcrdesisr. Jhtrs ltrè lcrnpc.alure otrhe hor 0rd cotd slÈams nr any pôifl jn the
cxchanlcL ntr'sl âlwrys l[ÿc I jni|imum tehteElrrc djffcrDce (D.tinjn). This D-rmnr
vâlue. hscnc trc boulenccknrthe hcârrccovery.

ID r,àthcn[liùal rùùùs, d ârr l]oi,n i,r {hc.xchanecr

lhc lduù ol Drmi'r is dcLeflnincd hÿ ttrù olemtl hear xùstèr coellicients (U) iDd ure

lcoùeLr/ ol the lrar exctranser. In d nerNôrk dsisù, rle i_vpe o|rùar cx.harecr ro bo
nsed at rlE [i0cr \rit]dcre'nirc rlrc |m(icât Dlnir lor rh. trebvo . toj .\ nlq ar Dirht
se.clionrorltuDùnilratùclorsh.Liardrrbcsnjalbcl-50C(â{besl)*,hile.onrpncr

erchrnacr: suchùspllle aidfL.ùe oflcrâû$i tor an nririal sùteciioi or2-1"C. The heàl
taNlercqurrion, \'hioh ÈtaEs Q, Lr. A nnd LÀ,jTD (LoSMeaD Ter.rerârùe Diftcrencc)

FiO 8. Heat Tr.rsfer Equàrion



lior x sirctr vxLuc ol [cxl trxn\ ù] lùl (O). il lnr le.vxLrrs .l DTn'irr xrt I nrsd. rr x el

Èquiremenk rhc. ll à hiehq ulue ol Dlnrin is seLcctcd ûù n àûeco!.'! in orc ùrclÉrBcr

deùeâss Md demand lor extemal ulilitios i.crescs Thüs. illc:clcction otDTmin yalue

hûs inp,icalions for hoth capitâ|,ùd enersy rosts. lhÈ conccr[vi]l bcco,n. olclEr rvùh

tbc help ofùirposnê c@cs a tolal cosl tar-qelins discu$ed lalcr.

rust G ior 0 sinsle hcal cidnnBer, rhe choice or DT,nin (or alproâch tenper:lure) is vn.l in

lhe desisn or a hcat cxchurger netsorks. lo besh thc [occss ân ]r1itiâl Dlnrin vâlue h
chostu ând piNh rirlysh is ctrried ôût. Typic.l DÎnnr vrh'cs bssed on extcrience are

ûuihblc ii literâlù3 fo' rrù.ncc a re\r Mlucs bâscd o, Liùof Nla'ch\ nrplirilbl
erlêricnceri rabuirledt,clor JLr shclla Lubù hlil .xchd'sc^

I 5'C

11.4.3.4.Cûnÿrtr.tiotr olConrposile Cù,1.s ind Grând CornDosite CuNe

.COTTTOSI'I'II CUR\'ES :

Tenpsnlurc - Enrhrlr) fr Il) niots kro\rD rs'C0mposito curaêt hâle bccn rscd fùr

nranyycr6lo scl encrey lxrsels âhcâl ùadcsigtr. Coml)osil. curv.s cônsi« oI lerl stLtue (I)
crlhilpy(ll)D!tl.s.ahè ttrvrihbililrnrlberoccs(hùlrot.ûrnDNitc.ürÿc).n |e

dennds nr ûe pr ocess (1hc cold cortrûsitccuruel I.letheritr a süphicrlEp,tsenrrlion
lI gcncirl àrs siranr ÿirh x ùon«ùt heàr calrùirl (Cl') r h€ À Rprcsent.t.n ù f -

Il direrirn t» . shiehr li"ù,uni'ig li.i1 $rcùr sùIllf leù1IeirtrLrù lo sirrDr lai!c1

reNDùnûe \\;l'. ( 
'.rc 

arr r 
"unrhc' 

ol hot âùd rold §,nn]s. rhe conitrrùLnn, .l hol rn



(lJù,nfosirccu'vcsrirnIl) i|\.h.cslhr
rhe resnl{tile renrpcrJrùre nxcrrah. 

^.nmùn iDFisùrù 9(a) ard (b). A comrlere

.onnætcdsmigh! lirq, crct: dn'Ec h stop.

rLldlror rl tlre cû nl|y clrr!.s ol rlr. jrrm\ irl

exBDrplc ol hol .onDosi{. rurvc consrudirrr is

hol oi cold cohposile cùFe coùisrs ota series ot
represenh , ùhrnse iroÿcralLtorsre n herr.i][cir),

;i491',Y..'I
t'/ :

/-..'i ! .:.............................
.-1 

:,

(a) E0.W) (b) rr(kw)

i^,;;y

rig9:'lcnrpc.âturc-thlhrlDyRetîrions tkrdr0C0nÿrùctC0nDosjtc(jürver

Ior hr.t .\ch!nsc ro orctrr Llm drc [or srùdù 10 llt colt stcxrr. lhe h.l erèxn,

coohrgcu'1cDrBllicaborcthccotdsrrcâûhelriDCcùrvè 0ecâNe!tlhc,(jnied,n!trrcol.
thc coDrposn. cutrcs (Fisur l0), ûeyapFioachcûchodrù, mos ùtoicly al.ictoirr defiùed

' 'i..11r. 
iri f...."( ,....r. D j,i.jD a1,d .,,c_jr(.1 i,(!rt.r.orle.

Il profles ,s ben,s ûc riiniùum ve'iic.l diferencc t.r\ÿem rhc ùôL d .ùltt ru8cs. .rrÈ

poid 01 Dririnnnh ÉDpcdûrc ditironce r.pBscnls i trohtencck n, hea( r.côÿÈrÿ lNt ts
connllrl!,.1ùedn)xrrh!'!nrh,trrrtrstr!lltDTn,ttrkhe,.srl6jtrshiirnrgli,coarnc
cùrÿùs ho zotrhlll x|an [§rtri]r! jI lo\rr poùo$ !û |tucess l1.âr ùrchlDgc iid hjgtrcr

uLilty,èqui!Dicms. A1 . lr1i.u I D'lnii \rhc. th. ore..p sho\s 1M n1x\jnujn DùssibLù

scot. i,r ltùâ1 recorr \!n ri| r|ù t,o!ùs t.hù trol .r. rid .ol.t c u!ùraho.h iijdnre



frr o,r rh.l ili| 1!tr rcn.rLe|ir L)rtrt
rlr. ,oc.\s lùi llEclLoiùr J)1 n n

-llrùs, tlE cnersy reqoirDreDr tor
*rhitrgc x /orcxctFnsc\n[ :ieÿcràl

clrcuil lnnrce lluerr5 crc ).

Crârhicil coNrùcln)ns iit nor lhc nron conÿenienr ôrc.ùs otd.relni,rirB enersy needs
A rû,nerical rofLoa.h (Ll.d lrrù ,pioblcxr ùtrlc r\troriLtrul (pTA) \!s ioeoto|ed by
LimlDfl & Ft.nÿcr (Le7B) as r rnea0s ol.{tercnniniDs thc uriln) rrùds ot a tmcùss rnd lte
n,c !n olLhc pro.csr fhch. Thù plA lends nsùI|lo hand.ù]cula!.ns otlhc enerÊy rarrcr:

'1,, i Drnrxrize. rtu ù) rp.,jj!c co.r.s ptuÿidc ùrerrllene,!! ra,gcs tjut Jo DoL.tcr.ty i,rdjcrre
ho*Drucl)cDe4] n nbÈsrflri(LLhl dilJè,rnr urilirl tùrcts I r urili!1, ,nix ts &tc, uiN hÿ
dr. CLârd Cotrrlrir ùtr u.

ltrn, (' Hot Utilitv

i Qllurirr :

H

\

(lt I i!r ( old (irnr
Çold Utility

I:lI r0r (ntr)hn,cd arnnp05tir aun$

r.ttrirn\iûr,

L i," r r.r9 !r, L,tf,trr

. p.oces is supplicd via proccs b troces hcâl

ulili{y leveh (sleam lcÿch, rclris.rarioD Ierck, lmr oil

Crtllc

Dl nrin



c 
^t,l1l{r.r

. CR,\ND COI\Ilosll u (.t Rtl, (;cc)
In selellins uliLilics k, bc ùsù(1. d.rùtrnrirrs (ililr rcorlrerd cs. and JruidnLg ùn ùùù!
rc,]ùterents, the conrpositc curvcs ând !1^ de noi pâ(iculârily usclul. fhe nûlducrion ot

a mv loù1, thc C,atul Conrposilc Cunr (CCC), N.s iùlroduæd ir1 i982 hy lroh, Shimko aDd

U,neda. Tne CCC (lii8ùrc 7) slmr$ thc vfuiàtion olùcxt sùplly lnd denrand rvirhin Ure

ptuccss.Usinst|isdiaEtu, tlr dùsisù.n0 find §lich ùlilitics are to be ùsed. 'l [e desisner

anns to naximizc lhc us of ihe cheàper ùtility loÿcls and ihi'niæ the use ol thd exlreisirê

ùiiliry leveh. Lo\ÿ pre$uÈ sleân r(d coolins sâter ârê tÈlèrcd insteâd olhirh ûtssun
st*nr !Dd r€i iecmlion, rcspcc6ol,
'lbc inroirnalion rrqr red loL llE con§trcliûn ol llÈ CCC cln'es dnc.rly liorn rtrc liobleDr

1âblc Alsorilhù deÿclopcd br- Lnnn,ùi & Floscr ll9Ts). lhc nrllDJ nNolvcs shlnni-!

Glonr the cnri)Ùâlurc [Yl ôxi, ol the hor clnrposnr curye do$n b % DT.rù and t[at ol

cokLconrtrsil..ùùc up L) 1, D1n,ir lhc ycni.rl »is !n lie slilic{lconrtrNitc cuves

rlnr*s prcce$ ntrenal lcD,$rrtu'N. h, orhcr \$rd5, thcculÿcsâre shiti.d bl ùrhùùrtirrgprrt

oatle rllo*aLrL. r.mF,att& rlprùrch lion tLe [or sl]tlnr rcnpcnlur.s xnd Àlding Ih.

remâinins part of tltr allù\xb lc tèrNnLur e aNùoxch to dr .o ld st rea m LcD!.c mtu I cs lhc

rcsult is a scnl. b$ed ùpon Uôccss tcDrpcmtùc haring d âlhwrnca lor tcùpemrurü

spp,orch (D]orn, l'he C,aû CoùNsit. C \e is drn {rrruùi.d lrro thc enlbâlpy

(norizonkn) ,liaaerencs bd"cc'r llt shii.J côÉrrosire curv.s âr dirTerent lenrperaiure§. OD

r|c CarC. rhe horizonlxl dÈra.cc sctrratin! ltic ùtrflc lrcn il'. veniùal ùis ar rle ror ollhe

lenlnemtr't scâlè §ro\$ ihe orerall hor'rÙli[ consumprion of dE proccs.

a

R

inlcral Tem!.:A c1ùal

tÀ2



l,igure Li sholrs rlù n is DoL[cccssirl ro srtf! (r ]NrnliLn) al rbc olrlenrl.,irur te\ct

Tl'e CalC ildilal.s t])âr se cdr sùr,ty rhe lrcl ùiilny ovrr 6ÿ0 lenrrc,alùrè leÿ.Ls r.i| ( p

sreûn) 3nd rH2 tl-l,sreairr. RùJâU ihai, wnen plâùnrg urititics inrt,e GCC, jnrorwk,r nol

actual ility rcrnperâxrrcs, slrould be uscd. Ihc tolllmilirùm hot ùrilirl rcqùircùenr rcMi[
lhùsùne: Qllnin=lll (tli, srcxù, rtI2(LtsreiD). Snùit rlÿ.ecnrir-at (Rsliircra.r)

C2 (C\ÿ).][epoint§ l]12 iDrt tC2 arc'r llE ll2 ud C2 rôÿeh Louctr rhe eL.nJ.ofuposir.
curve de callcrl ûe U(iliiy Pnrchos nE sh.ded srcen Iocl.ls rcprùs.nt ltr. pro..§ lo

l,r sunùâLy,llic !r!Dd (oûi|1o,i1. cuLve is ù':o olthe,nùsr i,rsic rùoh usùl ii pil.hlnâlysn
lor thc sùlùùiion olthc .pp'!Iri!te uriliry l.vels ûd lu rareeùrr ot! siren sot ot mùtripl.

ntility leÿcls. thc txrlclir-r irivdlrcs s.lti|! xpprùpria(c lùdj lor ltrc u,ions uijli§.tc!.h lrj'

ùnrinrizi,g llic l.ad.xncr.ir. rrilir) lo&1r Jd rLnri'nizir! rtrù t.iJs ox th. ùôn.xrrènsi!è

l L.l.3.5.Eslirtrâ tiin .f Ll'Iini$ u ni lir!crgt Co!t Trrg.rs

onùc llrc Dhrnr ir chos.ù, rrilnnùù I'or !',d cold triilitJ icluircDenls c.r tic cÿaiL,1ieJ

fron lhr corhiosite crfl6. Ttu cCC lLoÿidùs inaolnnù)n rerardiDs rhc üilir) leveLs

s.!oùlc{! l(, n,eet QIlnr 0 ard r<rcr':iLr reouilelclrs.

Il rhe unil .oi orerch uilny is rnoq llrc roût ctrcrBy co* cu be crlcùhrcd hhg dre

c.Èisy .qLallon dÿcD bclo§.

U

§-
TOI"\L [Nj!RG! COST= À Qu \L u

U=1

\\'lel: Q,, =Du4 olutiiily 1i, k\
CU

Ii
- Lhil oosIolulility lJ, S/k\[,vr

='1o1ii runtrer ofrtiliiies ose.l



( lL^l,flnr,I

llcrr l"\.n,ntcr N!hl,r l. ( xt,irn I (osr TlrEcr\

l l[ci|italoosr ol i lÈâr cxchdDrer ncL$oû k depeftlcnl upon llrce {irct rs:

l.the nu rbcLot.xcli ge§,

2 üc oÿcrall ncùÿork trcr,

LrI[ disuibnrio olarc{ tretrïcen Ljre exclftge.s

P ù.n ùralysÈ dniblei hrge$ ior {hc ovcEtl heâr rxNterrrci ând mi,,nùum nmj ).r otunirs
.raLeârero[àngerDd\oL((ttljN)robcuedicrcdpriorloJcrâiL.dde5jrn.u]sasurcdrhar

rhe ârea is cvènlr dislrihurcd berrvccn rhe u0i{s.-ltE rrcadisùibulion crnDot irc Dredjcred

ThccrlcuLltioD olsnrhce âEâ tn. r snrSlc .ounrc. cfle ncd exchângerre.lùns I E
ktuwledgc ofl1E lcrnperalur.s oi slr mns ù nnd out lTLMi.e. trg Moùn l.enrter$rc
Dilèrencc or LNI rD). ov.rall]tnrtranslir cocmci.trl (U-!alue). md dal ltnl l[Ntcnld
(Q). lhs rrea È sivor 6y rhe rcl.rion

Às,_e/lüxTL l

'I]lè comPosit. cùNei ù& bc nnided iù. â scr cf joiniig enrbrlpy jrrùnrls such rtill
\irhin each iinenll, 1lÈ lùr ùrd cold c.tuposi1c currcs dô .or ct)rrlc sllpe. lt.rc iLc hcâr

e\ùhrnsc is asùmed to bc "ÿen:ùd" (rur! counrcÈcwnr he0l eNctrnre).-ltre lD( s(reàns û1

rDli .rdlalpy i crÿ^r, d any ponrl, erchrtrecs nerl rÿi1h the cold «rc{ms at rtt lenrlcrn(Irc
lcrlicùllt belù\'n. lIù &rd ae otrhe llrit (^ùin) is sircn L) rtc Iùntrta iD Figln t2,
where i(lcnotcs rlrc ittr enihdpÿ rnd ijrLervàlt denorcs ttrc jrtr ÿr.ant !i Tr udenolcs r_ÀtTD



!ll\ llRL Ll

HEN AREA.I"

I ix l2: lllr\ \Rf \ rrri'nJiiritruorr.utr,t,rlirccu,lrs

N , = Nl'r\L \{-l jrl\1,-\r \u llùr

\l' = \trnihu'rl l,0r \rrrinh
\.=\tr r1,0 0t«r{t!Lrx r\

Az* Aa

1

^T,.,.,

I he actu.l llEN lorxl irca rcqu ..d is sùneL.lly {nhh 10% ol rhe dea ra1eer .s.Àlcul.rùrl

obov.. \L nb nr.nsion oi rùnrNrxtrk conec{ion fictors er rà,êclire cao bc extended lo noD

ronnlèÈcurL.û hcrt cxchrDgd À,,vcll

.NUÀlBEII OI IINITS T^RGItTINc,

lù lhc nioi.nD nùmbd ol|.ar cxchinser unirs {Nnrir, 
'.rlui1€d 

nr NIEI{ (nnri Lnr

ùr§ reqùircmcni ô' ûà\inufr eneLlt rec.roy), lIrc UEN can hc cÿllurled priùr 10 HlN
d.slgn LrJ tr!i|g a snn!lineJ aorù olEnleis grph rhed.cfr. 1I dcsigring ib. lho .rionnuil

ea.'Ê! rcqtrir.mènt düEIl). no lut lriNl'or is âllN\! nciôs rhe rinin rd so a Lcalisric

1ù'-!e1lar lLr.ri'rnntrnr ntrn$c..t unih (NnuN,lER)is lh. sunr otltE larccrs cvinur.d borh

abore nnd heLuyt]t pircL seD{ü(cly.



\r I nr i \ho\r/ tn.tos rirrh
.IIEN TOtÂL CÀtlr^L CX)Sl-T^lt(iri,t.,Nc;

Thc tarEch lnl rh€ ni.inrutu surtacc od (^nrn, and lhe nùnrtrÈr otùtrils CNr.n, caD bc

.o'nbincd rogcrherlvu drc hc.r crchaDscrcosl la\ÿnrderènninc tlE lùscrs Ior HEN capitâl

cosl (ClrEN).The c0pilâl cos( is anDuùlized usinÊ âr ùhruatiz.tioD ta.lor tlür lakes ntu
accoùrl i'nc.csr payDems or blno§ed .apilal The equrlioh Lsed tor cllcùLlnrg ùrc roht

capiral cosr rDJ exclungÙcosr lÀy h aiÿen bcloN

= [N,,,,,, { a + u 1A,,,,,, /N,.).}l*

+[ t't,,,,, { a + I (A,,,,,, /N**).}]uo

r_o' the ilxshtugcr Coi llquatiol shùw. aborî, ryli*l lalucs lor ncatuon sreelshôll and

tuhc cx.l,Ddger *ould Ûc a- l6 000, b = 3,200, and c= 0.7. 1hcttrsâlt.dconcan Lre

coDsidercdnr bùr s lines thc l]ùrch.sed ùûst si1,ùn Lry rhe Excltuser co* tjqullion.

1l ,{,3,7.trstinrârion ol Ottitrrùm DTnh Valùe

ln.nivo dt xtr onli,num D lnrii vàltr.. ihe Loirlxtrnùaicon tl,c snm utrôràtâDnuat

c4",.,.J,|,i l,ol. ,j1J i 
' 1, ,4,,|,|, ,, ,c P:

obso^,rtionsc rbc Drade liom l'j3ù'e ll:
âr\n im'.!sc ii Dlnri,r\âlffsresrl( i,r hishe, encrB\ roÿs ind toErcun russ.

b.Aùocàs.inDTmhyalù.s'esullirr loÿd enogy.oÿsxùdhielF, ùr0iLalcosls.

c 
^n 

opùnùù l)lDitr crisls §hèn thc tdatâDùunt .od ol ùrcLly ân.t.xlrtrxtùo$s

C($) H»r

n'hcr( .i,l), ànd c à1e corstànts i[ c\clangcr cosl lnli

hchânger cosr (§) = a+ b{Àr'ea).



lhus. bt sl«.nalic{l) vx.\ùr! rtÈ lcnpùrtrne
rccoÿcrr levcl ôr rhc DIrni'rOpIlMIJM ror rhe

rplrl,x!lr \..rD d.renniIc r|..|ri ùDr hùrt

Totll (

3

lI .4.3.3.Estiqra tion oI Puctical Tfg.ts for HtN Desisn

1'lle lqr exclanger nctw.rk designed oD the basis ofthc estinar«j lrlnnuù Dt.tuii
valuc is nol d\ays drc nDs qrlnq),iate desi!j). À ver, ÿna DTnnr v!1rc. I)ejnâps 8 l]C,
can lcàl ro a lcry compli.àled r)ùl*ork desisû wiLh a laige 1oLâl à!a rluc lo tos rtLiÿinr
loLes. lle desisùo, püctile. sctcck â rrigher vanrc (tsi]C) xnd catcùtrlBs rhe Dârsi âL

nicrca$s nr uriliry dtrries and rea reqùi.ùments. ri drs n,ârainnl con nrcrcase is srall_ rLc
hishc.vllfôtDTnririsscbùrùdrsrhclracLicâ pnrhF.jnlfordrcilENdesisn.

Itccogrizirs rhe sisnit.ance ot lhc pim[ Émpcmxùc ajlo§s enerer l,,!crs to bc

râliued bv dosi!n or'â!piilrliitc heai,eoùÿorynerro.(.

\.,, rFLlr(.: ri! r!,,r,trt .,re ttr,i,,e1

I

DImiô
liig I3: tr.ergl CrDftll Cosr Tfld!

Th. riDcb dntucs rhc pmess irrto l\\ô tep.Lfte syncms câc| ôt\hiùh is

ril,r rh. urilirj. ]tr.l,i'r.n t!j,! n L riqre ùr rr.| l)ni.ùss /\ho\. rtrù



I l\ ]l(l lt

trli ,L\ i ,.(ttrirtn. ll. ù§ rtrr p rh, or I t,c
dcsL!tr. m lioàr shoutd bc ûanstercd rcross

frrrcLfblrcfls!

To srmnàrize, ?i|ch teùhnotog, sivos lhræ nnes rhBr tonn the basis tor pocrical nerÿo*

.No exrcolal hcùri,rs bclo\ÿ thc l,inctt.

'No erl.nll .ôolirs dbove drc pnEh.

.No hoar hnnslcr across ltE l,i'rh

Ths\ I'e\ulLrrar(,]u.ùLlh 'ur i1 r!cr,rrdrll

'Deocâse ( ) lù h01 n'eanr dtrLy tll.\r rire ti,rùh.

.lrcrcxs. (r) iri.old n .ùdn !r1r l{los, rlÈ pjù.tr

\lllr.{ riÙ ii(luc.(tlotd nLttirr ùlcr

.old (ln) i rquftd tJLicc Àrnrolntr](n
rI[ Iiùch. 1hh is hnorÿn âs rhc kùy conceEr irl

yidatiot ol at! oI th. at)ore tutés Nstts it, highët üt.n) NtpiretÈ1ts thn tht

"'hlit 
ru Rtl nete tttheaNticollpaÿible,

Thc oremll cnergy.e.ds ola lFccs cm 6e jinlner rcdùced try nnrcducirg t.ocess.hânges
(chxtrges in lhe lrocess [eaL and hlrcristbalancc). Th.re are seÿerâlpùaùetcre uÉ could tre

.lÉnsed srh as rcaulô r conv.rsiu s. .l in i arion colunmoperaûupiesu|carnd rcIùx hrios,
Iecd vrFriz iôn Èlssures, or pump-ùound nùw Etes. 1.1ù nruber lalossible lroc.s
cbtmses is nearl) irnlnire. By {plynrC ùe pinùh ,!les as dlscussed ôorc, n is possibte ro

idcnrilr drangcs ir rhc âpf.qniatc lloces paLûmcrùr Dr § l lnÿe x txvorabtù nnpocr on
.4',3. .oi ','' ,.ion..l i..- .h.,trl M 'ù.t i' .p,c

^ppl)i41lÈpin.h 
Nlcs ro sruiy ôtconrposire curves tr.vide us dre toloRnrg Eûidclilrcs:

.loqese ( r) nr h.t strcan Jùrr above rne pirtcll

.Decreasc C) irl cûld $r.am dtrtr shovc lùe pnEh.



llÈsr rirnfl. !0i.l.l D.s |nnjJr ir JùlnrL! [l.c]ro.r tu, rlrc mrlurnrrdr 0l.siBlc,. .f.i r I ! p, (. ,,,J.., ( ,,"d1,). ,. .r.,",
to..rlJ,.rudurJ..!,. !., ré. . jt.., t,rj r. c ,r! ., d ( ..: erùe.,s,ô,t_btb
.Shilt bor slrces ion belorÿ ttrc pikh lo abovc ând

.Shlft(oJsrk rR l,om rLbre ùrcptrrch ro bcto{.

.sq(nriJllJ rnvo 1e chüe's iri
TIc process chanses rh.r can heh âchievc sucn srrcan shirrs
Iblloüne oÈraûrg tarxorcre$:

neacror pres§ùc/Lcnr|cr,rurcs

'disrilladon rolùnù rcmpc.ârùres,

.ondnioÉ irn.hncdillc.ondrDscrl

{to,âgc rcssel leDlperlrrres

Rfu \ !l!s, lccdronLliriôn.,i!nrrr !unJ

ÂIDrolrirt. ptnccmcnt I rinciptcs:

Àlùn tun llre cha.Ecs n, proces paûmcters. lrojrer inlcsrrion ot (cy equiphènr i0
procc$ !ÿnh resled ro rire ûrch pojm shoùtd atso be coNidercd The !tucl corccpt of
"Aplrlop, ialc Pllcènen a, {in rcrrat ioi ototeralions nr srcfi a rhr ntr rrer. is rcductiôn nr llreulilill 

'cqnnernenr 
oI rhc coDLrined srsLen, is used tàr ûis pùrrose. 

^psoti0re rtaocmcnrÈinùds n e beor dercloped ror diÿjltrlion coitrmns, ev.porarolrj rEâl engincs, turnxces,
nnd hcâl puorps. tior cxafrptc, ! silete eliicr eviporâror hâving cqûât ÿâporizari.n an.icondcN[ilD ]o.ds. shùul{t Lre ptâ.c.t n,c[ ri]at hoth loads brlaDce eâ.h orlrer ând rtr
evr|orarorcaf b. o!.rxrùt\rtrhonrrn) trrit r! cons 1.his DexN ltlr rpphprirlc Itâ.ènrcm o1.thccvliô'nlor is on cill[r side otrhc piDrh iDd notâùDss rtrc!irr.h.

for exanale, ir rlÈ prcsure lôr â tced vrFoLizôr is
nbove ro ùclo$ llc rnrùh.-t he leads lo redtrcli.D in

le i,ldluon ro rhe ibolù fi,rh rrl.s
rotrli (rùl durtr! Lh. .t.sisn .l ltxL
! r !.rii.t rùr. ,i\ ,4r1,,r1

lo§ercd, vaporizarion dùLy cân shiJi froh
bolh hor,nd cotd ùdiilies

u( Iriiriplcs. a lùse nuDrtrq o1.tiotr x Diosr dho he

r.co1.r! nc^rorkr 1lr. ûnrs iinfd,rxnr rî operilirrg
ntua qrnuNr1 r faDr ùt,ù,nlnrg nr.g,ilr.



c]L\l,lu{r'I

op.,i{i'rg !,ns xr !ll|rùùlDr ro [.r ù u,tl ùLiiL\ r(tLi'ùnerN $ \. ! xs 0fm0jr! r]
.onrlncsor .ois. ll,c caplral cosrolx nc^rork Èd.lrrLl.rI on a]nmhe' ol lâcrors nrlLüiI-!
the nùnrbèr olheat cxclangers. hcrt xansler.rcs. marerints otcoNlNclioD. pipnu, ndd thc

costolsuDDoainÊloùndâtiôns dslruclLrcs.

with a liule pncticc, tl1e lbove Dircidcs cnoble llb dcsisner ro quiokty !ù ûJougl)

40-50 !osible modiûùxrlo.s ànd choose 3 or 4 that {il1lcâd ro rhe bcs overâllcost effects

Thc c$cn.r orlhc Éroh.pproùcl n to explore the oDtioN olorodiryilE thc rorc prcæs

dcsign, beâr dxchugcrs, uD.l ùtilnÿ sÿÿenrs silh the uhnnxr goRt otÈduci.g Lhe eneLgy

'lr.rm|rhlcaL ù.nrodolùp,!re,ritrg flo\ nLcùNùdhe.L,c.ù\'.ryù'xrùhes iscrllèdi !nJ

It .,1.1.9. Dcsigù oftl.xt Dxcha gcr Nchÿork (HDN)

'LhcdBsisnolanewllDNhbosterêcutedusirrsthe'l'irrc|Dcsi$lvl.rhod(IJDM) lhc

systeDâric àpplicâti.n ol rhe I'DM flllors üre dcsigû or a sood .el\ÿork rhâl rchievcs rhe

ereryy l.rsels wihh pûdical linrils. llÈ Dlcrhùd incoqrorales hvo IuDd{ùeùta y nnporlanr

fearuresr (l) ilÈcosrizs tut drc Fnrc| rcsion n thc most conshnrcd l)ân ùl dro probler

(con$qüùnllr il ndrs ùe dcsisuat lhelnrcl ànndcÿclops bynolnre$iy) ând (2) irallows

tbc dcs isùcr Io c hoose ber"cùn ûallh ùptn»r

ID ellecl. Lhe desiAn olNnlork exùriles ÿ[ich hol §rm]ns ùn be nralched k, rold"

sl1utrN vin hcat re.oÿÙy Thiscu beacniercd byemdoyiDg\ùk olf-heùislics 10 jdùxiù

the hèrl lords oD rhc pn,ch cxch{ùgù. !!cr! tuâlch b.irg.s dne stltlnr o ir rargerlcùFraturc

As th! fi',ch nnidcs drc hcal cxchâ.gc slsren nno 6\! n,enallr iûlcpcn,lcnr rùliors,llljNs
lor bolh âbovo aùlt bÈl.w Firr.h ,cgions {e designe,l lelararel}. \vhù rhe h.ùr le.ovcry È

n1ârift'7e n1e i.rairing lheùnnl nccds DnÉt be suptlicd bÿ hor !rilil,/



l:iB l,1: T\Iiril (;rid Dixgrrnr

All dre cold (bluc li'r9 àndhor (Ed lnre) stEanN e rcpLesenred by horizantallif,es.

The cntùre ud exit tcmpemturcs ùe sholvn d ènh.r end. Tlrc venical line jù Lhe rniddlc

rerresents lhe piDch IenrpeLatuE. 1h.cir.les ieÈesEnt lcar exchrnscG. uncourecred ciLcles

.cDrcscDt cxchangois ùsing ùliliry l,eâlins rnd cooliDs

25

---+

Thcdesisnolâ.crwork is bâsùt on cenanr guidelnres li(edre'CP lDcqmiity Rulo , strcanr

S!litliû9,'DrivineroÈèPlol ind'ltemiringProtrLemAn.lysis'

',, 1' ',. , ,,. '... ..1: .'.' ,. i ,'
tr. il,iln) b sclùr.,Ct xrd.ùIihl u{ rx,gds lù' ùù i,rJnidul fr.ccsJ or tbr ù cùtirc

HâvnB Dladc âll ùc pssible marches, rhc xvo desigus abore ând bclow ihe linch .rc then

boù$l rogether â.d us'âlly Efined 1o fùnhcr Dririmiæ thc cepitàl cosL. 
^ner 

ûe networli

has been desirtrcd 0ccô1dine (o the pirch rules, ir crn bc hrther sirjecred lo ener-ey

or,r iù i,oi ior Otximi2ins d,e ncrn ork involle s LroLh topol. gicll lnd pMmcùic chûD ecs of lhc

iùirldesi$ h ordù ro ûi!nnize llre lolalcosr.

U .4..l.Benetits and r\Dplicrin,ns ol l)in.b Terl'nùlosr



| !i!cr ui :i1. rh.rJ ol dci-en

Ll!! scolt ln' oncrL) iivnrrsafd

h âddition to energy conseN ion studies, hrch 'liclfoloey cnablcs process

clsineeN io achic\r llrc lolLownrg gcncùl prôccss nnproÿdhcnbl

.Updxir or i'ÿlodit Proccsslloÿ Di,smns 0rrDr:
Pinch quanriûes rhe slvinss availâble by ctâneing the proces itsell ll shorÿs Nbere ûoce$
chxtrscsrclrcc thc ov.râl1oiè,gy rrrgel, mtluÿ loculenersy con ùltion.

.Corduct Pr0caN Sinrùlation Studie:

fincLr r0lxce\ drc .ld cNlsy slùdies sir[ ilfoirnrrioù rhar càn b. easil! rpdarid lsinC

snnuhri!ù Such si,rùlàrl!n $udies can hclf aÿoid unneccssarr capilll cùis br idenlilJtu!

cncisy sâvinls wiû à sn1âllêr nrreslnent belorc llre 0.j.cts de nnplcnrenled.

Tl,r,elor.. » adum. oljdenr lIi',g xnl pmjecrs. \r. kno\ÿ

lI.4.J.l.Ccnrrrl l'roccs llnpro!enrrnls

.Dùlc.nrnre oppùrtunilics ror Coonnrcd Itcît a!d hnvcr (Cü1,) CùEntioù:

r\ nclL dcsigncl Clll,srscm silnili.ânrLy rùllù.cs pùrtr.oÿs. Pnrch sho\rs dre bon tlpè

ol CJIP ir«.rn 1l 1 Dr!r.hes lhe idrerenr riremodynùric ofForlurirics of thù site

ljn,r(srr iir'è{renLs N\l lp.ifun! cfns raD be rloid.rL h\ siri! flxnrs tô nr0nly

By lrknrs i o accounl lnclical co.shnns (dilfiunlt fluids, lx)oul, sarctl, ctc ), drôEricàl

td1lch arè oùdinèd $ rlüt lhoy can bc rcalisticauy achiercd. Comparins pmctical wilh

theonlical tallch quânlnos optofiùùies losr ùy conslrâiûLs .viral insighr forlorsaem

Pi,rh Ànâltsis. slcn spcùi1l.illy lurlied kr dobonlenèôkiig srudiès. clr leâd t! arc

lollo\ 
',e 

benenLs oomFLed to a convcftiotrrl rclaùp:

'Rc,l!ùtio in.âriralcosts

'DÈcrcùe ir specjlio enersr dernann sirnrg d more conrDeliln! prodùciion lacility

Fo. .xift!lc. dcbol{lùnecki',g .r disrilhtioD colunn,s by ColLürm 
-lùtclnrE cm bc ùscd to

cnÙl !c.s èrDènsiÿe alrenüdres tocoluD rcrrayin!oriNtâllâtiônolâne§ colunxr.



.D.cidcEhat to dû ÿilh loN-grâde §rnc hcrl:

Pinch slù*s, which Mste hcâr sùeams. cnn bc rùcoverùd ud lends nBisnt ino nD mosl

ellcdiac ineâns of rccovèry.

ll..l.-l.2.ltrdust rl AppUcations

.ug) {rrt rrl,ls lrr r!.o\erJ Drt) c.tr\no nirù
Pi'rch,\nâl)sis bclù,t sp.cilvin! Clll, syneDr!

ll.4.5.Tl'e Fnturc Ontlook Or l,inch Icchnon,gÿ

1hc arflicdtiln of Irndr T.cL olosy has Eulrel h significant iùrlmymrcnrs inUie

ctôru] and cqrlhL clliucrcÿ !l ildusLirl ùcilitiùs sorldridc u lm bcer s cccssfL'tlÿ

ætlièd ô nraD) dil'lircDl i.dud.ies liom pclrôleùû ard bæc clÈmicdls ro 1ôod æd paFr.

Bolh contirn,oùs .trd ba(ch p(cesses 1û. Lr..n sr.esslnll) r0ilyze on rn ildividuat unir

lnd sile+idr trsÈ. !nrhtcchiolosl h0s bccD cxr.rsivclyùscd ro cari1llize on dre mklates

.lthe p!sl. IL idcntiles dre cxistcnce oI bL'nr nr spa3 heat lranslcr.rcâs ând ûesèir the

desiEner sirh opponùtrnios lor chca! rcl[nh. ln cNe ûl Lhe desistr of nc\ÿ plùrts. Inrh

^nall'sh 
lras!lavcd a \cq irùIorrart rolù and milnniz.d capiraLcosrs.

^ 
Case study: wlrcô fcfnzoil \ÿâs âddnrs â residuâl caralfic cLackils (RCc) unii,

thc gùs plànlàsôriarcd unh l1r RCC lid an allirlnlion uDit i( ils Arlùs Refinin! faciliry in

SlùcycDorr. cncryy eficictr.y *as one ol rhcir nrajor considerario.s in ensince'ins the

rctitrcry cxta.slon. lleoric Power Rcsearch I'xrirurÈ (!?Rl) aü lerùzoih enersy provider,

S$EPCO, used pilch tùcllDolos), to.a,q oul on oplimizolion srudy ôf r rcw udrs.n,1ûc

nliliq stsùn$ rliat sere then, .ir[ci than snùDly nxôDorâùng sraidxrd Iroccss lâckâgcs

Diorided by liccrso's. The pnrh nud)- idcùLitieJ ollorrunilics ldr sârirg rp ro 2t 7% olùe

t'.c l. ,. or,l i,.'pr,, i,.' i("Jr | \'r..,5.t.'p'
$11.7 nrillionor§ l0 v.x,s.

I rqrr'] ,I .,\r'.!d ./

!xn.d iI thc lxle lq70\ md nilL c. ûôucs

où\'LLoclùrùùnl\ rtr Pirlt 
^nrltsi\ 

or hen,a



nudc o Llrù ersoi\vxrùru{ni'rn7,lnnr.\N.nri'rtrrrnLûr.Lrdrs.rrrrnxrcùr.rr
pladics nranulàc!ùins. .il ltlt.s À lelr 01 Lcy aiens ol r.sc ch xrs ùcnrioDcd dcc. h

I I .4.5.l.llcgioùa1 En.rgl Àtr,lysis

By oxtuniniig (he net cDcra) ddù.nds ol dillù'crr .ompatrics c.'nbined, thcloreniial

for shàring h.ar belseo companics câ! bs ideniined Thcsc anabses can tend tuisùl ink,

rho nûôùnl d kmpcrolur ol ÿasrc hcâl i àn n ùstriâl area thâ1 G nvâilâblc lor cxlmn.

DcpqrdinE on dre tenrpùature olrhh §asre hear. n can be ùicd lor ltiÿri( haring !r poÿcr

11.{.5.3.Nchrorl( l'inclt

I,Ln opli,nirn-r ùn.'gr oR,orlrior r ar E\iii',s irduslrh |rocess.0 nuDnic. ol

ùxdiùiL .ùni'ai s ùrtr§ bu rc.!g iz.1l lüLliLn! ll,irrh rùrhùrl.Sl l!{s.s ùD.ù1'

r.(\!,I d.si! r. Ncrlork Ii],.1i rdd'.$$ rhe addiûr,xl con5lrriins iI DroLlcn* a5ÿ,.irleJ

Il ,4.5,2.Totrl Sit. Anrlysis

I}pic.Lr- rcnn.ry tud peûochirical lNcc$cs ùlcralc as tùns ol lâig. sit.s or

fictori.s. Thosc sircs hrve severalprooesscs seniced byâcèrùâlized nrilis s_vsienr lhere is

borh consumplion aôd 
'!covcr'l' 

olproces seâm viâ dre sicâôl nranrs üe sile iDports or

expoas ,o\rer ro ÙrhDcc lhc on{itc to§rL ge eralion TLe pmccss stcam hcrrn,s rnd

coolitrs enüMs, and co sciqa (ion poteDl iâ1, diclrtù l lE s ilc-wide inel denrand ÿia drc urilny

slnem. h §rch larse sitcs. ù$Lnlly lhe indiridual poduclion proccscs and the ue.tût

seNices are «nxLolled b) dificrcnt dùpfttrèrls whic| ôperalc i',deFndcûlly The sitr

iûnsrructurc ùsuallr sujles ûotrr inxdcqùate i ùgr.Ltion. To ihPllve i egrrrion, ù

si'nùlrâN.ùs nptroàch 10 consnler individuaL poccss issuos âlongside silesid. ùtiliry

lhxüùg is nelesraD, Siùilar to r shglc ],occs. a To1àl Sitc An]lr-sÈ Éin! Piùùh

TedDolop can bè used 10 calcùlalc cDcl€y lâreels lor lhc cDtire sile.I.r exxnrlre ho\r nruch

loNprcssurc, ùcdnù ùesr,t, rnd hisL, p,rssu,! n.a{should tLc sil! beNirg? tlo\ÿmlch

sream .rD lr3 ,ahed and horÿ nrldr to\u ir c.n rcncmtcl lhh âlsù hclÈ ro idcûiit key

prùcess chânses 1hâl \rill lorcr tlrc ovùall site rliliry consumplion.



TlpicJlly, n llipte sl.an rù.bnÈs are

oplinrization sives a say to derenine the toad

'is 
rDrrsis idùnLirics n)ù hùxLexchrigcr aoirnj,! drc tjùrl.De.r 1!

lh., pilridcs ! sy(eù.tjc aDpoocl, 10 rcDrovc rhis bonteDcck
prcvides tu alproach aor implenlenli ns c nêrsy sâ v i.gs in ! serics o f

I1 .,1.5.4.Top Lcÿcl ADalysis

Crthuing rhe .cqûned data in industiat tuers i nor an e,sy râsk. Wirh a ToI Lercl
,{rraiysis. only clficicncics ùd cohl.aints otrhe 0diny slstcnr are ued lo deleûriirc rvl,ictr
trillll! is worrh sâvins Dat. cù bè s.nr.rcd fronr 1lrcsc processos or uir.s ur use llÈsc
utilnhs. r\ rimn analr,sh cnn rrEjr Lre rcn.onrl on thir crtuipnr.ù1.

Il..i.5.5.OptiDizarnin of Combircd Hc.trndporÿr,

used h comptex ÿearn slnenr. atllt,
dhtibution ir â nesrork of ruùnrcs Lrnh ,

II .4.5.5.W.ter Pinctr

]n viow ol iisilr8 ltcsh rÿarer coÿs and morc slrin8enr disch:rge ieguirtions. I,inch

^nalrsh 
is lrelpiis comp.nics to :Frenaùcally nrinnnize Ireslnvârer ùd rÿasrcsacr

roluncs Warer Pinùh ts â slsrc.rttc Lc.hniqrc ror aùâtyzing *arer relworks and redùcijre
*niq cosls tbrproccsscj. tl ùses adÿâoced dsoritlnns roidcnrify andoprnnj?r dc tresl w0ler
irusèj 1lseDeürion. aod e ueor rrcarmcnl orponuniries. uhas.ho hctped lo rcducc tossesol
b. r.cd.L, (,, .'. tub pbJL., r.r, r....J1
I I .4.5.6.Hldrogci pin(h

l][ li.chTcdùnlgy arrùâchlrplild (o trlrroecn ùatuse{enr is.àIed H}.troscn
Pncli. ljrdmscn li,rcfi enabtcs â dcsigDcr lo se! h,geis lnr Ltrù Drifiùtrû hydiuscf llârl
ptudu.tiôD rn /ù nnpons Nirh!ur rhc nlcJ lor ûDy pr!lcs desjêo. MôLiro.ts harc {lsô ùeen
Jeklol].d lùr rhe dosiEn ul hl,dbgeo dÀhitrùlion ncruôrks i,r.,Jci to ach,evù 1Iù ra,!eN
rlldrogù PnLh atso tcnds nrsigtn irr.llrc cl.tectne ujù othydr)s.f !ù,ifiùaùoD ur 

^



\viLh iil ol lhc lools llEl linch analysh proÿides, onc ol rlE most nnponmt châtlcnges

bcforc ptlces ensinees is ûo pDperly inteentc pincl lools irlo the conceplual proces

desien phæe. Decisions made inllh phÀô oaplaming alfæt lhc c.ûè lileoycle ofa plooes

fâcility. Usins pincl lcchnoloey tôôls æd undeshndins lhe procBs does &r ensure rhe

dcsncd rôsùl§. These rools nrusr bc âpplicd d rhô ighr pôi'x nr dre poccss desig. phe. ,6t
.r i. qor LJ Le u corclr o.v,tl'craPi.rhAmlrsi.EÂcrlohpl.roror.L-I,'oceÿd-"i8,
pn6c, ÿhercnr c ticalpmcess priùnde8 hâre been fixed, n isjusr s incofiecr lo conducr â

Pnrôh 
^nalysh 

qithoùl Jn€cl inrcncrion Birh lhc prccess speciâlistr aûd LlousLieùn

cngiùeering discidincs, It is l,inch Tcchrolog/'s rolc to idcrtity '\yhâr nighl be".

Eoiycÿcr, ioprl fron ollr ùr . ngircerill8 disciplincs ultim.t0ly d.lermincs,\ÿù!tcan bc,,.



CETAPTBR [N]] :

CASB STUDY
HBAT"NNTEGRATBD DESNGN

FOR NATIMEL GAS PROOBSSNNG



Txbl: l\,Iolarllo\ÿR3resoIlhclccd, Cô, d Liquid ProducL Sreür (ir kCDolcÀ)

III.l l'hccssdescriptiotr

Nalùrâls6 nas to bctro.è$ed bcfore ir is lrùspo(ed or delivered ro rhc consumcr.

Tcchnolosy olais prù.essinB depsnds o. conrposirion of üùde eas. Nanmt sd frù6 njÊh-

lEsure §clls is usuilly p0sscd rhrcush lield scparâros ,r rhe velt to Ehùvù hydioùùbo

condcisate and rats nû Lhc hldrosen $rlnde nusl bc rcmovcd (c,ued s*@reninE lbe

sas). N.tùd gâsoiirE, bulânc. ùd prcprnc ûLc usù0tll prcscnt in (he râs, ând 8xslrocesjins
plàrts !rc requned Ior the Eco\rry ol thcsc liquctiable consrnùe s, Ijr our casc stù,lr rve

hare creâlcd slnlùlation Nodel ol r.coroy of nrrLrâl gtu tiquids lioD gxs lhnr car b.nrE

siEnilic,Dt lddniof al pbln

It is EquiEd to ptxc.s Mluml gas nrcarn xr,t536 kenotür,21 .C. I MFn and

uonrNsitioD il Tûb. 1 lh. Aaselus |rodtrcr is reqùirùd 10 l)c rt I ivll,a, nirh xr tcasi!,172

kginolc/h ol nc.t ud llghlcL speciùs. xnd {conrbined nrole N'.cnlagù ar lea§ 995 %. Thc

lqLLid pmdu.r È 
'ùquired 

1o bc âr ieæi I lvlPr, \ÿiû rt lcâ§ 10.6 ksnrteÀ otnc5 arrl ùC6

rnda combined molc p*ebtage it leâst75 %

CI

(strcxn' SZI) (slreâtr' ZP)

Liq{id

Gtrcàh sl1)

1S6,4

5.1



. 
lNeùt ol rùchnoosrcitrrtjefu \ù citr.lhr nrucruru ol rhc JnntrlaLed pulr orrl'( |n \.$ ]nn rlisnnr \c hr!r (kJr(J I h\ S\ \ rtnvr,. o,eû,o,8.(, ,,." " ",, ; ,;, 

'.'-'' "" " ""'- "'
".., . ",_,,.,;.;;."., ::, i ,1,i :ij,",i;:: -",;::iî;., ::ieac., lt :24, r-,,8i. o -cr..,c..,hqtnr-r.djc 

t,,.i ,es,, rs),.r.2,jjÀt!. 
15liquidetllùc is ted ro Lhc dhiilaljon column, K,l,lvhich is dcsieNd io renrve hosl otthe

lbpmc ir lhe ôÿed&d stre n IL àas trÿetÿe thèorcricat l6ys (noL coû nU toboitc, ùdcondenser), ÿilh UÈ lÈed ro dre Ioü dt tây lioù rh c lop, ânrt Ècovers 99 % ot. ncs h drcborlorl producrs lrd 9, % otnqt i. rhedjsrilhr.

rls 15 : P !ce$ fto* Ll rlznr

l[.2 Shtan dâtll exnlrctioll

Llc.usc ol lÿc can nol d.atÿiù snnple ÈEAr rrxclI.\NCÈR
I,inch Resùlls usnrsHySyS snn(ta(or. \rc moditierl rtrc flôrvshecr in
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rbpanc iD rhe overhad stur,n lr hd ùrlv. rnèorclical tlays (IoL côunrins rcboitcr lnrlcù,lemq), rÿiltr the lêd ro rlle tourrh rr.y r@n rtrc top, and Ècoae6 99 % ùrncs ir lhebouoû prùducls and ,9 % ofncl tirhedisliltRr.

ris l5: Pr.cc$ ltôtr Ll rllDi

tll.2 Shtâh detâ e\nrtcriou
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'lo ùsc !ri'rch ArxlJsn,nd Sdr dûa c\rrdioD.od c Èrgy rrrgcriog fnnr rhc llùÿnreer

in Iigure 16, ÿ. \!illdùal Lrill' each lletl1 hxcha+er:ctd riell and dùline ih h01itrd cotd

ÿrcami .onnuct. compoic cu^ic ( CCI .nrl grànd composite ùuve ( CCC).

lIl.3 Witlroùt lleat hlcgmlion

\rc lÉve lour Heâr E\chansers:

l- E-l^ coOl,DR usils coolbsrvarcr.

2- L-l0 RIFRICIP-^NT u5i'rspropan

:l ll2^ IIEAT a usirr8 n.ùn.

4- Ir 28 llEr\'t lirt usil)g stexnr.

IIL3,l [j-lA tlcat Ixrhâtrgrr

ItI.3.1.1 Dat. l]xtrrc(i(» Ànd ln.rgr Targctirg Ior (ti-tA)

ll[ hol xnd c.lJ sreâor dxln r\urctcd llonr illc Uor$heer nr fignLc 16 tùr (L-lArùe

siYen ii ràirle,l WhicL conhil Supplr 'Lcùrtrrx1tr.e 0\). lâls.l-t cnrlcnor! (T0,l1llar
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lll.:.1.2 CoÈposirr (lunc ti,r It I \ ficrt ltrlr,r gcr

Côr,posire alrÿes.oDs^r ot onrp0Lârure cnth:h, a1:tj) prolit.rr oI hclll ,vailabitiy jn

Irc prùæ$ (liie "hor conDornù .uwe,,l dd heat dùxùds i. rhc lrôùes (lhe.totd composirc

ctrrvc"l loserrrcr iû a s.ophicnt represcnr ion. riskc t? ilrusnaics rtrc cor«rrcrion ur rtre

conpôsirc cùLae for re E lA Hexr Exchî1lEèr.

Enthaipy Charrge-Temperature

Enthalpy'Charge kj/h l

iric 17:Conil\osile CrIc fi,r it-l.!ltoîa Ur.r[ngor

lil.3. 1.1 lhe Gra !d Co nr'osiic Cü.ÿe ïor tr- I Â Hcr r [,jrchi ùger

'lhc iool 15xlÀ uscd lor ÿ1ling nnLltiti! ntilit) hrlsrs is ctrllci lh. craùj Coùpùsilù
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cùrvcsarJillerctriLcûrpùülûcs.Thc&Mdcory)osiEcurvcpravideslttcsanr.oÿr|â encrgy
iùiget as lhe conposnc curyes,

Enthâl py'Change-Tem peratu re
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III.3.2 ri-18 Hcît Excüatrgcr
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conposite Cùrv€s conshl of tcilerasùeenthatpy (T-r, prctles of Ircâi availabjlny in rhc

pmce§s (the hot co'n!ôsite cune ) md heàl denmds in thô pocss (the .,cold composire

curc') lo8ether i. â sraplücâl Eprse.ôalion, Iisue t9 iltutrares trc colstrùorion ofihe
conposilc ùurye for lhe E-l A ll€ol Exchan8cr.

111..r.2.2 ( rtrrnu,ik, Curr ti{. L-l B cur I'\rhrngcr

Iig l9: Composit! Cune for Èt A Hsr Erclùg.r



Ill.3,2.l 'l'I. (;rînd Conrposilc (trs c tir I tB ltcrt Errhrngrr

Enthalpy Change-Temperature
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lrig 20 : I[. Grrùd Conposire Cono ror tr-ll] Hclr Erctrluqur

Trb 1l): Dâtn torE-lÀ lcrle\rhàù!.rs

III.3.3 ù-2A IIê.i lixchâùscr

U1.3.3.1 Drtx tlItmclnin And [h€rgr Tlrgelnrg For (E 2À)

'lhc hor ùd cold srern dalâ L'xù âcrod fronr the Jto§drccr ir lrigùrc 6 tor (E 2A) N riÿen in

Ilblc 10. which conhin Supply Tempaaturc (Tr, Tâigd]nhpùlrùrc (Tt), Molar llow
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r-vJp]2 rs4-so
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Mol.n'f n$ lkg nole/hl 1000 l+l7S I
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120.0 Cold Uri iry tkJ/h) 0.0000
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II1.3.3.2 Composite Cun,c tïr !: 2A

Conposile Cùvq 6Nist of r€mpùatue-enthalpl (I-H)
proc.$ (the ihot conpftne cùNe,) ârd hmt demmJs ii
.we') logeihcr in a srâphicûl rcpÊsenlation. Figùê 2t
cônposite cwe Ior the E-2À tteaL ExcbùEer.

pùnles of lEâl âÿaillbihy in dre

lhe prcocss (hc "cold @nrposnc

illustEtcs ùe onstiucrion ôt rhe

Enthalpy Change-Têmperature

iomm@æ@d@@æmm@oô00@il@;mùiEoad;;À.toû

Fig !1 : Camposirr Curre for E-Z^ Hed E\cllngcr



lll.l.l.lThe CMnd (j(»nt,osiic Cunc lor Ir-24 Heal lx.hânger

lis 22 : Thc G'and Coùposilc Cun c lor E.2À Ilclt Exclnnscr

UI.3.4 E.2B Heat Exctânger

IIl.3.4.l Dât{ ExtrictioD And ErêrgyTargeting [or(f,-28)

Tnc hol ord cold strcanr 'l!1. cxlmcred trcm lhe lowshect iir lisur€ 2 ror (Er A) ee siy

nr Table L Vhicù comanr SnDDly TenrrmluE (Is), Tlrset TenrDeratuE (Tt), Mohr Floÿ

T.D 13: Ddtl fo.E 2 re sxclunxcrs

Enthalpy ChanSe-Temperâtute :,,r.
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lrt,I.l:t trLl'rt\trtr\f,,' I lü Lu.,rr\rt,r, ilLrj

Ho' Pinch rempcnture (at
Cold Iin!l' TcnrpcmLurc (C)

-lror!hlr) 
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Tenrpcràiurc Jr rinch t() Mi'rinùn Approach Tùlci (c)
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l-.1r15:11Ûùlrrlr.\uksnn l]tts Ir(.,1.\(h]ig.,\

LM1'I)

(.) ((vr)
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1II.3.3.2 Coùrpositc Cùrvc for tr 2B tionttrx.h.»ger

CoDposite cuÂ,cs cotrsisr.l lempcnrLæ cnrhùtpy (1!t) pdtcs orhcar avâitâbiLil), in drc

pr.cess (lhc Ibr co 0.sitc curÿ.") ard lrâr deDands ù rhc ûlcess (tlr ,.cold c.orNsire
cule') logetl'er in a Brehicnt Elrcs.nraiiotr [i!ùrù 6 i]tùslrrcs rlle consltuctjoD oi rhe

conrposilccur.lor(|cL l^llc.tExchângù.



Enthalpy Change-Temperature

Fis 23 : CotrrpositcCùn. forD-iù Hoùt Elclrangùr

IIl.3.3.3Tlrc crand Conrposiie Crr!e for [-2À H.at Exclrîùgcr

Enthalpy Change-Temperature

aiJt21: rlr. G, nd Coùrt)osih CunclbrE 2A Itu( Itr.trrnjiu.



I I l.,l tlent lntcgrilc(l Pr0ccss

i,roce$ now diagrun ofhear-inlesnled n{cèss we havo crorred in ltysys is shôwn

in Fig.25, Structurcol llt p.oces rvæ mo'lincd so Urrr lrrr excnansers lirrhearnrsot oultcr

strems olthc û§ sepaEror s-l econotrrize heàr ût ga§ learcd in comFè$o, tr lva§

neccsxrytoùse lhc lnll valucllE^'I EXCH^NGIR \ÿùiAùed desisn model rhxrcatculare§

lhe overall exchrtrser UA tùducr ôl$e olcmlt trcrl noNrù c.cllicieùt ed LIE loû1 àicâ

availlble lor hc liù,stc, In thh confirunrioD, rlrc lmr srrcam, 52, hls srppl! and krret
tcmpcrârLùùs olTl oC and - 26 oC, dDd the lwo.otd slrc]ns, eæn havc $rruly a d larler

tempentures of- 26 oC lo 27 oC, ftspcctively. lhc 1lor srream h sptil ùrd uscd r. hùxlrrÿo

cold (m,nr, Nlth a nnrif,nm qrproâch rcnrpqaxrc d lTcrùncc ot ll) !C. -lhc sdifuâùo is

choscn r. oblain isorheùml nrixine in rn mir.r.Nt-l\ÿiLhlhelrctpotADJrJSl.oDeiûrionrhat

vaLies the mtio olthe outlcl rrerrn floÿ ol IEE ôIù ion D 1io oeer rtrc iequiErtzcro

iehtê.ltrcdilTcrcn.erhâ1is.alcnllodinttYSYSSlitlr^LTSHEÈl.pcnri.D

@

Irig 25 Prorcs flor dirgDnforho -inicsrnted Dro.ess



ll |,.1.1 [-lA lfu.l li\cùrtr,]c.

lll.4.l.1 Drt, Eatraction Ànd Etrergy Taryeting For (tr-rA)

The hot and cold ÿeam d . dlrâùtcd lron dre fl owsheet in Fieure 25 for (E IA) !rc

siveû in Table I 6. Which comâin Supply Tempùature (T9, Tùset lempùârre (T0, Môlâr

Trl,16:Dslxtorll,lÂ h.i(.rchlDscrs

Ta[ 17 : pnrh .esulh for E 1^ heatcxùhù.Be.s

Ilor linch Tehpemlurc (c)

cold Pnroh linrpcEtun (C) 25 00 Ilo' U'iii§ (U/ù)

Aÿs. TènrFialu.e ar Pi'rch (c) À,lininruû 
^pp.osoh 

Tarset (C)

Enlhalpy Ch seatPimh (kJ/h)
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U1.4.1.2 Conrposirc CùNe tbr EJr\ Heât trxct,argcr

côqrosite cuNcs.onsisl of Èrperarûrc .nrhxrpy (l.H) prcIiles ot lFar a!âitâbilny ir
rh. piocess (lhc ,lhor conlposile cum,) rnd hear dcmeds in rlrc proces (rhè ,,cold

conNsi Ic cupc ) loee rher û a s mphicat represemârion. liigùre 2 6 i I lustrares rh e co nsiucrion
ol ùe ùonrposile cure n, thetltA Helr ExchaDgei

Change-Temperaturehalpy

(c)

ræFr xmibæùæ! ro@ tr! $ôk! @;o,



Irig 16r (.ûùIosilr Ctrtrr nn !t_l^ lItir t,trrhângcr

U1.,1.1.31'he cmnd Coopôsito Cùryê for E-lÀ Uear tÈctunscr

,Enthalpy C h a nge-Ie m pe ratu re

l

0 5oe0 tum0r@62lmei@@ôosoâ;4;i,tu6;;;;"",

Fig 27: TIre cmtrd cooDûsiae cùnctor E_tA I{eât Exctranger

III..l.2 [{B Hext Erctrângcr

lll.{.2.1 Dxta trrtuction An{t Itnergy Tnrgcrn,g For (E-tB)

'rhehoLâddcoldsrc.mdahexr,aclc.tliohrhclto\slrccrnrFieuÈ2jtni(E_tR)aEencn

nr Iâblc t9. Wrich conhnr StrpDly.ttDrt]cr2trtre (Tr, t rel tèrperitu{ (T,r).1ÿrolar ftôw
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111..1.2.2 Co rposil. ('uNc for E ltlltotErch.nger

CoûFôsne cufres consist ol rqnpoEtLrflùdtpy (T-tr) prcfles of heât âwilatrilny in
ûe prôe$ (the hol composile cuse.) ùd hoar d.rüds i. lhc ,roæ§s {the ,.colit

coryrosile cuns'r) rôselho in ! gEphial rPl€senrâriôn tigure 25 illurat€s t,rê cônsrrudiôn

Enthalpy Change-Temperaturê

oI ûe coDposiio cuNo Ior thc E-]8 Ee.r Exchùser

Iig 28 Connosirc Cunctorti-lB rrcri Exclmnqer



lIL,r.2.3Ttre Cràùd Conposite Curÿr for tr-1ts tIcîr[rctrinser

,Enthalpy 
Change-Temperature
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Iris 29 rThc Crùd Conposite curyc for

lIl.4.3 E,2A IIe.t trxchàns$

EJB Hcat Eichanger

lII.4.3.t D!1, trxtrâction Ao.t En.rey.Iaryctn,g For (D-2A)

Ihchôr and cold sredn dal!cxrracied tiîû ûc no§,s[cc{ iI f,surc 25 for (E 2^)are
giÿen iû 1able 22. \vhjch conrâii Suppty lnrDpcrllure ('] s), Tarser .lnnrpelarurc (tr), iuolar
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Entltalpy Clrange-Temper atltre
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lII.,l,3.3Tlrc C.rnd ComposircCuryclirlj-2Â rrcâtI clmnser

Enthalpy Chan ge-Temperature

liiS 3l :'I hc (jrrx(rcoliinrn..rir I for t,t^ lI..t Errlnigcf



lll..r.r i llJ llr:'r I \t,r.,rl.rlr

I1I..1.4.1 Dal. Itrt,-rctiûù A.d Ent'.gy Targcting For (8,28)

The hol ùd ccld «rcam drla exiriLciùl û!n llE itoÿshær iI tiCLrrc 25 lor (E 2A) ee

elÿen in'rùle l. \ÿhiuù conlâirr Strfpl.r,lemperârlùê (ri), 1.alsel I dnps]lure (fr, À4ola.

IÂb ?5: D,rr lorln2A I'rîl.rcÙ3trg(A

f
r

s225222l5556

I

'l'!Ù 2C : l,itr(l' rcsull. lurilrB h!:i c\chru!r^

Lcl 'l'l]o C.lLlrtILJ(Lrl,

g l"*

Enrholp, Chxnsc d l,il(h

A'e Tenrl.cLrur( Pi/ !h (c)

t'r

t(.

tkl,

t
ri

;T;[il

ili

,l,il

;II

M

C,

lr,t,; 1

Eltllt["
--_-.2/ra"

Uliily tl\r/,)



Txr,:i 1xÙtrirrllstrtr\Ivr[7 t,.,rr\drrtrg(

1671" oo5

82

IILt,4.2 Cotrrpositc Curye lor [-28 ]le4t trxctiangcr

Cohposite Cunîs.onsist oltenpemture enùalpy (-l:H) p$iilùs ofhe.t aÿaitabiliry ii rbe

pLoce$ {UE hot compositc cùrve ) and hùûrJenüds in the ptuccss ( )c..cold conlposite

onrac')togeurerh.rra!û.,1represenlâtion.Figul€:l2itlu$alesthe.ûnsrrucrionot-lhe

conlosne owe lor drc Ù-28 Hert lrchaneer.

Fig 32 : ComDositc Ctrrÿr

Enthalpy Chânge-Temperature

lbr E-?ù tlertÈ\cha.ser



Itr.4.4.3Thc Grând Conrpositc Cù 
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for E-28 IIeât trxchingcr

Enthâlpy Change-Temperature

Fis 33 :Îùe Gnnd CoDpositc Cùne for E"2B Heat Exchanger



Iàb23conrp 15lhccicrg),j.!u rcDlùtr6ot rtu.rig trulJcsisr rith {h. trcxr D(c!.nr.d
dsilrth.hrlerhxsDôolcnratlÈdin8r.!ui,eùoic{Jl)ûl1lion,drccolu)nKr),andns

.efi i8eLxtio. load is only 76 % ot lhxr of ilr orisDâl design. Enorsy saÿing makcs ùF

âpprex..3.?3c+005 retisentior.

u lA

u lll
ti 2^

28 corrpnrison of lùc cnc.§ r.qun.cnrcDrs itr kjÂ or rhc originnt dc§igr Nilh thc

Ll63e+006

T,b 28 conDares tlte cn$gy reqùiftnrcnls ot rtre oriainnl dsistr 1v r Ure near nrerralcd
dcsign.lhe lùuer has no crrenat nexarrs reqtriremeû (aptu r.orn ùc colmÙ K-l), rod irs

i€iilsalion load is 76 % otth.r otüè origtnal dcsjgD. Eùûgy sNnrg nakcs u!
ânÈoil.7lcr 005 rclii,rerarion
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CONCLUSIONS

ÈôâL Inresûdou (or ptuh rechnotoey) [6 beeo used for 20 yeùs n1 indusiry
throughoùt the wrtd lo nrcrcâse eneB, êt ciency ofùy prcæssins ptânrs lhrr baÿe h@ûns
or côolins Èqtrirmens, d âl$ havc nceds tor power ûo poÿide eleoricùy or dftody d.ivc
nuùhinery. Enersy savnrss ôf ovq 30% rEve be.n re@rded, tud Lhe mcrhodotogies
develolcd have been nùorporated nxo üe dssi$ omces of all najor podùcing conpanis.
'lie same neln.dùlosies ând dssisn rulos tu dso bc alpried jn buitdinÂs orrireircoDùtèxes
Fxli.pc.oI{o!,',nier,..tjlveoectrgjr.ll..scta.tdossreru}rt!,.ntrrrbLt.r,gs
aDd thc (ln.aon or cmissioDs beconres ù n6ndùd issue iù oxistirB and ne\ co.r/e\cs,
ftûcr exânDles of l,eât nrLcaràrion âlplioaiion wil be câded oui
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Notation

List olSymbols and ljnits

/ Hexl mnreL ei 6n)
G, spccuc hetr' arzcirÿ (k/kso

? ffcâr.xpr.iry flo§r.k (kv/t{)
/r aow endEtDÿ (u,
alr chrnsc iû Jt wenthâlpy«ÿ)

, spe.nc.nûrpy (kJÂs)
, rir,. hen ùâtrfer ..èrûcieor of an indlÿidual nreâ m (kwûf O

r Nunber ôf toops in â neRôri (-)
Mas noÿmc (kcls)

brtrD.hs c)
O Ear nôLv«v)
4,i." Minimum resibt. lu uriliry «v)
A._" Mhruh remibte ôtd ti.y (kv)

s ndôB (uÂro
e componeds Gùbs6) in a ncNoÀ ()r shrftcrt ren'pèrttuE ac or ro

.ts shlrrcd sùpply kmptnùc ôr pdes nEm Cc ù ()
E shined h'€èr kDpernrrc oa ùres sù.o ("c or ro
r rcmPeEruc cc ôr x)
7i supply re,nÈcrure of pûes $on (c or D
4 ratËd .cmpe.dùr§ or p,oes s€» (t or ro

^? 
ltmpe.rurc di,Iercncc (o

À ?:,- 
^ 

I, i cotrûibudôn of .n individual nEtrD (I()
Àl;ù MininuE âltowed ÈdFdurc dillererc (r0

ptublm (O
AU Los @m Èmpcnùr dirrce!.c (r0

a oÿcall heâr hn5fe! cæIfic]ed (kÿ/nlo
of hc .x.hmse uoits (i.e. herE6, olm,

cxclu.*.r, C)



Subscdpls

Minr'num !ùnhq of unib c)

vod( per unit,je ûow ort/ler
Her loJd sbrnd mud: toopùrtonq r odh rksHd nN a(fu rhc pinch (kv)

lr.wdble (Gmou hen ûsinc etÂliqq cJMeia .Jt.m.kn.,r)



Glossary oI têIms

Bal æd lrnd .oolG e cùn§

Ddrxrcneckins

onroÿrccùrùro, ben!ÿ$.rlLèrcrp!icit ûün.e

3,'JÙ,èdulJr'

@rünftrù rrclsrrh Equnmr htÀ a

c1.t ir,". ir" L,"r ,r.,r," .r, u..r,.
c}cU.Lndli,lgk!r]ètrlLrmdh

r.*s rh",..c'§ + ror ! nurrroa orr§rsn.,n!tr,atrul
.occs 

^ 
ser of nrclr.r .cmo!.d fron dr

Frowhgsroh Ànran whi.h re

9 n,.h4, 1io



cÉnd @,npNlre cufl. (ccc) ptor or tld now rs. rempcmrure noûr , he
Gsc e Gee CÀqdc.nd PrcblcmTabr.)

nicil [ûes wirh .0,]6, Ior repEscnri,! hc

ne cæ«dc 
^ 

hble oa Ùrc ner h

trài.ngh srsÈm cdrrùrh8 I

rcar cxcnâ.3cr nctÿork (rN)

nàipuûp syne'n Lpsrdiis Lrn frcD i Loverhr lrllrer reùpenrùf ùsinE

ne,r3loraee lled recolsy Dr bkiiu he ouLoforetinememtflrlrxr.hoi
ri'e dcpcnd(n Drnes xnd s'pplyj

I.r6il'Ic .Àcl.l€ Her uÿidc snh ze6 hôl ûilit rod soùe nes iÿe ÿih es

/, srr herùÿ.ooli4

Àr xddniôDal ondctuùr i! I oLLLâù ÿorknrs d»ÿc
drc ni in condc nser rempe trrÉ

rho!. d,c nrâin Eboiler rempcmùtre

ÀIdnnun €fle.gy recorery (MERI
f."r\r ."r i,fl/",, , t 4n,.. i, , ènes)

rt iùmr lreû qchÀns. (ÀnDO

Mdinùm ned recorry (MB)
ruovcrud Âr â brdr pro.es r siler !r!c!s! !t.dni.n5 by dnecr hear exchrose

nr lM nofllc xdded logoüirl
À l,!î cxclLrnser n{rvo4 x.hieÿio! tlie lltlt or ]uHx

ilÙltuJ.Ùdlllcs

loNirq ror erGù,q ar.r



ovcÉll t.rt cscadc r Ùoe.rrpordc hcr q5adc lof l

Dûÿrv bdrc.r rh. ùnnyhcaÈrrdr dniry.@Lcr
lÊde Glr.mùÿclÿ, !ôi ôr dcGr arpm.h

LEaùns ân.t oths pôbtdrù

ùr! ae ru§rcims rbole rrr phch,.oLd ÿfclms b{lo*)
!h.r r.giôn t.ù'a. of rqnPsqtr

s prols. nieim d,i tor I Lrd re.overy

Prolne rcDleELu,e-en rlpy plor or r sùêrn ôr x..ûFôrik srenn
tu,npmund riNid dEwn ftôû r dndlhl on.otu'hn §,hi.h rclesG scistbLe

Rcscà.duli,\s Àkc,in! ll,e 6n. p.
aôy dnnscba, exisrtnschen,iceL p

rn, oorLr che rses lor inp,ovù.rcd' rn .D.r8y drirr.fut
rrG or.oDbhcJ (dtitrtpy or 1t nn od rl coLd

or.l,i'! r rhc plnch
süi.n&"]I.mtrc
.crN fc'r 

^7ij, 
j. ù§nry hy druchs hor sùei, kûrp.dues rry 

^?i,j 
i/z rld nrüeir"

h3Qldj.-'u1.nlnej:tri€r]y^I,.i,
slte sr < llrcflc

subscr ser ol prc.e$ tr.crm .r I

1à.têt 
^ 

d.si^ô pr Ioû' rtuc hr I



Tftct &r»ùaturc

s.d.i or x Lr.rr rc.over- pk,Lrtoi Litrveetr trÿo .r!
Lhe .b.La.rrini. oI

.lJ tritry, oÿer r j rs! of À?;j,, vrLues fmm
zD trr ro r rrntsrrùkr lû rh oL slùuù

pkrly s'isfÈs 
'Lc 

Lur tuù ù orirurm.
frùc arn3c {Ddd (rND
oÿer 1r rrcl' pqin |y rhe balli4dr.yclc riN

a sd or hcd .6crdc5 n, ditirc.( rhre iner_

^ 
cântr (run, ptotrh8 ü,c rime pÈrioJ.5 ÿheD dillefrnr

rnn hicnal a Deri)d olr'nc dunng slùdr nrxù condiùôns ao rcr.harsc
lpprcciably ind lo' \ÿhi.h I rulc, cin be !Lui(d.
lrmc sDcc ,nod!:r (rs[r) Diisiol ot x tù1.h lrrob]Êr hb ri,ne iûrcdlt§ md

Îôp l*ram&tu cds usins crhrins d ity

û4 mdy§is prnedurc orùt.uldtns rr4 valrcs (=o/ÂIù) Ior D .LB r r
,æ5oIprcli mù-'.ôsi!s &rd optùrrsdon

Uriü{y sysem .I prxcs heâlns or Dr.!rs\ «rtins

Ârdb Miiotrslcmp. uc difc

Âtir rcnt.iÙudon (Àrio ) remp€(r r rif.rcDce uluc Nisned ro irrlnt.
uâr prù!.is s,erms Mr.h !l!|ert. Àri,h ÿxLucs rÉ sicn byllEsùd.rûLc


