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Applåcatiorrs of automat.ic control method.s and, associated mea*surenent technigues on chemical a¡rd. envirûn¡nental- procesees
âre surveyed' The main appli-catlons consld.ered. are distitla-
tÍon cólur*n* and other rûass transfer processes, reactors and
w¡¡st'Éwa.er rreatment pla*t,s. rt is shown that advanced controltheory has been applied to severar systens. Due to the complexityof many piants and tÕ inadequate instrumentation there i.s, how_ever' ståil a r-arge field for new control apptications.
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:- " Í¡,iTF.CIÐüCTTON

Ïf the titie {}1' ti:ls papêr shauld be strictly folLowed the resuit
would be a thick bcok" îhe Literature on the subject is oventhei*
mirig a¡:d åt' ås truiy most, ciíffåcult. tô see the significant cCInt.rj-*
bi:tions €Lrnçng t,ìrose pubij"shed. Íhis surveSf will juse cover scae
hiEi:iiçlits ån t'he area of chemåcai and envÍronmental process con-
trol clurinE recent yeärs arrd. maånly aft.er lg?û,

l¡: *rder to iimit the nu¡nber of possibì,e ap3:lications, arêas like
p1âper arrd pulp it:dustryr glass and mineral industry, metallurEical-
inctustry are excl-uded. ltaånJ-y three â.rÊas of chemical processing
wLll- be considered j-n sCIme more detaål, viz. rûass transfer prôces_
se$ (mostly distillation) , reactors and wastev¡at,er treatment. piants,

fhe word "app}icatåon" has many dj.ff,erent n"reanångs ån d.ifferent
papers. Iiere v¡e wil-l restråct^ th* conceFi of an appiication o*ly
to the eåse r+here real ind.ustråal- data have been ueed or pålot
pLants or fuLL scale processes havo l:een controlåed"

ïn the text several other surveys of specåai. areås wi}l be nen-
tåoned. ?here are severar surveyÊ given espec+a33-y ån the fåeLd.s
of instrumentatiûn and model buåidång and. irientif i-cat,ion,

The paper is organiee¿I as foLiÕws. After the introd.uction söne spe-
ciaL dynarnfcal features of chemical processes are surìrßaråzed.. The
inst::umentatåc:r probS.e:rrs are of major interest ån process control
and therefare some em¡:l:,asås here f s alsa pr.it on these problems.
$ome recent developrnelnts in po]-}utÍon nr<¡niÈorång and, chemåcal en-gineering arê mentianed." computers are now being lncorporated in
analyzing itlstruments thus giving nåt,r ãreas for feedback eontrol.

M<¡der buiåd'ing is certaínIy a central t,ask in all control system
design' several suqveya of. identåfication of chemlcal processes
ate Listed and the essential problems are ment,ioned" The sontrol
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synt.hesj.s t.a.çk ås bi. rrû meåns å stand,ard onei one reasÕn is that
ii:e *yst.*n sL::ucLu::e.piays an .{mportant roie in chemical proces.$es"

There ¿ìre sevsr:a'l theo-ries available for h.andling multivariable
syst,erns as v¿eii as noniineâr systems, but. the côntrol of complex
prûcesses stj"il iacks å cÕherent theory.

Ti:e coxrputer del'elcpmenÈ during *he Last fernr years v.¡ill probably
cer:se ã tremendous de'¡çlopment. in both ånstruffentation technalogy
and controS" tasks, !4icrocomputers and minicornput.ers can change the
whole way of thinking ån terms <-rf conpuler cûntroi.

ln 'khree chäpt.ers a review is mãde of ¿he developr,rents of, control
and instruraentation meth<¡d,s ån t.he fields of distillationr reac-
tors anð wastewater treatilìent control. Some :najor features of the
contributions are listed, but f-hre survey is by nt nean"e exhar:stir¡e;
rather Ít illustrates some typical featu.res of the development in
t'he d,if ferent areas,

]\s observed i-n the finatr chapter it ås noÈ onT.y thab the practåtàc-
ners shoulrl. learn the vler¡¡ theÕråes br¿t there are stå1l several pro-
blems for the theoretici-ans to solve. lhe l"atter should also di-rect
theår researctr to the real needs of ch+rnåcal" process control.
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?. SCJMIî TYPTCÀL PF.ûBLEI"{S ñ{ C:{"flþiIC¡1L PRûCËSS Cû}.iiF"úL

General con"f::ai r-heory does nc'Ér in j-rsæii, Þå]," :-r':L! special- atten*
,¿ion f.o lhe systen!s phrysåcel" or chenåcaL:^lãtr1:.:€; thrt* plant. i.s 3ust
a set of di.fferentiai equati*ns cr tiansf*r íu¡:cf.it:ìg

Tr-r desiEninE control sysÈems fov ci:*inåcal Ë,so.ãeaåses there âre, hcv¡-

evero *'ê.r*rai spe*iaJ- feai'L:res r.¡hj-ch must' be ccnsj"dered anC some of
those prcbiems wíil l¡e consådered, here" itil of them are not unique
for chenåcal" process cont-roï n 3:'¿t added iogether Èhey d^ef ine the
speciaÌ" t)¡pe ûf appr*ach whj-ch it' might be necessary tÕ assuÍre for
lh.e. *cnt.rcL ¿:f a chernåcal" plant.

{ai l}ås'b'::rbanc€s

Usua.)-iy the wc'::d. 'oregulai:iûr'r" rneåns Èhat cerëa.in gtates or perhaps
t.íme*e"¿eråçâ;Ë cf sÈates should be kept constant. Dísturbances may

ccnsåçt of slor+ dri-fts, srlch as feed changes in a diståLLaticn
c*år:mn or sä*iø dir;¡s61 vari-atians of the f3oro¡ rate in the infl¡.rent
t* a wastewaler tre+"tn'rent' i:J-ant, ar the decey of a catalyåt åctiviày"
ln the fårctt. Ëåse the ampiit.rrcie måght be guite smal"L whiLe ín t,he
second tas€ ti":e antpiåt,'.:Se '¡aria*ian måght, be very 3-arge. Someàimes
dåsturbences ase sår*.liar ào expåasions as Ln some catalyst, rêâstorç,
at clti"ìer Èånres th*y consåst. of p*rsistent random upsets or they
srai' resul"t. frora ã. purpÕseful change ån the level of 'operation. In
sr¡me of these cases åt is easy tó ríieâsure the dågturbance, such as
the fSot¡ rat.ê +n a feed. Hrwevetr, a shock iaad, co:isåsting *f heavy
r¿et,ã.ls eälerinE a wastéwater t.re*tment, plant is Cåfficul-t, to ob-
serve before the procêss output hlas atready r*s'6:onded" Frequently
stûcl¡åst,ic disturbances âre not measur*ai:åe aÈ all but. can be ob-
ser'ç¡ed.through the plant outputs, Tn ai.l t.hese cñ,ses¡ t.hë plant.
regulation sh¡ould work satåsfäctariì.y and safely.

{b} Tj-rne constant.s

lhere ås an imrnense d,ífferencê bêt'r,¡ëen the smaliest and the largest
tåme modes 3"n roany chemical plants, Som* reårÈior¡s ån a catatr yti-c
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t:e¿ictcr may -last, fcr a fract'io¡: of â. secondn other d:¡::amiceL fea-
bËres ån the saae pJ-a:^rt. iast fo"r severaå ninutes cr hE:urs. A cor¡trol
sysi€ín *'ru'$t, be ðefåned i.n the prûFÊr frequency domaån to work aci.e-

quateiy' the long tine tûTrËt,ã.t:t.s are noL aiways easy to hand.le, "*¡here

oscill"at"åons câ"r¡ occltr in recycii*g processes which last fr*n one
labaur shift to lhe next" ft änay prove very Cifficul-t t.i] cûntrûl
tl¡ese sl"oþr oscåiLabj-ons manual).y.

{ci ,rãonlinearities

lüonlånear beþa.viour is the rule anú ne¡t the excepbåon in chemical
plant d}'na;nåcs, pårticuJ-arty in react.åon systemsithe nonlineari-
tåes ä.re sû *åEnifåcant. that åineariuatíonc are seld.om adequate for
enaåg-si.s and conlral" Fystefü syråtheäås,

id) CouplånEs

?!:e *oirpting b*tween :i¡.any varåable* pïuyu perhaps the 1argest role
ån makång chemical" prtcesses so c*mplex and in addit,i.on many vária-
bl-e s arû cti¿p]-ed. ån a:nc'nïínear fashåon. Cônve$tional" control stra*
teEåes *,re therefore r:fte;: ånad.equate, and e,gf . mul.tåvariaþle ron-
trol has t* be appiåer1. Ses also {å}.

{e} f;:ansportati*n laEs

Tt å* co¡Ð:ntln that Èransp+rt 3"ags år* presene in ehemj"cal procesËes,
tht¡s causånE stabilåty problems. Lags can aLso be created by nea-
suremene technåqr:es, e'E. by semå-cûntånuous analysis instruaìents.
The anaiysis ås time*co¡tsumång and. Èhe rcnerûl acti<¡n j"s consequent-
ly d.elayed,

{f} ÉpatåaL dj.sËrl.butåans

Ë'lost chemåca1 processÈs need. t,o be descråbed by partåaå dåfferentiai
equatåons- This ås not only a theoretåcal- probåenr b,r*t many practical
problems arise tcor such as whþce to ptace the l"nstrun"*nes, how
fiìany inserurnenls are needed. to meåsu^Ëe ä d.is.íributed varial:l_e and
the best Loaatåon at t'¡hich to mä.nipulate the procÈss"
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(g) $ea.surâi{ìeäi probåems

Fl*ãsLr::enen¡ cen oniy be r*ade c¡f å \¡rr:¡ sf,iall fractiOn of the varia-bl*s and icr s$füç åt is pract"icat3y iirpossible and for otherË very{:05t:y. ¡r11 rn€asuîe,l$ents ere subject. to- r,a¡:ious rancom and systena*tic srrors and can þe mi*i:lt€rpreted. or obscured by unaccountable
effecL.s, Ànd ,f,sr we have ÌnentiÕned before the rece¿Fìt of infsr$ationís r-)fteÍ: delayed, €.g. in analyzers.

{}¡} t+ntroå cbjectåves

Reguratic;r¡'.¡f cert.ain proce.ss variabres at åesired Levers ås by farthe ÏlÕst c4rr*fiorì abjecÈive in cor¡t,ånuous c!:emicar prôcesses, lïll
measure d varåables need not be regulated n hûv,,er¡er. ã. q. in the ûase*f t'he coairoi of in*.ernaL refLux and feed. enthalpy of d.istårlatåoncoiuinns' re9uiat'åon is ap¡:iåed to functions of the statê variahles.Ïn syst'ems rj-ke cornpì-ex che¡rrical pS"ants one sånEle crj-terj-on for con-àro1 is usuaÌ']-y insuffåcie*,t" ê. whcie spectrum üf ëontror objectivesås of ten reqr'rlred ' Probably a vhoå* perforrtance vect,*r is needed andthe controt designer wilt have t* decide hc-v¡ t,r weight the variÕussråt.eria incl.ud.ed ån that r/ecf_or.

{.i) Cont.rol syst€m structure
Ït ås by no' T*eåns ûbi'ån¡:s how t* achåeve the best control. rhere isa crucåaå step i'n the conïror systein confåguratåÕn anü structurâ'for¡natåon r'¡hich is sei{iottì disc¡"rssed in a syste¡ßatåc manner. ^â, good*xarcçåe is the muLtitude of differenÈ cûnt.rÕJ- schemes suggested fora dåstå,l"afio¡: sei"umn" t'here âre *any queetfons concernång whichvariaS¡les ¡¡h*uåd be measured¡ and which i"npr.lt.s should be manipui_a_ted' before t,h* feecbacic contsoL Saw ean even be forra*lated. îhisprobì-em mig'h* be the r*ost lrn'portant crntrol" problem and åt is c€r-ta5'nåy exrrem*å3'*iffåcu.r, t40st,1y it. has been tackled in a vlr**uaJ-iy quaråt.ativ* t'ay wiÈh n,, quantitatlve anal.ysls 

"

{j} Frocesç rfesågn ar¡#. ccntsol Cesign
?here ås - r belåeve * a 3"argeåy iEncred area where subst.ant,åar pra-çires's ås perssåbIe, the åntegrat.fcn of proc€ss desågn wlth controi

L
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cesiçn' Fïçrce$ses åre rûost often d.esigned. rrom a steady*state point
of vie¡nr 'uith j-nsufiicient at.terriiÕn to dynamic behaviour and crn*
troil"al¡j_j.j"ty- There a cöntrol enqineer shouLd, have a resÞcnsil:i1it.y
v¿håch extends io the ps'cÊss d.esign. l.rajcr contributions te¡ effec-
tive cÖi'¿trcl s]¡stenìs often a.re due to clever nicdifícâtions of the
próceE:s itseif 

"



3. it{SlfF,iiii$l{TÄ,f IûN AND ¡4Ð.âS{JË.Eþ{nNf S

I" keir facÈ*r tú i.räpiement ä.utÕmai-rid cr:nt.rol in many chgnicaj- and
e*l'irÐnm*nta3 procËs5es ie the avail-abi.lity of on*line instrunents.
Er¡en åf lnere 1s muc!^¡ de'.,re3-opraent being åone on nes¡ instruinenls
there is certair:}y still a neeC of reiåabl-e, seÐsitive continuous
on*¿ine ing'tru,r,rerr'i:s ag reasonable costs

fhis prob-Ien ås particularly difficul-t in r.¡astewater treatrûent
plarrts becauçe of lhe hostile envåronment r¡¡hích j-s typlcal for such
processe$. Ïnstrurnents for severa]. physico*chemical variabl-es have
exisËeii Í',nr ma.ny yeârs, but their re3-iability in a bad. environment
may be so pÕtrn that. theår function i¿åll fail in sömê fe¡r ¡nlRutes
öî hours,

I'farry of the pol3-uàisn insàruments r*hich are Cescråbed are initåally
d'eveloped in ct'her chemåcal åndustråes. Therefclre si.milar trends can
be observed in bot'h chemicai ar¡d, envåÈc¡nmental engåneering instrument
development 

"

3.1 Poiiutåo 7Z ånstrunrentaLåan .

In recent years Èbere has been a rapåd irucrease ån the potrl-*¿Íon con-
trol actlvj-tÍes. fhås develqpment. ås st.ronçIy coupled with Èhe develop_
ment of new inst'ruÍn*nt.s a¡:d. raeasurement prir:cl-ptes, which are nor¡ be-
ång used ån J-abçr¿t*ries and i.n ¡:rocesses for controL or moniÈoring.
å' Eood sus\¡ey e¡f av¿åIable ånstrumentatåon pråncip3"es Ín air anc wa*
L*r pr:lJ-utå*rr ås maåe by tarrocl" {lg?1}. lter* articles and surveys õp_
Feã'r constant)-y ån peråodicaSs such as Chemåcal Engineering, Þleasure-
nrent and Can*ràìoand. En'¿åronment.aL science and fechnology. The En-
vårcsur¡*nÈai trrcteÇt'åon .&gencar ån uså, and many other natåonal agencíes
are ãuppsrtårt'ã å l"cit oi ånstrurnentâtion research activi.ties.

3.ã AåT ¡" .L L¿ i- cha.rac rlstfcs.
?he cJ-ean air ârts recent.l-y stated in many countries are by no means
ãl'¡y nevr pher:omena" Tn EngLanc, t.he fLrsÈ smoke abatement act was

"ì
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pãss€d in L273. liiis was necessari¡ because of t.he use af cheap col"e
ín Londoi'i and concern cn t,he effect of coal sr*oke on the h*alth. fn
1306 t.he probLem was sÕ J-arge in Lûncl.Õn. thai: coal burning was for-
bidden Ì:y a royal proclarnatj-on, and ç'cud hed t.* be used. ånstead,
ft ås tÕid tha.t â tilan. was hanged for disobeying the royaS- co¡*mand.

l,Ìcdern ênvåronment.al- iaçvs s€:Ê;:l tû i:e scnewiræi tnÕïe j_iberal.

Research on air polLutåon rronitc"ring ånsli:umeÏ:ts h¿rs bee¡t goir"rE o:-r

for several years. The recent cl.*an eir acts, holrever, have signi-
f5-cantiy amplified tiris d.evelc'pment, end e ]-arge nursber of cô*üner-
cåal i¡:struments, mad.e for c<¡ntinuous norritcring air quaLity are noþ¡
ävâilable in the market"

There is ã. lot of, 3-iterature on pollutio¡'¡ rr¡onitoring- ?he three
books by Ëtern {1969} as weli as r*våe,o¡s appearíng ån tr:ralytical
Chereiistry {"?tår pa3"ir:tionj' 196? r Tg6gu 1g?l} are good genera}- refe-
lencÊs" Several meetångs on air poltutiûn have been arranged, and
the å.TChE meetings reËcrted by Coughlin et. ä.1_ (lg?Zi and But.t. et a1
{f971} should be rttent.ianed.. A large nrrrcü:er of soìrrces for.the me-
thodoåogy of r$ea.sureftent,s are availabåe, such as A$erLcan Soc. for
?esÈinE and tçfa-teriais ilg?l), Cooper et. aL {19?û}, and þiorrow et
al if9?2¡ - Three different types of air pÕtlution wåll be emphasåzed
here: particulaÈes, sulphur dioxide and carbrn monoxide. other
ilïlpcrÈê,nt po3.åutarrts are nltröEÈn oxides and hydr.ccarbûns cornång
e"g" from m$tûr vehl,cles-

Partlc¡¡lates rneãns fLnely divféed duste cf all sorts'w?:Lch are
e¡niÈËed i.n the atlrraosphêre. The ¡:art,åcul-ates nray b* classåf åed
as gråt, {1ûS0*75 u}r dust, {75-1t u} ar¡d fume or s¡noke (rlO u},
(J.¡r=3¿ *m) . Technology now exåsts f.*r eapxure and separatåo¡r of
up to 98t by weight of the solåd. matter errltted" cyclones, bag
filÈ,ers and el-ectrostaÈíe precåpåtators:, wl31 take up everything
from lumps down tc partJ.cl-es wåth a dåameter of sö:rr-e Ft-gü þ.

ltost of the sulphur éioxide cõæes fron opêrêij"ürrs assûcLaÈ.ed wåth
ei.Èher oil fåred potiler plants cr wåth pyro*etalLurgical processes
for metaLs' sucb ês cêpFer' níckeLn åead asrd ainc fro¡rr. sulphfde
ores " lhe Eas ig oxidåzed by àr:e *Èm{}sph*re intc su]-phur trir
oxide v¡hlch then forms partlcLes of sui¡rhuråc acicl. rhese pår-
t{cles aay falt down as an acådåc rain"
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t"b**c three quæ.rters of the carl¡c::¡ mancxåde p,rod.uced cûmes fror,
gasci":-ne pcw,*::eii ¡*otor r¡e?:ici.es. r¡.baut harf, of the carbrn dj.oxice
l::o,rjucecS Ì:y ca:r:bustj-on prÐcËsses få¡:atiy encis r.:p in the se¿r. an.j the
rere¿r"i::ger is ad.Ced fc the atmÕñi"-,het:Ê, ff ,i:he concentrâeiôn sh,>.rlici be
ic¡r.rbied. f :om tod"aVrs vaLu-e it i-¡as been calcuiated thal the earth
ieírperð,ti:ïê shcuåd increase by abaut- i, joc, because cf âhe ,'gre*;i-
ho'rse*o eff*ct" Conseqir:enti1' carban ¡no::.oxj-de fo::malj-on in the fårsc
p3-ece shotriri be prevent.ed at a reasÕtlabie cÕst,, the ::eal" chelJ.ler:Ee
of t.he sevç¡:ties"

3, 3 Ã.ir p+ iiuti-cn mcnåt¡:r å¡{Y .

Th¿:re ås å grêet s¡ur,ber of çta:ldard nrei:.:ioc.s ín ';se today f,or sn*
l.åne tÕnt.ånLìûiås xarnpi.ing of, air pclir:.tants, la rnonit,or fåy:e pâ.rtå-
culates r,':easurem*nt.s of "r"åght absorpticn, scaf,tes.ed- iågi:t.¡ Õî elec-
t,rÍc cÞ'arçe carråed. by dust cevl be used- Fûr cÕ.ã.rs* partåcies stan-
dard dust, raoni.Lors ar€ avai-3abie,

The Kem*Tek prïper i:y flckhoff {lg?4} d*scråb.*e änl:ther nûst å:npor*
taat aspect of d.ust p*il-ut.5.orr, "¡åu. t.he 5:*tent.åai hazard of r*ust ex-
plcsåbåi"ity in many åniust,råai pÌ-*nl:* or raines. fhe characterizetion
cf ar:st pro;oereåes ls ;nandat'rry arid conriiderabi* v¡ork j-s going on
t* tackLe ti:,ese prohL*::ts.

Ãåss) j-n the n*xt Ë)åFer, t?:at, by äjdrseth itg?4) thÊ problem of d.ust,
eha-r*cltrånatå*:: is e;-nI:hasizE:d, å tr¡nd.gr€n iräpactor }:.as been experå*
::ler;taåly testec ,?*.rtåc',;ì-*.riy ån an al-unrinum raelting pLant t.û ¡î¡ea*
sure exh*¡;st çåães " Ti:.e rravtåci-e siees vary ma5.nly between about
*'4 sn and i*iza" ås 3:ot.h ej$rseth and t.he next contributor Koldêrup
{L97fâ} re:riark åt ås essentåai t.q: perform cont.ånuous d.ust measure-
¡n*nts. lh* åett'er ar¿ti:e¡:: has report,ed test experiences r.¡ith an*ther
type of dusl$*+:er, v!2" a r¿dåÕm*tïie 3-meter. Also this devåce has
been t'iå€d. üfi"c, ån an alxrninr:n ptant
same çf ti¡e seandard. techniques çhåch ere used. for gas rncníiarinE
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Íncl-ude ånfrared æ-bselrpf-åon {.carhsn monc¡xå&eu carbr:n dåcxåd*r
sul¡rhur d.åoxåCe, hlrdrocarbon.g) , flame ieinåzatåa¡:: ih.y*drocarb*ns) 

uflar*,e photometrSz {suSphi:r dåoxådei, ccl_*råfirÊiry tcarbsn m*n*xåde,
s'trJ-phur dloxåðe, nåtragen *xår*esn åead, hyd,rog*n sr:iphíd*, fJ_u*roj.des, ammonåa), cauicnetrv {.çuåpha¿: dåo:.:åde}, conduct*rnetrSr(sulphur ciJ-oxåd.e, rry,årogen surphS-d.eir;ãs we'-å ês gä.s chrcmatogrâ*phy and radåoåsotÕpes,

A'i: t'hese rûeasureft"ent prÌ-ncipies aïe used ån cçntinuous instrunìent.snand are comraerciaiiy avaij-abie, rl:e prjncipi*s can arso be used inl1ûn-cÕñtinucus sa:npJ-inE åf €esir*d"

Ïn àh* iast fer+ years the devel*pment cf air pollution anaì.yzersii.i.s çrÐ,."r:? rapÈcii1," Ijochheísen et al {lg?I} have surveyed the para-met*r6 cr:ntår;uo'.sÌ"1' monitored, ån the aår and the avairabåtiïy ofCIn-låi:e r:rs¡Lru:rienL*' AåreadSr in 1971 they found, 25 compani.es offer*irtc", su'Ig]hrir €ii:-ticLe a;ra.ì-yuer-s based *n f ive different ¡netliods,

w:e appiÏ"cati-cn of, *ompl¡teråzec rauLtÍchror&atCIgraphic syst,ems hasbecorne quåt* c*mrncnr Ê5peÇåa11y in the petroreum åndust,ry" Àn ësti*¡naÈe of mor* t'han 3* sr¡ch systems in North Àsrerica 1s reportecl ånthe Literatur'e {source: c'hem Engr voJ- 7g, r*o 20 sept.embe r Lg?Zþ.

??¡e Naëj"onal Âår cont.rol Admr-nistrat,ion in îJs.A has a contÍnuångprtgr&m for ti:e deveiopment r:f ånstr'ä*.ents for polrution. scr*e oft'hLs development. fs described by ltaley tirgTei end some developr*entscan be mentioned' À flame rumånes*ent.:r*thod eö meâ,sure su}.ph:ur isbeing det¡eloped.

sulphur dit¡xide can aLso be measured såmur-teneousry v¡ith carbon mo-noxåde and nitnogën d'ioxåde ån a tripie systËïîr- îhe ËensÕrs j.n ti¡issyst€n åre basec upo¡x the fuei cer-' pri-ncåpie and they tåme_sharethe cårcuåtry,

Chromatographs for new applicat.ions are beång deveioFêd, such as ånautomatecl cirronraiograph for the si.srultan*oi:s determinatåon of car-



hÕn mrnÕt:j_eÍ.e, m*l_nei::*
for hy1L::Çgen suip,lic:*

Specif åc ion-selective
r*ent o both for åir and

i<:tal hydrocarbons. Another Ðne is
certain organic suiphfdes"

c¿.i" ! r-À

:n 'jul¡!{

ai.med
I

fha ¡-'::incipies of che:rrj.J-u.iäinesceïice is used in a couple of in*
-"+*'rirn*nËsr ÐTt¡¿ f'¡¡ deternir:ng ozone and the other for nieasurång.
cxicles of r:åtrogen " ûzone .is ti-trated in the Eas phase with å. re*
a*i:ive gas and ihe reåctiûn prcduces ligilt by chemilu¡:iinescense 

"

Th'* coni'ånu*us ËÌ.êâsurements o:l partåcr:.lat.es in the atmosphere can
be ¡r,ede b a coupre cf rrifferent princi5:3.es, ïn one d.eveåopr.reiit
there is ê speciai agag:tation of iid.ar {ltght detection and rang_{ -- --\Lngì " in tiie other ons a piezJeLectr:åc rnst::ument ås used..

conslant improve-

Researchers at' EPA in usÄ' arË expêråmenting r+åth sol.id scrbants
insÈeac of cttnbersome ç¡et åmpångers fcr *ot3ect.ång materåais, suchås fruoridesr chlori-des, carb*n mor:cxådes and s,rlr-fates

3.4 Þtrast.et¡atêr Moni-Èo rång.
T{astewaler coming from darseseåc cr åndusLrial" *Êe*Hârs ca:: be ci"iarac-
t.erj.zeC. by a large n.r,rmber of parameters Õr qr¡¿llty variables. Suchparanìet€rs are båochemicai. ûxyEen d.eraand, chemicar oxygen d.earand,total Õxygen demanc, cûnrent. *f, phosph¡êtes, ni.Lroçien, heavy metals,
suspended sclídso turbiclity, dåssolr¿ed. oxygenn *rgan$.c carbonntrace Ûrganicsr peståcid.esn vÈru.ses a.nd pll *tc,

Fåotø mÈasureäÌents are of basj.c år*portance in mÕsÈ chemical processeg
asid !'/astewat,er treatmer:.t plant.s. A targe number of technåques areån ì"¡se¡ and dep*ndång on Èhe tyg:e of fluid. r,'isrosity, flor,¡ velocity"
f'ïavt rate u harmful enviro::me¡rt etc. dåf,ferent. nret,hod.s are suåtable.in t.he.,fiem*Tek paper by ?horsen íllg7 A,t a survey is given on f lor,¡
meå s'u.r*Ínent. nethod.s 

"

el,ectrodes are a].so undsr
for **ater applicai,i_cns.

I"leasurer¿enÈ ôf ç¡astewater characterislics is needed for
Eloses " Suality control in ri-r¡ers and rakes is cesfrable

several pur-
Èo chech the
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stande'::d af cl*a¡:i-::8. Ì'tea.silvement for co:rtror df r,¡aste$¡ater treat-Îient' pta'nts åc â nÊc**sary c+ndj-t,ion for an adequate treatrnent.

There aÌ:e irøc ¡:råncipai- typ*s of ånstruments for aquiring proce$gj.nfcrrnaii.on,

û ån*si_rea-m prr;bes Ðl: senÊrrs
Õ autornatei' analytåcaI ¡:rccedures {or automaÈed wet ciiemåstry}

severaå co¡nnereåal probes and lnstruments ,,¡rûrk satåsfactorily iniaboreiory type anaJ-ysås, bu* ai€ usuaJ.ly not suitabie for .L0nEterrn unattende<i use "

Ïnstr*ments Ê.g' for dissoåved r:{yçe3:, sir*pend.ed solåds {rurbiditymåtêrsi and pH neec carefu-l rnaånÈ,enance ån crd.+r tc wask ed.equatery,âs slåme *f ten accumi:lates on the pr*bes. tie*ho.ås therefûre ,^ravebeen developed' t'o cåean t.he sênsür eleæent. þüater jets have beennand are being used' and ultras<inåc cåea:rånç ås i:eång cacefully elna-måned..

there ås a tendenty tÛ avoåd èhe '+¡e$ c}:em.ji*eL SnaJ-ytÈcal. t,echni*ques and rnuch efforts are paåd ånsteaeS ,:n t,he c?eveJ,opmenà of el"ee_trode clpe sensorsa åon sel-ecïing type probes,

Ghosh t1973] rer'{ews the l"iàer*tr:re Õn vr.äter characleråstics firÊâ.-surements d'urånE àhe perS-od 3-g72/7J ancl hae listëd 7z references.
sorne ånterËãting deveÅopntent,s frar¿l ê l,¡astewat.er pJ-ant cont¡:+å point.of vået¡ may be mentioned. å. new ¡¡rethod for the determånatåon of sus?pended solics cûn*Ênt'r*tåon ås des*ri.bec by Låskowlt z {LgvL, 1g?2} 

"The rnethod ås based on Èhe depolarr-za.Lion of scattered 1åEht andshouSci be r:sed for the contår¡r¡*r:s determånation of the concent.rãtiñn
i:":"::::t::^r" 'susp*nsåons. irccordån? ro î,Ískûwltz r.he rãnse ås fr'¡nJ-Ë¡¡¡r Ënan ma mg/,. up to about 5ûtü eg/!_. The nreasurements werËunaffected by såze d,l"stråbution of partåclesr densåty variationsosÊurçe.ç of samples, or coror ¡¡aråat.r-ons. 

vâu¡¡Ðr 
I
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ijui-ir*s {Lg'/Zi and Tal"i*y ct al ligTli have revåewed the state*of*
¡ire-arï of ;uri:igity i;easuïäiiíe:-:ts f*:: prr:cess monitoring anc co:i_
t.::ol- iì'u.t-iicses i.;: in,CustrSr.

Revi*v¡s of ti're basic cìremistry of the ¿¡¿'î.yses of water in qu.aìity
cor¡'Lrol- r"re rnade by TayL0r iig?i.i ¡ Mererlith trgl|i ar:d by Lr:i.ni>
{:ug"17} " ¡ri survey of inst,::'urner:tai:ion for controi in vsastewâter t'e*t*inen* piants is gåver: Ín Olsson et aå {ig?3i

.4 pro:nisi::E srudEe de:-r.siêy metes, hasec on cros$ correr-atåon tech_
nÉques has been de",reioped, s€e ï{o::nral-.1 et aL (l??3i. ihe methodås Írasec Õ::r the measu.rement of co::ductivity fluctuatj.ons u¡ithån aturbu? enl f l0vri-ng streafä' ?he nreter i.s ciairned. to be usef uî in. tl+erangê å * * B sCILids concentrat.ion

'â survey of i*n-seiectåve eiectrodes for procees ccntre¡l is f*und.ån a rrapÊr by cornish (rg?3]. on. r.ine pïc:cess analyzers arê ar_sosurveyed in twÕ pêpers by Kehoe {å9690 I9TZ} and b}, n¿ptåk il9?3}.

iiLtrasÕnic hes been åntrod,*ceå â.s ä crmpët.åeåxre technoi-cgy forcÛntrol appJ'ications in process ínc.xs"L.ry" ïn i.t.s simpJ.esÈ forrn itås used for l-eveå coneroå of liqujgs and soLids. ïn the field ofIiguåd flow met.erinql rhæ uiíreso::.ic fi*w meter is utitåzing theDopp}er pråncåpre, so that. ti:e measç::*nrents depend on t.he vaiue c¡fthe vel_ccity of the sound in t,he fluårl

3.5 Au I À-- atiôn of anaLy e¿1Àv ånstrumen LÞ"

$dany åns¿r'ù:n€nt's in cÌ:emåca} 5-ndr:sÈry are used for the d.eternr.fna-tåon af qu.j^t,e compiex varåab]_es, such as comilosition in streanrs ort'anlcs" Frevi-cus3-3r most prûres* anaiysis from ehromatographs, spectrc*meters år¡d åut*tåÈrators was oniy possÍble to perform off-line in tl¡e]-aborato::y' 'riåth the j-ntrcd,uctåon of cheap computation facålåt.ies åtís siett:i'ng possible to intrüd'Jce those instruments for on-l-åne pur-pclses in feedback d*þÈror systems, ?rocess analyzers can very trer!be autclmatedr äãd, fasÈ pro*essång gf thè instrument data makÞs itpossåble to us* the signai for control purpÕses,
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The tabl"e bel-c¡¡ Eåves ê fåavour of the tre*i*ndsus forece-stinE ofthe usê of analytåcal- i-nstruments only on the Ar*esican market.
{scurce; tontrol Eng,-neeri"ng, Ji:ly Lg?3i. tf the totaL saies 47 g
are for scientåfåc research, 24 à for r*.edícal R e t, Zg g for a.ï.tindustries which inciuces lL * for ihe cher¿åcal process industry.
For co¡lipari"son Èhe t'otaL lnveslmea* ån ti:e chemicai process ån-dustry å¡r 19?ü r,r¡as estimated tr b€ # LZ ,* lS bilåion {=lûgi.

fABLE¡ Äna1'rt åcaå instrumen ts r¿lark et forecast

Hillions of doll-ars

P'Y'^a{r1fr t Grou¡: 197û 1973 rg?8
Cornpr:,ters for analysås 85 130 26û
$pect.rophoiomet.ers
iUV' TR, tjåsibl"e)

.411 types *f chromatographs
l2* & in chemical probess indus try) 6t 75 t-0ú

S¡:ectrophot.orneter,
atonråc absorption type

75 90 1"15

16 33 68

Totaå analyzer saåes 400 550 88t

The¡:e âFê¡ hor¡ever, so&e êsssntåår dåfficuitles in.using thêseins.trur*ents for cantrol, io€"o t'l¡e process analysis ånstru:äent ås not Õontånuous ån general",i'e" each anal'ysis nråght. reqnire several månutes just to eoLlectdata before Èhe result can be ån*erpr*ted.
o the tLme delay due to the a¡:alysås cå¡ì cå.l¡se stabå:.ity prc_

blenrs as hrell ê.s Elra#tåcar- prograffirling pr*br_e¡ns . 
n &-.--

Icr :his Ke¡n-fek cont,ribut,ion Kårkov tl¿gt 4i descråbes æ devåce l,¡hichin n:any senses sât,isfj-Ê.s the needs of a mul*åpurpû,se anaLytåcal in_strumeng Ln chen:LcaL åndustry- tha compÕnent,, a ti¡¡ oxåcle semicon-ductor electrode Ls used as a sel.ect,ive eLectrod.e for several. dif*



-feyent rdåciåons. Tt is cl-aimed to be useful in
rneas-ri::j-r¡ç; ou'1,'i cai, ¡:he:tOCi:ernicaJ- and suspension
l:'- ç, t

in.strurnents fr:r
characteristi"cs

:n ãûrn€ câ.ses, *.g" lr:r mü.ss spectrûmeters, the tåme constant.s
rnay he;¡.arje qui-te s;nai:-" ?hey- Írrä.f x.r€il- be in the order of second.s
()ï: iess, depend.iag on the desired. accuråcy, Ëee e,g. Ðanoth et
ai ti9'7"¿i "

ts,3cãuse *f cost and reiåabåì-åty prob3-enr_s, prücess anaiyçers ar*
seLdûri used, aione j.n feedback 3_oops, ínsi;ead contån\xûîÀ#y ilìËã-
sured varíables such as temperat'r¿rê, pj:*ssureo fl-ow etc. are
used ånd.i-rectly to contrûl thre plant an*, the anaiyzers are used.
'i:o c¡bserr¡e the trenc of a. piant variat¡l-e. *nE exarnpj_eu Ðf thås
phåJ"osophy ås descråbed by Shaþ Ëi ;j. {:"g$g}. whc¡ describç: the
cont.roå of an amrnonf a plant, 

"

the pas*åbålåt,åes for recCInstrt:ctå*n sf st.ete '¡arïei;ies shouid
b* caref,u]"ly examåned i.n severaå c&ses, both úynamicaiiy and
statåcally. or:e example'from dåsÈåliaàåsn cont.rcl desnonçt.rates
the ådea. There åt is rû:nrÊân to reconstruct. cornp+såt,å*ns from
temperature and, pressure me*surëfte3rt# " ?h¿:se p*ssåbÍîåties åre
by no lBeans exhausted. ån sit.uat.åons rui:ere rfieasureme¡rts are needed
and rro sensôtrs ä,re availabLe.

By increaeing ånf*r¡Etatåon processinE cag:abi"åit,ieç connecte* tç
the Lnst'ruments Èh,e sensçrs san be checked out as weå]' outliers
Õr ånetrureientat,åon err*rs can be tested, ar¡& the cal"åbration can
be adjusted, periodfçatly
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Ïn t]:j-s rihãpte:: '3. shÕrt. ::evj-ev""*¡åLi be given on diffe::ent metho,is
v¿håej: are i:eleva:-;t. fov chernical prÕcess contror, The nodel-ing.
prol:iern is firsL. treated" .åfter that *iff*rent' synthesis :ireti:ods
ãv:e cünu*ented on. Ìisglsçially in mul-tåvariabLe s:¡st€nts t}:ere is a
J'arçe nu'rnber oi approaches ai¡aiiabie, and dåffer*ïìt net'hods ai:p3.Í"*ct
to ch*micai prücess cc¡:t,rol ar* consicie::ed. Fo:: a basåc descripti-on

c¡f ntultivariai¡ie systems¡ wÊ refer i.o e"g" schultz t:.,g67) rRosenbr.ock
4"1 ifodeiin g and paråiaeter est.inat.i.ol: 

"

Process nioceling is â centrai task l¡otir for system d.egign and
control <3.esågn. rn a large complex syËt,em ìåke a chemical plant
*ade]-j-nç bec*mes a major rasko anc one of the rnain questions is
how to såmpli"fy the nrodei in an adequ.a,re fasÌ:icrn.

Needless to say the purpose of the nr<,ceL shoui_d. ])e the pråmary
queståon - r.f, rhe goal ås Lc un.derstand ti:e cynami,:al betr:aviour,
ti:e modei sl¿ould. be quåte d.etail_ed" ûn ihe otiier hand, íf the
model" should be used for co¡:troi s}¡st.enl d,esign" it ås rnost often
sufficient Èo use quite åess ccn¡llex niadel*- rt ås, hsi+ev*r,
åmportant to nrodel not' anly the iníiul - ûutprå.t relationshrips but
aLso the character of tire dlstr¡rbar:ces ån or¿l.er to handie them
adeqrrately.

Ðue ta the cÕmprs){ity of chemåsal prÕfjesÊes r*odelinE has to be
eon"çleraenÈed. r¿it,h parameier ad.jusÈEients tÕ neasurement,s. The
aneas of identåficatåon and pararrteter est.i¡nation rrave proven to be
quåt.e succ*ssfêì tools ån f inding mcdeJ_s for controL purposes.
å lot' of aFFtricatians cf ident.åfication techníques ån ihe chemicai
fåeld har¡e been reporied"

(i-e?û)

The probLem of identåfåcat.j"an
¡:araræters in a nodel *f knolcn
tl-on is a nu¡aber of sequences
ånpurt and out,put variahies of

is to eståmate a nu¡nber of unkncwn
st,ructurÊ. -Ti¡e available inforrna-
sf measured values of the d.åfferent
the process under consideration.
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The r¿cdei s'r:r',-ic'c.u::e can i:e af rnany different forms. The siriiplest
fo:'n ís a so-c¿¡iLecI btack*box approaei:" Then a canonical structure
or lransfer f'¿.l:cticït :-s asstrrîr.ed with unknoi+n cceffÍci-ents. ,lh+se
ccef f ácísnt.s i:hat: da not l-¡ave ar-r! special physícai interpretation.
Li¡rear, stochasi.{c sysiems w*ich i3ð.r}y lnputs and one ouiput. can be
¿reaied ccrnpleteT,y by st;.nctaril met.hüds tociay. ïn the nuiti*oi:t-
piiL cas.e *ne has Lo ?:e mcre caref,ul l¡ecause cf the int.eractår:n
;rroÌ: ieril

'i'i:e st::uct,ure can also l:e n¡uch more få;red }:otìt in the sångJ-e r¡ari*able anc ån the r¡uåtivariabre c*ses" rhe n-rocer can be given interhis of a nr¡¡û:er of first*order * linear or noniåîtear _ diff,eren_t'ial equã"tiÐns v¡ith unkncwn pãra.inet* rs " tependång Õn the noist:
assumptions and' the iinearity clf ti:e syst*rn el-i,ffereni methods âreavaiiable for identification"

þletheds tilqe the reast. sq.rares, ëhe çe:,:e::aj_j_zed r"e.*st scíuâ,res, iheinstrun'ental- vari-able and the räaxinr.i:¡i likelåhoc,l metirod can bæused. whtch meÈhod to appiy deí:e::is *r: .h.lte compr sxlty of i,he d.yna*mics and nÛåse, cn ar¡aj-laÏ¡t* comlrur.Ðr facålj-tåes anil on the desirefor accr:racy.

There are severar good surveys *f tlte fåer-d,, *nd;ist.röñå et ai tLgTL)give å comprehensive presentati*n of avaår-ai:ie n,e thcas. rnanother survÊy Gustavsson {rg?3} has suF.niaråzed id.entiíication
êpplicati"ons ån chemi-cai and phvsåcar pro*esses" These sur_veys contai:: a large number c¡f references which are not listed irrthis paper" TdentificaÈion nìethrds are aiso presentecl in Nier¿anet.ai " tt9?Li "

scme i)äperË have presented comparåsons of identåficat.åan nethrd.s+n "industriat clata, arrd. llrose by Gr.rsta\¡sson (Lg7Z) and Cl"arke ifg?j)should be mentioned.

ürntrol Õf c1È Le vc:riâb l.ês.
fhere is certainly t'ì 11 sångle methÕ,d that can sclve all d,ifferent



r-ypas cf coni:'ci p::obierns arisiirg ín a chemåcar pJ_ant_. Nei.trirer Ísit pc'rssibie to give ã. co:nprehensåve låse of all possible apprcachesi¡r å sliii"'€jr tii';e ih'i s. :.\ f lavor +f the avairabte possii:åiities,
i:Õt"t<¡{lï' l+ili i:e Ei-Ven a-nd referênceg to other works i+,i11- be rnar-le.

'll:¡': ¡ri¿ijoriti: +f process cont.ror systems of toriay stir-i containmosLly å*cei contrcl- l0cps an* so¡iret j.mes nesî:ed io.ps o r cascaaed
s;vs'Lsr']s ' î-inear desåEn technique irorç the servr _ mecl:anis¡n
*lrc'n-.o i - ^L:u¡!ç{ri^v ¿s sr.il"r in use for anaLys j-s ancl synti:esis " ?he ciassicalï):Ð co*iror- j-.er -i.s certainly saâisf aciorþ, å* many cases, ar:d t?rereås no neer3 îc rry nore s,ophisticat.ed cont.roi ¡aethÕd.s. ?he gain Lnusång n.Jr.e advarrceC theory would perhaps be tco littLe.

sånEie loops r¡rethod.s ãre, hor¡¡ever, ir:adecluate ån systems $¡ithsi"gnificant interactions. There has ]:een presentec severalapproaches to handl-e such systeÍrÊ. l4eÈhod.s f*r rnu? tir¡aråabl"e con-trol have ?o be appried, Àn excerient surve!, of sucr: methodÊ i,s
Eåven by r{ac'arlane 1rg72} . Here ¡çe sr¡iiJ- com¡nent. on scr*e of thetheories reievant, for ci:emicar prccess ccnir*i. ïn ei the so_called non-ånteracting control is briefly ineriLioned. Reiuctíon ofrn<¡del complexåty can be achåeveçl by e-g. modâr_ controi, lvhich åsconciclered in 4'4' l'fultivarj-able cr:ntrcr. ås mclre generarly r€Ear-ded i:: c " 5 . Reco,'str'¿cticn ås ner¡tionecr aç å toor in 4.6, andt'he ci-:apter Í-s finished wåth sûÍ{ìe remarks on adaptíve contror.

No -ì *sLrl t-,erâct ()nt'rc: 1

so:r*j-nteracting c*atrol has been tried as the solution for typicallycotipJ'ea sysLÊrûs - An often cited exar*p3-e r"s the cohÈro' 0f bothtop anrJ i:ottom conpcrsit.ions i-n a dist.irlation cor.umn. r* thlsrnethoc a contro-r ås souEht,, sucri that a chanEe in set point of onevaråabLe influerrces ontry *ne output.

To acl:ieve this
ircllers and Lhe
SírigÌ-e ioop theo
troi sy.stem witj"i

EoaJ'' a network can be'.r-nt,roduced between the con-plant'' creatång a rSecouplíng of tha interactions.
ry is tlien used to de'sign tl¡e controLåers. A con_non-interactång properties &ây, however, be ri¿ast
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undûsi.rabie ior chemåca} prÕcesses. lhe reason is, that such servo
pe.rformance shc:Jrld ritc be i.nposeiirr+hen it is the diminut.íon of the
dåsiurbances tha't. is ár'rpcrtant, A lp¡ri.nteractir4t - controi system xray
aì so c::eâigl ci:har d,åif icuitåes, ¡4ê.n3¡ chemj.cal enEåneers ciainr thrãt
ånieraceíon ii:st*as shauLd be used. i-n ord.er to achieve a bet,ter
conLrcl. The deccr:.p3-i..ng å:: a r:on-i-nteract:i¡g* systelrl restricts the
ccropensatåons tl¡ai: can i:e applåed " T.here is also a non*r*inimum
pïàê.¡ie problerr-i {'jwronE-r.{ay"i inrrolved, as poin.ted. out b}, Rosenbr:ock
{196ü} and. FiacFarlane {19?â}. If the d.etermånant of the transfer
Ëunctåcn matrix has righÈ*half p}-ane zerÕs¡ âs Ín rnai:y multår-ariable
chemåcal prtcessÊs' the ¡êchnåque yieids a. pÕor performâncê, l.lon*
ånt,eraction cetnÈrol therefcre såìoul-d be usecl vlith greaÈ cäre. and
ån maay rases there are competing meth.ods.

4.4 Model red,uction.

The såze of the nurnber of stat.es i-n models is *ft,er: prohåbit,ive.
In order to red*ce the cornplexity of chemLcai proceÊs modeis Ëe?e-
ra1 techniques have been usecf. ?hre m*d,al cq:ntrol tSre:ory was in-
t,rod.r¡ced^ by Rosenbrock {1962 bi "

The centraL theme å* all w<¡rk on mE:da} cc::t.rol ås thêt the tran-
sient behavåour of a procÊss ås pre*,omånanL3-*lr deter¡nånecï by the
moües associated. n¡¡åtir the sI-cwest eågenvalu*s of the state nratrix
{i.e. the sLo'¡¡est poles}. If åt is posnåbie Lo a¡:proximat,e a high*
order system by a ìev¡*crder system ç¡hose slov¡ modes ar# the sarfte
as those of tþe oråçiånai cyÉäem,, Èhen one can cüncêntrate upon aå_
t'erång the sIor,s eigenva].ues ån c¡rder tü control out a Cåstilrbance.
Ït ås very irnporlant tCI nete, thæt different. d,isturbances can excite
dåfferenb mod.es {}f *he systêrr¡" Tn Rûsenbrç.ckts approach åt, ås pass*
Lbåe Èo al-'.er e*.ch eågenvaluë separaàely so thát, the resultång control
system can be consådered a n,pn*ånteract.ing control scher¿le"

îhere ê.rs serious dsawb:acks af Èhe nod,ai technlques, however. Mo*
daL cont'roL theory expåoåte the inË.eractions åmong the varíabl-es,
but' t'!:cse ldeal conditåons do not o.ccur always in chernical" proceÊâês,
Â11" thÊ stãt'ês cannot. be measureð ín practfce and control cannot
be applied, to al1 stàtes.



bleverthel-ess modaL ccnfrc¡l_ has been *ppT"ied -i.n cT:.emicaå prÐcess
control- by Gouid {Z969j, tc a dåffusåve distribuÈeci prûcess" by
Davi-sson il-96?), t¿g7zi to the contrcr- of a dist.årlarion col.umn
and a 41*variab3-e chernicaS g:ian-u mcd.el- " some c,f t.he cåsad.rantages
an' the msd.ai contral theory ar* al_sc di..*¿:us**d by i{acFariane
i19?t, L972'] " ?he methcd gÍ-ves *-*tent.åc:r c,nr.y rc the poies,. v¡hål*the closed loop uerÕs are left unatt.endeå.

BenEÈssan i1973i has develo¡red. c.¡.iåÈe e d-ifferent ap¡:roach to theproblein of a¡:proxåma'L.ir¡e úÕntroll*rs. T,he control- systen-r ås f,irst
synthesizerT' ta an "oi:tir¿aj-" cûntrÕr-rer whåch is rirade subc¡:timaii:y ånrpcsinçi ccnstraånts ån the cüñtrci s.b,ructure. ?o stôrt ç¡ithstate fee*baak c*ntroi is used^" ?hen thås contrar is fi_t in a
;'ät'åtnåi- wã.:¡ into another "såmål_ar" cÕ¡:tro3 wiÈh a predefined,
st'ructurë. The met,hod. fias rreen successfully appS.ied Èa a t|¡re*
nachåne pÕwer sys'teæ-. ?he ft€thÕd is werr designed for the hfgh_
dår**nsåoner pro?:l"eme thai. of ten occur i-n chemÍcal plants.

4 " 5 I'iui.ti"va råal:le c*ntrr I 11* ^

ln c"Iassåcet desi-gn t*chnåque there ås ä" large amount of dåfferantcråteråa ùhat can be used' for synth*sås-. rn opti-maL controL theoryt'liere has been a sy*temaÈic approach to define 
'ne sfngle scalarfuncticn, that' refleets the perfÕrmanÕe cf the closed roop s3rstem,

Tlåås performanÇe . ånd.ex ås a fusrct,ion of ar} states and cont"rolvaråabies of t'he system and ån the general case it can be for;suLa-ted qufte arbitrari].y. ?he cpÈima:_ conÈrol theor.v then stä.tes sys_tematic Þ¡ay.s to synthesåze controLJ.Êrs, bot.h for lånear and non_linear mulëivariabLe systems,

The word "optfmal" hâs been misund.erstÐÕd by many" Â cÕntr*1åer isnoÈ opt.imal in any other sense, than åt has minåmåaed the perfor_'mãnce index' rn a real plant" pr+bably e i-arge nramber of, eriàeria¡nust be tried out befare the nast adequa*e *råteråo* cän be Ê:.¿nd,thaÈ can give a satisfêcLory bei:avåa*r of the syst*f* al-so in otherrespectsr not formulated i¡r the cråt.eråon"

For nonLLnear sysÈents ûpen Tcop s.;îutåöns *an be acï¿åe,u"êd.n f$r
exarnpS'e to get input håsÈories tha* mrnimize the tåme requåredt'o bri'g Èhe process tÕ a new *Feratång p.*i-nt. 3n case of linear

I
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cll'n'an:åc's, !ühcrrs til* contrdli críterj.*n can be expressed as a scalar
Íunctic:;, qil:id::at.ic j-n the s¿ate anrS control_ variâbles, lhe contro].
5yËLúìir'i can aiw.rys be fo¡:::tulated ã"s a feeCback (closed ioop) systeni"
åppiicat¿on <)r i.ínear quad::atic th*ary for feedback and feerit=c,¡l¿¿i:d,
co¡rtr*i of, che:nåcai piûcesses ha-ve l¡een reported ext.ensiveiy"

'j'irer*:!s â cíïeaï- a:noi:nt of LiteraÈure tn the suï:jcrt, such ag the
stanri'erc"l te:lts by Bri'sçtt el al iL9ü9i a:rd Anderson et al ilg?i j ,
{}plirael cor¡Lïûi theory has been app!.i.ed to a nuraber cf che:¡åeaL prCI-
cesseso t"9- s¿i'rred, tank and tubuLai reactors, d.istillaticn coLuffins,
extsläçtåon **i-urnns, abscrptior¡ coLum.ns as uell as to the "standard
chemi"cai prûcess" " the second-orcì,er*þJ.us-delay*sys.i:em.

c"Ð Reco:-¡structåcn of stet.e variabl_

Ïn too rnäny appSåcatÈ<¡n studåes å*, ås assur*ed rhat a1j- state vari-
ables erf a plant a.rt si€asureabie only because t'he J.ånear quadratåc
theory ðssumës such a-facÈ* lt ås nq¡È anly unreaååståc to aesume
all states knor¡rn - ån rnany cê,s€s åt is el,sa unilecess â¡,y, ?here
are good met'ht¡ds to find. the states by CåfË*re¡r* sorts of recon-
structåÖn' i.f the states arÉ not rneasured dårectJ-y.

The most famous met.hod fo:: reco*st.rîtct.ion of se&-L-e variables ir,.
linear stochastic systeras is ihe sa cal.Led, !(alrnan fitÈer, whieh has
been develciped böth for c*ntj.nuous and for t.irrre*dåscretê systens" J\
comprehensive treatment ås found in e.g. .åström {}g?t}.

Fleasurerfterìt and process noùse can be .È,aken into eccount, in a dårect
w&Y , but Èhe f iiter has to assume that. the : procêss rnodel as v¡el-l as
noise st'at'iståcs are known, r*rhich rnight be prohibitive, There are,
howevero identification methrds avaílab]-e, see .Eström et al {l-g?3}
in t¡ï¡ich a steady-stã,sçe Kal-man fil-ter can be 1d+ntified. dårectly
ou'b ûf meâsur*rnent,s af a Ðr{}cess

The reco¡^:str:r:cíed state variable cå.n no$¡ be used in a mu¡tti.vari-
akri* 1J-near*quad,r¿tåc contrel-ler. The stat.isticar probl_em of
getting the recûnËlrucLed variable and the deterministj.c probJ-em
af calcuiatinç a cor-¡trol Law can be separated into tr¡o ciifferent
tasks. ?his is the cantent of the so called. separation principle,
see "åstrðsr ilg?t).

1
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4.7 ¿'lda Fltive control-.

ïn many chemical proceËsês sons pararrreteïs rnâ.y l¡ary siowS_y as a
fu::ction of tåme, s'cch as a catalyst act.j-¡¡åiy. Thcse pa::âmetârs
cä.n ïary in such a lräy that t.he overai I dynamåcs gei:s adve::sely
affected, Lr the contrall-er is nct. prope::r.y acljustea.

"A'dagrtive controllers ãre ftost desi::abi-e i_n such controi
Such a contrrll-er can adjust ì ts parameters on-line and
ly maintaln a good perfo::ma;ìcë in spåte r¡f uncontroll_ed.
measurable process pararneler changes

systerils.
consequent*
and. un*

A. strccessf¡"rl appraach to solve this pro-!:lem - a self-tuning r*çu-
l"aton has been prese:tted by ,fi,st.röm et. al tLgTZ) and blittenmark
{19?3}. The regul-ator consists *f tÞ/o pârts, Õnê identifåer a¡:d
cne ccntraller " rt is useful r:ot only v¡hen paraïneters are siov¡*
ly varying but also for tuníng of reguS.aÈors, which might be a
tirne-ccnsu;rring end dif f icult task. The seif-tuni.ng regulator has
been appli-eé to t*¿o different full*scale processes ¡ årr ore"'
crueher isee þorj_ssûn et aI (lg?3)) and a papér rnachine (see Bo_
rissÕn et al ilg?4i ¡. ?he sâme type of contraller has arso been
iniple*rent.ed o:: anolhe:: paper rcachine for nrolsture and. basis
weåEht" controi, see Cegrell et al {1973} "

ln a feasiblll"ty slr:dy !./ân j{arle {lg?3} has exarnined, if adap-
tive contrr:Ll-ers are desirabl-e in úistii-iat,ion cûûtror, ïn the
special. case studåed sor*e process perameters varied. by a facÈor
of 2-3. For t"he proce-qs sÈ,r:diedn hovrever, van .âarle hesitates,
ff ad,aptåve control is attractive.

There are also muit,ivariabj^e counterparts
gulators as described by peterka-.ê,ström

to the
t]"e?3],

seJ-f -tuning' re-



5 " THã Rr1l,ã cg co;uFU?ERs TÌ"r clT:î¡{ïc¡ll Þ;ìocEss cCI}ìrRol

Ðigi'La3- coinput'ers and associated inforniatÍ*n prc;cessinq capô.-
cities fo:: mnn.itorång anrJ c*ntrol åre êr¡.rng ihe most significant
recirncio?icai a'ivsnces j-:: the past d.ecades. A few aspects af thi-s
r-le."'eì-opment r.¡itl be cÕnsid.ered

5" È'^tr1 
^!.t çf. the Ì1'/-óC ôñ t stat.us 

"

Ït is more t,:an i4 years ågor alrnost, haåf a çeneretionfj'rst appJ-j-catian of ccmputer co¡rtrol v¿as announced inêirthur, Texas in \g5g. i'ücw the great pioneeri*g p*rioa
and computer control Ls a standard routine.

?he annç-ar åncrease of process co:nputers bet"c-een ig.sg and 1966T'as abc¡ut 5û å- and after that about a0 Ê. Ftiniconrputers constitutethe Ereat.est part of the increase. ?he computå:lq cõrpacity/camputerprice rat,io has åncreased cra*at.icar.ì_y ån the åasî: ren years.

Ilardware reliabirity has increases so that. ÐDC is cc:rsideredquite reallstlc in most appricatians, $oftq¿are develerpment hasalso made a lot of standard sol-uti<lns p*ssibre, sû that few ín..stallabions today are tail0r-made. Rerher st.ånd.,ard procåss ,,ri_ented program. packages are offered" Ðepencing ûsì the applåcationthey may be of either a fårr-in-the-b1ank type Õr some extensåonof Fortran type rançuages. ¡. st,atus repcrt on DÐc applf cati-onscan be found in Bai1ey llg?Zi,

The tradåtj'onal differences between mediurn síze and rninå computersa¡'çget"ting '*,'re ar¡d :rore obseured" rn t,he foll0winn. fur*nraphswe define a midi c.mputer as having r-6 to 24 bit word length,or aìternativety'*åth a price more tiran $ j.0 000 (such as ïBîþ1 1g00,c'c 1?ûû' çi: 4çtç) - A, ;nini- c*mputer thén rnay have a word lengthLass than CIr egual i6 bit., 
----'¿ ..Ewv s

si-nce ti:e
Port
is over,

in pet-
is

ïn Ferrar {lg?1} a suÍmary
rochernicai åndu.stry ås made

CIf new coftìputer ånstallations
for rhe period 196?*19?1. rt
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show,l tha't èhe r¡se oË med.r*m síze cornputers in ner* projects has
been. quíte sûnstânt. ín this period' see fiq, l. Except for lg?0
t'he numT:er of new prÕjeütå r¡¡as bet¡,*een 66 and g2 for the us.A. and
95 and l-50 fcr the whcie ¡¡¡orid.. For rg?c the figures were rúS
and 19c respectåvely" I'he mini-computers consti.tute the lårgest
increage with 12 new projects ín ]-967 and. s6 in l9?r in usA, ïhe
n-irnrber of new rnajor ÐÐc project.s doe.s nrt. however, increase sig-
rrifåcant^}y any ionger; only 4 ån Lg6? and 6 j.n Ig?1 i_n the üSA.

rn the tabl"es below the type of applicatÈons cf computers in
the petrochernical indust.ry in shown {valåd at. the end of lg?1}.
îhe pe::cent f,ågures are based upon the nur..,ber of projects and
not on the numher of computers" ?he cl-assificatåon indicates the
prÍrna.rf iunction of the computer; t.hen there is of ten sûme addi-
tianel- information processing t.ask. fhe ccmpr:ters ln ,'prrcess
control"" almost always are used for iocai. control *f soffÌe pro-
cess variables.

TÂÊL t" !Iidåcornpu t.ers ín rretrocheini.cai irrdustry

Proeess control: superr/isory and. aperator
lnformation

Process controi: ÐÐC

Information systems
Oi1 movernents ; loading terrn.inals , tankage,

pianning
Analyzers and laboratory contro3-
Others

6*E
7*

':5 âLl¿ è

il B

5*
5S

522
4r

302
6ã

TABLE 2: þ,Iinic ters in trochemical i ndus

Prccess co::trci
Frocess contrûl: ÐÐC

Tnformation s¡'5¡sxrs
Oil- m.oveffi€nts

Analyzers and laborato.ry contral
Others

4t
4g
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1-2 Scrne f.rends irr CcÏr.¡;i1i.g¡. cOntrai

?/i*i: Lke i-n{:::cdr:cti on of the microconiputer or the "computer on
a rhiËr" it, has b*en pcssible t.o thånk in Lerms of completely nev¡
ccncE;:ts in co;nputer coi:trcl" The åncreasing number sf f unctions
t.ha*; are beinE buiit in a single LSï {iarge çcaie integralion}
r:!:i:"ci:it is pheno¡.rena3. Jr:st look at a desk caicuLator or a digi_
i:l- v';atch. The pri-ces per: functåon ås therefore getting down
'*o::s t.antÏ_y, see f j-g. 2 "

í)i-git'rålanaiog and analog/digitat cÕiìverters are also getting
cheaper o t.hus naki;:g !t more favourabl* tc use remote rour.ti-
p]'exing and data highway systems. Tcday there Ís much tatk about
d.edicet,ed crcmput.ers wi-th f,ixed prûgrams i-n read*only memories
{ec¡r} for standard tasks in ånstrumentsr simp}"e pÌ:ocess tr-oops,
tranEjrâåssion u*iis or dispS.ays.

?he ådea of decentrai.åzed systêilìs is getting applåecr" rhe Èrend.
lowarc ïocat o*-line cantrol ånsteaç1 of just one central- crrrnpu*
ter is noticeable today. Thj-s *o*.trol ç.¡it'h its ðigitaS- f Lavour
has a l-ot of ånterestinç fea*ures, rL gåves a. flexibj..ifiir anrl
¡nc¡dularåty r+håch i-s not püssÍble wi.iï:. a cer¡traLåzed system. rt
is noì: necEssarl¡ t.* ¡nake excessive investÍÍe:its frorn the beginning.

fher-e are'severai reaso¡:s to decentral.ize. cabLe costs arÈ
#xcËssive, and thel progranr:ning costs for a ceïtral cCIfriputer
ahoul<1 by no means be negïeeted. cable cost6 can be drastically
re*uced by renrote station r*uJ-tiprexing. rhis may be inÈeres_
tinq aiready for :nore than abcut 50 ioops and. average dist.ances
fron:. the CFU to .Lhe ptant of more than 6CI 70 m.

"&cj-vanc*c i¡:stri¡m*nt' faft b* s'*pportea by their ov¡n little cor$pu-**€r, avrd c¿rrt.ain process units ean r"re cont.rorled by a minicorn_
pt;ler" i{st' aå3-, but part of , the information is Ínteresting totransf*r to a cenÈra1 crmputer. I^Tith thås type of arrangement thepiairt reLåabj-1_ity ca:r be increased"
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Îc sum uprthe interesting features of this trend may be:

lncreased reliability
both serial and parallei digitaS. clata t,ransmissions
compatibility and comnrunication vrith higher level con'çuters
abitr-rcy t,o irand.ie advanced cont.rbL algorithrns
capabÍ.låty of handling a large variety of measurerlents
and ccnt,rol signals
favour:able economy

flexibility
no drift problems
moduì-arity

Software standard for microcomputers is st,i11 an unsolved
prob.left, No håghl"evel lanEr:ages (maybe not even assembïers)

are avaålabl-e, rdhy progranmång may be ti*re-consuming, There is,
however, a trend toward macrÕ leveL languages, where typícal pro-
cess orienteð features should be easíl-y programmable. Tl should
aLso be possíble to cornpile programs for a ntåcrtcÕftputer in a

bigger machine, thus making high level languages avaiLaþle.

The compat.ibillty between the smalL and the båE cornputers is there-
fore åmportant, if a d.ecentraliaed coïttputer system should, be

successfully connected by a central computer.
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lla¡;:; t.::angíe:: prÕcesses nrake uI) ân essi:¡it.iaL part of rnany cheniical-
t.tv*':+:55 Ì-'lêntË ' Ther* are severãl procêsses where mass transfer in
$Û:Ti{} íorm is usæC," such es abscrpticno ðåståLLatåon, extrêction, êd-
sur¡:L-ionu hr"::nidifícation and ¡nembrane operatåons.

its dj^s'liiiatåon is so irnpcrta-nt as an objecÈ for process controir w€
t¿ååI ccnc*rrtrate tå:e text on dåslål-lat,ion ceil-r¿mns, $c¡me oth*r appli*
{:atj"$ll# âä* ai-so ritentåoned., such as gas absorbers and evaS:ûratcrs.

f " 1- þ:i-sti:-iatåÕn colr":-::tts "

ûåsj:j-Lr;ili+n ç:clumns serve numerôlls puïposes. Let. us just. mentåon
t,he fracfåonatåon of such a ccimplex måxÈure as crude oå1, {super-
ixac'¿j'*$atång operat:-on) or the com.p3-ete ei.iminaÈ.åon of an årnpurity
ån a produ*t. ft: a. modern refåriery plant, d.is*-å3iatåen coLumns r*ake
trp about 5û 55 B of Èhe capitai ånvesîm.ent " There is a vast låtera-
'Ë:ure on the d3'naritics of dåstålåaiion col-urnns". but st.åtr]" ner¡ c¿:nt.ri-,
i¡utui-çns shaul-å be expected. ån the conÈroå f ieid ¡ especåally the app-
Låcatåon of mul"tåvaråable conirai and cynarnical opt.!-måzat.ion.

"'l*nventåo::el ap¡:roachÊs tû dås*ciLlaticn cont.roS are ',¡¡ei1 described
in stand.arrj book;s such as Bu.ckSey t],g64) and ltacriot {1964}, A good
descråptåcn of the *ynanåcs br distål-tat.åon proresses' for control
å)urpûses ås also found in Gould {1969}, Several oÊher surveys Ðn
r]'åstí}1at,åcn *oLurrns operat.icns can be found, and onty some hågh-
3"åEht,* s¡ålå be r¡rentioned here, Bctles et aL (196g, 1969, lq?ûi co_
vÊi åx an annuaå revåew *h+ Låt.erature publisheü on distillat.ion
col"u'n"urs for the pre*eed,.ing yeå.r ending up with June l.grt. rn each
r*r,'å€)t¡/ tl:*re is ði E;ect.ion on system dynaraåcs and. colunn contrÕIr
r{h.*i* sç'¡*r.tl" adequa_te references are cited.

þ' e&se stuey hac b*en reported by Foulard et ar (1g?B), where em-
ph;r's1* ås pr:t û:i paraiTìeter eståmaÈåon and identif lcatLon of columns.
iL Ë1.iÏ1/&y on appij.c.3.t.åcnÈ c'f ådenËification methods Èo chemÍca]" pro*çeãses ås al"sei made ån the previously cited paper by Gustavsson {1973}
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îi'¿e *tÕdeling" ¡:roblem is ånti-rneteLy cr:rrnectec t.o the piårpûse of the
*+del-" In a pâper van d.e:: tr:ir:ten eÈ aå iLF6gi ::*r,-ier¡ several ne¿hrds
ior the cc:rstv¡¿cÈion of niatheinatåcai lna.d.eis for ciståiLatåon ccL.cunns.
5Û'rit t'he madeling cf ee"ch tr;ry on Õrre hrnri and the biack i:ox approach
ori th'e cther hand are cûi¡sid*red. with rheir respectir,.e advantaçes
anri dral¡backs fro:¡, a cÐntrçi pöir:'r r:f r¡åew. The probier* tc chc,Õse
the adeguate ;'"rodel" cornpiexity for c*nt.ro1 pi:rpûsë is alsc en,phas.ized.
hy GustavssÐn {j"g?j}"

#"2 Ðistålï*,tåcn col-umn nã-ïrìl_cs "

Ír" typical- Cístiliat.ioir coJ-ur*r¡ is sl¡Õu¡rn schematicalLy in fj-E. 3.

rf all- t.he detaiiecl dyna:iråcaL þeha'viour of a column shoul-d be repre*
sie*ied in à ÊathemaÈi*ai moi.eJ. n thås one vror:ld certaÍnly be very
*rrrapiex. T.t includes overail and c+mponent rrrass þalancesa €rtërgf .

halances,. hyd.rar:J-åc f ì cit¡s and. vap6r dynarnåcs. the most im-pcrtant
irärt of tire dy::araåcs ås àhe concent;:aticn dynarnics of the dåf,fere¡xt
c*i*.pûnênt.ç in boÈh¡ i5-qr:i.d. end vapor phases as weLL as overall ba-
åan.ces. ?h.ose Êqïråt.i.ons are mc'st3-y i"ånear, and the dynamics for each
+åîaY! å.9 *oupåeü lo åts neighbc*ring tra,ys" There are also nonl-inear
relatåcns; such as the eguåiibriurn ü¡rvê and the liquÍd flcw as a
i,¡nci:Èon of the holfup Õn a tray. Al-so the pressure drop for vapor
t,il::**Eii i:he i-lquid. is a nonlinear fr¡r¡ctåon of the våpûr flor¡. '

r:i t:,he l'iurni:er of trays ås gettång large, the nunrþer of coupLed c¡r-
cli;':ar3' dåfferent.åa-l- equaei"öns d.escrå?:ing Ëhe balances ma3r be apprÕ:d*

irnat.ec by partåa}" c,ífferentåäl- *qu.ã'e.åöns. Thås aptr>roach ås made
ån many thcosetåcai inve*tågatÈons fn order to Eet rûore generâlized
tool-s'for aneS-ysis ancl, synthesis" fhås sí'¿uation fs equfvalent eo
the cc,ntinuous tpêræ.t,Íon of a packed cûLurnn, wiiLch aLt€rnativeiycan
i¡e censl"dered consLsting rf a large number of f icti-tid¡ s trãys
Å. dåsÈållation coXumn can be mar:ipulated by a number of different.
variables. The most import.anÈ, Õnes belong to the fl.*rn¡ rates of feeds
and products, reflux rat.åo, heat.ång and co+tinq¡ capncålies" T?:e main
disturbances may be i-nil-uenced by other proÇesses anð are reiated
to the feed t.Law rate, compösåtåon and ent.haSpy.



coíqÐr}{sER

TVFRI"IEAS
VAPOR

FEED

NË8$TLÊR

$TTTüFT PRüüI}CT

FJ"Eure 3 * fyplcal dJ.stlltatlan column.

ûvF ËAÐ PRCIDUTT

STEAI'I

fl

c0LUf'r¡¡

REFLUX

RËTLUX
ACCIJMIJLÅTÛR



r =-..rl

The rncst åmpÕrtant ûutpr:ts ê.rs

Õ the pressurê at the colu¡an t'otr

o different.ial Fressure bet.we*:r sÕm€ pT-ates

o levels in the refl¡:x anC bottún tå.nks

Ð tern¡:erature on cert,aån trays
0 cûncentrati-on of the difi*rent dre*,ånE*affs

Then there are other stat"e warj-abåes cæscrål:ångr tl:e ånhernal beha-
våour ån the c+lu:n:: n such åe

0' pressìf,re

() ånt,ernal" fåow ra-tes of b*th phases

* tray cûnrentrat.åons, femperature and enthalpies
* -1"åquåd*vaÃ)ûr equj"låbråu¡n relat.åcnsïríps
ü qaråor:s tray *ffåcåency coeffåcåent,s

*rhe measureríients wi:'åch e.ïe genera}.ly the mcst, requlred Õ&es are fScw
retes o ternperåtures a ptessr.¡rês and *oncenÈrat.åcns " The three f årst
ent'åtåes årâ Eeneratly quite reasoi:a-ble and eâsy ttl niâasuren whåle
sos:'*entrat'ion ås ofeen the ç*eah poj"nt, The arcrårä.ëy might be ln-
creasecl by usång a chrsmatoEraph Õr a Íûass-sFectrograph, but .frhe

#ûsts årÐ ín *låny caËes prohåbåtir.¡e. See further chapÈ,er 3.g.

Far eantrol- pìlrpÕses there ås al+rays a diffåcu.lt coni¡rromåre t,a choaçethe råght' syãtËm conpSexity. rt r"s certaínry t,oo eonprex .to take the
dynamics of eac?r sångle t'ray ånto consåderet,iö3x for controå purpûses.tn the otlrer hand, sågnåfJ-cant ånteractåons and nonllnearåtLês may
cause a convÉntional contnol- system to be to*: rough an approack t"othe controt.

It ts typical. for a dåstiLtaeion scLunrn, the.e a major problem ån d,e_sÍgning ä contrÕl *ystem åç to *þrx:se a suLtabl-e ,*tr.ictìlïe, rather
Èhan t'a deter:nl'ne the aetual valu*s of the control paranreters, g,hås

j

ii
H
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mÊã.ns that i't ås not at ai"i cl-ear å. pråcri whj.ch r¡ariables to mani-p*
uLate and which or:tpui:s to nteasare, Thj.s is hcth å rnât.ier *f opera*
t.j.onaL convenience, e.quS,prnent costsn safeLy, d-ynarnica-] behe¡¡åour a::d
plant yield and eccnrr¿iy.

There is å J-arge amount of differeni st.ructures *r.lggesterf àn the li*
teraÈure for diffecent ccir¡nrr,s " i.t- ås ånteresti.ng tÕ cCIinpare Lhe
different contro'r phålosophåes t,a.ken by e.g. Fuckiey {1954}, liarrioè
{1964} chepter L4, and Resenbrock {fg62a} tther approacires âi:ë aleo
shown ë.9" iEr Goul-d. {3.p69}, Sieter {fg?ü} and .A^nderson eÈ a1 ifg6g}.

Few systemê.tic effort.s are made 'ta cÛmg:a"re and. evaluate d,ífferent
struct'ürÐs - rt fs quåte cJ-ear that experience mì.lst gu5-d.e the Ce-
signer tÕ e. 3-arge e:{tent in order Èo lfmåt the nu¡nber of possåb1-e
conJ:inaiåons, fhcre ã.re, hr*v¡everr sû many differen*. processes with
thei:: s5:ecåfåc cünstructåon, that experåences frorn öne cólum¡j piant.
nilç'ht be of 3-åttle r¡a1ue fr:r anr:ther one" rt shouLd be a great.
chailenge far the theoreiåcåans to f,ind more general methods for a
sSrstematic co:.r.lroL s"Lructtrre apprbach

6 " 3 Feed.*forr¡¡ard control "

A's menLåçned." {:he most import.ant disturbances have to do trith the
feed Èo t^he colunm' Shose disturbances are in general-¡neasurable.
This makes åt possible to take advantaEe of feed*forr¡ard techníques
tÐ cCIntrol- t'he column' In generatr the d,åsturbances ån thë feed v¿r-
iables are guåte small- ån amplitr¡de or måght be slo!¡¡ gradual changres,
Fecause of thås, t'he transient behavÍour çf the cal.unur is seLdom of
a najor j-r¡teresè.. Rather the feedforward cûntrcl ås qade quaså-sta-
t,fcnary¡ äs wåll be shown ån a coup].e of referÊnües.

Euckley {1964i has gj.ven quite a systeæati-c a;:proach e,s the åd,ea of,
usÍng feed-fcrr,'rard. control. ån dis*.ållation-ccåunr*,s. The ånlet dås-
turbances were fed, di.rect,Iy to't?¡e refår¡x raåiû anå heat. *apacity
controls' tþ¡us cre¿t.ång a hågh speed.toop. fhe raodel for t,hås feed-
forward control has seLdorn to be ä.ccü.rôt.e, partly because ef the
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size of the disturbances a:rci parÈÍ-y beca*se , feedbacJ< ccant.rc,l from
the product '¿ariables shouid always be used *s ä. coinpleinent to the
feed-for¡i,nrd conhrol" fhås ås also elås*ussecl hy shinskey {196?} p
3Õ7 and. Wardlê, et al- {Ig69i "

Severai appåicat.ions *f feedforç.¡ard cant::ol have recentll- been pu-
blished. ¡4å11er et al {1969} dj_scxss feed.forward ccrrtroi and pro-
vi.de a survey of 4'¿ referer:ces on the subjeçe" They n*t* that only
5 of the refer€TrcêÊ descråbe applicatåons ån ccrnnrercåal- equåpnent.
?here j-s also remarked by Nåse*feld et al" ilg?3) a tre¡r,.endous gap
betv¡een the number *f ap¡rlications and the nun¡i¡er- of pu.bÏ"icatåons of
Lhem. only ån lhe TJ$A a.nd. Canad.a :ncre than lst full scale colun¡ns
ar€ ûperating under feedforward controL" tnly four of these have
been descråbed in the lLterat,z:re before ig6g.

lhree d'åfferent. appLåca.tåo¡rs have been reporterl by Nísenfeld eL a1
{1973}- the casê itåstories a.re d.ocument.ed 'nbefore" and ,'after,, the
feeclforv¡ard ånstaå}atåons. Tire authars d.iscuss hor¿ to gaån an ade-
quåt* complexíty of the model necessary for the feedforward sÕn{¿rÐ1.
The mocìels are primarily steady state,rnodeLs. cf, cûursê, such mc-
dels gÍve turansient. errors which are noÈ desirable. Now, åt has been
pouslb)-e to gain sat,isfactory dynamic behaviour just by ad.dång fårst,
order dynamic systems to the steady state mode}s. Typlcalty the nea-
surable d,ísturbanc€s, the feed flow and col-umn Èemperätutre, are rlsed
to feed sågnals åo èhe dåstiLlaÈe fLow and. to the pressure set points"
This v¿as mad.e for a debut.anizer ln a FLuåd Catal-ytic Cracker unit
and for a Easol$"ne clepropanlzer.

For a su¡:erfract,l.anat.or {crude oiL dlsÈål,Iat.i*ni the.f,Lrst step was to
provfde a fast carrectíve act.ion for upsets in energy balances,
trthåch can be rêtônseructed {by s¿atåc r*latios-rs } f r*:n dif f*rentåal-
pressure and ref lux accumulôtor levet. ?he f Lcv¡ rat.* of only one
of the såde streåÍRs , viz" the $:rop3riene g:raduet *ras rnanåpulated by
the feedforward. syster*.

Anerther Põper by "rüood eË al (19?2) deals csith conrparåsc¡rre between
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feeCfcrward, feedback and. combinatåons of these for a binarlr column
havi-ng a dj-ame'i.*r af t,zt m and contaj-ning g trays. îypically fårst
'*rder" mad.el-s wj-th time delays r*¡ere used, fhe n¡odetrs were achieved.
by ¡:uT-se testång"

6,4 iatton *.nd s'c.eadt¡ state opt.imizatåon"
?'rro level"s of ccnt,rol- are often discussed ån dåstiLiation cdntroL
pa'pers" The fisst, l"evel- may be conventi.onaå set-poÍnt. control, where
e number cf, l-ocaL variables shoulttr be kept withi¡r certaln li-mits.
û:t êhe second level the operating point of the columns should be at,
a:: Ûptåniurn. î.inder assurnptions slf steady siate behaviouro a profit.
function is förrnulat,ed. and. tlris f'¿:rct,Íon sbrou.ld be rna:<imiued åuring
the cperaeiûn.

sa'tøaragi et al (19?I*) have consíd.ered. a guasí*dyr¿arni"c operation eif
a pílot di-stillati.on påant, ?he plant ås ac) be üp€råte*. at. a :iraxåx,,um
profåt rat^e under the condltion that. th.* çrverhearl g:roduct composí-
tåon ås nnaintaåned constant, Â. bånary måxt*r* of æethanoj- and. s¡at.er
ås processed in a sieve tray dåsÈål-latåon *ol,unin " ?he c*nàro1 vatr-
åables ase the feed. f.Law rat.e and the heating duty ån the rebaåler"
The profå-t l-s a nonlinsar scal"ar fu*ctåon cf th* tr¡o ccntro]" varåa*
bles and of få'¡e staàe varåahles iflow r,åaes æ::# ceix,çositi-onsl, un-
der the csndi"tåón of steäåy-sÈat.e *peratåon.

$aarl"evsld ¿¡nd RåinsdorÞ {1969} studåe*I a const,raÈaed staÈ.åc opt.ir$L-
zat'La"r¿. prohl*:rro :rrhere tire purity of botfr sbreäms should, be consídered.
li:uç h¡oth the feed preheat.ing and the column precsurë should, have
#Pt'ån'ti¡åit vaLues å¡t a :'efån*ry cclursn - a deisopentanizer. No quantå*
*at'åt¡e rnt}<3els Þterê gítten ån the påï]€r. similar approaches, a com!¡å-
rååt'åç!x tf fæed.farward control, f eedback control, and steady state
ttpEimLzz*g contE+tr have aåso been appl5-ed by Eo:nard et aL {lg6gi on
a oug:erfract,iûTtå.tång cCILul*n, Þuyfjes et aL- (lg?31 dåscuss the sfnå*
i"ar problerns for a ge*era3- bånáry coLumn or a pËeudo blnary state
c*ïumn" lhe t'.ransåenÈs are not t,aken into consideratlon aL opt.imJ--
*ånçi contro]. " å'l"sr¡ these ä.Llthors claåm that littte ls galned hy #v-
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Éaaic cptimal control.

shunta et al {I97?} hråve *eveiop*d a ccR;r<¡i sühefüÈ} thã.e *onipensates
for bot'h seÈ point changes and ioad dåsturbances " ?ç¡o separate ai-
gorithms are årnplemented simuitanea'r-rsîy" üne is receívång its ånput.
signal from t'he setpoint end the *tlter fr*¡n the:¡reasurenr.ent varlable.
This canerôl ls shov¡n to l:e better thã.n cüF¡v#rîtåc¡*al ]Ì-i *antrc:lier_

6. 5 l{ultívari-abl-e crn i::oi. of. dtstil"i ât åörl col-runns.

The contr<¡I of elåseåliatii}n coiu:i:::s sh{iuld in rnany cases b* m*it j *
variable because of the si.gnifåcant ånt*ractions pr*sent, one ex*
arnpS.e is the sç called twa trûi-nt aontral" proï:i.em, å.e. both e:qåt.
compÕsåtåCIns are t* be nraint.ained r¡¡åthån pres*ribed, tårnit.s sirnnå-
taner:usly" Ê,*senbrock {ig62ã} was rlns af the fårst. Õnes tr} pÕånt, ûit¿
the ånteract,ion problem :in di.stålLå.tåcr¿ col-umns.

One epproach to soive the tvro point, eonèrol probler* l-s by dec*uplånE.
i)åffere*L a5:prÛxårnatåons of the decoup}ång s*heme have !:een euggesèeå,
Rijnsd'arp et ar {1956} have descråbed a non*ånt,eractång contro}
scherse f*r the såmr:ltanêous cont,rol of botlr enc coæpopåtåons. Thin
sfr-lcly ha* been taken up by ?fsod. et al- (lg?3i ån an ëxperfmental_ ë!ra*
åuat3*ru ¿:f ähe såÍne non-ånteractång rûnt::*l scheme,

i'he twö poånt conereil probtrem has als*, been taken Ep by TcJ_jala
{*ûai-Ler} tLgT?, åg?4 } " It trulSr rn*lt,åv*ríahre controJ. L&wo su*h as
Llnear quad'rat.åc control has been suggestec and. appåiec t.o tkre ürn-
trol of col"umn* t *.V. by BrosåLovr s-u åå i:g6g;, Kår:g {1969}, tîu
et aL t1972) and, Toijal"a tWaltar) {19??}.

Ebe Lànear quadrntte *açrt¡o3 Ï"as {s*e Ê*rtlsn 4"F) ås hot*evêr îrn_
esJ.taÞle wLÈlrout s'{m€ Lnpertartt äCIdtf åçatåc*as, säåì.å fe,e**færrcerd
çontrol ¡hourd þe t*k*n ínto consldêratåcn as rycl¡n*eräceirn *f tke
då$turb€rrxcÉr sho$td bç r¿de *s fast *s ¡:o**fble. ?i:e *r:t¡nr.t ceçu*
Latåon Früb3Ëp Ls ctnaf.åard areo hy BenqrtssÕn {r$?3¡ eh*. 6}. lre
ahr¡rs thât tlie åuitti,çvarfable fee&þaçk a¡:d se,*d*f*rw*rei probi.*nts
for lån*ar eystana can be treated ¡¡åt,Tt stÍritrar *omputa*fo*s.
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?he linea:: quaúraLic co*.troi str¿ií:ÊgT sh*i:.T-d al-*;c i:e coi."r.pi€:iì.er-rt.ed
v.'it-h sonie "åntëgrel- ¿rclion" coïl:espondiriç Lc: a. claçsice1 pT contccl*.
iar. Thereby the or:tputs can be rr,;¿*::n¿d tc the drsi¿e* ie*¿els ¿"fter
slot¡ or steady 5tê.te ,i-åsturbances. Ther:e ai:e scr;eraT appr*achres tû
thås probi*:n" Ã, sul-ve"y' is girren i:; Ëer-rgi:.sscn tlg?3i, -v¿þere ¿:-lso new
met,hads år€ ïirÊsenÈed" ï*aLåer iîcijala 3 t_l.gi4Ì ha,,-* used *.nather
a-pproach" which aiso meäfis ñ sûri ûf integrat.i,::n of th.e o.,rt"pi"rà.
Waj-lêr et ãL i]--g74.) irave aj"ço ad*pt.ecf- the åúea cf modaL *ci:tro1,
ctåscussed in chiapter 4u in s¡rder t* reduce the cûrap?exÍt3r cf the
cci:t,r¡rl-]er" ?i:ås c¿rnt::o} ís tried or:L *n a binary <1ist1]_l_atj-rn cr-
l-umn rnodeS^ and is fauncl to be bett,er than the decoupling c*ntroJ-,
prevåously used"

T'he säîrre madaå analysås a-g:pr,tach has aLso been used by tavísson et
al tlgV?l , fer a compiete chersical p}-ant., descrfbed by 4l d.if,ferent.ial-
equatåt}ns" TÏ:e prorësËes cc¡nsåst of t.ank reactor. a heat exchânçer.
a. decanter and a aåstiliaeion cal-urir:l

6,6 0ther cont. rol- alqorithms.

'fhe r3åstl"Lå*tåan coå¡sm contributi*n hy ñuffe]. l1-g?4', * descrihes
rnodeS-e fos heavlly loeded trêyg. ?hese tæ*tre}s ar* th*n veråf åed
bY *xperåmeat's oÊ ä sj.et¡e tr*y coLumn *¡i.th the ccærpoaerrts aår an*
arafer. Fûtr ËFre hågh loadf.ng tha.t thç author cçnss.dersp #Lçadlng
e¡f s tray åe * real threat, tÐ tþè ope*atåôn of Ë,&e pla*tn hence
ít is årüFoËtå,nt to bêÊter knen the condåt**r¡s for fl.ood.inç to
tceur aad. ?¡o*r t<¡ *voåd åt þ'y cüatrË!:. netþôds. å stågh¿ ¡nodåf ica*
tåan of a Pl cûl:trolSer was founê to be successfui" lhe propclr*
tlonaL påre çf tt h¿s the gtructure

K e " l"l
l\not,her type of controL algoråthm has bee* pr*p,rsed by tderlureå et
al ll972t. rt ås a type Õf on'-off +c:nt'::or strat.eEy. whåch has been
applåed to a futl" diatillatJ.on *aî'¿rrrn sepa.ratång ä hån*ry srrå:iture,
lhe controLLer usës a l-ånear carnbånat'i..c.¡¡: of temperâture fteê.sËre-
ments to adjust' the ref,lux ra.ti-o in order t,o r¡r¿r.i*Èain a d.esåred oe,¡er*
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heari prod.''.rct. conçc*;åtian" By **sing somê sår:pJ-e reI"at.åonships betr,¡een

the ccntrcl- ca*ffícients the càuthc,rs årave reduceci the tuning cf
Ì:he contEciå*tr t$ t.he *djustr';ant. *f rTt€ sångJ-e parameLer. corresptr:*
di*g tcr a very sån"'pîe ¡r.od.e} of the column"

#"7 Rfi*onsàruction of pr'3cess variables"

Jt Lj"near ctntrû: i"aç¡ rn'*stt gerierå.liy knaror t.he whole state :¡ectsr
{See chapter .li. fhås is seldom t}te ¿:ase, and therefore ft has to be
recûristruct*r3 e"E" by a Kal"man fålter" FÍafiilÈGn et ål {}9?3i de-
seråbe how they have appS-åed a t,j.rne*ûås*rete Kalman fålter Èc estå-
rËrû.t,s ti'¡e s*at.e *f a ¡liio? p]"ant. evapûrê.tcr, The fil*,er was a pare
sf a muJ-tåvari-able computer control slrstem" A]-though the noise anå
procÊss noåse les¡els we::e at ab*'¿t. 1ü *, the f,å}t,er caused, good cÕn*

t,roL, ?he resul-ts !¡ere sÍgnåf icant]"3r bett.er t?ran t.hose achieved with
convent,åc¡nal Êxpônent,ååi- fåiters. In this app}-icatå*¡: the ,çtâ.$Car{:.

Kalman fllter hrã.s reasonabl"y ånsensi.tive to ånccrrect eståË¡ates of
ånit.j.al ca¡rd.itåons and aïso for n*i.se chara*tevå*t.åcs as 'r¡eåtr ab fol
r*ade1 para$et.ers 

"

6.8 CIther mass transfer prccesses,

.A,n experir*ental and theoretåcaL ånveståEat.åas"¿ *f the urisÈeady*stat,e
operåtåân <¡f a på3ot scale packed Eas absorpt.åcn scl"unrn has been rnade

by Bradl-ey et e,.å {f9??}. Carbon dioxåd.e was senge>ved, from an åLr *
carbon d,åa,xåCe ntåxture j nto an êquêr"r.1s rrtÕrloethanoLanine (I'{EA} soJ-u*

ti"on ïry absarpt,årä ä.ccðmpãni"ed by chemi*al" reectåon" the mat,henrat,å*

caL modeL describes the niass trençfer in a packed bed counter current
absorber and- t3re ct:nserl¡åbi"Õn equat.åon for the gas .and låquid ph.ases

æe par{:ial dåffesent.ia} equat"ions" T* order to verJfy the m*Ce3., a
step c::ange ån ç'a* f*ed. composåtion was effected by manr"zal}y. chançlng
the setp*Ènt..*f th* Cûr;/a5.r fl-ov¡ rat,å* cc¡ntrcïler. 9or ehaå'lges in the
f4HÂ fJ-*"*¡ ra?.e bhæ eet¡:*ån* *f th* feed fl"ov¡ controlLef wês ÉLepped.

å simååar appLåcat.ton rvåt!: st*p respûnses ar¿alysåË ls also ¡rresent.eå
hy Maîpani- et, ãå i19?3: " 9'he partial" dåfferenÈLa} équat{cns, descrå-
hinE th¿e absorb*Tt!¡ere redueed to *rdånary dlff,erenti-al equat.åonË b3'
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Lhe methcd of charact,e:::st'ics. Af ters¡ards the t+¡o unknÕv¡n paran',et.ers
i:: lh* sysLem *¿ere deter:nåned b,y step respûnse anal]'sis.

Ãn *:lampì-e of tpij-m,3i. ccnt::ol of a pi3ot ptant. evaporatcr is iìilrwt:
l:1' Newell et aI itg?l-) " Tn order: to make up for deterreinistic dis*
lur.?:ances," the auth$rs lia",¡e extended thre stat.e equat.lons by the ån-
t"egra]" of ti:c o'*tput thus getting an "àntegiral control action"
teî 6.5 and 4]. B3' takång the interact.åcns of th¿e system int<¡ côn-
si*eratåcln, lìe+tei-1 showe that a consi.d"era!:1e i-mprovement. is echieved.,
t'i:ere ås, hor^¡er¡err $û comparåson rnaCe J:efv¡een ti:e optimaL cr¡nt'rol
techni.que and. other multåvaråabîe eyn.t.hesis method.s,

?he qu*stion on the Íntegral aeÈåon sho''rld be co¡rsitent,ed on" tÉewel1
et *.1 have used the classLcat approaclf àc ånt-egrate bhe wÌ:cLe cut-
put. vector. This ås the only eotut.ion åtf the d.isturbance. sruyces
are unknÕþ¡n" Bengtsson {1973} has derå.ved s-nother ap'proach a¡here
he sl¡ar¡¡s that the nunrber of ånt.egrators can be d,ecreased.o esg:ecåaïly
åf. there are f ewer di"sturbavrce süuäces then c*nt.rc'l led vari-ables.
As the authür rernarksu this ås n$t mereJ"l'a* asad*måc queståca, slnce
each introduced inteqirat+r wiSi cause a pha-se redard.aticn " Thæ system
ås then harder to stabilåze or åt nåçht æv*n be unstahi]-i-zable.

t



?'l

7 ^ åppr,lcÄfrtlis .10 CHEMICÂL RBÃ,CÎÛRS

ll cher*åcal rÊâceor is usuaål-y t.he v*::i' j:*art cf a chemí,;aå pröúess;
plant end e¡nbo,åies a major scurce *f ål-.s ec*nomic gain" Therefore
quest5-ons Õn aptåmizaticin piey a centrai r*lc¿ ån the design, ûperä*
tion and control of ã. reactÐr, This ås sÕm€irirî!€s ån conträ.st vrith
ËE)rne physicai p::ÕüÊssesr *here o¡:tår:iizatåsn is iinportant. ån d.esign
ând stilady*state ûperåtåtn Srut is cf l-es* sågnj.fåcencê in d"vnamåc
¿'+r:n È rn'?

?. 1 Cl"asså-fåcat.ion af reâctors.
*heroiåcal i€act{i s ftã}r ã-ppëâ,r in neny d.åf ferent farms n dependång Õn
aype *f reactåons, 4?.rcasigemenÈ *f fL$v,'s, pr€sence of a cat.âl-y$e or
n*t, theriäaL cond,i-t.åcns and nu.nrber cf physical phases ånvcLved. *qo*re
maj0r types ac**rdì-ng to the fåa-r¡ Ë)â.t.ts}rn are the batc?rn *he stå.rrecj-
èårlk and '*.i":-e '{:ubular type r*act,ors. trïa-npr lndustråâ!. reactrrs may }rer¡e
a il*så,gn he1:v¡een t.he eutrênnes of a st.Írred t.ank and a plug fLo¡or.re*
e*t'*r. Tt' ås al"so ðif,fei"ed hetç¡een adåa!:at.ic and. åsoth¿ermic reå.r*
"h*r*. tf cûtu:sê, *he *her¡¡ral condåtj-cr¡s ase aLso affect.ed. if the re-

ft ås ¡nu*h easåer bo d.escråbe a hor*og*n*sus rêåctrr, E¡!:ere the r'e-
a*ticns take pÌ.ace ån one s5.ngJ.e phase than ð heterÕEeneouË reår-
*j-ön, v'rhere several pliases arê présê$t" ?lrere the prabi.em of mäss
and heat transfer between the pi:ases is added Õrï Ëop af the react,åon
ccrnç:3"exåty.

tateS-yti* ¡:eact,åô¡ts are char*cteråzed, by the grresence af ¡nat,eråaås
in the reactånE raåxture¡ that do n**- tåke part of the reactåon ra*
t'es " tisually catalyst,s årê used f.a X5-qu3,d or solåd phases anå årê
asscci.aëed v¡itl¡ iret,erogeneous *ystems" lhe eata::-t¡t.ic a:ëå,ct*Ð åc one
c¡f the most, åmport.ant unåts of the typåcaì" *hernåcai or E:eÈroJ-eurn
J-ndustry'.åpproxåmately ?0 I +f the t,t>t.ai ou?put of chen¡åcal indr:-
stry 1s processed at sÕrfte stagê wåÐh. *- s*iåd cataåyot materåaLn
usuaJ-3y ån a Èubular or fluådi.ae* bed reecâor. Å33 caÈa3yst,s are
also ü*actåvatång r*j-th tåme, whi,;h nakes the opeå:rråaation of those

¡
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::*âilf-$ïs. nfist :-r;'ce::*stlnE f;:.¡rn an econonic peint. of r¡iev,¡" The basic
i-i::;i;s *n tlle,*yn'rmics *f ci'lem:Lcal- reectors are found in scandard.
r'¿""i'- i^,¡rr.ì:r *rçsì1 as irrås i1_96i. lg65i o Gcu1d (Ig6g), lÏarrj-eit iig6dot,..;-¿...t¿L¿, .¿,

r'iri:i.i.{: tiie i:a*åc fa*t"s û¡:. kå::*t"åcs ran b€ found €",3. ín T¡Tal-as ilgsgi
.¿i- i i'.:,r¡,:*¿rni cf iå36: i F {.o';;anawr ã{oppel {Tg6gi arrd Asiri/rns*n
il''iîi j " fire l¡c.¡¡:< by îiu.ni-i. - LevenspieJ" ilg6g) gives å cÕînprehren*
si'¡¿ des*ript:i*¡t *f *h*. k**wiecig* a'böl¡t, fi"il.ådåzed bed.s, bcth *h*<¡ries
a;:<Ì p::act.j-caå ep¡:13"catåons " ii:,e h*gh *oinpiexitS' of the reactûr eqi:a*
'r': -'r" þ'^'¡-'h i'í: the s-b.:r:"-rred caee and å:: the tubuLar caseu åg rne rea-Ç.-LÇ'jiú1 &¡./L.À¡,

:)r:n 'i:ha,-j": å'1. i"s <iåf,fåc*Lt t.o fini s*pÌ:ås+;åcãtêd app).åcaticns of
Ê-¡ii'¿:î',:ç*c, c*n+;rçj- theory cn reacL,Ðrs,

Tli:*r:'l ås û.n oi¡erw?:elmång 1åst. *f contr.ihr:tåi:ns, ç}rere reãctÕr n,.adels
fuâ';?¿¿ 

"'íJe*,rT desåved from ä pråorå kn*wT-e'åge" Ânaiy.sj.* has been made
t)"i: .*:,-¡ir*i¿{:å*ns cf the sy*ter* behao¡åcr¡r: ar,* p*:;fc'r¡necl anc3. ¡ååfferen-L
cc'n'trc,"L *tra&'egies have bee:r caLcuiated^ ifery åå*.tle, htrøever, 'í-g

,3",scrj.]n** abcut reaå measurern*nts, expe::årnent.aå id+nËåficatíûn tr
ap.aååqcl Ðptl"mã.1- tontr$l of, reacte:Fs,, ?ir* eon{:rå}:u.tå*n by Lü$ry ët
a"7 {1967} ås, hör¡r*".retr, arr int.eresàång *:.:ceg:tåoa. Ã åa::ge ar*ourrt of
:n,*a$r-t::c¡nents anå stea,*y-s"ba'Le *a3cr":1"¿r-Licnc x¡e-ve i:æen pe::farmed,

'i 
" ¿ Sti-rreri. t:änk rËä.ctc,r ynamåcs ar¡d ,;c:t

fha d.*minating featurc. of tire dyna.mj-cs cf chernåcaL reâct$rs haei to
il* ç¡åth the såginifåcantl3r norr].Énear behavåcur. Thre range of åå:lea*
rå;red:n*deLs is ån g*n*raì- very smaål, io-ir1r mastty å. Í$*re el-abarat.e
*escrfpt,i-*n cf the crynarai-cs å* req'r*åreå" lr: crntraçt Èo this a dis*
tåi"åatå*n cciu¡:rn is al"mosL Ii-nearr even åf åts Cynamics rnight be
c*mp3ex *f otå:er reãsel1s, see 6"?,

?ì;e '*.yn*r,rå*¿1" hç3:nvåcr¿r cf a stårsed t.ank reactCIr j-s derived Õut or*
:íï'i?*3råâ;, *nd. ,¡nerçy baåances f.#t *-Tr* c#$pûnënts whåch take part. in
*.h* ::eaç*isi:s" lilae stc*hj"*¡netrie relationships ser\¡e to restríct. th*
h1å",¡.::r¡åc]'l:; c,f ti:æ syot*nt *nrå desrëe.se 'c.he dimensåonaiåty of thæ stats
'q'¿3&#*. -â dåscu*såon of these ¡:hename*a can be found in ê.s" å.ris
I',eâr: ! 'î.:" ¿i t. -t- Jr ---.À-a j-..¡".-ï2.)-';! e í, ,;.::í¡ !:ocçever, much d,åeputet ån the lit,erature hov¡ *,o apply
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this constrair:t. i_r: generæ? ¿et:ns, and further cc¡ntribr¡ti.ons årefci-rnd in Sc'.rl_d { j"g6g} and .âsbjSrnsen et aI {lg70} "

?he d:'fferentåal equat'io*s describing a chemical reactor are ofr,enståff i"ê" the rèt'åÕ betr'r¡een the f,astest and the elowest time r,rcdescif the systern -is v6rs5' lerge, ?hi-s rfieå,ns that there are real nuinerå*cal probåems t.o simul-ate such svstems. Ed,sberg {]¿gl|} has macle a
Program package for the simuratÍo¡: cf ordinary d,j"fferentiar equa-tåons, deseribång stirred tank reactors, v¡here the st,iffness ås ta-ken into acount"
¿:

Because of the nonlfnearities, maån3-y ånt¡:od.uced by the .ã,rrhenius
Law' it 1s possåble to get severaL operaiå*n poånts for the reactÕr"Both the heat prod'uction and consurapt.ion år¡ the vessej. must be nætcrre¿ån steady state. rn an exother¡aic react.åçn t.here may be up to t.hreesolutionsu some of whlch are steady state ünstêble anc so$e o*hersare stabLe, Tf more reactiÕns Ðccur there are of coîjrse ñ¡ore,operatång pÕint's' rn an endothermåc reac,L.åon, howèver" there is jus.ttne operatfng steady-state ¡roånt.

rf an ùg)Ërã'*'ng point ås found äq: be steady*stat.e stabie¡ åt ås notsutrer tþ{at the sarne po5"nt l-s dynamåcaî}-y stable far *,natl d.åstur*bances' Further condiÈåons then æust. b* imposed,.to e¡rsr¡re dynamlcaS-stabålåty' Ã' linearizatlon of the eqi,aatåorrs does not Eå",re any infar*mation about the size of the region ,¿¡here the Ïånear equaÈåons ärevalid. Therefore ån mosÈ cases, stabåLåty prapert,åes have å* be de*termined by more sophiståcated method,s¡ either by nonlinear sj.mula_tion or by anaì-ytical methods such äs È.i:e r,rapuno,v.met,hod. To findan adequate Liapunóv func*.io¡r ås, howevers ûrtly possible Ín theslmplest cases " Ti:erefore sårnr¡åatåon ås t.þre dominatång tool for re-actÕr analysås

Ëantrol of stLrred tank reactÕrs cân nrstry be raanaged '¿ith crîrveft-tiona3" nr'*thods¿ ås sotn aË the steady stat.e point iâ s¡¿ptre and thecisturbances ðre sr¿r.ar.r" ff an *pÈrrcaÏ. *oo*ro, ås desiredu then the
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nûnli-near r*Ðdeå has to be taken into consideration. Even if the
co:rtrol- system synthesås måght be straight fonrardu the effect of
disturbances wright be c<¡nfusing. Tt is possible that non-minimum
phase effects from feed rate changes to the temperature respûnse
aFpeär. .4. control syst.em that coes not take thls ef fect into
consíderat.lon ra-ay nverreact and cause s€vere errors,

Tt is a non*standard task to determi-ne possibie operating poínts
in stead.y-5tä.t,e. For systems or net+¡orks of reactors one nrust ad.d
furtherequatÍons in addition to Lhe basåc heat and. mass balance
equations. fhese are needed when t,here Ís heat ar materiaL re*
cycling o:: when separat,ions ârë Fresent, ro find th¡e,'best'n öperã*
ting point. in such a system 5.s certainLy a rnajar saLculatåon, One
has to def ine clearly vrhat is meant by "bêst', et t,hat. tå:*e. s uch
calculati.ons j.nclud,e op-L¿*r.um resld.ence t.årneo t:ptåmum temperature
to maxinrize yield in ta¡rk reactors, d+Èer:riånetåon of cptåmum temp*ra-
ture profåles in tubular reactors as wel-l as selectåo:: af th€ best.
t,ransf er $eans for tubular and st.irred. tank rëastûrs, TazaJEl et al
(19?2] present one approach to eppì_3r a decentral.izec theory to tl¡e
steady state oË)tlmizat.j.on æf a corirplex ehemåsaå plant.. The J-arge
scaLe problem J.s suhdåvideC into a numJ¡er of eiptårnizat.ion subpro-
blemsr vrhi"ch âre coÕrdinated in a certaån rnarÌnËr"

stephens et al (19?3i have performed a steady*state and d¡rnarnical
analysis c¡f an arunonía p}-axrt.. Same of tire ccncepfs of stability f,or
såmple reãctûrs have been transferred to the big p3.ant and they have
been proven t.ô be useful. l'he reactiair takång place is exoÈherntåc,
and therefore several- operat'inE poånts can appear. À, simple control
scheme has beer¡ used. for disturþance st.abilåzation.

Dynamical optlmizaÈiÕn j.s much l-esç used because the problenr Ís se
difficult to solve. For stirred, t"ank reactors or lumped parameter.
approximat,ions of tubuLar reacirrsr,-rptåmal- control .theory has been
appJ-ied, but to a very Limited extent" Most.Iir tfre appl"ications are
simulalion studles. The author is nüt. aware of ane single f¡:11 scaLe

.¿



r
4l- ,

äppLåcation of dynaniicaå op+-imal cont.rsl thecìry to cheniical reacÈors.
There ê,re several reasons, nöt only tir,s.t cptiriral contro] shcluld be
d'iffj-c¡'rlt t¿¡ ha:rdie. fi:e kj-netåc be?lavåoi:.r as v¡eLl as cther dynanical.
features of the rëact,Õrs are <¡fte:r poorl-y knovrn" These facts ãre a-

reai cha3-1"errge ro Ì:oth mod.elinE anc cc¡:àror pe*ple.
Àåre¡: et al- {i-9?1} have reported a digåta1 comput,er contror applica-
cåon *f a batch reactÕr, used far the ¡:rodactåon of unsaturated. po-
J"yeste:: resj-ns" fi:e objectåve of the c$neïûL s3rstem is tCI maj"ntain
usli"f c¡r:n temperat.ure arrd pressure e.nd t* i-mprove unåf*rmily. Thie
reactor j"s ctnnectÊd ts a packed ccLurnn d-j-stil-j-a.L.ion col-umn ar¡d. a
varåable srurface 5:artial condenser, The contral strat.egåes äre fair*
ly simpie but apparentry successfur- for t.ire iiiirpûsê.

ån interes'tång numeråcal study of appSåed. og:t.ånal- control has been
performed by Mårtensson et al {ig?3}, T,he5, }:ave *o:tsåd.ered. the opt.i_
ma1 sontrot of, a batch acj-d. su)-p,håLe dågest*r. The:nain cont:råbut.ion
of thfs papêr j-s.thac ùhl-s is the first tåme eher: numeråca3 optimå-
zatfon nretirods har¡e been applied ts suc!: a cc::rpJ-e]å sys.t:Ê$¡, r*here
constraints are prescrfbed t* tï¡e state varåxhl_es, to the ånputs
and to the flnal $t.ate. þtoreûver, the c1.:ifferenlj-aå equa*1o:rs ðre
håghly ¡:onLånear and discontinr:ouls. Få".rÊ sÈat.e r¡aråa}:ïes and two ron-
trol variabLes descråbe Èhe Ilrûc*ss. 'l!:e og:L.åinaå cantror t.ask then
consÍsts of t!:e preibie:n t* recluee åågnån ronteì?à in Èhe ce1lulose
beLow a predetermj-n*d. l-evel å¡r sucl¡ e î{â3, t}rat, the heraåcellulose r€_duction ås månimåaed et the terminal t,ime¡ which is fixed å pråorí.

Javinsky et al {1P7û} lrave ap¡rri.ed o¿:tå:naL conÈrol theory to a jacket
coe¡Led cÐnt'ånuüus fåow st'årrec tank react*r wíth a homogeneÕus rå-
quici phase exot'hermic tryev*rsibi-e cher*Lcar react.lon. Tþre rêactåonis of the forrn & + F "+ c * Ð, rhe ept,J.mal conÈror problem !.s thefollovring; usf'ng the heat' transfer coeff åcíent bet¡¡eên , the reactåon
mJ'xt'ure and the coolant as the controL varlable, what is the cqrntrcl
Lav; which dråvee the reactor s¿st,em from tlie gitren ånlÈ,ial staèe toa specåfied fåna3 s¡ta*.e in måninrum Èånre"
årê consådered

I

lhree prêctåcat applåcatåons
l
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0 rëä.ctûr start*up
Õ changinE frarn cne stead.y sr.a.be tû anotþ;er

e reguJ"at.Íng specif iect f år:al_ ståtsì cc:idi,cåcns "

ê. pilot plant rÊactör has been co*parec ti) ai-rã.jüg stu.di€s.

KaLnran filterång has been usec both for state eståmatåon and pâra-
ri.'etsr estimation in Lank reactcrs by ?teäis {rg?1") and- seinfeld
{1969, 1"9?ûi "

7.3 fubular anå f ixed bed" reactcrs"
ln a sënse the då$tråbuted varåabl-e reactor nray be considered a Lo*
9ica3 *xtensåon elf ti:e stirred tank approach. St,ill the ¡nass and
h*at bal-ance equatåons have to be calculated., but, their form J.s Eet*
Èing more complex {:}iatr in the stirred, reactor case. The mass bal ance
equatåon for cach component is nos,¡ a diffusåon equation. The energl¡
bal"ance"s wiLt resuLt in partf.al- differentiaL equations of flrst order
ån *íme and s.pace- Cons*quenèJ.y the d.ynamical bet¡aviour ís getting
aore complex contpared to âhe t,ank Eeactcr case.
Fcr a fixed catalyrt reactôr there ä.re even mûre conrpl-icaèfons. fhrls
the basic dynarnåcaL behavåour ån a fixed. bed reactor can be d,escråbed
by the $&ss balanee equatåo*s for every cÕlapo¡nent and, energy ba3-ance
equatåons for the r-¡aLLr catalyËt and reactåon gâs. In additl_on to
these equations" tlre mechanåsrns that, d*termåne reactåon rates tend
to be rnuch more complex si.nce the presence of a solåd catallrst iJn-
plies ähat the reactÍon is heterogeneous. fhe mcìre' sophiståcat.eg mo-
Cels of those reactors t!¡erefore should. ån*lud.* ånter and. inÈra par*
t'lcle heat and' ¡nass transf er equatåons. The dyr:amfcs tt¡en .resr¡3ts
in coupled nonllnear partåal çf,ifferentåai ec¿uat.iens, To handl-e such
a.complex system for optånral contrr:l by a::y generatr- .Lechnåques ås
far beyond what has been app}ie* ån any fuål- seale pl-a.nt - ¿rîaj6r dy-
namLcal effects i"r¿ a tubular react.or resul.t. frcm tbe hågixåy non-
linear coupllng between the temperat.ure and ccmposåtåön dåstråbutions.
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To explaj-n hot spots in the tut¡e or "blclw-outs" or "blolr*d.owrisrl
linear anaiysis is seldonr fruåtful

Tf the axial- díffusion can be j.gnored, å.e. if the peclet nu¡nber.i-e
large en*ugh, then an ideal-ized plug flon'can be assr-¡med, Then the
reactor Équations ån steady-state are cornpleteS.y similar to the står-
red tank case if the spatiaS. varj-able is replaced by tine. It is pos-
sible to do some stead.y-st,ate analysi-s r¡ith ordinary differential
equation caLculus, This caLculus, however, does not shov¡, how ånsta_
bility evolves in tir:re for the f.ubular reactor.

There is â large nunrber of papers, articles and books about the theo-
ret'Ícal derivatåons of catalyst reactors of d.ifferent configurations.
Except' the previously mentioned books soÍne art.icles u¡ill be reported.

Itroiberg et al trg?r) have devel0ped d.ynamic models of a fixed, bed. cät-
alytic reactor as a result. of ldentification. The experíments were
using the platinum cataLyzed reaction l:etween hydrogen and oxygen be-
cause the coupling between the temperature and concentration of thÍs
reaction system is large. Frequeney analysås iCent,ffication was åpplied
and mea'surement's were made of the gas tenrperature anrd. concent.ratl-on
along the cent.re line of the caiaJ.yst bed.

rt is t¿eIlknôwn that partfal differentåaI equation descriptions are
not well suit,ed for control synthesis. Therefore itj is naturai to
look for approximatlons in terms of spat.iar d.åf ferences, rumped syË-
tems or some sort of stlrred rêåctor approximation of t.he Èubular
reactor' Michelsen et al {L9?3} have given an interesting cont.ribu-
tion ån thís contexÈ. rnstead of approximatíng the part,ial differen-
tial equation with straight forward spatial differences the method of
orthog'onal cotlocatiûn has been used, thus creatÍng ordinary diffe_
rentiaL equations in the sa called stat,e space form. The ner* ståte
variabl-es are then i+eiEht,ed sums of the states at certâin point.s of
the reactûr, those point,s beinl¡ calcuLaÈed out of a Legendre poLy-
nomial " rt is shotrn by numerlcal" examples that a plug f l-ow reac¡Õr
can be satisfactorJ.ly approximat,ed by only 6 or g points, which fs

l

I
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l:emarkable.

The Kem-Tek contribution by El Rifai et al ll'g74l is mainly devoted
to the opt.iraal design probì.ern of reactcrs, both lumped and distri*
buted. The dynamícs of gas-particle heat tranefer in both fluid. and
fixed beds is d.erived in t,erms of ordj-nary and partial Cj.fferential
equations respectiveiy. The models are then used to find optimâI
equipment sLze, temperature operâting conditions as wel"l as dura-
tj-on of each of the two actual règenerator cycles in two regenera-
tor models.

Ka1man filtering techniques have been applied. to simplified model-s

of tubular and packed. bed reactorsr âs in Gavalas et al (L969) 
'

.rofie et al l]:g7zr, McGrea\ry et al- (Lg72) and Vakil et al (19?2),

Generally the cont,rol purpose in tubular react,ors is to keep the re-
actor st.able. ConventLonal control is used. It is, however, v¡orth
nientioning' that the problem to keep the reactor stable rnight not be
tÍrore diffåcult. than in the tank reactor case. Some reactions may well
be even easier tCI controÌ in a dÍstributed. flow pattern than in a ves-
sel tike a stirred, Èank. The problem to dynarnically optimize is, hov¡-
ever' a ðifferent, guestJ.on. Xt is quite comrnon t.o pract,Lce a simllar
cc¡ntrol philosophy as in the distillatLon case. On top of the conven-
tional control there ls a steady-state or quasf- steady-state optimi-
zation. One example of thls type is found. in a fuLl scaLe methanol
plant. described þy Shah et al ü.9?û).

There arê several si-mutation studies of optimal dynamical control te-
ported in the Literature and a couple of examples wilL be given. Gould.
et aI- tI9?0) have investigated tl:e dynamic optimåzation of a simplåfied
¡nodeL of the fl"uid catalyt.lc cracki.ng process. A linearized versl-on
of the nonlínear control laws appeared to yåeld, a better result than
convgntional control. The plant and, study nas not. implemented. Ray
(Ig?Li has derive'd optimal control schemes -ft>r a tubular reactor ç¡ith
catalyst, decay, Still much r¡ork'renalns to do before the control laws
can be lmplernented on-line,
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8. AFPLICATITT\TS TO lç¿stst{ÀrER TtìE/tf i\1Etüî'

?he present chapter is ä sumrnary of a nore ccriiprehensive report
written b'y the author {û}-sson et..al. (1973) } . The r<lport contains
alnost 100 references. Here it is noi referrecl to any of those
refere¡rces but to standard bosks and to a fev¡ essenÈial articies
and recent pâpers"

8.1 I,:hy conlrol?
Wastev¡a.ter treaùment is quite a rlêh/ fietrd. for auto¡natic cont,rol
applicat'ions - t{ct untit recently ¡auch interest has been paid to
ti:e. problems of automat,ion and on*line contról-. lhere are severai
r:êasÕns for this, and Ëome facts may be cÕnsi-dered,.

The quality of the effluent v¡ater has to satlsfy quite st.rict regrl*
lat'i-ons bcaay. rn order ¿o keep the quarity at a smooth lever,
acvanced tecirniques årê necessary. The aperati-on of wastewater
t,reetyrent plants i-s get.ting rnore expensive, and if Ít, is possÍb,le
to save mÕnelr, controJ- equipnent is certainly of interest,

?hene a.re sígr:ifícant energy cost.s for pumps and compressÕrsr äs
well as for chemicals, and there are potent.ial possibilities to
sâ1¿e some of these costs by clever control methods. on the other
hand, ít ås diffÍcult to give sat.isfyinE ûveratl profit measures
for a waster'¡ater treatment planl¡ âs the outpuÈ prod,uct cannot be
sord, The value of improvemenÈs of r¿ater quality ls therefore
difficult. tt> estimate.

the developmenÈ of new instruments d¡¡ring'recent years is also
rnaklng automatic controi- of wastewater treatment p}ants meaning-
fur. Tn the conference proceedinEs, edited by Bennett, (rg?3)
there are se'¡eral discussions on problems in auÈomatir:n of waste-
l¡ater treatment plant.s.
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I "2 tr'trastewat,el: ccl:r}]Õsition "

contrary tc popuiar beiief, sÉwage is only slíghtly contaminated
'v'¡âter" rn fact, usual- ciamest.ic waste,b¡ater is gg.95? water. For
$ìost uses;, iro+ier,re::, the water must contain much l0wer leveJs of
covrtanrinants- Tirås shc'*s tilet, even if. ;*aste treatment technology
need only extract smal1 quant,ities of contanrinants from wast.er.¡a-
tero they must i:e reducecl to very l-ow level-s.

The

ter
are
This

dåversif]' Õf contaminãnts hâs alread,y been ¡nent.ioned. in chap_3. rn fact" the diversity is so great anc the cûncenLrations
so low that onry a few substances ex.i-st at a measurabre revel.
makes much of the instrumentation a rnajor problem.

']"he watêr quality, both for the i.nfluent and for the effluent v¡a-ter' can be characterized by a rarEe number of parameters. Therâost common ones are biochemical Õxygen demand, (BtÐ) o chemical
oxygen demand (coD), total phosphorus, nitroEen and. suspended so-lids contents ' rn addition there are severaJ. r*Õre relevant p*rê-meters, such as heavy metars, t,ra.ce orEanics, pestf-cides and.viruses,

The problem for t'he control engineer j-s tCI find the rnost relevantvariables to neas,refor control- purpûses. ïn a biologicar process
the control purpose should be to keep the biorogicaJ- activity ata cerfain lever sö as to maximize the orEanics consumpti.on, butbiological act.ivrty cannot be measured d.irectry, other physico *
chemical variabl-es have t'o be monitored instead. rr¡ a che¡nf ca1precipitatioix stage one would li.ke to opt.inrize the condition forflocculati-on, but there are ext,remely comprex condftions thatdetermåne the räte of flocculation, nor only the pH and the phos_phorus or phosphate contene

Ã' Trâjor probl-ern' is also to characterize the infLuent water in sucha wåy that proper control actiÕns can be t,aken according tc the
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h'rlLer ÕoËlpc$åticn. Even if the long term chârâcterization af the
wâ,stewäter ä.t. a cq:rtäån piani can be calcuiat.ed, i.t is elmost
iruposså]:}c t* get +;he mcrnenLary characterization of t.he o,raw ma-
ieriai " corring in for processing_

Ti"le l-itereture
st.udÍes.

revieÞ,' by Ghosh ifg?3) is referred to for further

8.3 Scme basi c features of :,çastewater treatrnent plants.
Ã wastev¡ater treatment piant consists cf a 3-arge number of coft_
plicated unll processes" liere tr¡¡o af thern -rv^ill be emphasized, viz.
the actàvated sludge process and the chemåcal precipåtation stage,
those units r.¿ill probabry be the most åmportani: parts of waste_
water t¡eatment planÈs f,or a long t.åme.

& " 3 " 1* Ïhg 3crir{aleå g1i¡dge*påogeÍs-:-
'Ihis process is a bi-otogical pl:ocess,
developed to remove suspended. soJ-åds,
rnicroorganisms from the wastewater. À

rl'hich has been specificatly
biodeç'rad.ah¡le organics and
f åovr slreet ie shsr"¡n in Éig. 4.

rn t'he process a biological" osirf,atåon of soluble orga-nic.mäterial
by mtcroorganÍsms takes place. yhe microcrEanisms consume the
organics' thus producing celr mêss, carbsn dj-oxide and ,.,{ater.
This reaction takes place in the aeration basin. Air is bl$!.¡n
into the tank to keep the dåssalved ox]¡gen content oveï a ceclain
level in order to rnai-ntain rhe biological acttvrty,

Ïn t'he secondary sediment.ation tank È.he act.ive microorganisms are
separated from the flovr. Sonre cf t'he sett.led. naterial, which is
mainSy (}rga*ic materiaL, is recyc].ec to the aeraticn t.ank (ret.urn
act'i'¿at'*d si'udEe) in orcl.er to rnai-r:tain an adequate populaÈ.åori of
the rnicroorEiani-oms. The excess srudge is ¡:urnped to the sludge
treaÈment part' of the plant. That problem wiLL not be considered.
hete
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Far further studi*s of the process r3escriptj.on we refer to srme of
the books bi¡ F{etcatf et al {:-g?2), Eckenfelder {1966} or Cr.rlp
{ i.97f i . Tire Låttrr:ature re¡,,ieiv by Azad et al { lg?3) gives iüore
recent references -

ð-3"t i:hosphc rus rencval.
The essenti.al- remeival of phos¡:horus nust be real-izecl by chemical
p::ecåpitatian" Phosphorus fornis essentl-a1J-y insoluble preci¡rj.tat.es
"T¡ifh a nurnj:er r:f su!:stances. irågh rat.e of phcspirorus removai thus
can be obtained when the riçhl che:nåcais äre added in proper doses.
The i.rse af saits of al-uminunr and irsn or l"ime as che.micals is
domi-nating mai*J-y because of economical reã6üns.

Bot'h rnetal salÈ and åime precipåt,ation arë very complex reactions.
ït' is beyond th* scape af this paper to describe any d.etaiïs af
these ' Here we merely consicer ín vrllat vray the d*saçe cif chemicals
can be controiled. The pÏf LrasåcL), d.etermines which types of phos*
phates tha{: wilt be clonrinati"ng" Th* precåpi.Lation is strong}_y
dependent on the pH"

A contror law for chemåcal dosage shcutd öôã,segriânt.i-y at åeast be
based on f row rat,e and. pÍI ãìeä.surements. 'rirs phosphorus Õr phcs_
phate content, is aLso a most desirable ínfarmatíôn, but. that.
inf<¡rmati<¡n is not enough either, lhiere arê a Lot af other factors
decisive for the chemLcai closege , ã.fid. the averagiâ dosage therefeire
has tc þe determi¡:ed experimentalJ-y for each pT.ant.,with its special
i+aster¡¡ater contpos ition "

Bh'e chemåcal"s ean be added ån dåfferent parts of a wasteïatas treat*
ment pLar¡t., å8 å}l.usÈraesd by flg. s, rn s¡redieh plants post,-
precåpftatåor: iç *olwrcst {8t*&5* *f the cherrical ptrante} but dårectu
el*nr¡åfaneÕus ör xlre-glre*åpf tatLon ås aleo possibtr_e to use.

Tlrere å* a vast iåterat';rê &tr eheml"caå precl-pltation. tee us hersjusb ment,å#n tår* bçckÊ by !{eber lLgTZ} and Culp {f97f } and t"hþ.
L-åt,erature r*våsrs by üchen el al (åg?3], gûÍìe Swedish experiences
are reprrt*d ln U]"rngren {lg?3i,
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8.4 T:ypi.cai disturbances Õn the processes.
fhe ¡:rost. interestinç dås,turbances are related tc the influent,
ej-ther'i:o the fJ-oiç rat.e ûr to the cor.rposJ-tj-on. In contrast to feec
dåst'rrrbances in chemical prccesses these disturb'ances are really
sígnif åcant bq:th i n ter¡ns of f lcvr rã.te and concentrations. The
diurnal- variations sf the iafl-uent fioç¡ might be 3û-50 3 of. 'uire

averðge .f loç¡ for a big plant with a large system of seþrers " For
another type of plants thre possåbl-e variations may well be 5-10
times the âverä.ge flot*. Consequently, the disturbances are of
major interest, and the dy*anåca} behaviaur Ís of much greater im*
portance than in raany chemical processës" Tn the design of new

plants, few attenrpts are mad.e t,c take thes* varåaticns into
considerat.åon. Farallel basins, tubes and pumps, hov¡ever, rnay Ì:e
år¡stalled. The plant is maånly desågned. rÕ û¡:çjrate at. a steady
state f low, but, such a stead.y seã.t€ f row d-oes nËver afcur. lhat,
fact explains vrhy so many r'¡asÈe\dater treatm*nà pJ-ants âîe ÕpÉr-
atång poorly"

I{ot onSy the predíctabl-e dÍurnai varåatåe¡rs har¡e ts} be cönsíd.ered,
Sudden chock l-oads of åndr:strial waste raigirÈ. **nter the prccesË.
A raLn storm cân cause a rapid increase of the ånf tuent. f l-*t¡ rã.te,
vrhåle at ùhe sarfte time àhe concentretåc¡ns &r* goånE cown, Ã
decrease ån concen*,rat,lon ås not elesirab,Le, because the båoïcqåca3-
å,ctivlty miEht. be di.mfnished due to tcc låttte fCI*d for Èhe rnåcrc-
organåsms, and consequentS.y the rernoval *f organåcs is g'eÈting
poor 

"

Íülrer¡ the fLour rate chanEes the sedårnentation prûperties also
vary urith tånie¡ &s the hydrauLic tårne cqrnstant,s of the basins
depend o:r the f Lo'* rate,

Changes in pll ç¡å1L dårectl-y affect the chemtcal precipitatfon,
axtd the cÏremicaL dosaEe ¡ßtlst. be properS.y adjusted. Ðåsturbances
ån ph*sphcrus sonâent or other corng:asition variables of ccurse
al-so infl"uence the chemical precipitation"
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*epending ûn t:he a.mplituC,e ûf Lhe disturbances, dif ferent
types cf actic':is d.re needed"Linear, convent.ionar control
scheri:es rnå.y rJf ren be suf f i.cient. fcr small disturbances. For
larg;i: ampiirr:des, hûTr'e\¡ero the v¡hcle dynamical behaviour of
rhe i:rccess i-s affecied, and. nuch filcre reiined techniques are
req::ir:ed tc hanCie such a situaticn adequate.Ty.

*"5 Controi- va ri"al¡Les 
"

F' v¿astei.¡ater Creatmêiit piant. is a higiriy compJ.ex s:¡steni l-ike $ãnyÕthe7: cl¡eniåcai prOcêsses" fherefo::e åt i-s nct, at alr_ clear whici:vn::i-ables to mani-pur-at.eo where to l_ocars tire ËËnsors an<i ç¡hichrvari-abråes tr mÉasure- rlere an atte,npt. is raad.e tô lis* s*me par.ä*meters " possible ts use aË conÈr*i vo.riabie.* 
"

In some planÈs it j-s possåhle
Tf the se'¿er is J_arge enough,
basår¡" lhus the influent fi-ow
peaks can be at.tenuated.,

to regu-]-ate the j.nf j-uent f lov¡ gåtes 
"Èt. can serve as an ecluaÌ izati*n

can be parlj-ai).y cûfttr:r;l"icd er¡d. tire

ïn any sedåmÊntat.j_on tank
the sludge on the bottom"
feire be consid.ered,.

åt is årnpcr*a*t Èc kn*,rr when to rêsrr.öl¡e
The sludge pumpànç r'yclåe should there_

For lhe actåvated slucge process the most. important cantrol vari-ables are the air brc¡ç¡er speed. infruencing the dissærved oxygen
cont.ent, and f-he f 1*** rate of the rei,r:rn activat^ed s]-udge. wåeh
t'hose twÕ "¡ariaï¡res both the bioroEical activity and the ratio
bet¡¡een substrate and råvång rnicroorganåsms can be controLled

It is ciear that
variable for t-he

t'he rat'e of chemicar- d.csage is the major cont-ror-
chemicaL precipitatiûn

J
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Sorne im¡;ort ant cor:tro-? l-ocps "

Tl:e unil prÕüêss*s âre vêr!' c*inpiex Ë1,..s*{Ìr!r.s" Corrside.::a.båe researci:lias been Þerfornecr an b,ici+gåcal ki::*ti-*s u:-ii-e¡: i:r"bc:.aio::.y c*nrli*tians, bui ver].- iittj.* is known ai:,:¡ut_ tire i:ir:icqåcal act:Lr¡ity i¡:ân activa.i;ei sludge process :in ä reai g¡.iant-.

tsef*re any compJ.ex m*1ti-r;ariabie cantrol
applied så:".rple reçul.aäion iiiu-si be t:j.*d.
of suitabl"e ccntr*I a.lgcritLrm is not i.he
Rather i., is mandator:y to g.et the proper
adequate locations for the inst,runrents,

nr apL.J-naJ- con.lral can be
eçt carefui-ly, T"he choj-ce
first niajor queslion"
instrument.atian and. the

Tire cont.rol- cf rli-ss,*l-,ved Ðxygen Ís of, great 
'ntersst. 

The blower
speed or mechanical aerator pü'v'¡er is used. to control the dissolved
oxygen åevel ím tl:e aerat.ûr:. This type of control has been suc_cesful-Ly insraål-ed in sorne prants. ?he most advanced applicat.ionås supposed to be the one ån palo Alto, CalåfornÍa¡ ãs neportedby sÈep*er et a3" {1g73j. The cost savings of such a roop can besågnifåcånt' because the oxygen crnt.ent, need not be hig¡rer than acertaån levet {1 2 ng/tl. Therefore pCIi,,rer can be saved. gt åscalcuiatecl j:hat. a Ttz savång cf the Fower costs is achieved in thePal"o Àl-to plant oue to the control.

rt iÊ alsc essenti-ar to mai-nrain a cert.aån ratåo betç¡een the
amcunts cf fcod and raicrocrganisms. ?he return actir"ated. sludgeflotr rate can be used for the coåtrc.! <¡f this variable. A.s thebJ-o1oçåcar acti-våty cannÕt be measured directry. åndirecê physåca_
chenrical- veriabl-es, Iåke t.urbid.ity, dissolr¡ed oxygen cûnt'ent ändrespiration, have to be measured ånstead

i



cont::ol of chen.lical precipitarion þrõ.s iaentioned in g.J.â. ïn mostplant"s today the chenicai dosage is nanuaå., and in scline fer,,a plantsit is made prcporbioner tÕ the infruenÈ frow rate or depending onp!l- rt ås inrportant to consider the pot,entia]-s of using a feecl_fon¡ard * feedback control sche:ne. ïncoming clåstulbances fronthe ånfLuent can be directiy fed to the closage conirol. EffluentquaS"ity variables cãn then be fed back t* :neint.ain a smcofirquality.

There are great pot.ential"s
sage control system.

to save å l"ot. of chemicals -,.¡iür a da_

ïn orsson et ai" {rg?3} some dyna:nical mod.els of the activatêd
slucge Frocess have been .revi-eç¡ed. These mcders may be r.rsed. forconÈrol systern synthesis. br¡t no ap¡:lícation of such a control
Lar'¡ has been made l'rit"herto. rn a. recent article Fan et ar. (:r.g73)
have made si-mul-at'åon stud.åes of ad.vanced control of an activated
sl"udge pröcess. The models presented in smith et a1 (rg7û) are
currentJ-y beång åinprcved at EpÃ. in USA.



F-

I " T'OFïtg i:'iilr. ,tiisE-ê.Rcii r¡; (:irEtircÂ.L pRûcEss coNTRoL

rn the survêl/ åt ilas i:ee¡r cleËonstrated that. advanced control theo--ry has been appiiei. tL- sü,'ê extent in chemicar- p*cesses" There
'-rer hov.'ever, rn¿ìny systems i+hicl-¡ ç¡ould be i-nterestinE controJ.objecls i"f ad*quate nethods r.tere at hand and if instrunents wereavailabl-e,

fhe p::ohlem af cont.rol systen stn:cture
tion af that problem r.¡ould be one *f the
for-r.¡ard.

ås i-mportant " The sol"u*
really essential steps

Ït is r*cognÍzed by some researchers isee Å.çLr*m et ql. {lg?f }that a practi-cai method of state and ¡:arameter estinatåon is cneof the keys tt prclgr€ss " There is a-ls* a cåear. Lre::d tü rê*examår:eand extend the classica.l_ metho,ls of f rec¡uenc3" analysås o r.¡hich åsreflec.ted in e,E. MacFarlane {lg?Z}.

ït i's nor true that the rinearr quadr*tj-* theery has sor_ved^ thestruct'ural prohSern of lånear sl¡sterfts, even if it is a ÊtÕse signj.*fåcant cÕntrib*tåon. The reaå prcbrem is *rÕre sriffåcu.åt thanthat,. The dist.illatirn process ås c,¡:æ exarnp]-e, url:ere it j.s notclear çihat tc, rreasure and. r+hat to manåpuLat.e.

ln ot'her processesr s"i¡cl-¡ äs t.å:e acrivated siudge sraE* in a wasre_htâter treatment plant'. there is aiso t.he pr*blem of ;*hicir variabLesbÕ measure " ?I*r* caR the state bast i:e characterized? þ,îl:ere shouLdthe c,xyçen and suspencred scååds :nonåt.ûr be påaced? shour-d. thepr*cess be a step-aerated. xl*c€ss or enê which¡ appioxi'rates pinsflov¡? ånd hslw dei ç¡e icr:o'r¡ if v¡e ère ïecëåving rëpresentative
samples of t'he strear:l? such are the queståons that need alrsw€rs,ancl åt' i-s the !:urden of neç¡ theories to invent ways both of ask..irrg an,rt ans;*ering ti:e quest..i ons.

?hc r{:pres€fltation of the process dynamlcs al0ne
anc rnu¡cl: ç*rk has been done in the identifåcation

is a major task,
field although
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nÛni-i'near ê'ncl distributed. systeins require nuch nore attenticn 
"Furlirernr-tlÎ€¡ the parani€ters ceternåned. by thêse id.en-uificatiÕn

methccs shc;ul-d pr:eferai:ly i:e of a physico chemical rrä.ture and*ct thc¡se pa::ar*eters resuliÍng fronr numerical transformaticns intocanonical structures-

?he adaptive conrrol of compJ-ex pröcesses is stillappriceti{::'rs and there is certainr-y a need fcr thisc*d ccnt::o,_, Some promis.i-ng approaches ¡reed ta i:efull--scale inc?,;st.ria.l prÕcesses,

å. nebJ fieid fo::
type of ad.vai-:*

tested r$ore i:r

rt is jmpcr-'i:ent to rook for more ei_a]:oratë,ì',ethÕds to formurate*bjecÈive functi'cns for process påirnts. Thi-s choåce is cruciar forcne suÊcess r:f *ptimal controi the,,ry, rL ås n*t cSear ç¡hichattrÍbr¡te of th¡e cont.rolled sys.teEì these åncttces shoul-d refrect..

The status of ånstrurnentatåon is rapi.diy åmprc*.ri;rg. For the nextfew years this d*veropment' r+ål-r hopefully coneinue, because threreis still a strong need to Eet relÍab3.e a*cï ser¡såtive cn-rineinstrument"s for severar. process variar:r"es. î,1åthout an adequaLeinst'rumentation even the m*st, advanced controi method wå'l fail.
Ïn a quite recent article Foss {13?3} crit,åsåzes chemicar proeesscontrol theory. T an' ready .Èo aEiree with this author- that. thegap between theory and practice +*oday has also tc be filå*d bythe thesret.icr-a¡¡s. Because of the complexi-ty of many chemåcalprocesses 

' the thecrS' Stíi.t racks sÕme essentÍal concept,s " suf_fåce ít ro say that rhe existing theory should be examined prac_tåua1ly ån thcse câËes "øi"rere åt, ås reLevant
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