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ABSTRACT 

This report summat·izes r~su l t.~; •:• f ~Ii.=: :.;, • ·;: • !· ·!:· · b~' 

Joint Systems Research Departmer1 t- ·::>f U1··· : nsti r.111 1»·1· ''.,rn-
trol ard Systems Engin·~ering in tho::: Ac~1d··i:r of t·iuiir:.· .;rnd 
Metallurgy. Cracow, Poland and ._~r tho:- l:,J!.lstr.i:1 Ui.:-J.i::::.ry 
Research Institute, Warsaw, Polar.d f·~·r th·: 
ttaster Plan for Deve ... opment of 1.he Chenical lndimt.ry in lran 
within the UNIDO Project DP/IRA/86/007. 

The activity at the Development Pr·::.~:·.:<'.tS ot t.hr=- .-'.Lo:cmi-
cal Industry (DPCI), the Ministry of I r;dustry in 'i . .=,h.,..,r:sn, 
began on June 7th. 198?, and terminated •"ll ,July, l·~th, 1~!87. 

The maJ r task of the JSRD missi<m in the 1n-oj ~ct for 
the Master Plan was implementation of -<t decL;ion support 
system (fful tiobjective Interactive Decisi .. n Aid ·· MIDA) and 
supply of a relevant methodology (MIDA me·.;.hodolony) for pro
gramming development of the chemical industry. Tl1is was done 
by installation of the computer system uhich w:1s ftrnGtion
ally modified for specific requii·em·~nts c• f the u:;er {Ml DA 
UNl) and by thrP.e case studies worked 01.tt for representative 
technological networks called Pr·:)duction ""!Jstribut f:ln AreL'l·"' 
- PDA. Two of the PDA we1·e select.ed for t.he org:::: ic .~h·=·mis
try (one called Petrocomplex • the othe!" ;:al led High T·:.nriage 
Organics - HTO) ar.d the third PDA eomprir;ed sel•··~ted plants 
of the inorganic chemistry. The transfer of kHow-how was 
performed both by let::tures and se!llinars as we1. as b~· •>:.n
sul tations and training ( "learni11t5 by d.:d :1g") on~an i z.-~d f·>r 
DPCI personJ'lel and invited quest::;. 

Following the output of the m.ir;sion i. t is :·,.:,:!onnnr::ri..led 
to continue the work done by appli1:.::1t,i"11 of ~'.D:'\ t.:,. t.:1'.:1' 
branches of the chemical industry. 'f.:. fulfjll r.iie:3. t.i:;l ·.:: 
continuous improvement, of kn.)wledg·~ of t.h.-< sy.::~ • ·r ... : :·i. , ;..; ..i :c; 

methods (especially m.:1 1.hematical m·~··l.::lU111; :rnd iri.,:,r i ,·,:-· 

gramming techniqu•:-!:i) as well .:1:-: .:·f .:»:.mput··1· .:;k i: !:; ·1rt.: 
indispensible. 
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I. INTRODUCTION 

The activity and c·utput of the mL:t;h .1 of ~l·: ir< t Sys t--"n1s 
Research Department of the Ins ti tutB for ( (•ntrol ::rnd Sy::: t ems 
Engineering in the Academy of Mining and M·:,tallurgy, C1-.'.Jc•.)W, 
Poland and of the Industrial Chemistry f•-.·:search Ins ti t11tt, 
Warsaw. Poland contracted within the l/NJI·o Frc· .. 'c.~ct 
DP/ IRA! 86/ 007 is a contribution t.o the 
Master Plan for DevelopmeJ\t of the Chemical Industry in Iran. 

The mission took place at the Development Ftoj~cts of 
the Chemical Industry (DPCI) which is a counterpart organi
zation related to the Ministry of Industry in Teheran. It 
began on June 7th, 1987, and terminated on July, 18th, 1987. 
According to the schedule assumed, two team members, namely 
Prof. H.Gorecki (senior scientific advisor of JSRD) and Mr. 
J.Wojtania (senior industrial advisor) left earlier after 
completion of their mission three and four weeks correspond
ingly. 

The report on the project outputs in organized ir- ;he 
following way: 

all 

a concise presentation of the method.:·logy 
introduces key ideas and terminology 
further chapters is given in Secti0n II 
se...:tion), 

ai:pl i..=,d ~l:at 

:.l:::·~d ii. the 
( i' rr;: 1 i m ! 1 i .:• ry 

major activities performed wit.hill the pr .. •.i•::•::t with 
references to corn::sponding pir;.-:~.;:::; .:.f th1:; dc 0:.-un1t'.·nV1t.i.:.n 
are reported in S·.::ction Ill; thi:_; •.~r:·niprises -'"In •.:•venrjew 
of the scope of the work and it:,:=; p::11· t.icula r .::-.:.mp• .1v::ri ts 
as education and training, i:r.plement.·1 tion of th•: MlDA
UNl system, inst.al latl • .)n of chcmica 1 Lachnol .)gh,s data
base (SRI profiles) and desc1·ipti0n of the ~~~e studies 
concerning three selected branches of th~ ~hemical 
industry (this part together with :3•7·..::tion:3 l V <:ind V 
constitute a body of the rep0rt), 

performance and technical pro?erties of th(~· ·~ompu ter 
equipment on "hich MIDA-UNl system is inRtalled in DPCI 
are assesed, and t.h~ir implication::: f,_H. the p1esent .:ind 
future implementation of tho system are de3crih~d in 
Section IV, 

the list of the documentation d•3liven~d to l:Pr'.! w!th '-' 
brief description of the c;.)n ten L;;; of C•:•n;:;("!'it ! ve 
volumes is put to Section V, 

fin al conclusionB and 1·eco1T;m".m.J; ... t Jt,n; ·. arf~ in·~~ I 11.f,· .. ! ; r t.o) 

Section 6. 

The report ·s 
the results 

th•.~r~fore cc.)n,:·.t. r•I·'. t .• ·!.-i 
of the .JSRfl mi:::~ L• . .11 

:.:-. a r• f··r··--n•". r .. o 
. ' 11 •.:I a r:: : · u o.'11 i t. i : : a 
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guid8 thr.·Ufh th~ m~terial ~oncerning MIDA-UNl installation 
an! 1~~li~:ti0n for the project. This material has been 
d·~O:i·:·:t··.:.J i- 11 !"~~ ·11.J i:=: a..-ailable upon request. le falls 
int.•: ::h·~ f . .)11,~.w~:-~ ·.r.~·i'.lID<.:::5: 

l. 1;,,j.·J.-. t. Pl"og~-.~,mming Llevelopment .:·f the Chemical lndus
.ry. 

2. HID~ Ufl. M~Jti0bj~~tive Interactive Decision 
'.ls-=:r· :=;Manual. 

3. MIDA-JNI, Com~ut~r Syst~m. Installation Manual. 

Aid. 

-I. [1. t-; i:· :.:='i' f.:;r ~'.Ii! Techn·~· lvgical Profiles, User· s Manual. 

5. A;:-pli.-.3tion .:-1' MIDA to High Tonnage Organics (HTO) PDA 
1nJ [n(rgani~s (INO) PDA Cases. 

:lore•."Vt:".r, according to the briefing document being an 
in~egr~l part of the terms of reference, the following docu
ment~ were referen~es for the mission: 

a) ;~·•nt.ract NO. :H/9, 

b) Terms 0f Reference of May 1987. including the briefing 
note of the backstopping officer J.A. Kopy~owski, 

c) fnt".:t·mediat~ report of consultant 11-51, 

d) ,.ir1·,.1 report ·~·f consultant 11-52. 

eJ ~hemic~l origin and market-SRI, 

g) Working pap 1:1· on UNIDO Technical Assistance 
"Integrated Chemical Industry Development". 

to 

Followlng the outputs of the project, it is recom~ended 
to continue the work done by application of MIDA to enhance 
the scope of the analysis both by introducing new branches 
of the indu3try into the analysis as well as by defining new 
sc··n.'H"i•)S r-3levant to ::hanging conditions and goals of the 
dr:·'··i··pme11t. AB the iirst ~tep, the results of work on the 
tw · ·:1~.;, ~; t ..idi·~s ( HTO and INO) . perhaps with some further 
ev '; .: , t i•m :tnd ref in~mcnt, shouJ.c! become an integral part of 
th·: :r.:.r') t.--.:1· PJ.i:\n. It j s also suggested that DPCI would work 
<Alt. .:oun t t·y-spe1::i f ic methodological pr.oceduree to integrate 
lilDA typ.;, ·.>f the analysis id th methods used by the Govern
m1;ra t of t.h; Islamic fl,3p1 hlic of Irc.n. This can also include 
ti•: J •:•.! :,ed I.INC DO me t.h1.)cfa t\.>A. t.:valuation of industrial pro-

' 



' 

... 

• 

- 6 -

II. METHODOLOGY 

To accomplish the major task6 of ~h~ prcject, the C)m
puter Decision Support Syste111 (DSS) 1-·all.~d Hll.": VNJ: l-;ul
tiobjectlve Interactive Decisio11 Aid w.3.:. impl-=-m·.::·nt~c.i ::;nd 
installed in DPCI office. The system is d~vised t-o suJ,;p-.Tt 
decision makers who deal with the analysi.:; for ~·ntel.~l"."!tcd 
Development Programmi11g of various branch-:-s c:>f the ~hr:·nii.::al 
industry. MIDA-UNl can guice and assi~t the dec:icion maker 
in the following steps of ~he analysis: 

* characterizing strategies of tr'"·chnol.--& ical .:l ,v._ l or· men t, 

* specifying goals of development, 

* determining impacts of development strategi03 (in terms 
of resources and indicators assumed for the )nalyeis), 

* indicating strategies best suited to the go~l~. 

To support the analysis, the system jg integrating the 
information to analyz~ alternative G tra t.~gies. Ther(· f0re 
~he system incorporates a data bas-:: that or~anize:5 an. I .:: t .. ~·r·es 
all information necessary for Integrated Devel :)rm.::n I. r·r-·:•
gramming (as it is des.::ribed in the (;ui .. :e to F"rogr."'in}rr.;ng 
Development of the Chemical l11dustry .:ird Horkir •.• =; Paper .. m 
UNIDO Technical Assist::mce to I11tegratc~d C!Jemic·:J Indu.:-: .. ry 
Development••). 

Tn order to deal ·~ffectively wi t..h :_:;;1. ·h a ·~c•r.l;> ! •-~x J)r~,·°lt.>-
lem area, a disciplined system C"1ppro.:1·.·i• haz iJ · n ap1~ l i.·-·•J 
~.hat combini: s comprehensive id en ti f ic:H.ioi. of th•:: ',:;,~hr,oL;g -
ical and economic reality with to•)l::; and rdleva!I t m.:-:tL: .. ·t·'.· l -
ogy based on mathemati•::-:ll programming t-:>·:l•niquc-.: anj ~.· --,
puter DSS. 

The MIDA appr·)ach to the problr:,m u3.·,;·: ·' con :ept ·:· f ,, 
PDA - ProductioJJ 1Jist1·ibutioJJ Are.1 ner~wr_,rk .:rn a m·)deJ .:·f t.he 
inflows and outflows of the basic reRourc.=,,; invo l 1t:d in pr•)
duction, distribution and development. pr·~"''~sses. This m<-.tiel 
of the chemical indcstry provides the planner ar1l d~cleion 
maker with basic information on t.hf" industry in term;:; of 
products, intermediate produ~ts, r~w ma~~rials, pr0ductJon 
levels and capacitle6, prices, f•-.rt:ign ~xd1ange. inv~:':t.1Jwnt 
required for the new plants etc. 

The deco:npositi•>n of the whole ind1Hjtria.l str·u.:-t.•He 
into PDAs (tightly connected industrial 11••twork1:; l if: ll•!·~·:c
sary for efficient analysis of larg.-,. scale proc:u.~t.hH1 :~yc.
tems. Each PDA rr.odel transform& a tt;clu-..:.J,)gJ.::!a.l :.tn~1 m: .. rk·:t 
conditions into economic in<Hcat.?r::: :)nd criteria :,h.:1t ···ril11· 

ate whole industrial structures or th•..:.l.r· 1.:•dected ·X•mpc·r.·..::·1t.e 
(technologies) being r:~ons idered fr,r d·:-•11;~ l•)pr.1·~11 t.. 'iii·:· 
evaluation process cc>vers bot.h p1·.- . .-.:.=::·:f; i 11,,~ ;.1nd di:: tr· i l · 1 • i. ·11 



of ch~mi.~.·d:-~. ilnly b:· j .. int .analysis of these two factors 
.-m~ ·~an l1th.k1·~~ak.:; :1ri ."lppn:·a..:h <.•f the integrated devE:lopment 
progt·amming. 

r:y in._;,or·1·nr."lt. in·~ LL·· :.t:•:hn•:>logical knowledge into the 
PDA m- .,;,_,..1 (:;; l. Ml D:\ m1·,th0d.-.1,Jgy fill:~ the gap between the 
.;orp~·r.:' t .• -. · ._,: .... i maGr1..·· <:: 0:- 1.:-nnmy levels. lllll ike the both levels 
of the .:rn.:i l~·:;is. i his ori.;; p . .,.rtic••larly takes into account 
th~ t.e.-:-hnc-lo.; _ ~al C•.>t. r.o::-x t of the develo1·1nent and therefore 
iL i.: h~lrt"t.1 in .:·m;dy:..:L:; of long-laf:t.ing consequences of 
tit .. ~ ·· ·-L ~l,-· i :_- --~ 1~h·.) i·--~ -_ 

: .. h.:; fl.• ·...;t of -~h~:1111 cal::: into and out, of other 
iad11sf 1·ic;> r•:r!·.,~·:·ntiug the marketing or 

·'-' 1,ivit:: .,f th.~ l'PA. 

areas or 
business 

:.r: .. fJ.: . ., ,,f i11v· ;-:t.m.-;n~.. revenue ;,nd other resources 
:;i:·'i1 .:1:::: ··nen~Y. m:.n~'·:>we1· etc, 

, .. -.-.n .. r;;i.· 0 :ondir:._•n:~ oft.he PDA activity such as prices, 
t.'lxr::~; .~;"' otht:r P· ,1 icy measures. 

·.-t,.=, r-·r !'- r•• ·del pr·· •V idc:.> a basis for formulating decision 
proh i ··n1:': ':. ·!.· ·~·rned "i t.h tho:: c~,nei-,;.., ti on ~>f efficient develop
ment .• J l t•rn.;' /e.~ for· .3 Production- Oistributi.>n Area A 
'l.:trir:-• :: rjf .3ll.ernativ•.·:.> l.o be .analysed comes as an effect of 
P•>S8 i b1 ·· :::;:l .: .. f tu ti._m :u.ong rr.iw materials, production goals 
r..n.1 r~~cilri'.' i'°''~_; .:::; . 

Thi;.:; k·::;- ·:eat111· .. , •)f tlw chemical industry opens way to 
s·~l~·-·' i·•il •)f the l f'•).Juct.iou structure best suited to the 
i::xi.st intr eon.: I raint~> :rn.J P<»;;:;--:ibilities. This is done by 
f•"'.'rmulat.1._.u obj1_-1..:ti'i•·:=: tpr~ferences) and constraints 
( limi 1.:-itic111s .-.;~ th~ de'lt'::lopment) construct.ed within the 
frame~0rk of the ruudel and structured into a so called 
deveL1pm1:mt U1tJsis (;_·~sumptionE for the development pro
gi.·.';lm). 

:...:tartin•r with t.i1·~ devc:lopme11t thesis HIDA supports 
analy.:i3 of in11•acts :.-.r.h 0n t,f!Chnological and economic side. 
Partl-·'.1hr;y, J'or a::.:.:11m1.:d 0bj.-.!ctive(s) arid constraints, the 
syst€rn1 6-::n~~n tes th<-· m._,:;t '3}fficient (optimal) technological 
stt·u.·1.0:1··~ ..:_.f .< PDA. I'. me.:rnG that it Gelects a coherent 
net.W·".lr·k of •~:chnol·)1_tio~; that best suit the assumed condi
ti.;.n:..: .:1;1 I Ll1··r 1.:f•:.re <ir;:-:11r~ int,egr;~ted development of the 
lnd1.i;:1;; 1.>:•:!::j.ler·.::d wit.hit¥ th•- PDA. 

Mr ll \ .!ti i :1 Uow:: r. •I' i.t.-. i u1r, an.<i I y1.>i1~ for i:1 set of deci
........ 1·i 1 .. ··ri; that. :in: ro:·1n··~sentat.ive flH. development pro
g1« .. 1mn1i11>( .~ind .... :.le.:!t1: 0 I l1y th•.: decision maker cis the best one 
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for the case jn question. Th•': us . .:r ,·.:.1. 11st- .:·ith•:r •. ir:gle 
linear criteria (e.g. net profit;. fr::te~J.1 •. :il crit.·ri;<t t.L.3t. 
are ttle efficiency mt-asures (e.g. simpJ.-- rate ( f ro:>-~;u-;: ,)n 
capital) or combinatior, of criteria ap1·l '•"'J si:r u -~ t:.:tn•.:-- ·•:~:ly 
(wultiobjective optimization). 

The PDA model is (.lesign~d t•:· b•.: -:lP! i: .. J int•.·ra•.:.-t-i·:·:·.Ly. 
Each ::-un of the model yields quid.an.=··~ :'._:· n•:-w ·~-:ct.'t d·.:··.·.·-: .. p
ment and new issues to address by expa:id i1g (or c in in i::-:!i ::1g) 
the structure of the modi?!. Th11s, t 1-.~ lil•.)d•:·l. i_:·r.:,..ri-!-~-~ a 
framework to effectiv.:ly answer 'what. i~~·· ::iuest.icn::-- ·:·.:·n···.:!·n
ing development strategies. In this sen::-:e-. the u::0o:-i- 1·er-:· !·ms 
the analysis by doing simulatio1J expei-i:11:•r; ts with the n:· -·1~1 
by means of the comput~r system. 

MIDA-UNl computer system is a tool d.- vised to tiUpJ.)(•rt 
the user with computer programs to ap~ly the developm.::nt 
programming method called MIDA methodology. 

The system has been designed as a menu-drii.·en, screen 
oriented and usez·-frielldly DSS. Cons.;quently, it means that 
everybody who operates the system is guided with a hierarch
ically organized collection of mew1s t.ha t (•)ntai n aJ l f•inc
tiona! options that the system offers. Th~refore no •lir0ct 
calls to the computer operating system are requir~a and the 
software incorporated to the system is transpar~nt t0 the 
user. 

It means that no computer knowl0Jg~ iG nece~s~ry ~~r an 
appropriate use of the system, oxcept the system inst~IJ~
tion. 



- 9- -

111 _ JSIW ACTIVITY IN TllK PROJECT ARKA 

Th•c! c.:mt r·acted ~ ... rk C•)v .. ~red all the project targets. 
namely: 

1) lmplem~n t.ation .·.f the software system defined in the 
terms ~f referenc~ and the contract CMIDA-UNl version 
•:•f Mli'A computer sy::<t.em}. 

2) C0mput.~t implem~ntati0n and analysis of three selected 
t..::·~hw:: lcgical ·:.et.works or PDAs to assess industrial 
,J.;•-1.-:::l,_:.pn ent alt .. ~rr.ati ves that sati zfy the desired pro
Ju !tion goal~ with an efficient consumption and 
.:1pprorri-:;te alJ·)G.:1ti0n of critical resources such as 
i1ov~..;t.;:n•nt, eu·:-rgy and manpower, 

3) f>..;.:ig11 ~·ud imp.L·.m~:ntat.iun of database for SRI techno
J._·.-~i·~-31 profi ;.::;.:; (.:1::; acquired froPJ Process Economics 
F"t-)gram •)f SHI, HHJG, and other issues). 

-i) Tr-a in.in~; and t,.-::1.t hing of the counterpart staff on sem
lr .. :u·~~ ::111..t dur in.~ "learning by doing'" exercises. 

D.:.-f • .:it··· -,;1e com1•1_1ter equipment was sent and installed in 
the Iif·1~1 ._,_' E.i.ce, 1 t, had been thoroughly tested by the JSRD 
~:pe.::i.:d i::;t.;;· .. 3t th•: ::a1pplier"s prt~r.iises. As cer:tain 
.Jisc1-~·1-·aw.:: 7 o:;;; betw···:n the purchase o:::der and p::irameters of 
th.;: r1.:u·.~..;ar·.:: :md s.:•:'tware delivered oct!·-rred (''Report on the 
testira.'$ ;:>J the ;:•·mputer system". DP/IRA. 36/007/41-00), a 
~~u.:1•l-~a1ent~.-.i·-.r deliv·:t"Y was d(•ne. At DPCI ~he computer system 
w-as i11s V:1 l l·;J by .J:3RD t..ea:n that comprised all the work 
nec·~:.;.:::1 ry 1 .• :• make r .. 1e ·>.)mpu tt'!rs opr;rational in the network 
•X·nL:~t;r.3t.·,,l befcq·.; t.110::: MIDA-UNl :J~•stem could be i;aple
ment·:d. It, w L:: nec.;;.;.;.:iry l>•3•.:ause of a lack of technical ser
vic•'; pr·.•V id :!d by th•:: supplier while f1PCI personnel i .. not 
qualir"ied t.0 deal with :>Ul~h a task. 

The s·~ l ::ct,ion .)f the technological profiles to be 
analysed wa3 a re~ult of the joint work of bot) teams. The 
know.!.~dge nf the Dl'C:l personnel concerning chemical techno
logie:·; and their inventive attitude towards the problems 
connected with devel•)pment. are to be highly appreciated. 
Thi::: ·~reated a v·~ry eood atmrsphere for the collaboration 
and L; opeliing hopt0:ful prospects for the future application 
•)f I h·::> me thr:· .i and U1~ ...:ompu' •:: L. too le. 

Ja 1>.:11·.dlel tl• thr: preparatory work for the analysis, a 
num\,._. t' ,.,f l •:-•:: tur•:::·: .:md ;:;r;;mi nars were given to the DPCI per
c:onri·: I ;-ind 'r.vitec! .:p·:·~ialh:tc. 'l'hey were mainly focused on 
thr.: m•::Lh•)i.L·L·eY t,o L".~ appli•:d bu:~ also were intended to give 
f.I m,_•r·~ i.r••:-t· 1 vh:w ••Tl tht:': mnthematical programming iDethocie 
with . :mph·1:;; is on J i r1>.~a r· programming and multi objective 
._.pl.;;;, i .;~· t.j' ·~ . 

I 

' I 
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The two case studies assumed in th~ fram~w~?~ ~h~ 
contract were enhanced by a third ·~·n.:· that. :..·a~. pr·-_:,;•::r,._-..• _.,,. a 
preliminary example cal led ··PetrOG•)mpl-::;.: PDA c::~:, ::-: ' · 1 

The Petrocomplex PDA comprised 43 to::-.~hr11.:ilc·gi-=·; ?" • in 
ethylene, propylenei and ben::er:e ;_,::; L.:t~' ic fe:: :.-·' .:.·. . .\ 
series of experiments was perform~d ; .... ~·~·~ r-! i ag tc. :, ;-. :-. . , .: .: r.:: 
that illustrate.-; basic steps of analy~""i.· t•·i" ·!-i:el··r~ Ht 
taking into .=tccount specific G·•ndi -i<"·i!:..: ,)f Ir.,, d:;:t ~·e' 1·.)

ch~mical indust.~y. Some simplific.~t.i•)ll:.:: ·-!-.·!·e i:lf •:ti·.·r:.::ily 
introduced in order t.::1 maintain edn-.:-.-:tt.i·:-.1···~ ·~l:ar·_,_-~--~· · ·· !ht 

case. The procedure prvl.}osed. h0t-:evt:"'r. it-: :··:--~i:·mm(·: '.· ·:i t_ •• :-: 

applied to other C=iSes of organic ch~mi ~ ·-: l .!.nc:tu 5 t. ··:.-, ~-: .. ..: .;:s 
such the analysis was in".!orporat•=d tr· th.=, Guide · ·. · !'r, .. ,. !·.::im
ming Development of the Chemical Jn,"f11strr which -,;:,;: pn:r ··r-::d 
by J5RD and delivered to DPCI fo.:.r th~ pr,1ject ~r. pier.;··.• a.
tion. As a result, DPCI was provided 110t ·X1ly -..;i; L .~r. ,..:,ju
cational case study, but also with a ·1:5eful oper.;,t ~on:,:: f"DA 
model which can be used in the future work i . t l .-::: f·i:1s ~-er 
Plan. 

The two major cas~ studi.:;s cr-.mprisEd ·'•<•al y£ i "': ,-!,· <> f.;.r 
the so-called High Tonnage Organ i es PfJA ( H'>:) an : l: n :,r, 1 ,:~:::.: 

PDA (INO). In the first one, a netw;_,r_t~ ;"n~:is~:r .. i::: .-.f :-t7 
installatior.s was ass..::mbled and an::dyL;.::.-.i, •:of ••hi .-l. ::· i -,: ts 
are actually in operatL)n and somo:::: :"t·~ ",ir:r.·.::nd.::d :.;,; i· •ho:: 
majority can be foreseen for implt:men t.::i ~ j ·'.'In. T., ;:::mt. ,_. f 
chamicals and other me-.jja used for t.h.:: Fl"·-·.!ucti•;.; ,., .-:.,h 1_:t, 

220. Tne basic source information f.-... n.:.~ ; 1.',nt .· .·: s 
derived from SRI Intern-:itional PEP Yea rt.~ .. ·<-. 19.::o. ! ·:· • 

big number of technol<. .. gies tak·~n f·:-?· ;\ i:•r· !i.min.:11·:-· .:.;J,.-r_!.n 
according to the ast.>um•)d wi·ft:, n1ng•:: ·~·f !'i:,;_:.tl r-. d11·"::. a 
major effort was invr.::::; t~J in th,.: :·1::;;~~:·r1;! I i :11~ ,·. f r :1· :·1i;. 11·. t. -

work together with appr.)priate ev:d11.:1t.ii:,11 .f ,_,,~,_., •r.' · ... ;, 1 ! 
tions of the developm.~nt. Beca1.1,:;·~ ,_-,f I.ti·· J;11·1<i:- _:;~;., •• f >:.·· 
tightly connected n~t,w:.:irk, t.!1·~ gt.'l1•:,.-.,1t.i :1 ·~·f .i;i..:;:t-;.r 
development al ternati v.~:; ar.d th·~ i r ~:-r·•::" i. · · ::nd c 1:: :·..tl~·,,, i •;. 
evaluation were perform-::d oujng tn .t.he bj1'';ly .;,ffi··if-nt :rid 
multifunctional 1'11DA-UN1 romp11t.·::r l:;;.::· . .-n •. Th o.1J-: .. ;, ::•.: 
study ;.us de~cribed in the separ-eit.i:: .... ,-.Ji:·,i· :::;._·.::.: '..: '-'' .. :m-:: 
on HT(1 ~""Ind INO PDA Ca:::;e Studi~:'. 

The second case, :1lt.'1ough uf :1 sm:1t j •. ,. ;:;1.: t"·c:•;11i 1··.:d 
an extensive prepara t•)ry ~ork he·~·"'!•l:·:.c~ ,·. r' ; h•· 11n i 1::.· ,·l, .. r
ter of the technolo,!ir~:·'ll Pt")filt::::. /,JJ I.;;· p::-11"' . t._·r·:=· ! ,·1 
to be revised :'lnd r·::::!alc•.llat•,d. if 111:·.~ · ~:·.'1r)". 11. .·t·d·· r · ... 
meet the standard ,-,f input data f,_.r MTf•,\ .'Nl ;:;_;::: • .::·:... i1w 

production system inr:!l1ding 63 pt· ... : .. ·;::::·.:;.: ,. ::; .-:-in ~ · .l ril'"; t .-. ; J ·,. 
ti'"'ns was put toget.her :ind inV•.1fltiw·tf .. .;:d ( .; ... 11t ::•IJ <'h•;:n11 .. _,Jf; 
and other media wer~ of conc·~r-11). 'I't1·· 1.,l;•"1·j1't.1 .. , ... J p .... 
Btudy is also enclosed :;:~p.:1r~t.~ly (f;•~··: th·· vr:ilum··· ··n ii.,. .. · :;nd 
JNO PDA Case Studies). In both ·.~:;1:·:•·:·: ;1 Ii ~he i.1.)1;1. ·ht , .:1:-~ 
·..1ell as scenarios for the :-malysi;-: w··~r··~ rr•::pc1·· •.i .i· ir1t Jy 
with the DPCI reprAc··~nt<.\t.iverL .'\r: :·1 f'l·r"··n·n·:•_· f .1· ;:•:•.·11 .. ;·j,:• 
definition the 1'~·.:hnical lk1'· 1 rr. ,·,f l'1[J111 N11 
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Dt/lkA/&~.007/11 ~2/fiev.1/J 1202 as well as other materials 
i:··:·; n:~ ~ t the dh--;p•)Sa l ,_. f DPCI were used. 

Fer ~he ~as~-speciZic optimization experiments it was 
nec~s$ary to implem~nt som~ new functional options of MIDA
UNl syst0ro on request 0f the user. Especially the set of 
opti~izati0n criteria was altered and a set of global values 
t.hat. can h•~ consr.t·ain~d were added. To enable convenient and 
reliabl~ transmissi0n 0f the data stored in SRI database to 
th-= MIDA·-1.lNl dat .. "1bas~ where PDAs for further analysis are 
d·;firied, ~:p.~r~i.ai Pl")<:~edun:s were desigP-ed and installed. 

Uuf._,r·tunate l y, the ·-~•)mputer work ~•as affected by power 
•::•.tt~ t.h~-l I. made i r; bu1·de11some and cause:.-:i ~ risk of permanent 
damage of the software and the equipment. For these reasons 
it i~ ,; t 1·,_,ngly 1-._-,_;c•mmend~,d t.o ins ta) l the electric generator 
a.~ r·o::~dy p1::··:;has":.·.:I by IJN[JI-· .as soon a::.: possible. 

:_:._,n.~; uJing, .'\i l pr.:-..i•°'(,.'t targetc t.1en.c: reached. The addi
t:._i._ ;•.:=ti :: •. rk was don~ to facilitatt: th,.:, 1.1ser·s future work 
b·~·tL 1o;it.h ~; the<:•r•='tical background as well the computer 
t• '._:. 

• 
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A. Education and Training 

The educational program of the JSGD work f0r DPCI 
comprised a two-fold activity: theoretical c0urseE of 
applied systems analysis oriented on development pr0gramming 
of the chemical industry and practical training with ~rDA 
computer system. Particularly, the main points ::f tho::; r 1·0-
gram were as follows: 

- two seminars on MIDA methodology for In t..::gra t . .:·'1 i ._ ... _ l p
ment Programming given to DPCI P·~tS•_·rwel a: i--·:.il .::.· t.1:. 
invited guests from Ministry of Flan & Budget, Mihi~rry 
of Oil & Gas Industry and Minstry of Industry in Iran, 
dational Petroleum Company and N~tionai Oil Company. 
Also some representants of the indu~try were present. 
The seminars were led by Dr. Maciej Zebrows~i. head of 
JSRD. 

- courses on fundamentals of systems analysis a~d ~athemat
ical programming given by Prof. Dr. Henryk G0r~~~i. 
scientific advisor of JSRD, du1 :ng his thre:: ... r:ek s:.ay 
with DPCI. This also comprised indivjdual ·:'OC"UJi'1t 1.~ns 
for the permanent staff and in'lit~d r~rsone. 

- two lectures in the Mi1&istry of f'l::tn and Budg ::- t. . .:-r: tJ r.: .~c:f: 
"'Development 1.."">f of Complex Sy.~ t..:-r1:;" by ti· .f. ::,:·r.t")'k 
Gorecki and "Integrated D~v·:d•)pn1t::nt ;·?-.)gram;r,ir.t: t·, i;.r.~~d 
to Macroeconomic Flanning" by Dr. M~ciej Zerr.'~2~i. 

- two lectures in the Ministry of 0 il ~ind Ga: •'"n t. it i ,,..,d: 
"Multiobjective D~cision M.:-:king - f'•=':ir:-:w .:1f ~.Jth~ .. i:c
ti ve Optimization Methods .. by f·.-,-, f. l!..=;nryk • .:;.-. t(;ck: -":rad 
"'MIDA Methodology in the Int.~gr·."tt. -. ·! [l~ve t:•p,,.;,rit }';·.·. · 
gramming for Gas, Oil and Chr:~micat :> :t0r· wi~~. Emi !,-,,is 
on Energy Analysis .. by Dr. M. Zebr.:•w;~:!\ i . 

As a continuation of the first t.wo J. :tur~:::s, :· L.;.·•.:;:;·· 
sion in DPCI was arranged on requ•:::.;t. (•f t.f, •. MJni '.I.:'.>-" .. ; 1·hu 
and Budget representatives. Espi::·.::.i.alJy, , grou:) : ? .. •m th•:: 
Regional Planning Bureau of the Mi11ir:t.n· i .r·tid~.z'i!·· .. i i1, the: 
meeting. 

To provide the pt.!rt.icipantf; .-,f th·' ! .. ·t.ur•:::>: :.; ; i .. -. ·, 11-· 

cise i.nformation ab•)•.lt MIDA :.-1ppr.:.:1•:b ::11' the c.~i1·11t.,~1· ;-.;·:~·
tern, a leaflet was pr"'..:pared on r1~·!'..l"•:::t. M-:·1··;:•:;v.:;r, .:ii; .:1 .: ·:p
port and reference ma t·~1·ial6 (Ju io•·! fn!· ;:, •·e·J .... pm· .. n .' .' r, .,~ :· .r.1 -

ming oi" the Clu~,,;ic.11 Industry and h.-1nd•)•!t.,: ·:if · :1· f ... • ..• ,r 
and courses by Prof. G(.>recki (2bU p.=1g•.':;:) .1._,r.:: .:f«:'i i ... r··.~i.. 'lLl:~ 
materials are availabl.;· in th..-~ [Jpr:r Jjl.1 .q... f' .. 1.;, 1 ··t. 
training with th1~ C•)ffil• 't.er cy13 tr:·:m 1 bi.· HJ : ... 1 Usc•1.- ~· :·. ,,._ ,,. ! ; .. :11:.; 
provided. Th·~ practic'll tt·ain.ine ,_.f t.}.,_:, i·f·(:J pt·1· .:. r.111." 1 .!."1t-; 

individually adju;:;tcd t.o re:;;pon;,;il>i Ii t.)1":;· .. :md t~~\ IL:,;· the 
staff. 
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IL J11plemenlation of MIDA-Utll Syste• 

HlDA-m:1 is t: .. .- v~rsi•-.n of HIDA computer systea 
tail·n-e.:i f-:·i· specific application of HIDA methodology for 
pr(•g1·::rn1mint?; d :-·1elopm.:-11 ~. •Yf the chemical irdustry in Iran. 
For th·:·· lc.1~a lly uni·IU~ tasks and conditions of the develop
ment, ;.;."v~:·al req:..:ir·~m~nts for the system's functional 
modif i~~tion has b~en taken ~nto a~coun~ as a result of 
.:;oop·=ra ~-i·.H1 with D?Ci . All tho:: fu:lcti·)ns offered by the 
sysV:ru ar~ :i~s·~rib~.:d in the HIDA-liNl llser· s l/a11ual and 
ther.:-fx·'=' h·~r--= only !.h·Ke 0ptions that. are case-specific are 
brief!-, r.::;;··,:·r·ted.. The- proposals for 11eJ1 or modified func
ti0n.:: .~£ th-=- ;;:ys tem :rnd their implementation after discus-
s ion ~ith o~·c1 conc0rned: 

+. :1 ~~·:: t _·, f obj8·.:.: t iv..::..-: and c•:mstraints corresponding to 
th·~ g .. -. l::. and .· i rc:;ums t.an~es of tho:: development. 

* a ~et 0f indica~ors corresponding to evaluation meas
•;t·.:,~ •.i:c.:'d by deci.<>ion makers responsible for the 
devel0paent of the industry in Ira~. 

a m(•di:.
r1•:-::ds 
.:;f th-= 
.''f..:: '}(ic:i 1 

~f the ~ystem·s operation as best suited to the 
c r the 1_1s .. ..:r <:tnd subject to limited capabilities 
'~ (•mpu ter equ i pm•:nt (see 11IDA- llN1 ll1stallation 
u1d Cha!-·ter IV of this report) . 

: " i-'.'I r· :_.j •.:ular, t..hrec ty}!es of optimization (i.e. single 
lini-:-~.r obj-:··~tive-, single fractional objective- and 
mull~0Ljcctivd-optimization) were implemented with respect 
t•) the foll•)Wing er i t•..:ria: 

l. PDA Net Income (NI), 

2. PDA ?lanufacturing Value Added (MVA), 

3. Fixed Capital Investment (FCI). 

4. EnerttY Consumption (EC). 

On the basis of the above criteria it is possible to 
derivative ·~riteria as e.g. NI/FCI, MVA/FCI as well 
ticriteria s1~ts to ~how a compromise and trade-offs 
output an in;)ut re:; 1.1urcefi (gains and C•)Sts). 

define 
as 1nul
between 

i\i; a r~_:)resen t.:1 t. i ve ;:;.~t of case- specific constraints 
th~ f•> I J ow i n;t valu~;: w~r~ :.-i~rted <.•nd implemented; 

·· g lob;:1 L invef·. :.mt:n t cc•;:; t.. i . e. au a~sumed upper 1 imi t 
,·,f the invei';Lm·~11t v:.d 1.:::, that al"' t•· \.,_. allocated into 
t.h•:~ d· ·v ::1 opmen t. prott,ram, 

• 
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• 
- global imports value, L~ .::tn U1;'Pt=:r limit -,f f·n·eign 
expenditure ~oth on purchase ._-.f fin-;l prod: .~t.:~ .J:-..1 raw 
materials and semiproducts. 

These constraints are necess~ry to r~flect the situa
tion that building up the Master Flan is restricted b;: .~om
paratively scarce funds in foreign exchange. I:-:-s ide!~ the 
global constriants, the user c.'.\n imposo:> partic1.d:=.r 1 in. i ta
tions (bounds) on production or a\."ail.:1bility •:·f selo-. ~ed 
items. 

It has been discussed with DPCI, the deveh·pmer; ~- i r.:.
grams expressed in terills of selected production ~ t.rui::-t : ,. .)f 
the industry are globally evaluated by means of the f,.1 •• -w
ing indicators: 

PDA Net Incom ... ~ - NI, 

FCI, 

NI/FCI, 

PDA Import, 

Manufact. Value Added - MVA, 

MVA/FCI, 

Production Profit 

Simple Rate of Retu~n 

Production Import : 

Man~fact. Value Added MVA 

MVA/FCI : 

MVA/Value of I·r• .. lucUon 

Export, 

Domestic Purchas·~, 

Domestic Sale, 

Energy Coneumpti•>n, 

Direct Labour. 

As c .. m be observ·~d, th~ abov•.: incii•:~1:,,n> ar" ··l.·•: ·it :,-.d 
into two categories that. con'(!;:;p:·nd : ... :iir:: PJ1/ 1:: ., ,,,~ ... ti:· 
and to the production 1;1yf;tem J.t.:-;··lf'. ·:ur:; w:.i:· .. : "' t.•· 
explicate evaluation of cii::v1~J 1 >prr,.·:t1. r 1""f".l"'.'lm. f!'•"i' : 1-T(• 
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• 
V"iri·:·us vi·~11points. The indicators are calculated after an 
·~XP-:'t" im·:=a t for an assumed scenario representing a develop
ment pr.:;gr."\ll is n1;i. Some •.)f +he aggregates give criterion 
valt.1r:is), :.ne ot.h~r- are simple performance indicators. The 
Pr···~n•ni i::: 1 :-:.rrect.-d for t.he recalculated investment costs 
con··.·.;pc..--ndia,s to the full capacities assumed for the plants 
(th.==, cal Gu Lt ted pr· :duet ion levels as corresponding to the 
•)ptim-31 z.·,L·.it.ion •:'.:tn be a portion of the 11axi11um capacity 
asz1.1m-:d). In specL'.h:, t.hi::i comprises t.he corrected value of 
FCI ~•lid 0U1.~r ind i. ·.'}t.ors that use this value as a component. 

Mor00v.~r. to GU~port a preanalysis of the PDA, a single 
plant .::•.:.:.111.:ltion procedure was worked out. This concerns a 
s~p:;r:~te rl-=mt ( i11.•tall .. :ition) analysis based on the informa
~io:. st·::ired in th· database. The factors that are retrieved 
and •'::l·~ul::i~~d compris~: 

Fix.::d t'.'lpit.aJ [nvest.ment - FCI, 

h-._,(j t:.. 

Simple Rate of Return. 

M.:t11'.1fa.: turing l/~1 lue Added - MVA, 

!·IVA/Fi'i, 

MVA/f'V 

f'V/FCI. 

En~rgy Consumption. 

The nv::ul-~ of t.tv~ system installation and operation has 
to be enh<:t:1•>~d by the functions to make its operation possi
ble ~nd eff ~~ient Je~pite the limitations of the hardware 
and soft.w.1re d~li.vered. In particular, the following 
fea t.11 r-.":;:.; }. :ld to be implemented: 

1. the ;:-1p-~cial ~-:t.ructure of the optimization module 
( OPTJ Ml 3T) t•:i m<\ke it a stand-alone tool (see the 
n•:f eren,~es a b.-,ve). Thi~ required an additional, ··ser
f riend Ly interface to support input/output operations 
beyond the MIDA-1.lNl system, 

• 
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tvo versions of OPTIMIST t.._-. incr-=aso? eff i .... ~ i en.~y 
calculations by .:idjust.ing the ven:•i·~·n to a :"'. i Zt'.' ._-.f 
problem. 

In addition to the software work, in •.•rder tc· fc•"' ~ i
tate operation . f the system for the usE:-r~.,. not f.:!mi l i::·u · ' - ;; 
the linear programming technique and computers, ~3~i!y ~:-it
ten but comprehensive docu~entation was aJcpted . 
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C. The Database of SRI Techno.logi.cal Profiles 

Th~ n."\t.abase ·_•f SRI Techn.:>logical P1·ofilez stands for a 
computer, i·elati·~n.3 l database de3igned an<l i11ple11ented fer 
storing inf;rm~tion on chemical tech~ologies descibed by 
Stanf.::0 1·d P. ~search Institute (SRI). This information is at 
the disp0sai of DPGI. The database ~as imple11ented as an 
additivn3l software to HIDA-UNl but it can be used as an 
independent ~nit. 

Th~ database fulfills the same standard as th~ HIDA 
da~atase 3~d foll0ws the pattern of the HIDA database as 
much as pc.:-.s:.>ible. This ·~on.:-:erns the o:.imilar structures of 
th•: dat.:'.ib:1ses and t.he :::ame •)peration rules to enter. store, 
11anipulat.e "lnd retrieve information organized into databasd. 
Ther~fore all instn1ctions of the data handling contained in 
the l"/JD,4- UNI User·~~ l1.'11W,"ll h...:·ld for th~ SRI Database vi th 
exc.~pt.ion ,>f the <.:alling ~nd quitting commands (appended to 
the !1!IM- UNIOperat.ion/Installation sin.::e the database in not 
an int ~51·.:: l part ·:·-::· HIDA but. a st.and-::.lont> ~omputer tool. 

L-e·~.::i.1s·~ the NIDA system is to .is.: ;:;ome substantial 
it;f.•!":l.:\ti•n from the SR!: database, a link between the two 
da · .1 .... s.._:;.:; •ns for..=:s.;en and implemented. It allows for 
av· ~i~ transmission of da~a concerning selected techno-
1(;<.: i ·: .. 1 profiles fr.)m SRI to HIDA database that is of spe
ci~ l import3n~e while assembling a new PDA ~,r the analysis 
or m )d ifyin1! an ex i.~o:ting one (the c!ata retrieval procedure 
is described in D .. 'itab~1se fo1· SRI Technological Profiles. 

B-:=side;; the r•)le that SRI database plays in connection 
with the HWA syst.em, it can be used as an independent data 
bank useful fo:· oth~r customers. It provides all the facil
ities of 1··~lation::il databases, i.e. cc:mvenient and powerful 
fun.~t.j.)ris r•':sponsible f•)r data entry and retrieval. All 
th•:;;;;~ m.-~ch.rnisms ·"lre de;~cr ibed in detai 1 in the HIDA User· s 
Harw~1l. Similarly to the ~IDA database the user is provided 
with the ~lrms th~t are input vehicles of the data into the 
SRI dataoas·~- These forms are different from the MIDA forms, 
but they aD: similar to the pattern of original SRI descrip
tion of the technologies, that makes them self-explanatory. 

• 

• 



« 

• 

- 18 -

D. The Petrocomplex case study 

This case st11dy •>)ncerns Pl"•)grammin~~ d·~vel·:. .;m~!it. -~ 
PDA of organi 0

:- chemistry called Petro.~·)mplex. Th·: .. . .. (.'f 

the technologit-:"!s beinH -~nalysed ·•rigi.n·t•.·:d fr•)'.n U1t_· [·T'Ci 
concept to sh•.)W .cu1 a9plication •·f MIDA methodl'L•.;:: r~_-l:.1to:?d 
to a production-reality of the Irar.ian •.-:-lkmical indu:.>ti·:;. 

leepinc in mind a real applicability of th~ ~naiysi~ it 
was intended, however, to maintain an eJucation~1 s~y!~ of 
the st~dy which inevitably caused S•)mt:· G i.roplif :..~.-, ti.:m~ .3nd 
liaitatic:1s. Even though, for the sake of comparative 
analysi!'O as llell as to convey a wid·~r range of davelopment 
scenari·. a, the netRork of Petrocomplex comprising about 20 
technologies selected by DPCI had beer, complemented with 
•ore than 20 installations. Owing to the extensions intro
duced, th~ case study is a representative example of the 
MIDA-methodology for an organic chemi;;;;try PDA. 

The technological network considered in the c~se c~udy 
comprises of chemical profiles rooted in ethylent:, propylene 
and benzene as basic feedstocks.The set of profi_es seJ._:..,:_-ted 
for the analysis included those provided by DPG. as ~~! L as 
alternative additional technologies der i v~J frc 0 r1 ~·":tr:! or 
by·-products that occur in the netw···rk. 

A main idea of selection of the i:-r·:'lf; les cc1, . _ . .,.. 
ized along the following main points: 

1. 

2. 

3. 

the analyRis concentrates on 
selected with respect to well 

m.1 i .1 rr•:,,~e: .. : :.,.~ _, 
,fr,fin•.··f prndt:r·t i-·11 •. 

only those chains th.clt h:1v·· t··· ·:.r. · l ·•c i ·~<· 
economic scale are of conc~rn, 

' l : ~ i ' ~ 

. .. 

.-,f 

technological repertoire .~,·.n::: i;~ t.-· (1f :-·r:·.:, it ; y 
integrated prc•ce~·•sing compl·~x~z . :. ordo::· ;· :•· .. ,id 
eituation where f'l>A prod•l1~•~;; u11:.~-11t.;·: tha~. :::··· ::11: ;·t:1:i 
tially troubles•:.me, usele:;:; or dif'f: ·ult t .. :.·il .; · . .:;
sible ut! lization or furth·~r procr.:;:;· •it: :...;!:._ 1 , .l : ·.· : .. :":· -
seen}. 

4. very sophisticated or risky t .• ,.~h11··J .. , i•:G ar·· .. r • ., • .•:d 
with reservation, 

The supplementary technoh·g .i ;;;;: ;"i J"• · ·~··mp I. :•. '" • , :·: \.(_, 
the initial structun. of t.he PJl1\ ;-in.I. ···11 t.h•· . i:· 1· : ·1.:f, 
they aim c.t fulfillm~nt of the pr.-.d11•:ti11r. ·~·-·-"\J r!.: t r:1·:::.. ; iu 
the UNI DO report Nr. DI·/IRA/86/0w;· I J 1 ~-::/i •:v. 1 /,.l : ::1!:. , t .-.• ;·,~d 
on the work of E. Zaw.:1da). Th.,: ,;,!t. ,.,f t 1 ,_, arid j r i .• ,,,, 1 • .. ·Ii 
nologies corresponds tr:· the f(•ll<•wi111~ n-.:-dt. .:lire:i:-1i.11.:: 
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l. 1·r·.•·l11·~:ion of ~t.hyl~ne, propY.lene, pyrolisis gasoline 
·•ii ,:.t fracti·•n fr0m naphta, 

2. r'rt:!,~e~;.$ing ('tf C4 fr·ac·tion from tl1e ethylene cracking, 
i.e. ~ 

b•1thadien·.: ~xtra.~tion, 

buthadiene processing (PB, SBR, BS, ABS), 

u:ilization of G4 fraction from the buthadiene 
e:<tracti ... •n, i. e _ MTBE production and/or ace1.ic 

· a~id and formic acid, 

3. pr•.>·~~s;.>ing of p:;-i-olytic gasoline to aromatics, basi
cally e-> benz~ne. and consequently production of: 

-::dypi•-: .::t-:id. 

ph~nol 
.=•;=; .-=i f·~~d:::to·~k f·:•r p1·._)ljuction of i_jolyamide fibers, 

4. xtensi0n of ~he basic network a~ well as of the direc-
: i'Jrl:.; l , 2: 

m·~thanol pr<::>1foction for its further processing to: 
.:.•;~tic a•:id, MTBE. methylmetacrylate, 

hydrogen production for hydro-dealkylation pyro-
1 :;::.is ga::oJ ine to benzene, 

LI.OPE prvduct.ion. 

p~rchlor0ethylene production, 

~~thylmetacrylate production (to utilize of hydro
g.mcyanide from acrylonitrile production), 

p.~duction of acetic acid from methanol 

C•)nc Jud ing, th~ .'\bove extensions aim at development of 
th•' .:tio:)mi•·.:11. induzr.ry t.owards production of: 

a. ~~ynt . .-t ·~ ruhlu·r:: .'lnd cJ.astomers; PB, SBR. BS, 

b. l·••ir:.n1 .. le fiJ .. ·n: li.>\;·:r-)•.l .-.n capro!;1.·tam (nylon 6), adypic 
: .•. • i.I -t1• I HHOA ( 11yl1)n f;f;), 
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c. ph~nol for resins, dyes, paint-::, m~,1..""i ~in.:>ti -:.,r,d p.:-:--t i
cides, 

d. MTBE as addititives to gasoline, 

e. other plastics; MM, ABS. 

A goa! of the devel·)pment :::tr.:\ ~,;.gy f _·r Petr·.• .-.:·mi:;.---··: ._-.:.n 
be expressed as a p~·ofitable f1_1lfil!m-::nf of t'-·1-- .=:-~~:~ ·,L'!d 
demand for products. The iuvestm..:'nt mus:. be effi·~io:::: t . .;ts 
much as possible and lead to fc•n::.:ign t'xchange :::::.'.ring::. It 
le.ads to a selection of ~-he ratio pr-c·fi t i ~":. inn' .. :::< men~ to 
be maximized as a obje.::t.ive for the dev.;>:h .;·ment. Thoe:-.=· ~": a 
strong pref(:rence to minimize purchase 1.1hieh in tili s c·a:::e is 
equivalent to lo'1ering of import expendi tur~. The ·~ate>. were 
available for one 1tarket o:ily and it was assumed that in 
general the purchase represents impo~ts Rhile sales are 
equivalent to export but can be also considered as a domes
tic sale. 

~·or technical reasons some additional constraints are 
assumed, that means the purchase of nontransport3ble inter
mediates is prohibited. This for·,~es th~ own production 
'1ithin Petrocomplex if such a production is in~ispen.sil>le 
due to the case consl.dered. N.-: S?e•:ific •:onstraint.~~ ::u·e 
imposed on availability of raw materials and int~rmed!ates 
except of the only constraint on a purcha:::e of n0nt-ran:T"r·t
able media such as hydrogen, chlorine, eyngas et•:. 

Having the problem formulated, a s-::•11-1~nce .-. r t , -

ments .1as run by means of MIDA syst~Fi. They ;.; ~r-~- -~·~ ·: •·d 
and sequenced following a basic prr)c~ch11·':'- appr.:•r' . .1a; ,. :-r:·r 
the analysis ,-.f :-;1.1._·h a clas6 of •:as~.o:. T::~ pro-:-:::.~u t-.::: :·;,}is 
into two steps. 111 St.::p 1 a p1·eJiminary ··valuar ;,:.11 ,-.r thir.! 
PD.-\ is perform~d. The calcul.;iti(ln:': ::-1im·~d at e::;t'ni::d,~_n of 
th~ minimal investmi:-nt cost nf::ces.:;;.:c.u-y f,-.r fulfilLn·-·nt- .:f the 
production goal regarjless its profit~biiity. A seriec of 
experim.._ntt: shows a relatic.nship betw-:,.~r- t:1•:· mi:·Jir..al v::due 
of the investment and import vol um~ conc···rning b . .)t.h pt.Jr ·ti:::se 
of some raw materials. semi-products or· final produ~rs. 
Therefore, they illustrate the imp~('.t. ._,f sub::: tit•: !".i" :, of 
import by investment lr:.cat.ed intc• dr:-~vr::· L"I-'m~·;1 t. .:if I.ti. rl· n1..-·.::
tic product.ion. 

In Step 2 a prof i ta bi 1 i ty .1n;d y;:; i ::> f o 11 .. w;L Th-:· 
scenario comprises of a goal ~hid1 L: t.h·· pr-..:'lfi t rn.-.:drri ::;.1-
tion subject to cons tr.3 in ts impr)S•~d •:.n j n 'J·:~f_: t.m..::n t -'1 lld . · ,m.'1nd 
for f lnal products (both upper bounded 1 . llnd·· t· th-:: '• b..-·ve 
assumptions, again a s•:-:ries of exp".:rim~,n~.::. was i•erf .. rm··d. 
The results indicate on the moe.t p1-.:.fit<1bl·~ l"l"'>•.t11.-ric•n 
structures corresponding to variou:.: l·-~vf' l ~-: of ln v •. ,; t.m.-·n t . A 
certain flexibility of fulfilling t.h,,., i•l'•)du•::t i .-.,, g<" .. :d w~;5 
allowed by imposing upper bounds •.m t.h·· final ,.,.,· .. J11.~t i··r1. 
Obviously, for :;l given investment, t.li•': ma-xim11m j·t· fit_ 
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•':0rr .c-:.-k-.110::: '-•:- the t .. = ::->t •13lue of simple rate of return on 
inv~~=~~nr. Finally, we can observe that maximum of the 
~ffi•_·i-.:nc.;y ~-.,:.i<J Lo:·. p1·0fit. vs. investment is fulfilled. 

Th~ ro:-!.~1,.io!lshi p~: t°'~t.ween t.he maximum profit values and 
invest.n,ent. : ~vels as well as MVA values corresponding to 
•)pti:.1~tl pr0f. ts wert=- i1;.ve:-tigat~d. Correspondingly. rela
tion::::hips bt:::.ween ~.:ff i~iency ratios and investment are cal
•:::ulat~._1 _ 

'fhe re:::o 1 ts of th.:- Petrocomplex case study are reported 
in d~t::iil n the ~hside of Devel(..1p1De11t Pn:;gram1Ding of the 
Che111i .. ~.--.1 I11d;15try. 

It 
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K. High Tonn;ige Organics (HTO) PDA Case Sludy 

This case study •::.:mcerned the org.:=tnic ch~mj . .::.~;~~: E-'DA 
selected together wj t.h the specialist.:::; f1··~·m DP!'.I. :..~,o,J.·-,·t.ion 
of the technologi<..:.'\l profiles to ;-,e t.akt?.n into .:i.cec•UI• t. is 
motivated by the m.:=t in ;Joal of the H.:i..:; ter Pl:\ l that i::; to 
rise production of plastics, rubbers, fib~rs anrl hea~y ton
nage organics on the base of r i.::h n-'lt.r.tt·.--l 1 resu:.u-ces ._-. f the 
country (natural gas .and crllde •)il) and b:1sing •Y, th·~ .:--;-:ist
ing industry. 

It was impossible and meaningl.:-s;;:~ t·:· jointly an?tlyse 
all sectors of the chemical industry as they were listed in 
the Table 3 of the UNIDO Report DP/IRA/H6/007/ll-52/Be~.l/J 
1202 based of th~ work of E. Zawada _ Let u:: •.~ommer. t. the 
last statement in brief. 

Application of the PDA model requires carefrll prepara
tion of assumptions concerning a gen~ral ~trategy of 
development as well as precise dev~lopment lines for partic
ular industries. It should lead to a preliminn-y sele~tion 
of technologies to be candidates for the de\··d•)Pffi~:n t in 
order to get a well defined, consistent and i· port.ant PDA 
with re~pect to the goals of MP. 

It should be realized that basic~a 11 y, any PDA : . i.:> J 
transforms a technological knowlr::dg.::· it1 ·.o econ•)mic f•.:t1-.~tme
ters that evaluate industrial structuri:>s being .:.-on:::- i .f.-red 
for development. In a case of comp} ~x model::: 0 numL·-=-1· of 
fac:-i:-.ors that are likely to influence the optir.1.d :x·l11~,ion 
can be too· big for analysis of jmµcq·tant r·~htio. :1.:hips 
within th·~ model by means of backwa nk reason r:,;. . i . ~. 
from the output economic parameters tu tls•· partj :1: lar .t.~t ·::r
minants of the solutiun). Theref·•r•·, ;, G•-·n·~ral ;:t r.-=it.t:.-{.;.r in 
HIDA methodology is tJ .select tightly '-~"nnecti:·rl i11dn:·tri.::il 
networks and then to analyse them si::par.::i L ·ly anc >-'"l°·l i r1.::1 ti:: 
progra111s derived for various br.:rnr:.-h1;~~. Sue} 0•l <tppr-· ,··1ch 
allows for better considerati·H1 (1f di f'fr:-rent •!.:•tq: of 
branches and for case-specific an~lysi~. 

Having the above in mind, however, t!;o:- HTC1 :'flA tli='lt 
was selected for the analysis rep res en f.f'. ::i 1 e1rf • · ;~.-:-d- · ri·~t
work. It covers about 50% (by we Jg ht) ··hemic:.tl Pl". lw· ts 
excl:.tding fertil izer6 and inorgan j c:- clkrn i cal::;. Tlw .:•· t •.1f 
plants comprises technological prof l j ~ ... R t.li.'\ t. pre ( 11. ·.::; d · 1· i ·:.3-
tives of optional pr=,trochemj~.::il raw m:,~ .• ~riaL:· ;:'1<:h :.1:< 1{af. 

oil, naphta, LPG and ncitural g'\r.. Th··~ 1 1 rod111:~t ;,,:i .... ir. be 
split into six grou1•s of main p•:-tn;•'h•·mic~l 1·:·,),jq,~r;. :ind 
heavy tonnage organics as e.g.: 

basic petrochemiccds (olefint=!r: anrl PTX), 
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::•1:d:in·y .in:,~··me•:iiat.e::: (methanc•l. phenol. cclorine 
,:. t~'-"' . : t 

~:om·=' ·1qxil iar/ in t.ermediates for production of paints 
.:,nd 1.• t..';-=.r bra ... ~hes of the industry. 

[ n the netwc·i-k, the existing, currently being imple
men: -:.,: .3nd .1~w (p._-.:.~nt.ially to be built.) plants were of con
cei-:1. Be o., the .ii,:; ts ci:-.neerning all three categories of 
p 1.:: a t.;.0: a 1·.,. ~ ;1c 1 ud.:.d . 

1. :' .. :(it.li:H. ~1ants 

NYi.,<.'N 13 MELT - PAF::3II,ON COMP. 
NYLtit: 6 MEL.i' - ALY.\F COMP. 
POLYE'IYLF.i-!tt: fHERET•TALATii: POLYACRYL COMP. 
DI (lr'.TYi', l'HTALATE IRAN - NIPPON 
PHTAI,JG AtiiUDRIDR II\i\N NIPI--ON 

n.am.:: ._, f p.1.-.). :~ss 

ACH"if., 1Nl TliI ,E ARAK 
v rrr,·;' 1 '.H(,(l[,' [DE FfUlM ETHYLENE ARAK 
PV1: ,d·:f\K 
Vll'r1'L,·.cr.:TAT:~ ARAK 

.. !:,("'"'"~· ACID ARAK 
PE :n; ARAK 
CHL• JH I NE AR,\K 
PE LLD ARAK 
POLYPROPYLENE AFAK 
BUTADIENE AHAK 
POLYBUTADIEHE ARAK 
ETHYLENE AR,\K 
DMT JSFEHAN 
BTX I ~:)FEHAN 
P-XY£.RN I .~1.··rrnAN 

~apacity 

16000.00 
10000.00 
55000.00 
40000.00 
22000.00 

capacity 

33000.00 
150000.00 
150000.00 

30000.00 
30000.00 
60000.00 

100000.00 
60000.00 
5 .. JOO. 00 
26000.00 
25000.00 

240000.00 
65000.00 
85000.00 
44000.00 

3. N·~w l'lan:;.3 (pl:,11111 .. ~d f·:ir a potential implementation) 

grwn,1rn1·: F1111M GA:·~ (1r1. 
EL,Tli'rLi.•:tfr'. Ffi1)M ETll1\tfr: · ['liUl'ANf•: 11 I X''.'IIRE 
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ETHYLENE FROM WIDE RANGE NAPHTA tt:=
ETHYLENE FROM WIDE RANGK NAPHTA HS 
BENZENE FROM PYROLYSIS GASOLINE 
MIXED XYLENES FR0i1 NAPHTENiC FEED 
MIXED XYLENES FROM PARAFFINIC FEED 
BENZENE FROM TOLUENE 
P-XYLENE RECOVERY CRISTALIZATION 
P-XYLENE (PAREX) 
P-XYLENE RECOVERY (ADSORPTION) 
BUTADIENE FROM C4 EXTRACTION 
METHYL METHACRYLATE CYANOHYDRIN PROCF.SS 
ISOBUTYLENE BY ACID EXTRACTION (CFR) 
MTBE FROM MIXED BUTENES 
D-ETHYLHEXANOL (OXO PROCESS) 
PROPYLENE OXIDE BY ETHYLBENZENE PROCESS 
PROPYLENE OXIDE BY CJLOROHIDRINE PROCESS 
POLYOL TRIFUNCTIONAL POLYETHER 
BUTENE-! FROM MTBE RAFFINATE 
ISOPROPANOL BY CATION EXCHANGE RESIN 
DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE 
PHTHALIC ANHYDRIDE AIR OX. OF 0-XYLENE 
METHYL ETHYL KETONE FROM MTBE RAFFINATE 
METHYL ETHYL KETONE FROM ISOBUTYLENE RAF 
TRIETHANOLAMINE FROM EO END NH3 
POLYMETHYLMETHACRYLATE 
PERCHLOROETHYLENE FROM PROPANE 
PERCHLOROETHYLENE FROM EDC 
HYDROGEN FROM NATURAL GAS 
PHENOL (CUMENE) 
CHLORINE (MEMBRANE PROCESS) 
METHANOL FROM NA'fUHAL GAS 
POLYETHYLENE LD (AUTOCLAVE REACTOR) 
POLYETHYLENE LD (TUBULAR REACTOR) 
POLYETHYLENE LLD (UCC) 
POLYETHYLENE LLD (DUPONT) 
POLYPROPYLENE (AMOCO) 
POLYVINYLCHLORIDE BY SUSPENSION PO!.Yt·H:F:. 
POLYVINYL CHLORIDE BY EMULSION POL!MER. 
VINYL CHLORIDE BY OXYCHLORINATION 

,VINYL CHLORIDE FROM EDC 
VINYL ACETATE FROM ETHYLENE 
ACETIC ACID FROM ETHYLENE 
ACETIC ACID FROM METHANOL 
POLYSTYRENE EXPANDABLE 
POLYSTYRENE HIGH IMPACT 
ABS BY EMULSION/MASS P~>LYMERIZATIUN 
STYRENE BY BENZENE ALKYLATION 
ETHYLBENZENE LIQUID PHASE 
ETHYLENE DICHLORIDE BY CHLORINATION 
ETHYLENE DICHLORIDE BY OXYCHLOBINATIUN 
POLYETHYLENE HD (UCC) 
POLYETHYLENE HD (PHILIPS) 
STYRENE-BUTADIENE LATEX 
STfRENE-BUTADIENE RUBBl!:I? BY EMl.IL. P(>f.YM. 



STYE?ENt->BfJTl.DIENE ;.:r.:B. f~Y SOL. POLYMER. 
POL":"3Ff,\Dl ~UF. 
BU'I ·~· L lm BP F. i: 
POL';" .. ~•)i"~(l'i""t; .frnF. 

t~AfL< ·\'.·:TAH FROM G'iGL(JnEXANE 
GAff · :_.:,t_-T:'\M i'ii'OM Tt:'LUENE 
GAEi ~CTAM fROM PHENOL 
GYCL· ;Ai:/,NE BY HYDti'OGENATION OF BENZENE 
PCJL', i:: ;·:-iYLENr TKREPHTALATE HELT FROM DMT 
POLYET~lYL!Wf: TEREPHTALATE HELT FROM TJI. 
TEREi H rHAT Lr· ACID ~·FOM P-XYLENE 
DMT r_.·c.::1M f-!.YLENE 
ETHYLKNE GLYCOL AND ETHYLENE OXIDE 
ACRYUtNITIHIE BY PPOPYLENE AMMOOXIDATION 
SYNTUAS (2:1) FROM NATURAL GAS 
SYNTGAS (3:11 FROM NATURAL GAS 
CARBON M!.lNOC•XIDE FROM SYNTGAS 
OXYGEN [Y AIR FRACTIONATION 

The d~~troyed or su~pended plants were not included to 
the ar1~lysl~ except. those of Iran - Japan Company being dam
aged l :,sz rt ::rn 30't. The .lbove installations uere of concern 
in ·~·ne of tl e expr:· 1 i men t.s while changing the demand vector. 

Tltr_: t..-. lino L•;,-,;. :."11 repe:-toi re to 1:-.t: analysed was jud~ed 
V• 1·· ri.·; r:::ni::.1:1~h !'/~)plants) to ,~,_,nzider ail reas•.>nable 
-:tl t•_-;·11:1t.j v.:;. of th· .J-:;ve lopnient. Each plant was character-
ize . .! I - . 

.. .I. 

1. ·::3pa:.:d:t• in t· r,;..:/year as related t.0 a main p:oduct, 

2. ;:-:,,.; m.?. t >::rials ._::, rJ:';l.lmption/ton of the main product, 

3. . :: ·pr"c:•.tct:o; pr··dact.i·-'n/ton of the main product, 

.. • 1: tU i tit~s con:: .. lmption/ton of the main product, 

5. L1vestnr.:,nt C-<:•sts for battery limits, offsites and 
t._:.ta l , 

F Jr "-~ ·1d1 plant three different production ca pact ties 
we?··- 1.·>1n::i:t.:1-~d. :\..:. f;1r a~: ~xisting pl~nts were of concern, 
tlk d .t .. a w :, r·,-. ::.:up1:· l i eel Ly DPGI. New IJlants were character
ized L)~~ tl:- da l.a :j ·111.li ri:'d from l'rocess Economics Program of 
;~HI. I .t:'o. · . .:ept , , f ;5 plnn t.;:~ t.hat wei·e described according 
to .·.;,: f\(':,._ r·t, 18'!\l, ;;111r.I other 4 onee: described in Chemical 
Pr·,:··.:.: ii:•.: •r;·~·mi·~::;, : 'fi~:l1 ~:.Y~TEMS International Ltd, Second 
£Mi t > 0 r1. I ··'.~C. 

the network 
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confronted with the production goal which corresp :·nds t.o the 
demand vector assumed. The potential capabiliti~s of t~e 
network were confronted with the production derived from the 
UNIDO report as mentio11.ed above. The demand vect:n· waf"'. dif
ferentiated up to two time-periods: 

a) 1987 - 1992; the reconstru~tion phase, 

b) 1993 - 2000: the d3velopment phase. 

For the demand ~e~tors, a series of optimiz~tion P~p~r
im>!nts was perf·~rmed. As a res•llt. of th·:· calculations .:111d 
adjacent analy~is, feasible tradeoffs between investm~nt 
levels and imports values were determined provid~d that the 
demand is fulfilled and that each development program 
assures maximization of PDA Net Income over Investment (the 
optimization criterion). 

For comparison, a series of calculations was done to 
generate development programs that maximize Produ~tion Pro
f!~. regardless fulfilling the demand but tsking into 
account a feasible level of the domestic market cJnsumption. 

All the calculations were done provid~d that the Arak 
and Isfehan complexes will run on the full capacitJes. 

The essential problem that was encountered juring the 
analysis was that the demand vector is generally not bal
anced with the capacities of the ~xisting or currently 
implemented Arak and I sfehan complexes. On tt.e .:. t.her h.:rnd, 
the assumed range of the demand as determined in the report 
based on the work of E.Zawada, does not c0rresp~·nd to 
economically =easible capacities of new plants •that ~r~ 
supposed to produce the same product::: as A rC1k and f :o: f • .:t ·• · 

Therefore, the following alt.t-rn;J~ive ;>t.rate1~i··z .·,1 'h<:: 
development have been suggested and •con~"":>:'!'-Plently ~ ni1ml •-r· .-.f 
analyses was performed. In the firr.t variant th" i nvef:t.rr: ·nt 
program would aim at building plants of •.·c.:•nomi :'. •.~apavi t. ;_··::: 
al though their potentia 1 would exceed t.h·:' produ·~ r. i •:-in ! ,,, ...... .:1 
determined by the dem-'lnd. The exce:::si v.~ ~ .. r·uducti. :.:, .1,:iu l. I be 
exported in the f in~t period and tlwn ·~or1~~1.1merl h" .j,-.11,.•~:;: tic 
market on the level forecasted f•::.r year zOOO. r.:. m1k,:· the 
de•1elopment program realistic, upp•::r ho1.u1 .!~-: on 1 t"•)du1' ti ,>n 
were imposed according to seJl ~'lhillty ·f f.he .it·1. .. fi..11·:.;.: .-,n 
the foreign market. ln the i::;ec.-ind ·1."I r i .1r1 t , t.h·- i 11;-: t :1 I I:, 
tiona having small r;.apacities .'\;: fitt. ,,j to r.11~'· ,~1·1·: .. ~nt 
( 1992) demand vector W•)uld be re,je·~ t.~d ft" ·n: t.hE': : n·:..:-·:· t Iii•': rd. 
program. To fulfill th~ demand, mit:P.i11p; ·11!•J1..1nt.:-: ,f ~h·· r-r·· ... 
ducts would be importert. 

Both programs as ~bove ~an 
economically feasible on th~ 
assumes small-scale pr 1>·luct.i0n. 

1 .. -. r···"~' •mrn··nrtnd ~w t.~:· ·r .. , r··: 
1 ·,..,rs t. r ;, r- y t .. , ·, : 1 s, ·, I ! : t i • , L : ; i .~·, t 

If t.11•:· J .-, t. t.•"r as:: rn:i~ r. ! , ra h.'1cl 
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to be nia.i:! ~-air.~d for some reasons, it would be recommended 
to s·~arch f·~·!· an un<:~•.)nventional technologies that could not 
b~ in·_'.•)rp1)1-.:tted ir1t .. ·· t.h~ .:lnalysis of HTO PDA. 

The •.1~t. :tiled !"":':Sul t.s of t.he analysis are appended to 
the ·:•)lume t'.1at rep·-·rts the case study. 
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F. Inorganic Chemistry PDA Case Study 

This case study concerns an::dysis ·•f inorgaHic ..;h.::mi.::-al 
industry technologies assembled into a ~0mplex pr0du'ti0n
distribution system c-.:\lled INO PDA. A pr-=-liminar·y :.::•:·l·~.~~i·m 
of the technologies was done by IWCI .::rnd perso11na L l y hy P. 
Rozwadowski (UNI DO expt_~rt) and A. A. .J.~ far·! ( DPCI :...:p • .;:..:· • ·" t 1st 
of inorganic chemistryl. The s~le.::-t.i·rn w.:1.s nK•1:i\rato:.-d by a 
main target of the Mast.er Plan that i::: integrated '.lnd ·:d-"fi
cient development of the inorganic chemical industry 
indispensible for othe .. - branches of the indust.n' aad the 
market. On the other hand, it wa::: :idjusted t.o n:1triral 
resources of the country. 

The INO PDA comprises both a low- tonnage t.ec::-hno log i es 
as well as mass production of e.g. soda ash, sodium glaze, 
precipitated calcium carbonate, sodium water glass, sc.r:;ium 
metasilicate etc. that altogether amounts to f;3 pr .. v~··· o:-=s 
run on 58 installations. Only the new ( thosf- t.ha t .:;re 
potentially to be developed) technolng ir:_-.s wer.:· r: .. 1kE 1 : :1 t.:-
account in the analysis. All proces:>e:. of con•~ei-:1 -~'l.rE
listed as follows: 

process name 

ANTIMONY TRIOXIDE 
ALUMINUM SULPHATE 
ARGON 
BARIUM CHLORIDE 
BARIUM CARBONATE 
LITHOPONE 30% 
LITHOPONE 60% 
BARIUM HYDROXIDE 
SODIUM TETRABORATE (BOPAX) 
BORIC ACID 
SODIUM PERBORATE 
PRECIPITATED CALCIUM CARBONATE 
PRECIPITATED CALCIUM Cf> fiBONATft: ~ T<.H)TH I' · 
CALCIUM CARBIDE 
CALCIUM HYPOCHLORITE 
CALCIUM CHLORIDE 
AMMONIUM CHLORIDE 
SODIUM BICHROMATE 
SODIUM CHROMATE 
POTASSIUM BICHROMATE 
ANHYDROUS CHROMIC ACID 
CHROMOSAL - BASIC CHROMIUM f;ur.P~rnrr1; 
COPPER OXIDE (BLACK> 
COPPER OXIDE (RED} 
COPPER SULPHATE 
CRYOLITE - ALUMINUM sor TUM FJ..rtnrn fi(• 

ALUMINUM FLUORIDE 
HYDROGRN FLUORIDE 
IRON OXIDE (RED) 

•::'.<1p:11 ; :.v 

?(I(\! '! (; 
3(•(1(1( 11n 

7 !'. oo r: •. "ii 
~:OOi ! Ii I 
3 (I (1 ( ... . ; 

1 ()(If' ( '1f! 

l(i(ICJ1 i!t.1 

1 fl i ( !·ti 

f·Ol r . · :·:. 
(!,(!(:. d) 

2000( . '!! 

100(1! .. 'ii 
l (l(:i_ . i1(i 

ffl0('~ '.li) 

~.()(1: . ilt! 

1 flOI ': .. · 11' 

4 0 (: '· i; Ii 
3(1(!( . \HI 

l 00( . !ill 
l o (11 • 11 n 
J(!(JI Ii' 

:'.(I (I. • t ii: 

41 . ,1; 

l (!' !I 

~: () (1 ! ';(I 

.1 ~~o . . (!(J 

~ ~~ ( ! ( Ir 

l (li°ll , I ,, 
20 (l !) 



FERROFERBIC OXIDES (BLACK) 
FEP.HOllS SPL.PHATE 
LEAD UXIDE (RED) 
MAGNESIUM OXIDE 
MANGANESE D~OXIDE 
MOLYBDENUM TRIOXIDE 
NICKEL SUL£o'ATE 
SODIUM 'l'HIPll[,YPHOSPHATE 

_. 29 -

SODlUM HEXAMETAPHO~PHATE 
SOViflM f'YWIP~WSPHATE (DIBASIC) 
TR I.:•·~ f llM Plf!)SPHATE 
DH· ... L::· HIN PHOSPHATE 
PO" · .... [fir-I CARBONATE 
PO'r :\.·.:· F'M CHLORATE 
POT~:~JUM NITRATE 
SO[lJ(lM GLAZE 
SODiUH WATER GLASS 
SILICA GEL 1MACRO) 
SILICA GEL (MICRO) 
SODI rJH META~>ILICATE 
SODIUM THIOSULPHATE 
SODIUM HYDm~EN SULFITE 
SODIUM SULF:·n: 
SODIUM HYDRC~ULFITE 
SODI llM CHLOHIDE ( Nft.:DIC:\L) 
SODIUM NITRi\TE 
TITANIUM DI11XIDE 
ZINC SULFATi: 
ZING CHLORII1E 
MOLEGURAL S! EVE-ZE(lI.,JTES (cl. 3A) 
MOLECULAR SI EVE - ;.EOLITES (cl. 4A) 
MOLl!:GURAL :)Jl~VE - ;.EOLITES {cl. 5A) 
MOLECl!RJ\L ::;~I~VE - :!:IWLITES (cl. 13X) 
SOL1A ASH 

1000.00 
1000.00 
2000.00 

50000.00 
2000.00 

140.00 
500.00 

!\0000. 00 
1000.00 
300. (10 

7500.00 
40000.00 

1000.00 
1000.00 
2000.00 

25000.00 
60000.00 

1500.00 
1500.00 

10000.00 
1000.00 
4000.00 
2000.00 
2000.00 
1500.00 
8000.00 

20000.00 
1000.00 
4700.00 

500.00 
500.00 
500.00 
500.00 

100000.00 

~·or ea.:·h of t,b:; techn•.)logies, the single plant evalua
tion was po;·rforme.J. This comprised calculation of the per
formance inc~cators as described in the Section B of the 
report (e.f .. PV, lMC, MVA, Profit and Simple Rate of 
Return). A1.ter the evaluation had been done, the technolo
gies that were ~stimatcd as economically infeasible for 
their low c.:paciti• :1, were again invee.tigated with re-scaled 
capacities. 

Toi t.hr, r1ext ;:;t.~p. tlh.! analysis WCIS performed for the 
wh•)l•· fN(1 l'DA, j t m,::.<ms that all technological connections 
betw.,··:•n t.h•' inc.taJl;1t.i•>n w~re taken into account. For the 
sak,.::: <•f t.t ~' anal y:c:.i ::; , a series of computer experiments was 
r•m t,._, g-:,n .. ,r;:,te effj,~·i•mt •.l·~velopment programms according to 
ro.axirnun1 pr .. :110tiori pr•)fit uubject to ae:sumed investment lev-
.. .: li:.. IJ\d.;:i: l •.:d rt:?P.u l t;.: r:•f the analysis for various invest-
ment ·1::1111'.::·. (dv1r1 1~ing in &O l1ill. $intervals up to the 
lr::v• l 11f f11ll in1p)•.•n11,ut.;;1t.ion of t.he whole set of 

• 
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technologies) are giv.=-n in th.,, .:::>~p·•r:'lt.~· ·. ·lum~: Arp);·.:· f.·.;i 
of HID.4 to HTO FDA ,"Ind INO PD.ii C.'i,~e Stc:di.,·::7. 

The results (,f· t.he analy:-:i:: '"'·'"t"•· t':ul mi u ••. : I•.• 

P.Rozwaciowski and A.A ... Tafari tn ~11pp•.•rt. 1;.~ .. ult.in1-'tl.o::· ""X(•o:·r
tise of the development program by r•·p.:,at~d re::·.·alliug of 
some plants and elimination of som~ t.e•-hw··logie:::. In <1.td i
tion, tt>~ results of the single pl::rnt. e·;aluati·: n 3w! the 
produc-t:ion goal ( demanj) for the yo:>.a r ::~e;no wer~ t,ako:-n in to 
accou•at. The list of finally sele·~ted installations ""i th 
thei!.· capacities is given below. 

pr..>cess name 

ANTIMONY TRIOXIDE 
ALUMINUM SULPHATE 
SODIUM TETRABORATE (BORAX) 
BORIC ACID 
SODIUM PERBORATE 
PRECIPITATED CALCIUM CARBONATE 
PRECIPITATED CALCIUM CARBONATE( TOf,TH r·. ; 
CALCIUM CARBID£t; 
CALCIUM HYPOCHLORIT~: 
AMMONIUM CHLORIDi': 
SODIUM CHROMATE 
POTASSIUM BICHROMATE 
ANHYDROUS CHROMIC ACH1 
COPPER OXIDE (BLACK) 
COPPER OXIDE (RED) 
COPPER SULPHATE 
CRYOLITE - ALUMINUM SODIUM FLllOlHL1£t: 
ALUMINUM FLUORIDE 
IRvN OXIDE (RED) 
FERROFERRIC OXIDES (BLACK) 
FERROUS SULPHATE 
LEAD OXIDE (RED) 
MANGANESE DIOXIDE 
MOLYBDENUM TRIOXIDE 
NICKEL SULFATE 
SODIUM TRIPOLYPHOSPHATE 
SODIUM HEXAMETAPHOSPHATE 
TRISODIUM PHOSPHATE 
DICALCIUM PHOSPHATE 
POTASSIUM CARBONATE 
POTASSIUM CHLORATE 
POTASSIUM NITRATE 
SODIUM GLAZE 
SODIUM WATER GLASS 
MOLECURAL SIEVE-ZEOLITES (cl. 3A) 
SODIUM HETASILICATE 
SODIUM THIOSULPHATE 
SODIUM HYDROGEN SULFITF, 
SODIUM SULFITE 
SODIUM HYDROSULFITE 

cap.:..: it:/ 

3001.1. :•fl 

35000.!l(I 
1 ~.on::- . ;1(: 

120t):;. ~!O 
f,(J(ICtl•. {Ii: 

i OIHHW . , " : 
·Ht011. ·:i' 

6(10!lcf _ '-:' 

70(1(!. '·!: 

1 (I (I.~ . !: ll 
150~'-(IJ 
2. 0 (i ~~ ~ f = (J 

15fn .1::n 
4 .: . 1:0 

4(: :•. !:i! 

200J. !ill 
270·1. :·11 
270.l.UO 
700-J.(l(j 
500•). ~HJ 
350•1. fill 
40fhl - (i(I 

11 (l(l•l. Oi) 

25011 - 1)(1 

300.00 
700(1(1 _ l)(J 

lOOil.oO 
7500.110 

40000.UIJ 
:woo. 00 
4(1(1;1. iifl 
600!!. i!tl 

;~2no.1. t.fj 
8(10(1 ! . ll(i 

1(1(111. [!IJ 

800(lll. !Ill 
]0011.ilfl 
80(111. fll.1 

l :::0110 1111 

~.WOt I. 11(1 



:.:~(ID f!.iH 1:1iL•.w i(:K ( Hr:i.'t l CAL} 
SOD lflM NI 'f "A 1 r: 
TITAN l IJH ill ,)XI DE 
~:INC CH~i:~rH DE 
SODA ASH 
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2500.00 
12000.00 
50000.00 

6500.00 
150000.00 

Al~ p-3 r-t i cu lar r~~u l t-:::~ ..:·f the analysis is appended to 
the V,_)l:11le r·r::E•)rtir.~'. th•:· ,_-a:'":~ study. 

• 

• 
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IV_ ASSKSSttKNT OF THK COHPUTKR F.QU I PHKN'r 

For the imple-1n~nt.ati•ln of th"' Ml DA-HNI systt>;1 :'it I•!".-~!. 
the below specified ceomput""r eq11ipn1.-•nt. w.'\~--= deliv·--····i: 

1. one IBH AT microcomput~r in th.--- f·-:·i t'-")wing e·-·nfi:_:-•1?·.a-
tion: 

- processor 80286, 6 MHz, 

- co-processor 80237, 

- RAH 640 kB, 

- Color Graphic Honitor and CGA Card 

- one RS232 serial port, 

- one Parallel Centronix port, 

- 20 MB Hard Drive. 

- 1,2 MB Floppy Drive, 

- 2 x 20 MB IOMEGA Bernoulli B0:-: wi tt; i.nti":r;· ,,,..:., 

- IBH PC-Net Card. 

Epson Printer I.Q 1000 with :-1 t.r-.'1··t .• ,. ;ind 
feeder, 

·11 I.· ; : r1• ··:t 

2. 

- 1.5 HB Exp. Me~0ry. 

two IBM XT micrO('•.:•mputen>, .:::-t•.:h i 11 t t.- - f,_·. J} .. · 1 i :i•' 
guration: 

- processor 8088, 4.77 MHz, 

- co-processor 8087, 

- RAM 640 kB, 

- one Parallel Gen~.ronix P•H"t, 

- 2 x 360 kB Floppy Drives. 

- IBM PC-Net r.~rd. 

3. Additional equjpr.1~·11t <rnrl f;•ll•l>I i··r:: 

. .- ; -.... 
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4t:• fl.:.ppy di::.ks. 

- ···h·~ l ··n1ou l; i. ·~: ie-:t11 i ng set. 

:·:···.·t f·:ir •t-· r:r·in•o:-r (3 boxes c·f 10 .. and 2 of 15'') 

·-~; ~hi.:·: :\; t .::.-: G · . : - • i-'."t·~l::-:1g.=; ver. 3. 4 (DOS l , 

g1 iAr•\)I(iJ:·:-::~QI, i.,.:. ·.r~r.:.::.o (single 1_::;;er) 

h) [ :i~\11-:ii I !:-E:-;Q[. li\1;~. v~r. 2. 0 ( singlt'- user); the library of 
~:r·•.gr"<11~: for 7 i:•· Ni·:::r·•:C:••it G comi:-·iler ver.3.0, 

1 l ' '. tk~ i·rugr:::;r w_~t·. J .10 (DOS), 

The ii~it dwar~ ::111<.l ~_;l)ft,uare delivered ie sufficient t.o 
orgon i 3e .:i ~(•mputer net.\.1ork running under MS-DOS. The IBM AT 
is .:i "'hr:-;'; t ·· ·:·r .. server .. computer while both IBM XT play a 
roh: •)f th.: "rec.::.iven;··. Thus, the network system is a mul
tiu.-_,.~r on~, becau~f' it is possible to get access to the mass 
st .. ra:r.·~ of r..he :::.-:·r•:er fr<Jm the receivers (but (Jf course the 
sim1.1it::w.:.r1 ::::- ac·~r'!::::· t._, diffr:·r~nt files only iB allowed). 

·pp·· irn; 1em·~rit.•.·ti .·.1nf .;.1'11r:1tion i& a(lv.:intageous for the 
<)ff i .-.~ \.1(: d'. f"• c:(· r'.';;11. l_(•n f;y6tems, t,ext pro~ees]ng etc.)' 
but :1n:_'._.rt.:1r,::•t•dy i 1 ,.,,1tl1·:·t r:-fficient.ly support MIDA-UNl 
;:;y:. ~.-r11 \.;[ii· r b~l··rw.: t· .•• the clasf; of the engfr1eering or 
;;<~ i · ri: \ f ic r :-mp:.1t ... ·1· ::• Pl'l i.·..:.:1 t ionr-;. Thi:;; is ma inly .·;a used by 
:1 ·.1 :~: ['"·•:·. .:.f th·: '.~ompu t.~rt: ;.11;; we 11 as by a substantial 
·· 1,- .. · ... :·· .,f f-:AM rr·::. ·Ut'<'.r:::·: to bP- 1H::ed by MIDA-UNl software 
... r_.rt(: nr!t..1-1,rk :-r<•l!.r.<\mf:; reqllin; 300 kB of FAM on the 
::•:.·r"':· r·, .·1ri-·J J(l(l kh ·•r' RAM ori the each of the receivers. On 



• 
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the other hand. the core module of HIDA-UNl, i.e. the optim
ization package has to use 500 kB of RAH uhich ·:·f c .... ·:::e 
excludes a possibility of running it on the AT ·~•·mr·11 t"' •· "tf: 

far as it is used as -::l server. In this s i tuatioi. t hr:- I·.• ,:. ·· 
age can be installed on the XT co:•mp•1ter b1.1t in t: .. i1~-. ·~.;:·:··· it. 
runs very slowly (because of low frequ~n·~:; of t.:-.. :~ pr··-··.-:e:-
sor). 

Moreover, it has to be explained that t·.:1t- s•:·f•nre 
delivered (as on the list above) does not fit to :he ~etwork 
system. One example is the version of the Inforni.x D:=tt~i·:1se 
System which was cannot use the n~twork f"'\cilit.:--<:'. _ Th.:~r-~
fore, it is impossible to access the sam~ .fa taba~:.~ frnir. ~.:.10 
or three computers at the same time. 

As opposed to the above configuration, it 2.:i P•:>s.~>ible 
to work without the network. This solution naturally • 
''unburdens·· the AT computer, making. hoi;iev~r, th·~ two XTs 
practically useless for the HIDA-UNI syst.em. M•"'r~over. it 
reduces a reliability of the system (espo::c:i:1lly 'f a f.ai i1Jt"e 
of the AT happened). 

Besides the conf ig•trat ion of th~:: w~·ii:ile :::-·~~ t.em. r he 
hardware delivered al:~o causes bot.tlen..,.du: of •·.:lo:' :::y:':t . ..=·m·s 
performance. Particula :ly, parameters of t.he Be!"'K·•-' 11 i m."t::;s 
storage as applied to ::;uch a sys tell": c::.:::in h._. ques r. i <·n~d. Tr1e 
disks are much slower r,han Winchester driv··;> whi··a in a·i·l i -
tion causes fatal transmission errore during the •-11>rk <. f t.he 
network. The IBM AT Cr)mputer ean run 111,it:-r XE!-ifX ::::.r:,t.•;11'1 

installed on a part of the h::.1rrl driv•-. Du~ t . ., a Ja.·Y. ·•f 
RS232C serial ports on the XT .~. •mp11t.-'•1·;:. h·-'uev. -1·. i ! i ~; 
impossible to take a ·~!'"uci::ll adv:111t .. ""~"· ,·,f Xf.:NIX int-. i·· ~.ti,:. 
powerful multiuser· op•!rat,ing r:y:o;t ... m ( :i:id th·· -.. f.,,-,. ·ti~ 

equipment is limiting t.he usage •)f Xr:N!X r .. ,- •_•ne :1::·~·1· •·n 1 _:1. 

An addit.ional shortcomir1g of lht'- h:1dw.~1r··· ... I.hr· ····:-:i· •n·l··•I 
memory that cannot l1e ac•;es::;t-_~d by XI•:tliX. rr •• ::1':.··id !hi8 
difficulty, the card sh•)Uld be re·~·"'nfigi.u-···t -~:5 .:1 ··-=:xt·:·n•kd 
memory··, otherwise a substantial ro:·:'.1)11 ri:~·-"' .. f fiAM ! ,: 11:-."' i '";;,:. 
The reconfiguration can be done by :1 'l'inlifi•··I ;_'...,~ .. ._.-!·'~. 
Another limitation of the syst.ern P- p•orr"· :·r.i~-1n•·~· :1:;.:i•·r· \i~il!X 
is connected with tt1e Bernoulli driv,'·:. t..h.:it ,.~.nn 1 ~ :.r .. 
accessed by XENIX. 

The above remarks ·~.an be C•Hwl1.1d,:..-I jil .::i ··&11.n.i-1:·•!ve 
way as a propoe.al on improvem~n1 . .-.r t.h'"'" .·y:::t.~m. •'.:p-:-.·i"i: :y 
to rise th~ MIDA-UNl ~fficienr.::y. Th·• fnll.·~!irw .... :1:-1•'.•":· 1n 
the system·s structurF! :-ire ~trongly 1·•······n1r.!•·r1d•.:'.-!: 

repla·::ement of U1·~ network ~nrl Hr:_· r-n• •fl i I i l~C•)_ 
tiona.l Winchest.er drives f,_,,. AT :ind i .. ·it.h X.,. 
In addition, a p11rehase nf ·"' ··t.rip•: ::t.re.f1me1· 
interface, is sugg~3ted, 

:-1 i Lh ·1-!d i -
. •. "r.1p11 l.r: r~:. 

\,,/ i I.Ii I iJ,:. 
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in:::t.">i ·1tion ._.f RS~3!: :.::erial port.:-"", one on each XT co11-
;1::--~r .. mtJ th· ~i:::sinG port{s) en t.he AT computer, 

,-.~ -,- :. f 1~1_1r.:i '::. .. ·•f the ··expant!~d memory into the 

·itt· m· .. :fL;:_it.: -:1:·: w•_'i:ld r€'s11lt iri having t.hree indepen
.-J~r:t.. ·-rfi,·:·~nt: ;:--,:!....-::;;: nznning unde1- nos and alt.ernatively 
" p··· [ p;1_1 J. 11ser :::·~- t .~m rmrning under XENI x _ To implement 
t.h~ .·:1,_'.•~,:·_:1 •• rj ,•nnfit<:1r-;:~1 i•.•n, t.ht'! foll·•wing equipmert should 

-"l) ~ .... v:: 1 ·he,: t· · !- • ! 1· i vo:.-::-:. .:.3r.::h 20 Ml-~ •.::apa·~ i t.y, (two disks 
:~ i ! h , .. ·11tr<· l >·1·~: r-··r t.h~ XT comp1.:t.ers) • 

. j) · :;• ~-:~: :\2 3eri.1i p·n·: for AT computer. 

.. 
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V. MIDA-ONl DOCUMENTATION 

The documentation delivered conce-rns botl th~ MlfJA 
methodology as well as oper:'\tion of the MIDA C(·mputer sys
tem. It falls into five volumes: 

1. Guide for the Programming Development of tte Chemical 
Ind•.lstry, 

2. HIDA-UNl, Hultiobjective Interactive Decision 
User:s Hanual, 

3. HIDA-UNl Computer System, Installation Manuc:l. 

Aid, 

4. Database for SRI Technological Profiles, Ust?r·s H:-:ir:n.~il. 

5. Application of MIDA to High Tonnage Organ ice ( HTCn PDA 
and Inorganics PDA Case Studies. 

Guide for the Prc•gramming I>t .... T.·e.lopment l>f tl·e Chc.~mical 
Industry, offers a met.hodology capable of proposing possible 
restructuring and/1...,r st.ruc~.uring c·f variou;;-; sect.( rs of UH.: 

chemical industry. The systems analysi~ approach proposed 
takes into account a variety of int.errelat·-·d and :-dt•::>rnative 
production processes (either in use or under di:-•Jo:l·~·!'ID•"'r1t), 
compares their efficiency, their consumpt.ion (•f different 
resources etc. and finds the C•)mbi nation of techn•) l .-.g i es 
that best meets parti8ular n_eeds while st.aying within the 
limits imposed by the availability •)f res.:iurces .:inci env i ?"•)rt·· 

mental constraints. 

The guide is directed toward those who a~~ a1r~ady 
acquainted with the chemical industry . 'r, at 1..:-a::;t. h:ive 
experience in its selected branches and s11bse~t.ors. It .--:-on
cerns specifically planners, induztrial ·~c:-.-.nomisU:. t-:-d·.n»l
ogists, chemical engiri~~ers and other experts. Dec i:~ i \)O mak
ers especially those responsible for d 1:·velerpmt?n t an~ m·)st 
important in this game. They are assumed to b~ n0t only 
experienced in the field but willing to absorb th0 apprn~ch 
presented and open to rethinking their vi•·ws as w.:·ll fhe 
experience is to be combined with th~ m~t,t .. -.r:toJogy i r-··pr· 

The material comprised in t.h··, ;~11itl 0 :' .is .;1. :'r.ffn• .i r,,:i 
accompany the regular, case r-:t11rly l;1:''.•:'d co,1r:·,.:. ,,! the 
"learning by doing" t.ype. Even Uwugh it h::rn h~ ~·n rr.:·1 ·n··~d 
as an assistance f,-,r such -:-;~t..·~n;~j v.·, ..... ,ire,:. i 1. c·ft"··r;: "' 
self-contained knowled1IP. on the ~~11hje··t ."ind f'°'!n b.;· 11:~.=-d 
independently from t.he cours~. In ;;1:ch ·~~.:\:-::.=;, ti .. w.··v··r-. ·""· 
least basic knowlerlge ·)ft.he pr0r:r·."tmmin1~ ·'·"J••lnp1.··: t , .. t.(' 
be assumed. 

The guide repren•'.n t.z thf: kr1 .. w 1.,.t,~· · 111.-I ~··:I'· r· t i ;;. · 
.JSRD for which we t~ki.: full rr~:':p•.ri:dhifi··: f,.,. •t .• i:r. 1-! 

offereri . 
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f!ID.4- UNI, !fol ti··-.bjective I11ter.~ctive Decisio11 Aid, 
(Is'-~:-· s :1 .. ~111131 cont ": all infc,rmation which is necessary 
and :_;;1.1ffich~nt for .:t. ?Pr ... •priate operation of the MIDA com
put.;::,1· systt·:m. Th·-~ S>'S t-em is a tool devised "t;O support the 
user wi t.h ·~·-•mputer pr.)g:-.3ms to apply MIDA methodolocy for 
progr3mming d~v~Jopment.. The manual vas substantially 
extended ancl enhan~ed during the mission to facilitate ihe 
11s~r::.: wh•.-. h;1•Je a limit.~d background in computer science. 

The m:11iual falis int._) two parts. The first one provides 
th~ user uith a general description of the system to make 
him f.:;mil ial' with t.he system· s struct.ure and to help him "~o 
.~sso.:::iat:•:: pa?"ticu lar functions with the system· s archi tec
tur~. In t.ht:-: se ... ~··nd pa1·t. all particular functions are 
describ·~d in the •.•rdt'>r a:-; t.hey are implemented on the con
secutiv~ lev~ls of the system"s menus. All additional infor
mat. i •)tl t-.h;-1 t. can b~ 1.1s.=~ful for performing advanced functions 
•)f tho:, sy:::t..·m is r'!!l·'losed in the appendices. 

N!I~A- Udi Computer System I11st."lllat.io11 ffarw."11 is a con
.::: is..:: n°'fer~·nce b ... _:.kJ et c.f the syet.em ·::; installation and 
mai11t..o·nan·~·~ as well as a ·· 1 ifeboat.. inst.ruction if some 
fai1,il·~::: nr damage:·:: of th-:- :::ystem oct:lir . 

.':it .il.ia:;,~ for ;7RJ 1'ech1i..,logical Prvfi Jes contains the 
inf : t i c·n on th.-. format and contents of the database 
dr::s L~ n .:.J anc implemented to store the data concerning tech
O()}.:-G i '::a 1 cescription of chemical technologies according to 
Proc~ss Economics Program of SRI. It refers to the MIDA-UNl 
User s Manual as the datab~se operation mechanism is unified 
with th~ MIVA-UNl data bas·~. Additional information concerns 
the data trEnsmission procedure to the MIDA-UNl database. 

Appl icn tiv11 <.;[ NIDA to High Tormage Oz·ganics ( H1'0) PDA 
."Ind lrwrg."fnics (TN(>) PDA Case Studies·· The volume contains 
all results of the two major case studies performed with 
appllcatjon of Mll>A methodology as referred to in the Sec
tion II!, Ctaptere E and F. 
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VI. CONCLUSIONS 

The results of JSRD work on the Master 
Development of the Chemical Indust~y in lran ca~ 
ized as follows. 

Pi ar: fc•r 
be :::r:mn •. ::.i·-

The scope of the work done c0v0reci the tasks ~nn
tracted. The additional work w.:ts d.one J L·)wever, t c:.· f.·1-:~ i l i
tate retrieval of data from SRI database to MIDA data~aEe. 
to improve efficiency of the computer e·~11ipment. ;-.nd 1·.:f\,:cr;; 
effects of frequent power failures. SomP extra effor'. ~as 
also invested in i;reparation materi.::tls .:ibc.ut MIDA . -n n·.11.:·~:0t 
of the participants of the seminars and l~~tures. 

Generally, HIDA methodology and the comput~r ~ystem 
proved their usefulness for the customers from DPCI. 
Nevertheless, further augmentation of the technolo~icaJ and 
computer knowledge of the users of the syf:tem are jnd";;p~n
sible. It is recommended to perform this task by _.rainig 
DPCI own st~ff and recruitment of specialists familiar with 
computers and linear programming te~hniques. Wlii]e a 
comprehensive knowledge of the ·~h.=,mical techn:·l•:•gy ··f t.hr: 
DPCI staff should be highly aw.::in'k,d, t.111,,ir c:;J 1r,b.-.r·:=dior. 
with senior industrial experts sho11ld lk, r::.~in t.ain,=-.i anri •·':o:':n 
developed. 

The case studies done with the (~c·nt.r·ihution ·:·f f1pi:1 .-:,re 
representative examples of MIDA met.hod·-· l··~:1 and wL:'1 t. - :': rr?->re 
important they were assessed to r-~ m.=-an i ri . ...: f:.i l for the M~r:c"'. ter 
Plan. It should be a good starting 1>i:•int for f1:rt!vr ."Ind 
permanent analysis for development. ,-,f (•t.i1•:r ar,:--.3:-· nf : ht=! 
chemical industry. The H'fO ca:::r- z t.u. ly ;· h.:.it l d i· ... , ,·., i11 i ri• :.-:-ri 
with special emphasis on "policy m·~-.1L:11rf'.:·: ·.::·xf,rci:=:-·,·. · ··.g. 
with respect to r<ltt> of int.=:r•_':,t., d·•rt··-eci.:1t.j -,r,. '-'x··li:1nfr.~ 
rate) as well as analysis of imp.:1°:-U: of .-.t1i.0·r de:·i:'i':"' C:, . ..:-· 
tors as prices of raw materiaL_;. v.71 J1~..=, ·;f loc;,f.i•:n f'.;,.'t<.•r 
etc. Especially market analysis sho11J d b.. can- i .::...: •:.11 t. t .. -.• 
evaluate the export potential wiLh r·-~:':pr.·.·!.. t.0 v1r·i·•U:: pr)
ducts. A special attention must be p•lt. to J ~.,;--,I ror· j ····"S 
adjustment. In such ~ kind 0f analysi~ MJDA sy~tern will 
prove its usefulness; first. thr-.,11gh •"':.::l11at i .>n ,_,f 1 he 
exchange rate the official one ven::1rn the shadow V<11 ue. 
second through evaluation of MVA hot.h wit.h respe-·t to ;:1_,.~jaJ 
and industrial profitability. The latter typ~ of the 
analysis must be preceded by lo~al prj r.1)5 ,'•djustm..::nt. 

All the analyses should prov id~ ch:e ::don m<lk(·r.-:-; with 
important hints for est.abUshing L•:inf{ t"M1J~·:· econ·-·ni.ir· p .. li··y. 
The Petrocomplex PDA could be d~v(~ 1 opc~:.-1 w H.h a~':~-: i :d .. •1111 ·• · (•f 
NPC to support evaluation of exictiag and fore~·~.-:'ri 1:·,n·.i•·r-t.s 
(such as Arak and lsfehan complexes). ;~w .. ;·ific r1-:·•:1.•mn ... nd.-1-
tions are included in t.he volum~ (>1) t.hn ·.'-'.1:·;,~ r.tu·11f. :-: . 
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.:1..:;t..:. ·: L r.y; '._,xt •_·.:,::•:::.: ar._ .. ''"Xt;'ected to cover downstream pro
·:!e~.-:; r:.,; t_ .• _·:.r.~ nis .-.,, .. ir::-:-:. ~-.:1i11ts etc. It is suggeeted ti1at a 
11.:\.:: t .. -1· ~-1 -=t! "'i I 1 ·>•ver the 10 years time horizon. while a 
l•:>n;:-,:.1· t.bv· ~:pan 1.q r .. -. l~· Y•-..:\rS will De used for forecasts. 

:\.:: :.Hi 1. ·! tiil1-3t· g.: •. ·1 l ,_,f the HlDA application it has been 
rarcv.-.j t.h·,t n:>it:!' Mii..ii\ s•1bstantially limits the amount of 
W(•!"l>: · •n P!."·1 •. a~;ibi ii t:l :-md feasibility st.udies since it 
.J!l,,w.- t. .k numt.~t·,_ i;.; prefea:.:-:ibility analyses for evaluation 
•Jf ._-.·.-mpJ,:.:-: ir:..iastri:d n.->tworks in a ccn·J'enient and efficient 
·.;.3y \ ~1m.:1!:rion '"''·':ierfm<'.>nt.: ). As it. Gan lead to reduction 
of t~~ alt~1~ati~e~ to be a subject of further !~vestiga
ti01:. ~he .:y~tdm 3l~o ~av~s effort in the stage of feasibil
i. t:.:,· ::: : . ;dy. 

t 
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1. Introduction 

This volume reports on result::; of t-.h··, two ··a::>t:- s:u.Jies 
concerning High Tonnage Organics PDA "ln·l iu.)l·gan:.-~ Ghemh-:t.ry 
PDA prepared for the 
Master Plan for Development of the Chemical Industry in Iran 
within the UNIDO Project DP/IRA/86/007. 

Both cases were carefully selected .:1:c: a p;,rt tif the 
DPCI main task it is the work f,)r t.he f'h:---:t.er f'J .~11 (MF·'. At 
the same time it was de.cided that the an~J ysis of th·~ .~.r,~;es 

will be done with MIDA methodology llR ing MI OA-frN 1 Ve·~ is ion 
Support System. The methodology and the sytem f;uppli~d by 
JSRD are, as it is explained in the Final Report, a pr~cti
cal tool for preparation of the MP, th is is what is qn;f~r
stood by the term of Integrated Development Progr·ammin·~ < :o:ee 
Horking Paper on CINI PO Techni--::al .1ssistance ;;f' In :.e; :: ,:ed 
Chemical Industry Development .. MIDA-lJNl is a special v-:::·:·. i i)n 
of HIDA system which w;.s developed to fit needs < nd r~ pd ?·e
ments of DPCI. 

This volume c•msi:~ts of two 1-;u·ts. P.c1rt one c···ver:'; the 
introduction and the first t.w··· chapter~, nam€' ly '.'. .-.;-,d 3. 
Chapter 2 explains the problem of th.:> dcJP.lopm.:r: !. ..-,f the 
chemical industry in Iran. It iJent.ifj~,;- stro.Jetu1-.:il dr.:cr~n
dencies i11 the Iranian economy in."\ hro.-id···r glc·l·al t_'.•-·rilext 
of other countries; both developed and d.c vt.•loping unes. The 
results of this overview point out a d•,•v.:·lopment d~l<:•Y .)f 

the chemical industry both with r•°':'pect t.c· othf,1· dw....-::i•»ping 
countries and to the Iranian ec0numy. As a result. th~re is 
a gap between a relatively well dPvelop~d c0ns~mrr market
oriented branches of the chemi .. :r1l in•:ustry and h•·3vy 
feedstock producing branches thRt utiliz~ rlomeEtic 
resources. This si tua ti on 1 ed t<:- 3 grow i rig dep·:·ndo::ncy on 
imports which slows down 'the wholf~ e=::conomy. Du·:=:• tc• th..-· <l::.m
ages caused by war the situation is even more grave despite 
the great effort of the country exprPesed in alJ0c~ti0D of 
the highef.t investment to the r.~ht=!mic-OI I induet ry ill the 
dec~1e of 70-ties. 

From the thorough analysif~ don•-" by Lt!•-: ~xp.=:rt.i=: r.:. ::;,w;-,.:1:~. 

and P.Rozwadowe:ski and jointly by flf'Ci and .J!'.IW a:· .·;;11 
thesized in Chapter 2, the development th·~siz f •:rr t t, Hf• 
thus also for the HTC> and INC> PDAs is ."\::: i .:,J l•we: 

* Master Plan must be based ·~·n th·· ripr,1·.; ."I h · · i ,.:d 
Integrated Development Programmin~. 

*Development of the ~hemit::."\J ind11;:r.1·~· i:·: f,, I··· ,· .. n-
sidered as a vehh·le ,.,f th1°: r:.-. .. n,··mi·· il•':veJ,·,rn11·11t.. q,,., 
co,mtry, and if the clevr; l opmr:n t i;: t.-. I .-. .:Ii ,., ·· · t ;:d 
towards dccrea~ing depencienr:y ••n imp· rt., a t~1::1·· 1-r·i .. r
ity would be expJoitation r.•f n:11.ur:1 l. •rg.:inj :ind , ,,. r · 
ganic reso11rces. 



't -

~;.3 :: ;3e 
rn;.;·:: ~:: HT:_1 .1;i'1 lN(I ar~ selected as a spe
s ! .!i~~ 0f the devel0pment of the chemical 

:! .jq_~:: r .. _ 

L1-.·•·.:::nent n·1:.:r L•':· ·iiroe:(:t.ed towards loYering imports 
•·· th i·:-r HT(; .":'\!:' HV; .::::=: well as to related industries. 

i" ::-~ '.:; t. 

:.:-· t: . . . t '.l r. : 
A.A .. i·.t 1.:·i 

m.:t:.;Jo::;-: 
b~ ~t the same time all0cated with 
-.t.~.'l:r .. :t.ble rat·~ of return on invest-

·· u ... ::,;,t~-..rial, a ·~ery valuable contri-
: if-·C I -~;, : E.Karimzadegan with 

ackn0wledged. The 
3 on HTO and of 

· · ~ ·1pt.ei- : 
"t 

- .: .. .. . . .. 
() .i... ... • .... ~,, J -~tt: .:. 

1;1 .1 F'. f;,:.-:o;.,r.:_ir:! .. )i,';3k i. 
~ -._ .. ,_. 

gr~~.::it.l:.r 

Ch.:ipte1· 
. '·' Chapter 4 c.n INO is to be 

!to::; re.:;111 ts or r:n..:: an.:tlys is proved that the High Ton-
11.ag'"" 1)r-g.:1n i•:-:; PDA ·:':· ·n::.:ti t.u t~s a key domain in development of 
the ·::hO!mi.::.~,:;. indusi: . .-'.J. Th•:: PL;A includes production of five 
group:.:.: •)f r•r .... juct::.: .:t:l<_l int.:.rmediates: 

- 0~31c pet~)~h~mi~~ls iolefines and BTX), 

- an;d t .. ~1 ry :int.~ rm.:,d 1-:t t.•·.-c: ( methanc· l , phen<:• 1. chlorine 
,-~L::- - ~ 

:;(•rr.-· :i11Xili.:i1·y iut.."t·m·~·d.i.:ite:-; f.:ir product.ion •.:·f paints 
-~1r,.J •·'-h•:r· pr .. d1;._·t.:::;. t.:,: is sho~m iu Chapt.~r 2. 60% of 
t,he ..::·h·rd.-:!al imp·~·n. iZ-::.2 Bill.~' in 1983) was allo
.::.:it.-_,J i11t0 tht: ~kt:.:-,-.. ~h.,m;1;;1ls. of t.0n.i•~h .3bout 1.2 Bill. 
:$ in I.("· 1.h e HT~• . 

The ;:;e 0
..-:

0.•nd ca:,.-, t.h-3t l)t Inorganic .ndustry or l~W Yhich 
does w1t pl.:\~· a very sif~nificant role .;,t-. pre:::•:::nt, deals with 
a ne~; • pportuni ty f•:>r I ran since the C(•llntry is ven.- rich in 
r.:lw ~.·.t-.~ri.1: :> for the inorganic indt•stry. This branch was 
~x.::1n. ·· · ·-i ver~- carefu Jl y hy l.JNIDO expert (see report .... ) 
duri1. hie missi•:.n whid1 iG a part c•f the Mcsster Plan. In 
f.-:1.-:f ... .>iiI• .~ <'s~ly ,.._.f 1-1h0 -.r-'tt.P:d in the •:ase of INC> PDA with 
F'. ( ... --:w.:\dow.~ki and A.A .. T.;:if::iri who com1•ieted the second part 
.-,f t-z:·~· :-1br.-.v., l·epor~,. <)wing to this coini:-idenc~~ both studies 
.:ire .. ·.:·mplf,m.:H:~ary .-u .. .l •.'..'H1 h-:> t.r~ato:~d ae a mutual references. 

Tl.·~ <111.-,: ysis b:1:.:-:· 0·1 •::on Mil•i\ met.hod<.•logy wa8 done for 
HTO .:.ind HH1; tht=: ri::::>1Jltf; -'lre reporti::·ci in Chapters 4 and 5 
e•)rn·:"·P• . ..,nd in.':ly with r:p.--.~j fi.; conclusions and recommenda
t~ion1;. 

., 
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2. !taster Plan for the Development. of t.he Cheaical 
in Iran and h'TO. INO PDAs Cases. 

Industry 

2.1 Global Co•parison - a Background 

A base for the Master Plan of t.he [r..i1.stri~1 ~ D~-:-7. i··o
ment is provided by national g•:·~ 1.s -"'!nd st1·.1 t.egh·!-: f.:>r 
development defined f'-"}r the long t:-erm. ii. the c~k~ ,-.f :.-.:L. 
the national goals of the devel..:•pm-=-nt. h-~~,.!~ not -,---""e-n f 
lated in a way uhich wo1Jld pro•J'id·:: ind;cat i.)ns an! ~.v--; !-.~ f·:>r 
Master Plar. of Deve l•.)pment •)f th~ Ch.:-!ll I ·-'-::tl Ind;:.; tr:.'_ r , i ~ 
situation -~alls for st?"ictly pr-:lgmati·~ ::•.'·~tcrai in·i•:.-:: :·:-:
oriented approach to ~laboration 0f th~ Haster ~lan ,i :he 
Chemical Industry. 

In this approach an identi f h·-:.t:.ion .;:. f demand f-~·t" fin.:. l 
and intermediate pr<:o 0:i1Jcts provi .. !""s p1· ... i·;·:ti•:-.n ~-~:.:tl::; .. ::i i.:h 
for chemical branches in quest.i···n rt.~Pt"··.:w:---nt :1 :::tr~t-·'::!.i•: 
assumption about the d.::i:velopment. .)f br.::ul•"'•~s and indnf~tr·i~s 
being consumers of thes·~ products. Thi:; 1~· tSi>:··i.-dJy .::.:
since the chemical industry d11.-:: t-.(' it.:: r···le :•!- f,=-._:-.~.~:1_--,~k 

supplier to other indust.ries is t .. b.=: •• ,-.n,:idn=d ": .:-t lluiu 
driving force for t.h~ industri::.i1 d.:-·;-=- t.;.pm~n--. T!-: .-: i~ 
specifically a case 0f Iran whid·: I::: :·icf-1 i;• n-- ! , •. ,d 
resources being a feeds t.ock of th.=, ··h,o,:ni .-_-, i i nd11;: - t·y. 

The demand or Dem:-rnd Product, v~,~t.·-'r 
identified and systematised an~ ~n t~0 
'lnalysis by P.Rozwadow:..:~·d :-md A.A .. f:-if-<tr-i '"i:·: 

numerous sources. DPV w1s further .=-v:d:;~1t .. -.: 
and used in this study_ 

~ DPV , r •. "-1 :.: , ·····.:.-n 
resi1i.ts (·r ~-h~ 

wel~ .:-~-.: .·!'r.·:?· 
by 11:· '.1 .·a:\i~ .r.::;[I 

To the above J:>ack~~n~und an ir11p•.··:-r.~1n: __ it lust~·1: i>- !--,.~

tor may be provided wjth some st.:1t i:-:t.i•:.'ti -i:-it.:-s. "ti::: ui;, : • .=: 
done from the global p1·0int Of Vi•:l.I lk•Wl: I_,. I.ht=- ~·· :t.·,1·-~1' :ind 
branch level within the chemi .. :.-d i11rl11:--:t.~·:,'. T.-1 ,;.- I -;, .. ~;:-; 
the ratio of Industrial Productio:i V.'1111.~ r. GNF· \'.:\In· :--,r 
developing and develop.~d countrir,::_ Hit.L t.h•• pi···i'·-. .-~; :. -_,::: 
1 to 2 in a favour of d·':velopi::d " .... ~ .. n···mi·'·'· it. sh .. -:;: tli·: '.!1;

ratio is relativE>ly :::t,abl~ in th•! d•:'h-l- ;··~rf e-c .. ·, .. nii·~-.- .--:··n 
with a tendency to der. r-~:ise ( d.:l t.a :w :-ii ! _ _.,.ii : · up t.. : ~ '/fq .J 11e 
to a growing role ,;f non-indu::~.;·iat ·:- · ·h•>mic ~·ti•:i:.i·:::. 
While in the developing economi~:3 t:h i :': ra: i .. ::;hoi;;; •, ;: t -•. iy 
growth since it is f:11· from th·~' ;-;;1t..ur-;,1.:-·n. J\e. -1·- t_.r_ir·u "11r 

attention to Table 2, tl~ find that. t.laf"! r-i'.t•· <:>f •'-•ta: V:1l110:: 

cf Chemical Productif)n vs. T0t1l Ind11.n~·i:"l P:·-·1.t11·::.-..r1 ie 
again Stable in the de•J'~lOp~rJ er.·1t1r•Rd•!;; - (>B ' I'' .~l\·~r.1~e 
level of about 20%, from 1960-1~7fn. [J,.,..J,:.pi1q .:·.·.11nt.ri·~s 
show quite clear growirq trrrnd. 1·lhat i.; ,--.-.:n mor·:- iir1pr:-t·t ·int 
it shows that the rat.t· ·)f d•!Velopn1•!nt ... f : ~·-~ .-::heni··:il ir1·l•1;:

try exceeds distincly t; 1·~ r·~zt ,.,f t.h•: ir •.. 1:1 ·t.rie:-; \;: -'' i..ti.-1•·. 

Unfortt.Jnat~ly, in t.h~ ~a3e .-,ft.hi:-! Ir-:1 ;ian ~·· ·11•.:ny. :11•: 

data available for th"; :>eri('l.-1 •)f t:n:1--1~~w indi·.:::·· . ., th:-11 th~ 



.:.-J.o-:-·:i:-;·" •:=- ·•zt h •.lf : ,, .. :ho:>mi-.:~-:ti industry in the terms of th.:: 
r.3ti .. r~·-·:n t.h.· T··t.-!•· :·:, '-'-:'-nt. frc-11 11.5~ to 13.6X _ As it. 
ui!; ~·-=·· .:~r,·-;.;r. b~l·-o:.;. this r~lativ€'ly sl•)W growth of share of 
th.-, ._..,,.~,., ~ _ .. , i inJ1..1~-~' ?·:: in : h·.· t.c•tal industrial production was 
.::-.•.'•:--:;:;;··-:tr1:-:-.i t:,• -:l ._::-n;._-~:.n·:=tl developm€-rtt •)f t.he ch~mical 
ind11_~ ~ !"Y ;.;Li -~h l·- : ,_ .. :. :=t gr•'.\Wing d~i·~rh.io;-w:y of the whole 
~·::-··,,,._•rr,:.· ·1:1- i this ; ,., ta:i t t7 i ·: particular nr: imp.:-1-ts. Furth~r 
in::-::~-~'• - -r b~ !;-~ i11.-d fr·_·m Table 3 0;ifi·'i1 shows an average 
:-=:h~··· ·f ~fanuf ... _·t.;;?·in~ -~·al;_1e ~:.dded .-.f r.i.•.: b-'1Sic b1-.anches 
•• ;: ·; .-!;-:--· •• .i.:al ~•:<:'.Jstri·;.:. ·~·f develop-=.-! a1td .j.;:,veloping coun-
t.r-; .. .-,. ·r-: p~r:-: .-,f i'.!"in-1979. lht:: T.:-1ble sho:1s that 
a1.-.; :·' E n •)f HV!t .i!: •io:'velop.:-d econ•)lllies has been gen-
~r--, ·~ ;tilizing n.c1t.1 . .a·.:tl resour~es of tho:· develcpir.g 
·>.:.:_,. · ·· _ .c-. Sine.:- -i·:·.-.~·h:'!:·ing .:~•untries import large quanti
ti-:-.,: :' .i;tt· nnedi:=:t-:-s .:m.j final products , the process is 
·>::>1,~ ;n~.•·~·~•-' ::-· det·~t·i.-•rating their situation even in the case 
._.f ;~.:::-:iri;:: .. .:.:-ur.'\i r·c-:.:;.)tll":."•-'s. Again in the case of Iran it 
is v·-n· m:i.:-h th':'- ~~i r.uaf;i·~·n '1ith a high level of the crude 
(· i l ~ ~-: i:-0 i· ~ ... 

Tabl-:.' .; illu:.:trate;.:; r":•r the case of Ir.an a pattern of 
.:h.3n~·: ,-.f ~VA ir. th•:- ·~h·::mical industry as compared to 
:;;t":l-_.;;;r-·d :;.~,:-t-n·s .:-f r,h...: Iranian industry. It can be se~n 
th.=tr ~-h~ i:• ·r-~as-e ,:.f ::.h·· NV:\ in the Chemical Industry during 
•,h~ r-·:t·i..: .. i r:;-r3-i.~~·,: ;..:.:. ···:o;&~-;iderably smaller than .an average 
.:-f ~.;1-: ;;h. · i ·: ind:.t:::;:-.r::. 

i·,-i.!i•.i ;,ally, T:.i.;.. ::h-.-ws an av~rage rath:. of HVA to 
f'r•:i-::; · ... ,;:!•: it! r.,!•· •.:.-i:·:;r1i•:.:tl industry and rei.:\t~d indus
t1·L· i .;.:-.-: Tn i : i:.:; 1 .. '-~ating the cht==mical industry in a 
r.:.- l -, : i -.-~ l ".:! ,~_.--id p.·-::; ti .-·n. 

.. ·11 ue 
av~rage s~are of Raw 

in t,r-1._· !'?-.:..i:;.::t Value -:tnd the its ciependency 
f ra~ m~r.-ri~l~. This is given by the ratio of ~.1.p\:•i! ~i!tP· :·• 

th·~ : rl.i . !' ·-· .: 

M.::i r.r, ~· i. -~ 1.-: . the Total Value of Raw 

:;11mn-,.:-. •· ! ::: ing t.:1·~ .l.i;;.-:rv::i ti on& so far it can be stated 
t.ha t.: 

t.h~ -~r:emk;1 i indnsr,ry in Iran did not achieve the 
: •:3iti.)n it. h-1:~ in ._,t~:.•r countries with respect to the 
·!···:·d ,, .. ,, -~.:,rr.; ~.-;-: i t.y .. f t.h .. ~ deveJ.•pment of its national 

•)!l•f11j!. rt :.1·-"'ir::3 t;;·..1t the ~h·::mical industry is not 
··:· ! ·!:i:ig f't" .. ;•.•1·:.j._.r,;...1:'.y to the <lLher industriee, 

tri··· 1.;-p•·:•d· ;1 7 ' r,h~ ~hiemi·~.al industry on the 
.;:!• .r:,: L,.; 1r.r·,.wing r-:1pidly which is a result of slow 
;· • .-,. ·:·: f:t.ri1·--·11r:=d i:.;,1:1 ('f the development of th~ 
~· • .:-:n: ., ind11::1'"y, 

• 
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TABLE 1 Share of Value of lni1ustr1al Product um 111 ·::1..p for I t'\P(op1·d and 

Developing Countries. ( fixed Prices 1 

Years Developing Developed 
Countries (::) Countries {~) 

1960 10.3 28.6 
1~70 1Z.8 20.8 
1978 13. 7 25.8 

REF : 
1} Handbook of Industrial St.at1:.t1r.5 II\. Ne\"lyor-:. l ~1P.'.'. • 
2) Yearbook on lndu5triaJ SI ;it r ~;f ic:; II~. \!ewyor!..:. '"" .. 

TABLE 2 Share of Value of ChPm1cal Prmhwt 1or1 rn flt!· !11f;il lrufw;f rr;d 

Production for Dcvcl11ped <iml DPvr-1,,pmq £'rn111fr1P~.( f rxprf l'r11·1•:;) 

Years OevcJnp1nq l>cveJopcd 
Countries (~) Counlr1m; (~;) 

1963 11. 1 21. 1 
1970 13.6 19.2 
1978 1'.°).8 :!0.4 

------ -------- - ....... _. 
REr: 

Sec t<1hle 1 
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INJU ~ iht>r.1t ! Shan· .·t \'<dul' f\ddt·l1 for the Ua51c Branches of Chem1cal 

lri.i1;:;l r:• rn Dr".,•lnpt'::f. Ot>velop1nq Countries and Centrally Planned 

! ·~urnm 1es rn till' t't>r111d l'J/0- 1979.( F 1xed Prices) 

O.!ve loping O.!veloped Centrally 
I ndusl ri c.- J Branch COlII l nes Countries Planned 

(:;) (~) Economies(~) 
--------

• 
[ndi;:;' r 1;-i I l"iu n:1cals hi) 7 66 27 

llt h •;· I !ti h I'. ;I 1· I:. t rtwm11·;1(:; I fl 4.S 39 
( Y<.: . 

Hef! •1:ir :e:; '' -.. ~ ) ') 49 16 

1 Tiii' f\rm1dw:. an• Hh·11t1f1ecl 1'\cc:ll1·drng t.o ISlf 

m:r 
'i1·1• l;ililr I 

IAlll 1 ,, l';il t .-•111 or n~;111.11· Ill \';tl111· l\ddpd Ill I ill' t:lwm11::il lncl11:;t.ry ns 

1·n:11pan·d io 1!;1;11· '.i.-clor:; ol lnclu::;lri:':; in lrnn. ( l'J/}& 1983) 

• 19TS 
lrnkmlr1aJ Sector~; Value Share 

(~) 

lob I ~I\;\ 122 

:\on-i-",·'. 111· MrnPrals~ ~{, ·. 1 I <J 

fc\.I I' , i•,1 ·~1I'LI1q ;1ppar.- l \. ~L 'J I - ) 19 

Mach1n:1ry .l.i fqu:pmcnt ·: ~;I ) L', 20 

l'hem 11 ·:1 If: 
, . 

\ ) ' 111 1) 

1. t:x<·l1ul111q HI' f . 111 ~I' ir~ !; : 

I oocl, i\f'\1·n1111~ t. I 11hl>;w11. 'I ) I 
) / 27 

---~·· -··---·-------------·- . -·--------
• Ar:r.orcl 1 nr1 Io l '.i 11·. 

1902 
Value 5harc 

(~) 

770 

115 14.7 

292.B 2r> 

182 23 

Al 10. '> 

126 1(,.4 

AvErage 
Growth 

1973-82 (~) 

23 

30 

26 

18.2 

16.3 

HEF 
I, :il11;il :1111 of" 1':1~;t .11111 1'r1·:•1·1ol ~;it 11al 11111 1if rtwm1r·tll lncluril.r} In I ran. 

lll'l'I llr·p111"1 ~n.:~1,. r·bl"!"ll l"Jfl/;.' Ill I ;1r~•I L Hn:wd on Dnttl hy rcntr;il 

ll:111k ,•, •,1:d1~;t 11·;11 1'1·11!1·1" •If f:;larn11· ll1·p11i1l 1r· rif Iran. 

• 

• 
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JA81...[ 5 Average Ratio of Value Added to Product Valtn' tn th<> 1·1rr:::1 ;!'. 

Industry and Selected lndustnal SertC'rs rn ~ran ( ;,\ er;iqp :1t 

the Years 1979 - 82 ) . ( Current Pr 1cr~• ) 

* Industrial Sector 

Total Manufacturing ·: 300) 

Food , Beverage & Tobt.aco ( 31) 

Textile & Wearing apparel(32) 

Non-Metalic Minerals (36) 

Basic Metals (37) 

Machinary & Equipment (38) 

Miscellaneous Industries (39) 

* According to ISIC. 

Rff =see Table 4 

Average Rnl ac 
(~) 

46 

38 

50 

68 

32 

44 

55 

TABLE 6 Average Share of Raw f.laterial in Product. \'<due of B~; ;.· lnd•.1~-t -

rial Branches and their Dependence on Impor! : in th1· 't•ars r·:-:-• 1 

to 1982 ) . ( Current P:- ices ) 

• Industrial Sector 

Food , Baverage & 
Tobbaco (31) 

Machrnary & Equipment 
(38) 

Basic Metals (37) 

Value of Raw/Value of Value of Importcd/Jn:.aj VaJ111? of 
Material:;/ Product Raw Materials/ Ra" Hateraafo 

(:) (%) 

•;o 49 

63 25 

., 7 (12 

Chem.teal Industry(35) 40 ). '• 
Non-Metalic Mrnerals 2J '.c.1 
(36) 

------------·-·-·--· -·-··· ·- . - . 

* According to lSIC. 

REF· 
·See Tahle 4 



Item. 

IAOU 7 Vallm of' lmpurl for Selm:lml yonrn 

in chc1111cal!: , Mt?Lul~l arid ;~·1c~1111•1ry /Ir Lqu.1pme1lt 

·--------· ·-----· ______ ,...... _________ --· -----·. --· -·-· ...... __ . - . -----··-,----·---·-·----------I 

1977 

~ 
, 1 '. ~· 

'·' ,.)t l :11 :1 l 
I 

I ,, ,, 'J •r .. , 

' 

19U1 

i .. , .,. r 198~ h 
-------------- -------··--·-

~ uL, l ! ,,J'.J . r 19R3 
- , I~ i I#' 

' , ' I -- . l ~ ,, -..'.r ... 9 ! - --. --~ -..... _; __ · r~l 1 ii fJ l ' \( ~' -r----
I 

I" -- , u c,1 
I •• .:.ilJr, I -·,··--·-- .. . " ul· I ,. 

-------,·---- • - ·I I .; . 7'1. i~·~-1. ll CHft·! -!, :r;~n :·:·od:~. 

; ~) ' 

£h:,!c l·:eta!s 

~!achinnry 

Equipment 

.37 

& 
(38) 

* According to ISIC 

: . ~. -· -

~"~~Si: 

4. 279 

1 ~. l 

16.9 

3 3. ·~ 

---:--··------·--

62 % 

-----

-i .,, 
,l, ,I(, I 

----~--' 
L.204 

2.63 

1 (, ·~ --1---·---- j ::: . 4 2 I ---·--------
. -- 1 'J. 36 I ---------

- - - 3' lfl --
- -- __ ,__ --- I I 7 • l -- ,_..,._ ----

__ , 
·-------· 

1 ') • r, 2.42 1'.1.39 4.66 23. ') 

,-------··-·------i----· --·-------1---··-·· ········--[····--·-·····. - j ···--··-· ... -· j'"' 
I I 62.U: I - ~B ~--L -- --5-9~7_,.;_ 

P.ff • 
' ·Foreign Trade 5Lat1st1cs.Iran Customs Adm1n1strat1on. 

II .. ~ 

::: 
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* the chemical industry is i t.~-;e1 f m· r~ anc in·"'!""" doe-pen-· 
dent on imports despit~ t.h.:- f.a~r that th-'- .:·• 0unt~7 is 
rich in natural resources, 

The investment in the period of 1973-l~•P-'.'. w-=ts the 
highest of all industrial bran•:::h.:-s wi t.h a ma.hot· port.i···n .:·f 
this allocated to the petrochemi<"::al in.11.i:~try er,d <111 that 
effort could subs tant.ial ly impr(•V~ t.h·~ :sit''=" t. i·~·n , hot 
unfortunately a decisive share of it bo::-.·.:lme u:,opt:rat.!···r.aL 
On the other hand, investment in t.h"· downsi.r-·~.:-~m 1n.:it·k~t
oriented branches sud1 as: plas';.ics pr·-·· ·essing. rubber an 
tires manufacturing, synthetic fiber~:, res j ns, paints, 
detergents etc_ 11as relatively successful. This created well 
supplied final goods market increac:ing the sc-c!.al demand_ 
This in turn due to a gap caused by the si tua1.ion in the 
petrochemical industry gave way to skyrocketirg imports of 
intermediates 11hich r.ormally could be supplied by the petro
chemical industry. The market-oriented develc·pment should 
be considered as an asset since it opens pc-tential for 
improving living standards. In order to trace more •:::losely 
the nature of the above phenomena we should take a closer 
look at the impcrts of two chemical branches, namely High 
Tonnage Organics (HTO) and Ir11..•rg.:1ni<:: Chemh ah; { INO). 
Almost 60~ of the industrial Prod1.1ct V:due is d,:~p~nrl•~nt. on 
imports of ra11 materials, machinery and f;pare r·arts. W i t.h 
regard to chemicals and chemical produc~s as ~ell as ~~tal 
industry they together comprise 40% of a11nu:=, 1 v.;1 ~ n· of 
imports in this country. 

Table 7 summariz12-s the imports c•f m.<tjor i b= m:-; in : :"31. 
1982 and 1983 as preso: nted at the F in"t. ::.~~minar ·~· f th· ! • · i y
mer Science and T.-~·:.-hnr:logy (.Junt• 1'.~86). It sh01-:-; th.:: .:.·.:tl·~ 
of the above imp<:·rt.. It is significant. that 60% ._;f t.h., c·hem
ical import are petrochemicals ard polym~rs. For 1983 ~his 
equals to 2-2, 2 Bi 11. $. If w~· take HTO aJonE, thL~ t.ff•u lrJ 
comprise a level of imports being f;(I% .-.f I.he abcv,c,, wt1 kh is 
about 1,2 Bill. $. Attother •::sf.imat.i 0-·11 .'.lccount.ed foz· the 
country's annual demand for 6ynt.h,-~t.i.:;: fil.•·rs (24:-: fll!O 1"·n), 
high tonnage pl as tic::.~ ( 7(1(1 000 'J', •h) , f"t'•;" i nR ( 5n l!UIJ 1".-.n} ~nd 

r1Jbbers ( 65 000 Ton) gi veG tot~d . • f :it.r.11 t. 1 Mi JI i •_•r1 Ton. 
With the average cost of 1 Kg 1.~-' % $, t.hh: amnunts t..-. l .5 
tt> 2 Billion$. Locally only 60 oon 'I' i:': produ·>~d a11111.1::illy 
which accounts only for 5% of th~ d.=,m?1nd, sh?w i ng th~:- gap 
but also an opportunity for thf;: future. J'.•)th on the (i<wer
ment and Economic Council level. th•?-re ·~xi:;t :• d·~•.'"P nnd.c:r
stand~ng of the situation which reRultc in aBzigr1ing 0f ~pe· 
cial priority to the developm.::nt. .-.f the 1~1· l.r·:"•:h~·m i ~a J 
industry in which HTO plays a de~lGiv~ rGle. 

Fig .1 presents a structure ,-,f thr~ imp•:.rts ·:·f ;, l J .~t • .-·mi -· 
ca ls in the period 1976-1977 and l 88/'.·· .190~~. 

The above considerations id<:!nt.Lfy t.h•: p;.u.~t. :ind 1·r···~:(·nt. 
situation as it w.::.1e devel·~·p.int~ i.n t.t1·· ·:~01u·;o:., .-.f t.im··~. Tr: 
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•H·d.;:·t· t-<• "tn·i\·e at t.l1r-. f.n·ecaster:l demand, th'? analysis 
rep•)!. t..• :l in 1 r· 1s V·.~· ! nir..-· f;: . .:·1.1~ed on P·~trochemicals as the one 
ii-•::>rn :.;Ii idL !.I·· HT(: i :·~: be~·" -=-=-= tracted. 

T.:•;:'fr:: .~ :whii::h ;::; :1•.l•-'t.~,j from tt,e report of K .. Zawada) 
i::h•:0"1:-: r.i:-=- ~· ,-.1.,th · f. d.>,mand for se l~ct.ed petrochemical pro
.Ju0::: t ;0: I i..1• '.'.. i; ~·r ann;:m ! ln ti1•'! whole world. industrialized 
::md .ie•J<:d-)pirt: Gountries fr-:om 111id 70-ties up to 1990. Table 
'.1 ( .:-1.~,~-:- t·.3 L•:: fn.-.m .. f>.~ gamr:- source) prc•v ides a forecast of 
the i'':-°:nar1d 1 :rowt.h ;:-, t.~: f.·r Plastics, Fibers and Rubbers in 
varL·i..:.:; !·.,·,~ i ·us an.:i -~a:.mntries having both developed and 
·:le•.re l.::cpii:g ..; .:·•)nomi·:·.:. The data give some indication for a 
+::•:>mp.:, r i .:;.~'" 1-; i t.h the .fom~nd P!"•)j~ction as estimated by DPCI 

'.\'.> • \ 
:. • L .~ : • 

~:! c·r-.~q .. f.,~· 3 ::·,··:tl.)n 3.1) particular demand figures 
{for ;Jr·:·._!:;.: ts .:w•' int.ermediat.es) assumed for HTO are 
dispL,~1 -:d \ :: n.:, Ch.::-.:. t..:-r 3). A main observation t;.o be made at 
this :;~_z,g.~ L: that. i.t is to be difficult for Iran to attain 
~-he r.:, t-:> '.·f t i·;);.rth . f P·~- t.rochem~ cal production that would 
.::n.abL· thL: .::•)1.mtn t·::o ..::.".it.ch up with the rest of the world. 
A V•~r-· !-:""P "valuat..~·-·n .. f development alternatives has to be 
·L·n~ ;.>:· .J:c: r.- make it P·"Ssible. 

;.; i. t.h t···~ ::u·d t..:. :.h.~ inc.rganic industry (INO), the si tua
tion L:.: ·~-vo:r• m•:.t··-· .. t.·.-i·.)US, however the imports burden (see 
T.3blt· :~) i:=: f 1·oport ~ ... 11.-, i l y smaller. 

Tii :· :::h ·H •.: ._)f t.c.t.'J l imi'ort of inorganic intermediates is 
~n e~~~~gd of 5-8~; 8% in 1973, 7% in 1977, 6% in 1982. An 
~ver~~~ ihcrease 0~0r the above period (as related to 
··nn· ·' r;r.i.-:r:::;;~ w:::; 17'.}.> as compared to 16' of the total 
.Lmp.;.r·= :if th~ i::::o1mtry and 20% of the chemical import (basing 
on r~reign Trade Stati$tics, Custom and Administration of 
Iran f.: .. r- r~=n·ective ped.)d~ 1973-1982). The importance of 
INO produ~tf for many industrial sectors cannot be overes
timated. T r.c- ri is '-'~ry rich i.n minerals being a natural 
basis of t,he· development of INO. This branch was carefully 
reviewed an.: results of its potential development are 
reported in UNIDO reports resulted from the mission of 
P.Rozwadowski. Since the second mission of P.Rozwadowski is 
to b~ completed concurently with the JSRD mission, it is 
assumed that with rezpect to Inorganics Industry his report 
will provi~~ up-to-date justification for the selection of 
INO PD/, for f1;rther ~va11.1ath)n as was rec•:-.mmended by DPCI. 

Th-:: .;,(-.,, ..... C•)n::.:id•:n1t,ionr..; led to the formtJlation of the 
ft)lJ.~•wing d•:'-''l•.)pmt"'·r.t. t.hc,::i;.' which iG proposed to become one 
•)f tb.-, 1-:o::y ;:1::~:umpti1.·r1.~ f•.·t· thr: f'foster Plan of the D~velop
ment.. .,r t.h• i'l1•::mic.:·.J J11.!1.1;;;t,ry in Iran: 

t: M:..;;t . .;,1· 1·jan rr:• .. :t. b .. li;1f;ed on the .:1pproach called 
!111-..,,~r·'-.r ,,fl ll·...:·;. i··Pm~1tt. l-'t·•.·1~ran1ming. 

• 

• 
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fig. 1 Structure of J"llport of Chemicals ( Percent Distribution ) for Period 1976-7 & 1982-J 
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Growth of detlland for selected petrochemaical products 

(per cent per mn•) 

I 

197'J-
1979 

I 10.J 

I 11.9 
i I Z0.4 

1 11.4 
I I n.9 

! 13.6 

World 
TotaJ 

1979- 1904-
19Rll 1990 

'.;-. [ 

6.) 

B.S 

6.2 

).4 

6. 1 

).6 

6. 1 

U.6 

6.5 

5.9 

6.4 

industrialized 
Countries 

197'>- 1979-
1979 19H4 

11.3 

16.9 

19.0 

10.6 

11.2 

12.6 

5.o 

).) 

7.1 

4.6 

4.7 

4.a 

1'J84-
1'J'}() 

I' .; . 9 

4.9 

7.6 

4.6 

4. ') 

•, .o 

Developing 
Countries 

197~- 1979-
197'} 19114 

19.1 

2'4.4 

28.7 

16.1 

rn. t 

19.6 

11. 1 

11.4 

12 } 

12.7 

10.Z 

11. 7 

Acr1lic r ibers 10.3 3.6 
9 ·'' l. 1 4.0 14. 1 7. 1 

I 
1984- l 
19-JO I 

10.H 

11.2 

12.2 

11.0 

I0.6 

11.1 

I) .6 

~ylon Fibers 7.2 2.4 6.6 2.8 1.J 8.2 6.3 S.~ 

Po!yester Fibers 9.9 ~ 1 3.7 8.7 4.1 2.3 13.0 7.6 6.9 f 

L..A-~E-·R_A-GE~----~-4-·-9_._0~~~4-·_1-+--J-.)--l---8-._1-+---3· ._11--f __ >_._z-+ __ 11_._9~lt---7-.4-t~6~ 
I 

saR 1 ; • 2 4 • 2 > • 7 6 • 6 s • •, J . 2 14 • 5 a • J 6 • n I 
L-P-o-ly~b--1-1t_a_n_ie_.n_e~--~!i~7-.B~4--6-.3~4--3-.~->-+'---1-.1-J-+--·-J._o_..1--2-._11 ___ t--1-J_._1-t--1-6_._1,_~>~~ 

l 1.s 5.o J.6 6.6 i.9 s.1 14.1 a.1 ~.~ I 
I ; 

Synthetic Rubber 

AVE:RAC~. 

;..,,Jrce :iecorid .,;.,r ld-w1dr· s1.udy on the Petrochemical J11dur;t ry 

1tNIDO, '.)/W.G.S>t···s 

Jr 
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Table 9 

De.and Growth rate for Plastics, r ibers and lhibbers 

..-------....----------------;.------------- ----1 

I 1985-1990 
Region/country r------ . I 

Plastic.-, F-ibe;~ ~r Rubbers 'Plastics! 
., .. .. I ... 

i---------r----·-~----~-- -- - _!!__ ___ - T ... 

. 3.7 I 1.7 i 1.9 ; 4.1 Japan 

Western 
Europe 

North America 

European 

Others 

Average( indus-

J. 1 

2.3 

J.7 

5.9 

trialized 3. 1 
coootries) 

' i . -4.0 i 1. 3 
! 4.4 

3.) 

1. 7 

1 

3 

~. 9 

4. I 

4.1 

4. 1 

4. l 

I 

.:;_I 

1~'90-2000 

I iber .. !!__ ___ _ 

2.3 

3.3 

2.3 

2.8 

., . 

.:..n 

Ruhher .. 
-"'----

2.4 

l. 3 

7 '· - .... 
2_7 

t--------+-----------------------------··. --- -
M.east,N.A, 
W Asia 

Rest of Asia 

Asian CPES 

Latin America 

14.9 

4.9 

3.7 

8.2 

6.7 

6.9 

iJ.4 

8.4 

14.9 

~. 1 

1Average 1 i 

7. 1 

3.(, 

(,. <) 

'•.O 

., •) 7 
--- • J 

1.(. 

' r ... 
7 _ r 

(devel?J>ing 7.6 ,. 7.0 : ·,.9 I •,_:, ".5 ; 

....c_o_un_t_r i_· e_s_> _______ __. ____ _.l _____ j_ ______ !_ .. __ 
1 

_________ . 

Source: Reworked from lhr. Pctroc:hemu:al lnd11:;l.ry m Dcv•dnp 1mr lrnml nc:;, 

Prospects and Stralr.g1r.;;, lJNIDO/l!i.',72 . 
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* f!e-·,,.,.1.:-:ipment .• :-1· t.h-:; '~h·o,mical industry is to be con
.:::id~i·.::-,i a5 .".\ ·;-:>hi·~l-~ ·•f the econ••mic development of the 
c0untr~. and i~ ~n~ development is to be direct~d 
t.-.:;.-1 r.·L: d~·~r..,.:1.'> i ng d.=:p..;,nd~ncy on imi: ... •rt.. a basic prior
'. t.:,: -.·.··ll ld be --:-:p..:•i t .. :lt.i.:·n of natur.:\l ·n·~anic and inor

:· ."Iii i · · ··~S-.)lll"('«_-,;. 

'j:;., :c i···"ls n.:tm•~ly HTC1 .:md INO are ::>elected as a special 
,~~ ::~udies oi the development of the chemical indus-

in·_,-~.str-1°.:::nt mu~~t b..:; directed towards lowering imports 
bot.i1 by HTO and INO as well as related through their 
rr(1duc-:.:5 indu;-:;tries. 

Inv~stn~nt must he .:at the same time allocated wit.ii pos
::;ibly na:<imum attain.::~ble rate of return on invest111ent. 

2.2. Basic Assumptious and Methodological Guidelines 

I.•ro:)m t.:.' anal·:sis summarized in th~ previous chapter 
t,ha:. res1tl t.·~d in ~· gen~ ral development thesis for the Master 
Pl.3a ~ind ;:,;:_:;;!.1mptj C•il:::. for the c..nalysis. the two high priority 
arr::.?.::: f.:;1· :ntc:gi-at .• ;;! Development Progra1nming namely HTO and 
I NO f'I ;As ""''"' ··:: s~ i•::··: to=.:d . 

ing 
a~sumpt~ons and guidelines 

f•:•rniulated: 
follow-

'' ·~·n'"" 1:::: :::.ti.d ""'~; .:1t··~ an inte"5ral part of the Master 
r· 1 ::-.~ • . 

* Th·'~ : i :1: i .. :.r i •II .. f the .:inalysis covers time-span up to 
th~ y !.1~· 200!'·. 

* Th.--. f:··i1Jnd ['r-..h.i::t. v.~·~tor (DPV) are derived from the 
l!N [[i(: rer,ort.; ba;,;.:;.J . .-.n the work of E. Zawada ( HTO) and 
I. i-: •. ..;:1.1dowski \HIO) with collaP.oration of DPCI. 

* ( 1ther •:1se st.ud.ies will 
.-·oht;-r,;11.~e and provide 
;-- tud ~ .';'.; . 

follow 
feedback 

in order to assure 
to already completed 

Th·'~ ~ 11.1 iys L-: .., i ! J b·~ based on MIDA methc.dology adjusted 
to ti.~ .·~1;:.~s j 11 qno:•s thm a:ld takintt advantage of MIDA-UNl 
syc.r.-,;;: 1r.;; i·:11ent.~.lf.")ll. 

!;,.i J t, .. ,,, . :g a i··:· 
Zaw ,_.i~, w: :.·.1 ar,_.. 
sid·=··"'J: 

l. 1,.; i r~ i 1 i r 1 the 
'··•..r.· l .. ;1 nent. 

th.-: 1·,,.~;,mm~ndation:; from the report of E. 
.Jir8•:t.ly applicable to the cai>es con-

. 1. :: :1 . .ao..::d l •Jn{! term (up to year 2000)' 
; , ,., 1 1;~ r;_, ni ···f t.hr: chemical induetry in Iran 

I·.;· :i, ich t .... ... M.::-1:: t,..:1· Plan if:: being prepared the 



• 
- 17 -

fol loving tvo planning periods ar~ a:::sumed: 

Phase I (up to year 1992) during which rh-= ~-'0"!~-3-

bilitation of existing capacit.i-=-s and :l.l!·o:ady i•«i
tiated projects is to be exe~ute~. 

Phase II (up to year 2000) aimed at th~ f,·~·t:1er 
expansion of the che~ical industry an~ inple~~nta

tion of new larger projects feasible f•H the Hf'. 

2. At the Phase I, a review of existing and ac·:::-=.1.-ted pr·•
jects (e.g. the letter of intent), project::> ~-t.~Pf"-"(! by 
the var or destroyed should be reinvestigateJ on their 
compatibility with the actual priorities within the 
strategic objectives of the national economy. 

3. Basing on the consumption forecast included intc• the 
report, the capacities (one of which sh.::>Ul<i be the 
basic capacity) for individual products and intermedi
ates should be identified and included int) the data
bank of the technological profiles for furth~r im:ezti
gation. Since the consumption forecast prep~red by DPCI 
was made for international market 0nJy, th~ ?xp0rt ~~m
ponent should be c0nsidered. 

4. Investment cost of individu:':ll c."\p:=..::: .i ties ,· ti,·,1J ~ d be 
recalculated by multiplying the US ,_;uJ f c,n;~ t ct1 ;t1·::.,::;t 
EuropP.an capital •::osts vi th an c.1:.pr•.)pria t.:; 1.-v·;. t. i •.:in 

factor. It is re·~.:>mmended t•:i ..:idopt t.t1e loc.")t.i···n f;-,,_.t.:ir 
of 1.2 for the se.:lside arid 1.4 - l.t> for int.::-ri.-,r l .·..:-:_!
tions (or an average value of 1.31 ba3ing on J.O f 'r US 
Gulf Coast. 

5. Investment and production costs or ~alues ~hould be 
calculated in US$ to give a posRibility f)r int~rnal 
comparisons. However, parallel adopti.)n of ::;·1ad·:.~ pri:::e 
in Rials should be also considered. 

The above recommendations were adopt•.::d for t.·1,_, H'J'1)··PDA 
and INO PDA analysis and reflected in experime~t~. 

Methodological implications for MIDA-UNl imple•ent.ation. 

MIDA-UNl is a version of MIDA r.omput..~r sy:3t•~n t.!101. i:;; 

functionally modified to fit the ne•:!ds of the Ma:~t.er PJ::rn. 

The p~int of departure for the analy::;is jz ·~~1··· dett,/.•p· 
ment thesis which expresses th~ goal of t,he .:fove 1 opmr:rnt 
aimed at the best fulfjlment of the demand with r·~duct.ion of 
imports &:and provided that the invef;tment, would Ju al Jr.- t -~d 
in the mos·t profitable way. 

This evident, 1 y shrws that ;;i ba~:.i~ trade .,ff t · he 
analysed is i11v1.:ist:m~:it vs . . impc>rt. J\JJ . .r·.her :.:pt~:·:. .. r r.h1~ 
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an.:. ly$i-> ·:'·3n be a l.:::o appl ieci but they have to be related to 
th.~ rn.:t in line. 

The followinr; criteria, global constraints and perfor
mance indicators are implemented in HIDA-UNl system: 

- PDA ~et Inc0me {NI), 

- PDA ~anufa~turing Value Added (HVA), 

- D·:>r.K:.::tic ln-.;estment. 

MV.~;' ~CI I 

En0rgy Cons~med in PDA lEC), 

- Fr·:·d=.1·~tion i?r_1fit. 

M'i,\/F rodw:;i_. i._,!i V.alu~. 

Acco~ding to the above assumptio~s and as it was agreed 
with DPCf. all calculations were done in US$. Since the 
&yst•?m iz pt·epared for doing calculations both in foriegn 
and l.o•:!a l ::urrency { le) , the exc!lange rate has been assumed 
as •'!11.1al -,,) 1. 

ilow l.:::t. us br i~fly di::>cuss on the reasoniHg of HIDA 
me!.fi ... lol .. gy bas~d ·n f'I>t\ C•'.•n·~~pt nnd MIDA-UNl implementation 
t.::t t J. ·r .. ·•I :.> r thi::: ;:>?"' •.i•7:.-.t. It, covers both production and 
dL:t.r·:b1Jt.i•):1 a:o: •.pp .. :>f:'.'d r,o the purely industrial production 
.,fi,~wr·•jnt.. [ t. show.~ .3d·.r~1nt..<\t~·~s that MIDA can offer to the 
Nat;;.:,11.;,l. i•;:,)nomy l•=:v-::1 of planning such as it is the one 
rf:;;p.;.11;;ilo!·~ for U1°· !fa;;t . .::r Plan. This is how MIDA supports a 
r;o- .. --;d l·~·l i nterm-'··I i.'\t,e ~·::•)nomy evaluation ( &ee Guide for 
fJt>vt•J •. )pnu:n t. Programm irJg ,,.f the Chemical I1uiustry). 

• 

• 



• 

.. 

- 19 -

The analysis assumes that the demand for the ·~heinie:~al 
production is to be fulfilled since as it has teen already 
sta~ed. 5 t. represents the high.er le·.rel strategy •)f t.he 
econo11ic development. It means that if th~.; demand ..:.-3n:. ,~ be 
satisfied "i th the ovn product.i<)n ( fr•:om FDA}, theL t.he 
i11port has to supplement it. up t:0 t.h-::: desirE-d lo:-v··· I _ l t 
should be noted that a Net Income ~alc._ilat.~d for f'ItA ·-~·1=,!::; 
to the ''alue of yearly sales decreast:-d hy Total H-""rn•1f: •. • 1:r-
ing Cost of all plants active in the Pr~ and ~Jdit· - .:ly 
reduced by a value c-,f the suppl.=-•ent .. "lry inport. I~- ~·· ~-ns 
that the optimal ~i::··l•1t:.i•Jn takes int .. ) <'K·X·•mt. a!s( t.h-:- .: :t•f···,rt. 
ainimization. 5in·~~ it vas assum~·.. ira t:1e de.v..:-1. ;··t"1r:r1t. 
thesis that. the inve:=stment should be .3s m1,,~h prc0 f i tabio:- as 
possible, t"o main lines are consid~re·i in the analysis. 

Generating Efficient Develop..'"ent Alternatives for Fulfill
aent of the De.and . 

The first assumption is again a neces~ity of the demand 
fulfill•ent which means that D~mand Pr•)duct Vect-or ( I•PV) 
sh'>uld be fixed or defined "i thin a range. The s~cnnd wa:t• of 
defining DPV is more pra•:tical since it provid-e-s a c~rLain 
flexibility to the optillization by l e:"':s •:.-·--nst?·aj ned arr=-.-:1 .:.f 
feasible solutions and also p1-.-hjhit.::-; mu·ealisti•.' }t:':-v••J of 
production of cheMi~als that coulrl n0t h~ sold abov~ ~r=-rtain 
amount.· 

For a given DPV, analysis can Rhow what is the social 
cost of its fulfillment subject t.o different lev~;Js of r~s
trictions imposed on imports. In ea•'.'.h c:=t::e for the ·~ri
terion 

PDA NI 
--------- ---> max 

-FCI 

and assumed level of import the con·~!zpo:-.n·"! i ng ra t.1 · f :.1 ~he 
Production Profit alsv achievt':~ a ma:-:im;;m valu"'' l-11t '• .:;n 
become greater if the demand fu J f i LI m~~n t. had h·=- :.r, •'• ·n r . .-,-
1nented with import (we can say t.h."lt t.11·'· !h',) • !'·-~r-im···nt;·. ··r>: 
concordant but not equivalent). Thi:-. kir·.I ,,f ·~'.xer- ·i:":•' .·:111 be 
repeated for a given dem.=ind ~ncl diff•.:r,·nt re:::: rit:t.hr:;: .-.n 
import yielding a fund.u>en t~ l tr."'l,k·-·2\f f b·· I w•::('n in P•• r-1 ·ind 
investment. Su.~h tr:ide ·off& c::-.n ~·,Jw h•11.--.; :.: h"" . ., ;-. t ~. i w .! f.-.i
different DPV prcviding a family ••f t.r;,,!, -.•ff ");;,-•,._·t··ri:; 
tics. · 

For a parallel analysh~ <f•.r t .. tu,,. r· f··i-·.11-".·J, 
instead of the profit MVA e;rn h"' .~ ... n;=: 1 !·~rit·"'d. fh i ;' • ,,,, l·e 
e.specially valuable sin::::e it can :;ltnw .• :. impl ·· ... , rh·~ 
coutry's policy measures ~uch "t;. int•!r·.·;~t rn·. ·. ·»:· h 1:11':•~ 
rate, depreciation etc. a& rel.:::1 t(:.J f.r.• f, ..... ": J r::.;-.nd It. I· •11.; , ;. ;.::Ji 
~8 e.g. expressed by th·~ l•:>c.;'ltion f::···t. .. 1·\. 
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Generating l\fficient.. Developaent Alternatives Without the 
DPV IOu lfi I lr~nt 

'i."r•i..: L;: 1·el3 =-·-d t.) the situation when not all products 
in·: :.t; .>d t:. DPV -~.-·r. tk~ suppiied at the assumed level due to 
r~~>: ':.:· i ~~-- '. .•r:;; on im!· •t·t an.j investment. The analysis '1ould be 
bas~·-; •)ti G·-•::imiza~=,_..o; ,_:1f tht:: ratio NI/FCI for different lev
~l~ '.•r in•:.~~:r.ment. This st.i·ategy seeks fo1- a most. profit
abl~ d-:_,·:o: l· •?ment <.)f th.:i: industry and imported will be only 
th•:>$*'.:- .a.-..·.=.:: that :.H·"'" no)t attractive for the industry or 
in•~E~~~n,:i; ·~ as :·:u iu::tt.•':rials for a profitable production. 
In :::>lid: :-.. ._. ·,:;e upi-~ ... r· i>·.:mnJs are to be imposed on the most. 
l;'r·:f i ! '.'lb!o::' :>rodu·:-· 3 in ·:.t·der to keep their production on a 
re~~~=~-.k 1-,·:t}l. M- :·.:,,.w~r. selectf?:d (strategic products} can 
be ."1..::sum~d t,o , . .,. pr·.:·du~ed in the country (therefore these 
t.1.:-11 i _: b.:· Ll•' o:mly 1·m~·2'·-b1::im-.ded iteas in DPV). In such a 
--:as-:.: ~h-c- E1h NI h; ·~·~·n·?o..•rdant with the Production Profit and 
wh.-:, r .-: t.:;<·t-- :·.ot.h '.:;, !_u~s arie ~qual. 

~.:: ·,·.~- i :igly, • h·~ sain-:- t;•pe of the analysis can be done 
., i U1 ~--;::; ~~ .:: •. t•.:. Fi}i; MVA :lS ~ criterion. 

: r; ~ b·· :1b-;.v~ .·.:.n~ id~rat.ions other po3sible 1Dodes of the 
.:rn.:.. :·~: L: .::-tt··- no~- dL~•.'1J;';:o;•:-·i since they are genera:!. and not so 
sp-7•.;fi.~- f·:·HJDA-HNi. Thi:2'= concern~- the energy-oriented 
.·rn.::-..;·_:,;- :· Mult.i"t .i-:··;.jv.:: '''valuation based on feasiQle com
bin:at; •a:~ . ,· '~bjc- ·r i· .. ~:·:o: pr·~"1idcd by the system. 

i: r lit~·· :_rr: t imp t · "'""n t,".ltio:·n supports calculation of all 
fa.~· .· L~ .-.:. ; l.ndi.:;a ~.-.rs which al low evaluation of development 
a It :?·r.::-1: .:. v·::: that -~·:::sur-= a balance bE:tween the industrial 
:tind .. ·;:-d i·.·,-,fif .. 1L: ! i_t,y •?•)ntrolled by the policy measures. 

• 
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3. The Case of High Tonnage Organics PDA 

3.1 The De•and Evaluation and Profile Selection 

As has been mentioned alre;-111~·, !!Tl.I l t:f\ •::::: • ::: ! i t.11 : .• ·:-: a 
key domain in the development · ·f ~-11~ .~::.~mica] iBrh_t:=-:7 r·y in 
Iran. 

It covers about 50X (by weight. 1 d1emic;} pr .,it;.-:ts 
excluding fertilizers and inorganic ch.:·r: i.~als. ·;·b.,,. ::.=-t •)f 
plants comprises technological profiles tk.'lt pret:·tI•··:: d-~r:·:-3-
tives of optional petrochemical raw ir..?.t..::riah s:1di :ts f;as 
oil, naphta, LPG and natural gas. The product:•:·n ·~'lu be 
split into six groups of main pet.r•.:>•::h•"miGal pt~•)d1tct:.:::: .'tnd 
heavy tonnage organics as e.g.: 

basic petrochemicals (olefines and BTX), 

auxiliary intermediates { methar!ol. phenc• 
etc.>, 

plastics, 

rubbers 

fibers, 

some auxiliary intermediates f,--.r -:-t.t.-?r prod r.·ti·:•:-,. 

In this section the contient of HT(• f-·;1.1\ i::; ·~·:·;r·."t 't,·ri;:;ed 
in terms of technol•)gic-31 pr····fi i.:~~: ":..:-lr-,cte i f.-.,. th·· new 
investment as well the existing pJ~1;!~_,:: ~lr.:..·.,:fv ··h---:::~11 
through other studit!S .. The st.::\rtir1~ p-: i;it. f,·-r t'1·~ ::••J..,··.·tion 
was provided by the forecast 0f ·th-'· d.,-:n1ar •. ; or D·~m:o n.:t r r· .. -i:..:ct-. 

Vector (DPV) elaborated in the r•:p<-·!·r of E. :~:'~~~td.- . Th·:: 
relevant part of the original DP'i, n.'\m•· ! ·:! the .~.,11F:1nd fc.r 
Plastics, Rubbers and Fibers w.'.'\:·: th..=-·i1 .:.c.}ec1.~.1 ~i:-;· tti· •·n·: 
for HTO (see Table 10). 

The demand eva 11.1.::t ti on in th·~ .:.~1:':·'· , • f Hl(l, · ·. :.-. r·.-i; , .. 1 t,.. 
the properties of Pl:A model(;,::: p:'lr·t .. -.r l1IllA n-.:tL.· .. ,i .. t.yy), 
was done only with respect to th·: demarid fr("lm (•ut.;:jde .• r t.h~ 
HTO. All the internal .:onsumption if: <:'..°t!··id.:itied .;,ri.J b;1l::nced 
automatically by the syatem. Som•: .:llt .• ~rati·:•ns cd t.h~ .f.:>mand 
vector were introduced according t.•·· ::·uggest.i·-·11~: ·:if flPGI. 
Moreover, due to the computing r.ap.:\h.lit.i'°!G of rt,,. •·f MlDA
UNl, a number of al ternat.i ves ( i1t rl•·mf\nr! a:7. pr' P•>.:f·d in the 
E.Zawada report) could be reducect wit1v.11t eU11·irwti .. 11 any 
one of them The result i::: r~houn i11 Table ! I. wli•:r" in 
addition to the groups of product.s, v;iJu···e concernin1..{ :~omF· 
intermediates were appended. When •\1,:a lua ti ,,g fJPV w j th 
respect to these intermediatee, t.h~dr fc·recast€·d <"·11~11mp!.ion 
by other branches (reeins, paint::i:, d··t-.·~n~ .. 'nt:.:;. rq1d t:•th•·1·1 w.;i:--: 
also taken into account . 



labfe 10 

potential 
K.-u•-...,tion; 

- ZL -

fhousand Tons 
COOSUllptioo est i111..-.t ion 

1992 zooo 
Procb:t or demand 1-

1 

-----r----+------.-----< Remrks 

'. :}:'.'.~';'"thono 
, l~ IDRF.5 

! Polyam1d1• 

l 
I 

in 1987 
thousand 

tons 

2S 

74 

42 

~ I 
c ··-··.l··-·-·····----··-··-·---- ··--·-·····-. 

case at 
amual t 
growth 
rate 

0 

0 

tons 

ZS 

"'!7 

42 

~o 

case at 
annual 
growth 
rate 

thousand i 
tons I 

I 
i 
I 

~1 :!2Cl-Hll ! 

I 6 

II 8 

n 

T Art>1 tr 

!I 

m 
.. 
" 

40 

4~ 

12'• 

--·---·-

71 

O'J 

dab le 

-·-·-----
I 

Project 1on 10 Wi:d 

for app;,rt>l f1t.r•·:.l 
'it 4,fl,A pPr 1·1·111. I 

r111w I' ,~n<l-u:;p~· I! 

;irl>' I rary 

• 

• 

,, 



• 
r,ut. lablr. 10 

l I . I 
• No. I 
I I 

! I 

l·cocb:t 

! I 

i i 

.. 

potential 
--__,..lion 
or de9and 

in 1987 
thousand 

tons 

4~-SO 

. 

4.8 

2.8 

120 

l 

- 2 ~ -

Consu11ption est 1111."ll ion 

1992 2CXJO 

r.ase at case at 

! 
r I 

i 
! 

annual t: __ annual thous:md; I 
growth 
rate 

I 4 

n 6 

I arbitr 

[I 

I 

n 

[ 

u 

I 

II 

I 

JI 

tons growth 
rate 

60 I 4 

67 [I 6 

50 r 4 

ez IJ .. 

12'1 I 

.'rl!) fl 

1 

-·· i 

,, i 
. I 
• ! 

\ 
I 
I 

I 

tons I 

; 
i 

' 
llZ I 
106 l 

i 

fl!) 

TL . 

----- --r -
I 

! _. I 

'" '·· i 

~ 
i 
I 
! 

i 
. -- I 

I 
I .. I -- ... . .... --·1 

- --. ---1 

! 

l friiw:. " '"" .'II 

I 
j 't.11r1· :u ! ·r··· 

i: I :·f'f'' •,': '• 

I. 

I 
I 
! 



lable 11 - 24 --

t:onsuapl ior• Projection of High lonage Organics (HTO) 

,---~~~=::al 
' pruclucls nr l:ller.ediales 

Pl.ASl ICS 

Pol~eth~ l1'11t· l!D 

Pol-.r·th\ !1•1"· ill 

Po I -. ~; t i n·n• · 

[LAS JCIUlS MD RlJBHUtS 

Styrene - Bu lad lt'llt> Huhber 

Styrene - But ad1t>111• ( alPX 

Pol yhutad 11~11e 

Butyl R11bt;1·r 

FJBlR 

l'oly:wr~ I 11· 

DTlllH PIWl>IJ('f!; l\NI> INH RMI l>IAJJ !i 

J\cct I I'. f\1· 11 I 

Ar1~l11ru· 

AWi 

Consu11pt.ion 
esti.atinn 

I Yeai.- 1992 Yea 2000 

l lii0-240" ! 
l 

I '>ll-180 

1. 
I 

20 

lhll 

62 

'.JO 

'JO 

1 'J 

10.) 

') 

42-SO 

r, •I) 

10 

240-HO 

20ll-2SO 

~n 

:Z211-26() 

70-80 

00 

2') 

tn-30 

10 

Sfl-70 

A:L- lflf, 

f1 1
1- lllll 

1:Z-24 

ti. •, 

I'> 

unit : Thousand ton 

Re.arks 

Including LLDPE 

• 

• 



• 

• 

• 

Cont. Table 11 

Chell1cal 

products or inte~1ates 

Benzene 

Butad1ene 

Butene - 1 

Butene- 2 

Butyl AJcohoJ 

Butyl Rubber 

faproJacta1J1 

ChJoroethanes & Meth<me: 

- Perchloroethylene 

- Tr1chJoroethylene 

- Carbon T et rachJ or Hte 

Cyclohcxanc 

D1octyJphtaJate 

Dimethyl Terphtalate 

EthyJhcnzenr. 

U.hylene 

ft.hyJenc D1chlnr1de (! Di' ·' 

EthyJenr. Ox1cJc 

2-EthylhexyJ Alcohol( Pl:t!:I 1!:111·r 
Alcoholr. ) 

E thanoJ amrnes : 

- Monoethanol Amrne (MU\) 

- D1cthanol Amine (()[A) 

-Tr1ethanol Am 1n"( rE:I\) 

- L l -

I ConstJlllflt rnn 
r.sl1111al1on 

jvl'ar 
. 

l''''Zf 'p;!f :woo 
I 
! 

' <;•._:,n 1.:.:'.-Hll 

- -

- -

- I -

' •-I'• 
! 

l'•-:!2.', . 
: 

'l lO 

' I 
I - -
i . 
I 
! 

!! I"' . 
' 

•, 
; . 

I. -'1- i 7- II 

-· -

. 

. ,, 
ti >-I ) 

I 
-

I 
! . !,»', 
I 
r 

I 
I 

I'• . 
I .. 
I 
! 
i 

.. 
! 
I 
I 

II.'' 
; 

ll.'1 I ~ • ( I 

11-. 111 ~1 : . J II 
I 

I 

i ' 



Corll. labh~ 11 

r1i,~a11:a I 

1•roducl!> or 1nler111ed 1~1tes 

l:onstJllllll 1 on 
est.imat1on 

Rellarks 

! h•ar 19921 \ e:1r 2000 
~~~~~--~~~--·~~~~~~~~~--t'·-~~~ ....... ~~-----+~~--~~---------1 

' I 

LB 2 .t\ 

I :mprup:H •• 1 I 

Hetharu:i 47 7ll-7S 

4.6 7 

\ol 1m1 l:> :\n l 1m1 ts 

2 

i'• 

! 
i 

~ 

! 

i l\- Ill 

I Ill 

l "- _·11 I 
i , ., 

l'ht•no t 

-SB . {)y 
I 

U-'..> '.J-10 

1. '..>-.S 6 
I 

Prop~ ! .-111• lh, 1 cit• - -
I 

i 

Z- Ill 111-1 '> 

I - : -
! 

I I 
t 

' 

!11 I I ,IJ I I t' I 1w111 · 

I 
I 

I 

I 
I 

I 

• 

• 



- .u -

Cont. I able 11 

• 
Chemical Consumpt1on 

est1mal1on 
Products or intermediates Remark5 

)car 1992 l't.'<H" 20DO 

~ 
V Jn}" lacet ale 2 ')_ )(l 

i 
:!2-48 

V my lchlor ide Monomer (VCM' 
! 

- ! -

I 
I 

! 

0-Xylene i - I -
; .. P-Xylene - -
! 

. -

-

• 

--· 



- . 1!8 -

r··)r t n·~ DPV ..:t.~f ined. t.he selection of technological 
prof~ le::; w:t.s per ~·-~rmed. It was agreed Ri th DPCI that the 
exL;t ing pl:uts W·)nld be included to r.he HTO model, together 
wit.h plar-t:; sele<:t.·~d previously as a r.esult of other stu
die:=:. Th~: l ;1 t ter •-:::1 t_.~g,='rY wa~ assumed to be treated as 
plaar.:0 ur.d•~t· imph·ment:.at.ion (i.e. that investment for their 
de•.r·"!.•.pm•~nt ;1ad be•·n de•:ided). As will be shown in Section 
3. :!- • a11 .:\ _ ternat ! ve s t.at.uf: of such plants was also con
sid~red b~t this line of the analysis was not fully followed 
and it. j :3 t·ei:omm··nded to be continui=.d. Evertually. to the 
lh:~ ·~·f :::.:l···~t~d pc·.:>file::--: all three eategories of plants 
~er·· inci i: j.d.: 

1. !~;-:iti.n~ Plants 

nam.,. ·~·f .i r :=:· •. =tlla ti•·a 

NYL•.iN 6 HEL'' - PA~:-~lLON COMP. 
NYLGN 6 ME~' - ALYAF COMP. 
PC;LYEiYLENE THEREF'i.ALATE POLYACRYL COMP. 
Dl-UCTYL f'H' ';\LATE IRAN - NIPPON 
PH1'Ai.1 G A~H"JRIDE · I RAN NIPPON 

2. !"i::'Hit.."; •111.Jer implementation 

ACli'!Lt::N ITf: I Ll~ ARAK 
VI tr·!. CHLCi\. DE FROM WrHYL!!:NE Al{AK 
PVC i\'.·.AK 
iI ! • :\ '.ET ATI: ARAK 
ACr:·. i .' AC i D t\RAK 
PE iiI1 AHAK 
CHL(ifd NE AHi\K 
PE LL[i APAK 
POL YPROPY LEtm ARAK 
BIJTADIENE AHAK 
POLYBUfADIE~E ARAK 
ETHYLENE ARAK 
DMT ISFEHAN 
BTX ISFEHAN 
P-XYLEN I SFE:HAN 

capacity 

16000.00 
10000.00 
55000.00 
40000.00 
22000.00 

capacity 

33000.00 
150000.00 
150000.00 

30000.00 
30000.00 
6000(l.00 

100000.00 
60000.00 
50000.00 
26000.00 
25000.00 

240000.00 
65000.00 
85000.00 
44000.00 

3. N~w Plant.g ( pl:='nn"':d for a potentie 1 implementation) 

ETHYL~:NE ft'H•.>11 GA~> ti[!, 
ELTHYLlWE 1n:uH ETHANE-PR(iPANE MIXTURE 
ETHYLKNE ~R(~ WIDK ~ANGK NAPHTA MS 
ETHYC.lrnr: Fl<CIM WIDE HANG!~ NAf'HTA HS 
BEN7.r:NI•: nwM PYlWLY:!,Jt) GASCJLINE 
HIXEL1 XYl,l!:tH::~ FIWH NAPHTEN l C FEED 

• 
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MIXED XYLENES FROM PARAFFINIC FEED 
BENZENE FROM TOLUENE 
P-XYLENE RECOVERY CRISTALIZATION 
P-XYLENE CPAREX) 
P-XYL~NE RECOVERY {ADSORPTION) 
BUTAD1ENE FROM C4 EXTRACTION 
METHYL METHACRYLATE CYANOHYDRIH PROCESS 
ISOBUTYLENE BY ACID EXTRACTION (GI.IP.) 
HTBE FROM MIXED BUTENE~ 
D-ETHYLHEXANOL ( OXO PRO• .. ~ ... 3) 
PROPYLENE OXIDE BY ETHYLBENZENE Ffi(~CF:S::. 
PROPYLENE OXIDE BY CHLOROHIDRINE PPO~Es: 
POLYOL TRIFUNCTIONAL POLYETHER 
BUTENE-1 FROM MTBE RAFFINATE 
ISOPROPANOL BY CATION EXCHANGE RESIN 
DI-OCTYLPHTALATE FROM PHTALIC A}l:HYDRIDE 
PHTHALIC ANHYDRIDE AIR OX. OF 0-XYLEN!!: 
METHYL ETHYL KETONE FROM MTBE RAFFINATE 
METHU. ETHYL KETONE FROM ISOBUTYLEtIE FA!' 
TRIETHANOLAMINE FROM EO END NH3 
POLYMETHYLMETHACHYLAT~ 
PERCHLOROETHYLENE FROM PROPAHK 
PERCHLOROETHYl,ENE FfWM EDC 
HYDROGEN FROM NATURAL GAS 
?HENOL (CUMENE) 
CHLORINE (MEMBRANE P90CESS) 
METHANOL FROM NATURAL GAS 
POLYETHYLENE LD (AUTOCLAVE REA('.f!)f~ 1 

POLYETHYLENE LD ( TUBIJLAP. HEAGT(if? > 

POLYETHYLENE LLD (UGC') 
POLYETHYLENE LLD (DUPONT) 
POLYPROPYLENE {AMOCO) 
POLYVINYLCHLORIDE BY SUSPENSION P0LYMEP 
?OLYVINYL CHLORIDE BY EMULSION POL!M~r. 
VINYL CHLORlDE BY OXYCHLORINATION 
VINYL CHLORIDE FROM EfY~ 
VINYL ACETATE FROM ETHYLENE 
ACETIC ACID FROM ETHY£,ENF. 
ACETIC ACID FROM METHANOL 
POLYSTYRENE EXPANDABLE 
POLYSTYRENE HIGH IMPAST 
ABS BY EMULSION/MAS!) POLYMERI?.l\T !·•ti 
STYRENE BY BENZRNE ALKYLATIOH 
ETHYLB~NZENE LIQUID FHASE 
ETHYC,EN!!: DIGHLORI DE ~w cm,orn tlAT i' iM 
~THYl,ENE 01cttr.nR1 DE I::Y oxy,;m,111·:; lit'\T:, :n 
1-'0LYETHYLENE ::u (!Jf;C) 
p,-•LYETHYLENE :m (PHILIPS J 

:•TYRENE-BUTAfJ I ENE LATEX 
:5TYRl!:NE-Bf.JTADIENE f<fiFJBER rw EMfif,. i :JM 
:5TYHENE-BUTADIENE Rfli~. BY :::or,.f'(1j,"d·!r·r-:. 
l·'OLYBUTADI frnF. 
131.JTYI, HUBBER 
POLY I S(JBUTY!,F.NE 
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NYLON 6 HELT 
CAPROLACTAH FROM CYCLOHEXANE 
CAPEiULACTt\M FROM T(1LUENE 
CAPROLACTAM FROM PHENOL 
CYCLOHEXANE BY HYDROGEHATION OF BENZENE 
POLYETHYLENE TKREPHTALATE MELT FROM DHT 
POLYEYHYLENF TEREPHTALATE MELT FROM TA 
TKREPHTHAT!C ACID FF:f1M ?-XYLENE 
DHT FROM P-XYLENE 
ETHYLENE GLYCOL AND ETHYLENE OXIDE 
ACRYr.ONITf:i [ l E BY PbllPYLl!;NE AHHOOXIDATI ON 
SYNTGAS {2:1) FROM NATURAL GAS 
SYN'i'GA:5 ( :J: I) FROM NATURAL GAS 
CARBON HON.:( XIDE Fi<rM SYNTGAS 
t)XY<-;EN BY f'.I f' FRACT 10NATION 

Tne d-?..::t.royed ,.,r suspe;ided plants were not included to 
the .;\tnlys iz except t.hose •)f Iran - Japan Company and Abadan 
Pct.ro'::·)mpl;:,x bei~g :iamag~.j less than 30%. The above instal
lations w~r~ of ~oncern in one of the experiments Rhile 
i::::han~ing t:1•= demand v,:oc:t.or. 

3 _ 2 Data Pn: paration 

Main J>.-ir.-.uo•d nrs 

1'1·1·: f .. I lowing •.t."\ i w?.;:: •)f Main Param~ters (see 
Oser ~· M."'lu~:~.J ) w•'re a:.:;~;1.1med for the calculations 
to MJDA meth0dology cost calculation scheme (see 
Pr.:.grammin'.?: Iievelc·rment, of the Chemical Industry): 

l ':·:·a 1 .fa·· t ... H. 

i .. ,,, t.or wae:.::;;:; 
.-:xo::h.angi:: rat.~ 

:ca:pervish·n wages 
hl~c depreciation 
l;;. borator~,r wages 
.• f fsites depreciation 
laboratory materials 
rleht/equity ratio 
0~eration supply cost 
interest .-.. n debt 
·Ii rect ov·~rhead 
~1.: i·k ing .-::.pi t~a i. 
or1::• i ntena?~·~t.'! ('.Of; t 
i.r. t.erest. ... n work. 1;ap. 
•11jniinis t.r· • t . .ion 
i r, f;IJ r a nr•.~ 
r:-:1 le & m:i rkr;!t.ii1g 
pr •·perty t.;i ·: & r(~n t 
Ii & D 

1. 3 
3600.0 

1. 0 
0. (; 

1(J.0 
0.0 
5.0 
0.0 
0.0 

0.75 
10.0 
60.0 
15.o· 
5.0 

10.0 
15.0 

1.0 
10.0 
2.0 
310 

MlDA-UNl 
according 
Guide to 

Th·~ v .i 11r•:; w~·r~ ae r-·~~:-··I with DPCI f0r this stage of the 

• 
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analysis. It is expected U:.at .::1. :SJ ecial .::- t;1dy , ·n poli :-: y 
measures specific for local C•_)ndi. tions w i 11 be '.i!hi•":·t~~i-:en hy 
DPCI after evaluation of results obt.:dn.,:-d so f:'ii-. 

Preparation of Technological Profiles 

HTO covers the part of the in1~•1stry whj c-h f'H'C is 
responsible for. It. was agreed betweer: DPCI :rr;d NPC that to 
assure a comparison with other studie~. SRI Techn0logical 
Profiles uill be used as a standard ]n Lhis study. 

Despite the statement in the f0rew•)rd to PEP l~&l:; tha:: 
technological profiles prepared hy SRI are t.~. be us~d as a 
computer data, some refinements had to be done to make them 
applicable for such a tool. Specifically the following 
refinements were performed: 

* Different fuel gases such as natural gas, fuel gas, CO 
rich gas, tail gas etc. are calculated in SRI in heat
ing units "T-cal" and have the same unit prices. In 
some cases, e.g. for steam cracking plants they either 
feed the plant (natural gas in utilities) or are by
products (tail gas). A summati0n 0f th~ fu~1 ~2s for 
individual plants was done to .""\vcoid a mul'.ipl·:- ··kuL~
tion .. 

* For hydrogen diffe!"ent •.mit.s (Nm3, kG) -,itd • ..:,t·•::1r, 
pricee were in traduced in SRJ . To avoid :uibj •c:;ij • ~· t.h·:,.:;e 
data wer-c, :n-ilfi~d (Nm3 and 1-.ne typj._'al pri

0
-:-e). 

Some .·rnxili.-iry ::;ubztance~:: .---:1<,~h .:i:-. cataly:~L:. ~i,i;=:c:-il-
len~)us ch~m.i1'.'.:tls, :"tddit..iv ..... :':, ant.i.··xidant:; .-:::t .. ~ •. ._i::> ,,.:.+ 
h.ave pn::·-:i~~·;c, d·o:nomin.:-1tion _c·,n.-J ~~···m·~ aL::o .!,-, ri•.d. h.:-ive 
unit pric~s. fi'or the :;:::t!-:,:, C·f •:nj f•)rL: i t.y, t.h..;,:,· w,::,ri:
divided into t.w•) gr•)Ups: .. r;at..a]y;c;: .. :: -=ind ·->1·~mi•'.-=tl::·· :ind 
"Chemi•.::::sls" and their ,·,··n~:uinp~.i•·n :=:ha:··~s W·~r·:- d·?ter -
mined in US $ P.:!t" 1 ton •)f -the m::i in pr.:.dw·t::: . 

* Most often, SRI prof.iles give the ·~onsurn,>ti•)n figur.~:s 
in tvnnes per l ton of the m.-, in pr·· ·duet int· 11nj t prices 
.::lre given in c/kG. For 1rnjfr,rndt.y, ~u pri•:··-;0: w•=:r.,: 
transformed into US $/1 ton. 

* In those cases where the mFt_; n prod11·~t. is :1••t c•n,.:. sub
stance but a 1r.ixture Hk1'! e.~. "Ethanol .. •aniin·:·s", the 
profiles were recalculat.~d for· on(: m.:iin prc,d11•:'.t "''·#':· 
Triethanoloamin·~ and th•:: t)ther produc .;': J iY..:, 1'i- ··r 
Monoethanoloamine were trr:i.-:it .... ~d ri::; J-.y-·prod1J(·t:;. 

* The SRI description of th~; profLIF.:.: goer: ,Jc:•~ply int ... 
detailes, so often very l•)W ·~·•n:)11mption fi1'.11r··•1-. ,, · .-Jif· 
fec-ent chemicals and auxi J i;u·y ·~hr:-nd·::alt'I IJj t.li fl• o' Ii!·: 
bl~ eff~ct. on produ~ti•">n o:~ .. ,:--.t.:: ~'r·.-~ :·.·l•i·i :,. 
preparation of the dat.1 ba:;e f•rr· '.},. · (fove ·. •J •i11 .. r1 r Lhr· 
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.-::h~mic:'\l industry, a reasonable comproaaise must be 
-~chio:-v~d in •)rder not to be overf loaded with informa
T.1•::>n •)f ruin·•r impo..•rtance and not to loose important 
factors on th~ oth~r hand. 

Market Data. 

fiaw i:::i.: .. erials. pr<:•du·.::t.::; and chemi·.::alF.: were divided into 
tWL• tp-..lll!,)~:: 

t 11.~-~-: •. · .1 . .::qui r.-:::d fr·~·m and send to l·:.~al market such as 
l-a,>i·· t·aw 11-..:it8rials. For thi:; group the proces vere 
t.:ike:"'n :rom SRI sourGe, 

~ ri:}Ju.:; -:,3 and chemicals that vere assumed to be imported 
~s in~lts to the production, such as catalysts, special 
-:·hemic.:\ls etc., and products that sho•.ild be imported 
for a lack •)f the tiomestic production. For this group 
the SRI pric~s (international market FOB prices) vere 
trans~)rmed CiF prices adding: 

- 100 ~ p~r 1 ton of gasee. 

~,o $ per 1 t..m of liquids, 

2S $ per 1 ton of solids. 

cu· prk•.·:> wen~ ;n1llt.ipli·~,.-j by 1.25 to cover 
lflf:'.tl"-3n•.:e •'-~ ;.:; . 

duties, 

A s.;,p.:·1 ··:ate c.~ · eg(•l"Y .:ire prices o:' utilities. These were 
d·~t.•:.nnin·"d '.)r 10.~.1 l ·~·Jn.Ji tions: 

.. ,,, l i ng 11."iter 
pr.-.• :;e:-::;-· '1-'ltt.:r 

ll.02f>l 
(I . 1 
'{. ::\2 
0.05 

$/M3 
$/M3 
:f;/T 
$/kWh 

The pr. -~e of .l al-01.tr was assumed 3600 $/year C see Main 
Parameter:E:J Technological parameters of the above utili-
tier: <'!rA j;i ·~onforr.1ity with SRI standards. 

(1n 1·.q11r•st of nr·cr (i:.r~i:~ Sec. 2.?.), all calculations 
we1·.-~ don.=: i 11 US $. ~;j n··'.·~ t.hf': system il: prepar~d for calcula
t,i<;.11::: b•:• t.i· n 11):::.;i •.:1.J t-rency (le) and in foreign currency, 
,,ny ._urn n· ·:1 sy . .; t..-!m ·~an be used through using the exchange 
rat .• ~ ·.r:,,l1ir. Fr1:>m t.la;1t f•:dh1w•'·d that in the Main Parameters 
.-,f M ! I. t\, tho: rat~ .. f -~x.-~h~nge w:.rn assumed to be equal to 1. 

;\ h•." it , .: .. ~ h11n· I r•--d ~;.:p••t·i menr,e wat: performed to cover 
t.hr:· '.•:':;rnn.,.: 3•~op ... ,,f .'w:i1y:::ic. Forty ,-,f t.hem were stored in 

• 

• 

• 
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subdirectory \USR\WO .. TBAZA \RESUI, T$ on t[,.. Eerr •. •tt 1 i i . .,. · l 11111H: 

labelled HIDA_r ("hich is the pn•perty of DPCI} 

The procedure vas as follo'°s. F.ir:st a ~:iir.pl~ plant 
evaluation was performed in order t.o check cc·n·~·::-tness and 
consistency of technological data. The option~: 1. 2. 6 and 
1. 2. 7 (see chapter 1. 2 of MI DA-UNI Us~.-- s Manual) are very 
useful for such an an.:.lysis. The print.('ll t is attacht-d as 
Appendix Al. 

As result of this step, the f1.lll print.out oht.ain·=:i froll 
the option 1 . 2. 8 vas attached to the volume. J 1. •-:an be seen 
that many HTO technological profiles have not 011ly negative 
profit but negative MVA as 11ell. It resu]t;s fro!'.' price 
relations betveen prices on impurted chemicals (see ;-:;.·-·~tion 
3.1 above) and thos~ taken from SRI directly. Then -- ... ~.:.tive 
value of profit arises as an effect of assumed ~ O·~a1 · · :di
tions especially a high value of the Ir-. .. cat.ior. f.3ctc-t· t.::sken 
equal to 1. 3 with re~:pect to· SRI data. F<-.. low in~ ,.,~re 
experiments carried out along the m~thc-.-f-:.Ioglc.-.J gui j.~1 i.nes 
assumed (Section 2.2). The selActed printout~ from these 
lf;..Xperiments are put. to Appendix A2. P.·dow a discus:.":i·-·a on 
the experiments is givep_ 

Generating Efficient Alt."!rnativec:; for Fulfj h1cnt-. of the 
De•and. 

As was suggested in se<!tion 2.2 a ~~·,ries ··f ·~xpel"im~nts 
was performed in order to find a t.rarlr=, .:.ff b..---1.w,.:, ... n in•.··;:o;t,
•1ent and import under condl tion:~ 1.h7tf. oi•·m:-tnd "i l I t-.. , fu 1 -
filled and maximum of PDA net in•~(•n1e ••v·-·t· h:ve:--tm.•nt :.-:i J l bP assured. 

Results were obt.ained for tw.) DPV ,_· .. rre:c:pr:uiing r_,-, the 
forecasted demands up to yearf: 193~: rsn::i :d•UO. fl.:::t.:=-i i led 
resu 1 ts were stored under the C•)de::: t·!(I t,-, N6 anc r-11 t.o P9, 
respectively. The full printout of th"=;".e experiments W•)U]d 
take more than a hundred pages, for t.he ;-:.~drn of i l l 11:-:: t r.:; t. i ori 
detailed printouts f0r NO and PO cxperim0nte wrr~ attached. 
They were selected since the value <•f ~r.i terion. :i;1me l y th.;., 
ratio of profit ov~r investment.. j ::: max imuni r.-1 j t~. 1111•.'•;nstrained investment. 

Sum~ary of all experiments i~ Rhnwn h~lcu •n ~i~ 
and 7 - 11 for 1992 and 2000. 
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PDA Import 
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Y~-:lr 2000 
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Fie:_ 7. 
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Hill.$ 
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0.480+ f:. 

b 

0. 4(~0+ 
b MVA/FI: ! 

b 
b 

b 
h 

0.~20+ b 

a a a a a a 
a a a PDA 

0.240·~ FCI 
+---------+---------+---------+---------+Mill.$ 

Added Value/FCI 

200C. 2500. 3000. 3500. 4000. 

Fig. 11. 

Generating Kfficient Alternatives without. fulfilirent o;· i.f'V. 

Again, following methodologio:·al g•:i.!.-.!.ines, a ::-:-:-r-:.:: ,,f 
experim.=:nts was performed. It w.'"t:': ::ti1:~~d at findiL;: tta•:: 
optimal investment for industrial dr=-•1.::L prr:·•nt fr m th.:· i·!·,·.
ducers point of vi~w provided !.h."lt. fir··; ·."':tHt<)t. 1- ... f!: ·: i: , ... j 
exactly along its str•.t•'."'.tur•" a11d r.ltf:•. ~f·-.r-·· '. :: t•:o : •. 1::· •• ,. r.. ,!.-"; 

as an indication than -'ls a stric·tly .:J,.,.fi;,. : ;)1-.-•• i. ·! ! ·r1 • ·,' 

Following the ab.:-.v·~ t.hP. r.:1t i.:· .·.f ~·r· .. f: 1 ,-• ...-.-.:· · ::'.'·.•· · ~ .. ·r:I, 
was maximized for different lo;v.-~is i:1v~·'.!:-:.·nr :::.:•!r 
assumpt.ion that only upper l inii ts ,-,f f1:,·.· 1:.-1-.:· : ;_;. : ... ! · t,:,t. 
represent realistic :.:~·~11 abilit.y .-.r· .. • .. r1;:•::rq.t.i .... !~ .. ·: .. ~ .. =1 
case only the raw material~; imp•)rt ITi<'Y t.:,1-:-· r·l.:i..: .. , ·, . '"f·l~,.. 
the most profitable pro<:ii.1<;t.i:.1n. Tl1-:·n f'f:/1 n··' , ... ,_. ::,: 
equal to Froduction Pr~fi~. 

These experiments wer·~ coclr::d Ari t·· ti ... "'IIJ.i I\ i·· .; !·>1· 

1992 and 2000 respc·<~t.ively ;:tr1>I f::1.·.1·-::·i ir1 ·:r.:ir-· · :·)• 
\USR\WO.JBAZA \RESULTS ( ::--:·~e a bnvP-) . 

Figures 12-13 il1·rntt·at1~ d.,.,i: .. •n,l•':n•·i 
Figure:-; 14-15 show re11:i1ts for ?01HJ . 



:-! ~ l ! - .; 
: : . ,._. - ~ 

t'"':.''S 

b 
' 0 

.'1 

' I 

--4~ -

Y~:;;r 1992 

b b 

-"\ 

b 
b 

MVA 
b b 

Production Profit 
a a a a 

FCI 
>. - - -- - - - - - + - -· - -· -· - - - - + - - - - - - - - -+ - - -- - - - - - -+ 

1:·_;_;:·1. E,no. 1800. 2100. 2400. Mill.$ 

!_;" i -~. I 2. 

• 

• 



- 43 -

• 
0.320+ liVA/FGI 

b b b 
b b b b 

0.240+ 

0.160+ 

Production Profit'FCI 
0.080+ a a a 

a a a a 

0.000+ FGI 
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1200. 1500. 1800_ 2100_ 2·1·):;_ MHL:f. 

Fig. 13. 
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Y••.-:i r 2000 
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6i)0. + b 
b 

b 

• ::550. + 
Production Profit 

a a a a a a a a 
;j a 

-3 .3 

hit).+ FCI 
+---------+---------+---------+---------+ 

1500. 2fiil0. 2500. 3000. 3500. Mill.$ 

F ii{. 14. 



• 

0.320+ 

0.240+ 

0.160+ 

0.080+ 

b b b h b b h MVA/Jt'(" I 
b t. ti 

h b 

Production Profit/FCl 
a a a a a a a a a 

a a a 
+---------+---------+----·-------+- ------ - .. t 

1500. 2000. 2500. 30fl(I. 3'.:·tl' . 

Fig. 15. 

Fi" 1 

.. n ; 

All the calculath•ns were d···n•: pr•)V io_f,,;J tha I. i.h;:, ;\ r·~1Y. 
and lsfehan complr..:xes will run on th8 f11l.• •::'.·~~pai:'itii=·s. 

The essential problem that W<'l:'. ·",n•'•)Ur. t.•:1-.::d i111· i nr th~~ 
analysis was that the demanrl v.-,,~ t.or j :o: ~-·nr:: ra l l y !\•) ~ kil
anced with the capacities of t.ii·.~ ·~xi:;t ing 0r- .:un···l!t ly 
implemented Arak and Isfehan comp1.1:::-:e:::. ·in t.he ;;}:.o.r h:1nd, 
the assumed range of the demand a:-; d.:At.,~rmi r.~d in U·~·· 1·:"p .·rt. 
based on the work of E.Zawad.':\, do~~: not. c···r-?>'·:··r· ni r.o 
economically feasible •:::apacities •Jf n~'"; plants · th<'it ·ir·r:: 
supposed to produce th"! sam1~ pr01.\t1·~ ;,~; .1,:; 1\ 1·ak r11·! i I.-:. f• ~. ~ .. 1 ·,. 
For example, the capacity as8u:ni=::d for r·v:: Ara>. f' i .~-11: 1. i ::. 
150000 tons/year is the df.;mand f,·,r- PVC i .::. ef; t.im-=t ! o:=···J 1-11 th~ 
level of :60000 tons/ye.:ir for 199:1.. Thii:: di~>cr•:p:-1·i·:y, ,_:11~· to 
assumption that PVC Ar:;k plant w:::i::; t.0 r.:,ni:: in in .·1.··t, r.i1·.·r,,d 
10000 tons/year Rddi t.i·)·1al ~apad ty t.o l•f'· '.~v~: lr:in ~.i. A : . i :n i -
lar situation aris~d in the c;1:;.: of r·r.lyr r-r.py2f':11 ., '°'h.;·r•· t.h.:' 
capacity assumed equal:·~ to 50000 t./y whi i·· t.Ji(, 1lem:-ir.d i::: 
62000 t/y. This disc1·,~pancy Gou hi h~ t.!::\~ i 1 y d~a l ~-. w i 1 t. h•: a 
simple adjustment of r0:~pect.iv·~ Ae:-1k p}:rnt :. fin·· •r-hir1~,t-··Jy, 
Arak complex i.s so c~r~f1..;Jly hal<111.-.:.:d f,..,r· •::thy]., 1~: ;,n,: f•rn
pylene production that o;uch ~· F;.imp J ,.. l'.:•P~r:1 t i ,.,n w • ., •: d l •.·:1.f tn 
a proportional decrf"!;~ ~e of th·~ rd.n•!I" !•J'oH"li1,;t. ~ IJI ·Iii• L·' .::. 
lar::k of the raw mater i :.1 Is. 

Therefore, the followlng "1.lt··rn;1f.iv,, •:tr(l:e1ri .. f:.: •• r t,h..;: 
development have been :·~· 1gg<i6tP.d ?11d .-:r.11;:• ,, 1 1• ·n t l y 1 numl" · r .;, f 
experiments was perfonn•·"!d. In U-1" fin;t. ·: 1rh1nt t:w lr:v··:'t
ment program would ~im at bui ldin1~ J·l.int.:· •)f ... ,., ,, .. mir. 
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·'""r .. ~· ·'" '~:~ .'1lt.iaough ;·.hei1· potential would exceed the produc
t.io11 i.·vel :letermin~d by the demand. The excessive produc
t,ic.:-n ..,,_-,1;ld be export,_:;d in the first period and then consumed 
by d•)m..:>stie :nu·ket ·~'a the level forecasted for year 2000. To 
make th~ development program realistic, upper bounds on pro
duction were impos~d according to sell ability of ~he pro
ducts on the foreign market. Results of the relevant experi
ment.5 namely K2 illustrate the case. It was done for DPV 
upper b·:-und.:-d on the level of year 2000 and lower bounded on 
the level 0f 1992 with unconstrained investment. In the 
second vari~nt, the installations having small capacities as 
fitted ~o the current (1992) demand vector would be rejected 
from the in..,.~stmen t p !"(>gram. This took plac~ due to the 
abov~ situation reBarding Arak comples but also due to the 
low demand for some products. This concerns for example iso-
buty l .:i h:•.•hol, i ~opro:>panol, phenol, aceton, per-
•::hlor.:)·.:thy lr.:n-=, td dlloeoetny lene etc. To fulfil the 
demand, mis3ing amounts of the products have to be imported. 
This is illustrated by the experiment KMl. In addition, on 
reque~t 0f 0f DPC; in this experiment DPV was modified. The 
modifi~ation was aim~: to reflect production of those capa
citi2s that ~ere -iarnaged l~ss than 30% (Iran - Japan com
ple:< ~ .ind t.h11s can h.:, .;on:"5id~red for recone.tn.lction. The DPV 
corr~··ti0n had to h~ applied since data for respective pro
f il'°'.'. t.;;.a t. ·:•:.u lu be incorporated into HT(1 PDA were not 
.:iva.l ! ·,p: e. 

· r-·illr:-wing •inu.s with th~ extent of damages assumed 
r,. i·)W.-:-t· than :~O}~ wc:;re considered as those to be recon
;..;tru .. :: ·d in the fut.ui·'°" (with the except.ion of SBR - 50% of 
~ama~~ which was also included. Nev~rtheless, the final 
.:.:~c is i..:ia 0n recirns t.ruction of abandoning t'llese projects 
<. inc 11;<:' ing those that were not considered in the analysis 
must be mad~"; f'rior t,-. the conclusion on the Master Plan: 

IRAN - JAPAN PETRO COMPLEX 

['(· lypropylene 
PEHD 
Pr:Lli 
SilR 

50000 T/Y 
60000 T/Y 
10000 T/Y 
40000 T/Y 

ABADAN PEf RO COMPLEX 

40000 T/Y 

i: .. Lt1 ait•,rnat.iv•,;: (·~xpt'-::riments !</: and K!11) can be 
1··~··'..,ntr1""'d•··.J :i:3 t.t1• y :n··~ '""vn<»mically feasible on the con-
i.1·.:1r-:; t ·, ·• ;;. 11t.i.-•11 t.h:1r. ::·1::::11mi=..:::; sm<'lll·-Gcale production. If 
~.hr:' J:1tr .• _,r .:-1~.;;umpti .. 11 }i:-11.t to be mainta.iu·~d for some reasons, 
it w.; •• 11.1 h•.: 1·1·comm•:r d· ·· i t .• ' :>':a i·ch for an unconventional 
v·~chn•··i·.•l'.i.--..: th;,!. '""1ld not bf: incorporated int..:> the 
-<111a I~'·' i :: · • f f "O Pfll\ 

• 
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3.4 Conclusions and Recommendations 

HTO case study can be summarized as follows. The first 
fundament.:il stage in t.he integrated Devel .)pmen+. f't-.:.gr.:1mm ing 
of industry covered by HTO was com~leted. 

This coverd the following steps: 

* hlentification of HTO case with re.:-:pect t1:0 nat.i•)t!.~l 
economy in the broad context of th~ induf' t1·y arid t.he 
chemical one in particular. This ~as based cP in~~rna
tional comparison (world-wide, regional and with 
respect to the developed and developing eccr,omies) . The 
a~alysis fully confirmed the choice of HTO for the pur
pose assumed in the project. 

* formulation of development thesis for the t'.aster Flan 
for Development of the Chemical Ir!dustry and the one 
for HTO, 

* selection of HTO boundaries wit.h respect t·.~· i.;!·,,-.Je 
petrochemical industry, its othet· branchi:-s anrl I ;.-.1.:n-
stream processing (97 technological profi]o:;~ <,n. ..\1 

chemicals), 

* preparation and refinement of the ri2t~. 

Based on the above, thf< fol lowing w:rn .'.'\c.~. ·~1pl i:.:;h.= r!: 

* according to MIDA meth:)(kdot~Y ;.:t.-irting fri:•m t.h.:> 
development th~sis and Mir•A-UNl impJ._w·:,•· . .-,1 : .. n. 
6pecific methodological st.ep:,: w·~c·: devi::-:.--,1 [.-.:· the 
analysis, 

* along S':.lch lines, analysis w:--te p;:,t·f1;n:;ec.i with M1I1.:· f1Nl 
Decision S·1pport Gystem. (Jut of m1·.i- .. than .. : ... - h1::..ir·.,.J 
of the experiments, forty were t~el.=_,.~t--·•l ..-,s t .. l,-.,,; .,··r;t.;.,
tive results of Integrated [l."n:d •·Pli···n t Pr - •'. r·.'.n1m · 1.1: ;·,f 
the HTO. The experiments s~l·~:c:t.c,.j pr .. ·. jde ,, "•·t-y 1::·•:

ful background and should bi:: 11::;.=,.-J f,., .. :i r.,.-.f ..• ., r,.~, 1 •• th 
as the materjal for the Mast..=,r PJ:u! ·,;,d for· .-·1:.nt iro::;:.-
tion of the study by Df'CJ. :-;p•··: if ic<.1 I l :. . f, ~· the 
dP.mand •.rectors, a serjes of •:·pt.imi. 'i~i(•n -:·:-r·•.·t··rr. .. r!t·.r; 
was performed. A.; .a ri::s11lt «•f •i11.·· 1_~fllr-1J.--r i·>r; ··rid 
adjacent analysit{, the fe:i;:.ihl·· t.1·:1•11· .. ffs .f ir •:•·::1.-

mcnt levels anJ iiflport vol•HT1•.~;,: w,o,rr:· .t.-v:rmi 1·.·· i.r·· •: i.-!.;,d 
that the demand is fulfillerl a11.:I t,h.:11. ·~ach ·f, ·.:·:l··1 r.i--nt, 
program assures maximi7.,'3tlnn .:'>f r·ri.I\ N.:!t I. .: .. •m• , ·:"!r 
Investment (the optimiz~tj,-,n crit..:1·i1;.n). h.r· ·:"n1· 
parison, a S(:rie;;; of calcqlar.j,>n:i w:i.; dr,n·· t .. !'."'f:r'·r"•f(! 
development progrnms thflt m:-n:imix•! 1·1·.-·rl11c.ti .,, h"·:·i 1., 

regardle~a fu 1fi11 ine th.,: d·.:m:~nd b11 t : '1v. i 111~ i ril•1 
account a feaeibl~ lev·-!l of t.l...- .i .. n,, ..... t.i1· :11ni< .. 1. · w 
sumption . 



* t.he H'fO .::ase ~ 1.udy ~h·:-uld be continued with special 
~);:nphasi:: on .. p.:•lic.:.~y measures e:<ercises.. (e.g. with 
respect to rat~ 0f interest, depreciation, exc~ange 
t".3te) :1.> w~.!.l .3f; analysis of impacts of other decisive 
[."let..) rs .:ts p1·i· ·8s :)f r.=1w materials, value of location 
f.3ct1::•r ·~:-.c. 

* m.:trk>:"t.. .• ,1.alysi.· :·:h•)uld be carried •:•ut t.o evaluate the 
._~;.:p.:n·t >-:)tent. i , 1 w i t.h respect to •:arious products. 

:, :::;p.=:···i d att. 00 .1r.i.)i\ ilil.J:':t. be put. t.•• local prices adjust
ih•·nt.. i :1 su.~h , i-: in·l ·~·f analysis MIDA system will prove 
i.1;c; n.';»fulne.:':.:; fin::;t thi·ough evaluation of the 
.. :-:d1dt"~ ' r.'lt>e· tile •)ff icial .:•ne versus the shadow 
't'<l11..,- .. ;~cond r.hrc•ugh E'valuation of MVA both with 
r···S.t-'·==•-·t. to :·~ .. ,~.:al and industrial profitability. The 
i ~.u.:~r :yp~ of r.r.~ analygis must be preceded by local 
f". k··•:: djus t:n .. f! 1 .• 

[ i. L.-: .-~ :.congly t•..o,comn1·.2:lld 1 that rev f".'>recast would be 
::;t,u.li,•11 iri the c Bt.ext of Arak and Isfehan complexes in 
•)rd·: r· : ·:> y·., i .i d L:· · r·~panc i r":s between DPV and c:'lpaci ties 
c1:;~11;,,..... '.'ii: fc,J ! ·wing ~;t.1·:.--ttegie::; ar,::: recommended for such 
~n !"· .. ;-;;u:-1r- ·"-"' i and d·:-~i;5j(-.11: 

... :.:p. ,r;. · _.t·ient.<· i •)l" investment-intensive; th is would 
, •.• ::-;·:- • , 1 s~ I•.=-· I. i •.•n ,_., f larger capaci tir;:.s excet>sing the 
-..1.111t1·y;:; 1!f.':m:·1;t.\ fur· l!-l9L:. The .-=tdditional production 

. ., .. q!d ··.-:· ·~XP·"·t· .• -..1. Th·:,n year 2000 opens an alternative 

.. :· ,~ i '.b ,·1· ful f 1 l: ing the country· s forecasted demand or 
·> •n ti ;,•Jing .:;xi·· .rt and investment. 

:r.p:.r· ~·-:danc::.:·i ··1· in•Jto;f;tment-·saving; this assumes that 
t .. w •_'.:1p···~iti8:-; :"-:,] • .: .. :t··,,d for 1992 DPV are to be rejected 
f;")m h'. d,:,v • .:_-}.pn1·:·11t. pr·:igram whiJi:: the missing amounts 

!.11·· ;: n: .. iu·~~ L: ~h:.u ld b•_j imported, 

I" j :: t1,.derst<· -,,:J that. for each alternative strategy, a 
feasib!lit~ of impleffi~ntation of selected plants with th~ 
capaci~ioG divided into parallel technological lineF would 
be 0x~~nsiv~ly ev~lu~ted. Such a technically obvious pro
cedur~ wou~d open a possibility for investment scheduling 
provi.Jing (npaciti•:::~ that would better fit the forecasted 
DPV an·l ot.h•:r constnd.nt11. 

r •. h;L: : •) be ,.,~,·.dled frum the rei;ults of idar.tifica-
. t,i_,)1; ind 1,hr) 1J.:.m.11:·l .:rn::dy:'>i.f;, which r1ad been .. ~onfirmed by 

th•3 ··xpel'i;i.•:::nts wit.ti MJlt!\ ·l.INl, that~ me~ting production goals 
•:::;p·'· ~: 1 l I y f.: r .I 8:)'.·'., 1.or i I I Ii•· rl i ff i<:~ul t des pi le assuming some 
d.:v"I ·.•m•,11t. r:ott.f:s 1·.M·:r t.h.-rn thece of (•t:.her developing coun·· 
1.ri··;· 111 .-i.:tditi•-,n t.•> th•) abr>ve con&iderat.ione, the evalua
tJ.,· .. , -.·1·1 ·l··"i:·d·)n .. n l°"''~r.,n::.t.ructl.on (_.f 1;e::lected Iran-,Tapan 
,·"i .-. ;;11.h 1 pl:-mt.1~ i:·: 1..-1 h·~ made with respect to the both 

:; t,r I!,'!!~ it·!;·~ 

• 

• 
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If for .some 1·easons it was dt?-c i d~d t k-t t. low . ·~-1 f'~· · i t : e~ 
are to be preserved in the Mast.t?-r Plan, ::ln int€n~:.ive ..:C'.udy 
should be und'2'1·r.a!~en in order to find .:tppr-~·t-riat;: ···~'!Ht,· t· .g
ical profiles. Generally off·~H:d t.echrK· l ogies t e. [. ::!· ! •:.t· 
CHEM SYSTEM profiles) do nc.t supp.:)rt ~~ld! lr...~w cat a,·: ti··~ . 

• 



-·so -

4. The Cast! of Inor,~anics PDA 

4. 1 I NO PDA J>escript. ion 

Tt1is ~~se st~Jy concerns analysi£ of inorganic chemical 
i.ndn~=:. i ry t echr.oL~gies assembled int•_• a Prcduction
iH-3 t di.")ut-i;n A1·ea C"alled iNO PDA. A preliminary selection 

- r)f '. r! - t-7.( ;.n0l0g ies was done by DPCI and personally by P. 
lk·::~ 1 

.,.-::.\.: i C l~N lD!) expert) and A. A. Jafari ( DPCI specialist 
'lt <:, .•rg:tn-i-: chE:rii:c:try). The selection was motivated by a 
·cll;;lir, ~-·u-g~~ of ._the Has~.;.~r Plan that is integrated and effi
Gf~;~ t d;,,• ... "°lopment of the inorgal"!ic chemical industry 
ind·i.,-:.p-:-r!sibl~ for •..;th'i'r branches of the industry and the 

· 1tt;_H"i~•-=t.. ~·n the •:•i--.j_~ ... r n<.!id. it was adjusted to natural 
r.·est~·~u·.::-es .:.£ t.h•~ co•.mtry. 

-The INC Pr·A ,x;i;p,:·i:.'>es b.)t.h a low-tonnage technologies 
as well a~ mass production of e.g. soda ash, sodium g:aze, 
precipitated calcitm ~arbonate, sodium water glass, sodium 
met.:=1::; i .i ;,_~at_.,-. eti~. t:h.::n. a 1 together amounts to 63 i-rocesses 
run •.•n 58 i nstalla' i.ons. Onh• new ( 1_,hose that are poten
tial 11-'· •>.., b..:: d~veh•i.:··:::.J I t .:•·;hnologi.::s were taken into account 
in th~ an~~Y!is. All p~0ce~ses of concern are listed as 
fcJl } .. ~;.~.;: 

ANTiM{;trr· 1t{I0XE·;.: 
;\l,i.lill NlH·I _ _.l_ILPH!tT~: 
:\RGllN 
;3;.:.: 'llH t::m OR IDE 
i.'.t\11 J. UM i.'.Af,BON,'\TE 
:., i THOPulii~ 30~~~ 
LIT!iliP•!Nf~: 60~~ 
!'.f\rr WM ii ,· C·h'OX I flF 

:";; li:; UM J'~'.;ioOH.t\Tir'. 
r·r~l!'.l'.IPTlt'\fED C1\L '.IUM GARi.~(.NATE 

H:F•'H'f'i'Al'IW CM, 1 :11_111 CAHBONATE(TOOTtl P.) 
CAI.I:; UM r:'..\ ii!ll Dfi: 
1;fd,Cl Or·! !I Y POCHLl :;1 .! Tl!: 
1;A:,1:lOi1 C·lLORIDE 
AMW•N Hit! ~HLO&fri;•: 
::.'.::f1! Ul1 !\ r !f-JROMAT:•: 
;'..•ti i ifi'f •. 'H \UM/\'fE 
r· «;;.,~~:-. r PM -E~I C:Hfi(lil;\Tf~ 
!\NH'liiH•T11;;, '.HHOHI1: ;\Cil1 
1:l!'·:flM();:,111, f:.A~l!'. Clll<OMIUM SlJL,PHATE 
'; .. _·,r-·t-·r.:1·, ~>x l lJE < BL/\r~r:' 
i;.:;·1 i!:s~ 1">XtDE (r?~:I11 

C1.1r i ft:f{ :.rl ,;'HATE 
::::-:r:;,fTI: · AU.IHHHll1 :;tlDTlll'! Fl,UORIDE 
i.i :;r; r f:r1rr ,-:.0(11;. r r,;.: 

capacity 

2000.00 
30000.00 

750000.00 
2000.00 
3000.iJO 

10000.00 
10000.00 

1500.0U 
[000.00 
8000.00 

20001). 00 
10000.00 

1000.00 
60000.00 

5000.00 
10000.00 

4000.00 
3000.00 
1000.00 
1000.00 
1000.00 
2000.00 

40.00 
100.00 

2000.00 
4200.00 
2200.00 

• 

• 
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HYDROGEN FLUORIDE 
IRON OXIDE (RED) 
FERROFERRIC OXIDES (BLACK) 
FERROUS SULPHATE 
LEAD OXIDE CRED) 
MAGNESIUM OXIDE 
MANGANESE DIOXIDE 
MOLYBDENUM TRIOXIDE 
Nl~KEL SULFATE 
SODIUM TRIPOLYPHosr:IATE 
SODIUM HEXAMETAPHOSPHATF. 
SODIUM PYROPHOSPHATE {DIBASIC) 
TRI SOD I UM PHOSPHJ'.TE 
DICALCIUM PH03PHATE 
POTASSIUM CARBONATE 
POTASSIUM CHLORATE 
POTASSIUM NITRATE 
SODIUM GLAZE 
SODIUM WATER GLASS 
SILICA GEL (MACRO) 
SILICA GEL (MICRO) 
SODIUM METASILICATE 
SODIUM THIOSULPHATE 
SODIUM HYDROGEN SULFITE 
SODIUM SULFITE 
SODIUM HYDROSULFITE 
SODIUM CHLORIDE (MEDICAL) 
SODIUi:J NITRATE 
TITANIUM DIOXIDE 
ZINC SULFATE 
ZINC CHLOR!DE 
MOLECULAR SIEVE-ZEOLITES (cl. 3A~ 
MOLECULAR SIEVE - ZROLITES (cl. 4A1 
MOLECULAR SIEVE ZEOLITES (cl. ~Al 
MOLECULAR SIEVE ZKOLITES (cl. 13X; 
SODA ASH 

t OOf!. Of: 
~..IC'(!. Of· 
nno. n1 
l )(10. iH 

2 J!?O. >i· 
~0~100. r1· 

::::)00. n1 
140. (Ii; 
·:',(l(i. (H. 

~'(I ; l \I (I . (I ii 

1.JOO. Ofl 
300.00 

7500.00 
40000.00 

1000.00 
1000.00 
2000.00 

2::.:JOO. 00 
6(1 :tOO. 00 
15~10. on 
1 :. ('(I . (I(; 

1 (l '}•)(!. (Jj"~ 

1 )DO. ;)ii 
·~ .i (HI . (I(; 

::: di(!_ (!ti 

:-: ;r;u. or~ 
1 ~. r • :1 . u t. 
~~.)fl fl."'' 

2u:_,Hn. (Ii 

: J:.;' . rn 

- ! i. 

_,I (: • ' I! 

'•··. j' 

•: ~ • I • ~ I ; 

The &et of tei::hno log i<:·.:i l pt"~· f j l •."':.: t.;:, l:. ·" int, · , . ·• · . 1: t -, ~: 
agreed ~1ith DPCI arl'i 1H~~·-·11u·:•~··l 1-11 Ui f'. ; ... ;:w~.rJ.,,.; 'i·: i .,.,_. .. ~·-":d 
only new !:.t::chnologj~·,·: i.e. t.h 00 ;:•· p.- .• rd . .i.:11 l: 1. '. •· 

de•1e1.oped. Corr(!cf.icw .. ~ t.har .. ~,,n,···n1 .--.·!:·:!.Jng · .. ;·;r1»: ·,· ·rr:~ 
inl:.t"'t)d~lCed 3f\(l tt1.ie i.:: f11.'lt'r(•r::ttc·d in ~~;t· J"t'!''.' ·t·~ ,· ! :·. 

Bozw~alowt{ir.;i. Thesr:.: pl:•!lt· ,·_,·,.11.: 11··L i.··· ·. __ ,;,.i·i· ·: • .. ·r··-·:th 
for a lack of O..;itr.. ._,:~ •>)nzumr•t.Jr:.in:: .··.-"·r',·i· ;:•nt:~. : .... .,. 
no:r;.gi·::~l t"•r0files as Ii ~t.t~r! .::1br·;1· r··r" i" -.:;-.i··--rl . . 1 :1• ·nr1 
required by MTDA dal· .. 1~·.,1e.<:' .:inrl ::r·,:·!·•·t !;·. r.L:· d: !'• ,., r·;.· 
\tJ:>R\ROZBAZA installed •:-.n the P.•:r·t1 .. 11 I'' ! '·!~ 1."lh·· !-··! :·!,I'': F 
1n the A;ipendix Bl det.:·.:.l(;d 11:\t.'1 ,,n it.;,i;t. -:•n·i :,; ; .1' 
c.:-,n~ecut.ivi:i 1)rvl'.'e:::e~s w·-:re -1t.t.;1ch1:rl. 

Be;yond the tr.::chnn!-11~ic:•J ,J;it··,. ~,·l' :, .. ,·.·~·::;;, ·: i:,r .. 1:r;:_. 

tion •)n prli:::~~- ~nd m.•1.j.)1· ,.~cr•n• .. •rni·· 1•:11·:1P»" ··1 ;-: w·· ·,. 1., .. 1· ''""! 
w1:~h contribut,ion C•f t\.·\ . .. L:1f::1r.i :n1d ; ;.,;•:1.foil·i •: .i·i. :·1·· 
prtce!"I ~~.:n·~ pr11p.i'lr~d b·1~inr.~ .,n M:11·k·.·t. 1:.-; d . .;·r·, ! ~::.; ·.,. i11 



S•)m·· -·v--::: i;11ostly :..•r min·;;ral resource:.>) adjusted to local 
·~-=·n·_;iri•·ns. Simil:;t·ly, t.h".' prices of utilities were intro
du·>-,i ,,.,-,_:r-;-rng t ..• ·i·~·mr:-st.i~ level. The full list of prices 
is ~!1•:-·,,! in i.ppen·~i:-. H2. The- following main parameters were 
.3~t:;_:n:r.··.i f:-. r ~-he 3E ~ .. ! "iS i!;: 

l •)t:· :., l f ..":\•:"' t•) ?'" 

lal·· · .- •ng..:o::; 
<:':X•-'.·•ll~·-· rc-it.t:> 

:::;1.1r - t·v i :: i . .-.n w.::tgt"!s 
bJ,-.· -·L·"i'l"':'>.•'iation 
l-~i· ·-·~r . .-,ry wag.;;s 
.;ff.:it .. ~:o: .!,i-1-eciation 
J.3b, :·.-11: ... ry m'1t.erials 
di'!L'-'•""·.J.•tit.y r-atio 
1)p~--1-.' 1 t ion ;::upply cost 
.i.11 i.·-~··:·.-:t •>n debt 
di 1·~~·-~ r.. i:•v<:! rh•:.ad 
wori-:1n,,r; c."'\pit.al 
m.:iin;-.i:-.n.-:1n·~~"'' cost 
int ... :-r~:::;t. un work. cap. 
.:idm i r. i.-:; t. r.;i ti 1.•n 
in:':r. t·zin·:·e 
Gal··· ,•£ marketing 
pr•.··:.· 1·ty tax .~ rent. 
R .~., [: 

4.2 H'~:,.nltr; of Kxp~riments 

1-0 
2400.0 

1- 0 
4800.0 

6.6 
3600.0 

5.0 
O. 0 
0. (I 

0.75 
10.0 
60.0 
12.0 
4.5 

10.0 
15.0 
0.6 
6.0 
1. ~. 
1. 5 

":'hE- ·lr .. sl~ .. s i:.:""': t.i.:-1;:: initiated wi t.h the single plant 
8'1<.1 l.J:-1 i:.i.:-n per fnrm· .i f•)r ·~~ch technc·logy. This comprised 
·~ai..~11i.:1t.i::•r1 .~.ft.hr:· perfr_..,rn1.a11ee indicators as described in 
the :3.:dt·•L B of r.h•.:: r·-,I' .. ~·rt (e.g. PV. TMC, MVA, Profit and 
:3imv:.·:· Rat.·:· ,_,f f\o:-r 1:rr1 i. The results are illustrated in 
App•.:11dix P.4. Aft-I' th~; ·~vctluation had been done, the tect-
nol:.gi.:,:-o: th1t. W8r·:- ···;:tim;-,t~d as economically infeasible for 
their 10w ._:~it·aciti··.:, w•.::t"' a1F•in investigated with re-scaled 
cap.:11.;j t.iec"::. The lL:r. 1)f tlit:" latter plants ~ontaining their 
capa·~iti~J .:.11,d b'GI val11.;!s is attached as Appendix B3. 

In th~ ~ext step, the analysis was performed for the 
whole INO PDA, it means that all technological connections 
between the install~t.Jon were taken into account. For the 
sa1'>': •)f i.h-:· ana)y:;j;;;, ri ;;.:•~ries of cr.•rr,put.er experiments was 
run 1., t!,•~rk·~:·.t~ 1:'1fi('i.,,11t d~':velopment. 1>ri:,1'.r.1mms according to 
maz ir•.,1·11 pr-..di;-:r,.ion 1-1·.)fi t ;;ubject to a:c::-n1m~.-d investment lev-
•:L:. 1,-t·iil~"J r1~z11!L·; •)f tl18 analysie: fc•r variocs invest-
m•:;1! •:1l:i ,:·: (d).:'•111>,lu;~ in 50 11ill. $intervals up to the 
IJ:·1 :· f 1 I J impJ ,,.n .. ~nt.:1 t l.:·,n of the whole sr:-':. of technolo-
1~ i ·' • :1r•' given in t.h1: 1\pp•:.ndix B5. As the set of technolo
r~l·: .. ._1 1:,;: 1 :h.;,1~ging 1-1 i t.11 a·;:~:;umed levels -:-,f investment, as for 
•':-"'• ·:, i 11•.:.:;: 1 ;,..:;n t. v ·iJ 111·· tlir:- moet profitable plants would be 
111y· .. 1d"·'d t.. th•:: k··u,J • .-.pm•:nt program. the table below 

• 



• 
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illustrates a priority of do:-'.·•~l·::r-m·-·L' u;:. t · ; :1·· ."t ,,.,,::r!~d 
investment thresholds .. In th .. ~ t.al~1e, • dt:~•_,i .. -~- 7; ... :.:;~ 
plants that would be introdu.~ed h• th.:: r·!· ,;:r,.,,un ;;t ·'::11 ·=1·.:1-
cities, '"e .. - with cai:.·acities higher t.: .. -~n d-=·tt·:·r::ln···'. .1s 

minimally economic (according to th~·· r~!<Tt c·f F. l· ·::t.:,:..' · •.:::k i 
and A.A.Jafari), ··1·· -- with ..::apactie<:-: 1-=-:~:-~ than"''" 1 .. :·::r',.,.; ly 
recommended and - for tho::-:,::, r•=-:j.:,·:.-t . .:-, i fr<•m tr:·· r·r· ·~· !--•m. 
All results of calc11lat ions perform;::d f·"r t.he wh.: :,·. t·.:1:!t--:· ••f 
investment with 25 Mil 1.$ interv::11:0: .. "'\rr: :'t.on=-d ··n t.h·· P•·r
noulli volume MIDA_F in the dir•,,ctc·ry . !';:P\RO?f A;:.:...\ H:·:;~f:;:rs 
•1nder the names IN25- I N384. Tl1e- r~::~u 1 t. i ~ t'f tit?p~-! d-~r!·-· i · ·.-: ·. ?·f: 

summarized as depicted below: 

Mill.$ 
200.+ 

160.+ 

120.+ 

80.+ 

40.+ 

MVA 

b 

b 
b 

b 
b 

b 
b 

a a 

b ;;s 

a 

·---------+---------+-----
0. 100. 200. 

Fif{. rn . 

[) 

h ! 

F1:1 
1-··-··---··--i Mili.$ 

~mil. 41l!!. 
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---------------------------
Investment in Mill. S 

Process Name 
50 100 150 200 250 300 350 

- -----·--- ------ ----------- --ANTIMONY TRIOXIDE + + + + + 
ALUMINUM SULPHATE e + + + + 
ARGON 
BARIUM CHLORIDE 
BARIUM CARBONATE 
LITHOPONE 30X 
LITHOPONR 60X 
BARIUM HYDROXIDE 
SODIUM TETRABORATE (BOkAX) 
BORIC ACID 
SODIUM PERBOR.\'fE 
PRECIP. CALCIWt CARBONATE 
PRECI P. CALC. CARBO. (TOOTH P. } 
CALCIUM CARDIDE 
CALCIUM HYPOCHLORI1'E 
CA LC I UM CH LOR C <)E 
AMMONIUM CHLOIUDE 
SODIUM BICHR0rfATE 
SODIUM CHROM!\'\~ 
POTAS.:3fliH BIC1llWMATE 
ANHYDROUS CHROMIC ACID 
CHROMOSAL 
COPPEH OXIDF rBLACK) 
COPPER OXIDE IHED) 
COPPEil SULPHATE 
CRYOLITE - ALl'M. SOD. FLUOR. 
ALUMINUM FLUO~IDE 
HYDROGEN FLUORIDE 
IRON OXIDE (RE:D) 
FERROFERRIC O~IDES (BLACK) 
i;·gRROUS SULPHA1'E 
LEAD OXIDE (RED) 
MAGNESIUM OXU:E 
MANGANESE DIOXIDE 
MOLYBDENUM TRIOXIDE 
NICKEL SULFATE 
SODIUM TRIPOLYPHOSPHA1'E 
SODIUM HEXAMETAPHOSPHATE 
SOOlUM PYROPHOSPHATE 
TRISODIUM PHOSPHATE 
l>ICALC' IUM PHOSPHATE 
POTASS llJM CARBONATE 
POT ASS Tll~1 CJE,ORATE 
Dfl'T'M~'Hlf~ NITRATE 
.·>l>Dl iJ,'\ G1.AZE 
SODIUM WATER GLASS 
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+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

t 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

1 
l 

+ 

+ 
l 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
t 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
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Process Naae __ .. ____ . 

50 I 00 l :citi 200 :: 50 30( :1 'if: 

MOLIC. SIEVE-ZEOLITRS(cl.3A) 
SILICA GIL (MACRO} 
SILICA GIL (MICRO) 
SODIUM MiTASILICATE 
SODIUM TBIOSULPHATE 
SODIUM HYDROGBN SULFITE 
SOiiIUM SULFITB 
SODIUM HYDROSULFITR 
SODIUH CHLORIDE (MEDICAL) 
SODIUM NITRATE 
TITANIUM DIOXIDB 
ZINC 8ULPATE 
ZINC CilLORIDB 
MOLie. SIBVl-ZIOLITRS(cl.4A) 
HOLBC. SIBVE-ZBOLITIS(cl.SA) 
MOLie. SIIVR-ZROLITES(cl.13X) 
SODA ASH 

----·---·. 

+ 

+ 

l l 

+ .. 
+ 
+ 

+ 

+ 

+ . .. 
+ 

• + 

+ 
.. + 
.. + 

t + 
+ + 

-----------------·---- .. ····-·--···· - .......... -

+ 
+ 
+ 
+ 
+ 
i 
+ 

• .. 

.. 



~ilt.$ 
420.+ 

* 

* 

* :i: 

t 

* * * 
* * 

* 
* 

Product Value 

i4il. • FCI 
•----·----~---------+---------+---------+ Mlll.$ 
IJ. lf![I_ 200. JOO. 400. 

Fig. 17. 

1.:t(l1 :t 

* 
* * Profit/FCI 

a.so+ * 
* 

* * 
* * * * 0.25+ * FCI 

+---------+---------+------- -+---------+Mill.$ 
0. 100. 200. 300. 400. 

Fig. 18. 
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The results of the analysis were sutmitted to 
P.Rozwadovski and A.A.Jafari to suppo.:·t the ultimate t:>:iq:•~r-
tise of the developmect progra• by 3 rep~ated rescalling of 
some plants and elimination C'f S•::lmt.:: teGhn·~logies. In .:tddi
tion, the results of the single pl.ant ev.:.luation and t.he 
production goal (demand) for the y~.ar 2(!(!(1 wer:::- t: .akeri rn to 
account. The list of finally selected installati0ns ~lth 
their capacities is given below. 

process name 

ANTIMONY TRIOXIDE 
ALUK!NUH SULPHATE 
SODIUM TETFABORATE (BORAX) 
BORIC ACID 
SODIUM PERBORATE 
PRECIPITATED CALCIUM CARBONATE 
PRECIPITATED CALCIUM CARBONATE1TOOTH f'.) 
CAl.CIUM CARBIDE 
CALCIUM HYPOCHLORITK 
AMMONIUM CHLORIDE 
SODIUM CHROMATE 
POTASSIUM BICHROMATE 
ANHYDROUS CHROMIC ACID 
COPPER OXIDE (BLACK) 
COPPER OXIDE (RED) 
COPPER SULPHATE . 
CRYOLITE - ALUHINl•M SODIUM FLUORIDE 
ALUMINUM FLUORIDE 
IRON OXIDE (RED) 
FERROFERRIC OXIDES (BLACK) 
FERROUS SULPH~TE 
LEAD OXIDE i.~l!:D) 
MANGANESE DIOXIDE 
MOLYBDENUM TRIOXIDE 
NICKEL SULFATE 
SODIUM TRIPOLYPHOSPHATE 
SODIUM HEXAMETAPHOSPHA':'E 
TRISODIUM PHOSPHATE 
DICALCIUM PHOSPHATE 
POTASSIUM CARBONATE 
POTASSIUM CHLORATf. 
POTASSIUM NITRATE 
SODIUM GLAZE 
SODIUM WATER GLASS 
MOLECURAL SIEVE-ZEOLITES (cl. 3A) 
SODIUM METASILICATE 
SODIUM THIOSULPHATE 
SODIUM HYDROGEN SULFITE 
SODIUM SULFITE 
SODIUM HYDROSULFITF. 
SODIUM CHLORIDE ( MF.DICAl,) 
SODIUM NITRATE 
TITANIUM DIOXIDE 

car·-~·~-. ! :.' 

::.c100. · ·11 

3~.(;(10. (if) 

1~.ono.1)n 

1 ~:ooo. t::o 
50000.fl(I 

10•)000 . 1)(1 

t!:OtHI. flO 
tHioon. no 

·; l)(ill. Iii' 

! (i(l(I _ fifl 

l !'·00 _ Oli 
:::ooo. 11(; 

1 ~·00. !l(j 

40.111) 
400.00 

:~no(!. ni:: 
2700.0(! 
~:700. n11 

7 (100. (l(l 
~-.ooo _ on 
=~· f, 0 (I . (!(! 
.1 ooo. on 

11 O(l(l. i::·i 
: ::.un · .,. 
~~(Hi I Iii 

; i (.fifl '' l• 
i (Hlii · ·:r 
·:t.u.:1. ,,n 

4PO(I(!. :111 

:·non. nh 
.10110. 11n 
t; (H 1 o _ t 1 n 

~i '.·Oil!!. (!fl 
-{(•l.(10 _ !t(l 

! litifl. fHI 

:'.H I (l (I (I . ! l Ii 
l (ifi 0 . It! I 

:1000. •lfl 
I ::ooo. 11·1 

:•!°'(Ii I. (1 .. 

::f.ftO. 1111 

I : : i I fl(~ . f, I! 

,(•lliltl' ,.,, 



.:':INC CHC.ORIDE 
SODA ASl 

- !>6 -

6500.00 
150000.00 

The aboJe data i~tored l)ll the MIDA_F volume in the 
dire·~tory \JSR\INO~~OOOR were used as an input information 
for futher a1alysis. It comprised the single plant evalua
tion and C•)mp lex vptimization analysis for the ~hole PDA. 
The sequence of exp~riments was performed for various obj~c
tives as macimizatiou of HVA. max Profit. max Profit/Energy 
Consumption .md one e>..periment for multiobjective optimiza
tion (max =-rofit and max HVA, min FCI and min Energy Con
sumpti•)n) . All the rc~su2. ts are attached L1 Appendi'lc Bt>. 

4. 3 Conclm>i•lns 

The pr·!limina··y selection of techologies to be 
devel.:-ped i 1 the I:W FDA resulted from the expertise on raw 
inaterial bas·!, for~·-.:ast 'd demand on chemical products and 
eond it ion~> .)f the technologies a•Jai la bi 1 i ty. In the 
::;na1y;:;js •)1;11 new pi.:tnt:;;; wer~ of conce1·n. This, however. ~as 
th-c ·~•,tTo:'•.: t :issump ~- i•.-.ns taking into account that the exist
i:1g ·.~.;;p:;F".it.i. 0 },:-; wenc, •O!xclud~d from the production demand (see 
·~:ep•.:.t·t ·)f P. Rozw;:,.i,)wski and A.A. ,Jafari). Nevertheless, it 
is r·~·~·:-mm-:;nd·d to i:1·.r~:stigate a program including the exist
ing ;:;.-. ! ~n t.! :-..i l . 

1h.:: vc• l;rne •.)f P?'•)dqct8 specified within the· demand vec
t,or .· .. mhit••:·I wit1: ;-, limit.ed export possibility, determine 
low .;.'lE·a·~ it. i•:3 of .::··mo:: t-echnologies (that cannot be recom
mend~d from -:.he eC•)r&•)mic point of view). For the above rea
son, ::-i numb·:~· of pl :rnts was excluded from the development 
progran· by .:\.A .. J:-ir.:H·i and P.Rozwadowski (see details in 
th.:d :· n~p._q· L l . 

• 
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5. Suaaary 

The case studies done with the contribution of r+1·r · r·~ 
representative examples of MIDA metho•k-k·gy and •frat.·:: rri--·re 
i;nportant they were assessed to be meaningful for th.:- M--~:-er 
Plan. The results provide a good plat.form for el:=1b·:·rat.im·, of 
the Kaster Plan. It provides a sufficiert hackgr~u~d :-nd a 
framework for futher and permanent arvdy~~ is for d•=·vel•·pm•·nt 
also for other areas of the chemical inrlustry. T~e analysis 
so far should provide the decish•n mak~rs with imp·.··r·t-.;;,nt 
hints for establishing long-range ~ ... ~or:0mic p•_) l ley. The 
expertise gained by DPCI Etaff in the conrse of implein•::-nt..ot
tion of the case studies provides sufficient ground for 
their self-reliance in "the In-r.ergat.ed f!-:-•:ek•pm~nt Prc.gr.;,m
ming . 
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Appendix : A 1. Single plant evallration 

Process : 1 E1lM....EJIE FID1 GAS OIL 

Capacity : 
Fixed Capital Investment - FCI 
Prod.Jct Value - Pl : 
Total Marufach..ring Cost 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
Man.Jfacturing Valt.;e Adjecf - tfJA 
MVA/FCI : 
tf/A/N : 
W/FCI : 
Energy Consunption 

Piocess : 

cap.acity : 
Fixed Capital Investment - FCI 
Prod.let Value - PV : 
:otal Marufacturing Cost 
Profit : 
Sirrple Rate of Return : 
Back-pay Period : 
MMufacturing Value Added - MVA : 
tf<IA/FCI : 
n!A/W : 
Pl/FCI : 
Energy Coreurption 

22scxx> 
378.451 mln. 
158.517 mln. 
301. 741 mln. 

-143.224 mln. 

-47.061 mln. 

0.419 
--6122.984 TJ 

225000 
253.0BO mln • 

94.661 mln. 
104.825 mln. 
-10.165 mln. 

43.707 mln. 
0.173 
0.462 
0.374 

-832.985 TJ 

Precess 3 EnM..EJ'E FfD1 WIOC fR\EE N¥tff A MS 

Capacity : 
Fixed Capital Investment - FCI 
Prod.Jct Value - PV : 
Total Marufacturi~ Cost 
Profit : 
SiflT.)le Rate of Return : 
Back-pa">' Period : 
Marufacturing Value Added - M\iA 
r11A/FCI : 
tfJA/PV : 
W/FCI : 
Energy Cora.imption 

225000 
354.705 mln. 
171.720 mln. 
167.701 mln. 

4.019 mln. 
0.011 

88.265 years 
00.762 mln. 

O.TLB 
0.470 
0.484 

-2100.083 TJ 

Procciss : 4 ETJ-M..eE FR01 WIDE fRa 9'Mi'TA HS 

capacity : 
Fixed capital Investment - FCI 
Prod.Jct Value - PV : 
Total Marufacturing ~t 
Profit : 
Sinpll! Rate of Rat.urn : 
Back-,).ly Period : 
Maruf acturing Value Adc:IP..d - MVA 
tfv'A/FCI : 
tf.IA/f'./ : 
Pl/FCI : 
El'Y'.;,.W (A.)n-:-:umption 

225000 
343.626 mln. 
144.896 mln. 
iS0.064 mln. 

-5.168 mln. 

67.915 mln. 
0.198 
0.469 
0.422 

-2765.623 rJ 

.· " 
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Process : 5 BENZ0E FlD1 PYRLYSIS gs:)_JllE 

Capacity : 
Fixed Capital Investment - FCI 
Proci.lct Value - PV : 
Total Marufacturing Cost 
Profit : 
Sirrple P.ate of Return : 
Ba'Jk-pay Period : 
Marufact•Jring Value Ac:rc:Ed - MVA : 
MVA/FCI : 
tfVA/Pll : 
p.J/FCI : 
Ener.gy Consunption 

699.XJ 
27.810 mln. 
27.588 mln. 
33.554 mln. 
-5.966 mln. 

2.279 mln. 
0.082 
0.003 
0.972. 

432.539 TJ 

6 MDCED ~ FR01 N\R-ITENIC FEED 

Capacity : 
Fixed Capital lrn:-c::Stment - FCI : 
Prod.Jct Valua - P../ : 
Total Man.Jfacturing CoSt 
Pr-ofit : 
Sinple Rate of Return : 
Back-pay Perio.1 : -
Manuf.a..::turin9 Value Added - M'JA 
HVA/FCI : 
f'f./A/FV : 
Pl/FCI : 
Energy Con::urrption 

92CO) 

63.836 mln. 
73.132 mln . 
63.544 mln. 

9.533 mln. 
0.150 
6.658 years 

27.172 mln. 
0.426 
0.372 
1.146 

-2195.001 TJ 

Ploce~ : 7 MIXED XYl....DES FfD'I PAIWFINIC FEED 

C?pacity : 
Fixed Capital Inv;$:.mant - F~I 

P1octJct Value - PV : 
Total Maruracturi~ Co~t 
Profit : 
Sirrple Rate of Return : 
Back-pay Period : 
M.arufact~zring V.alu.'? Aclr' .. .ed - t-f/A 
l'f-.'f1/FCI ·: 
tf·./f:i/PV : 
PV/FCI : 
Enarg'/ Con~tion 

Pror..e.:.s : 8 BENZ8'E FRCl1 TQ..l..EllE 

capacity : 
Fixed ca;::>i tal Inveztn:ent - FC! 
Prod.Jct Value - FV : 
Total M.a1"11.1f.:ict.unng Cost. 
Profit ~ 
Simple Rate of Return : 
Back-p;:ty Peri'oo : 
Marufacturing Value '-\ddtl\:f - MV.~ 

l'fv'A;FCI : 
tfVA/P./ : 
Pl//FCI : 
Erlf'?rgy C<'>r'l"'.::;ufll'tion 

') 

&AOO 
61.209 mln. 
62.201 mln. 
60.186 mln. 

2.014 mln. 
0.03.3 

30.308 ya.a:- 5 

18.831 mln. 
0.308 
0.303 
1.016 

-3152.287 TJ 

40000 
15.691 mln. 
10.355 mln. 
21.469 mln. 

-11.114 mln. 

-6.035 mln • 

0.660 
-347.616 TJ 

ZAT .a.I 
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' Capacity : 
Fu<ed Capital ln'l.-estnent - FCI 
Proc1Jct Value - Pt/ : 
Total Marufacturirg Cost 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
ttlrufacturiF'l'J Value AdcEd - M'.JA 
tfJA/FCI : 
tflA/PI : 
Ptl/FCI : 
Energ/ C-0nsuiption 

Process : 10 P-XYLB£ (PARE><) 

Capacity : 
Fixc-d Capital Investment;_ - FC;l ; 
Prcd.Jct Valua - W : 
Tot.al Mariufacturin-3 Cost 
Profit : 
Siaple Rate of Return : 
Back-pay Period : 
t".an.rfa·~turir.g Vzlue Added - HVA 
M'IA/FCI : 
tf'/,YP'./ : 
PV/FCI : 
Energy Consurrpticn 

8XJO) 
77.013 mln. 
38.275 mln. 
55.595 mln. 

-17.321 mln. 

1.697 mln. 
0.022 
O.Q.14 
0.497 

12'~4 . 5'72. T J 

675fXi 
~7 .118 r.1ln. 

, '36" .. 7b2 mln. 
39.SiO m:!.n. 
-2.748 mln . 

7.700 ~ln. 
0.207 - -
0. ~;:;,~ 
Q_ 9j() 

1703.295 TJ 

Plc-cess. : 11 P-XYL.EJl.E RECOVERY (ADSORPTICJ'I) 

C.::pacity : 
Fb:ed G.:!pi tal Inve::.!:m,~nt - FCI 
Pro:iJct Valu~ - PJ : 
Total Marufactunr.3 Cost 
Profit : 
Sirr.pls Rate of Retun1 : 
6ack-p.3y Per1oj : 
MarufaGtudn-;, V:~lt.;~ Adc!&j - l"~./A 

MV1:;/FCI : 
tw:vr-v : 
W/FCI ~-
En.::;·q,• Corai.Tption 

40COJ 
s:: .608 111ln. 
23.309 mln. 
31.844 mln. 
-3. 535 mln. 

3.921 mln. 
O.ff'S 
0.160 
0.443 

6l'J.4·10 TJ 

12 BUTADI8'E FRCJ1 C4 EXTRACTICJ'I 

capacity : 
Fixed Capi t..~l Inveztmcnt - FCI 
Pnx:lJct Value - W : 
To~l M.'lrufactur-irr.i Coc:t 
Pr·ofit : 
Sinple R~t.e of Return : 
B.:ic~;-pay Period : 
Harufacturirr:;J Value ~1 - MVA : 
'11/A/FCI : 
f1../A/W : 
PV/FCI : 
Eni~rgy Cort.:A.Jlrf't.ion 

SOOJO 
n .342 mln. 
22. 594 1r.ln. 
27.222 mln. 
-4.628 mln. 

1.371 mln. 
0.079 
0.061 
1.303 

3fl'J.570 TJ 
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Prcd.K.:t Value - Pl : 
Total Marufacturing Cost : 
Profit : 
Sinple Rate of Return : 
Back-JUY Period : 
Marufacturing Value Added - tfv'A : 
t'WA/FCI : 
t1'1A/W : 
W/FCI : 
EnF..rgy Consuaption : 

60.581 mln. 
48.394 mln. 
12.188 mln. 
0.166 
6.035 years 

'Z9. 955 mln. 
0.407 
0.494 
0.824 

299.061 TJ 

14 ISCllUrtlEl'E BY ACID ~~TICJ'f (CFR) 

G.:lp.aci ty : 
Fb~s-d Capital Investment - FCI 
Pnx:uct Valua - PV : 
Total Marufacturing Cost 
Profit : 
Si11Ple P.a~ of Return : 
B.a·:k-p;a.y Perico : 
t'L."'lt-ufacturin3 Value P.C<:led - 11'/A 
MVA/FCI : 
tt.JA/f'V : 
P//FCI : 
Energy Corr=AJ:Tpt.ion 

15 MTBE FfD1 MIXED BUTeES 

CaJ;:acity : 
Fixed Ca;:>i tal Investment - FCI 
PrcctJct V."l lue - P'i : 
Tot.sl M3rufacturirq Cost. 
Profit : 
Sinple Rate ot P.cturn : 
B.;;s,~1..-·pay Period : 
Manufacturing Value A-3-"...ed - M'.'A 
MV.!\/FCI : 
r-t../tVPV : 
PV,'FCI : 
Energy Corr..:.Uirption 

3500.) 
22.210 mln. 
33.519 mln. 
15.937 mln. 
17 .5..i7 mln. 
0.7~ 

1.267 ~rs 
22.815 mln . 

l.rJ2.7 
0.681 
1.509 

200.291 TJ 

47500 
12.343 mln. 
16.110 mln. 
14.900 mln. 

l.122 mln. 
a.an 

11. 003 ve.ars 
4.793 mln. 
0.388 
0.'297 
1.305 

80.693 TJ 

_ Pror...t~s : 16 D-EnM..1-EXPHL (OXO PROCE$} 

C?..pacity : 
F1xed capi t.~l Investment - FCI 
Pn .. '-1.lct Value - PY : 
Tot."ll Maruf.;sctunng Cost 
Profit : 
Sitl'Ple P.;.ltc of Return : 
B3ck-pay Period : 
M.lruf acturirtJ Value Added - t'tJA 
MVA/FCI : 
t'WA/FV : 
PV/FCI : 
Erergy Consunption 

5COCO 
62.026 mln. 
35.647 mln. 
36.792 mln. 
-1.145 mln. 

13.331 mln. 
0.215 
0.374 
0.575 

-378.440 TJ 

P1·or..ezs : 17 PAlPYlDE OXICE: BY EnM.BENZeE PfllCE$ 

C.1P.'1Ci ty : 
flX<.'d C.:1pi t..;d Jnvostmcmt. - Fr.I 
p, 'Oli.IC t. v .. , 1110 - PV 

90000 
1Ga.cv;1 mln. 
1s.·"i.!k.f.J ml n. 
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Profit : 
Siaple Rate of Return : 
Back-pay Period : 
turufacturing Value Added - MVA 
MVNFCI : 
tt.JNPI : 
W/FCI : 
Energy Consui'JPtion 

-4.060 mln. 

40.6n mln • 
0.242 
0.265 
0.914 

3016.764 TJ 

Process : 18 POOPYLBE OXICE BY DL.CH:HIDRDE Pr.a:ESS 

ca::.ac:i. ty : 
Fi:.ced Capital Invesbnent - FCI 
Prod.Jct Value - p.J : 
Total Marufacturing Cost : 
Profit : 
Sirrple P . .ate of Return : 
Back-pay Period : 
t'l;trufacturin;:; V.:=!lue Added - MVA- : 
l"fJA/FCI : 
t'fJA/PV : 
P.//FCI : 
Energy Corai;"tption 

90000 
67.470 mln. 
82.505 mln. 
67.080 mln. 
15.425 mln. 
0.229 
4.374 "ye!IS 

34.172 mln. 
0.506 
0.414 
1.223 

1439.532 TJ 

Plocess : 19 PCLYD- TRIF\J'CTICN!t... PCL'r'EllER 

Capacity : 
Fixed C;Jpi tal In-.:astment - F.:;I 
ProciJGt Value - fY'I : 
Total t'l:trufacturi.rJ Cost. 
p;·ofit : 
Sirrple Rate of P.Btu1n : 
Back-p3y Pe11cd : 
Marufact.urin;J Value r..o:!z-j - :'WA 
MV.VFCI : 
ttJA/W : 
W/FCI : 
Ene•9'1 Con=u~?tion 

400:0 
14.S:O mln. 
44.143 mln. 
36.8'.X> mln. 

7.343 mln. 
0.506 
J. • 977 y-c::ars 

13.959 mln. 
0.961 
0.316 
3.040 

41.460 TJ 

20 BUTEl'E-1 FJU1 HTBE tw=FINATE 

C3p~city : 
FiY..ed Capit..~l Inve~tmant - FCI 
Prod.Jct Value - N : 
Total Marufacturing Cost 
Pn>fit : 
Siirple Rate of P.eturn : 
Bac~;-pay Period : 
Marufacturing V.alue Ad.:Jed - MVA 
MVA/FCI : 
f'fJA/W : 
PJ/FCI : 
Energy CorG.Jnption 

20)00 
20.176 mln. 
9. 70.) mln. 
9.330 mln. 
0.370 mln. 
0.018 

54.534 ~rs 
4.569 mln. 
o.,'2(, 
0.471 
0.481 

300.684 TJ 

21 I~ BY CATICJlf EXa-tAN;E RESIN 

capacjty : 
Fixed Capital Investment - FCI 
Pnxt.1ct Value - Pl : 
Tot.11 Mi1nJf acturing Cost. 
Pr-ofi. t : 

650CO 
38.<Jl5 mln. 
49.cnS mln. 
25.CXXI mln. 
24.C'.nS mln. 
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B.ack--pay Period : 
Harufacturing Value ActEd - tt/A 
tfJA/FCI : 
f'f.JA/FV : 
FAl/FCI : 
Energy Consunption 

1.573 years 
32_885 mln_ 

Q_e£,5 
Q_(,70 
1.291 

492.895 TJ 

Process : 22 DI-OCT'tl.Jt·mt..ATE FlD1 A-ITA....IC IN-M>RIIE 

Capacity : 35iXlO 
Fixed C.."i?i tal Inve:;t.'IEnt - FCI 11-271 mln_ 
Prod.1ct Valua - ~../ : 35.COO mln. 
Total Marufacturirr3 Cost '2:7J -447 mln. 
Prof;t : 5.553 mln. 
Sinple Rate of Return : 0.493 
Back-IJ'.:lY Perio.j : 2_030 .,,~~•s 
Marufacturing V.alua Added - tf./A : 10.70'9 mln. 
MVA/i-CI : 0.957 
tf!A/W : 0.308 
PV/FCI : 3.103 
C:nargy CorsJ1iption 41.783 TJ 

23 PHJHOLIC m1YDRI£:£ AIR OX. CF O-X'11.....EJIE 

C...'lpaci ty : 
Fixed C3p1 tal Investment - FCI : 
Prod.J,-;t ValL'c - PV : 
Tot31 Manufact.urirY.; C,;)St 
Pn>fit : 
Sj npla Rate of Ret:irn : 
13.3ck· pay Pericd : 
M3ruf .:ie;bJr·in.j V.:tl1m ;:::.C.;fc~.:! -· ffiA 
l'fv'H/FCI : 
MWVPV : 
V.//FCI : 
Er~.::•'.-N Con-::.unption 

r.-(..:.;~ : 

CJp.acity : 
Fixed C.~i t.f-1 Jrr.'aet.Tent. - FCI 
Pro::t;ct Value; - PV : 
Total Mai'l..lf.::i.:;c.rn·in-.:; C<ist 
Pr"Of1 t : 
Si.nple Rate of Ret.tKn : 
Ba-:.1-v·p • .,.y Per i\'.ld : 
1'13rufact.urir.g Value 1\<:lde.<:S •• t-IV;) 
f1VP1/FC! : 
tf/Pi/?V : 
PV/FCI : 
Energy Corr:..umption 

2, . . ) 

Capaci ty : 
Fixed Capi L"ll I nv6$lment - F'Cl 
Pnx:k.Jct V.1luc - P./ : 
Tot.Jl Marufacturing Cost 
Pr-ofi t 
Gtnpl.a R.it.e of Rf.1t•.irn : 

15COO 
20.475 mln. 

7. 931 mlr:. 
9. 04 l m1 '1. 

-LCX:.t) r..ln. 

3.357 mln. 
0.1&1 
0.421 
0.390 

-111.CC'.J TJ 

15CO? 
::.U.335 mln. 

7 .4':.Jt) mln. 
10.45fJ mln. 
-2.9c>S mln. 

1.55~> mln. 
0.076 
0.20;') 
0.368 

234.570 TJ 

lSl:xJO 
21.927 mln . 

7.259 mln. 
10.539 mln. 
··3. 279 mln. 
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MVA/FCI : 
tf./A/f"I : 
P..//FCI : 
Erer·~ Cor.sur.pt1on 

I 

0.067 
0 .. 20:: 
0 .. 3.31 

274 .. 155 TJ 

Process : 26 TRIETt-AO... "1ItE FIU'I EO EN> N-6 

Capacity : 
Fixed Capital Inv::stment - FCI : 
Prod.Jct Va!.ue - f.i-./ : 
Total l1..'lrYJfact:unn3 Cr£t 
Paofir : 
Siaplt:: R.."'ite cf F!aturn : 
Ba.~ --r...:..y P.clriod : 
Marufacturing Value f-.C·:ied - t-fvA 
M'-IA/f"CI : 
t"" :.";,' 'iV : 
Pi/FCI : 
E;-,~-.. -·~;v Cons~!.T;>ti-:..-, 

Capacity : 
Fixed C:~i ~l ln-.-c::;tmF.nt - FCI 
Prod.J,~t V.a1ue - ~-I : 
Total Marufactur·irr9 C-:>st 
Pi·ofit : 
Sur:ple R.Jte of P.eturn : 
Eack-pay Period : 
N.,;rufacturin~ V.~iue fi<j,ic-.::! - M\'f-> 
H'/A/FCI : 
t1./f:../VI : 
~:/FCI : 
Er;::rgy Consu1rption 

Pre·.~· : 

~").:tt:::;i ty : 
Fixed C.:pi ~l Invest..-n2:1t. - FCI 
Pn-"":l1ct Vali.;.:: - ?J : 
Total M.:.,-.uf.sctu:-ir.g C"£t. 
Pi-ofit ; 
Sim;,le R,itH of P.et:..:;·n : 
E.l~~~k ·p:1v Per 10.1 : 
1'13nufact..urir;;J V,-,!ue Adck..""d - t1~'A 

MW1/FCI : 
t'WA/PV : 
PV/FCI : 
Energy Corr.;.Umption 

Process : 

Capacity : 
Fixed capital Investment - FCI 
Prod.let Value - PV : 
Total K:lrufactur:il"ltJ Cc>zt 
Profit : 
Siirple R.lto of Return : 
Back ··pay Per fod : 
M;11"l,Jf~"cturing WdllP A~·~ mA 
t1VA/FCI : 

45COO 
25 .. 051 mln .. 
95 .. 131 mln .. 
46.976 mln. 
4;3 .. 155 mln. 
l. T.:..2 
o .. 5:-.:iJ ye.a:·::. 

57.475 ml'l. 
2 .2"~4 
0 .. 604 

971 .. 3::2 TJ 

15.)JO 
50.375 mln. 
30.(()) ml.-;. 
3v.214 mln. 
·6.2L4 ml:.. 

6. :.-02 mln. 
0.130 
0.219 
(•.59c, 

50.4 l2 TJ 

2Co.:o 
16.617 mln. 
14.1:26 mln. 
11. 71-1 mln. 
2.413 mln. 
O. l-15 
6. 0:37 ye.~rs 
G.•1(,1 mJn. 
0.33'] 
0.457 
O.fbO 

63 • .16.'3 TJ 

12COO 
14.425 mln • 
12.171 mln. 
8.1.1.7 mln • 
4.054 mln. 
0.281 
3.550 years 
7.40H mln. 
O.Sl4 
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Pl/FCI : 
Energy Consurption : 

Capacity : 
Fixed Capital In-.restnent - FCI : 
ProdJct Value - FA./ : 
Total Marufact.Laring Cost : 
Prorit : 
Siaple R.3.te of Retun·, : 
6,ack-pay Period : 
Mlrufa::turing Value ~ - MVA 
MVA/FCI : 
t'WA/FA.J : 
r.//FCI : 
Energ{ ConsUiiption : 

Process : 31 R-ENJ_ (a.ta£) 

Capacity : 
Fixed Capi t:al Investr..am: - FCI 
Prod.Jct Valua - PJ : 
Tot.al Maruf3Cturing Cost 
Profit : 
Siaple R.;ate of Return : 
B.ack-pa·yr Period : 
tl"lrufacturing Value ~;:t.,;:..3'j - M'v.A 
rf../A/FCI : 
ttl::./W : 
PY/FCI : 
Energy Corr:.U1Tption 

Capacity : 
Fiy.ej Capit.al In-Je~~~~nt - FCI 
Prod.Jct Value - PV : 
Total Marufact.Jrins; Co~t. 
Pr oflt : 
Simple r~Le of P.cturn : 
Back-pay Pa;·iod : 
Marufacturin.:i Valua ~ - Ml/A 
MVA/FCI : 
tt./A/W : 
P.J/FCI : 
E.nergy Coreurrpticn 

Capacity : 
Fixed capital Investment - FCI 
Procllct Value - Pl/ : 
Total Man..ifacturif'Y:) Cost 
Pr"ofi t : 
Siirple Rate of Return : 
Back-pay Period : 
Marutacturing Value Added - MVA 
MVA/FCI : 
MVA/PV : 
PV/FCI : 

0.844 
37.200 TJ 

506COOOOO 
56.814 mln. 
49.284 mln. 
50.375 mln. 
-1-091 1rln. 

14.1-16 ml.n. 
0.249 
o.2a1 
Q.867 

8461.332 IJ 

45C'..,,() 
79.599 mln. 
25.983 mln. 
43.087 mln. 

-17.104 mln. 

C. T.!'5 mln. 
0.010 
0.03i 
0.3:::~ 

667. 76-~ TJ 

lS0:'<"..0 
163.252 mln. 

5fL279 mln. 
77.076 mln. 

-18. 793 mln. 

17.246 mln. 
0.103 
0.29i;, 
0.346 

1155.051 TJ 

410000 
176.319 mln. 

41.410 mln. 
103.379 mln. 
-61.969 mln. 

-20.935 mln. 

0.235 
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Process : 34 PCL.YEnM...DE LD (IVTOC1AVE ~TOR) 

capscity : 
Fixed ~ital Investment - FCI : 
Prod.Jct Value - P./ : 
Total ManJfacturing Cost 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
Ma.rufacturhr.::J Value ACd::"'<f - M'JA 
tfv'A/FCI : 
Mi!A/PI : 
W/FCI : 
Energy Consunption : 

50000 
55.984 mln. 
24.595 mln. 
38.454 mln. 

-13.860 mln. 

-0.001 mlr.. 

0.43·~ 

l 75.4SI() TJ 

Procs"=:S : 35 PCL. YETti't'LEl'E LD (TlBU...AR i;EPCTOR) 

Capacity : 
Fixed C.:.+>i tal In'.1::::stment - FCi 
Prcdlct Value - PV : 
Total Marufacturin3 Cost 
Profit : 
Sirrple Rate of Return : 
83ck-pay Pe.-iod : 
Nanufactur1r,3 Vake A.id6j - ti/A 
MV;VFCI : 
tf./A/F"./ : 
PV/FCI 
Enelg'f Cc-c·St;rrption 

P;·ocess : 

C3p .. K:ity : 
F i>;e.j C:pi t-"'11 Inv;-;:-~t;i!;:!nt - rt:I 
PnJ<iJ~:t Value - PV : 
Total M.~:ufactu;·ir.3 Cosf. 
Pr·ofil : 
~.:iin;;le P..:: t.f-! of f.'eL-.urn : 
Bad•.--p:1y Peri1.xi : 
l"l..1;·uf2ct.urir.:J Vi'!ll:s Pa.:!ej - MVA 
11.'A/f-Cl : 
t'f·/A/F'·/ 
P.l/FCI 
E:nersr1 Conzumption 

Proce?.s : 37 PCL YETHYlEt£ Lil> (WPCNT) 

C..:.:pncity : 
Fi>'.ed Capital Inv~:toK:?nt - FCI 
PnxiJct V.-.tlu~! - P.J : 
Tot.al M3r1.1facturina ~:t 
Profit : 
Sirrple Rate of Roturn : 
Bacl~··p.:iy Pt:r iod : 
M.'lrufactul"ing Valw::? Add:~.d - MVA 
MVA/FCI : 
MVA/F-V 
W/FCT 
Enor'.:JY Cr>n:;~. w·•,ti(ln 

SG(;oo 
56.456 min. 
24.6Gl mln. 
38.Sl8 mln. 

-13. 9t}7 mln. 

o.cne: mln. 
0.(02 
0.(.;.');.-i 

0.4:7 
l.~£;. 030 T J 

li£•)')) 

53.35:.: mln. 
11:2.420 mln. 
89.T!2 mln • 
22.70C: mln. 

2 .3~:.o ye.:l;--z 
4J.815 mln. 
0. 7EA 
o.~,72 

2.1.:0 
219.4:..0 rJ 

5())10 
30.139 mln. 
35. 1B3 mln. 
30.972 mln. 

4.211 mln. 
0.1·10 
7. E>7 ye-'lrs 

12.7<)<'.J mln • 
0.424 
0.36:.) 
1.167 

54 .:~92 TJ 
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Process : 38 PCl...YPAPd.BE {llUD) 

Capacity : 
Fixed capital Investnent - fCI : 
Prod.Jct Value - Pl : 
Total 11arufacb.Jring Cost : 
Profit : 
Sinple Rate of Return : 
8.acktnY Period : 
Man.Jf.acb.Jring Value Ad:Ed - rt.IA : 
tfJA/FCI : 
r'f-!A/PJ : 
PJ/F<;I : 
En9rg;1 Cora.Jaption 

PrOC.F-=-S : 

Cap.ac1ty : 
Fh~ C."';'i t.3.l Ir.-..re::;t.'ilent. - F(;I : 
p,-odJct V.:lua - PV : 
Total M.:nJf.;:~ctur-ir:;J Cost 
Profit : 
SinplP, ~t.:: of Return : 
Back-pay Pe,-iod : 
~r.ufacbJnrq '/alua At.~::!&:i - !-i/A 
r-f./A/FCI : 
t"NP./PI : 
P//FCI : 
Er;;:rgy CoicUtrption 

3751)0 
28.046 mln_ 
24.271 mln_ 
20.116 mln. 

4.155 mln. 
0.148 
6.7r.J.J years 

11.127 mln. 
0.3".>7 
0.458 
0 .f:6'i 

10J.9}C~ TJ 

9CC~::O 

68.5-16 mln_ 
55_ 7LO n.ln. 
n _8Q2 mln. 

-16.lrR mliL 

:_:_ 140 1r.lr.. 
Q_().16 

0.056 
o_BJ3 

487. lli~ TJ 

10 PCl..YVItM.. CUJRIC£: BY Elt.LSICJlf FU..ltEP.. 

Car>~J t·1 : 
Fi:-:e.-;:I C.~i Lil In;e:;t.'11..~r.t - rCI 
P1-cdJ·-: t v.~ l•..;~ -· Pv : 
Tot."ll M::!r1tJf.;.ctuiirr:; Cc$t 
Pn:>fit : 
Sinple R.:!te of Fet=.n-.. : 
B~'l•.:.~;-·p,;ty Pe1·it_ .. j : 

i'13nJfoct.urin9 V.llu-~ F-oo?>:; -· t-r/A 
J-rv'i;/FCI : 
t11P./P./ : 
PV/FCI : 
Er·.e;-gy C.::rt:.u11pt1on 

2::.·C()) 
311.41:) mlr •. 
23. SCG 1: L;:. 
24 .845 mln. 
-l.~15 lsllii. 

7 .f.ill mlr.. 
0.20-~ 

0.333 
O.t..12 

::..'27. ::~x T J 

41 VltM.. o-LORIDE DY OXYa-t...ORINATIGI 

C."lpaci ty : 
Fh:e.-:.1 Gapi t.~l Jnvestin:~nt - fCI 
Prod.Jct Value - ?./ : 
Total Man.1facturin-;1 Cvst 
Pr·oflt : 
Sinple Rate of Return : 
ea.-:.k ·-pay Periocl : 
Man.1facturi.ng Value Added - HVA 
rf./A/FCI : 
rf./A/P\/ : 
F'V/FCI : 
Energy Co~.u1Tption 

4:? VINVL OLORIDE FU1 EllC 

250») 
104. 25~ nJ n. 
12:~. 1::1.) mln. 
105.'922 mln. 

17.828 mln. 
0.171 
5.843 ye.'lrs 

4G.056 mln. 
0.4-12 
0.372 
l.1Fl7 

2225.500 TJ 
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C'..apa.~i ty ·= 
Fix"ed C=:lpi tal Irr-~tment - FCI 
Prod.Jct Va Lue - W : 
Total Man.1facturin3 Cost 
Pr·ofit : 
Sinple Rate of Return : 
a-tek-P..'lY Period : 
l"hn.Jf~turirr:J Valu::: Added - tfJi\ : 

HVA/FCI : 
r-f.lA/N 
PV/FCI 
En:s-;-,-- c..·ms'J:~·ti-::r.: 

.· ; 

l~.fl)O 

47.715 min. 
74. rr::. mln . 
70. t.:'B mh l. 
4.164 u;ln. 
0.007 

11 -45'? -,e.u··:-. 
19.249 mln .. 
0.40 .. ~ 
0. :'57 
L~·J 

12.f.:.J. 72~ T.i 

-fi VINYL ~ATE F~""-1 ETH't'LEi"C 

C2~ :-.. :.C: i t":t 
F1:-·3-! t.:..-;:.;:--1 r:,;l !r-r~·-:t::.:.:.-.t - :-GI 
Fn--:?Y. t V.:du=: - PV ; 
1(iL·:I r·l:f1 .... •f.::::. ~::irK:; ~~ ... J-7.t 
!'tr:;fi.t ; 

i-!.-:lJ~f-~·-:i.~J.-ti:·} ';.l_-:.!. 1 .:~ :::dt:-i .. ~ .. ;:·/: ... i 
h/i";/;-,~;1 : 
1 ·f.';.:; ! ::---/ 

!': .: : '~ .. ':· .. t'" 
~ , .... :· .. r : 

C. : ;_ "' : l L-.; : 
f P<r.:d C.J>.:· i t.:; l 111·.'1.:~ ;t.;1.-";1i - f-\' r 
fYC•.i.!·.~L V.:1!1i •. ~ - P\ : 
J. '1.. •l M .l• ·u f .. :·~ t\u- ~r~.: · :· -°· t. 
Pn>fit : 
s.n;;.-1.:~ 1-~::te or J~;3t1;.·11 : 

f.l3ch-·p.1y f'e1·i1:..-.~ : 
l"L."11 u f .:tr.:: t-1 W U"r~i V.,\ 1 u.~ 1-',.::kl ~d · M\11~ 

r1HVr1;1 : 
M-iiV~v 
P'i/r er 
F:nrn«JY Con:A1111pt 1on 

rn:xxr ./:. : 46 PCL Y5TYRrJIE EX~ 

C.tf\1·~1. t..y : 

~ .. 73"::. lf:"!.ri .. 
51. .Gil ml.;:. 
7S_ t::3 iii le;. 

-:~7 .UY_; th!i": .. 

i ~. :: ~- :j 

f: .. --~1)· _, 

C:.:. H 
(!.Lf(.1 

6?:~.)} 

(,• J.~~')7 

41). -;:-,._;; 

;:-']. -'111 
ll. J 5(, 

o. 1e:~ 
5 ...i~:, 

24.2\:.X) 
0.390 
o.r;,·n 
0. lri.,'/ ..... ..., -.. .., . .,,,,:_,_ ... •.• r, 

I·· ··'···· 

ta! n 
1111.i· .. 

mln. 
.-.11.n. 

'y'C.-li 

mln. 

r.1 

. 
'w 
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12 
Prod.Jct Value - P./ : 
Total tbrufacturirg Cost : 
Pr~fit : 
Sinple R3te of Jeturn : 
Dack-pay Period : 
11an.Jfacturin3 VallE AaEd - tfv'A : 
tfJA/FCI : 
rflA/PI : 
P.//FCI : 
Energ/ O'.>nsulption : 

Process : 47 PCI...YSTYIDE HIGI ~T 

CapaGity : 
Fixed Clpi tal Investment - r-cr 
Prod.J.-:;t Value - Pl : 
Tobl ~f.ad11rin9 C::;st 
ProtH : 
Sfople Rate of Return : 
BacktuY Pe:-iod : 
1"1as-ufacturin-~ Value. ~..::d?.d - MVA : 
trv'A/FCI : 

·tf/A/?I : 
FV/FCI : 
Energy C:ms.J.1'-? ti on 

7.SJS mln. 
7 ."Sn mln. 
O.te6 mln. 
O.J07 

137 -766 years 
2.9'28 mln. 
0.247 
0.3'96 
0.625 
6.6"Z2 T.J 

6CG).J 
22.815 mln. 
52.260 mln. 
42.69) mln. 
9.570 mln. 
0.419 
~-~3--1 V"S.:V'~ 

13.377 mln. 
0.(05 
0.35~ 

:: .. z~1 
77 .0'2.2 TJ 

43 t/35 BY 81..LSICN/t'J\SS PCL Yl"ERIZATI:::l'-t 

CJ,."J3Ci ty : 
F: :-<rd C..~?i t.~1 ! ii';~t::-.r-?a1t - FG [ 
fro:i.1ct V.~ l•.12 - PV : 
Total tl:::ruf.=:c~.urirr3 Co:.t 
P;·ofit : 
SH1.:-:·J:~ P..3t.e of Re!.ur:1 : 
r.;.c:-; ··p."ly F-'er1c,.j : 
r1:.rufacturir:3 V:;lua ~..::.i:~=:O - M'/;' 
J-.-v'A/FCl : 
t1'irt/P.: : 
P'i/fCI : 
E r~<Jt Con:J.Jir;:> t.i ·:>n 

cap.lei tv : 
f\xed C-apit.<!l Investment - FCI 
ProiJct V;.l!ue - FV : 
Total Marufa~turin<.:J C'.o.:.t 
Profit : 
Sin~·le R.'lt.e of ~turn : 
Ba•;k·-pay Period : 
Marufactunr~ Value Added - tt/A 
MVA/FCI : 
MVNW: 
W/FCI : 
C::nt?rgy Core.unption 

25<)X 
39.C-4: m~r>. 
42. J:'"jl.) r..l n. 
27 .236 .aln. 
2LSL4 mlii. 
0.551 
l .8l~J ye.·:v$ 

31.177 m!.n. 
0.791 
o.~o 

1.249 
41.437 TJ 

220->0.).} 
106.190 mln. 

83.92'} mln. 
132.8'13 mln. 
-48.%4 mln. 

-16.~>16 .,ln. 

0.790 
2369.160 TJ 

Proc.-e-:.s : SO ETI-M.BDIZ9E LIClJID PH&: 

Car>aci ty : . 
Fixed capital Inve~:.tmr~nt - FCI 
Prock.lot V..tlue - Pl : 

2!",Q(X)) 
41.787 mln. 
74.686 mln. 
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w a. sue ca ij a zua< 

Profit : 
Siaple Rate of Return : 
Back-pay Period : 
~acbJrirY.;J V.:due Ad:Ed - rflA : 
t'MVFCI : 
f'ttlA/Ptl : 
Pl/FCI : 
Erergy ~tion : 

-36.872 mln. 

-17.343 mln . 

1.787 
100.870 T.J 

Process : 51 EIH'l'LEJIE DICHJJRllE BY ~TIOll 

Capacity· : 
Fixed capital Irr..iestment - FCI : 
Prod.tel Valua - P./ : 
Total thn.Jfacturing Cost 
Profit : 
Sinple Rate of Return : 
8.ack-p.;ty Pariod : 
Narufacturing Valua AG:Ed - MVA 
tfl!A/FCI : 
f'f.!A/W : 
Pl/FCI : 
E'"'°gy ec ... -."<-U:ptic·n 

- 1000.."'0 
11.661 mln. 
42.550 rr.ln. 
42.939 mln. 
-0.s;Q mln. 

6.320 mln. 
0.542 
0.149 
3.649 

-27.cno T.J 

Process : 5'2 ETH'llBE DIC~ORlllE BY CDMJ-LORIN\TICN 

Capacity : 
Fixed Capi t..-:-.1 Investment - FCI 
Prc.J.Jct V.alua - Pl : 
Total tbruf .a-~t.urin3 Cost : 
Profit : 
Sirrple late · •f Retu•n : 
B..1C~ -p..fy Per J 00 : 
N;:rufactJJrirq Yalu= A:;.:!ad - HJ;'\ 
1'1-/A/FC I ; 
tf./:;'P.I : 
PV/!-CI : 
Enerq1 Cc-n:::t.lli:p~ion : 

Pro:::ec-...s : 53 PCL'YE1HYL9E 1-1> (lXC) 

C.:1p3city : 
Fixed Capi t..al Irr.;estment - FC! 
P•odJct Value - Po/ : 
Total Marufacturing (',ost 
Profit : 
SiR?le R.'l ta of Return : 
Back-p.3V Period : 
~rufaotunrr3 Value Added - tt./A 
f'f.IA/FCI : 
t"f./A/PJ : 
Pl/FCI : 
Energy Consuq>tion 

Process : 54 PCL 'tETHVlfJIE K> (PHILIPS) 

capacity : 
Fixed capital Investment - FCI 
Prod.Jct V.1lue - Po/ : 
Tot..'ll l"L-lrufacturing O:>et : 
Profit 

lOCOJO 
37. 7'~ mln. 
42.SL6 :r.ln. 
87 .193 :nln. 

-4:; .6/u m!.ii. 

-23. 541 mlr.. 

1.1:5 
84..-5:32 T.J 

!f..l))JO 

60.2t.B mln. 
91-6'30 mln. 
SS.225 mln. 

3.455 mln. 
0.057 

17 -443 ye.":lrS 
23-497 mln. 
0.390 
0.256 
1.5:!1 

219.456 TJ 

50C)X) 

32.131 mln. 
z:>.650 mln. 
31. 96-1 ml n. 
-3.3L4 mln. 
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Back-pay Period : 
M3rutactllrirtJ Val1.1e Ad'.i:?d - tUA 
tfJA/FCI : 
tf.IA/PI : 
Pl/FCI : 
Energy Cor.sunption 

Pnx:es.s : SS STYIEl'E-BUTADIEN:: LATEX 

Capacity : 
Fi~cd C..:tpi t.;tl lr?est.T.ent - FCI 
PlcdJCt Va lua - W : 
Total M...~i&Jfacturin-3 Cost 
Profit : 
Sir.pla P.ate of Return : 
B..."lek-pay Pa-fod : 
Marufactud;ig Value f::"tt,-~.:i - M'!f:c 
M'lA/FCI : 
tflA/P>! : 
P.J/FCI : 
Erergy r.onsr.ption 

Proc:e-~- : 

Capac.ity : 
Fixe-:J C::!pi t.31 ln'.ie~t;nent - FG! 
Pn:d.Jct V.:.~ll:: - F'./ : 
foul M.:m.:tactur·i~3 Cost 
PrQflt : 
Sia;:>le P.dt:.? of F:3t:Jrn : 
&;,:..:¥. ·-p.oiy P"'JI ic-:i : 
~n.1f".a·~t1.:,-ir:•:J V.~ll.:.:: Ac'.-ce-::! - t!/!': 
r-.vA/Fcr : 
1·f.1!':,/Pl : 
PV/;~CI : 
Er:erg-1 Cor~;ptior. 

5.134 mln. 
0.178 
0.20J 
0.872 

69.767 TJ 

35'JOO 
69 _ 28,.--:; rill n. 
3~' .6·?:, mtn_ 
36.956 mln. 
0.7~ min. 
0.011 

93. 702 YC".3r=. 
16.3?.J mln. 
0.230 
0.433 
0.544 

Uv1. 706 TJ 

:.'bJOJ 
69.~:i mln. 
..7..4 .0-7C ml.1. 
36. 759 m!n. 
-2 .t·~q ml;:. 

12.ff:ll min. 
o.1::A".. 
0.37~ 

0.49:2 
164. hx.» TJ 

57 S'JYIEIE-BUTADIEJI.£ A.B. BY SC1.. .s:t:L Yl"ER. 

Clpacitv : 
fiY.ed C;-ipi tal Inve.st:nent - F~l 

Prndx.l V~lue - PV : 
Tc.>t • .:tl M.:!rvfacturing Cc.:;t 
Pn>f it : 
5inple R'\te of Return : 
a.~ck··p •. w Period : 
Marufactui'.·ir~ Valu~ AddFxS - tlV'i\ 
M\.'A/FCI : 
t'f./A/FV : 
W/FCI : 
Ene:-gy Consu~tion 

Process : 50 PCl.. YBUTADIDE 

Cap.lei ty : 
Fixed Capi bl InvesLnant - FCI 
Procllct V.1lue - FV : 
Total l"brufacturing Cost 
Profit : 
Siirp le f.l.:1 le of Return 
83Ck-p .. w Period : 

3~•) 

73..1&1 mln. 
3-1.C'~O mln. 
37.053 mln. 
-2.9"3 mlr.. 

13.254 mln. 
0.100 
0.33'1 
0.4c.A 

407.260 TJ 

"~ 
110.~.)l mln . 
77.400 mln. 
52.12? mln. 
25.271 mln. 
0.229 
4 .36!; yc.1r!~ 
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tf/A/FCI : 
r'Wt./Pl 
P.f/FCI 
Energ-1 Cora.atption : 

Process : 59 eum... IUJ8ER 

Cap.3City : 
Fi>=.-: Capi t.al Ir.-.:e-.::>t.i:ent - rcI 
Pr-cd.rct Valla - P·/ : 
Tot.~l f'l::ruf.acu:n.ng Cost. 
Pr ot it : 
Si:ipls Rate of Peturn : 
E~··:.kt:·.:i-yr Pai io::<l : 
furu:f.actu:i•:;J '.'3lli·~ Ar"'~~j - l'f!~-, 

:-f!A/n.;1 : 
t?./;'".:.f"~-·v 

PV/:i:c1 
En"'.c g-; C~n~r.:: ti ::;.-i 

~':.~!·:.it:/ : 
ii: :.:::-.J 1~~1 =..al Ir ..... ;:;.;.:..:a~nt - ~--·~I 

Fi·~;,~:t 'l:1!.'J2: - f.-;._/ : 
f:;t..1!. M;r-.J_....3-::turin; C::r:::-. 

~-r. ~, 

•'l-· .. -· .. " . . ' ~ .. • ~ :, ,;,.,. .;. l N'rLUI 6 tEL T 

{. -.~ .. t--: .l. : ·.t· 

~ • :0 • .::: i L-~;; ~ t __ : t 
Pn·:-.t;.:t \.'.-llv;• - f-.\/ : 
f, -.L1i l;.:,"t:;',;.>:ur .ir;:: !.:<~-::t 

r-•. ,,. l t : 

h.:: 11f.~.t .. li;:·1:·.; \'.il!;.:o; ;~.:i-::'.-~:: - i·•'.';'', 

t-.•;r~/F·.::I : 
11.-·;:i/P'i 
1-'.J/r·c1 
t:1k" ;"•;'i Co;r:~;:r;-th.'n 

C.:1p • .ic1 t.y : 
F1;..cd C'JPi t.~1 Invr.:--:;lnlr'!nt. - fCI 
Pn;ctJct V.tllff~ - PV : 
Tot.d M.~rur.::...~tunrl') r~i:~t. 

Pr oh t : 
S rn;:> lcJ r~. 't~! of R<Jt.urn : 
U.1..:~~ ·p.1y J\:'no.1 : 
f111uf.:1ct.un.r,1 V~·~•m~ /\iJ.-.1 - r-:v:\ 
MV;.Vi-<:I : 

OA·fi 
O.l.::¥1 
fr .. 70"2 

'IS:. . 735 i J 

scoo 
21-570 :!lln. 
~_c::1.) mln_ 

l1 .3?1 m~n. 
··S __ :;r, l ;ti l• L 

f!.2/:1 
k.::;_;;~i'; T.J 

L.: • .::c~-; ;:.ln_ 
·1.f;.~f. idn .. 

! :: . '::>· 

:·: .l. ( ·-< :l. i ; i. 
. :.1. :-:. ·. ' -· "· .. ~ : . 

--::.. .l'•_l;~ ul .-.. 

" _, .. : "\ 
.~ • •· • L 

11.:".,.~::· r.1 

3:;1xo 
l:~J. 716 mln. 

7·1.'Jll min. 
7<~AT3 mln • 
-1. !"x>:! m ln. 
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P..'/FCI : 
Ener-:.:;v ~tion 

Capacity : 
Fu-·.:ed Capi ~l In-.'P-Stment. - FCI : 
ProdJct Value - PV : 
Total Marufacturing Cost 
Profit : 
Sinple R-:.te of Return : 
Sack-p.."ly Period : 
Mart.tfacturio3 Value ~&:!.Jed - tf..IA : 
MVA/FCI : 
ffVA/fV : 
PV/FCI : 
Energy Cora.mption 

Process : 64 ~TAM FIDt A-ENL. 

Capacity : 
Fixed Capital lnv8Stinent - FCI 
Prod.Jct v~~~~ - PV : 
Total Marufacturing Cost 
Profit : 
Siaple Rale of Return : 
Back-p.3y Period : 
Marufacturing Value Added - MVA : 
f'fJA/FCI : 
"tfVA/W: 
PV/FCI ~ 
Energ{ Consurrption 

0.56'1 
1060.4-14 TJ 

35rJGO 
21 ~ _ '-01 mln. 
m.ri41 mln. 
96.946 mln. 

-18.005 rnln. 

27.653 mln. 
0.130 
0.350 
0.371 

l~.5-'"'0 T.J 

35000 
111.207 mln. 
71.403 rnlr.. 
74 _ Z:'"5 ml n. 

5.183 mlr.. 
0.047 

21.456 years 
32.38l mln. 

0.291 
0.400 
0.714 

706.598 TJ 

Proces.3 : 65 CYa.CJ-EXAIE BY HYDIU:ENUICN CF BENZB£ 

C3pacit'.' : 
Fixed C,api tal Investment - FCI 
Prod.Jct Value - PV : 
Tot.al Marutacturing CcY".=;t 
P;1.>fit : 
Si11plr= Rate of ~Lurn : 
Back-pay Per .!.00 : 
M:lrufacturing Value Added - MVA 
l"f\'A/FCJ : 
f'fJA/PV : 
PV/FCI : 
Er.urgy Consunpt1on 

Capar..:ity : 
Fixed Cap1 tal Inver-;tnent. - FCI 
flr(lck.Jct Value - fV : 
T,,t;al MaiUfdClurinq Cr..Y.::l 
Profil : 
5lnr;>le R •. 1t.o of Rr:turn : 
0.-,ck .. P.:W Pt.?n, >d : 
M·1ruf.'l.:.:turur;1 V.1h1·~ t\O~ .. b:f · M\11\ 
f'f'llVr<: .. c : 
f'f'IA/rv : 
PV/FCT ; 
r:nr..'i'.JY Corr.'.t 1apt.1 on 

sooco 
8.923 mln. 

21.374 mln. 
24.893 mln. 
-.3.519 min. 

0.874 mln. 
O.O'""JB 
0.041 
Z.395 

-182.6~0 TJ 

25(X)) 

42.653 mln. 
4!'1.352 mln. 
3fJ.ns mln. 

""/ .077 rnln. 
o. J Gt .. 
6.027 year~ 

in .. 1:•.1 mln. 
(J.-1.~:· 

0.'1(1~ 

l.ff/') 
J9-1 Am r.1 
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G.3p._~_;;Ll'/ : 

Fixed c:.-;i."'1 t-"tl lrn.'f~~ttSEnt - f CI 
Procl.ICL V.due - 1-•.J : 
lot."11 113n.Jfactur.H)71 (.;.cF..;;t 

1-'nlfit : 
Sinple t-!3.t.e of Hat.u1n : 
Cack-pay Peno:i : 
:-Urufactur.in3 V.:1Lue Added - HI/A : 
F""VA,iFCI : 
t'WA/FSV : 
W/FCI : 
Energy Con:~urption : 

Process : 

Capacity : 
FlXL~ C3pi tal lnV<.:5l:.1C11t - FCI : 
Prodtcl V.llue - 1-V : 
·1cL.il l"L::iuf.:tet.ur .ing ~t 

Poofit : 
Sinple kate of P.3turn : 
03ck-p.--ty Por iod : 
turufact.uri.r..~ V;:tlue r-:dded - MVA 
MVA/FCI : 
HJA/PV : 
PV/FCI : 
Enei"g/ Conampt1on 

Process : 69 IJ1T FIU1 P-XYl..EJIE 

Car;;a~1ty : 
Fixed Cap1 tal lnv~.t.ment - FCI 
Proci.Jct Value - W : 
Tot.al Marufacturing Ccvst 
Pr·cJf it : 
Si.11ple R::ll.ft uf f·!.."'!turn : 
Back· p.-:1y Period : 
Marufacturio.:l V . .::d1;e Adcled - tfJA 
11VA/FCI : 
t-WA/FV : 
PV/FCl : 
Erergy CorY.:.uifl>l1on 

: 

~-0 
·11 _ t.e.5 mln. 
45.COJ mln. 
.:L...a<.:. mln. 
8.754 mln. 
0.211 
4. 7~16 years 

19. 7Ci5 mln. 
0.47~ 

0.438 
1.000 

~37.175 TJ 

7~ 

97.378 mln . 
60.225 mln. 
61.516 mln. 
-1.:.'91 mln. 

:-"'2.W.O: mln. 
0.226 
0.365 
0.(,18 

681.(Dj TJ 

7~XJ,) 

1..1. 7'94 mln. 
44.700 mln. 
66.221 min. 

-21.521 mln. 

7. 'J-12 mln. 
0.060 
rJ. l 7fj 
0.3S~ 

826.~:16!.J TJ 

70 EllM..DE Q.Y<Xl.. PH> Elt-M.DE OXIOC 

C'...:ipac1 ty : 
Fixed Capital ln'Je:':~lJIY.!nt - n;I 
Pn><i.Jct Value - ~'\I : 
To ta l M::1rut ac t.ur l rr.;1 Co!'; t.. 
Prof l t : 
~.5i.11pl<:~ r~at.e of l~f:t.urn : 
li~•·:V.· J.>;ly Peraod : 
M.1n 1 I ar..t.ur UY,J V;d.ue l\ddc.:(j ~ tf./A 
11Vl\/FCI : 
11·./f\/'rV : 
r"l/I i; I : 
C::r'f!l 'Tl C:cAr . .un.pl..1<·J'. 

~).) 

171.517 mln. 
115. ;.'02 mln. 
126.521 mln. 
-11.319 mln. 

:.H .O'/l mln. 
O.H:H 
0.';."/11 
•1.<.n 

•)1;,.~1 rJ 
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Prc<Ce3".> : : 71 ACR'tlOUTRILE BY PlllPVl.DE nt'IXl<IMilalf 

' c.~~"'!lt.y : 
fi>-.Ed C.."1Pl Ld lnv•.~lnent -- f"Ci 
Pnx~.JC t V .. :tlue - !~./ : 

-rot.al t13n..Jf acturi:is! CT.·-:;t. 
Pn."lfiL : 
Si1rple l-'!3Le of httur·n : 
[~k-p ... i\' H...TH.'1 : 
t'l?n.tf"1Cturing Value Addad - HVA 
MVA/r:c1 : 
~!A/Pl ~ 
N/t=CI : 
Energy Con:.unption • 

"nXD 
lt.3.371 mln. 

95.76..5 min. 
71. 700 mln. 
2-1.063 mlr.. 
0.1-17 
6.7rn years 

59.t:m mln. 
0.362 
0.t.17 
0.5&> 

114.516 TJ 

Process : 72 SYNTGAS (2:1) FIUI N\1\RL GAS 

Capacity : 
Fixed capital Investment - F'CI 
Prod.tel Value - PV : 
Total Man..rf.actunrrJ Ccst 
Profit : 
Suapl\? !~!..e .. )t 1 ... •nt.ur·n : 
Cack--p.ty Pi3·10:: : 
tuf"-If ..Y-t.unng V.alue Added - HVA 
MV;VFCl : 
MVA/~V : 
'W/FCI : 
Energy Consunption : 

3840COOOO 
94.813 mln. 
72.931 mln. 
SQ.717 mln. 

-17.737 rnln. 

7.C23 mln. 
0.IY..3 
0.107 
0.769 

15874.341 TJ' 

Precess : 73 SVNTGAS (3:1) Ftu1 N\1\RL GAS 

c.ap.a.~i ty : 
Fi>.-ed C,api tal !nve--~tment - FCI 
ProdJc t Value - ~v : 
Tot.'li M.;trufactur1ng Cost 
Profll : 
Suriple Rate of Return : 
Back-·p.ay Period : 
i""i3rufacturirr;J Value Adc'..ed - MVA 
H'JA/FCI : 
t'f./A/W : 
W/FCI : 
Energy Con&mpt 1 on 

8&10COXO 
77.459 mln. 
31.1)63 mln. 
fJ2.C76 mln. 
-1.013 mln. 

2<1.&12 mln. 
0.266 
o.~:.~, 

1.C47 
1·1935.0.13 T J 

74 ~ tODJ)(IDE FRQ1 SYNTGAS 

C..'Sp.:K:J ty : 
Fixed cap1 tal Jnv0':.ln£nt - rc1 
Prc:xi.J<;l V.:llue - rr.1 : 
fot.il f"brufactur ur.. co~.t. 
Prof 11. : 
Stnplc f-!41..c·i c.;f l~nt.urn : 
Cack··p;sy Pe1·ioo : 
i"".'trlJf.:tc.:tunrY;J V;.sluc l·~::dcc::J - rf./A 
MV/\/ff;( : 
1'1.'A/:V : 
W/FCJ. : 
Cnnr•-r1 (;ort::t mf•t 1 (iii 

! 
I 

:!73Q(JJ!)) 

4. 9::i3 ml n. 
l:!.<.b~: min. 
13.~,16 mln. 
-0.Cl.A mln. 

l .5G6 mln. 
().3:~2 

0.12~ 

:? • ~)(,5 
1:-;.,,n rJ 

I"> OXYGCN BY AIR FRACTlCN\T.1(1-1 
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Cap.acity : 
Fixed Capital Investment - FCI : 
PrcdJct Value - PV : 
Total f'Urut .:ictu1· 1rr.:1 Cost : 
Profit : 
Siaple Rate of Return : 
Bac.l<-p.ay Period : 
Maruf.acb.Jring V.:.due ~db.1 - MVA : 
l'fv"A/'FCI : 
t'WA/..,./ : 
PV/FCI : 
Energy Cc-osunpt1on : 

40000 
19.074 inl.n. 
5.840 mln. 
C:..259 mln • 

-0.419 1nln. 

3.51':1 mln. 
0.18-'l 
O.(l().3 
0.306 

109.440 TJ 

Process : 76 NVUJf 6 tEL. T PARSlUJ'.I <XJ'I>. 

Cap.aci ':y : 
Fixed Capi t.al liwestment - FCI : 
Prod.Jct Value - P./ : 
Total t'lanJfactur~ng Cost : 
Profit : 
Sinple fbte of Return : 
Back--pJy Pet·iod : 
Man.ltact.un.1~ Value Added -· tt/A : 
MVA/FCI : 
M<IA/P.J : 
PV/FCI : 
Energy Consuq:>tion 

Process : 77 NVUJf 6 tEL. T PL YPF CXH>. 

Capacity : 
Fixed Capital Investment. - FCI 
Prod.Jct Value - Pl/ : 
Total Narufacturing Cost 
Profit : 
Sinple Rate of Return : 
BacJ.;--p;-:1y Period : 
Nan.Jfacturirt.;J Value Acijaj - MVA 
HVA/FCI : 
ffJA/P.J : 
PV/FCI : 
Energy COro..mpt1on 

16000 
12.823 mln. 
z;j.700 mln. 
42.079 mln. 

-12.319 mlr:. 

-5.245 mln. 

2.321 
76.-105 T.J 

!COCO 
9.216 mln. 

18.600 mln. 
26.683 mln. 
-8.003 mln. 

-3.3i'O mln. 

2.013 
47.753 T.J 

Prc..<:e$S : 7f.I PCLYETYL..EJIE »EIEFTA...ATE Rl.YACR'l'L CXH>. 

Capac1 t.y : 
Fi>~eJ <.:api t.31 Im1e-;-;.tncnt - FCI 
Pr<.dJc.t V.1lue · W : 
Tot.:11 Marufact.un~-1 Cost. 
Profit. : 
S1nple Rate of P.eturn : 
Oacf<-·p.w Peri&J<-:S : 
Marutactunnq Value Added - MVA 
ff./A,'f Cl : 
r'fVA/W : 
Pl//FCl : 
Ener~~Tt COrrwrrpt.ion 

55000 
76.324 mln. 

too.ms mln. 
Bl.113 mln. 
19. 762 mln. 
0.259 
3. 0< .. 2 years 

41.189 mln. 
0.540 
0.400 
1..:522 

42-, .IX~ TJ 

l·'roc:.t~;:;; : l'J DI-OCTYL FHTALATE IRPN NIPPCH 
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ProclJct Value - JV 
Total Marufacturing Cost · 
Profit : 
S111ple Rate of Return : 
Back-pay Period : 
M3rufacturing Value Added - r-JVA : 
11VA/FCI : 
mNPtl : 
PV/FCI : 
Energy Con:;urpllon 

40.000 mln. 
33.4t3'2 mln. 
6.518 mln. 
0.536 
1.365 years 

12.358 mln. 
1.017 
O.Yn 
3.:C.."91 

47.752 TJ 

Process : 00 AiTILIC INiYDRIIE IRAN NIPRJll 

Capacity : 
Fixed capital Investment - FCI 
ProclJct Value - Pl : 
Total Marufacturing Cost : 
Profit : 
Sinple Rate ot Return : 
Back-pay Period : 
l"brufacturing Value Added - tf./A : 
rNA/FCI : 
tfJA/PI : 
Pl/FCI : 
Energy Consurption : 

Process : 82 ACRYLOIITRILE ARAI< 

capacity : 
Fixed Capital Investment - FCI : 
ProciJct Value - Pl : 
Total Man.Jfacturing Cost 
Pr·of it : 
Sinple Rat.a of Return : 
Back-p3y Period : 
Marufacturing Value Added - 11\IA 
tfJA/FCI : 
t'f./A/W : 
PV/FCI : 
Energy Conrunption 

Z2000 
26.149 mln. 
11.400 mln. 
13.323 mln. 
-1.843 mln. 

3.907 mln • 
0.152 
0.347 
0.439 

-37.589 TJ 

33000 
69.837 mln. 
35.113 mln. 
28.651 mln. 
6.462 mln. 
0.093 

10.007 years 
21.294 mln. 

0.305 
0.606 
0.503 

41.98'J TJ 

Process : 83 VINYL a-LCRil:E FIU'I ETHVl...eE ARAK 

C'...:.ipaci ty : 
Fixed Cdpi tal lOW'.:;;tment - FCl 
Prc><i.Jct Value - PV : 
Total Marufactur·in9 Cost 
Profit. : 
Girrple R~te of Return : 
Back-pay Period : 
Marufacturir,g Value Ac.!ded - MVA 
MVA/FCl : 
mA/PV : 
PV/FCI : 
e:nergy Con:".Urrpt.ion 

PrOCC"".:i'.:i : 04 PVC ARAK 

C.·ip~1c J. t.y : 
r1~ed r;.,.,,1 tal Crwc-~t.mcmt. - F-GI 
Pr(><iJCl'. Valun - PV : 
lot.al M.1ruf.'.!lct.unrY. <.m.t : 

15'.XXXI 
41.188 rnln. 
74.250 mln. 
.r:;9.181 mln • 
J.5.0(/~ mln. 
0.366 
2.733 years 

28.435 mln. 
0.690 

. 0.383 
1.0J3 

1335.300 TJ 

l!j(.(X)() 

9·1. ~f..6 rnln. 
')2.B~l.> mln. 

l 15. 740 mln. 
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PrQfit : 
S~nple Rate of Heturn : 
Back-pay Period : 
tbn.Jf.acturioJ Value~ - tf/A 
MVA/FCI : 
MllA/N : 
Pi//FCI : 
Energy Consurptton 

06 VINYL.J¥:ETATE ARAK 

Gapac!.ty : 
Fixed Capital lm.'CSt.nent - FCI 
Prod.Jct Value - FV : 
Total f"Wufacturing Cost 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
Man.Jfact.uring Value Added - l'f/A 
MVA/FCI : 
tf-IA/N : 
FAl/FCI : 
Energy Consunption 

Process : 87 ~IC ACID ARAK 

Capacity : 
Fixed capital Invesbrent FCI 
ProdJct Value - P'.! : 
Total Marufacturing Cost 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
Marufacturio;i Value A.1ded - MVA 
11VA/FCI : 
tfl/A/FA/ : 
PV/FCI : 
Energ1 CorGUllption 

[::J PE tlD ARAK 

C.lpaci ty : 
r: ixed Capi L.31 Inve-.:;tmenl - FCI 
Prod.Jct VaJut: - FV : 
Total ttarufacturir.g Cost 
Profit : 
Sirrpl.e Rate of Return : 
Rack· P::\Y Peno<J : 
Maruf ac tur ilY:l Value rdcled - f1VA 
MVA/FC! : 
tfl/A/f.V : 
PV/FCI : 
Enerqy Cor..::.u111pt1on 

89 a-LORiflE ARAK 

c.'Jpaci l,y : 
f" 1 xcd C;·1p 1 t. Jl l nw~·:;lJ11c.ml. - fCl 
l·'npJGl:. Valur.! ·· f.'V : 
TC)l..:Jl ManJl';Jr.tlWH"r., (.;(tr.t 

Pn.>fil : 
Gt.i:iplr! r~:1LH Cit P.cl.11.-n: 

-22.890 mln. 

5.B70 mln. 
0.()(.() 
O.Ot.3 
0.955 

811.0CO lJ 

30000 
34.091 mln. 
22.710 mln. 
34.695 mln. 

-11.985 mln. 

-2.363 mln. 

0.(.,(,6 
6.264 TJ 

30000 
40.024 mln. 
18.674 mln. 
21.SW mln. 
-2. 9'"'.c..5 mln. 

6.018 mln. 
0.150 
0.322 
0.467 

421.69'-3 T J 

(,OC()() 

36.609 mln. 
34.300 mln. 
37.869 mln. 
-3.4H9 mln. 

6.954 mln. 
0.190 
0.2'.12 
0.939 

83.721 TJ 

1(:0)()) 

90.;.130 mln. ' 
.:,;~ .. :;n mln. ' 
'10.< ,(A mln. ' 

-J.G.207 rnLn. ' 
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Back-pay Period : 
Mara'.fac::.Urir-g V.:ilue Ad:2ed - l'tJA 
MVf\/FCl : 
tft!f\/lV : 
P.!/FCI : 
Energy Consulrption 

Process : 

Capacity : 
Fixed Capital lnvest:ment - FCI : 
Prod.Jct Value - Pl : 
Total Marufacturin.? Cost : 
Profit : 
Sinple Rate of Return : 
Bad<-pay Period : 
tbrufacturing Value Added - MVA 
MVA/FCI : 
MVA/'?11 : 
PV/FCI : 
Energy Consunption 

Proce-~: : 

Cap:-:tei ty : 
Fixed Cap1 t..al lll\lt5tment - FCI 
Prod.Jct Value - PV : 
Tot.al Man.ifacturing Cost 
Profit : 
Siirple Rate of Return : 
Back-pay Period : 
Marufacturirr3 Value 1-'.dded - MVA 
MVA/f'Cl : 
t'f./A/W : 
PV/FCI : 
Energy Coramption 

Proceso:. : ?2 BUTADIDE ARAK 

C'...apa.:: i. ty : 
Fi>~f::?d Capital lnvc;-.;,tmc~nt - FCI 
Pnid.Jct Value - PV : 
Tot.Jl M.3r~f3cturJn:J Cost 
Proti t : 
Sirrple R.:lte of Return : 
Oack-pay Period : 
Maruf actur irY,J Value Added - MVA 
l"WA/rcr : 
t'fvf-1/W : 
PV/fCI : 
Energy Corr;;unption 

Prncess : '-J3 PCl.. YDUTADIDE ARAK 

Cap.;ir~ i t.y : 
f'ixed C.::ip1 tdi l J rww..tmt.int. - FCI 
Pr<x.i,;r.. t. V.J l uo • ~v : 
'I ul..1 l Mui 1f..1<.: lw i rr r C:<:v·.t. 
I 11 of J I. : 
~i.11111-!lf.J l~.JlH ot J-!Ml.w n : 
fJa~ ;k · p .. ~·y Pel" l Cl' J : 
M,r"t;-.r.:t.rn·irl".J V;.Jlll<~ f\<J.:l<~J •• l"WA 

5.521 mln. 
0.056 
0.111 
0_329 

813.910 TJ 

l.OOJ() 

34_328 mln. 
42-220 mln. 
36.705 mln. 

5.515 mln. 
0.161 
6-22..~ years 

15.388 :llln. 
0.448 
0.364 
1.230 

65-270 TJ 

5(.()()() 

33.697 mln. 
32.361 mln. 
25.814 mln. 
6.547 mln. 
0.194 
5.147 ·tears 

15.074 mln. 
0.447 
0.466 
0.960 

112.305 TJ 

2(;(:,(',() 

12.717 rnln. 
11.C<Jl mln. 
13.5(,7 mln. 
-;~.405 mln. 

l.111SJ , 1ln. 
0.093 
0.107 
0.871 

197.096 TJ 

250CO 
74.074 mln. 
113.0CO mln. 
~:.! .r>-1~> ml n. 
JO.')'..;';, mJ r.. 
0.1'10 
(.,. 7(;,2 '/ears 

2( •• 772 mln. 
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l'f\/NFCI : 
f'WA/Ptl : 
PY/FCI : 
Energy Consunption 

Cnpacity : 

. 2) 

Fixed Capital Investment - FCI : 
ProclJc.t Value - W : 
Total Marufacb.Jring Cost 
Profit : 
Sinple Rate of Reb.Jrn : 
Back-pay Period : 
Man.rfacb.Jring Value Added - tf/A : 
tfJA/FCI : 
tfJA/Ptl : 
fll//FCI : 
Energy Cora.Mrption : 

Process : 95 ll1T lSFBftll 

Capacity : 
Fixed capital Investment - FCI 
Proci.Jct Value - W : 
Total Marufacturing Cost 
Profit : 
Sirrple Rate of Return : 
Back--pay Period : 
Marufacturing Value Added - MVA 
MVA/FCI : 
tft/A/'r-V : 
P.//FCI : 
Erergy Consufrption 

Process : 9L BTX I~ 

C.~pacity : 
Fixed Capi t.al Inve$l:.ment - FCI 
PndK~l Valli(~ - PV : 
Tot.al Marufa.~turif'Y;J Cost 
Profit : 
Sinple Rate of Return : 
Back--pay Period : 
Marufacturil'Y3 Value Added - MVA 
MVA/FCI : 
t'f./A/W : 
W/FCI : 
~nergy Consu1TPtion 

Procesz : 97 P-XYLEN ISFEJ-All 

Capacity : 
Fixoo C~1pi t·.:il lnvestment. ·· FCI 
Prod.Jct Val.UH •. fV : 
Tot..:.tl Marufact.urirq Ccet 
Profi I:. : 
Sinplr~i f~.Jl:.C:l of f~ct.llrn : 
Uack··pay Pf.-!rlld : 
Miw~.Jfacturif"f3 Value Added - t'f./A 
MVl\/FCI : 
r1Vfl,/FV : 

0.:361 
0.623 
0.581 

529.325 TJ 

240000 
350.8:>5 mln. 
145.565 mln. 
153.153 mln. 
-7.588 mln. 

66.853 mln. 
0.191 
0.459 
0.415 

-3573.293 TJ 

65000 
111-134 mln. 

38. 740 mln. 
56.713 mln. 

-17.973 mln. 

6.o/n rnln. 
0.063 
0.181 
0.349 

716.703 TJ 

85000 
24.725 mln. 
5~.f.JlJO mln. 
59.427 mln. 
-4.428 mm. 

6.214 mln. 
0.251 
0.113 
2.224 

903.875 TJ 

44000 
20.~x:.1 rnln. 
2G.190 mln. 
29.201 mln. 
-3.010 mln. 

4.923 mln. 
0 • .172 
O. lOO 
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W/FCI : 
Energy Cors.mption 

' ' 

24 
0.917 

1110.296 T.J 
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Appendix: A 2. Results of experimnts 

EXP.; t«> 

P1¥.\ : HTO - HIGH TQIN¥:E QR;RllICS 

Fixed Gapi tal Investment -· FCI 
Domestic Investment 

ffi'\ ~l I ncarc - NI 
NI/FCl : 
~ Ioport : 
Man..rfact. Value Actied - HVA : 
l'IVA/FCI : 

ProclJction Pr-ofi t : 
Siaple Rate of Returo 
Proc1Jction Inport : 
Marufact. Value Ad:fed - MVA : 
MVA/FCI : 
't"WA/Value of Procl.Jction 

B<port : 
Domestic F\Jrchase : 
Danestic Sale : 
Energy Consurption : 
Direct Labour : 

; 
/ 

I 

2693.119 mln.$ ( 2403.';l06 ) 
007. 936 mln.LC. 
11 L.:24 mln.LG. 

0.041 ( 24 .2 years ) 
89.Z23 mln.$ 

642.215 mln.L.C. 
0.238 

163 • .381 nun.LC. 
0.061 ( 16.5 years ) 

37 .067 mln.$ 
694.371 mln.L.C. 

0.258 
0.593 
0.000 mln.$ 

339.100 mln.L.~-
1171.530 mln.L.C. 

17424.300 TJ 
1390 nen 
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EXP.; Nl 

PM : HTO - HIGi 1'CNIA£ CRJA«CS 

Fixed Capital Invest.Rent - FCI : lb-42.::.75 mln.$ ( 1500.<XX> ) 
Domestic Investment 492.71~ nal.n.L.C. 

POA Nat Inoone - NI -~.777 ftlln.L.C. 
NI/FCI : 
POA laport : )62.231 ftlln.$ 
Marufact. Value Added - M\IA : 352.171 ftlln.L.C. 
ttVA/FCI : 0.214 

Proc1Jction Profit : 274.473 mln.L.C. 

' 
Si.nple Rate of Return : 0.167 ( 6.0 -years ) 

·•. Prod.Jction Inport : 57. CjJ82 nal.n.$ 
l'farufact. Value Ad.:ied - MVA : 656.421 ftlln.L.C. 
MVA/FCI : 0.400 
ttVA/Value of ProciJction : 0.661 

E>q:>ort : 0.000 ai:ln.$ 
Domestic J\Jrchase : 216.456 ftlln.L.C. 
Domestic Sale : 992.448 nll.n.L~c. 
Energy Con:ulption : 1CE62.e60 TJ 
Oire::t Labour : 742 men 

/ 

f 
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EXP.; N2 

Pr'-\ : HTO - HIGI ~ OIGlllICS 

Fu<ed C3p1tal l~.oestaent. - FCl : 
Oalestic lrNeStJnent : 

PIA Net lr.ocne - NI 
Nl/FCI : 
PD'\ Iaport : 
l"L_-.rufact. Value AaEd - t1VA : 
t't\/WFCI : 

~tion Profit: 
Si.aple Rate of Return : 
Prodlction Inport : 
l"lan.lfact. Value AclEd - tf.JA : 
MVA/FCI : 
l'flA/Value of Prod.Jct.:..on : 

E><port : 
DaEstic F\Jrchase : 
Doaestic Sale : 
Energy Consurption : 
Direct Labour : 

! 
/ 

1341.359 ialn.$ ( 1650.<XX) ) 
552.408 llln.L.C. 

9.481 aln.LC. 
0.005 ( 194.0 ;ears ) 

~ .. ~.664 ialn.$ 
411.BCIJ ml.n.L.C. 

0.224 
245.935 llln.L.C. 

0.134 ( 7.5 years ) 
60.218 llln.S 

648.254 •ln.LC. 
0.352 
0.641 
0.000 m1 '1.$ 

2.33.540 mln.L.C. 
1011.063 llln.L.C. 

117?.0.970 T.J 
857 nen 
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EXP.; N} 

PIX\ : HID - HIGI 'IONWE CIGltICS 

f"1xed Capital investment - f"Cl : 
Donestic Investment : 

Pr.A flbt In::ae - Nl : 
NliFCI : 
P1¥\ hlport : 
l"larufact. Value~ - IWA : 
l'WA/FCI : 

Prod.Jcli.on Profit : 
S1111P!e Rate of Return : 
Pr-ociJction llllPOl'""t : 
l'l3ruf act. Value A:iEd - l1VA : 
t'MVFCI : 
tflA/Value of Prod.Jction : 

E>cpor"t : 
Doaestl.c R.rchase : 
~tic Sale : 
Energv Consusption 
IJirect 1 atar : 

I . 
I 

2tl3l.3l.3 aln. ~ ( lWO.OCO ) 
c:i09.244 ml.n.L.C. 

55.543 •in.LC. 
0.018 57.l -years) 

~-544 llln.$ 
461.414 mln.L.C. 

O.Zl.7 
230.940 mln.L.C. 

0.114 ( 8.8 ')'eal"'S ) 

57.152 .in.$ 
656.806 tin.LC. 

0.323 
0.651 
0.000 lll.n.$ -

251.276 mln.L.C. 
1041.3i!O ml.n.L.C. 

12511-130 TJ 
1011 IEll 



• 

.. 

• 

' .. 

' 

EXP.; Nla 

Pl¥\ : Hill - HIGI ~ c::IGftICS 

F1:xed Capital Inves~t - FCI : 
Oanestic Invesble'lt 

AA Net Incaile - NI 
NI/FCI ! 
~ hp:>rt: 
ttarirf.act_ Value~ - tM\ : 
tfJA/FCI : 

Phxi.Jction Profl. t : 
Siaple Rate of Return : 
ProdJction . Iaport : 
t'l:lrufact- Value Added - ~ : 
t'MVFCI : 
MVA/Value of ProclJction : 

E>cport : 
Dolllestic 5=\Jrchase : 
Domestic Sale : 
Energy Consullption 
Direct I at>o r : 

2173-9bl .in_$ ( 1950.000 ) 
652.lBB al.n_L.c_ 

SB-219 al.n_LC-
0_027 ( 37 _3 years ) 

199-470 .in_$ 
511-454 llln.L_c_ 

0_2.:1:> 
225_045 ml.n.LC_ 

0.104 ( 9.6 years ) 
31.843 mln.$ _ 

679.CBl mln.LC. 
0.312 
0.636 
0.000 llln.$ 

275.573 aaln.L.C. 
1068.<JZO mln.L.C. 

13583. 790 T.J 
lQQS men 



• 

• 

. ' 

' 

EXP.; N5 
FU\ : HTO - HIGll 10Ne:: (R;AlllCS 

Fixed Capital Irnestment - FCl 
Domestic Investment : 

~ Net Income - NI : 
Nl/FCI : 
~ laport: 

JO 

HanJf act. Value Ad:EcJ - l1VA : 
1'1VA/FCI : 

Prod.JCtion Profit. : 
Siaple Rate of Return : 
Pn>Wction ltq:J<>rt : 
l'l3rufact. Value A:kBj - !WA : 
t'MVFCI : 
l"IVA/Value of Procllct1on 

E><por"t : 
Dolllestic Purchase : 
Domestic Sale : 
Ener9v Consuq:>t1on : 
Direct Laba.Ir : 

I 

2538.59".l aun.$ ( 2100.000 ) 
701.578 mln.L.C. 

78. 767 min.LC. 
0.034 ( 'n. 7 years ) 

160.142 mln.$ 
558.012 mln.L.C. 

0.'2?11 
204.275 naln.L.C. 

0.007 ( 11.4 \l8cll"'S ) 
34.634 mln.$ 

683.521 min.LC. 
0.29'2 
0.617 
0.000 mln.$ 

301.155 mln.L.C. 
1107.007 mln.L.C. 

14523.470 T.J 
1189 men 



.. 

• 

' 

• 

)1 

EXP.; N6 
PM : tnO - HIQ-1 1CJltAE CIGl«CS 

Fixed Capital lrM!Sbnent - FCI : 
CblleStiC lrnesbnent : 

~ llet Irane - NI : 
NI/FCI : 
POA InporJ: : 
tun.rtact./ Value Added - t1VA : 
t1VNFCI ': 

ProdJction Pr"ofi t : 
Sinple Rate of Aeb.Jrn : 
ProclJction lllf)Ort : 
11arufact. Value Aci'..81 - MVA : 
MVA/FCI : 
t1VNValue of Prod.Jctior. : 

E>q:>ort : 
Domestic R.Jrchase : 
Domestic ~le : 
Ener9v Consulption : 
Direct LaboUr : 

2497.894 naln.$ ( 2250.000 ~ 
749.368 nlln.L.C. 
97 _ 776 na!.n.LC. 
0.039 ( 25.5 years ) 

140.291 naln.$ 
605.700 nlln.L.C. 

0.242 
201.368 naln.LC. 

0.001 ( 12.4 years ) 
36.699 naln.$ 

7ffl.Z92 mln.LC. 
0.284 
0.611 
0.000 mln.$ 

321.816 mln.LC. 
1161.478 naln.L.C. 

15176.420 TJ 
1239 men 



• 

• 

' 

'f 

EXP.; PO 

~ : HTO - HIGI TIJING:: CRiAlllCS 

Fixed Capital I~tmenl - F~l : 
Domestic Inves~t : 

Pm Jet Income - Nl 
NI/FCI :_ 
POA Inp.rt : 
t1aruf .aqL Value AdEd - NVA 
tf.fNFCl : 

Prod.Jc ti.on Prof i l : 
Sinple RaLe of Return : 
Procltelion Inporl : 
Maruf.act._ Value MJad - tf.JA 
MVNFCI : 
tf.fA/Value of Prcd.Jction : 

Export : 
Domestic J\Jrchase : 
Domestic Sale : 
Ener9'f Consuiption 
Direct Labour : 

)2 

37~-~'00 mln.$ ( 3661.287 ) 
UL\1.262 1nln.L.C. 
196.72'~ mln.L.C. 

0.053 ( 19.G years ) 
l.59.t.30 mln.$ 
999. 737 mln.LC. 

0.2b.'1 
281-047 mln.LC. 

li.075 ( 13.3 years ) 
55.362 mln.$ 

l~.055 mln.L_c_ 
Q_2';1() 

0.612 
O.CXlO mln.$ 

491-498 min.LC. 
1770.948 mln.L.C. 

24600.6q() TJ 
1613 men 



• 

' 

EXP.; Pt 

PDA : HlO - HIGI TI)IN¥;E c:a;AlllCS 

Fixed C3pital lnvesbnent - FCI : 
Domestic Investment : 

Pm Net Income - NI 
NI/FCI : / 
PDA I~t: 

)} 

Marufact. Val~ klded - MVA : 
l'f\IA/FCI : 

Prod.JCtion Profit : 
Si.nple Rate of Return : 
PnxLction Iqx>rt : 
ManJfact. Value Ack1?d - tfJA : 
t'WA/FCI : 
l'f\IA/Value of ProcLoetion : 

Export : 
Domestic R.Jrchase : 
Domestic Sale : 
Energy Corlsulption : 
Direct Labour : 

2341. 7UJ mln.S ( 2250.000 ) 
702.530 mln.L.C. 
-6. 149 mln.L.C. 

605. 753 mln.$ 
563.773 mln.L.C. 

0.241 
518.065 mln.L.C. 

0.221 ( 4.5 years ) 
81.539 mln.$ 

1087.986 mln.L.C. 
0.465 
0.69'2 
0.000 mln.$ 

315.097 .mln.L.C. 
1572.439 mln.L.C. 

13430.620 TJ 
923 men 



• 

' 

, 

EXP.; P2 

PM HID - HIGH TCNA£ ~CS 

Fixed Capital lnveslment. - fCl 
r lP.Stic Investment : 

~ Ir.cone - NI 
"'~. CI : ; 
PCJA 11,.xir t : 
Maru fact. Value Ack:Jed - HVA 
MVA/FCI : 

ProdJction J.lr·ot it : 
SJ.nple Rate of Return 
Prod.Jction Inport : 
Marufact. Value AckBJ - MVA 
MVA/FCI : 
MVA/Value of Prod.Jclion 

Export : 
Ounestic F\1rchase : 
Domestic Sale : 
Ene.-gy Consunption 
Direct Labour : 

25:,..'5.236 mln.$ ( 2400.000 ) 
757.571 mln.L.C. 

25.893 mln.L.C. 
0.010 ( 97 .5 years ) 

53-1.005 mln.$ 
bl4. 928 mln.L.C. 

0.244 
476.946 mln.L.C. 

0.189 ( 5.3 years ) 
85.032 m~_n.$ 

1065. 981 mln.L.C. 
0.422 
0.679 
0.000 mln.$ 

326.2":11 mln.L.C. 
1570.001 mln.L.C. 

14WJ.100 TJ 
1036 men 



• 

• 

' .. 

EXP.; PJ 
PDA HTO - HIGI T{JlllA;E CH"'-#llCS 

Fixe,j Capital Investment - FCl 
Dooest1c Invesbnent 

PClA i'EL lnoome - NI 
NI/FCI : . 
PC~ liipc,lf·t : 
Maruf aqt. Value Added - MVA : 
MVA/FCI : 

Prod.Jct.ion Profit : 
Siaple Rar.c of Heturn 
ProciJction Inport : 
li.3rufact. Value Added - MVA 
MVA/FCI : 
MVA/Value of Prod.Jct1on 

E>q:>ort : 
Domestic R.Jrchase : 
Domestic Sale : 
Energy Consunption 
Direct Labour : 

2665.S.:,"""9 mln.$ ( 2550.000 ) 
79'1.752 mln.L.C. 

55.271 mln.LC. 
0.021 ( 48.2 years ) 

·1'-19.146 mln.$ 
670.601 mln.L.C. 

0.252 
451. 791 m.ln.LC. 

0.16'~ ( 5. 9 years ) 
102.627 mln.$ 

1067 .121 mln.LC. 
0.400 
0.66."i 
0.000 mln.$ 

340.575 mln.L.C. 
1610.::?92 mln.L.C. 

15173.400 T J 
1053 men 



' 

, 

EXP.; P4 
POA KTO - HIGI ~ CIGVlllCS 

f-"ixad Capital Investment - FCI 
Domestic Invesbnent 

PM Net Ircome - NI : 
NI/FCI : 
POA Inport : 
Marufact. Value AcH3d - MVA 
MVA/FCI : 

Prod.JCtion Profit : 
Sinple Rate of Return 
ProclJction Inport : 
Marufact. Value Added - MVA 
MVA/FCI : 
MVA/Value of Prod.JCtion : 

Export : 
Domestic ~rchase : 
Domestic Sale : 
Energy C'Axlsulption 
Direct LaboUr : 

I 

I 
I 

~'8.218 mln.$ ( 2700.CXlO ) 
848.465 mln.L.C. 

81.().;"9 min.LC. 
0.029 ( 34. 9 years ) 

451). 749 'aln.$ 
720.562 rnln.LC. 

0.255 
454.446 mln.L.C. 

0.161 ( 6.2 -years ) 
77.343-mln.$ 

1093.969 mln.L.C. 
0.587 
U.b69 
O.CXJO mln.$ 

357.601 mln.L.C. 
1634.971 mln.L.C. 

16251. 9lX> TJ 
1206 men 



' 

.. 

, 

EXP.; P5 

PM HTO - HIGI TCNIA;E ~CS 

Fixed Capital lnvest11ent - FCl 
Domestic Investment 

~ Net Income - NI 
NI/FCI : 
POA lnport : 
M3ruf act. Value Addt:Jd - HVA 
MVA/FCI : 

ProdJction Profit : 
Sirrple Rate of h'eturn : 
Prod.Jct.ion Inport : 
Marufact. Value Added - MVA 
MVA/FCI : 
MVA/Value of ProdJction 

&.port : 
Donestic PUrchase : 
Domestic Sale : 
Energy Consunption 
Direct Labour : 

2906.167 mln.$ ( 
B=JS.850 mln.L.C. 
105.651 mln.L.C. 

L"850.000 ) 

0.035 ( <B.8 years ) 
395.988 mln.$ 
769.176 mln.L.C. 

0.258 
450.053 mln.L.C. 

0.151 ( 6.6 years ) 
49.586 mln.$ 

1115.578 anln.LC. 
0.374 
0.674 
0.000 mln.$ 

377.853 mln.L.C. 
1654.999 mln.L.C. 

17323.460 TJ 
l'z-17 men 



• 

.. 

' 

, 

EXP.; ~6 

PDA HTO - HIGI TCJING: ~CS 

Fixed Cap1 tal Investment - Ha 
Domestic Investm:>..nt 

POA Net Income - Nl 
NijFGI : 
PlX-\ l1rport : 
l"brufact. Value Added - MVA 
MVA/FCI : 

Proci1ction Profit : 
Sinple Rate vf Rel..lu-n 
Procllction IHpo.-t : 
Man..1f.act. Value AcUed - !"WA 
MVA/FCI : 
MVA/Value of ProdJCtion 

F..xport : 
Oc-.niestic J:-\Jrch3.5e : 
Domest1p Sale : 
Energy Consurption 
Direct Labour : 

~127.415 mln.$ 
938.225 mln.L.C. 
125.069 mln.LC. 

3000.CXX> ) 

0.Q.10 ( 25.0 years ) 
340.098 mln.$ 
814.338 mln.L.C. 

0.260 
418.323 mln.L.C. 

0.134 ( 7.5 years ) 
46.B-14 mln.$ 

1107.593 mln.L.C. 
0.354 
0.664 
0.000 mln.$ 

396.148 mln.LC. 
1667.863 mln.L.C. 

18364.580 TJ 
1352 men 



• 

, 

EXP.; P7 

PDA HTO - HIGI l{NIA;E ~ICS 

Fixed C..<1p1tal Investment - FCI 
Domestic lnvesbnent 

PDA !'et Income - NI 
NI/FCI : 
POA I1rpor t : 
Marufact. Valua Added - 11>/A 
tf.JA/FCI : 

Prod.Jction ProfiL : 
Si1rple Rate of h'etu; n 
ProciJction Iniport : 
Marufact. Value fd:fed - MVt-\ 
MVt:\/FCI : 
M'IA/Value of Proclrction 

Export : 
Oouestic F\n-chase : 
Domestic Sale : 
Energy Consurption 
Direct Labour : 

/ 

.3241.; 174 mln.$ ( 
972.3~?2 mln.L.C. 
145.595 mln.L.C. 

3150.CXlO ) 

0.045 ( 22.3 years ) 
:~4-'-111 mln.$ 
860.981 mln.L.C. 

0.266 
38..1.163 mln.L.C. 

0.11/ ( 8.5 years ) 
50.423 mln.$ 

10'15.549 mln.L.C. 
o.:·~ 

0.648 
o.coo mln.$ 

4;(~3.1.~2 min.LC. 
16<;0.644 mln.L.C. 

19479.320 TJ 
1382 men 



• 

.. 

' 

' 

EXP.; PB 

~ : HTO - HIGt TO.ff¥;£ <Hill«CS 

Fixed Gap1t.."ll Investment - FCI 
Oansstic Investment : 

m\ :-Et lncate - NI 
Nl/FCI : 
i:'i» !lrpor L : 
Marufact. Value Added - t1VA : 
l"IA/FC! : 

PrcxiJction Profit : 
Sirrple Rate of 1-letur-n : 
Prod.Jction Inport : 
Marufact. Value Added - 11VA : 
11VA/FCI : 
l"IA/Value of PrcxiJcticn : 

E><port : 
Domestic ~rchase : 
Donest.ic Sale : 
Energy Consurption : 
Direct Labour : 

~58.037 mln.$ ( 3300.000 ) 
1007 .411 mln.LC. 

165.0..)4 min.LC. 
U.049 ( 20.3 years ) 

;:_..._4 .OOl mln.$ 
912.~ mln.L.C. 

0.272 
376. 931 mln.L.C. 

0.11"2 ( 8. 9 years ) 
52.183 mln.$ 

1123.987 mln.L.C. 
0.335 
0.6:>~ 

0.000 mln.$ 
456. l'iJl mln.L.C. 

1758.2137 ·min.LC. 
:20449 .130 TJ 

1414 men 



' 

,. 

EXP.; P9 

~ : HTO - HIGI TillN¥E CIGIGCS 

Fi>.:ed Cap1 tal lrwestaent - FCI : 
Domestic Investment : 

Pr.A f\E t lllCXlllle - NI 
NI/FCI : 
~ lnport : 

... 

l'Urufact. Value Added - l"f./A : 
l'MVFCI : 

Prod.lcti.on Profit : 
~11sple Rate of Return : 
ProclJct1on Iaport : 
ttarvfact. Value Ad:led - MVA : 
t'WA/FCI : 
l"IVA/Value of Pn>cllction : 

E>cpoi'"t : 
Domestic R.Jrchase : 
Doa:estic Sale : 
Energy COnsullption : 
Direct I abnlJr : 

·' i 

"'i552. 9'21 lll.n.$ ( 3450.000 ) 
1059.876 aln.L.C. 
100.693 •ln.L.C. 

0.051 { 19.6 -years ) 
2lo.053 mln.S 
952.047 mln.LC. 

0.269 
343.04.3 adn.L.C. 

0.CJ~1 { 10.3 -years ) 
53. 703 mln.$ 

1114.:r;g mln.L.C. 
0.315 

. 0.627 
O.Q.10 mln.$ 

478.165 llll.n.LC. 
1778.750 adn.L.C. 

22366. TIO TJ 
1554 men 



• 

' 

' 

EXP. ; ... 

PUA HJO - l-'IGI '!CNftiE QID¥lllCS 

f"i>.:ed Cap 1. tal IOVESl:.ment - FCI : 
~Net lflOOdle - NI : 

NI/FCI : 
PlA lap-::rt : 

•z 

tbnlf.act. Vail.Jt! M::e..1 - tf-.':\ : 
tfiiVFCI : 

Paod.Jct1on Pr•:>f l t : 
Si"Ple Rate of Retu1r1 : 
PrOO..Ction ~t : 
t'bnJfact. Value ~ - tf/t\ : 
tlVA/FCI : 
tflr'ri/Val·_.e of Prod.1etion -

C"tpo..11 t : 
Oomestic f:\Jrchase : 
Doiaesti.c Sale : 
ErS-·J\" Consuapt.l.on : 
Direct Labcur : 

2434. 705 aaln. 
150.00.1 al.n. 

0.062 
153.234 aln. 
644. T .... "9 •ln. 

0.2t.5 
"Jf/ .154 .in. 

0.006 
74 _oo,-=; min. 

703.Ca:i .in. 
0 . ..."' .... "9 
0.594 
0.000 mln. 

314. 756 .in. 
1104 .OC'O min. 

lc.544. 590 TJ 
11~ I llllBfl 

( 21'91. 791 ) 

( 16. l years ) 

( 11.6 years ) 
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EXP. ; wt Cont. 

76 tM_fN t. tEL.f !i"\liSll 11't ,::fH>_ 
Tl N'rUH b t'l-~L T A.. y,y- U.l'P -

4} 

In q:Jerati.on 

1B PlL"l'ET'iLOE 11-EB:Fl#U\TE PCJ....YOC."'"'r\.. CDP -
79 01-0CT'rL AiTl-'L'Ut~ H-Y't.f N.IPR.Jll 
00 R-ff~IC · INi'iDRII.£ IJAll NI~ 

Project 

75 OXYGEN BY AIR FW£HLH\TICJll 
8 BENlEtE F1U1 TCLleE 
6 tlDCED X'Yl.EJIES FlDi llnRUENlC FEED 

62 CAPIUJV:TR"l FID'I CYU..0-EYJH: 
10 P-A."YLEI£ {PAIEX) 
61 N'tLCH 6 t'EL T-
55 PCL 'tE:.,H'l'LBE H> {LICC) 
83 VINYL CHJJRIOC FIU'I £nM.DE ~ 
&1 P\JC Arn( 

91 PCL YPRPl'l...EJIE 1"8'.K 
"12. OtJfADIEl'E Ar.1\K 
94 ETHYU]£ AP.AK 
19 PCL YU.. TRIFIJICTIGA.. Pil ... YETI ER 
36 PCL YETH'tLEtE LLD (l.CG) 
47 Pa... YSTYJEIE IUCl-1 INPIV;T 
16 I>--CTl-M.J-EXIV'l:L (OXO PID...'ESS) 
<b C'ta._a~ UY Hiu1-o;eru1rn <F BENZBE 
40 Pa... YVINlL 0-1...oruoc BY Et1.LSI°" PCJ...It£R. 
56 SfY"8E-BUfAOIBE "1.00ER BY EtLL.F'Cl..YM_ 
3 ETIM...EtE FRa1 wn.c ~ 1'¥\RifA 113 

20 BUfOE··l FA:J1 HIBt. Rl-'l·"Fll'lUE 
32 0-1...C~UtE (tEtCRIN: PJU::LSS) 
29 J·lf.00-~ flU'I EIX! 
::>fl ~ YCUlt.\OIOE 
12 3lJIAOIOE FIU1 01 E.XTl"«fl°" 
71 A::R"i'Lci.IITRILI: BY PRJP'l'l.8'£ 1¥'HX>XI~HCl'<I 
Z2 01-0Cl'r'l.HiTl'.'l.Afl: Ffifl'I PMfPLIG INiYC>Rirt:: 
14 150.lUfYU.N: BY ;:,.:w EXr~nrn (a=f~) 
74 CAFD::.t.i M:N:XlXI11:. fhU1 SYNTC:.AS 
45 PL;£T IC ~IC> Ff\01 1"£11-nn.. 
55 SJYr£tE-BUTA018'£ LArEX 
48 ros BY DU ... SIGI/~ Hl...Ytt:R~ZAT!Ct~ 
43 v It.ftl. r .. .:t:: TA rE Fl\l:tt r n·fTLft.f:: 
iu ErHYL.Elt: w ... YOO. fl'1J FlHYLf!·it: OXILC 
l l Pf.;OP\LF.K: OXUJC OY l Tl-hUUUl'J'E f.Jf«);'..ESS 
:-.o (flfrl.£.f..N/OE LJOJHJ fHr...t: 
.3:J J.U ..'r J-'h'OlYrl.l:J' E ( At'l):;(J ) 
2·1 f'"ETl-rrL ETl-M. KETCN: Ff'1".t1 MTBE AAFFI~TE 

;! ll lllYLO.£. flre ... n YK-µ('1'.~l'U:: M1Xll.K£ 
;!(. I r~l cnn-u. r.rur-L f T01 FO EN() t+C~ 
2.) f1 m·n.1c /:NIYOl'HU. /\lH ox. ();' 0-XYU.l'E 
67 ~0-Yf:TliYL[K n:r~~-lll-ilJ\lE f"F.LT FR01 TA 
:H i;., l:N:l. ( <..:t.H?.N.:: ) 
-1 l v (l.fYL U· Ll)f< ff<. BY CIXYCI LCJfHNf\ nr~ 
3') JU .. '(V IN"r'l.Jj UlRJ LC ll'i ~..!~Pl::r.r_; ((~ Pll. Yr-ER. 
21 i:fA.Yf"l~HM...M:UV\C.1::y1 MC 

l .... 1-k ~ II frl M : 11 :l'iCh'\1 (\ ll. ( _. r I H HrLIR IN PROcG;::; 
/.') ~.>YNh.:.t'.\:i Li: I) :·F.U1 IL'\llJf!N.. LJ\:;i 
7:: !".YtH(.l'i!'• ( ;•: l) i"r·H1 l~"illlf.:i-'t. f:J{;, 
c.JJ 1u.1:n 111--VH JG /\CJI) i HCf-1 f.'··:<Yl.JN" .. 

JU)(X) T 
10000 l 
~T 

40000 T 
Z3XX> T 

fn677 T 
87333 T 

113276 T 
~16 T 
75417 T 
16CJOO T 

160000 T 
150000 T 
lSClOOO T 
50000 T 
26000 T 

240000 T 
38500 T 

15(X)()() T 
50000 T 
41400 T 
40573 T 
20000 T 
27489 T 

171236 T 
14nQ T 

124235 T 
0000 T 

2''l()SO T 
32053 T 
52500 T 
2lXJOO T 
18881 T 

14224360 m3 
3.;~ T 
15000 T 
lCOX> T 
25000 T 
32210 T 
3C052 T 
82012 T 
1~'1)..0 T 
4650 T 

58714 T 
lfJOC.() T 
3040 T 
5000 T 
&m T 

31800 T 
lOCIOO T 
1500 T 

I 4f040700 IT'3 
::;~.iCO T 

I '"J"/(~70 m.j 

I 53-1-1 /4(.IJ fll3 
42fll T 

100 
100 
100 
100 
100 

224 
218 
123 
114 
112 
107 
100 
100 
100 
100 
100 
100 
96 
94 
83 
83 
81 
80 
79 
76 
74 
69 
67 
65 
64 
58. 
57 
54 
52 
50 
43 
40 
37 
36 
33 
33 
32 
31 
26 
22 
20 
20 
18 
13 
1l 
10 
a 
8 
7 
6 
6 
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-51 EltM_OE l>ICK . .ORIL£ UY lH..ORIN\TIDll 
10 PRJP'l'UJIE OXlL"f.:. 3Y C.1-LOfD-fIDRiflE PROCESS 
::'l l~ l!Y Ci\1 H.l'-1 E:W:Uf'K.£ RLSIN 

6552 T 
2710 T 
1000 T 

4 
3 
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***************************************************************************! 
EXP.; NO. 

Problea tiUe: KID - HIGH roNNAGE <HiANICS 

Fractional ~tiai~ti~ 

Ha.~iai.ze: 

PD!\ Yearly Profit 

Investment 

Scenario: 

2000. < Investment < 
8000. <ACETIC ACm < 

ACE1U£ = 
ACm~l11ULE-BllfADI»JE~(ABS) = 

25000. < ACRYJ.all'l'RILE < 
35000. < BmaENE < 

5 .OOE+o3 < BllfAML-N < 
1420. < CARID4 TETRACHl.DRIDE < 

48000. < 01-<lCnL PH'111ALATE(OOP) < 
4.00E+o2 < DIETIW«>LAMINE < 
1. 50E+o4 < E"J1IYLENE GLYOOL < 

E'11IYlBm OXIDE = 
rsoeur.AN>L = 
l&>PROPAJ«>L = 
f>El1WO., = 
HE'lllYL E'lllYL KEIUIE = 
Hhi'HYL tElllACKYLATE = 

9.00.E+02 < ~ < 
42000. , NYU:l<I 6 MELT < 
8\IUO. < PHel)L < 

PKftlALIC ANHYDRIDE = 
10500. < POL\'Bl1l'ADIF.NE < 

POLYE'.l'HYLENE 'l'ERfo.JmlW.ATE HELT = 
160000. < ~YhiHYLENE, HI Dh'NSITY (PCM>mD) < 

50000. < POLY.l!.'111YLENE, LINE.AR LD < 
o. < POLYETHYLENE, ID DENSI'n" < 

1500. < POLYM~"THYUlli."l'IWlMATE SHEET < 
.IJOLYOL, TRU'UNCTlONAL POLYEnlER = 
POLY~ = 
FOLYSTYRENE, IMPACT f-l.JDIFIFJ> = 
POLYVINYL CJU.DRIDE DISPimSIOO = 
POLYVINYL an.oRIDE = o. < POOPYLENE OXIDE < 

o. < POOPYLENE < 
b"'JYRENE-BlTfADIENE RUBBm = 

2000. < STYRENE < 
TO~ = 

5 .OOE+03 < TRI~"l'HYLENE < 
8000. < TRIEJ'HANOINIJNE < 

25000. < V INYI~ AC' .. A'l'H < 
51'\'R»lF.-Blll'ADIENE LATl!X = 

5.00E+03 < Bl1l'YL RUBBER ( 

PRHCl ll£H>Y.nlYLENR = 
ACRYl.ONl'l'Rll~ Alt.AK = 
VINYL CHLORIDE flu-I 1!.'1lfYLENE ARAK = PVC ARAK = 
VINYLACETA1'E ARAI\ = ACETIC ACID ARAK = 
PK HD ARAK = 
CHLORINE ARAK = 
PE Ll..O ARAI\ = 

m.i.s 
0.046 --

Iii!.$ 

2500. ( 96.ZX) llil.S 
16000. (100.0X) T 
5900. (100.0X) T 

10000. (100.~) T 
50000. (100.0X) T 
40000. ( 87.R) T 

none ( O.OX) T 
7000. ( 20.:JX) T 

60000. ( 100.0X) T 
none ( O.OX) T . 
none ( O.OX) T 

15000. ( 100.0X) T 
1850. ( 100.0X) T 
1000. (100.0X) T 

47000. (100.0X) T 
4650. (100.0X) T 
2000. (100.0X) T 
none ( O.OX) T 

50000. ( 84.0X) T 
10000. ( 80.0X) T 
10000. (100.0X) T 
25000. (100.0X) T 
60000. ( 100.0X) T 

240000. ( 66.?X) T 
150000. ( 100.0S) T 
150000. ( O.OX) T 

3000. ( 50.0X) T 
38500. ( 100.0X) T 
62000. (100.0X) T 
50000. ( 100.0I) T 
20000. (100.0I) T 

160000. ( 100.0I) T 
9500. ( 100.0I) T 
5000. (100.0I) T 

50000. (100.0I) T 
10000. ( 20.0I) T 
40000. ( 100.0I) T 

none ( O.OI) T 
10000. (100.0I) T 
30000. ( 100.0I) T 
15000. ( 100.0I) T 

none ( O.OI) T 
8000. ( 100.0X) T 

33000. (100.0I) T 
150000. (100.0I) T 
150000. (100.0I) T 

30000. (100.0I) T 
30000. (100.0I) T 
60000. (100.0I) T 

100000. ( 100.0I) T 
60000. (100.0I) T 



+ 

' 

roL.\'1-'ROP\1..bW. AR.\K = 50000. (100.0X) T 
Hl!l"Al>l ~F. ,\Rt\I\ = 26000. (100.0X) T 
IUl.YutrrAI>l l-l<f"F. ARAK = 25000. (100.0X) T 
I-:l'HU Je:NF. AHAK = 240000. ( 100.0X) T 
mr ISI-"l-llAN = 65000. (100.0X) T 
ID'X lSI-'"EllAi'l = 85000. (100.0X) T 
P-~YLEN ISFEllAN = 44000. (100.0X) T 

*********************************************************t***************' 

GLOBAL RESULTS 

l'llA Yearly Profit 
PDA Value Added 
Investment 
Energy Consuaption 
Yearly Import 
Energy Input 
Yearly Domestic Purchase 
Yearly Domestic Sale 

SALE 

AC.ET IC AC ID 
ACETONE 
ACllYLONI'fRILl~-BllfADJ.F.NE-.h'l''ilU~E( ABS) 
ACUYJ.fi'llJ'lUl LH 
1-V-M:>N IUN .h1JLF A'I'E 
B.EN7..ENE 
ffi'X IW.1-'INA1'E 
IllffANOL-N 
C9 ~..ATICS CRUDE 
CAROON DIOXIDE 
CAHOON 1'E'l'RACHLOIUDE 
CAUS'f IC SODA 
DI ~'TYL Pm'IW.ATEC OOP) 
DIE'J1fANOLAMINE 
I> I E'JlJYI .ENI•: GI .VCOI, 
l>J~ll-:111\'I, T1-:m.;1,rnlAl.ATE 
Jt:J11\'l..EN1': GJ~YCOI .. 
l!nffLENE OXIDE 
HJJt:I, GAS 
FUm, OJL 
GASOl,J.NE 
HCL ACID (AS 20 B~) 
Hl~VY ENl>H t1lEl>l'I' 
HJ•:,\ VY l~D 
HVOl«XiEN C\','\NJ DE 
llYOIKXiEN-fHCll OAS 
f SOBtrl'ANOI, 
lSOBlfJ'\'LENI~ 

ISOmOPANOI .. 
JAmrr ENDS 
f<Jl.;(11ANOI .• 

111. ail.$ 
648. mil.$ 

2404. ail.$ 
8518. TJ 

89. mil.$ 
17424. TJ 

339. lllil.$ 
1172. mil.$ 

16000. T 
5900. T 

10000. T 
50000. T 
85929. T 
35000. T 

147870. 1' 
5000. T 

25801. T 
31227. T 

1420. T 
134918. T 
60000. T 

700. T 
3318. T 
4!JllO. 'J' 

15000. 'l' 
15000. T 

364603100. 1'-r..al 
33937. '1' 

7623. T 
7320. T 
896. 'I' 
316. 1' 

4512. 1' 
1l19231300. T-cal 

1 H:iO. 'I' 
17579. T 

1000. T 
7317. 1' 

4iOOO. ·r 



HE-:111\"L E'lll\"L l\"'El'OIE 4650. T 
Mlmn"L f'IEDIACR\'IATE 2000. T 
MTXF.D lUl'Yl.F.Nl-:S(IUl'Al>IF.NF. RAFFJN..l\'l'F.) 28129. T 
P.lNll-:.11 IANUl at'\M l Nf. 900. 1· 

Nl1RlC ACID(DlUJTE) 307. T 
NYl..00 6 HEI:r 42000. T 

PHENOL 8000. T 
PIITHAl.IC ANlnllRIDE 10000. T 
roLYBl!fADIENE 25000. T 
POLYh,llYU-1'.'K UJEllmW...\TE HELT 60000. T 
rot.Yh.IHY~F., HI Dl-:NSllY UOIDl-.RO) 160000. T 
rot.n.~Yl~E, I.INF.AR LI> 150000. T 
POL'tNE'Ill\1.&,1~'\Cllrl..ATE SHEET 1500. T 
1-Ul.Y<X., 1Rll-l.JNL,.Iat\L POL\"hlHER J8500. T 
1-UI .YI-,VPYU-NE 62000. T 

' l:ULYSl'\llENE, JMPAC'l' !"lJl>U'llID 50000. T 
rot.\vINYL au.nRIDE DISPI-llSIOO 20000. T 
rot.\"VlNYL lllUJIUDI-: 160000. T 
PHOPYLENE OXIDE IN SOLlfrION( IMPURE) 493. T 
l-'IU'Yl.1-:NK OX I DE 9500. T 
1-K>P\°LENE, (DlWl'E) 97. T 

... PROP\U:NE 5000. T 
P\lD.YSIS G.\SOl..INE 234680. T 
~,..,l&llE-BUrADI0-c"E RtIDBBl 50000. T 
STI'RENE 2000. T 
SULl-liRIC ACID(IN 65~) 1159. T 
TAIL GAS 1018253000. T-cal 
'lUl..lJENE 40000. T 
'l'RICHLOROhlHY1£'4e 5000. T 
11Uh,11ANOLAMINE 10000. T 
·nu ~llWLJ..:NE lilNCOL 870. T 
VINYL AC~l'A'l"K 30000. 'f 
X\'LENE-P 33482. T 
ST\"l~E-BlJfAllll!..'41~ LATKX 15000. T 
Bl!rYL UUBOEll 5000. T 
R>LJ l'HOPYLJ~I~ A'l"ACTIC 1860. T 
Mli'lllYJ. ACETATE 1080. T 
AM'UNiliM JHSUl.l,.A'm 4025. T 
C•I AIJ\Yl.t\'J'LON "1~1m 457'1. 'J' 
1-'HOPYJ.ENH DJ L1U1>1UDE 253. '1' 
Pl!l~Hl..OROETHYL9'E 8000. T •• 

.P U n C JI A S E 

COOi.ING WATER 505562900. m3 
PROCESS WA'l'Efl 4247476. m3 
H"l'f!J\M 4207148. 'J'. 
ELJt:C'l1UC l'l'Y 935998000. kWh 
INER'J' GAS 42704160. m3 
ACf·:mNJ11H I .I~ 59. 1' 
AC'T l VATlm CAIIDON 15. '1' 
ADD1T1 Vfl.S ,N6 420. T 
Al.J\YIJU.:NZl!:Nf~ 160. 'I' 
Al..lJMlNA 107. 'J' 
Al.AJMLNA 11UC.111.olHDJt: 240. 1' 
A.'>tK.>NlA 61830. T 

.. ANTJ~UNY 'llUOXWJ~ 18. ·r 
,\SC.X>HIHC ,\(.!1f) 2. ·r 
I U~J'ON J TJ•; 2272. 'l' 
Hl!.Nl.OYL P1"JK>X1DH 8. T 
Blfl';\NOI .-N 980. 1' 
JJlTl'Yl~ STEAR,\TE 50. 1' 



110 

UlrIYL-T CA1M.1l>L 5. T 
BLT\lLlTHlt-.."I -N 14. T 
Cl\Hll.'"lll Th-rnt\llll.olU 1\1~ 1420. T 
l"ATM.\"S'f ANO l.11l~UCAl.S 11213840. s 
CATAl.YST ,m'BE 2. T 
cmMICALS 3952571. $ 
awiUl.A'lf 3. T 
COBAl.~ crrA.'\G\TI: 118. T 
CR-Sl CATAIJ~T 780000. T 
CU-PD CATAl.Y~I 11865000. re 
CUPRIC NITRATE 1. T 
E"l'llANE 71905. T 
E'lllYL AChTATE 165. T 
~,llYIDE Gl.YCUI. 4354. T 
... JI .1'm A II> 15400. T 
FONP-llC ACID (IN 85%) 21. T 

' FUEL 365815200. T-cal 
GLYCERIN 1194. T 
HJo:xANK -N 877. T 
HYIHXlll.mIC ACJ 0 12117. T 
H\lHJGEN (JN 01°1°-GAS) 32537520. m3 

... HYIHXiEN PEll>XIDF. 2. T 
100-l~CllANGE RESIN 68821.1. T 
JSOUUfANE 129&. T 
ISOOlJfAN>f, 1411. T 
l.UIE 3174. T 
MAGNESIU-1 SILICATE 578. T 
MANGMDJS l&\Th'OATE 125. T 
MelBRA.~ 20717110. SQCl-1 
Hh'TIIANE 937. T 
MJo.:111t.NOL 56577. T 
l\I'IA-l•JIA COPOl.YM .. ll 10. T 
l\DLYBDENltl ro\\'DF.R 1. ·r 
f'DNOe'TllANOL.~llNE 600. T 
NAPlfllLi\ , WIDE R.:\NGI~ 618196. T 
NAPlf111A llF.ARTC..Uf ( NAPlrlllENIC) 167477. T 
NAl'lml .. lHC ACID 59. T 
NA'l'lJllAI • HAS 826885800. T-cal 
NYWN (WJ\Sf1o:) 2730. T 
OC'l'ANE-N 30. T .. • OCl'ANOIC ACID 335. T 
OLl!.1JM 54150. T 
OXAl .. J.C ACU> 26. T 
PAl.Nl'l'lC ACID 147. T 
PD ON Alll\IINUN CATAl .. I~'T 17207. T 
PHOOPUOIUC ACID ( JNIJUS'ffiIAL GRADE) 10. T 
PHCSPHOIUC ACI I> CATAl.Y~,. 19. T 
lUl'ASSILM CARIK>NATh: 99. T 
RYl'ASSJ UM llYDIIDXJ.DE 89-1. T 
roT ASSILM PERSUU-'A'l'E 5. T 
Pl1l>PANI~ 43!H3. T 
llliOl>lln'"'l-llAl,IDE CA1'AJ,lh'T 953. (Ji 

HOCI\ SAJ.1' 16. T 
SAl:I' 301633. T 
SOAP 3006. T 
SOO l UM C1\Jil4'>NA'm 4282. T 
soon.JM cm .omnr~ 8694. T 
SOf>ll.!M IJ\UHA'l'E 147. T 
SOUi UM P\'JVPlkx-il';IATE Jl. 'f 
SOYBEAN OIL 50. T 

'f 
~n'AIHl.lZEJl, SHH :us. T 
H'J'YIW.Nl•:-nurAt>l F.Nto: m !HI U'Jl 21741J. T 
8Ul.F( >l.ANJt 30. 1' 
SlJl,FlJIUC ACID 19217. T 
SlJl.f<l Jll 4109. T 
'rl'l'ANJlJ'M IHOXIl>M 252. T 



--
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• 

!. 

TIUOILCJID:lll\l~E 

'ralPl~"\UIF.lllANE 

h'A'l,.:R Dl-:JOOl7Jol> 
znc AC~TA'l'E 
SfABILIZER 
BUTYL RUDDER 
WA.'>"l'E Ra'OVERY C.1~1lCAl.S 
HR-I; 
DJlPC 
AIR 
NAPm1IA LIGIIT 
lrI'X REl'OOf-IA'fE (HlGlll.Y NAPKI'. ) 

PROCESSES 

1-:L'nl\U:Nli FIOI l!llb\Nl-:-l ,«>P • .\NK Ml>."'l\JHJ~ 

ETil\1.ENE FIDI WI DE Rr\NGE NAPIITA MS 
BENZENE 1.-lnl P\10.YSJS GA.~INF. 
MIXl·J> XYIJ~l-:S FJ«.r-1 NAPln"l-lUC 1.-l~lill 

H~.lENK folUi 1Ul.UalE 
P-X"YLENE (PAREX) 
HlffADIENio: 1-lUI C4 E.\"Til.'\CflON 
f'Jh'THYL ME'lllAL"llYIATH CYAc\UIYDRIN PROCESS 
ISOBUIYLENE BY ACID l-:.\,1lAL ... rIOO (CFR) 
D-ETIIYLH~ (OXO PROCESS) 
PllOPYiil\'E OXJ DE BY lffilYLBl~7..ENE PROl.~ 
l'HOPYl»lli OXIDE BY L111.1lUUllJUIUNI~ PROCESS 
RJLYOI, 11Ufo"-''C'rIONAI. IULY.1!1111-ll 

B-1 HOI Ml'BI-: ll-WI•INATE 
!I >PIDPANOI. BY CAT I ON EXCI IANGI~ RESIN 
11-<X;'l'VI Jlfrl'AJ J\'11\ l•llCM Plrt'AI ,IC ANllYDIU 1>10: 

PlflllAJ .. lC ;\Nll'illllll>a-: Alll OX. OF 0-XYLl~I~ 
MF.111YI .. f:'111YI. K1-:rcX1m [•llO'I r·mu·: l~Fl'INATE 
·mn:mA~'OI. AMINE Fl-ll.1'1 EO ENI> NJIJ 
fu .n11m 1v1111mtA< :un A"m 
Pl•J{Cllf f>IUE'lllYl.ENE Fl«l-1 EDC 
1 IYl>flOGEN Hlll-1 NATURAL r.rA.5 
1-'1 ll~NOI.. I Cl~IENI~) 
CllLOfUNE ( Mft:MllHANli moc~) 
ro1 .. n."111YJ..ENE W> c ucc > 
POLYPHOPVLENE ( A.'KX.:O) 
POLYVIN\l.1;111.DRIDE UY SUSPENSION POLYNER. 
POLYVJNYL C11LOIHDE BY l'.1-IJLSION POLIMER. 
VINYL CllLOIHOF. BY OXYCHL.OIUNATION 
ACETIC AC W HlC.t-1 Ml':'nlANOL 
POI .YS'l'Ylll·~'ll~ 111 c;11 rn1w:r 
ABS B\' F.i"Rll.SION/MASS 1-Ul,YMEIUZA'J'ION 
l•:l'HYl .. Bl~Zl~I~ l.l<~JJD PllASI~ 

l-:111Yl.Fn'!I~ l>IClllDIHl>I~ UY CllLOIHNATION 
l\>l.'il-:J11Yl,ENI~ Ill> (lK:r:) 
H'l'YlmNE-BlYl'AI> I ENE I J\'l'l..:X 
ST\'llENl~-Bl!l'Al>J ENI~ lllJlllll-ll nv 1£r>JlJI ... POLYM. 
POJ,YUlfl'Al>JENI~ 

NYLON 6 MEJ:I' 
CAPllOl .AC:'l'l\M H«N CVCli.)f ll~XAN1': 
CAJ'J~)J.AC"l'AM l·llC::r-1 H IENOI, 
C\'Cl.Oflf•:XANI~ BY 11\'l>IK>CiENA'I' lON OF Bl•:NZl·:NI~ 

. ·1m IYI .ENE 'l'l•:WWI rrAl .• An: Ml~I :r Jo"IU-1 l»rl' 
! . . ENI~ Cit.\'< ol, AND f•;l'llYl.l•:NE OXIDE 

·1 '"ll~ll.V BV l-'l?OJ'Yl.ENE NHX>XlDA'l'ION 
S\'N Hlrt.l ( 2: I ) Jil?l:~I N.i\'11JllAI, G1'\S 
S\'N'l'fi1\<; I :1: I ) l•llC.N NNl1Jll.AI. Ci1\S 

1000. T· 
11. T 

232189. T 
24. T 

305. T 
5000. T 

260. T 
181. T 
45. T 

50353i. T 
631680. T 
320450. tons 

76503. T 
172247. T 

15742. T 
40307. T 
87537. T 
30432. T 
32612. T 
3500. T 

17579. T 
41400. T 
30125. T 
2637. T 

38500. T 
13236. T 

1000. 1· 
20000. T 

11400. 
4650. 

10000. 
1500. 
8000. 

65168630. 
136'12. 
24129. 
90000. 
12000. 
10000. 
20000. 
31800. 
7204. 

50000. 
10000. 
82Zll. 
6552. 

100000. 
15000. 
28256. 
4050. 

16000. 
33684. 
bl32. 

35044. 
5000; 

32210 • 
19508. 

53447400. 
12284150. 

'J 
'I 
'I ., 
., 
m 
'I 
'I 
'I 
1 
1 
1 
T 
1 
'I 
'I ., 
T 
'I 
'I 
'I 
·r 
'I 
'I 
'I 
T 
T 
1 
'I 
n 
fl 



CARlm KlNCX>XIDF. FIDI S~ 3033123. a3 
O.'O"GFN BY A lll ~RACTI<&TIOO 100707. T 
NYI I1N 6 MEI."!· PAI~ 111 lN r<l'IP. 16000. T 

• NYllJ.ol 6 f'll•:t:r Al .\"Al' l.:U'U>. 10000. T 
Rlf..Yh'TI'LENK 1111"lllil'TALA1E IULYACRYL ClllP. 55000. T 
DC~"'nl. PlffAIXm lRAa'li Nll'IUf 40000. T 
Pln·ALlC ANHYDlU DE lRA.t4 NI POON 22000. T 
A<ll'ilffl nu 1 u·: Alll\J\ . 33000. T 
VlN\l, OIWIUDE l-lll-1 ElllYLF.NE ARAK 150000. T 
PVC Al:AK 150000. T 
VIti."YIJ\CETATE ,UW\ 30000. T 
Aeli"rl C AC II> Al~\I\ 30000. T 
PE HD ARAI\ 60000. T 
CHI.LIU~~ All~\ 100000. T 
Pl~ IJJ) AU.\I\ 60000. T 
l-Ul.YPl.:01·'\ I J·:Nl~ All-\1\ 50000. T 
l.1lrrt\l>le.lE 1JlAl\ 26000. T 
POl.YUUl.ADIENE All-\1\ 25000. T 
lml'ilENK 1\1~\I\ 240000. T 
IMI' lSFEILi\r~ 65000. T 
BTX ISrat~N 85000. T 
P-XYLEN ISFEIL.\a"l 44000. T 

' 

' 
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******'**************************************************************• 
EXP.; PO • 

Problem title: mu - llIGll 'l~"NAl.iE ll«M\NICS 

F r a c t i o n a l Optimization 

~la.ximize: 

PDA Net Income 

--------------------------------------- = 
Investment 

Scenario: 

12000. < ACh'TlC ACID 
ACE'IUNI-: 
AalYl.0011UJ LE-BU'fADI ENE-STYRENE(AllS) 

85000. < AffiYIOOITRil.E 
62500. < BENZ&""l!I-; 
15000. < Bl!fA.'\UL-N 
7000. < CAHOON Th""ffiACHl.DRIDE 

65000. < 1>1-cx::rvL PlnllALt\TE(OOP) 
Dlh'11t\NOl.A""IINK 

20000. < f.ilftl..E~E GLYCOL 
ImlYLENE OXlDE 
ISOBlJTAl'-~l.. 

ISOPfa>PANVL 
70000. < r-umtANOL 

Mlt:'lllYL E'l1 IYI I l\l?IOOE 
3000. < Ml?l11YI, MimlACUYl.J\TE 

l'D.\'OE'lllA\'OJ,,;\N1NE 
50000. < NYl..a-l G MELT 
15000. < PllENOI. 

PtrlllAl.IC ANllYIJllll>l·: 
18000. < l-01,Ylllfl'ADIENE 
82000. < ro1,n.11r.-LE~E TEREPlrmAI.ATE MELT 

240000. < FOLYJ-:r:tYl.ENE, Hl UENSl'l'Y (FOWDEIID) 
200000. < JUt.~·~mYLl·~!E, l,JNEAl-l JD 

o. < ;.0Ln:mY1.l·~~E. 1.1) DE.~Sl'l'Y 

POLYMKllfflNKmACilYLATE SllEhT 
f-Ql,,YOI,, TlH"1j~Cl'IONAJ,, POLYE'llll-Jl 
K>l.YPHOPYLENE 

iOOOO. < POl..Y81'YllENE, IMPACT l'DDIFIEU 
f\'>LYVlNYJ. CllLOIHDE DlSPEHSION 

220000. < POLYVINYi. Cllll>RIDE 
0. < l'h'.OPYLENE OX JUE 
0. < PHOPYL.,•:NE 

STYllEN:~-mJTALH ENE mmoEU 
10000. < STYRENE 

'1"01.lJl·:."-II·: 
'IUJ Cl II .£.>HOl-:tllYI .t•:NE 

10000. < 'mJE'J11ANOINICNE 
4 2000 • < V J NY I. ACl-:l'AT!o: 

S'l'YllENE-BlrJ','\IH ENE LAT~ 
Hl!J'YI I llUBBEll 
PEm :111 J:>Horm IYI ,EN'E 
,\Cll\H>N 1'11l II ,I•: J\ll.r\I\ 
\'.I N\'I. f"lll.OllJl>I·: FJKt-1 ~."l'llYl.l~NI~ All.AK 
PVC Af/AI\ 
VJ N\' I ,Al 'Kl':\ 1 ·1-: ,\l~,\I\ 

N:l•:I' IC AC 11> ,\HAI\ 
PE 111) AHAi\ 
cm .om Nr·: ,\11,\1.; 
PE I .I.I> All ·\I\ 
POI ,\'J 'llt )I '\'LENE J\ll.r\I\ 

mil.$ 
0.054 ----

mil.$ 

< 24000. (100.0%) 
= 8500. (100.0%) 
= 15000. ( 100.0%) 
< 100000. ( 100.()%) 
< 80000. ( 78.lX) 
< 22500. ( 66.'TX) 
< 11000. ( 6!.GX> 
< 75000. (100.0%) 
= 600. ( 100.0X) 
< 25000. ( 80.0X) 
= 22500. (100.0X) 
= 2600. ( 100.0X) 
= 2000. ( 100.0X) 
< 75000. ( 93.3X) 
= 7000. (100.0X) 
< 4000. (100.0X) 
= 1300. (100.0%) 
< 70000. ( 71.4X) 
< 20000. ( 75.0X) 
= 15000. (100.0X) 
< 30000. (100.0%) 
< 106000. (100.0%) 
< 330000. ( 72.7%) 
< 250000. (100.0%) 
< 250000. ( O.OX) 
= 6000. (100.0%) 
= 65000. (100.0%) 
= 85000. (100.0X) 
< 80000. (100.0X) 
= 30000. (100.0%) 
< 260000. ( 84.6%) 
< 9500. (100.0X) 
< 10000. (100.0%) 
= 80000. (100.0%) 
< 15000. ( 66.7%) 
= 60000. ( 100.0%) 
= 7500. (100.()X) 
< 18000. ( 55.6%) 
< 48C >. ( 87 .5%) 
= 25C J. (100.0X) 
= 10000. (100.0%) 
= 12000. ( 100. 0%) 
= l:moo. c JOO.CJ%> 
= ]50000. (100.0X) 
= 150000. ( 100.0%) 
= :JOC>OO. ( 100. 0%) 
= 30000. ( 100. 0%) 
= 60000. (100.0%) 
= 100000. (100.0%) 
= 60000. (100.0%) 
= 50000. (100.0%) 



• 

t 

' 

WfADI».'E ARt\K = 26000. (100.0X) T 
l-ULYDUfADH-:Nl~ ARAK = 25000. (100.0X) T 
F.lllYLENE AIW\ = 240000. ( 100.0X) T 
ll-Il' ISI-rllt\N = 65000. (100.0X) T 
ITI'X ISFEHAN = 85000. (100.0X) T 
l'-X\lJ'.N ISFEIL.\N = 44000. (100.0X) T 

***********************************************************************j 

ULOBAI .. l{F.SULTS 

POA N£.:t Income 
PDA Value Added 
Investment 
Ene~- Consunption 
Yearly Import 
Energy Input 
Yearly Domestic Purchase 
Yearly Domestic Sale 

SALE 

ACETIC ACID 
AC1'.i'ONK 
ACR\'"LGH'IRILE-lllTI'ADIENE-~'TI:llliNE( ADS) 
ACUYLONITIHLE 
Ai'H>NIIJN ~'ULFi\'11•: 

BENZli:NE 
Jn'X RAFFINATE 
Blfl'M'OL-N 
C9 J\Ra'JA1'ICS CRUDE 
CARBON DIOXIDE 
CAlunl Th1llACHU>RIDE 
CAUSTIC SOD.A 
01-cx:rYL PJmlALATE( OOP) 
J>IE'lllANOLANINE 
on:rnYf..ENE GLYCOL 
E'JllYLENE GL.YCOL 
L•:111YIJ•:NE OXJ I>~ 
Jo1 JEI.. CiAS 
HJHL OlL 
GASOLINE 
llCI, ACll> (AS W Ill-:) 
HEAVY ENDS CUED11' 
HEAVY END 
llVl>HOOF.N CYANll>f~ 
HYl)fl(X;l~-ru Cll GAS 
J SOBUJ'ANOL 
lSOBlll'YLENE 
ISOPHOPANOL 
f' I c;f rr ENDS 
Ml~l'l IANOL 
~11m1vr, m1r\1., k1m»:E 
MJmlYL M~111ACll\'Ll\'l'I~ 

197. ail.$ 
997. ail.$ 

3661. mil.$ 
11622. TJ 

140. mil.$ 
24601. TJ 

491. mil.$ 
1771. mil.$ 

24000. T 
8500. T 

15000. T 
100000. T 
112336. T 
62500. T 

176443. T 
15000. T 
31249. T 
41070. T 

7000. T 
183989. T 
75000. T 

600. T 
4363. T 

20000. T 
22500. 'I' 

490038800. 1'-cal 
46•160. 'I' 
J04!J6. T 
1omm. 'I' 
1656. T 
475. T 

7943. T 
7682HJ500. '1'-cal 

2600. T 
29120. T 

2000. T 
990(). 'i' 

70000. T 
7000. T 
11000. ·r 



• 

t 

' 

P.~'llWllLAHINl~ 
NI1RIC AGJl)(Dll.l!I'E) 
NYL.DN 6 HELT 
Plfa.'OL 
PlmlALIC ANH\llRIUE 
l-"OLYBl1TADIENE 
l"OLYETil\1..F.NE mlF.Plmw ... \"m MEJ.T 
IULYEill'il.DrE, Ill lll-MilTY (~J>) 
IQLYE'llft~, LINEAR 1.0 
l.ut.nlh'111YIMl·:'l11ACRYl.ATF. s•u-:t-:r 
IOl.\"OL, 'llUHJNC'l'l<&l. l\JLY~,lll·lt 
FU.YPROPYLENK 
mL\"ST\llENF., IMPACT £-lll>IFUD 
1-Ul.\'VJhYL <11l.OIUl>I-: DlSPBlSI<~ 
IULYVll\iYI, <lll.LllUl>l\ 
PHOPYLENK o:\mE IN SOLJJrIW( H-11-'lJRE) 
PROP\1.»w. OXIDE 
PROP\'U."'IK, ( D 11 lTll\) 
PROP\'LENE 
~10.YSIS Gr\SOL,lNE 
STYllENF.-DlffADJ ENE RUUBt.R 
~'T\lll~M 

~1JLlolJIUC ACID( JN 65S) 
TAIL GAS 
'roLUENE 
'rnIQII.Olnill\l.,ENE 
TRih"I'l-l:\NOLANih'E 
TRIE111YLENE GLYCXlL 
VIN\l, ACETATE 
XYLJO.::-:E-P 
~IYRENE-Bl!fADIE.'IE LA1'h."X 
Bl!fYL RUBBER 
FOl,IPllOPYI.ENE ATAC'l'lC 
Mlml\'l, ACETATI~ 
~llJ1 DlSULJt.A'l'E 
C4 AU\YLATION FEJo]) 
PJ-llCJll .OHOETI IYLENE 

l' U ll C JI A S E 

ClX)l .. LNG WATI~l 
PRO(,'ESS WATER 
S'W . .AM 
1':1..F.c'J'IUC IT\' 
INEl?J' GAS 
ACETONJ11U l.I~ 
ACTIVATJol> CAROON 
ADJ>JTI VHS, NG 
Al J\\'lJlENZHNH 
Al.UIJNA 
Al.lftll NA ·nu (.,1 U..oJlJl>H 
1VH>NJA 
AN'l'lf'l>NY 'IUIOX ll>E 
ASCOllU IC AC ll> 
flJr'Nl'OO ITH 
BENl.OYL Pr::Hl>XIOE 
Hl!J'ANOl .-N 
BlJrYL S'J'IWWl'f. 
Ul!l'Yl.-'f CATF.CJ IOI , 
Bl!fYJ,LI1lUlJM -N 
GAJlf~ 'l'l·:m.Acm / JIU m~ 

1300. T 
554. T 

50000: T 
15000. T 
15000. T 
30000. T 

106000. T 
240000. T 
250000. T 

6000. T 
65000. T 
85000. T 
80000. T 
30000. T 

220000. T 
832. T 

9500. T 
146. T 

10000. T 
362562. T 
80000. T 
10000. T 
1576. T 

1396032000. T-cal 
60000. T 

7500. T 
10000. T 

1144. T 
42000. T 
42590. T 
25000. T 
10000. T 
2550. T 
10HO. T 

11500. T 
6886. T 

12000. T 

728129000. m3 
5843658. m3 
5894048. T 

1351633000. kWh 
64474710. m3 

96. T 
rn. T 

500. T 
160. T 
173. T 
300. T 

94852. T 
32. T 
3. T 

3124. T 
30. T 

9975. T 
80. T 
8. T 

18. T 
7000. T 



CATAl.YST (OOIYDHO) 1. T 
C\TAl.YST ANI> ll~'llr..ALS 16569820. $ 

' CATAl.YST(Al.li) 1. T 

• CATAL\'ST ,KruE ... T 
Cl&IICALS 6932160. $ 
WlALT ACIITATE. 41120 30. T 
ClJBAl.'TCX.5 OCfAa-..n\TE 118. T 
l1l-Sl CATAJ,JST 780000. T 
OJ-PD CATALYSf 11865000. cc 
aJPRIC Nl'IRATE 1. T 
hiHANE 125965. T 
E111YL AChTATE 165. T 
E111\1..ENE GLYOOL 15734. T 
Fii.ml AID 26000. T 
.. U~lC ACID (IN 85~) 32. T 
l'W.L 5267-15100. T-cal 
GL\"Cl-lUN 2015. T 
HEXANE -N 1102. T 
HYDIUJIUUC ACJ D 394. T 
HYUHOClllffi.IC ACID 12657. T 
HYllOOGEN (IN OFF-GAS) 46845490. ml ,.. HYDRlXEll P8DXIDE 4. T 
IGl-EXCIANGK l~IN 103600. T 

r 
J~ANK 1296. T '-

ISOBUrANX. 2051. T 
~ll.M ACE'i'ATF.. 4HZO 1. T 
MAGNF.Sillt SILICA1'E 975. T 
MAa"'I].~ OCAnllt\TE 125. T 
MH-JDRANE 28154480. 9Di 
r-1F.nWffi 1233. T 
r-11!711 f,\NOL 90636. 1· 
1'1'1A-loJ f,\ lDFCl.'iMEll 13. T 
t-PLYDDEN\.M ~1>ER 1. T 
l'lN>hlllAOOIAMINE 1043. T 
NAPlrfl'1\ ,WHJE llANGl~ 1293505. T 
NAPlmlA llJO.Al!IUff (NAPlmlb'llC) 336401. T 
NAPlmlENIC ACID 96. T 
NATURAi, GAS 1154828000. T-cal 
NYLON (W~"TE) 3250. T 
OC'l'ANE-N 48. T 
OC'TAOOIC ACID 418. T 
Ol.Ell1 64464. T 
OXAl,IC ACID 52. T 
P~l'f!C ACID 185. ... 

' Pl> ON ALLMINu-J CATALl~'T 30025. T 
PlmPIKJIUC ACID CATALYST 35. T 
RYI'ASSllJi CARHONATE 130. T 
PCYl'ASSilM HYDROXIDE 1455. T 
roI'ASSllJ1 PERSUI.FA1'E 1. T 
Pf«)PANE 76981. T 
UllOOilJ1-llAL1D~ CATALIST 3457. CM 
RCX..1\ SAl,T 24. T 
SAJ;r 409918. T 
SOAP 6011. T 
800 I Lt1 CAllllONATl~ 7015. T 
SOOIU-1 CHl..OIUDE 17383. T 
SODIUM 11\l>RCXif<:N SlJl,FlDI~ 7. T 
S01Hll1 l.J\IJl~\TI•: 220. T 
SODJ ltl l'YllOl'lk.."il'llATE 17. T 
SOVhEAN 0 fl, 80. T 

• STAOl\,JZEfl, srni 689. T 
8'l'YlmNIHSlJl'ADJ ENH mmnEn 18516. T 
81JLFOl.ANE 41. T 
SlJl.1•1JfHC ACID 42164. T 
SUJ,r•l!li 7430. T 

' 'r f'l'/\N IlJM D IOX 11>1~ 44S. T .. 



• 

' 

• 

11UOIURElll\1..ENE 
TRI~,,WDRllNE 

TRIPllBM~WE 
VAnR DE.l()'.ll~D 
ZIN; AD.TATE 
STABI l.TZl-R 
lllI'YL RlJ88ER 
WASTE RBD\'I~\- <.11b'llC\LS 
HA£ 
DllPC 
AIR 
"'9 ... phta liJdlt 
BTX REF\1ffi\TE ( IUGIU.Y N.\PIIT. ) 

PROCESSES 

FL'111YID~ Finl ~!llA.'iE-llD?A.'liE Hll""l\.RH 
ETml.ENE F1DI WIDI.' RANGE NAPHrA HS 
BENZENE HUI P\lU..\'SIS GASOLINE 
MIXIID .XYLEN~ I-1U1 ~IC FF.ED 
BENZENE FRDf 'IUUJENE 
P-X"'YIBlE ( PAREi) 
WfADlENE f.llli C4 E\."lRACTION 
METHYL METIIACR\'1.,\TE CfANlH\1lRIN ~ 
ISOHlfl'\'l..ENE DY AClD E.\IRACTI<l'4 (~) 
D-hlmlJIJo:xNU. (OXO llf«Xl-:SS) 
H~OPVIJ-:h"F. OXJDI\ BY lmlYIJJEWJoM PIO:l·~ 
POL.VOL 11URJtCITQl.\L KJi..YEllll-ll 
BlffENE-1 FJU-1 Hnw. HAFFINATF. 
ISOPIU'ANOL BY Ct\TIW J-;xCllA.'«iE Im;IN 
DT-a:rn.HrrAIATJ.: 1-1¥1-1 PlrrAJ.l(; J\NIMllllDE 
PlrtllAl.lC J\NllYIJIUDf. Am OX. 01; 0-X\'lJ-NK 
Ml-:Ill\1 .. Elll\l. l\"hlel\'E I-'IU-1 ~mu~ RAFFINATE 
TRI E11WK>l.· A:'IJNF. l'HQ"I F.O END ~'113 
l-l>l .. \'Ml-:111\l~llmL·V.1l\"l.,\TI~ 
Pl:l«lll.DllOE'Ul\lJ-:NE FHO.'I (iJY; 
ll'rlJHCX61-:N .. lat NATI.nlAL GAc.; 
Pll .. :oot. (ClJElE) 
U ll.CJllHvr. (MEMBRANE Plll£1~) 
POLYE1'11YLENE LI.I> ( UOC) 
roLYPf«>PYLENF. ( AHXD) 
rot.YVJNYl.f.lllffilDI-: UY SUSPF.NSla.l ror.n1ER. 
POl..YVlhYl. Clllllllll>F. BY ~IJl.SJOO rot.If'lffi. 
VINYi .. Clll.<>Ull>E BY OXYCHl.DRINATlOO 
\' lN\'1, AC .. :l'ATF. FRC.t-1 Jt:"fllYIJ•:NF. 
Al:l•:flC ACID folUI H~lllANOL 
l'Ul.Y~IYlll•:NH llllill UIPAC'I' 
ADS HY l~lJLSJON/MASS ru.~IEIUZATION 
~'T\1W.NJ! UY Jll-:NZENJt: Al.l\YIJ\TION 
E'l11YIJmNZl•:NI~ l.1<~111> PllASJ~ 

1m1n.l•:NI~ l>IClllA.lllll>I•: UY CJll.C:JIUNA'l'ION 
J.UtYl-:111\'l .. ENE HD (l.iCC) 
8TVlllo:N .. :-ntfl'AJ> JENI~ I .ATF.X 
S"l'YllENl~-1"1l'Al>ll-:NE llUUBl·lt UY El .. lJI •• 1-Ql,\'M. 
~ll.Ynlfl'Al>l l·:NI•: 
N\'WN 6 ,.ll~l:J' 

C,\J-'UOl ,AC"l'AM l•lK:t.-1 C:YCI .ot IEXANF. 
CAPrlOl.,\C:l'N-1 1•1Kl'i PHENOi .. 
CYClDllKXANI~ 11\' IJYJ>llOGENA'l'JCJN OY DENiENE 
f-01.YH'llM.ENF. 1HmHn'AP .A'rn MELT FR(lr1 IX'i'r 
fQl ,YJ~lll\1,ENE 'l'l.:Jll~Plrl'AI A"l'I~ MV.JJI' frl«l-1 TA 
1'Jr:ll1Wlrl11,\T IC AC fl> l•llC.N P-XYI J~NV. 

lSOC. T 
1429. T 

18. T 
463633. T 

26. T 
383. T 

10000. T 
34G. T 
249. T 
62. T 

660836. T 
631G80. T 
320450. tons 

134020. T 
360408. T 

43599. T 
80963. T 

126030. T 
63416. T 
69600. T 
10000. T 
29120. T 
51750. T 
48773. T 
65000. T 
23096. T 
2000. T 

35000. T 
22250. T 

7000. T 
8571. T 
6000. T 

12000. T 
54917230. 113 

25202. T 
68691. T 

190000. T 
35000. T 
70000. T 
30000. · T 

102500. T 
12000. T 
26129. T 
80000. T 
15000. T 
9167. T 

133102. T 
9828. 'I' 

180000. T 
25000. T 
fiMH". T 
IMHO. T 
24000. T 
36311. T 
11089. T 
3i721. T 
9935. T 

'11065. T 
35164. T 



l";nnLt:a~I':. lJl.UXJI, A'IJ l'.~ll\l.t'.NI':. U'l~ ·"~"- ...-
ACR\la'Cl11Ul~ DY IJQ.111\1.1-NE Nr-Dl.XIDl\Tlefi 70762. T 
S\i'lll~'i C 2: 1) H&fl ""\TilRt\l. (i,\,.'i 66R09Z50. a1 

• S\llllir\S C 3: I ) !-'hlfl NA1UW. lir\S 44338270. a1 
1~ f'JNX>.X lllE HaN ~"\,.,_'ll.i:-"\S 1094ii20. a1 
O.\\l:i-:N BY AJR 1-lLV.Tl<N\TlCW 132167. T 
llt"lll~ 6 ~J.T J."AHSIU.r.: UH'. 16000. T 
N\lill 6 Ht-l.T AJ,\"AF ll.f'D•. 10000. T 
1-tx.nnu»: 11u-1n-J-T,u ... ,n-: n>1.rACml. lll'I'. 55000. T 
1>1-a:n1. PlrrAI~.i\11~ 1~\N NJ~ 40000. T 
Hrr.U.IC ,\Nll\llUIF. 11::'\M Nill-\».: 22000. T 
Alll\UM l TRI I .E J\l:,\K 33000. T 
VINYL CHU.JU~ FIDI hlllUJo~ ,\IW\ 150000. 
PW; ARr\K 150000. 1 
\'l:'c"l~TATF. A:ti\K 30000. . . . 
ACl-:'f IC 1¥;11> ARr\K 30000. T 
PK HD ARAK 60000. T 
OILORJNE A&\K 100000. T 
PE IJJ> All-~ 60000. T 
1:U:;P1«.1P\U1'c"E All-\K 50000 T 
llfrADIBiE 1-\&\K Z6000. T 
IUL\ll!fAl>lFltc"F. AIL\I\ 25000. T 
E-:mna."F. ,\R,\K 2:10000. T 
Off lSFlil IAN 65000. T 
m'X lSfEIAN 85000. -I 
P-XYLEN ISFBL\.~ 44000. T 

' 

• 
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EXP. ; AO. 

• Pnlblt!m Li.lie: IOO - HIUi TU-NU:. ClRG/YilCS 

Fractional ~tiaization 

t1a><imize: 

' 
~ Yearly Profil mil.$ 

= 0.078 
Investment lnil.$ 

Scenario: 

0. <.: R::ET!C R;ID < 16000. (100.0%) T 
0. < ACETCJE: < 5900. ( 0.0%) T 
0. < ~ITRILE-u:JTADIBE-STYIDE(ABS) < lOOCX>. (100.0%) T 
0. < ~CfllITRILE < SOCXX>. (100.0%) T 
0. < BENZEi'£ < 40000. ( 26.4%) ·T 
0. < BUTINl...-N < 5000. ( Bl.4%) T 

... 0. < ~ TtTRIOLCRIIE < 7cn;). ( 0.0%)'T 
0. < lil--OCTYL Am-A..ATE(DOP) < 60000. (100.0%) ·y 
0. < DIETHN1"1DE < 400. (100.0%) T 
0. < ETlM.EllE G..YCXL < 15000. ( 0.0%) T 
0. < ETlM.EllE OXIIE < 15000. ( 0.0%)" T 
0. < lsmuTIH1. < 1850. ( 23.n) T 
0.<I~ < lCXX>. (100.0%) T 
0. < l"ETKNl.. < 47CXX>. ( 0.0%) T 
0. < l"ETlM.. ETHYL l<ETCt£ < 4650. ( 56.1'°) T 
0. < l"E. THYL tETl-l'lCRYU\TE < a.ro. (100.0%) T 
0. < l'CKEnAID.AMI.tE < 900. ( 19.0%) T 
0. < NYL.Cfll 6 t'EL.T < 50000. ( 0.0%) T 
0. < Pt-EN]_ < 10000. ( 0.0%) T 
0. < PHTI-R_IC miYDRU€ < 10000. ( 0.7%) T 
0. < PCL Y8UfAD18'E < 25000. (100.0%) T 
0. < PCLYEll-M..EtE TEREAffl-AJ\TE t'EL.T < 60000. (100.0%) T 
0. < JU. YETI-M...EtE. HI IEGITY (PCHERD) < 240000. ( 39.2%) T 
0. < FO....YEll-.YLEt£. Lil'F.AR LD < 150CX:l0. (100.~) T 
0. < PCLYEll-M..eE, LO ~ITY < 150000. ( 0.0%) T 
0. < PCL Yt£l tM...t'ETH-'CRVLATE 9-EET < 3000. ( 0.0%) T 
0. < PCL YCl... TRIA..t.cTIGA.. PCl. YETtER < 38500. (100.0%) T 
0. < PCL YPROPYLEl'IE < 62000. ( 00.~) T 
0. <. PCLYSTYr;e.E, I~T MJOIFIED < 50000. (100.0%) T 
0. < PCL YVINYL a-LORIOC DISPER3ICl'I < 20000. ( 0.0%) T 
0. < PCLYVINVL OUJRIDE < 160000. ( 93.8') T 
0. < PROPVLEt£ 0Xlr£ < 9500. ( 0.0%) T 
0. < PROPYLEN: < 5000. ( 0.0%) T 
0. < STYfBE-BUTADIDE IU3BER < 50000. ( 0.0%) T 
0. < STYRaE < 10000. ( O.°') T 
0. < TQ...l.UC < 40000. (100.0\) .T 
O. < TRICH.ORC:Elf-M..EN:: < 5000. ( 58.4%) T 
0. < TRIE'Ttf.'tQ.AMJllE < 10000. ( 57.1%) T 
0. < VINYL ACETAfE < 30000. ( 100.0%) ·T 
0. < :1TYREflC-BUfA010C l.1\10< < !SOJO. ( 0.0%) T 
o. <. BUTYL loll.JJRER < 5000. ( 0.0%) T 
0. < PERO-LOlu:THYLEtC < eooo. ( 73.1%) T 

Ar....RYl..CfllITRll..E MAK = 33000. (100.0%) T 
VINYL Cl LORIOC rr0'1 ETHYL.Et C ARM = 15(.JOOO. (100.0%) T 
PVC AAAK = lSOCXIO. ( 100.0%) T 
VINVLACCTATE ARl'IK : 30000. (lU0.0%) T • ACETW ACID Af'\AK = 3(.W)OO. (100.0%) T 
~ H) ARAK = <nm. (100.0\) T 
0-LORI"-E ARAK = 100000. c 100.0%) r 
PE LLD MAK = 6((00. (100.oit.) T 
PU. YPROPYl.El'E M\K = 50Cler>. ( 100.°') T 



BUTAOiaE IRlK = 260X>. (100.0t) T 
Pel.. YBUTADIEtE NW( = 25000. (100.0t) T 
ETI-M.OE ~ = 240000. ( 100.0't) T 
Cl1T l~EJ-All = 65000. ( 100.m) T • enc ISF'El-m = 85000. (100.CA) T 
P-XYLEN ISFEJ-m = 44000. ( 100.0!t) T 

GLOBAL RESULTS 

Fm Yearly Profit 130. •iL$ 
P1¥\ Value Added 502. m.1.s 

Ir IrwestAent 1669. mil.$ 
Energy Consulption 5411. T.J 
Yearly laport 36. llliL$ 
Energy Irput 11624. T.J 
Yearly Domestic J\Jrch3se '239. mil.$ 
Yearly Domestic Sale 845. mil.S 

SALE 

1¥:ETIC ~ID 160CO. T 
~CJllITRILE-OUTADI8'<:-STYR£t.E(RJS) loco:>. T 
~ITRILE 50000. T 
BENl9E 105-n. T 
BTX RIFFIN\TE 11".,C'j()_ T 

' BUTAllO...-N 4o:D. T 
C4 FRACTIClll 40692. T • C9 AID"ATICS ~ 20400. T 
CAAJO'll DIOXIDE 10162. T 
M.GTIC OOOA 111511. T 
01-0CTYL PHll-RATE(OOP) 6CXXX>. T 
DIETI-AOJ.V1Il'E 400. T 
DIETI-M...Et£ GLYCCL 1000. T 
Olt£1l-M.. TERER-fTl-A..ATE 4940. T 
Fl.a.. GAS 2:20728100. T-cal 
FlEL OIL 30751. T 
GASCl...IN: 49"J4. T 
Hl_ '-'CID ( 1-\'3 20 BE ) 5348. T 
t-EAW EN> 231. T 
HYI>RCU"..N CY~IC£ 4986. T 
HYOOOGEN-RlCH ~ .. J U.1.t.0)0. T-cal 
HYORCX;f.N ll"/9652. m3 
I!XJ3Ul'Af0.. 439. T 
I~YLEt£ 14729. T 
J~UV'Hl.. 1000. T 
LIGHT END5 4948. T 
!'ETHYL E.11-M. KETGE 26/J7. T • f"ETHYL l"'ET~TE 2(00. T 
f'DCETl-RQ.N1Ir-E 171. T 
PHTI-A..IC PH-IYDRitE: 73. T 
Pa. YBlH AD Ie.E 25000. T 
PCL YE:THYLEflE TERl:R·flH'V\TE l·El."f GOOCX>. T 



PCl... YETHYl.EJI£. HI c:ENSITY ( FOIERD) 93962. T 
PCl... YETlM...B£ • Lil'EAR LD 150000. T 
KL VCl... • TRIF\..ICTICN'.L PCL YEnER 38500. T 
PCl... YPRPVl....DE soooo. T • PCLYSTYIEJIE. Il"llACT MJOIFIED 50000_ T 
PCL YVIN't'L OLORIDE 150000. T 
PfDJYl.DE CJKIDE IN SCLUTIC1'1(IMR.JE) 493_ T 
PRlPYl.9E. (DILUTE) 69. T 
PYllLYSIS GASLDE 219385. T 
9.LA.RIC ACID(IN 65't) 934. T 
TAIL GAS 878373000. T-cal 

' TC1J.Et£ 40000_ T 
TRia-t1RETH't'LB£ 2922. T 
TRIETlftlCLA"IIl'E 5714. T 
TRIETIM...El'E G... YCCJ... 283. T 
VINYL ACETATE 30000_ T 
XYLEtE-P 3303_ T 
PCLIPRPVl..El'E AT~TIC 1500. T 
tE1lM.... ACETATE 1000. T 
A"l"D'IIU1 BISll...FATE 2300_ T 
C4 A..K'tLATIC1'1 FEED 2565. T 
PRlPYLEtE DIOLORIOC 83. T 
~ 5845. T 

PUR~HASE 

CCil_INi kVHER 344015200. m3 
PROCESS k¥\TER 2850052. m3 
STEAM 2834670. T 
ELECTRICITY 6CJ7795':aJ. ~ 
IflFJU GAS 32590060. m3 
ACETCJIE 1358. T 
~TC1'11TRILE 32. T 
IJCTIVATED CMBCJ-.i 15. ·T 
A...U1ll'r:\ 00. T 
PLU1I~ TRIQ-LORIDE 240. T 
Pt'l"Ql.IIA 25200. T 
ANTil"lNf TRIOXH£ 18. T 
BENTC1'11 TE 2130. T 
BUTYL STEARATE 50. T 
BUTYL-T CATECl-0.. 4. T 
BUTYLLITHIU1 -N 14. T 
CATPLYST At.a> a-EMICPLS 824927:>. $ 
CATPLYST.MTBE 2. T 
a-EMia4..S 289'2374. $ 
COPaA..ANT 1. T 
CCDAL TaJS OCTfN';. I TE 118. T 
CR-SI CATPLIST 780000. T 
CU-PD CATPLYST 11865000. cc 
ETl-M... ACETATE 165. T 
Elt-M.£1'£ l1l.. YCCl. 11003. T 
FILTER AID 15400. T 
Fl.EL 242340100. T-cal 
GLYCERIN 1194. T 
IEXAlliE -N an. T 
HYDROCH..ORIC /:CID 11759. T 

• HYDl(()GEN (IN CFF~GAS) 14001690 • m3 
lCN·EXet-na RESIN 38586. T 
ISOOUTIJt.E 1296. T 
Lil"E 1044. T 
~tlJ1 SILICATE 578. T 
~OCAT~TE 12.5. T 



• 

' 

• 

-------
l"ETK'I£ 
tElH'-HL 
tff\-El-v\ COPCl... Yl'E.R 
~ ,L-IIDE ~ 
f\UHTI-ENIC ACID 
llnn.JRl'L GAS 
OCTll\E-N 
OCTPHJIC ACID 
OXfLIC ACID 
FY'LMITIC ACID 
PD CJll t'LU111'U1 CATl-'i_IST 
R-IJSR-DRIC ACID (Il'IXJSTRilt... GRAil::) 
POTASSIU1 CARIJCN.\TE 
POTASSIU1 H't'OOCXIDE 
RHJOIU1-Ht..U£ CAlt'LlST 
ROCK SPLT 
SPLT 
SODJU1 Cima'l-HE 
SJYBEIV'll OIL 
SUFCJJl'E 
SUFURIC ACID 
TIT~IU1 DIOXIDE 
TRIF1t£NYL.t'Ell-R'E 
K'.\TER DEICJllIZED 
Zll'C ACETATE 
STMILIZER 
HPl"C 
DIIPC 
AIR 
N.3phta li gilt 
BTX fEFCR'IATE (HIQ-LY ~T.) 

PROCESSES 

ETHYL-EU: Ff~ vHU:: RAl'K.£ l'f..\PHTA l"6 
BENZ8£ FR01 TCl...LEl'E 
P-XYLEN: ( PAREX) 

BUTADIEl'lf: FRCJ1 C4 EXTRACTICN 
l"ETHYL ~RYLATE CYAl'OiYDRIN PROCESS 

.. iSOOunt.EN: BY ACID EXTRACTICN (CFR) 
·· I>-EnM.J£XINL ( OXO PROCESS) 

· . PROPYLEM: OXIDE BY ETHYLBENZEl'lf: PROCESS 
P~PYL.EN: OXIDE 'W a-LORCJiIDRil'E PROCESS 
PCLYCl... TRIFL-"CTICWL PCl....YE~R 
BlJTEt£ -1 FRCJ1 MTBE RP.FF I~TE 
ISOPROP?'KL BY CIHIO" EXC11f.'N"£ f.£SIN 
DI-OCTYLPl-ITALATE FRlJ'1 FHTPLJ.C rt-.HYDRIOE 
PHTl-RIC AN-IYDr~IDE AIR OX. CF 0-XYL.e.E 
tt=.:nM.. ETHYL Kf_ TO'E FRCJ'1 MTOE RPFF !NATE 
HHETI~ /.'1111'1~ H!U1 EO f..NLI N-13 
PERCl-LORCETHYL.Ef\E FRCt1 EDC 
PCL YETl-IYL8'E LLD (UCC) 
VINYL Cl-l_ORIDE BY OXYCH .. ORINATia-.1 
ACCTIC ACID f"RCJ1 l"ETl-VY·O.. 
PCJ.. YSTYREf\E HIGM lMPf\f;T 
ABS BY Et1..LSICN/W\!1S PCLYf"ERIZATICN 
ETHYl...flENZErE LIQJJI> Mr£ 
EnM..OE DlctU.lRIOC BY CJLOfH~TICN 
PCL YETHYL.f.f'.E HD ( LK'...C) 
PCLYBUTADIEf\E 
C.'YCLO-£XPl.E OY l·IYDl~~T ICJ'.I er: BE:NZt:r.E 

---------
305. T 

8974. T 
9. T 

464892. T 
44. T 

4759f!IJ60CJ. T-cal 
22. T 

335. T 
26. T 

147. T 
17207. T 

3. T 
32. T 

894. T 
942. G1 

9. T 
24?i000. T 

3450. T 
50. T 
i.7. T 

15226. T 
252. T 

a. T 
674. T 
24. T 

305. T 
170. T 
42. T 

'291877. T 
631600. T 
320450. tons 

1'29532. T 
37885. T 

253. T 
5741. T 
2000. T 

14729. T 
41400. T 
22394. T 

867. T 
38500. T 
13236. T 

JOCX>. T 
2CXlOO. T 

1473. T 
2607. T 
5714. T 
5845. r· 

90CXX>. T 
!SIX>. T 
7120. T 

SOOCO. T 
lOCXX>. T 
61114. T 

4787. T 
33962. T 

4050. T 
720. T 



FU...YElHYLfllE TEREPHTA...ATE t'ELT FRCl1 ll1T 5000. T 
mm...eE GL YCC1. IK) ETI M..El'E OXJCX:: 10481. T 
PCRYLCJllI nnLE BY PRUPVLEt-1:: rtfll))(lMTlrn 19'"..JOO. T 
SYNTGAS (2:1) FRCJ1 1'4\TtJW... Gl\S 53447400. m3 
SYNTGPS (3:1) FRCJ"I 1'4\~ GAS 1214198). m3 
CAABCJ'i l"INXlXIIE FRCJ1 SYNTGAS 2993019. m3 
OXYGEN BY AIR FRPCTICN\TICJ\I 58375. T 
PCl.. YET'tl....EtE ~REFTA'JHE PCL Y~ C01P. 55000. T 
DI-OCTYL PHTA...AlE IRN'-1 Nii:>P(]'ll 40CXX>. T 
l=HTAl_IC #N-fYDRICX:: IRPH Nli:>P(]'ll 22000. T 
fCRYLGIITRILE ARAK 33CXX>. T 
VlNYL a-LORIIE FRCJ1 ETI-fYLBIE ARAK 150000. T 
PVC ARAK 150000. T 
VJ l'M.PCETATE ARAI<. 30000. T 

" ~IC 1-'CID ARAK 30000. T 
J£ HD ARAK 60000. T 
O-LORII'£ ARAK 100000. T 
J£ LLD ARAK 60000. T 
FU...YPRJPYLEtE ARAK 50000. T 
BUTADl8'E IH-\K 26000. T 
FU... YBUTADIEI'£ ARAK 25000. T 
mm...eE MAK 240000. T 
£'1T ISF'B-J),N 65000. T 
BTXI~ 85000. T 
P-X'rLEN ISF'B-A'I 44000 • T 

.. . 

.. 



*******°***'""**~~~·~~*******'''* tn=t*-Uttt:ttUl*******t 

EXP.; BO. .. Problem title: HTO - HIGH TCN«:E ~ICS 

Fractional Q:>timization 

tbximize: 
~ Yearly Profit mil.$ 

= 0.101 
Investment mil.$ 

Scenario: 

2.10C+03 < Investment < nore ( 0.0%) mil.$ 
' o. < ~TIC #CID 24000. ( 100.0%) T < 

o. < ~()£ < 8500. ( 0.0%) T 
0. < fCRYL.Cll,IITRILE-BUTAOIEflE-STYJEJ.E(ABS) < 15000. (100.0%) T 
0. < fCRYL.Cll,llTRILE < 100000. ( 69.0%) T 
0. < BENZ0£ < 00000. ( 0.0%) T 
0. < BUT#N:L-N < 22500. ( 22.3%) T 
o. < CARBCJll TETRPO-LORIDE < 11000. ( 0.0%) T 
0. < DI-OCTYL RiTI-A..ATE(OOP) < 75000. (100.0%) T 
0. < DIETl-JKlA1I1'£ < &XJ. (100.0%) T 
0. < E1l-M...8'E G...YCCL < 25000. ( 0.0%) T 
o. < ETI-M_EflE OXIDE < 22500. ( 0.0%) T 
0. < I&BUT#N:L < 26CX>. ( 21.1%) T 
0. < ISOPROF¥Nl.... < 2000. (100.0%) T 
0. ~ l"ETHLNl.. < 75000. ( 0.0%) T 
0. < tE~ ETHYL l'E fc:t£ < 7000. ( l.O't) T 
0. < l"ETHYL t£THCCRYLATE < 4000. (100.0%) T 
o. <~11'£ < 1300. ( 19.8%) T 
0. < N'\'L(JI( 6 l"El...T < 1CXXIJ. ( o.cn) T 
0. ~: Pf-EN]_ < 200(X)_ ( 0.0%) T 
0. < FHll-A...IC AN-IYDRill:: < lSOCXJ. ( 0.0%) T 
0. < PCL YBUTADIEl'E < 30000. (100.0%) T 
o. < PCLYETHYUJ£ TEREPHHR..ATE l"ELT < 106000. (100.0%} T 
0. < PCLYETHYLEI'£, HI DENSITY (PCJ.«ERD) < 330000. ( 18.2%) T 
0. < PCLYETHYLEl'E, Lil'EAR LO < 2scnoo. (100.0'•). T 

... 0. < PCLYETl-M.DE, LO DENSITY < 2500Cl0. ( 0.0%) T 
o. < PCLvtETHYLM::T~RYLATE Sl-£ET < 6000. ( 0.0%) T 
0. < PCL YCl..., TRIFU-CTIG/Pl. Pa... YETI-ER < 65000. (100.0%) T 
o. < PCLYPfD>YLEJIE < 85000. ( 58.8%) T 
0. < Pa...YSTYREM:, IMPACT l"DDIFIED < aJOOO. (100.0%) T 
0. < Pa... YVINYL CH.ORU.£ DISPERSICl'll < 30000. ( 0.0%) T 
0. < Pa.. YVINYL 0-LORIDE < 260000. ( 57.7%) T 
0. < PROPYLEl\E OXIDE < 9500. ( 0.0"•) T 
o. < PROPYLEl'E < 10000. ( 0.0%) T 
0. < STYf..FJ\E-BUTADIG'E K\..eBER < OOJOO. ( o.m) r 
o. < STYREl'E < 15000. ( 0.0%) T 
0. < TQ..L.e£ < 60000. (100.0%) T 
o. < TRICH.ORCETHYLEflE < 7500. ( 24 .O"i.) T 
o. < TRIEnrNl .~Il'f. < 10000. ( 47.6%) T 
0. < VINYL ACETATE < 48XJO. ( 62.5'&) T 
o. < STYREf'E-OUTADIEflE LATEX < 25000. ( 0.0%) T 
o. < BUTYL RlflBER < 10000. ( 0.0%) T 
o. < PERa-LORCETtiYLJ.:1'£ < 12000. ( 30.0%) T 

ACRYLO'llITRILE ARAK .:; 33000 • (100.0%) T 
VINYL 0-LORIDE FRO'f ETHYLEl'E ARAK = l:.,cx)OO. (100.0%) T 
PVC ARAK = 150000. (100.0%) T 
VINYLACE.rATE: ARAK = 9..000. (100.0%) T 
ACETIC AC!D ARAK : 30000. ( 100.0'•) T 
Ft; HD ARAK : ~- (100.0%) T 
a-LORI!'£ ARAK = 100000. ( 100.0.-&) T 
~ LLD l\AAK = 60COO. (100.0%) T 



PCL YPfUJYLEllE ARAK = 50000. (100.0%) T 
BUl"ADIEl'E ~ = 26000. (100.0%) T 
PCLYBUTADleE ARAK = 25000. (100.CA) T 

• ETHYLEt£ ARAK = 240000. (100.~) T 

a1T ISF'Etm = a::a:xJ. (100.0%) T 

BTX ISFB-nll = 85000. (100.0%) T 
P-XYLEN ISffl-m = 44000. (100.CA) T 

' GLOBAL RE ULTS 

PDA Yearly Profit 216. mil.$ .. PDA Value Added 686 • mil.$ 
Investment 21~. mil.$ 
Energy Consulption 67fB. TJ 
Yearly lnport 59. mil.$ 
Energy Il'lJUt 14642. TJ 
Yearly Domestic Purchase 295. mil.$ 
Yearly Domestic Sale 1125. mil.$ 

SALE 

reETIC ACID 24000. T 
PCRYLlJli!ITRILE-BUTADIEf\E-STYf;£1\E(ABS) 15000. T 
~RYLCJ'.IITRILE 60901. T 
BTX RAF:-INAlE 134512. T 
BUTAIO..~ 502.5. T 

• C4 FRtCTIGI 55342. T 
C9 ~TICS CRUOE 23268. T 
CAA6GI DIOXIDE 16054. T 
C'AUSTIC SODA 111133. T 
DI-OCTYL R-ffl-A..ATE(OOP) 75000. T 
DIETii'll'Q...Ft'Il'E 600. T 
DIETHYLEJl.E G...Yca.. 1706. T 
FLEL GAS 271109900. T-cal 
Fl£L OIL 35791. T 
GASU..11'£ 6235. T 
H:L ACW (AS 20 0£) 32'~1. T 
t£.AW END 142. ·r 
HYDROGEN CYANIDE 6~20. T 
HVDRO;[.-~-RICH GAS 2530423)(). T-cal 
HYMJGEN 9841475. m3 
ISCBUTAl'D... 549. T 
ISCBUTYLEl'E 19457. T 
ISOP~PAl'O.. 2000. T 
LI(#il ENL>Z (.IJ67. T 
l"ETI-M.. ETHYL KETCl'E 72. T 
l"ETHYL l"ETHl'CRYLATE 4000. T 
f"INF.Tl-IAl"D...N'lll'E 257. T 
Pa...YBUTADIEl'E 30C..00. T 
PCl.. YE THYLEl'E TEF\EF"HTHl'll .. MC 1'1:'.L f 106CKX>. T 
Pa.. YETHYL!M:, HI DENSITY ( PCMI£RD) UXXXJ. T 
PCX.. YETH1U:f'\E, Lll'EAR LD 2~. 1' 



Pel.. YCl.... TRIA.N:!Tia-R. PCL YEll-ER 65000. T 
PCl..\'PROPYLBIE ' 50000. T 
PCl..YSTYREJI£. lt11¥CT t1J01FIEO 8)()()(). T 

• PCl... YVINYL a-L.ORICE 150000. T 
PROPYLB£ OXICE IN SCLUTICl'l(IMFUE) 832. T 
PROP'l'LBE, (DILUTE) 116. T 
PYRl..YSIS GASCLitE 291553. T 
~IC. PCID(IN 65%) 934. T 
TAIL GAS 1014056000. T-cal 
Tll.J.£11E &XXXJ. T 
TRICH.ORCJ:..Tl-M..Et£ 1798. T 
TRIETHKU'11IN:: 8571. T 
TrtIETHYLEl'E G... YCCL 447. T 
VINYL ~ATE 30000. T 
PCl..IPROPYL.El'E Al PCTIC lSCX>. T 
t'EllM.. ~ATE 1000. T 

' l-'tHJllILt, ~Is..LFATE 4600. T 
C4 A..KYLATICJll FEED 71. T 
PROPYLeE DICH.ORIOC 354. T 
J:ERCl-LCJRLETHYI. '3597. T 

• 
PURCHASE 

CCXLil'6 ~TER 416944600. lll"S 
POOCESS ~TER 3473525. ml 
STEAM 3522670. T 
B..ECTRICITY 806854100. ~ 
Il'ERT GAS 42500700. ml 
ACETCJ'.E 2716. T 
~TCNITR!LE 40. T 
ACTIVAIED ~ 19. T 
PLl.111"" 126. T 
PLl.111~ TRICH.ORHE 300. T 
~IA 34940. T 
ANTif'1l\IY TRIOXIDE 32. T 
BENTCl\IITE 2130. T .. BUTYL STEARATE 00. T 
BUT'rL-T CATEa-a... 6. T 
BUT't'LLITHIU1 -N 18. T 
CATPLYST AND a-EMICPLS 9648721. $ 
CATPLYST,MTBE 4. T 
Cf-EMICPLS 4776C126. $ 
~ 4. T 
COOPLT ACETATE.4H20 22. T 
CCBALTOJS OCT~TE 118. T 
CR-SI CATPLIST 700000. T 
CU-PD CATPLYST 11865000. cc 
Dil"ETHYL TEREPHTt-A-ATE lcm6. T 
ETHYL ACETATE 165. T 
En IYLE'.1'£ 11 YCCl.. 21537. T 
FILTEr~ AID 26000. T 
Fl.EL 271480000. T-cal 
GLYCERIN 2015. T 
H:>WIE -N 1102. T 
HYDruJRCJ1!C ACID 290. T 
th'DRO>-LORIC ACID 11842. T 

... HYDRCX'·£N (IN CFF-GAG) 16322710. m3 
ICl\l·-EX~ RECIN l.063. T 
ISCl3UT/Jt£. 1296. T 
LIM":: 4440. T 
f'Y'l'1'1f:".l IL.M ACE TATE. 4H20 1. T 
mc?n:StU1 S.ILICATE 975. T 



~ OCATl'O\TE 125. T 
l"'Et"BRIVIE 166'9<XXXJ. SCD1 
f'l':Ul"i'E 402. T 

• f'ETHHI... 9724. T 
~~ CCIU...Yf'ER 9. T 
l'l::LYBIE'l..M PCWER 1. T 
~ .wn::E: RIKc: 7436S7. T 
~ .. EARTCUT (N\Ptin-ENIC) 88934. T 
~IC PCID 70. T 
~T\.EA... GAS 7198591()()_ T-cal 
OCTAIE-N 35. T 
OCTPHJIC ~ID 418. T 
OXPi....IC ACID 36. T 
PA...MITIC ACILJ 185. T 
PO GI A...U111"1.1'1 CATA...lST 30025. T 
R-OSFHJRIC ACID (Il'DETRIPL GRAil::) 14. T 

' PHll-A...IC INffDRICE 1090. T 
RJTASSIU1 CARll(NqTE 51. T 
POTASSIU1 HYDROXIll:: 1455. T 
lff1DIU1-lfi..IDE CATPLIST 2240. G'1 
SA...T 243000. T 
SJDILt'I CARBCN\TE 4329. T 
SCDILt'I ~ 9...l....FIDE 5. T 
SJYB&tol OIL 00. T 
SLLFC1.Al'E 20. T 
::u.FURIC PCJD 22721. T 
TITANIU1 DIOXIDE 445. T 
TRIR-ENYl..J"ETl-R'E 13. T 
~TER DEICl'HZED 19. T 
Zltc tn:TATE ?,()_ T 
STMILIZER 383. T 
1-t=tc 170. T 
DIIPC 42. T 
AIR 345.V-3. T 
Naphta light G316ED. T 
BTX REFO~TE (HIGH...Y NAPHT.) 320450. tons 

PROCESSES 

• 

ETHYLEt£ FRCJ1 WIDE RP/a NAPHTA MS 207199. T 
MIXED XYLB£S FR01 ~IC FEED 21404. T 
BENZEl'E FRO": TILLEI'£ 43914. T 
P-XYl..£1'£ ( PAREX) 14503. T 
BUTADIEl'IE FR0'1 C4 EXTRACTICJ'I 14339. T 
!"ETHYL 1'1:TJ-V.\CRYLATE CYAf\OiYDRIN PROCESS 4000. T 
ISOOUT YLlJIE BY ACID EXTRACTICJ'I ( CFR) 19457. T 
D-ETl-M..l-£XAl\l.l (OXC PROCCSS) 517'f:IJ. T 
P1'1JPYLENE OXIOC: BY ETHYLBENZ8£ PRCX:ESS 35505. T 
PROPYL~ OXIDE BY C..LOROUDRil\E PROCLSS ~- T 
PU.. YCL TRffLN;;T Ir.t./AI_ PU ... Yr::TJ-ER 6'5000. T 
BUTEN.:-1 FJU1 MTBE rw·TINAIE 23096. T 
ISOPROPPKL BY CATICJ'I t::XCMAN:;E RESIN 200C. T 
DI-OCTYLPHTALATE FR01 Pl-fT/:i.IC PN-IYDRIDE 35000. T 
rHrt·f?'tLIC AN-IYDRIDE l\IR OX. CF O-·XYLEI'£ 6160. T 
!"ETHYL ETI-M. KETU£ Ff\0'1 MTRC RPFFI~TE 72. T 
TRIEnv.N:X... r1MI1'£ FRCl1 EO C::ND N-13 8571. T 

' PERC'..1-LORCJ.: Tl-IYLEf'.E F f'°'1 [DC 3597. T 
PC.l.YLTl-MJ:N~ LLD (I JCC) 190CX"JO. T 
VlNYL C>LORIDE UY OXYCH.O~I~TIO'~ 1500. T 
P.CET1C Ar.ID FfiCN t'IZ n r-1·0.. 16930. T 
PCX .. YS rYREN: • , I GI· I IMPACT 80000. T 
MS BY EM..A.SIC..N/~ iJCL Yf'f.:RJlAT H.N 15000. T 



Ell-M_BENZBoE LIWID A-RX 97112. T 
EllM..BE DIQ-LORIDE BY a-LORIN-\TICJll 2946. T 
PU.. YBUTAOIOE 11480. T 

• CYCl..ll-EXPllE BY ~TICJll CF BENZEi£ 720. T 
PCI..YETHYLEI'£ TEREPHTPLATE t'ELT FRCJ"l ll1T 20010. T 
PCL YETI-M.£llE TEA:H-ITPLATE t'EL T FRCJ"l TA 30lq(). T 
TEIER-ITHUIC '-'CID FIU1 P-XYLB£ 25852. T 
ETHYLEl'E G... YCCL IN> CTH'l'LOE OXIOC 16559. T 
PCRYLCJ\IITRILE BY PRJPYLEl'E IH'(XJ)(IDATICJ\I 39743. T 
SYNTGAS ( 2: l) FRCJ"l mTI.JRPL GAS 66HH'l!::I:). m3 
SYNT~ (3:1) FRCJ"l N-\TI.JRPL GAS 28767570. m3 
CAfl3CJll t'lNDXIOC FRCJ"l SYNTGAS 7103102. m3 
OXYGEN BY AIR r~TI~Tl()I( 69067. T' 
PCLYETYLEllE TI-EIEFTPLATE PCI..YACRYL C01P. SSCX)(). T 
DI-OCTYL FHTPLATE IRf.'1\1 NlPPCJll 40000. T 
RtTA....IC IN-ffDRil'E I~ NIPPCJll 22000. T 
ACRYLCJ\IITRILE ARAK 33000. T 
VINYL OLORIDE FRCJ"l ETHYLEflE ARAK 150000. T 
PVC ARAK 150000. T 
VINYL.ACETATE ARAK 30000. T 
PCETIC '-'CID ARAK 30000. T 

• J:£ H) ARAK 60000. T 
~LORil'E ARAK 100000. T 
J:£ LLD ARAK 60000. T 
PCl...~ARAK 50000. T 
BUTADIEl'E ARAK 26000. T 
PCl....YBUTADIEl'E ARAK 25000. T 
ETHYL.El£ ARAK 240000. T 
r.t1T ISFEl-R\I 65000. T 
BTX Is=D-flN BS(X)(). T 
P-XYLE.."" I~"iN 44000. T 

' ' 



' 
' 

EXP. ; K 2. 

Problen t1tle: IUO -- lllQI llJ'-t-tcli:: QRG.q\l[C3 

F r a c t i o n a l Q:>timizat1on 

tla.'<imi ze: 
POA Yearly Profit 
-----------·------------- = 
Investment 

s~enar io: ! 
I 

00)()_ "· PL."'£ r IC PCID 
5~- < Pa:TCl'E 

10000. <.. ~CNITRILE-UIJIAVlHE ·STi1£1'£(MS) 
25000. < ACRYLCNITRILE 
35COO. < UENZEllE 

5.~i03 < BUT/.N:L.-N 
14:0.U. < CMDU-1 TElRl'O Lrniri: 

480JO. < DI-OCTYL ft-fiO)f.ATl::.(LOP) 
4.0CEt02 < DlEli-nnPl1Il'I:: 
LSC£+o4 < ETHYLEt£ Q...YCCL 

15000. < ETJ-M.£1'-E 0.'l([f.£ 

1850. < lSCOUTPl'O.... 
icx:n. -· ISOPROPAt-u.. 

4/()J;)_ < l"ETl-fPtU 
46'J1). < l"ET:iYL ETHYL l'I:. lfK: 
20CO. • 1"£ Tl-fYl r-E II ~':CHYU't l l 

9 .0CI:: +O:l < l'tN£11-\.'W.LPl111'1..:: 
4LOJO. < NYl(J\I 6 l"E.!.. T 
00:0. < FH=:J£L 

lOCOO. .... P.-Ut-lCtl ... IC ?'l'HrDrHoc 
10500. <. PCl..~lHADIHE 
600XL < PCl..YETHYLEt£ TEREl+ITl-RATE f"ELT 

HJXlOO. < PCl.. YE rHYL8'E , Hl Df::l".S !. TY ( ~MrtRD) 
SO.:OO • .-.. f-0..Yt.:::IHYLE.1'£, LlN~l-\R L[J 

0. < PlL 'rE rlfl'LEN::, LO lJl:Ni lT "( 
lSOO. < RA... Ytt:::"JHYUElHACr·!YLJ\TE !:1-EET 

38500. ( PCLYC.t.. rRIFIJ'.Cl IC:Ns'.-11 ... PCl. YEll-l.r{ 
620CO. <- PO ... YPrUPYL.Et-1: 
50<XX). < PU .. :Y'STYJB.E, lMPf'.\Cf l"iJDfFIED 
2CXlCO. < PCLYVINY!... Q-LORil£ DJSFt.:"'51()\1 

16(0)(). < PlJ ... YVINYL.. Cl·L.ORIIX:: 
0. < Pr~PYLE:l'E OXII£ 
0. < PROPYLU-E 

< STYKt::f'E. -BUT /-iD I E.t.C IWOEI~ SO:XJ(>. 
;~))J. < 

4(()1).). 

S.oct-t-0.:> < 
aoo. '· 

251:u:>. '· 

STYRLi'E 
·1a_u~r-.a..: 

rnI0-1.0hO~ H·h'UJ'L 
Tf.:11::11 ~1H.t.. 

V IN-r1.. '°'~~ fAl L 
15l.OO. <. ::; JYh\ .1\(:-uu 1 /\LJ1u-.1 .. lf) n.x 

5.CXXt03 < UUl"YL 1-11..UfJl-J~ 
(l(.('JO. • 1-.i[J..\.H 01\'tl'. IHYLl.l·l.· 

1-\1~~1-M .t :N l 11./ JI L. /\I :f\I·~ 
V ll'-IYL Cl·LO~llk I" l-.'U1 I.I I fiLE.1-1.:: N·:J\K 
P'/G /\R/-)K 
V1N)1J\<X. TIH( f\1-:1\I~ 

(.\(;[ r I c ; f\C rn /"11-'I \! ~ 
Pf. f UJ /\W\K 
C~ l Of~ I t-l f\J..'1"1K 
H : I.I.!, N.//.~K 

1-'U . .'Y P~JPYI rt I . i'rf·HI~ 

mil.$ 
0.072 

mil.$ 

·· 24l00. ( 33.3".o) T 
<. 8500. ( 69.4%) T 
< 15fJOO. ( 100.0%) T 
< 1()()()((). ( 100.0%) T 
< W-..000. ( 43.8%) T 
< none ( 0.0%) T 
< llCXJO. ( 12.9') T 
< 7~). ( 100.<n) T 
'· none ( 0.0%) T 
< none ( 0.0%) T 
< 22500. ( 66. 7%) T 
< 2600. ( 71.2%) T 
< 20CO. ( 30.0%) T 
< 7r.:£XXJ. ( 62.7%) T 
< 7rni. ( 100.0%) T 
·• 4U . .O. ( 100.C1'.;) T 
< ili.>re ( 0.0%) T 
< 700X>. ( 60.0%) T 
< 2<.:X.X-.. 0. ( 40.0%) T 
< 1~£00. ( 80.5%) T 
< 250..-0. ( 74.1%) T 
< 10'..000. ( 100.0'\) T 
< 3?,lX)()). ( 40.5%) T 
< 250XX:i. ( 100.0%) T 
< lSlf...OJ. ( 0.0'•) T 
< 6CXX>. ( 25.0%) T 
< 65C'.AX>. ( 100.Qj.;) T 
< 850CO. ( 100.0!.t) T 
" s:ox>. ( 100.0%) T 
< 3UJCO. ( 66. 7%) T 
< 26COCO. ( 61 • 5~.t) T 
< 950J. ( 64.4%) T 
'· lfXXX). ( 100.0'.t) T 
< 8CXXJJ. ( 62.!:>".t) T 
< lSl"~X). ( 13.3%) T 
< a.xro. (lV0.0%) T 
-:.. nor·e ( 0.0%) T 
< lf.U:O. ( 100.0'.t) T 

4fi(OJ. ( 6;~. ~%) T 
2':J..f:A.J. ( C:.O.C/'1:) T 

< nore ( 0.0'•) T 
< 12C.-.X). ( B:~.3%) T 
= S.',r lCO. ( H.1).0%) r 
= l~)XiJ.. ( 10C>.CJ%) T 
: 15f..XJ0).. ( lOJ .. O'o) T 
= .3(X'J:.(> .. ( lc:l).Cto) T 
-: 3'A.A.)J. ( !<..'().~,;) T 
·· o . .(.A)rJ. ( 100.C1°'6) T 
:. l(>CfCO. ( 10-).Q',;) T 
= (A.OX) .. ( lOC>.~) T 
: '.J(~.X)). ( Jl.A).0%) T 



BUTAOIEN.:: nRAK = 26000. (100.0lt) T 
IQ YllllTADIO.E Af.~ = 25000. ( 100.0lt) T 
Ellffi..[l'E Ar~. = 2400CX>. (100.f.A) T 

• Ll"lf l.~T-H-f"1'1 = 65tX)()_ ( 100.0lt) T 
lHX l!l-.U-V-'N = 85000. (100.CA) T 
P-XtlLN IS-El-A-I = 44000. (100.0%) T 

G L 0 U A L 1-: L :.; U L l :.; 

PliA Year-1 y Profl t 224. mil.$ 
PDA Value Added g()2_ mil.$ 
Investment ~- mil.$ 
Energy Consunption 8554. TJ 
Yearly lrrport 72. mil.$ 
Energy Irput 20642. TJ 
Yearly Dot1P..5tic R.Jrcha·=:e 433. mil.$ 
Yearly Domestic Sale 1548. mil.$ 

· .. 

ACETIC AClD u.-m. r 
ACETctE 5900. T 
ACRYLO\IITRILE-DUfADIEN:::-STYRElt:(AIJS) 15000. T 
ACRYLCNITRILC lax>co. T 
Al'tt1'11U1 SLLFATE. cFJt,J3. T 
BENZEf\E 35000. T 
BTX f-lAFF !NATE 175674. T 
BUTAIU.·-N 5025. T 
C4 f RACT Hl'I 47'151. T I 

C9 ARCt'V\TICS CRUl£ 31320. T 
CAFliCN lJ lOX u,t' 42;:;&). r 
CAAOCN TETRl-'O·LOl~ID£ 1420. T 
CPU3T IC SODf-\ 127010. T 
DI-OCTYL PHTHPLATE( OOP) 750CXl. T 
DIE THflNl.r-1'! IN:: 12GO. T 
DlETHYUJ'-l" <:LY(.:U_ 4503. T 
DlM::.IHYI. ·1 [f'1'::PI ·111 V~J.\ TL: 9'-J4S. T 
ETHYL[l\C Gl..YCCL 15000. T 
ElllYl . .f.N:. OXHJE 15000. T 
FL£L Lir\S "4824 LOCO. T-cal 
FILL OIL 45253. T 
GAf.£X... J 1\£ 9720. T 
1-l.:1. f'ICJD ( P.S ;.'t.J OE) 9150. T 
IEIWl' LND ;-,'~. T 
HYrJr,'(H:N C'r/'.-'iNJ IX:. 9.565. T 
HYDf.O-EN-1< 10 I LI~.; n~11300. T-cal , I~iCIUJT fV.C.L JH'.10. T 
1 ~)(:JJU I Yl..EN~ ::'J l~.!(J. T 
I SOPI"' lPfV\U.. 11.x-.. o. r 

UCol-H t:NLl.:.i ,.12.f.>7. T 
11 .. nf.{.'Nl .• 4 ll ll°O. T 
1'1: IH\ l_ £ TllYL KCH .. N·~ "/CX'O. T 



tETl-NL ~'"Tlft::RYLATE 4000. T 
MIXED ~S(BlJTAC>U:1£ Ri"fFit-ATE) 17325. T 
tt..N"I~l t f't.lL/11 Lt-t:: r:il()(). T ... NYLGI 6 l"EL.T 42000. T 
R-eO... 8JOO. T 
J:\fll-R....IC fH l'l'DR.H £. 1L'070. T 
PCL.YIJUTAOIEl'E 1~'1(). T 
PCL. YETH(Lf]£ 1t::i;t:~n1-A..A n: l"EL T lCk.ooo. T 
PCJ..YETH'i'LOC. HI IX:KillY (PCHlERO) 1600X>. T 
PCl... YE~. Lil'£AR LO 250000. T 
JU.. \'t£TIMJETI-reRYLATE:: 3-l£T l~. T 
PCL.YCL. TRlRKTUJfl.... PCLYETH::R 65000. T 
PCL.YPRlJP\'l..EtE 85000. T 
ro._ YSTYIDC. ltRlCT t'ilOIFIEI> 8Xl00. T 
JU.. YVlNYL Cl-LCIU LE LH:iJ.~iUlll 2lDX>. T 
FU..YVIN'l'L CtLORI~ 160000. T 
PHOPYLEflE OXIlE IN sc:LUT ICJ'.I( It'RJE) 832. T 
~E OXIJ£ 6120. T 
PIUPVL.HE, (OlLUfL) 1.36. T 
PROP\'LEIC 10000. T 
PVl\ILYSIS GASCLIN:: 426589. T 
S~-BUTADIEl'E Rl.l38£R 50000. T 
STYf.1::.lE 2000. T 
S.l..Fl.RIC ~ID( It-I b5-.) 1103. T 
TAIL GAS 1279406000. T-cal 
TU...LEI"£ 60000. T 
TRIG-LOROCTI-NLEl'E SOJO. T 
rRIETH!Hl..AMil'E lrocx>. T 
TRIETI-M£1'£ ILYOO... 1100. T 
VINYL 1-'CETAlE 30COO. T 
XYLO-E ·P 27707. T 
STY~::-BUTAOIUE i..An:x lSf...00. T 
BUTYL "'DUER SOJO. T 
PCLIPOOPYL.Et.f: Alt-¥: r IC 2550. T 
l't::Uf(l. f'.l:.f fAH:. llB.l. r 
PM"l..NIU1 llIS.LFt'.\lE 6325. T 
G4 ~KYLATIGI FEElJ 60fl6. r 
PEr-«J-ullU~ n-rYL.EN::: 10000. T 

PU RC H 1~ S E 

au Il'li Wt'HEJ\ 618491100. m3 
PROCESS WATER 4813890. m3 
STEA'1 489'":1556. T 
LLECmieITY 1006052000. kWh 

' 
[l'f ]~I ( :i/"\!; 56949720. m3 

f-\CCl IC /'(;HJ 2261. T 
f.\cEJl.r-t:: 9634. T 
ACETl1'11 rru1. E 71. l 
~~I lvt\ffl> CAhUfJ\I 19. T 
ADlJI f 1 VLS ,Ne;. 420. T 
Al.KYLBl:NZEl\E 160. T 
PLU1"Cl'r.I 161. T 
Pl l.t11NA TR IC.} L.rnrn:... 300. T 
At1'1.J-.j.IA 82.321. T 
rtHltU'IY HHUJ<H,t~ 32. T 
f'!iCtJr~lH.: f\GJ(I 2. T 
llLN J CN 1 Tl.' :i.l~). T 
Bl.Nl.UYl. Pf:l·H< I Cf~ 8. T 
nurYt. S Tr.~l~W~ r C eo. T 
r.11.11YL .. T LAT.:an .. 7. T 
Bll l"YLLlTI IIl."1 ·M 12. T 



CARUi TETIR>l.ORI OC 1420. T 
CAT~YST IN) o-t.l'1Cl:t1.~ l42l7510. $ 

' CATil_YST .tflllE 4. r .. C-l:.l'11CR..S 62.799Cfl • $ 
COOA....T OCETATE.41-tD 38. T 
CllR..TClli OCTll'DiTE 118. T 
CR-SI CATA...l:JT 78l000. T 
CU--f'O CATA...'r"Sf 11~- cc 
a.FRIC NIU!ATE L T 
EURE 14150. T 
EUM... #¥ITATE 165. T 
ETH\'LBE G.. 'rUL. 9377. T 
FILTER AID 26000. T 
FOA'IIC ~ID (IN~) 2L T 
Flll.. 393665400. T-cal 
G..Ya-.:RIN I 2015. T . 
t£XIV£ -N' 755. T 
HYDl\CIJRCJ1IC ~10 481. T 
l«I>!D>l..ffiIC ~10 11954. T 
HYllRCJiEN ( lN CFF-GAS) 40181920. a'3 
HYDRCl?£N PEIG<IOC 2. T 
IClll-O"CHNiE J£SIN 103600. T 
ISCDUTIH: 1296. T 
ISDUTIV'O... 1301. T 
lSOPRJPPKL. 1000. T 
l"lOIGllEZllt1 ~TATE.41-C..'O 2. T 
~SIU1 SILICATE 975. T 
l'l'W'".:iAN:lli OCATl'mTE 125. T 
l"El'tlRl-'tE 197CJ64t,O. 9D'I 
t£Tl-Y-t£ 1272. T 
~n-l"H1. 55Cll5. T 
l'H\-EtJ\ CDA1 YK:U 9. T 
f'U.. YBf.€N.J1 J:OrK.ER L T 
t'fNITtt:Nl.PMIN:: 360. T 
l'nH-:nn ,WTC£ RA££ 1262302. T 
1"1-111-l'\ IEARTCUT (t.mmENIC) ""'?&JlB. T 
l'l~lH:NlC ACID En. T 
1'1£\Tt'HPt_ GA •. Ci 10820250CO. T-cal 
NYLrn (~rE) 27.?IJ. T 
lJGT~-N 45. T 
OCTPNJIC ACID 418. T 
Cl_E:U1 54150. r 
OXf:LIC ACID 52. T 
PrLMITIC ~Il> 127. T 
Pl> Cl\I PLU11""11 CATA..IST 3CX>25. T 
r+eo.. 0000. T 
PU. YVINYL a-LORICC 10000. T 
PUTASSILM CARfJCNHE 134. T 
PO TASS ILM HYDROXHJE 1455. T 
POTi'\SGILM PEl~UI'AlE. 5. T 
Pf"'JP~ 0648. T 
f\t)CK ~T 24. T 
SALT 286919. T 
f.fX.\J.' -15lfl. T 
GQ[JIU1 Cf~.lfMTC 5558. r 
SODlLN OLor\ll.€ 13065. T 
~)()Dll.t1 HYOROC.£N SI A .f ·1 IA': 9. T 
~;;i·1nJ.t..tl LNJRATE 1-17. r 
!i0llll.A1 PYh'C.IPt VS~1 II'\ IL ll. T 
SOYl'JLl'.t-1 OIL 00. T 
GH'il!Ll Zf.R, SGR 560. T 
susr:t..1Y.£. ,34). T 
!"Jl.A.J UJ.l IC f·\C Ill ~GO. T 
n r /.V'HIJ1 11 rox r r.~ 445. T 

' mu~ ENt1.11:n nc 16. T 
~\ ftR LC ll~llf-.l' ~n·~1J.. T 



.. 

' 
.. 

lite ~.E: TA TE 
ST#IHLILER 
IJUNL RDJCR 
liftiTE ~Cl.J\£R¥ 0-[)" lu~;j 
Kt'(; 

Diii-\; 
AIR 
t-l~HIHA L Lt.ii tr 
UTX A:FCRfllE (f Cl~-l.. 'i i'llH :T .. ) 

PROCL5!;ES 

ELTH'r'LEN:. FFO"I EllfllE-PR01¥¥£ MIXTUE 
ETH'1'LEI£ FID1 WU£ ~ ""'""A t1S 
Hl>iEO X'YLBIES HU1 N-'ifHI ENlC FEEi) 
BENLl:J'E FID1 TClJ.EN: 
P-X'l'LBE t ME..'C) 
BUTADIB'E FID1 C.1 EXTr~Tf()\I 
tLO-M... tt::fi~~-.l.AIE L"'il'H.J-f((JIUt-1 P!..IU.SS 
l~I"tl~ BY 14:'.10 l::Xfl-:l'CTJCli (CFR) 
0-ETl-hlJ-EXIN:L ( OXU P~-lJCESS) 
Pr.aJPYLU£ OXIOC ff( E ft hl BEN1B£ 1-'1\DISS 
PCLYU... TRIFU-CTICN'4 ... 1-U .. YETIER 
BUTEIE-1 Fm1 MTB£ ~:P£FIN-\TE 
01-();T'r"LlttHU.\TE FRl.J1 R-IT{LIC PHiYDRIOC 
R·UH1...IC 1-V'.fffDfU~ AIR OX .. ~ O-XYLEt£ 
l'tlt-M... E. n rtL I<[ JO.C n.01 Mrct: ~F lN\TE 
TRIE rt·AD... 14111"£ FIU1 EG Et.IJ N-13 
PU.. 'rlETHYLK::TI~lt 
Pl:::l~.l-L~HYU.1£ nn1 EOC 
HYDfU:;l::N Fl'01 t-r\ llMt.. Gt\:, 
0-L.C.JRitE ( l'E!'B~ 1·1HC..QSS) 
fU.. YE fHt'l..EtE LLI> ( lK:C) 
Rl.... YPROPYLEt£ ( ~;()) 
Pll... YV JNYL 0-l .. llU OC UY ::.M.l .. SHJ.1 FU .. ltER. 
VINYL. <:>LOH!~ BY OXYll-1.0IUN\Tl~ 
JU.. YSfYRCN::: HIGI Jl"l-'A(;'f 
ABS BY El"LLSIGl/l'ftJS 1-TCftf:':RIZATI°" 
ETl-i'tLll[':.NlEt£ Lii.i.HD H~ 
t IH'tl.l:.N:: D1CH..ORH£ U"f Ul..OOI~TI°" 

JU. 'tEU-M...EN:: l·I> ( UX) 
SfYREtE-UUIAO!Et-E LAJEX 
STYfiEN.::-BUIAl.>18'£ h'UJ[.E.R U-f UU....PCLYN. 
N'rLC"" 6 l1l T 
CAµfQ.AC f Pl1 FM J1 C°TCL f J·U<l'tf'.E 
CYCLC.H:xrtF. UY H'Y'()l\1>.;u.nn r..... CF BENZEl'F. 
r-n.YUMYLU.I:: ILJ\'J.J-1Hl'•.JHE rt.LT Hut rA 
TtT,'EftHI !i\TJC PClD f RU·I P-XYLl::..1'£ 
ETli'fl..f.N:. .{iLYCU. fff1 L Tl M.[J\E OXILf.: 
1\cr...-11.1.NJ H-llLL UY l'lo!lll"rl I l-l: /Y1•U))(l~fla ... 
::iYN H;A:;i ( :? : l ) I' h1' 11 NI'\ 11.Jf-.'l't.. tJA::'i 
~;YNT(.r-S ( 3: J ') F IU1 I\~.\ JUP.?t. (,AS 

c..:AR!f-"' l"UO.))( ILE HU1 !.WNT'-11'5 
oxvc;~;N UY "m ff.u'CJ H.HH lU·I 
NYLU'-1 c.. M-.LI Pf"CJLUJ CfJ1P. 
IWLCN 6 l"F .. U PL Yf.V- C.U 1P. 
HJ .. Yf.:. T"YU."l·: Tl-I J"I .I' l1·'tl .. /:'1 fl: r-<.l..Yl\Gl{l'L U.J"IP. 
DI - OC 1 YL F, If AU.\ IF I 1-:t H M I PJ·'fJ\I 
r:.111-'4.. JC IY.l IYDRIDE W/.V'I Mll-11"-'Ctl 
f·\r.RYI .<.I'll rr~JLE /\P.AI'. 
Vll'-M .. CIU>HU('.. I l"l:tl ( Jlr•fl.ua· .1h't'1K 
I '\IC f\l ·:l\K 

22. T 
262. T 

5000_ T 
:;yn_ T 
170 .. T 

42 .. T 
597912 .. T 
t.3160) .. T 
~""'0450. tons 

150~ T 
3517::..u.. T 

81494. T 
100103. T 

54510. t 
45272. T 

55CO.. T 
29120. T 
51750.. T 
45393.. T 
65000 .. 1 
2?076.. T 
35000.. T 
19320. T • 
JOD. T 

leJOO.. T 
1500.. T 

10000. T. 
85-102·160. m3 

18073. T 
l~- r 
Z.soo:>. T 
20COJ.. T 
21700. T 
00000.. T' 
15000. T 

123876. r 
8190. T 

lOOOCO. T 
15000. T 
50000. T 
16000. T 
39816. T 
41293. 
SlCOO. 
43671. 

T 
T 
T 
T 
T 

43720. 
701(,2. 

6U.'J.Y-r8>. m3 
114267. m3 

28214. m.J 
119502. 

J (;/"'.AX). 

lOClOO. 
':>Sl'CO. 
4(()(X). 

22f.~'). 

~-
l!fXOO. 
l ':A .. t.t::o. 

T 
T 
T 
T .,. 
• 
T 
T 
r 
T 



'/l~TATL AR1K :,0000. T 
ACETIC ~ID ARAI\. DJOO. T 
f-l: t-() ~ 60000. T 
Q-LCJRitE AAlK 100000. T 
JE LLD AMK 6CXXX>. T 
ki.'t"PRPYlDE ~ 50000. T 

' BUTAOIDE ~ 26000. T 
- Pa_ YOU rAOIEtE Af.A( 25000. T 

Elt-M.DE AJR{ 240JOO. T 
CHI I!?FEIR-1 65000. T 
erx Is-BAii BSllOO. T 
t>-XYLEN ISFEI All 4«l00. T 

I 

• 



EXP.; KH1. 

Pr-oblem title: HhJ - Hlbti lCl"N'\£ lR.AllICS 

t= r a c l. l o n a l tptimization 

Maximize: 
POA Yearly Pt-ofi l mil.$ 
------------ ------ ----------- = 0.041 ---
lnvE5lment mil.$ 

Scenario: 

OOJO. ,.,_ iD::TIC re1D ,. 
< 16000. ( 55.°') T 

f£'£TctE = 59(X)_ (100.°') T 
~ITRIL~-BUTADIEJ'.E-STYIEllC(AJS) = lCXJX.>. (100.°') T 

2'.)()(.0. ·;. ACRYl...lHllRJU .. <. 50000. (100.0%) T 
350X)_ < BENll:lE. < 40000. ( 87.5%) T 

5.0:Ei03 ~ BUTIN:L-N < rK>fle ( 0.0%) T 
.. 

• 1420. < CAJHJ..a TETR/¥.:t-l..llRJC£ ,_ 70.x:> • c 20.3%) T 
4a::ul. ( ()J -t.£ IYi... ft·mr~.i\lL(I w) < 60000. (100.0t) T 

4.0lEtt)2 ..__ 011::..rltWli'liJt-£ '. rone ( 0.0%) T 
l. SOC -t-04 < ETH'rLOE l:a .. Yo:L < none ( 0.0%) T 

E rH\'UJIC OXJ lt: = 15COl. c 100 .. 0%) T 
Lgrurrn::i.. = lB'iO .. ( 100 .. 0't) T 
ffG 'h'IJPf'4 £.i.. = lOCO. ( 100 .. 0%) T 
l"'LUtNL = 47000 .. ( 100.0%) T 
rt:.11-fTL tTH1L ti.t:llN:. :: 46"~'). ( 100.0%) T 
l"E HfrL rt: H·t'i .R"1\ Art::: :: 2(0) .. ( 100 .. 0'•) T 

9 .. 0C£t02 < 1'1.NETH"Kut1lt£ '. nore ( 0 .. 0%) T 
420--U .. < l'M .. J.N b l"E LT <;. !:OJOO .. ( 84 .. 0%) T 

8:XU .. < nti'D. < lOOJO. ( 80 .. 0%) T 
uxro. < H-1 n ,,. . .._ 1 c t-N-riLIR l U:: '- lSfXO .. ( 70 .. 9%) T 
lif....ll)() .. ,_ ITT .. 1BlJT Al>J HE . .. 25000 .. ( 83 .. ~) T 

PU.Y£11-M..£1t 1l ~PHf .... 'LATE l"ELT = 60000 .. (100 .. 0%) T 
60'.ffi .. .. :- ... l..YETI-ITLB.f=. HJ Cf:N:;ITY ( P(M[)ERf)) ( lf..P:.:t.)J() .. ( 82 .. 7%) T 

o. .- PCl.. YE ll-ITLEI'£ • LlflLAR LD <. 60(00 .. (100 .. CA) T 
15U). <. PCl.... Yl"ETI-IYU'I: TH'.\CR'rl.ATE Sl-EET < 30CAJ .. ( 50 .. 0%) T 

PCl...YU .• TR CFl -"CT J GR.. FU. YETI-ER = 3850.J .. ( 100 .. 0%) T 
12CUJ. o1;. PCJ .. YPMJPYLF.N~ < 62(0). ( 00.6%) T 

Kl..YS1YF4.1'£, IMPAC 1 l'[)()lFIE.l> = soar.JO .. (100 .. 0%) T 
KL YV Irffi... a-LOP.J 1:t: Ol~PE.RS!Ct4 = ~'0000 .. ( 100 .. 0%) T 

120."):0. < !JO_YVlNYL CH.ORLOC < 16COOO. ( 93 .. 8%) T 
0 .. < PRlJPYLU.E OXlLt < 9~ .. ( 53 .. 9%) T 
(J. <. 1--'~P'l u:u_; < 5000. (100.0%) T 

llX..lO) .. < ST'rRf..1t:-UUrAC>lEt£ RlEBL:R ...: SQCX)() • ( 20.0%) T 
20CO. < SfYt;O\£ < 10000. ( 20.0%) T 

1u.u:r.1-: = 41XOO .. ( 100.0%) T 
5. 0:.t. H>3 < T rw H_ORlJ:.-1 H'TL£:1-E ( none ( O.<J%) T 

tlOl)i. < rnrn: irt-O.AMH·E < le.co:>. ( lCX).0%) T 
:!SCU>. '· VINYL l-\C£H\IE '. 30COO. (100.0%) T 

srYht:.N lllJli:\t.JH.1-L I 1-\l[X = l~..O. ( 100 .. 00-.) T 
5. ll(.L i i.J..) ~. BU J YL t;\J;Bt:I~ < none ( O.CJ.~) T 

PE.RU·l .. URl£ IHtU t·I· : l.0.X) .. ( 100.0%) ,. 
~:!R'tU..Nl TR CLE /'d·:N-; = 3:5(,(X). ( 100.0%) T 
VJNYL CIUlRJl..f" I r.u·1 I· nrrtl,..I:. l\Rl\K = l!"lOX)). ( 100.0%) T 
1-"I(; AH:\K : J!J(aJO. ( 100.0%) T 
VINYL ACf: I A"I I. (,f.lf'V. = 30XO. ( 100 .. 0%) T 

• ACf. 1 IC f\C HJ l\W'sl< = :3':-..00. ( lOC>.O'•) T 
ll. 1-11' f'M/'J•; (.Jft:I.). C H~.0'%) T 
\JlliHlN /\1-'/\I< ,- l<..C)..<X..I. c l<.0.0%) T 

f.f tUJ f..\R/\K 1:; (J(XOO. c 100.0%) T 
J:.1(.lJf.HJl'YLUI.: 111-'J\I\ 1:; 50000. (100.0%) T 
BlHl.\l> u .r'E r.rm~ ,- 2U..Xf.J. ( J00.0%) T 



PrL YBUTMIEI'£ ARAK = 25000. (100.0t) T 
ETH'l'LB'E. ARAI<. :: 240000. (100.0%) T 
[.t1T ISFH·n-1 = cB.00. (100.~) T 
enc 1s-·E1-r.'t-1 = ffiOl.X>. (100.0'.o) T 
P-X'r'Lt:N ISFEl-tv" = 44000. (100.0%) T 

' · .. 

GLuBAL RE SUL rs 

POA Yearly Pr·ofll 85. mi.l.$ 
PDA Value Added ' 556. mil.$ 
lll\le::tment ·' 2031. mil.$ ... Ener~ ConsuipL{on 7523 • TJ 
Ye.:.v 1 y I111JJQr· t 06 .. mtl.$ 
Energy I~l 16C65. TJ 
Yearly Domestic f-\Jrchase 30-i .. mil.$ 
Yearly Domestic Sale 1029. mil.$ 

S A L t: 

ACETIC ~ID 879t.. T 
fil:TCN: ~1J(1J. T 
fCRYLCl'lfTRlLE-uUTADll::N::--::; f"rhU·E( Al3S i 10000. T 
ACRYLCl'IITRILE so.xx:> .. T 
l-'t'l't]\IJl M Sl..L FA Tr: 6'h~7B. T 
UENL[f'\L ~!Jt..JXI. r 
arx RAFFI~TE 15::.'872. T 
BUT'"1.-N SOX>. T 
C4 FRACTICl'I 25155. T 
C9 ARCt'IAT !CS CRl JUI:: 2(.860. T 
CARBCN DlDXIDE 31227. T 
CAABCN TETRACH..ORIOC 1420. T 
CPU5T IC SC>Dti 107226. T 
CK.ORJI'-£ 200. T 
DI-OCJYL A·Hl-1?\l ... ~Tt:.(l:OP) WXlO. T 
DIElH<'Hl..AMif\E 7riJ. T 
DIE n-rrl.EN: 1iL YCU_ ,)Jlf.l. T 
DlltflM_ Tt:r\\.:::Ft-111-nt.t.\ IE ':N4~. r 
ETHYLl.t-E.: (:J_ YCCL lSOCO. r 
E fHYLLf'.E OX U.£ 15CX.O. T 
Fl.f..L Lii\!-; .:i720l(J-1()). 1-cal 
FU.L Clll 31"/30. T 
GASO_Il'E / 791). T 
HYDJn:iEN CYl-V-IIOC 4512. T 
HYL1hYx;LN-R Ia f Gf\S 457007,101). T-cal 
ISU:lll J f.Hl... 1B50. T 
ISCJlUTYLEl'I:: .10141. T 

• ISOPIVP~l:t .. 1000 • T 
LltiHl !:Nun M(.,/. r 
f'ETt·~'[.l_ 4/C:XX>. r 
l'E'JHYL I.' IHlL KLlO'l:: ''()~)I). T 
~. rt·JYL 1'1: I t-ncRYLA IE 2fXX). T 
MIXl:t:> BU rYLl.N.:ti( OlJ I f1l> ILl\L f\f.'H rtf\lf.) 2.;)(h'1. 1 



• 

• 

l'lNE I H'Nl.Pt'lll'l: 
N'iLl1'1 6 l'ELT 
1:H::1\Cl. 

1-HUfi ... ll,; iY"·Hrl>Rllt 
M. YlllJTAOIEtE 
FU... 'rEl 1-nLEtE Tt.::h'Ef.H 11-t LJHE M.:.I_ f 
PU.. 'rE II flU-.lt: • 1-1 l U :"c; I J f (l:oJOERl> i 
~l... 'rL.IHtU:.N.:. l.lN:AH LlJ 
R.L Yl"E TH tLl"E. THACRYLA fE 9-EET 
FU. YU., TRIF~J lll'R 1-U....YE Jtt.R 
Pll_ Yl~'OP\1..EN': 
PlL YS l'YfiEl\E:.. ll'1PAC I tUHFIED 
FU.YV!NYL CH...OR1u:: ulSPERSICN 
PU... YVINYL OL.fJP.H.t 
~DP'rl..1J'£ OXl[JE !N !:it.LUI JU"( 11"1-'\JtE) 
Pf.OJ'rU·:l'E. OX I OC 
PRJP'rL8'1... \DILUTC) 
PHlFYLE.K:: 
PY.-..U... YSIS ~.ItE 
STYHl::.tE-Blfli.\DlEI£ "UB:R 
STY~ _/ 
SlU~URLC ~W(lN c..':>':..) 
11-\IL b/\S 
lCLUN::..: 
nuu-1.oru:. Tt-rTLEN: 
TR l[ l 1-V:V-D.JV111'£ 
Tf~lETl-tYLEl~ a_ YUL 
VIN'TL ACElf\lE 
XYLEl\t-P 
s TYREH'..: -UlJI AD IEtE LA n.:x 
HUTYL IU!UER 
FU. I PRUP"l'U.]•ol:: AT re r I c 
t'ETI-tYL ACETATE 
PM1l'IIU1 OISl.l.FAfE 
C4 1-'i.KYLATl(t.I FEED 
f£RCH_ORCETHYLEN:: 

PURCHASE 

COCLJ.N:1 i.-t-il ER 
PfU";ESS WATER 
SlC-AM 
[LECTRICITY 
IN::R r 1:.:A.:J 
ACE"ICN: 
('(l:: TCNI rn ILE 
f\C I 1 Vf\ I L l> 1.:l'lhUlt·l 
ADD r r rvi..:s • NG 
1-'i.l\Yl JlENlEl\l~ 
IV .l..NJN'\ 
I~. l.K"I I I'll\ 1~11.:t-l.OfHU.. 

Al''l"X:NlH 
AN f' IM:l'llY TRLOX1LC 
~JCOh'l.:I C /\C ID 
f.11.Nl~J lt:: 
LIEN/!lYL 1...1Er'1JXlL4.:. 
lllJ fl'N':t. -N 
UIHYI. SIL/.\l!f\lf .. 
llUTYL.- r UHE.1J-l]_ 
BUI Yl.l 1 rtHLt1 M 
C::Al~BC.N JL THALi I .01-!II f 
CIH/.ll.Y::.il l'Nl.J Cl l;JI I IX'{ .:.i 

900. 
42000. 

81()(). 

10630. 
20950. 
60000. 

140917. 
60.."W • 

1500. 
38500. 
50000. 
50000. 
20000. 

lSC.OJO. 
493. 

5120. 
85. 

5000. 
233413. 

10000. 
2CXlO. 
934. 

~746200. 

40XJ0. 
5000. 

10000. 
870~ 

3CXO:>. 
35398. 
15000. 

SCXJO. 
1500. 
lCH:>. 
40"'.:.5. 
4574. 
8JOO. 

453364500. 
3684200. 
3835415. 
7~. 

36569420. 
8276. 

41. 
1 '"' ~-

420. 
160. 
lOJ.. 
240. 

57627. 
lt.. 
2. 

2130. 
8. 

CJ(J(). 

50. 
5. 

12. 
1420. 

':J~ ... nos. 

T 
T 
T 
r 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T-cal 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

m3 
m3 
T 
kWh 
m3 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
r 
T 
T 
T 
T 
T 
$ 



.. 
CATN.... YSl .MlUE 
ll-EMl Cl't. .. S 
CUll:t...lll..S OC1/:NX\1E 
Ch:-Sl CATA...ISl 
OJ-PO CAT!:t...YST 
OJPIUC NITRATE 
EIHYL 1u:rATE 
E lHYLEt.f:. G.. YUL 
FILTER AID 
FCH11C PCID (IN 85°.;) 
FU:l. 
Gl.Ya:.RIN 
l-£)ffll\£ -N 
HYDROCH..OfUC 1-'CID 
t-IYDR.X.~ (IN CFF-GA5) 
~X?EN PE.f".UXII£ 
ICN-EXo-n-£:£ RESIN 
1~1¥£ 

lSCIUTfHJ... 
I~ 

~Sllt1 SILICATE 
~ QCAll'O\lE:: 
l"'F..MJRf.N: 
M::ltft'.E 
l"E...IHNJ..." 
l'H\-0 IA C0PU.. Yt'ER 
tu_ YUOCN.11 PCWX.:R 
tt )I.CE fHCK.U.V111'£ 
~~ .Wir:€ ~ 
t-f.\RllH'\ 1-EAfUCUl (ti\PMTH:NIC) 
NAR-lll·ENIC ?'CID 
ti\TURPL l::ihS 
M1_CN (~IE) 
OCTPl't-N 
OCTAl\O!C ACID 
Cl.J:.U1 
OXALIC ACID 
PALNITIC ACID 
PO u.I f.Ll.tl11\U1 CATALIS f 
~El'U. 

PCJ_YEUM.l:J.£ TEl\£PHTHPLA1E 1'£LT 
POJASSIL.tl CAfiOCNHE 
l-01 ASS!Ltl HYDROXl 1£ 
FUTASSIU1 PERSUSATE 
RCXK 5'.'i. T 
Sr.tLT 
SQl\P 
SOD IU1 CAFVC:N\TE 
SODllJ1 l.... l.ORII:€. 
SOD 11.tl L~JRA IE 
SOlJCU1 PYROFH:J51-tlAfE 
SOY8EPN OIL 
STPIJILIZER, SBR 
SlJ..Ffl.IY.C: 
Gl..l.FI. JI< 1 C ~:.ID 
TIT f.:t.I lU1 DI.OX 11 lE. 
TR C c)-LORCE.I ~IYLE.N: 
1 FH f·H·J'.M .M:: n IN'E 
Wf\TER lk.Hl\ICZCD 
zn .. e ACt:TATL 
filf'CIL. J.lER 
rn Ir YL 1'1..Ulll ~ 
Wf\Sl[ RL.C::ovERY U-l.11H.:l'L$ 
1-f~T"C 

l.1IJ.l"'C 
PEl~·LORl.X:: n rrLCN:: 

L T 
3465505. $ 

118. T 
780CO). T 

11865000. cc 
T 
T 
T 

L 
165. 

2557. 
15400. T 

21. 
3460fA600. 

ur~. 

755. 
11748. 

3l222510. 
2. 

68820. 
1296. 
1411. 
1000. 
578. 
125. 

1669000:>. 
937. 

54342. 
9. 
L 

6CX.l. 
519072. 
2J.Xlz:n. 

56. 
836137300. 

27?£J. 
28. 

335. 
54150. 

26. 
127. 

'..b"/l. 
8"'..ill. 
5000. 

w. 
894. 

5. 
16. 

243COO. 
1738. 
3450. 
5025. 

147. 
11. 
so. 

112. 
25. 

1817:~. 

2.31. 
5000. 

10. 
134103. 

, 2. 
';?62. 

51.t..O. 
2W. 
170. 
42. 

&"AX>. 

T 
T-cal 
T 
T 
T 
1113 
T 
T 
T 
T 
T 
T 
T 
SC01 
T 
T 
T 
T 
T 
T . 
1 
T 
T-cal 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
r 
T 
T 
T 
T 
T 
T 
T 
r 
T 
r 
T 
T 



AIR 
~THC\ LIGHT 
UTX Rt:fCIH\TE (HlG-LY i'RllT.) 

PROCESSES 

ETHYLEJ£ FRCJ1 WIDE ~~ ""'1-fTA MS 
MI><EO XYLEf\ES FRCJ1 NVJt-ITCNIC FEED 
BENZEtE FID1 TClJ . .EN:: 
P-XYLEllE ( PAr£X) 
BUTAOIEJIE FRO-I 04 EXTRs~TICJi 
t'EnM.. tE.n-remt..ATE CYAO-IYDRIN PROCESS 
I~ BY ~ID EXTRPCTIC1'1 (CFR) 
l>-ETI-M...t-EXINl. ( O.'<O PROCESS) 
PKIPYLEt£ OXIDE BY ETI-M....DENlEJI PRO" ESS 
PCL YCl... fRlfl.J'.CTIO-W4.. PCL YE.TI-ER 
BUTEN::-1 FRl.11 MTBE RPFFINUE 
:>I-OCTYLA-tTIU\TE FR01 FHTA...IC #N-iYDRIIE 
FHllft_IC #WiYDRICJE AIR OX. a= 0-XYL.EN:: 
t'ETI-M.. ETH'rL KETCJ£ F"11'1 MTBE ~FINATE 
TRIEll-J.'Hl... "'1HE FJUI EO END N-l5 
PCL Yt'ETl-M..l'ETt·r-cRYLAl E 
1-fTl>RCJ;EN Fhr.tl NATl~ GAS 
PC.l..YVINYL Cf-LORIIE BY EM..LG!Gol PCLitER. 
VINYL a-LORIOC BY OXYQ-LORINATIGol 
PCLYSTYREl'E HIG-f IMfJt:'CT 
res BY Et1.LS1t:1'1/tt"'5!:> PC1 .. Yt'ERIZATIC1'1 
EllM..BENZ8'E LIWID FKG: 
PCL YETHYLEI£ HD ( lJCC) 
STYf\£1\E-BUTADIE.N: LATEX 
STYREt.£-BUTAOlEN:: IUJOCR BY EJ"U....KLYM. 
NYLO'I 6 t"EL.T 
CAPRCI..PCTAM FRCJ1 CYO .. a-EXft.E 
CYQa-EXfl\E BY HYDRCGNATIO'I CF BENZEl'E 
ETl-M...l.N:. G... Ycct. Af\lJ ETlftl.Et-E OXIl.t 
ACRYLC1'1ITRILE BY PROPYLEJIE IH'1DXIDATICJo.I .. SYNTGAS (2: l) Ff.01 NATURl-'L \:iAS 
SYNTGAS (3:1) FR01 NAlURN... G'\S 

' CARBC"' ti:NDXIU:: FRCJ1 SYNll..iA:.) 
OXYGEN BY AIR FRACTI~TIOll 
NYLU'J. 6 f'1:.1-T PARSILCN CCt1P. 
t.iYL.Oll 6 f"EL T N... Yl-'F 001P. 
PCl...YETYLEf\E 11-ERf:.FTl-'i..t\TE PCl...YACRYL CCt1P. 
01-0CTYL PHTIU\rE IRAN NIPPCN 
PMTN...IC rt-1-iYDRlDE Ii{AN l'liPPCJ\I 
?\C:rm..CJ'IHRll.C ARAK 
VINYL Cl LORJ.Lt:: HU1 E. Tl-IYU:t-1:: ARl\K 
PVC ARAK 
VINYLACE T /HE Al~K 
(\CC rec AC m /.\f{!~I~ 

PE HO ARAK 
a-LORI~ 'ARAK 
PC L.Ll> ARAK 
PCl .. YPl\IOPYLEl'E l\f\l\K 
BU l"ADl£N:. l\r~K 

PU.. YUUl AD.I EN: Al-:l~K 

EH IYU.N..: l\RAK 
DMT lSFCHf~ 
B rx .ISFEl-IAN 
P-XYl..EN !SFEJ-V'tN 

496684. T 
63ll.BO. T 
3204!r. tons 

144629. T 
48207. T 
89300. T 
32348. T 
15170. T 
3500. T 

1014.1.. T 
41400. T 
28382. T 
36500. T 
C62. T 

20COO. T 
12030. T 
4650. T 

10000. T 
1500. T 

00786480. m3 
20CXX>. T 
21700 .. T 
SOCXX>. T 
lCXlOO. T 
77453. T 
83917. T 
15000 .. T 
lOOCO .. T· 
16CXX>. T 
39816. T 
41293. T 
32210. T 
19sa3. T 

53447400. m3 
91414. m3 
22571. m3 
99337. T 
16CXX>. T 
lO'JOO. T 
55000. T 
40000. T 
22000. T 
330:X.>. T 

lSOCOJ. T 
15(X)()(). T 

300'.JO. T 
?«X:J:J. T 
UXOJ. T 

100000. T 
W"XO. T 
SOO"JO. T 
2WXJ. 'r 
25COO. T 

240CJOO. T 
6!°>0C0. T 
8~>();)). T 
44000. T 



1 

Appendix : 81. Process input and output prinout 

Process : l INTDOIY TRIO<llE 

1.3 Antin¥:>nY ~i~-cide 0 1.00000 
lt.O Sohd waste 0 0.01700 

l Electrical ererqy i 117.00000 
12 Antifoony (netalic) i 0.86100 
35 Coal i 0.50000 

Process 2 IUJ1INJ1 9..LR-RTE 

88 Al1.1nirun S1Jlphate ( 14% Al203) 0 1.00000 

1 Electrical energv i 40.COJOO 
~ W.~ter i 2.00000 .:. 

3 Steam i 1.44000 
140 SUlpturic acid i 0.50000 
152 Bauxite (87% Al203) i 0.32000 

Process j AIUJll 

14 Argon 0 1.00000 

'-11 F\n-ge •=JGIS i. 7.00000 
1 Electrical energv i 2.97COJ .. 2 Water i 1.66000 

78 NitrCY~n i 1.66000 
7 Corrp.-e~:.sed air i 1.04500 
3 Steam i 0.00040 • 

Pr~ 4 BARilt1 a-LORI.a:: 

20 Barium chloride (BaC12.2H20 100%) 0 1.00000 
61 Hydrogen sulfide 0 0.13000 

160 Solid waste 0 0.03000 

2 Water i lG0.00000 
166 fuel gas i 94.10000 

J. lJ.ect.ncal ercr~iy i 36.()(X()O 
3 Stearn i J.1.00:XlO 

16 E.lar i le ore ( as l 1X.><>o Ba!:J04 ) i 1.5H.OO 
37 Coke i 0.45200 
S..7, Hydroohl.onc .:-1cid (.::t~ l()./'>i) 1 0 • .335(.)(J 

11!'> !:iod1um hyd1·oxH.fe ( 'Jff:.,) .1 O.OlOC.() 

' Pr<.>Ce!~<;-; !> BAIUlt1 ~TE 
' 

18 fl;1r111111 C.:irbonatf~ Q i .r.o:x.:o 
J?.~.> :::i<>dJ.UHI !!.Ul f l<Jf:! (.) o.;.i04<..0 



' 
' 2 

166 Fuel gas i 235.00000 
1 Ele.ct.r- ic-,-.1 f•rer Y'I i 100. 00000 

~ 3 Sl:.e."l!n i 14 • (.()()(X) 

16 Barile ore (as 100... B~) i 2.00000 
lllf; Sodiun C3rb.-.na le 98'.o i 0.644()() 
37 Coke i 0.56000 

Process (• LITI-CRN:: ~ 

is·~ LiCJ,Jid waste 0 20.00000 
66 Lithopore (~,;) 0 LOOOOO 

171 Coke oven gas i 500.00000 
l Electrical ener-3)1 i 139.00000 ., 

HaLe.r i 18.0CXXO L 

3 Steam i 4.20000 
'l~ 
1:.J Carium ore (a=:, IOU't UaS) i 0.53500 •• 195 Zinc sulph."3LP. (a<;. raw mat_) i 0.50700 

Proce:.s 7 LITKFCJIE 60% 

1~'7 Liquid wasLe 0 20.0JOOO 
21 Barium chloridP. ( U.iG 12. 21-120 ) by-pnxi.lct .:> L1400J 
67 L1thopore ( (.;()~.;) Q l.COX.O 

171 Coke oven gas i 700.CXXXlO 
l Elf !Ctn <.:-.al er-ero;.IY i 325.GCXX.X> .... ~J.:lle;- i so.ox.co L 

.5 Steam l 6.280CO 
•")";9 

"'"" liar1um ore (as !<"A~.; [Ja~;) i 1.020.X) 
146 line chloric:IP. (a:-. J lXY~. i.rC12) i 0.72500 

(X.) Litl-.oponc! ( .:ii 1:;) 1 0.24().)() 
124 Sodium '=A.JHate \ .::i::; H.f1 ·;; 1·.Ja:.S04 ) i 0.075CX) 
.... :}:.'J .iinc sulp1"13le ( .:.:·~ rdw mat.) i U.07<.X..O 

~·jc;, Lub..tl UIS ';'.l 11 l'.1 l.<:) l O.OCXX>S 

Pror;:f!'~:-; B BARIU1 Hl'DROXlU:: 

1~9 Li<..;IJJ{j wa:,t.B 0 5.00XO 
2'2 8a1·1u111 trvdrrn<idu 0 l.COO..O 

1 l::J ee Lr ica J t~111.: ... ,J/ i l <.>O. coroo ., 
~lat.er· i 45.(1.XX)() ,._ 

• .I PrrA .f?:".-"· ""'"' 1.: !I" 
), •:, _ iY:.f.An 

..,) ~- i l.f~,'Ull S.3<.J.00 
~)) u~ ... r Hm1 1;hlo1 l~i-! ( 1;.:t1.l •·• ~:1-vo lCO";.;) 1 l .OCOJ() 

1 J.1 :-.;odwrn 1 ·,yd;.,.,,.;' ( x.~ ~ r a:·.) i o.~<(> 

Pnx.1 s-:. '·) SODJU1 lE f~.IOAATE. (UOAAX) , 
' 

t;·U ! 1rid.lllfl1 f.t·d .I • 11:•11 , I I • '. (: ,, ,, . .i,.: , () l .tO.X)) 
I(; I ~.;,:>J Id 1.-J, t<;, I .r ! (l J. ((A)) . .) 



' 

l Electrical nriF::rg1 
2 Wa.ter 

l«, fuel \H. 
3 Ste.am 

-:S-=1 Colemam te ( tln;-c-n ore 40°..o) 
102 Sodium bica1 t:ici13 te 
97 Soda ash ( IUO'~; > 

10 BORIC ~ID 

160 Sol td waste 
~4 Boric ac1d 

l Electrical erer-<JY 
2 Water 

fot. fuel ..µs 
,:, Ste.am 

;59 Coleman i te ( !:J<:>ron ot-e 40%) 
140 ~lptunc acid 

11 g))JlJ1 ~TE 

156 Gas waste 
12U Sodium perbor ;i te 
lbl) StJlld waste 

1 Electrical enen:IY 
2 Wau~r 

5 Pr-oc.e.;~ water-
3 Steam 

39 i..;oJ emani le ( l)Oi-on ore 40%) 
1111 ~-.odium hydroxJ de ( 50'.'.;) 

'3'-1 1-ty·dn>r~:!n pero;<l<Je 
U3 Ma9nes1um a1 lptia le 

J23 Sodwm ~.u ic . .ate 
17~~ r il tr l.lL1on .:tqc.mt 

i::.: PR:CIPITATEO CPLCIU1 ~TE 

lS'J L l qJid wa::.1..u 
fN l-'rMc1 p·i l~l tc!d c..1 lcu1m CC1rboru te 

11'..0 ~·'.<> J. J d w.·1·:. Le 

J. f.lectr lC'tl , ... rw-::1-gf 
-I Cool.i.rY.J w.1Lrn .. 

t','., Ll ""~~A.nne ( · t.} .; ·c •• ca.:;) 
;:~I Coke 

1·'1 I L>ir.l'.:.1~.l (IJ l 

i 
i 
i 
), 

i 
i 
i 

0 

0 

i 
i 
i 
i 
l. 

i 

0 

0 

0 

i 
.l 

i 
l 

i 
i 
i 
i 
1 

0 

0 
() 

i 
l 

l 

i. 
l 

165.0COX> 
21.CXXlOO 
1"3.U(£0l 
9.63000 
0.%000 
0.3SCXX> 
0.12900 

1.40400 
l.OOCiOO 

200.00000 
140.00000 
84. 7ocn:J 
2.20000 
1.70000 
0.78JCX> 

25.50000 
1.00000 
0.060C0 

120.0CJOOO 
92.00000 
10. ():x:x:t) 

l.4CXXX> 
0.70100 
0.26800 
0.2.3600 
0.00400 
0.00400 
0.00140 

l.5r,.OJQ 
l.COX..O 
O.OfX:OO 

2'20. ().x)j() 

J.6. CX.X-.;()() ' 

J.. " '.JOC.O 
0.13000 
0.IJ/500 

J,', PF£CIPHAT£::D CPL.GIU1 ~n::(TOOTH P.) 

')I) 

, ' 



' 

.. 

• 

' 

.. 
1"70 Carbon d1ox-1de (C02) food grade) 

3 Steam 
t.. f~'tni~~-.-.1 i ;:pd W.'tler 

fli Post d1st1llc.tl1on o:.lurry 
2 Waler 

191 Soda ash Ui "-~•lluL1on 
130 Sodiuu tnpnlypho-:+·hale 
l'JtJ A...~t.1ve '"..JI t.,-..t 

Process 

158 
104 
159 
160 

1 

7 
J7 
27 
37 
60 
JS 

180 

14 CA...CIU1 CAAlllE 

Gas waste 
Calcu.1111 carbide 
Liq.11d w..:iste 
Solid ll'Ja.Ste 

Elect.1-ical en!r '-H 
Water 
Corrpr~'Sed a.1 i
c~,rc:; ~>d Ill l;-ogen 
Burnt lure ( CaO) 

Coke 
Elecrocfe mass 
Elect.-cx:les 
Iron sheet 

15 CA...CllJ1 HYPOCl-LORITE 

lS'-1 Liq.1 id w'i~~t.e 
SU Cale.tum I 1yi:JCY-hlo1-.lde 

l5F3 (Y.lS .,.;.:r:;te 
J60 Sol td ll'JGISW 

I 
L 

l :·;; 
17•1 

::> 

Pn.x;e. :>.;: 

Conpre-.::.c:;ed a 1,
Electric~~ ensr-:lY 
It.I l .. er 
lllfl(:! 

Cl .l<:>r ine ( lW).;) 
Ste..ain 

lo CA;.CIU1 CH.ORIIE 

15' ~ Li •:11.1 HJ w.::1·;, Le 
?.C:. t.alci.um chlor 1de 

•I 1·c.,L1u:i '"""'-~:W 
l r ·;,'°":t.r J<.: .. 11 P.rl1 1·r .. 1v· 
s ;~. I .f ldlll 

n.~ Pcr;.t. dJ";t.J I Lit.1•.>n s.lurry 
J4 ;;~it l..1011 d I I.'><': If(.• ·.: :o:. •).:1$ 41..r:;) 

' t. , 

' ·' ., 

i 
i 
i 
i. 
i 
i 
1 

l 

0 

0 

0 

0 

l 

i 
i 
i 
i 
i 
i 
i 
i 

Q 

0 

0 

0 

i 
i 
l 

l 

i 
i 

0 

0 

l 

1 

1 

J 

l 

<) 

150.CXXXX> 
22. OCX)()() 

22.00000 
20.00000 
10.00000 

l.03'i00 
0 .. 011100 
U.CXJ160 

35000.00000 
1 .. 00000 
0.05000 
0.04600 

3000.00000 
75.COOOO 
45.0CXOJ 
5.00000 
l.95CX)() 
0.60COO 
0 .. 01800 
0.0050) 
0.00150 

25.0CG:n 
i.cx:.co:> 
0 .. 67000 
0.0.iSOO 

6!.l"J. OJOCX) 

100.000CX) 
9.00000 
0.7CXOJ 
0.40500 
0.20000 

2.5tXX)() 
1.00000 

uo.oox.o 
50.0CX:OO 
12.~XCO 

f'".J • (..l.X.X)() 

0.04000 



"' 

l E Lf'>::t 1· ic.al en::'P-JY l ~-(0)00 
.... W..'lter i 95.00000 L 

ill Post d1stlllaL1on slurry i 10.00000 
3 St.e::tn1 i 5.18400 

17.5 Drinkin} l'll."it<:!i- i l.2(X)X) 
J.54 A1111~:.>nia N-IS i 0.30000 

11 Anti lurrpe1- l 0.00600 

Proce.5S lU SCDIU1Bl~TE 

lt..O Solid l"21St..e 0 4.00000 
103 Sodium b1chromata 0 1.00000 

l Electrical enerqy l 550.00000 
7 C'.onpressed air i 150.00000 
2 Water i 100.00000 

1t 
.,,. 

St..eain i 28.22400 ..., 
5 J-lroce:=.~=. l-U I.er· i 7_QGCO) 

48 Dolomite i 1.68:XX> 
7r1 
JL Chromium ore i 1.60000 
97 Soda ash ( lCX"J\) i 0.87000 

141 Diesel 011 i o.~ 

140 Sulph.Jric acid i 0.3ro00 

Pnx~ess 1,.:1 SCDILtl ~TE 

110 Sodium ct-.1 ·on~:i t.c 0 1.00000 

l Electrical energy i 140.00000 
7 O.x~r·essed air i 50.~ 

2 W.:1: .. m· i 20.00000 
-... Ste3J11 i 14.97«XJ ., 

30 Chr011~3 tf~ .anc1 b1chromat..e( calc.66 •• 3'..Cr03) i 0.(8)()() 
91 Soda ash ( lQ(J>,;) i 0.31000 

Pnx:ess 20 FUTASSIU1 BlctR::l'ATE 

84 Potass111m bichromate 0 l.<XXX>O 
160 ~lid waste 0 0.42000 

l I:: l0(1t1 ·ical enn1-~J>' i 21.(). coo:o 
2 Waler i 30.00CXX) 
3 St..eam j M. J.1200 
7 Conpres·~n l .1 I I" l 10.0CXOJ 
5 Prcces·~ w...i te1- l 3.ocxxx:> 

103 Sod 1 lJm b 1 c;h1 ·nma le 1 l.OlCXX> 
U'/ P1>Las-c•111rn dl I. on de l 0.50500 

.. PrOl"'..e~s ;n ~rfDJUJS CHD1IC ACID 

' 
16(1 ' : )I) J HJ i,.u·: • I.I.~ " l.f3000C> 
.;;1 ' chrc ~uJ 1 • • .11 . I•. j ', ;f l~f/dl 1.Jll'.:; 0 l .000(() 



·•. 
6" 

16"-/ Natural •:J.._-=t•:; i 320.00000 
l EJP.Ct.r ic.""I l (:'I l"_!P:J\' i ':LJ.00000 

• ~ Water i 12.00000 ._ 
3 Steam i 6.91200 

19'2 Sodiun b1cnr."Jl1et.e in pure i l. 7ra:x:J 
140 Sulptur·ic ac1d i 1.34000 

Process : 22 CHUtEA.... - BASIC CJ-RJtl.U1 9..1...AfiTE 

33 Chrono-.Al - basic chromiLm sulphate 0 l.OCXlOO 

7 Cwpre=;sed .~j r i 1400.00000 
1 Electrical erergy i 140.00000 
2 Water i 43. oocn:> 
5 Process water i 3.50000 
j Steam i 2.30400 

103 Sodi1..111 bichromate i 0.54CXX> • 141 Diesel oil i 0.25000 
136 Sulptu1· i 0.18JOO 

Pnx:.es·.:: ....,.,. .. _ .... , CDPPER OXIOC:: (OLJa<) 

15:.J c-•• ::r::;. W.:tSW 0 ~,()24. o:xxx> 
·10 Copper· c·-:idt:? ( l>lack) 0 LCOJOO 

1 Electrical ene;··:iv i 11.57000 
35 Coal i 1.00000 
42 Ccpper ~·;r.01p l. 1.00000 

Pn;.:.e:ss 24 CDPPER OXIOC (fE>) 

lSU G..1s L-J<J·.=. u ! 0 1209 .1.XXX>O 
41 O:ipper· oxide~ (red) 0 l.<X..AXX> 

l f.:.lectncal e~!rq"/ i .3.00500 
4·:> .. ~r S(..r ·'.IP i 1.02500 
.::;.5 l.:oal i l .OCX.JOO 

1-'i-ocess , \.f-
.. .> COPPER SU..~TE 

44 C<..f.>per- wlph..:1tfl 0 l .IX()()() 
Jt.,O f.c>l id W.:l~t.B v 0.04CXJO 

Clcclnc....11 (!.Jj(·~j"rJ-,1 i 2£.0.C0.)00 .. W.t t.f:'I" J UJ.OOOCJO 
,) :;; l p;-1111 1 6.91200 
~I f'1 O< • .:E-.!';,~,-., ... .Li I '~I 1 4.())()()() 

• ' .L··l(J !'illl~l1111' I( .-Ii '.j I) • ~1 l (1.)() 
4'' .. (.A.lf' .pf~I ··.c1 .1p 0.2(,()()() 

Pl ·c.11' -<~~,,~, , .. , J CRYU.lTE - lt..Lt11NJ1 OODILtl FLUJRlOE 



• 

l'_,•1 Ltqud t.,p.1··.l.i' 

45 Cr-yoli tc ( t-la..5.'\lf(,) 
lw Sol id L..aste 

l Electrical erergy 
2 Water 

lL6 Fuel ga5 
.:. Stearn 

109 Socli l.Wll chlor id-; 

7 

49 Fluosilic1c acid as waste 
l J. 4 Sodium h\,113-·ox 1 c.E ( 50"• ) 
153 AllMTlirum hyc:lrox1~ (as lo:>°it Al203) 
154 Pnm:>nia H-G 

27 A...lt11N.J1 FLUlRllE 

1~ f:.;;.t·-; l\la'. .LP. 
159 1/iq.1id wa'.:;te 
160 Solid wasle 
lSl Alumirun fluoride 

1 Electrical enerqy 
3 Steam 
2 Water 

49 Fluos1 lic1c ;·u.ad as waste 
15.5 i:\lumirun hyd1-ox1cle (as l~.; Al:D3) 
141 [J1e::.el oil 

Procc!SS 

159 Llq.Jid w.-iste 
l9S SUlpt-lJr1c acid 7~~ 
150 l:i.'ls waste 
lc.O Sol id waste 
58 1--IYdrogen t luor u:B 

-1 CooJ ir.,_, wal:.t:r· 

J LlecLncal ericr~rl 
7 COflpr·e-;:,-y:~j .::11.r 

1·10 ~".ti lplJ.JI" lC.. .ii.:td 
.-, ::; t:e. 1111 

we:., CooJ.irY.J bnnH 
4') Fl1Jo::.11ic;.1(: .. 1r •• 1d a·:, w.:i·~.t.a 

~~'I I~..r.I OXIOC (JED) 

L 7~> 1 nm o,.; J r..:o ( 1 c~d J 
J (.,() ~ ~ l ) (j 11.1."I''· t.H 

0 

0 

0 

i 
i 
i 
i 
i 
i 
i 
i 
i 

0 

0 

0 

0 

i 
i 
i 
i 
i 
1 

0 

0 

0 

0 

0 

1 

i 
i 
J 

l 

i 
i 

0 
(> 

34.UCO)() 
1.00000 
0.30000 

520.00000 
420.~ 

Bl.~ 

37.00000 
1.09000 
0.93000 
0.51000 
0.20000 
0.23000 

3.50.00000 
8.00000 
1.60000 
l .OC()()() 

300.COXX> 
2.80000 
2.0X.OO 
1.20000 
0.85000 
0.30000 

44.0XXX> 
30.200CX> 

7.2CXJOO 
2.00000 
l.OC.OOO 

GOO.UXX:X:> 
C:.00. (()QC() 

45.rXlOCO 
25.c .. ~OX> 
20.16000 
2.09000 
l.50000 

l.OCOX> 
0.20CJOO 



' .. 

• 

• 

8 

169 Natural ':J.3S 
l Electr1c..;l enBr·~w 

li1 F\J"St.-n~t1<.:Llou .u 11l1n~ ( ·_>~~ Fe..'03) 

.50 FERNFERRIC (])CUES (II.ACK) 

176 Fen-ofern.c o:<liE ( blac.k) 

1 Electrical energy 
169 Natural gas 

3 Steam 
2 Water 

194 Ferrous sulpt\:lt~ as waste 
154 Amlonia tf-B 

10 ~monil.Ml nitrale 

Process 

i~·~ 

43 
19 

7 

l 
148 
140 

3 

31 FEIRJ.5 9..UH\TE 

LiQJld W.37..l:e 

Pickling acid ( 24'!• H2S04, 10% feSC>1) 
Fer-rcus suJph3te - I 11'/drat.e 

Conpres-:,;.'!d au· 
Water 
E.lecLr·1cal F!t-.cr q; 
Spenl pickling a<.;1d 
Sulpturic .acid 
Sl.t:'am 

32 LEAD OXIC£ (IE>) 

15J c;;Js w.l~te 
cA LP.-:-:td o>~ide I n~d) 
15'~ L l q.11 d ~·.u· . l.e 
lt...C.l Sol id ~oJ.:tSl..c 

l Ll1:cl.r-1cal r.>rr!r •.r; 
l'J Le.1d (a:; 111:! t..:!l ) 
35 Co.-il 
Z J Cllar coal 

.:;.'; l"v:GESIU1 OXIDE 

;!~ C.Jl~u•m c.;.·u·t:..>n·it.n 
1 ~_,o (-..:1'-; ~J.-.l::. LP. 
I :·, / t·h· ~ril'.r:-~ i 11m o;. 1 d ·• 
Jc.(1 Sc.11H:I ~J.J'•;Lc! 

, 
'· 

·n 
I.-~\ 

Ll,,,·t..r J•'.,,J nrv•r· r,' 
r 11n1 '~ 1:. 

loJ.·d.f•I' I 

r:w·nt. (jol.c.A111 t1 ( :.u' •. r·-t.-11' . .Jl.t:. <.JO) 
c~.11 I on 1d1.< 1;<1c.b ( I•• ·1:.) 

i 
l 

l 

0 

i. 
i 
i 
i 
i 

i 

0 

0 

0 

1 

1 

l 

1 

1 

i 

0 
0 

() 

0 

l 

i 
i 
i 

0 

0 
() 

J 

l 

1 

155.00000 
91.00000 

2.lSOCX> 

1.00000 

200.CXl.JOO 
200.00000 
20.~ 

20.00000 
4.55000 
0.50000 
0.13000 

100.000CX> 
5.250(X) 
1.00000 

4000.00000 
110.00000 
50.0COOO 

6.350CX) 
O.Sc..~ 

O.lSUJO 

90)().000:0 
1.00000 
0.2(0.)) 
0.003'.x:> 

10."'i.CO:YX> 
0.91350 
0.4"/{J.~ 

0.00'250 

2.9((:00 
2 .C.XXXX> 
l.OC<..00 
0.2.30.JO 

2~'1 ~) .()J"j)) 

J HY 1. (.(X.1..JO 
.:;f).U..t:1XJ 
2."~XX> 
()./:~;Cf) 



' 

• 

• 

• 

SS Ni tr1c ac.Ld <as ~~.; t-tm > 

L59 L1~id ,...._-tSte 
L ~H G:lS ..uslfl 
lbl) Solid le5!:.t? 

69 ~..,anese '.JJOXlOO 

l Electrical erer--?t 
7 Coopressed air 
3 Steam 
2 W3ter 

70 Margarese ore ( :.il'Y• f't1) 
96 &.llptur dio.'<1de S02 (as HU~ l'-CD4) 
56 ~-a-ate llme (99.5 Ca(a-1)2) 

141 Diesel oil 
101 Soda lye (·fi!..- Nail·O 

Proc-.ee..s 35 tD.... YBIEN.11 TRICJXllE 

l~O L iq.1id L4'.:i·~te 

73 Molybderum Lric·:·ad-3 III 
160 Sol id .,~;t.e 

l Electrical ere.rw 
35 Coal' 

179 Anmoma ..u tt.. ... - ( 29 .4".; l'HS) 
55 Nitric acid (as 65~; .-tn5) 
72 Molybderun ore 

.X. NICl<EL. ru..FATE 

76 Nickel SI.I Lphat.e 
lc-.0 ~lid wa:.=.Le 
159 l.1QJ1d wa·:--;t.e 

l Electrical energ; 
4 CoolHY;J ~t.er 
3 Sl:eain 

'=r2 Ralf~ nickel "":A 1 lph .. 1 te 
<... De.m1111:w ... 111,·1~.1 w..:11.cr 

25 Calcium -:~:wbon.'.lLe 
59 Hydroqen pero~-: J de 
r_:,7 t-lydroflllCWlC .':(Jd /t.1';, 

.1.110 Su I pl.., 11·11; •'"-''cl 

,!,/ SX>IU1 TRIPCLYFHXiFH\TE 

l50 ~iodwm t .. npol·.,it.•l'lfY.·.pt ~11:.t: 

.., C<.lllPf"f-"="·~ .l'•d ; II i 
l ( J (.·!(' t.1· I<~· ii ('r M ~t ~ 1'1 
11 c.A..x >I 11 r.1 w. 11.t:r 

i 

0 

0 

0 

0 

i 
i 
i 
i 
i 
i 
i 
i 
i 

0 

0 

0 

i 
i 
i 
i 
i 

0 

0 

0 

i 
i 
i 
i 
l 

i 
i 
i 
L 

0.00000 

15.60000 
12.000CO 

4.95COJ 
1.00000 

4400.00000 
400.00000 

64.0SBOO 
25.00000 

2.2500J 
0.00000 
0.70000 
0.22000 
0.07100 

10.00COJ 
1.00000 
0.22500 

683.000ClO 
2.EnJOO 
2.50"'...ol 
2.24000 
1.100:.0 

l.rox£J 
O.BU.LO 
0. 700CO 

220.00000 
63.00000 
10.360CO 

1.00700 
o.wcx:o 
O. lEKX.X> 
0.04(0) 
O.OlCC::O 
O.V)/00 

J..QOCO) 

l 75. CX.X.:00 
150.<XUX> 

'.J). <X.Xf •. O 



lU 

3 Steam i 4.32000 
5 Pnxess K.'ll.er- i LSOOOO 
~ Ph:r,:,phot-1c ac td ( 75•• H3f04) i 1.16000 
97 Soda ash < tor~> i 0.7WOO 

141 Diesel 011 i 0.13500 
51 Grcond ~ph.:ll:i.~ rock i O.lOCOO Lu AllOC'niun ni tr."'ltc~ i 0. ()06(.JO 
4c. Dt.alt..'lnt l.e i 0.00500 

163 Filter clolh i O.CXXXB 

f'.ro;e.;;s 38 SCl>Ill1 ~AIHBH\TE 

112 Sodium hexa11et.'tph.~>lla te 0 l.OOCXX> 

l Electn.cal enef"'.J-1 i 1270 .00000. ., 
Water i 75.CXXlOO ... 

.3 Ste.Jin i 12.00000 
82 Phosphoric acid c1s·e. H3P04) i 0.98000 • 97 SocB ash ( l<An; :• i 0.54400 

Process 3'1 SCl>Ill1 PYIUHSH\TE (DIBASIC) 

159 LiqJid waste 0 53.00COO 
160 Sol id l·.L'lS le 0 lLOOOOJ 
l~ Gas l-aste 0 10.000CO 
1:~1 Sodium pyropho=.plu te - d1basic 0 LOOCXX> 

l Eleclncal enc~;·g1 1 40.:>.0:X..CO 
166 Fuel gas i 7-7 .GOCXX> 

2 Water i 68.0COLO 
3 Stf_001 1 13.CXXX:O 

82 Ph.lc'~mric acid ( ;•;";. l{)P().1) l L57.3f..X) 
100 Sodium cartJ011.::1Lc 'Jfr'• l 0.63000 

.. 
Pr·oc.c-::s ·10 TRISOOll.11 R-05FHUE 

l5'} L J. CJJ id w.:r. te 0 28.000C.O 
lc.,O Solid waste 0 9.CJOCO> 
144 rrisodwm ph:r::;.pli.::ite 0 l.OOCXX> 

1 Eluctncal ene1·r-r1 i i·n.oc.xxo ... Wate1· i 32. 0(0.)() "' ' 3 Steam l 10.9(XXO 
82 P~phoric: acr.d ( /Sv;, H"SPQ.1) i 0.42000 

Ll.lO ~.i<.>dl IJlll r:, ir lx.!f •·cf.H '·IH'.; O.S3'.XO 
11.:.> ::iodium I 1ycJn}xidc ( H.YJ'~ N~Cl I) i O.lSOUO 

P1 ·cx:r.~'.'.'.'·; •'II DICl-1...Cil.11 R-UiR-ATE 

.. 150 C:ia~ W.i"'.: tP 0 52f:x). 00.'X.lO 
·1'1 [11.(..:..':llc111m f'tlo:· ,pl H t.n 0 1.00000 

I l'.:.>9 L J q.11. d W.'"., t,1'J 0 0.400CX> 
I 

I .. Je.~t.1· I<. I I I H "if ~I r r.,' l 



.. 

• 

• 

... 

7 Conpressed air 
2 Water 

Bl Phosphoric acid (~ P205) 
3 Steam 

116 Soda lye (45~) solution 
48 Dolomite 
56 Hydrate line [99.5 Ca(0-1)2) 

141 Diesel oll 
132 Sodium water glass (36°' grade .. ) 

Process -42 FOTASSillt CAAICMTE 

159 LiCJJid waste 
85 Potassilln carbonate (K2C03) 

l aectrical erergy 
3 Steam 

165 Condensate 
2 Water 

3•.J ('.o.=tl 
"JI l"blasses oven COke 

Process 43 POTASSillt OUJRATE 

153 Gas waste 
86 Potassilln chlorate 

160 Solid waste 

l EleclricaJ cnero..JY 
2 Wate1-
3 Steam 

87 Pot.assium chle>ride 
5.5 Hydrochlorio acll1 (as lf..U!;) 
63 Potac-"'ium hydroxide? 'IQ''.; 

15 Barium chloride (BaC12) 
62 Potassium carbonate ('~• K2C03) 

44 POTASSIU1 NITRATE 

100 P<Jtassium ni trale 
160 Solid wa::;te 
159 Liq.1id w.~st.n 

l Elec~tncal enen.JY 
2 Waler 
3 Sl~m 

119 Sodjum m tr.ate 
ff/ i.10 t.'lz-:;ium chl or idf~ 

4S &JDIU1 Q.AZE 

l!XJ 1ta$ W.:t$te 

111 Sex.bum glaze 

i 
i 
i 
i 
1 

i 
i 
i 
i 

0 

0 

1 

i 
i 
i 
1 

i 

0 

0 

0 

i 
i 
i 
l 

1 

i 
i 
i 

0 

0 

0 

i 
i 
i 
l 

i 

70.00000 
3.50000 
l.C&XX> 
0.50000 
0.44000 
0.24000 
o.~

o.osooo 
0.02000 

7.00000 
l.OCXXX> 

376.0CXXX> 
81.80000 
28.00000 
18.00000 

'1. 74CYdJ 
3.00000 

550.00XJO 
1.00000 
0.01810 

SStX> .r..ox>o 
720. Cx:xxx> 

12.10000 
0. 70500 
0.06:.ZCO 
0.04900 
0.00900 
0.00250 

1.00:>00 
0.97CXJO 
O. lCX.OJ 

n .'-Om 
7(,,.UXOQ 
22.90000 

1.cn.ioc> 
0.8".,nx) 
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166 Fuel qas 
7 Conpressed air 
l Ele~lrical et1P.P,r( 

94 Saro 
4 Coollng wat.er 

97 Soda ash ( lOO;;) 

lZ 

Process 46 ~IU1 tl\TER a.ASS 

132 Sodiun water glass (36to grade __ ) 

4 C'.ooling waler 
1 Electrical energy 
3 Steam 
5 Process water 

111 Sodium glaze 
74 Sodium hydro>dde (45~) 

i 
i 
i 
i 
i 
i 

0 

i 
i 
i 
i 

i 

·17 tll-Ea.RA... SIEVE-ZECI..ITES (cl. 3A) 

l 
7 
6 
3 

132 
2 

114 
87 

15.5 

Zeoli les cl _ 31'1 
Liq.iid w.:iste 
Solid waste 

Electrical ercrgy 
Conpressed air 
Demineralized water 
Steam 
Sodium waler 9lass (~"'• grade_.) 
water 
Sodium hydrOXl<E (5'f•) 
Potac:c:ium chloride 
Alum1rum hydroxide (as U:XY:.; Al203) 

48 SILICA GEL (tR:XJ) 

159 Liq.iid waste 
9r:, S1llca qel (m.'lcro) 

160 Solld wac.;te 

l Electric.al ene1-qv 
2 water 
3 Steam 

132 Sodium water qlas~ ( 36"' grade •. ) 
140 SUlph.Jnc acid 

49 SILICA ~ (MICJD) 

159 L1q..11d waste 
J.67 Silica ~1 (mLc·r·o) 
l (..() S<.> J Jej w.:l::-; l.r~ 

l Uf-:t<:t.r ic.11 1:H1"irn··~rv 

0 

0 

0 

i 
i 
i 
i 
l 

i 
i 
i 
i 

0 

0 

0 

i 
i 
l 
i 
i 

0 

0 

0 

i 

232.50000 
<J0.00000 
24.00000 

Q_8'200() 

0.50000 
0-41000 

1.00000 

lLCXXXX> 
3.30000 
0.72CXX> 
0.60000 
0.40000 
0.02000 

L-00000 
0.41000 
0.00100 

8X)(). ()(X)()() 

lEO.J. (XX)(X) 

82. ()(X)()() 

6.62400 
l.6U:XXJ 
1.60000 
1.27000 
0.85000 
0.425()) 

430.00000 
1.00000 
0.0fl()(X) 

1740.CCOX> 
427.00000 
148.30000 

4.7SOCO 
0.5760CJ 

4;so.OC>OOO 
1.000(() 

0. OfJC<..O 

l "llO.OOX.J:J 
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I ..I 

3 Steam 
132 Sodilln water glass (36% grade •• ) 
140 Sulpturi.c acid 
161 Al,uminium sulphate ( l"~ Al203) 

Process 50 Sl>lll1 t'ETASILICATE 

118 Sodil.80 metas1licate pentahydrate 

l Electrical erergy 
3 Steam 
2 ~ter 

132 Sodil.111 ... .ia ter glass ( 36~ grade •• ) 
114 Sodium hydrox1ch (sa".;j 

51 SDIU1 THICB.1....A-J\TE 

lSB b<is waste 
129 Sodium thi.09..llfale 
160 Solld waste 

7 Coal)re:-...sed air 
1 Electrical ane1-gf 
2 Water 
3 Steam 

114 Sodium hydroxide ( 50-°6) 
9(., S1lptur dioxide ~J<)2 (as lW• H2S04) 
9l ::.;oc.u a-:.h ( u.u~.) 

136 ~5ulptur 

12<.i S<.idiurn sul f i. Le 

52 SCX>Ilt1 t-IYDfU;fN SLLFITE 

!SH r.;.;.1~-; waste 
106 Sodium hydrogen ru l fl te 

l C..:011pn:Y~5e<j au· 
1 Elt.'?Ct1·ical ener·w 
8 Hot. air 
3 St.£~m 

96 Su J ptx . .w d1 ux J cir: so:~ C as LOC.fl.; H2'.i04) 
100 Sodium <"...:art>0r ia t .n 'JEr:; 

?. W.:J t,er 

~3 SOOIU1 SLLFITE 

.L~;[j li.:t'.·· W.:.1! .• Lu 
12(, Sor' i. lJrn 'i:.U 1 f 1 Lei 

i 
i 
i 
i 

0 

i 
l 

i 
i 
i 

0 

0 

0 

i 
i 
i 
i 
i 
i 
l 

i 
i 

0 

0 

1 

i 
i 
i 
j 

1 

i 

0 

0 

148.30000 
4.7~ 

0.5760J 
0.50000 

1.00000 

30.00000 
3.77rx:JJ 
1.30000 
1.11600 
0.18450 

126.SOCXJO 
l.C.0000 
0.02870 

252.c:x:xxX> 
171.00000 

5.200.JO 
3.20000 
0.260:X> 
0.2350:> 
0.23100 
0.13200 
0.00505 

128f..0.00000 
1.00000 

150.CXXX:O 
115.00000 

8.000lX> 
5.5SU:X:> 
0. 7YXXJ 
o.sro:o 
0.15CXJO 

13.0(.()00 

l.00000 



'" 
l Electrical ener·gy i 100.0CXXX> 
8 t-bt. air i 17.00000 

l~'2 Sodil.Wll pyn.1St..1 lt l le l. 0.79000 
108 Sodil.ml carbonate 98\ i 0.45000 

Process 54 SI>IU1 HYDRB.l.FllE 

" 
158 Gas waste 0 1950.00000 
159 Liq..1id waste 0 6.50000 
160 Solid waste 0 1.15000 
117 Sodiun hydrosulfile 0 l.OCXXX> 

7 Conµr~ air· i 3000.00000 
1 Electrical energy i 550.00000 
5 Process water i 150.00000 
3 St.earn i 17.00000 
2 . Water i 5.QCXM) 

114 Sodium hydroxide (50%) i 1.60000 
~ 93 Rock salt ( 100% fll<tU.) i 1.55000 

145 Zinc ash ( H:X:J".; Zn) i O.SEXlOO 
136 Sulptur i 0.51400 
156 Alcohol i 0.06500 

Process 55 SODIU1 a-LORIOC (t'EDICA...) 

158 lias wast.e 0 lOJO. (f.()00 

159 Liq..1id waste 0 20.0C<XJO 
182 Sodium chloride (mejical) 0 1.00000 
160 Solid waste 0 0.11200 

1 Electrical energy i b85.0COJO 
-.. .., Steam i 57.SCXXX> 
2 Water i 2. 7UX1J 

93 Rock salt ( lOO'o NaU.) i 2.40JOO .. 
Pr-c.><.:t;.'SS !.)(-, SODIU1 NITRATE 

158 Gas waste 0 17-::JJ. OC/.XX) 
119 Sod1um ni l.r a le 0 l.OCOOO 
159 Li<:J,ad waste 0 0.02500 

1 Electr·i.cal. energy i 2'":>15. OXJOO .,, 
St.earn i 13.400CX> ..... 

2 Water i 10.00JCX) 
77 Ni tnc:: oxH.ff.Y:; as t>yprod.Jct. i 0. 70'500 
9/ Soda ash ( lUJ~ .. ) 1 0.668(X) 
54 N.i tr ic acid (as 100° .. ttru) i 0.00200 

Pr ·o;;i..r::;:;, 'S7 TITANIL.t1 DIOXIDE 

l.~:.O I I <:. I J d w. I' 'l.r, () :.? 4 • CJJ.l".1.) 
J.c.,o !:iohd i.-.1.:~::t.c 0 3.00.lOO 
Wb f I. lanl.IJlll dJ 01\ J c:IM 0 1.00000 
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l Electrical er-erg;• i 830.00000 
2 Water i 768.00000 
3 str~,.., i ro.ro.oJ 

• l'Al OUEr CCXJt.lllUrt:G l. 50.00000 
140 Sulpturic acid ;_ 5.SUCXX> 
qa I Hemani te ore (49.~ Ti02) l. 2.8SOOO 

141 Diesel 011 i O.:nnl 
104 Scrap-iron i 0.17500 

Process : 53 ZI~ Sll..FATE 

l~ Gas N.3Ste 0 25CX>.OOOOO 
159 LiCJJid waste 0 9.50000 
L49 Zinc sulphate (as 100% Zrffl4) 0 1.00000 
160 Solid waste 0 0.20000 

l Electrical energy i 3.rJ() .00000 

f 4 Coolirg water i 85.00000 •• 3 Steam i 10.00000 
5 Proce:.-s water i 3.SCXlOO 

140 SUlpturic acid 1 0.37~ 
147 Zinc scrap .1.n zinc extraction (lo.J% Zn) i 0.25500 

Process : 59 ZI~ OUJWE 

146 Zinn chlot"ide (~-. H.)f.o lr£:12i 0 l.OOCOO 
160 Sol J.d wa-=;te 0 0.05500 

1 Electrical energy l 110.00000 
7 Coirprec....sed air i 8.0CXXX> 
2 water i 6.00000 
3 Steam l. 2.00500 

105 Zirc OXJ.de (ash) l 0.60C:XX> 
53 Hydrochloric acid (as 100%) l 0.54CXX> .. 75 Galcil#fl tlYdroxH.Je CaCJ 12 i 0.00400 

151 Pot..:1~.srnm Pf::?n1~'11...,_:µ1..-:1 Le ( l<Mr04 ) O.CJU060 

Process 61) l'D.Ea.l.M SIEVE - ZED...ITES (cl. 4A) 

187 Zeoli tes cJ .4A c 1.0Q)X) 
159 Lic:J,ud waste 0 0.410CX> 
160 Solid waslt! 0 0.00100 

l Electrical enerqy :i 6000. OIXXX> -, ('.(,)npres5E!d air i 990.00000 
6 Den1naral 1zed water 1 46.UX)O() 
3 Stean i 6.90000 

1 ·~-· .. u. Sodiun water ql.:as-::, c 361> grade .• ) i 1.60000 
' JM Sodium hydr·oxioo ('ilf.o) 1.2«~.l'J .. ... W.:.1.er i 0.6"'~ ·-

J~j Alum1rum hyd,.ox1de (a~ 100",; Al203) 1 0.41500 

• 
Pn.x.;~;:!. <>J f'll..CCl.M. SIL~ - ZECl..ITES (cl. 5A) 
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159 Liq.Jid lllCSte 0 0.41000 
160 SOll.d l'tiSte 0 0.00100 .. 

1 Electrical ener•N i 15000.ocnJO 
1 Conpressed .air i lOED.OOCXX> 
6 Denu.nera L 1.zed waler i 84.00000 
.3 Steam 1. 11.BXXX> 
2 Hate• i l.r;o:)()() 

132 Sodium water glass (::L:• grade .. ) i l.BXXX> 
' 114 S<xJium hydroxide (50%) i 1.35000 
· .. 26 calcium chloride i 0.48l00 

153 AllMllirun hydroxide (as 10J% Al203) i 0.44SUO 

- ···Process 62 tll..EQHl.. SIEVE - ZECLilES (cl. 13X) 

18'"-1 Ze">li tes cl .13>< 0 1.00000 
159 Liq.iid i.aste 0 0.41000 
160 Solid waste 0 0.00100 .. 

7 Conpressed air i 1800. 000CX> 
6 L>anireralized 11'.ater i 34.00000 
.s Ste.~ i 7.49000 

1~52 Sodium waler glass (~•grade •• ) 1 2.40CU> 
114 Sodium 11-T"dro,-cide (~.;) l l.400Xl 

2 water i O.q()(XJO 
153 Al1.1nir1.11n hycrox 1 de (as lO'n Al203) i 0.358)() 

Process : 63 ~18-i 

159 Liq.Jid waste 0 9.00000 
97 Soda a'E'"..h ( lCJCr•) 0 1.00000 

160 SoHd ~.te 0 0.25000 

• 2 Water i 150.0COOO 
1 Electrical rn~r~ry' i J2(J.OOOOO 
3 St..c.~11 l 10.UJCXJC 

109 Sodium chloride l l .6CXX)() 
65 Limestone ( 9'.r'.; CaCXl.3) i 1.30000 
37 Coke i O.ll()(A) 

154 Anmonia Ni3 i 0.00500 
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8 2. LIST CF Ifill ~ mDXIS WITH PRICES 

mme of prod.Jct 

Active carbon 
Alcohol 
Aluminiun sulplute (17% Al205) 
Alunirun fluoride 
Alunirun hydroxide (as 100% Al203) 
Alunirur. rulphate ( 14% Al203) 
Allloonia N-13 
lmnonia Nater (Z~.4~ N 13) 
lm'ooniun chloride 
Pmnonium nitrate 
Antiluiper 
Antimony (metalic) 
Antimony trioxide 
Ar-~ 
Barite ore (as 100-.o BaSG1) 
Bariun Carbonate 
Bariun chloride (Bacl2) 
Bariun chloride (BaC12.;J-QO 100%) 
Bariun chloride (BaC12. ;J t..U) by-procl.Jct 
Bariun hydroxide 
Bariun ore (as 100:... 3aS) 
Bauxite (87% Al203) 
Boric acid 
Burnt dolomite (37% ~58\ cao) 
Burnt lime (c.ao) 
calciun carbide 
Calcium ca1·bofute 
Calcium chloride 
Calcium hydroxide cacH2 
Calcium hypochloride 
Carbon dioxide ( lt:Xr'•) 
Carbon dioxide (C02 gas 40%) 
Carbon dioxide (CO'?.) food grade) 
Charcoal 
Chlorine ( 100'•) 
Chromate and bichromate(calc.66.3%Cr03) 
Chromic acid anhydrous 
Cliromi um ore 
Ch.-~l - ba~ac chi-01111um sulptnle 
Co.al 
Cobaltus sulfate 
Coke 
Coke OVP..O '":IJ~ 
Colemani te (boron ore. 40?.;) 
Conpressed air 
Coopressed ni tro-:lf-•• 
Co~rr.:.a te 
Cooling brine 
Cr.,()J. i~~ Welle.I"' 

Coppor •>xic:ln (hJ ;1ck) 
Cc.>J,IJX-;!I" o;.; 11.:lr:l ( I 'Cd) 
C'.oppor ~;c,;r ap 
Copper <:-.u lph.'.\ t.t'.! 
<:rvo I. 1 t.n ("h~'A If t•) 
LlElml.nor~J iznd wal.tw 
fJi,;-l tuni ta 
DlfAAlCJl.IDI pl~.ph,;1t~ 

prod.Jct unit 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tore 
tons 
tons 
tons 
tons 
tons 

tons 
t.rJre 
tons 
tons 
tnm 
tens 
tons 
tons 
tons 
t-m3 
tons 

f\hl.3 
tons 
GJ 
m3 
t.or'IS 
t.ore, 
tons 
tom 
ten-'. 

price 

2000.00 
300.00 
292.10 

1212.50 
179.00 
259.00 
165.00 
260.00 
400.00 
165.30 

4000.00 
2tXJO.OO 
3400.00 

1.70 
100.00 
562.20 
518.00 
470.00 
400.00 
885.00 
160.00 
252.70 
676.80 
45.00 
46.30 

'7100.00 
100.00 
239.20 
95.00 

700.00 
97.00 
39.00 
0.29 

400.00 
210.00 
680.00 

2601.39 
170.00 

13'30.00 
38.00 

28JO.OO 
60.00 
0.06 

225.00 
'*****.f::t:.t:t:.t:.t: 

0.05 
0.02 
3.40 
0.03 

2u~1.&J 
2634.50 
B!i0.00 

10?.4.00 
V-J'1 30 

O.l'l 
sao.oo 
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l•.!fr. U£.'t..JfJ.1:0 
Lon:. '-170.UJ 
t.r..ns )1",':, •• }i) 

f..'l(T..;. CIJ.(~I 

tort~. 10:..0J.W 
t.Of'6 'Y:fJ.(XJ 

t..ntY:. S'J.f~) 

H1.S 0.13 
m.."i O.tX> 
tons 35 .. 00 
t ........ t t _, f .•. f ... , t:.t f: 

l.vrE 52.'JO 
b.:-rt~ -:i:n.w 
tons 94(L00 
l<AY~ lSlS.70 
t.·:>rY.:. 9'1fJ.00 
tnrr:; sr.-:u:o 
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l.n1 r .• • l'.JJ. •A) 
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I.one .. ~:l.f.'IJ 

l.•:r-r:. ·13.00 
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tnn:. J:-'O.<lJ 
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11~·; (I .. I I) 
Ill .... II II .Jt II t.t t 

"' ,, ' . /<JI.II) 
II•rr:. l'.1.f1) 
l.11rY:. Jrl.(JO 
lnrr. 
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Sllu .. :i qel \macro) 
Sil i'_:..1 qp} (nucro) 

:;.su .r-J1 \ h.-..r~) 

Sod.'l . tStl in ~-:-.olul1on 
Soda h-e (4~1- Naa-i) 

Soda lye (4~~) ~lul1on 
Suditau b i.•.:·art.Jor-3 le 
Sodium bichnJ11iale 
Sodium bichromate iDPJr·e 
Sodiun carborllte ~ 
Sodu.J1n chloride 
Sodiun chloride (medical) 
Sodium chranate 
Sodiun glaze 
Sodium lle>Callle tar. ••.x:.ptn te 
Sodium hydrogan sulfite 
Sodu.- hyct-osulfite 
Socllum hydroxide ( IOU'.; NaCl I) 
Sodium hydroxice ( -15._ > 
Sodium hydroxi<E (so-.... ) 

SodiUID 11)-'dro:lcim ('~.r. i 
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Scxiil•11 met .... "'lSt.l lc."lle pP.nt.afr;:d.-ate 
5'.s::lu.an OJ ll·...tt.P. 
&..'Chum perborate 
SodiUID pyn"lvsptu te - di.basic 
SodIUlll pyrosulflle 
Sodiun s1 lie.ate 
5odium &ilfate (as io:r .. Na2'""..:D4} 
Sodiun sul f ld:? 
Sodu.an sul fl le 
Sodiun letrc.lborate {Bor;«) 

SodiU111 U1iosul fate 
Sodi.un tnµolyptif.JS,"Vnte 
Sodium irute.- glass (36-:0 grade •• ) 
So J i.c:J w..-:.r:;te 
Spent piddiJY:J acid 
St.eam 
aJJptur-
Su lpl 10r d1ox i<E 5Cl.l (a!;; lfff.; t l'Z..:i04 ) 
Sulptunc acid 
Su lpl"l.lr lC a<; td /5<?;. 
h t.·mium di.u:.;10n 
f I i. ·.:-.~.x;lj Ulll ~hu·:.pha le 
Wale~ 

Zeollte;; cl. L.~X 
Zeol 1 lt'Z cl -~·;A 
ZEOl .l te5 cl .4:\ 
7eoJi tes cl.5A 
/11;:: ash (l(..()'! .. ln) 
lir-..-: ehlor ide (."ls 11(.r:. llt.;12) 
Z uY; ox Hi? Ur~ll) 
i.111G :;,.;;r·.;1p in .zinc e:-~lr·ncl.1c1n (lr.Af;; Zn) 
7 Jr,_; ~:A.J 1 pl \'l l.d ( :-1 :. J OP~ b 0: ;o.1 ) 

;: Lr-.:' :...u lpt~·.t b.! ( .'1$ r ~1w n~·~ L. ) 

tons 
tons 
Lons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
t.<:>n?. 
l.c;rB 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
lor6 
tons 
tons 
tc>n::. 
tclf"6 
tons 
(,..J 

t.ons· 
tons 
tons 
tore 
lc»IY;.. 

Wr6 
116 
lor6 
~ 
tort;; 
l.onc:.; 
t..orr. 
t.•..>rr.:.. 
tc.r.s. 
t.ons 
torr:~ 

loJ ~J 

1570.00 
1700.00 

165 • .?Il 
45.00 

173.60 
17:>.60 
375.00 

l~.....6.60 

780.00 
89.71 
19.00 

950.50 
14TI.Ol 
2?.0.00 

1355.00 
454.10 

1563.30 
551.10 
173.&J 
192.~ 

540.00 
455.00 
341.91 

1100.00 
1284.00 
360.00 
594.00 
112.40 
264.60 
523.BJ 

1102.00 
1CXl3.10 
876.30 
136.00 

0.00 
20.00 

1.95 
135.00 
00.00 
00.00 
55.00 

20CiJ.C0 
115l .40 

0.03 
22\JO.OO 
1600.00 
3200.ffJ 
2aXl.OO 
610.00 
745.00 
4~).00 

500.00 
40).00 
2~J.C.0 
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8 3. LlST o= INJ FW FlPl'ITS after first rescaling ) 

1u1ie ot plants lh. lore/·year 

#'.V'fflt'CNf TRlClXILt 
l'l.U1IN.J1 SlLPHATE 
Ahu.N 
UAR1U1 U·LOHllt:: 
BARllt1 CARB<.Jt.r.\TE 
Lil~ 

Lill-DOE 
BARIU1 l-IYDIDY.IC:.£ 
SOOIU1 TETRABORAfE (BORAX) 
BORIC ACID 
SJDIU1 J:.ERBORAlE 
PIEClPI lATED crt.CllJ1 GARlfffiTE 
Pr£CIPITATED «::tt....CllJ1 CAr..ncN\Tt.::(TOOTH P.) 
Q.'LCll..11 CARIH£ 
CP.LGIU1 HYPOCl-LOR II E 
cn..cn11 a-LORU:E 
rt'l"Ll>IIU1 a-LORI IJE. 
SOl>ll.t1 BJO-f".Cff\IE 
SJOlLtl O·IRCHUE 
F\JTASSIU1 BIQ-IR[J.y:\fE 
fffiYOfn.E Gl-R.l'1lC t\CID 
a-tHfH"BA. --BnGJ C Cl lhU1Il.ti 9 LFH'.\TE 
OOJ-'PCR OXIU:.: ( IJLl'\CK) 
COPPER OXILE (RED) 
CfJPl-t::R 9.J_P. f.HE 
CRYCl...IlT -N..ttllt..a.t1 mDILM FLLORJOC 
ll...U1J:tf.J1 FLUJP.ICX:: 
HYom:EN FLUJR lOC 
I~ OX![(-: (HE.D) 
f[Rfrr-ERIUC OXIL€ (BU:\CK) 
fEr~..x:, :.· 'FATE 
LEAD OXI OC (RED) 
~Sll..M OXIOC 
~SL DJOXIOC 
I'll. YBrtN.11 HHOXIU:.: 
NICKF.L SlLFATE 
mo 11..t1 TR H'll.. Yf-H~PI I(\ Ir: 
3JLHlt1 1-Lxr-t'I :rn11 USl-1 lt\ll 
S0Dll.t1 P'tr'1:~r-H.lSPt-lt\IL ((JJUf\SJC) 
TIHSOD1U1 Pl-lGr+v\TI~ 
DI Ct\U: Lt.ti Pl n;r-t-1() n: 
FU I t'~:J:'.:UJ1 CAf\t.llffi IL 
FOH-\SS lU1 a Ull~'H~ 
R:>Tt't-~3IU1 N CTR/HE 
SOl>ll..t1 C1' .. l'll[ 
SOLiHJ1 l-\V) n:r-< (.1Lf!(->S 
f'r.l.l::.CU...Ar~ s1r;:v[-1-[U.fl[~I CL..'A 
SILICA GC:L 
511 .. l<'.A GEL 
OOIJJl.t'f M:TASILICl-H~ 
SOOlt..M ll·IJl.U l.n ~IC 
!:min a-·1 rrn:u.r 1 rr: - r.rn,1u1 1-'Y~fxu .. n lE 
SPD I U1 •. HS I 11.: 
!.i1Jl1fl.M I IYDr"'.:t:iU.FJ ff. 
!;iOLH 111 ca.orwx. c r1;_1, 1 cAI. > 
!;(}f > 11.t1 NJ Tf.U\Tl'. 
1 I ll'N IH'I D )l))<J H : 
l rt.11: ~:lLU\IE 
/ 1 t·K.: ca.OR I oc 
l"l'.V CU.Al~ $TCVE · l.L!l..J I'.:, LI .• -SA 

2'Xl0.00 
30)()().00 
7~JIXlOQ.IJ) 

400).00 
6000.0) 

'..2QX)(). 00 
~'OC00.00 

30X>.OO 
SOX>.00 

120JO.OO 
20000.00 
10000.00 

2(0)_()() 

6ClXJO.OO 
SOOCJ.00 

lOOJ0.00 
4CO"J.00 
.::i(.00. 00 
ll.00.0) 
J 700.00 
lCOl.00 
::..'r..0).00 

f:IO.C..X.J 
350.00 

2000.00 
42(0.00 
2200.rn 
1000.00 
20XJ.()) 
JC00.00 
20C1).00 
:X00.00 

St:XXXJ.00 
2l.lCJO.OO 

140.r..o 
5<X>.CX> 

~)~:0.(0 

ll !!.l.J.ti'J 
C;.1)).1)) 

"/'.:00.CXJ 
IJ(A'.X_.•). 0.J 
~.0.).00 

4000.C.O 
(J:t:iJ.(() 

3?.()(XJ. C.:O 
f(t.00.00 

1QX1.(0 
1500.00 
lSCX>.00 

rncm.oo 
lOC0.00 
IJ(.X:i(). (.)() 

~.'O.x.>. 00 
20'XJ.00 
l!iOO.<JO 

1 :) .(.(). (X) 

~~'"" o.<AJ 
1'11.JO.CJO 
4"/IJ0.00 
.lfXJI'). r X) 

tci tn Mill.$ 

2.27 
7.97 
4.29 
3.19 
5.18 

15.53 
15.53 
4.94 
4.28 
7.19 
5.89 
5.18 
2.85 

25.CYl 
1.76 
5.65 
2.71 
3.63 
2.03 
3.01 
0.71 
2.39 
0.41 
1.37 
1.29 
3.16 
3.56 
2.38 
0.89 
0.79 
1.23 
1.00 
7.67 
2.59 
0.59 
0.85 

l?.40 
0.93 
1.48 
".57 
7.35 
·1.68 
6.99 
3.02 

16.47 
17.77 
3.51 
1.27 
1.27 
3.36 
1. 74 
2.60 
I.CO 
2.47 
7..86 
f.I. 76 

6!1.f.~ 

2.31 
2.9£> 
3.51 
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install rune 

tiUTUJ\R SlEVa.:..-LEC.l_J llS CL.3.'\ 
t'[J.£CLLAR SIEVE -ZE<1 I TES CL .3A 
St:m ASM 
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capacity 

lC00.00 
1000.00 

lSCXXX>.00 

fci 

3.51 
3.51 

4.5.44 
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B 4. Single plant evaluation 

Process : 1 #ITil'DIY TRIO>CllE 

Capacity : 
Fixed Capi t.--il lrr.restnent - FCI 
ProdJcL V.'lJue - W : 
lot."'ll lt1n1f,k.~llu-11tJ co..:.L: 
Profit : 
Surple Rate of ~turn 
Back--pay Pen cd : 
PJ/FCI Factor : 
Man.rfacturinq Value Added - !"WA : 
MVA/FCI Factor : 

Process : 2 ILU1IN.tt 9.LA-1\TE 

Capacity : 
Fixed Capital Investment - FCI 
ProriJct Value - PV : 
Tota) Marufacturing Cost 
Proti t : 
Sinple Rate of Return 
Back-pay Pen O<.J : 
PJ/FCI Far-Lor : 
Marufacllir-iO-J V3ll.le M::fed - MVA 
MVA/FCI Factor : 

Process : 3 ARDlf. 

Capacity : 
Fixed Capital Investment - FCI : 
Prod.Jct Value - PV : 
Tot.:11 Man.Jfacb1nng Cost 
Profit : 
Sinple tvtt.P. of t:elurn 
Bac'--p;w Per1ud : 
Pl//;-,;1 Factor : 
l"'L.'lrufactur il'l'-:J V;due l-'£ldec:I - MVI\ 
MVA/FCI Factor- : 

Process : 4 BARIU1 CH.ORI~ 

Capacity : 
Fixed Cap1 tal .i nvest.ment - FCI 
Prcd:ct Value - 1--V : 
Tot.al Marufacturlrt:J Cozt 
Pr·ofit : 
Sirrple Rat.e of Return 
Bat;k·-pay Pf>.nod : 
Pv'/fGl F.;:ic,t1>1· : 
Mitruf act.unrn V.dut.: l·XfcJed - MVf\ 
MVt'V~ Cl f"dCtr.>1 ; 

'.> OARllJ1 ~TE 

Cap.:tQ l t.y : 
Fi~ C'.:..:lp1 t..-:IJ I nv~..:.111'-ml. - FG1 
Prod.J~t Valuu - l'V : 
Total, Marufacturirv.J Ccet 
Proh,t 

2000 
2.2c.l mln. 
6.WXJ min. 
~.U':M mln. 
0.906 mln. 
0.572 
l. 747 years 
4.296 
1.684 mln. 
1.064 

30000 
7.952 mln. 
7.770 mln. 
5.507 mln. 
2.2CA5 mln. 
0.407 
2.460 years 
1.396 
3.754 mln. 
0.674 

750000 
4.283 mln. 
l.272 mln. 
1.028 mln. 
0.244 mln. 
0.002 

12.264 years 
0.424 
0.9:29 mln. 
0.310 

20:0 
2.027 mln. 
1.070 mln. 
1.239 mln. 

-0.169 mln. 

0.754 
0 • .:154 mln. 
0.250 

.3000 
3.7.16 mln. 
1. "7.c.'8 mln. 
1.94·1 mln. 

··O.l)U., ml n. 
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Back-pay Period : 
W/FCI Factor : 
t\."'111.lf .'\Ct.Ur 10;1 V.l hH:! fdt-'d - tf\11\ 
MV'IVFCl 1-.:tt.:Lo.- : 

PnJQSS : 

Capacity : 
Fixed t;ap1 t-31 J nvestJnent - FCI 
Pn:id.1et V:t11~ r--.J : 
Total Marufactunng Cost 
Profit : 
Sinplc Rate of Return 
Back-pay Period : 
PJ/FCI Factor : 
Marufacturing Value Added - MVA : 
MVA/FCI Factor : 

Process : 

(~iClty : 

Fixed C,api tal lrNeStnent - FCI 
PrcJCl.Jct Value - PJ : 
Tot.al Marufacturifl':i Cost 
Pn>til : 
S1nple Rate of Return 
Back-pay Period.: 
WiFCI Factor : 
Marufacturing Value Added - MVA 
MVA/FCI Fact.or : 

8 BARil.11 HYDIDCll:E 

capacity : 
Fixed capital Investment -- FCI 
Prod.Jct Value - PY : 
rotal Marufacturing Cosl 
Profit : 
Sinple Rate of J«:!!..urn 
ll:1cl-. -p. ~v r~ra od : 
PV/J-CI Fa<;tor : 
Man.ifacturi~ Value Added - MVA 
MVA/Ft.:l facl<w : 

l>rocess : 9 SOOil.11 TETJRKJRATE (BORAX) 

Capacity : 
Fixed cap1 tal Investment - FCI 
?rod.let Value - Pl/ : 
Tot.al Maruf,;1<;lun1r:1 Cc><',;l 
Pn>f ll : 
SurpJe R1t.e <>f Hat.urn 
Back·-p..:1y PHr 1. cd : 
1.t..1 tr· c 1 r (.1c t.(,.. : 
M.illlf.:J1;~llll"llY.J v.1Luo /'\d1.:led - MV/\ 
MVl\/F'Gl F':11,;t.or : 

J IJ DORIC ACID 

0.836 
0. 757 mln. 
u.s:,..'8 

lOXO 
9.875 mln. 
5.<..()() mln. 
4.tA2 mln. 
0.958 mln. 
0.139 
7.219 years 
0.810 
2.6W mln. 
0.390 

10 .. 0.i 
9.87!> mln. 

11.560 mln. 
11.BB!> min. 
-t) • .325 mln. 

1.672 
1.9'22 mln. 
0.278 

lSCX> 
3.143 mln. 
1.327 mln. 
1.695 mln. 

-0.368 mln. 

0.60.) 
0.298 mln. 
0.1.55 

5000 
4.267 mln. 
5.510 mln. 
3.C.!06 mln. 
2.424 mln. 
0.812 
1.232 year's; 
l .fl45 
:s.:,-:,i mln. 
1.136 

f.n:.o 
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Proa.rt Value - w : 
Total tbrufact.uring Cost : 
Profit : 
Sin1ple Ral.t:.! Clt f.~lur-n 

B."tek--p;i-,, Period : 
W/FCI F.-lCllW : 
tbrufa...~t.ur 11•1 ·1.u1~c fd:Cd - MV#\ 
HVA/rc1 r .1ct.cw : 

Process : 11 ~ll.11 JelJCR\TE 

Capacity : 
FiXE?d C3pi tal Investment - FCI : 
Prod.Jct. Value - P./ : 
Total Marutact.uring Cost 
Profit : 
Sinple Rate of Return 
Back-p.3y Period : 
P.//FCI ra.:lt..T : 
1'1an..1facturir~ Value Ad:b::I - MVA 
MWVFCI F~:cct.or : 

5.414 mln. 
5. :288 mln. 
0.127 min. 
0.053 

3U. 417 5 years 
J.403 
l.467 mln. 
o • .:.uo 

3)(0) 

5.879 mln. 
22.000 mln. 
11.003 mln. 
10.917 mln. 
2.653 
0.377 years 
5.346 

12.609 mln. 
3.064 

Process : 12 PIECIPITATED CA...Cll.t'I CAAJCllATE 

Capacity : 
Fixed Cap1 t.:11 Invest.nent - FCI : 
Prod.Jct Value - Pl : 
Total Marufact.urin•J Cost 
Profit : 
Sinple Rate of Relurn 
BacK-pay Penod : 
P.//FCI Fact.or : 
ltlruf."let.unnq Value Added - MVA 
MVA/FCI Factor : 

10000 
5.171 mln. 
4.078 mln. 
1.855 mln. 
2.223 "'!lln. 
0.614 
1.628 years 
1.127 
3.177 mln. 
0.078 

Process : 13 PIECIPITATED CA...CIU1 CAAJCMTE(TOOTH P.) 

Capacity : 
Fh '3d Capital Investncnt - fCI 
Prod.Jet Value - p./ : 
Total Man 1f actur lf'Y:J Cost 
Prof1l : 
Siirple Rat.e of Rf!turn 
Elack··pay Per iv<::I : 
W/r"CI Factor : 
Marufact.ur ur:1 Value Added - MVA 
MVA/FCI F.:mt.or : 

Process : 14 CPLCIU1 CMBUE 

Capacity : 
F iY.ed Capi l:.;1 l J nves tJJient. - FCI 
Pr<.x.i.rc t V.:1 J uc~ .. p./ : 
r C>t..i1 l M.-°JI lllf. 1(.:f.111 UY,J (/. r:~l 

Pr"f i l. : 
~.l.npJe r~al.tl of r::,..Lurn 
0<~1.+:"P•N Pnnod : 
PV/H:J l.a1·lo1 : 
J1·11 Uf ,11 l.1 Ir 11 Y 1 '/, I i U•, ! flddrn:f .. MVA 
MVl'/FCl r .:-1c.: t .c.•• : 

: 
10)() 

l.Cl4 mln. 
0.905 mln. 
0.703 mln. 
0.202 mln. 
0.159 
6.~J -yp..ars 
0.713 
0.587 mln. 
0.4<~2 

6()0C() 

24. 963 mln. 
5'1 .r))O mln. 
~'!' 1. "106 ml n. 
24.294 mln. 

1.::i"JO 
0.119 yr~r·s 
;s. If>'() 

.::<J.41ffl rnln • 
1. 742 
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t'_-,:U.~11 ~· : 

I- lxed t;.;ip1 l..:1 I I rl'.'e".:;ll1ienl. - FCI 
Prod.1et V.3lue - 1-V : 
Towl Maruf.rlt.:lunng Ccrst. 
Poof it : 
S111iple Rtl.c <.•t h'l:l.ur n 
ft ·rt-pay Per J.l.'1(1 : 
PV/FCI f.;iCl.ot· : 
M-1n.:fac:::ll11· in•.J V;slue Acl:fed - NVA 
11VA/FCI F ..ictor· : 

Pnx:ess : 

Capacity : 
Fixed Capital Investment - FCI 
ProclJct Vc1lue - PV : 
Total Maruf acturing Cost : 
Profit : 
Sinple Rate of Return : 
Oack-p.~y F'ef-1od : 
PV/Fl;I Factor : 
Marufa.:::tur10-t V.'.llue Added - MVA 
MVIVFCI Factor- : 

Prc~css : 17 "1'IJlfIU1 QUJUIE 

(.4>ac.i ty : 
Fixed Cap1 tal ln.teslment - FCI 
Prod.Jct Value - W : 
Total K3rufactunrr:~ Cost 
Profit : 
Sinple Rate of fl.'eturn 
Back-pay Period : 
W/FCI Factor : 
Marufactur irr:J Value Ac!cfe<j - l'f/A 
tf.IAiFCI factor : 

LB &X>IU1 BICJ-Rl"ATE 

C:Jp.:tci tv : 
F1>~ed C,apit..al lnve-:;tnr!nt - FCI 
Pnxuct Value -- IV : 
Tot.-tl Marutac.:tur i,..,_J Cost 
Profit : 
~; i WJ:>le RiJl.e of I-let.urn 
Oa1,;.k-·FMY l~r-1<.id : 
W/FCI Factor : 
Marufat;t.ur U'f.J Value lklded - tf.IA 
M\IA/FCI F.-Ji..:t.or : 

Process : 

[;_;,!p.-lCl l.y : 
r"ixoo C.:.1p1 t..-11 Jruc.:·,;l.1ntml. - fCl 
Pn:'l<:lJd, V;1 l11n ·· ~v : 
l<.Jl·.11. M.11.il.1.:!111 Hl"J C:Cr-.1. 
Pn>t ll : 
~irnpJfJ 1;i;tl.f! < t l·:c-1Llrrn 
C.'l<.:k··p.r-1 f•rn 11:..J 

'5(. .. 1') 

l.-1~ mln. 
3.500 mln. 
1.102 mln. 
2.YMJ mln. 
1. •-r:;;· 
0.512 years 
2.048 
2.02'7 mln. 
2.302 

10000 
5.636 mln. 
2.39'2 mln. 
1.951 mln. 
0.441 mln. 
0.112 
8.956 years 
0.6()(, 
1.456 mln. 
0.369 

4000 
2. 704 mln. 
l.6CO mln. 
1.227 rnln. 
0 . .573 mln. 
0.197 
5.077 year;:; 
0.845 
0.831 mln. 
0.466 

3U)() 

3.62'1 mln. 
3.170 mln. 
3.070 mln • 
0.700 mln. 
C.276 
.5.626 years 
1.486 
1.527 mln. 
0.aJ2. 

111'..lO 
;!.O:?'/ mln. 
l.·1"17 nil n . 
J .ct:.o 1111 n. 
CJ.-1<./;. ml r1. 
0 • .5..'il 
:~.Ol.'.> yc.~r·$ 
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tUrufacturu"P.J Value AckJed - ttJA : 
MVA/FCI F . .,..;tor : 

:.0.\) POTASSIU1 BIORl'tATE 

G..ipac1ty : 
Fixed C .• ip1 I. lJ l rn.'f~=;tn1erat - r-cl 
Prod.Jet Value - Pl/ : 
Total 11-vuf actunng Cost 
Profit : 
S1.1ip1e ~le ot P.clurn 
Back-pay Peril.id : 
PV/FCI Factor : 
Maruf .:iClu1· Ul~.J Value Ad:Ed - MVf\ 
MVA/FCI Factor : 

Process : 21 IN-IYDfUJS <HUUC ACID 

C3r>acity : 
F:=.xed C3p1 tal Investment - r·C! 
Pnd1cl. V;&Jue - PV : 
Tot.al M..=u-ut.ct ... ~l.lu-.ing Cost 
ilr1)f.l t : 
SipPle Rate of RP.turn 
flack f>.1"~ Pl~iod : 
PV/FC:l Factor : 
Marufactur ll"r.J Value Added - f'f/A : 
HVA/FCI Fa-~t.or : 

0.860 mln. 
0.606 

1000 
2.128 mln. 
1.820 mln. 
1.963 mln. 

-0.14.5 mln. 

1.222 
0.385 mln. 
0.259 

1000 
o. ·104 mln. 
:l.UJl min. 
1.826 mln. 
0.775 mln. 
1.573 
o.~ ye~ 

5.282 
'.CE6 mln. 
L.206 

Process : 22 a-RHEA.. - BASIC a-RJ11U1 9-Uff\TE 

Capacity : 
fixed Capi t.al Invest.rent - FCI 
Pnxuct VaJ UH - Pl/ : 
Total 113rufacturing Cost 
PnJf1t : 
Sinple Rat.P. of Return 
B.::lck·-pay Period : 
W/FCI r .:-:ct.01 : 
ManJfa<.:l1.1nrr.1 Value f.'ldc..fed - MVI\ 
MVA/FCI facto;· : 

~:.:5 CXJPPER CJXlll:: (BLACK) 

capacity : 
f1Y.ed Capit..-:11 Investment. FCI 
Pn.JCk1ct Vttlll!~ - IN · 
Total Maruf<:ie;Lurmg Cost 
PnA1l : 
SinpJe ~tH f>f Return 
Bc:1ck ··pay Per J.od : 
f:A!/FCl Fact.<>1- : 
M.·•rufaclun 1v.1 V.:sl1m i\c.iJed - tt/A 
f1VfVFGJ f :tc.' t<w : 

~.''I OOPPl:R OXIOC (RED) 

('/1p:11 lht : 

r: l i<f~d C: :J") I I'.; I I J r l'.'t!'.AJflt!fl l •. fl.a 
Pn .. d11 1. V;11111: · rv : 

20fX) 
2.382 mln. 
2.760 mln. 
2.136 mln. 
0.624 mln. 
0.374 
2.614 years 
1.655 
Ll52 mln. 
0.691 

40 
0.258 mln. 
0.107 mln. 
0.101 mln. 
O.C06 mln. 
o.o:.''4 

. ~. 26~ vears 
0.59L 
0.062 ml11. 
0. ::i-15 

lf ;') 
0.0:.lt'J m.ln. 
I J. ~y,;~ nil.n. 
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Profit : 
Sinple Rate ot Relurn 
Back-pay Pt-?r i t..'d : 
PV/FCI F.lCtOI- : 

27 

Marufactur-1n=1 Value Ad:Jed - MVA : 
MVA/FCI Fact.Of· : 

Process : '~ ~ ~TE 

Capacity : 
"Fixed C,api tal Investment. - FCI : 
Prcxi.Jct Value - PV : 
Total Marufacturirg Cost 
Profit : 
Sinple Rate of Return 
Back-pay Period : 
PV/FCI Factor : 
Marufacb.Jnng Value Ajded - MVA : 
MVA/FCI Factor : 

0.043 mln. 
0.102 
9.776 years 
0.621 
0.152 mln. 
0.357 

2000 
1.285 mln. 
2.048 mln. 
0.944 mln. 
1.10.1 mln. 
1.228 
0.814 years 
2.2r1· 
1.436 mln. 
1.596 

f-'I OCC'~S : ::c. CRY0...11£ - ILU11N..t1 SI>Il.11 FLlDUIE 

Capacity : 

Fixed Capital lnvestfrent - FCI : 
Prod.Jct Value - JJV : 
Total Marufacturing Cost 
Profit : 
Sinple Rate of Return 
Back-pay Per l(.".(J : 

p.J/FCI Factor : 
Marufacturing Value Added - MVA 
MVA/FCI Factor : 

Process : 27 A...U1IN..t1 FLlDUDE 

Gapac1ty : 
Fixed (;ap1 t..al Investment - FCI 
Prod.set Value - PV : 
Total M3ruta~turing Cost 
Prof 1 t : 
Sinple Rate <>f Return 
Back-pay Period : 
PV/FCI Fact.or : 
Marufactunrr.:1 Value Added - 1'1VA 
MVA/FCI Fact.or : 

Process : 

capacity : 
Fixed Cap1 t..al 1nve~tment. - FCI 
Prcdsct V~lue - f-'V : 
Tot.d 11.:srutactur 11"'9 Cost 
Pn>tt t : 
SinpJe f~::elt'! of Hat.urn 
Back··pay Penod : 
PV/FGI Factnr : 
M.:•n.sfaoturir;.J V.°'Jua Added - f"'WI\ 
MVl\11 CI I :id.or : 

2'~ IRDll OXIDE (RED) 

4200 
3.153 mln. 
2.fn9 mln. 
2.690 mln. 
o.~ mln. 
0.095 

10.568 years 
1.313 
1.265 mln. 
0.573 

ZlOO 
3.548 mln. 
2.667 mln . 
1.411 mln. 
1.256 mln. 
0.506 
l.9TI years 
1.074 
1.913 mln. 
0.770 

1000 
2.377 mln. 
3.177 mln. 
2.883 mln. 
0.7.~4 mln. 
0.17/ 
5.661 years 
l.CK>9 
O.EF •• 6 mln. 
0.!'",;~2 
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·~ity: 

Fi>eed C.'lPi tal ln.oesbelt - FCI : 
Pn.id.ICl V:ll .. • - rY : 
loL'll tlfrutar_ lurug Cost : 
Pn>fit : 
Si11Ple lbl.P- ot Retur--n : 
Back-p..~ ~••.id : 
1-VjFCI 1·:.ctor- : 
tbrufactur1r..-.,_1 Value Ac1B:I - NVA -
t'MVFCI Factor- : 

Process : aJ FEIHFERR1C OWES (Ill.JO() 

C4>acitv : 
Fixed Capital InvesbEnt - FCI 
Pnxl.Jct Value - PV : 
Total Marufacturing Cost : 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
PV/FCI Fact.or : 
tblut.-.~ti11·10.:i Value Added - MVA 
tflA/FCI factor : 

Process : .51 FER!U.6 9..Uff\lE 

Capacity : 
Fixed CClpi tal Investment - FCI 
ProJ.Jct Value - PV : 
Total Marufact.unng Qlst 
Profit : 
S1nple Rale of h'ell.1rr1 : 
Back--pdy Per Jcxj : 

PV/FCI Factor : 
Marufacturing Value Added - l'f/A : 
MVNFCl Fact.or : 

(~r.ity : 
fiY.ed cap1 tal lnvestnent - FCI 
Procltet Value - PV : 
Total Marufact.urirg Co5t : 
Profit : 
Sirrple Rate ot Return 
Back-pay Period : 
PV/FCI Fact.or : 
M.irufacturi~ Value Added - l"WA 
MVA/FCI Factor : 

Cap:'tcl ty : 
F 1 xed C..:1p1 t.'t I I ~.t.ment. - F<.;1 
Prod¥.;t VaJ1m ·• PV : 
lotal l"f;:trufactuno;i CoF.t. 
Prof1 t : 
GtniJ.•ln l'~1t.r. r•f Wt!l .. urn 
fl."lc.:k p. l';I J.'r-w 11. "J : 
PV/FGl r:Jc:.~Uir : 
Marufan tun r~.J v.-. Lua Adct:!d - MVA 

2000 
0.890 aln. 
1.918 •ln. 
0.896 aln. 
1.022 naln. 
1.641 
O.fJ:n years 
.).079 
1.325 mln. 
2.128 

1000 
O. 7fR llln. 
0.970 mln. 
0.781 mln. 
0.189 naln. 
0.342 
2.925 years 
1.757 
0-49.3 rnln. 
0.893 

lCXJO 
0.781 mln. 
0.381 mln. 
0.434 mln. 

-0.053 mln. 

0.696 
0.175 mln. 
0.320 

20X> 
1.079 mln. 
1. 720 mln. 
1.100 mln. 
0.620 mln. 
0.821 
J.~J8 years 
2.2'77 
0.916 min. 
1.213 

5£0X) 

7.653 mln • 
33.CIOS mln. 
25.018 mln. 

8.G67 mln. 
I .6JR 
".<..in yr.ar::; 
6.2fl8 

11.568 mln. 
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Process : 34 ~ DIOCllE 

Capacity : 
Fi><ed Capital lnvesllllent - FCI 
Prod.Jct Value - W : 
Total tbn.rfactur ing Cost : 
Profit : 
Siaple Rate of Return : 
Bac.k-pay re.- h .. 'll'J : 
W /FCI Factor : 
l'tarufacturinq V.due Added - ~ : 
l'MVFCI Factor : 

Process : 35 KLWIEIU'I TRICICIIE 
I , 

Capacity : 
Fi><ed Capital Investnent - FCI : 
Prod.Jct Value - W : 
Total 11arufacturing Cost : 
Profi.l : 
Sinple Rate of Return : 
Back-pay Period : 
W/FCI Factor : 
l'i'lrufacturio.,J Value Added - M\IA : 
MVA/f-CI Factor : 

Proce:;s : 36 NICl£L s.LFAlE 

Capacity : 
Fi><ed C!api tal Investment - FCI 
Prcxi.Jct Value - W : 
Tot.al Marufacturing Cost : 
Profit : 
Sinple Rate of Return 
Back-pay Period : 
Pl/FCJ Factor : 
Marufacturutq Value Added - MVA 
MVA/FCI Factor : 

Process : 37 SODiltt TRIALYRiJSFHUE 

capacity : 
Fixed capital Investment - FCI 
Prod.let Value - Pl : 
Total Marufaclln-ing Cost. 
Profit : 
Sinple Rate of Retur-n 
Back·-pay Pen od : 
Ptl/FCI factor : 
Marvfactunrq V,i:il1Je Added - MVA 
r-NA/FCI Fact.or 

Pr0<.:tlS$ : 38 SODiltt f-£>W£TAFHlSA-AlE 

Gap.r.1ty : 
FlXf:!<:S C;.:1p1 t.:• I J rr ... m.l..mAnt. - FCI 
Pn><i.1c t. Va 11 Jt.-! - ~'V : 
Total Marufa<;tun n:.J Cost 
Pr'<>fi t 

2000 
2.!B> 111.n. 
3.472 •ln. 
1.945 llln. 
1.527 mln. 
0.845 
1.183 years 
1.922 
2.237 mln. 
1.238 

140 
O.SBB 111.n. 
l.428 mln. 
1.185 mln. 
0.24.3 mln. 
0.5~ 

1.694 years 
3.470 
0.4SJ mln. 
l.113 

500 
0.850 mJn. 
0.937 mln. 
0.739 mln. 
0.198 mln. 
0.333 
3.004 years 
1.575 
0.477 mln. 
0.802 

50CO) 

19.358 mln. 
43.815 mln. 
35.662 mln. 
8.153 mln. 
0.602 
l.662 years 
3.233 

13.3<.X:.1 mln. 
0.982 

1000 
o.~;1.51 mln. 
1.356 mln. 
0.002 mln. 
0.554 mln. 
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_Back--pay Per .u .. 'd : 
o.//FCI Fact.or : 
tlU'Ufa.~tt11·ul'.:i Value AIU~ - r'M\ : 
tf\IA/FCI Factor : 

1.176 years 
2.000 
0.823 mln. 
l.~Y>2 

Process : SI SCl>lll1 ~lE (DIBASIC) 

\:apac1ty : 

Fixed capital Irr..-est.ment - FCI 
Prod.Jet Value - FA/ : 
Total tbrur-acwring Cost : 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
PV/FCl Factor : 
Harufacturing Value Act::led - t1VA : 
ttlA/FCI Factor : 

i 
Process 40 TRl9:K>lll1 fffEARlE 

Capacity : 
Fixed Capital I nvest.ment - FCI : 
ProciJct Value - PV : 
Total Man.Jfa-..;tua-ing Cost : 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
Pl/FCI Factor : 
ttarufacturing Value MEd - mA : 
mA/FCI Factor : 

Process : 4 l Dicn...cIU1 A-IER-ATE 

Capacity : 
Fixed Capital Investment - rc1 
ProdJct ',falue - Pl : 
Total Marufaclunf'l'3 CO'St : 
Profit : 
Susple Rate of Return 
BJck- ·PdY Per-100 : 
PV/FCI Factr.>r : 
turutacllrri;):J Value Added - f'fl/A 
MVA/FCI Fact.or : 

Process : 42 FOTASSILt1 CAfBJIATE 

Ci:lpac1 l'Y : 
Fixed Gap1 Lal Investment - FCI 
Pr<.d.Jc t Value - Pl : 
Total M.~rufactunng Cc>St 
Pr·ofit : 
5inple Rate of Return 
Back··pJy PP-nod : 
PV/FCl Factor : 
M.:irutact.unrY--1 Value AddP.d - MVA 
l'fJA/F C I F dC t.nr : 

c.~pac1 tv : 
FBfed c;am t I I I [MW •oont .. [(' r • 

.:.co 
0.940 lllln. 
0.385 mln. 
0.486 llll.n. 

-0.101_ lllln. 

0.585 
o_ 151 lllln. 
0.230 

7~ 

4.565 mln. 
8.681 mln. 
3.302 mln. 
5.379 mln. 
1.683 
0.594 years 
2.717 
6.323 mln. 
1. 90'.) 

4CXXX> 
7."336 mln. 

40.COO mln. 
23.656 mln. 
24 .-342 mln. 
4.740 
0.211 years 
9.347 

27.cns mln. 
~.276 

lOCO 
2.288 mln. 
0.940 mln. 
1.350 mln. 

-0.402 mln. 

0.59'"1. 
0.459 mln. 
0.287 

1000 
'I R"~ •l• 
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Prod.JC't Value - PV : 
Tot.al tl'lrufacturirt-J Cost 
Pf·of i l : 
Sinple f.l.11.t~ ut l·'.t:~l.ur n : 
Back-ruv ~.r fod : 
Pl/FCl Factor : 
Maruf acb 11- i ng Value. nt::»?.d - tt.JA 
tfv'A/FCI r .ad.or : 

Pl-ocess : 4-1 POTASSIU1 NITAAlE 

Capacity : 
Fixed Capi Lal lll'.'f:?Stment - F~l : 
Preld.Jct Value - Pl : 
Total Man.Jfacturing Cost. 
Profit : 
Si11Ple Rate of ~turn 
Back-pay PeriOfJ : 
Pl/FCI Factor : 
Marufacturing Value Aclcled - tfv'A : 
tflA/FCI Factor : 

45 9I>IU1 Q.AZE 

Olpacity : 
Fixed Gap1t.~l lrr~tment - fCl : 
Prod.let Value - Pl : 
Total Marufai...turin:.J Cost 
Profit : 
Sinple RatP. of Return 
Back-,J."lY Period : 
PJ/FCI Factor : 
Maruf.ttct.uru~ Value AdEd - tfJA 
tfiA/FCI Factor : 

<It.:. SCl>lll1 WATER a.ASS 

Capacity : 
Fixed C.~i ~l Invesbnent - fCl : 
Pr-0tu;t Vah.Jt? - IV : 
Tot."11 Marutact.urinq tx.>sl 
Pruf it : 
::i1nple Rat.a uf F:et.urn 
Back·-pay Penud : 
PV/FC! Factor : 
H.::rufacturing Value l'id::led - MVA 
l'WA/rCI F.'lf :ltw : 

0.3'Jl mln. 
0.972 min. 
n.111.~ mln. 

0.44-1 
OAS.~ r.aln. 
0.2:.?.J 

21).)) 

1..174 mln. 
1.40) min. 
1.450 mln. 

-0.050 tr.!.•·-

1 • .557 
0.7.62 min. 
o .. :bt 

2":lf.JJO 
13.·~ mln. 
5. 7~.) min. 
~-.'.'..2<. mln. 
O.l~:-1 mln. 
0.013 

79. <>14 years 
0.587 
2-414 mln. 
0.246 

60:(1.) 

14. /Oc .• min. 
B.UJJ mJn. 
B.94/ mln. 

·O. 781 mln. 

o. n:, 
l .8l2 mln. 
O. l /<., 

41 Kl.ECURA.. SIE\£-ZEa..ITES (cl. 3A) 

c.~itv : !)I)() 

f"lY..ed l:api t.al J nve--;t.ment - fCl 2. :?.:iO nil n. 
PrcxiJCI. Valuo . rv : O.tltit.1 mln. 
lot.al Hdru f .ot<A.ur JI r.1 C:o:•. t. 1 . I '-0 111111. 
Prufl t : 0 •. 'i7.J rnl n. 
SJ npJ F.? H::1lu '·'' Pr~l.urn 

B'.lcli: p.·w Pf.T 111tJ : 
rv;rr.1 r ;it·fnr : IJ. '11? 
Muur.1, :l..t11 I 11 .1 'i. t II It ! fdbJ 11'/f' '.1.~'lrl mJn. 
1'1VIVI ~l I ,:1(..f(W : O. HYJ 
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~: 00 Kl..EW..M SlE\£ - ZBLllES (cl_ 4A) 

Capac-ity : 
Fixed Ccipi tal ll"Ne$lmenl - FCI : 
Pr~t Value - PV : 
Total Maruf.acturing COst : 
Prolit : 
Sinple Rate of Return : 
Dack-pay Period : 
Pll/FCI Factor : 
ttarufacturing Value Ad::Jed - twA : 
MVA/FCI Factor : 

50) 
i.230 naln. 
1.600 naln. 
1.114 mln. 
0.486 mln. 
0.31! 
3.216 years 
1.025 
l.164 nll.n. 
0.746 

Pnx::ess : 61 tD..EaJIR... SIEVE - ZEILilES (cl_ SA) 

Capacity :· 
Fi><ed Capi bl lrNeStaent - FCI : 
Procllct Value - P-./ : 
Total Marufacturing Cost 
Profit : 
Sinple R.2te of Return : 
Back-pay Period : 
W/FCI Factor : 
11arufacturi03 Value Added - MVA : 
t'MVFCI Factor : 

500 
2.230 mln. 
1.400 mln. 
1.527 lllln. 
0.073 min . 
0.047 

21.416 years 
0.897 
0~766 mln. 
0.491 

Process : 62. tD..EaRL SIEVE - ZBLilES (cl. 13X) 

(_ ~1ty : 
Fi><ed capital Invest.ment - FCI : 
Prod.Jct Value - W : 
Total Marufacturing Cost : 
Profit : 
Sinple Rate of Return 
Back-pay Period : 
Ptl/FCI Factor : 
l1a1~facturing Value Ai:led - MVA : 
mA/FCI Factor : 

Process : 48 SILICA lB.. (tR:R>) 

capacity : 
Fixed Coapi tal Invest.mant - FCI 
ProclJct Value - Pl/ : 
Total Marufactunng Cost 
Profit : 
Sinple Rale of Jeturn 
Back·-pay Period : 
Pl/FCI Factor : 
l'larufacturing Value ~ - mA 
mA/FCl f"actoi· : 

Proc.:ese : 49 SILICA CE- (1'11CAl) 

Cap.llc1 ty : 
FiY.ed cap1 t.al J ~l.nlent. - FC! 
Pndict. V;iJ111• · J'V : 1 

Io kt l l''hn 1 t ,;ic : l.un ,..,_, Ucl!• t. 
Proht. : 
Z1nple R.1t.P. of r~turn 
ll.lck • p. •Y PE'r rnrJ 

500 
2.2:JO naln. 
1.100 mln. 
l .Cf-15 mln. 
0.005 mln. 
0.003 

322.671 yP.ars 

0.705 
0.68'.l mln. 
0.437 

150) 
1.262 min. 
2.355 mln. 
2.105 mln. 
O.ZiO mln. 
0.28.3 
3.536 years 
2.665 
0.75!> mln. 
0.855 

ISi.JO 
1.7.62 min. 
;:.',~I) mln. 
~~ • .;;.12 ml n. 
0.20FJ mln. 
0.236 
4 • '2.!/'I ye.ir~ 
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11arufacbJril"¥} Value Ad:i:!d - ~ : 
tfJA/FCI Factor : 

Process : SO Sl>Iut tETASILICATE 

Gapacit.y : 
Fi><ed C'.apital lnvesbnent - FCI : 
Proct.Jct Value - Pt/ : 
Total t1arL1facb.Jring Cost : 
Profit : 
Siaple Rate of Return : 
Back-pay Period : 
Ptl/FCI Factor : 
ttarufacb.Jring Value Added - t1VA : 
MVA/FCI Factor : 

Process : 51 Sl>D.11 1HICB.LAl\1E 

Capacity : 
Fi><ed Capital ln'Jestment - FCI : 
Pr-od.Jct Value - P\i : 
Total t'b.--:ufacb.Jring Cost : 
Profit : 
Siaple Rate of Reb.Jrn 
Back·-pay Per-iod : 
Ptl/FCI Factor : 
ttarufacb.Jring Value AckEd - HVA : 
MVA/FCI Factor : 

Process : 52 Sl>Iut HYDA:HN Sl...FilE 

Capacity : 
Fi><ed CClpi tal Investment - FCl : 
Pr-oclJct Value - Pt/ : 
Total l'lanJfacturing Cost : 
Pr-ofit : 
Sinple Rate of Return 
Back-pay Per-iod : 
Ptl/FCI Factor : 
Marufacturing Value Act:fed - HVA 
MVA/FCI Factor : 

Process : !>..S Sl>Iltl Sll.FITE 

capacity : 
Fixed C.=ipi t.:tl Inve!:.lment - FCI 
Prod.Jct Value - W : 
Total Marufacturing CO$t. 
Prc>fit : 
S1npJe R.:lte of Ueturn 
Baek--p.ay Per j od : 
W/FCI Fact.or : 
1'1'Jrufact.un,.,., Value At:Jdf.!d - MVA 
f'flA/FCI F.act.(.')r : 

54 000Jlt1 HYDfUl.l.FJTE 

CiJf.>i,I(: 1 l. v : 
F1:.<ed cap1 t.al Irrvezt.nw~nt ·· FCI 
Prod.1et V;wluo •· JV 
loLll f•hruf ..:tt.~rur 1 

0. 7?/.J ml.r •• 
0.826 

l(X)()() 
.S.354 mln. 
41.550 mln. 
2.!J;O mln. 
1.660 mln. 
0.707 
1.415 years 
1.938 
2.479 mln. 
1.056 

1000 
1.733 mln. 
l.0Cl3 mln. 
0.671 mln. 
0.332 mln. 
0.274 
3.654' years 
0.827 
0.803 mln. 
0.662 

40'X) 

2.599 mln. 
1.816 mln. 
1.093 mln. 
0.723 mln. 
0.398 
2.515 years 
o.-ns 
l.2.30 mln. 
0.676 

20CO 
0.994 mln. 
1.048 mln. 
0.948 mln. 
fJ.100 ml'l. 
0.144 
6. 9"'..J4 years 
' .• 506 
o.:;53 mln. 
0 .. 5'..e 

2(.('.() 

2.463 m~n. 
3. J'll mln. 
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Profit : 
Sinple Rate of Return : 
Back-pay ~"'I"" wd : 
PV/FCI Factor : 
Marufacturing Value Acl:led - MVA : 
MVA/FCI Factor : 

Process : 55 9Dllt1 a-t..DRillE {tEDICA..) 

Capacity : 
Fixed Capital Investment - FCI : 
Proc:lJct Value - Pl : 
Total ~acturing Cost 
Profit : 
Sinple P.ate of Return : 
Back-pay .Period : 
Pl/FCI Factor : 
Marufacturi~ Value Ack:ted - l'fl/A : 
MVA/FCI Factor : 

Process : 56 SDiltt NlTRAlE 

Capacity : 
Fixed Capi t.~l lnvestnent - FCI 
!-'rod.Jct Value - Pl : 
Total l'lan.Jfacturing Cost : 
Profit : 
Siaple Rate of Return : 
Back-pay Peri.od : 
Pl/FCI Factor : 
Marufacturing Value Added - l'fl/A 
MVA/FCI Factor : 

Process : 57 TIT~U1 Dl(])(Il:E 

C.:ipaci ty : 
Fixed ·~ital lnvest.ment - FCC 
Procllct Value - PV : 
Total l''hruf<ict.ur-ing Cost 
Profit : 
Siaple Rate of Return 
Back-pay Period : 
PJ/FCI factor : 
Marufacturing Value Added - MVA 
r1i/A/FCI Factor : 

Process : 58 Zitc Sll.FATE 

Capacity : 
FiXed capital Jnveztment - FCI 
Prod.Jct Value - PV : 
Total MarufacturirY;J Cost 
Profit. : 
Sinple Rat.e. of Rat.uni 
Back-pay Pen oc:I : 
PV/FCI Factor : 
Marufilcturirq Value Addac:I - r1i/A 
MVA/FGI Fae.Loi· : 

5? Zltc a·LORIDE 

0.699 mln. 
0.404 
2.472 ye.vs 
l.ED9 
1.340 mln. 
0.77b 

1500 
2.877 mln. 
1.426 mln. 
O.g;/7 mln. 
0.529 mln. 
0.263 
3.006 years 
0.700 
l.OLSl mln. 
0.527 

8100 
6. 71C mln. 
2.735 min. 
3.314 mln. 

-0.579 mln. 

0.582 
0.696 mln. 
0.143 

2(0)) 

65.6T/ mln. 
40.r.OO mln. 
31.402 mln. 
s.s~,.ia mln. 
0.187 
5.347 years 
0.870 

20.450 mln. 
0.445 

lOCO 
1.850 mln. 
0.480 mln. 
0.588 mln. 

-0.100 mln. 

0.371 
0.7.28 mln. 
0.17(., . 
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J5 
Capacity ; 
Fixed Ci:>pi tal I~tftllf'..n•. - FC! : 
Procltet VaJUP. • PV : 
Tota::. l1anJtar.;turi1 J Cost : 
Profit : 
Sinple ~te of Return 
Back-pay Period : 
W/FCT.. Factor : 
Harufacturing Value Added - MVA : 
MVA/FCI Factor : 

Process : 63 ~ ASH 

Capacity : 
Fi><ed Capital Investment - FCI : 
Procl.Jct Value - W : 
Total Marufacturing Cost 
Profit : 
Sinple Rate of Return : 
Back-pay Period : 
W/FCI Factor : 
Marufacturi~.J Value Added - MVA : 
tf\IA/FCI Factor : 

I . 
I 

4700 
2.~:i-3 alln. 
3.502 mln. 
2.879 mln. 
0.622 mln. 
0.301 
3.322 years 
1.694 
1.327 mln. 
0.642 

100000 
33.303 mln. 
16.530 mln. 
18.171 mln. 
-1.641 mln. 

o.7rn 
4.855 mln. 
0.203 
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B 5. Reporte on experiments ( I 50 - I 384 ) 

Problem title: I~IC IllU..GTJ.(f 

F r a c t i o n a I Q:>timization 

t13ximize: 
Yearly Profit 

Investment 

Scenario: 
5.0CE +ol < Investment 

MAIN PARAMET[.RS 

Yearly Profit 
Marufacturing Value Added 
Investment 
Yearly lnport 
Yearly Domestic F\Jrchase 
Yearly Domestic Sale 

SALE 

I 

ca1c1un carbonate 
ctromic acid anhydrous 
Dicalciun phosphate 
calciun hypochloride 
calciun carbic::le 
Sodium perborate 
Magnesil.11'1 oxide 
Trisodium phosphate 
Gas waste 
Li<J,Jid waste 
Solid waste 
Iron oxide (red) 

PURCHASE 

Elect.riCJl energy 
Wat.er 
Steam 
Cool 1 no:1 wa t.er 
PrCX'~".. "'"l t.nr 
Conpre-~200 air 

= 
mil.$ 

1.284 ---
mil.$ 

< LOOC+LU ( 0.CA) nai.LS 

64. · mil.$ 
79. mil.$ 
50. mil.$ 
11. mil.$ 
57. mil.$ 

147. mil.$ 

145"..()(J. 
1000. 

40JOO. 
5000. 

29964. 
20000. 
scooo. 

7500. 
125737'2.0CXJ. 

35:3679. 
83006. 

2000. 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
m3 
ton:; 

tons 

214131~. kwh 
60'1'1CUJ. "~ 
l~'"&.O. GJ 

8%0. m3 
~J41)). in."; 

~ 
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Ana:>ni.un nitrate 4250. tons 
Conpressed nitrogen 144il822. Nn3 
Burnt line (cao) sait.31. tons 
Coke 17993. tons 
Electrodes c;o_ tons 
Colenan:i te (boron ore 40%) 14020. tons 
Dolomite 9600. tons 
Nit.-ic acid c as cB'• J-t.fli) lSCXl. tons 

' tt,1a·ate lime [99.5 CaCCH)2) 240:.'. tons 
Hytrogen peroxide 4720. tons 
Elecrode mass 539. tons 
Limestone (~ CaCOS) 171. tons 
t1agiesi._ sulptute m. tons 
SodilMO hydroxide ( 45.?,;) 16. tons 
Phosphoric acid (~ P205) 43200. tons 
Phosphoric-acid (75% H3P04) 3150. tons 
Sand 262. tons 
6urnt d:>lanite (37"e ttPf-58% CaO) 145000. tons 
Sodiun cartx>nate ~ 2625. tons 
Sodiun chloride 210. tons 
Sodiun hydroxide ( 100% NaCl-I) 1125. tons 
Sodilm hydfoxide (~.,;) 5360. tons 
Soda lye f4S.-..) solution 17600. tons 
Sodio:.m silicate 00. tons 
Cartx>n dioxide C lOL'l!.;) 36450. tons 
Lime 3500. tons 
5ulpnJric acid 1340. tons 
Diesel oil 2000. tons 
~ia 1+13 1. tons 
Fuel gas 59074400. Nn.3 
Natural gas 63CXXJO. NIU 
Filtriation agent 28. tons 
Chlorine ( 100%) 20""'5. tr-rs 
Post-red.Jction aniline (55\ Fe203) 4300. tons 
Iron sheet 45. tons 
Sodilm bichromate i.RJlure 1700. tons 

PROCESSES 

SOOILt1 PERCORATE 20000. tons 
CPL..Cllt1 CAmIDE 29964. tons 
CPLCllJ1 HYPOCILORUC scoo. tons 
PH-IYOOClJS CHRJ1IC ACID 1000. tons 
IRGI OXIDE (RED) 2000. tons 
~Ilt1 OXIOC 50000. tons 
TRISODIU1 Pl DSPhAlE 7SCX>. tons 
DICA...CilM ~rt 40000. tons 
SOO !Lt1 GLAZE 320. tons 
~IU1 ~TER GASS 8X>. tons 
SODA ASJ-1 131. tons 



• Problem title: 1111JRG1¥111C 11'1.U:>TRY 

F r a c t i o n a l Cl,'>timization 

Maximize: 
Yearly Profit 

Investment 

Scenario: 
1. 2SE-t-0'2 < Investment 

MAIN PARAMETERS 

Yearly Profit 
Marufactunn-:1 Value Added 
Investment ;. 
Yearly lllf)Ort 
Yearly Domestic ~rchase 
Yearly Domestic Sale 

SALE 

Antimony trioxide 
calcium C.'lrbona te 
Chromic acid a1 ydrous 
Copper sulphate 
Dicalcium phcr::.phate 
calcium hypochloride 
Lead oxide (red) 
Manga~ dioxide 
Molybderun trh,xide Ill 
Alumirum 51.Jlpha;..e (14% Al203) 
Prooipi tate.:I calt.·1um carbonate 
calcium carbide 
Sodium hvdr~n rul.f i le 
Sod. um he.-<amatap~:phale 
Sodi; Jm hyrlrO"""...Ul f i te 
!:.1'd11.Jm portx.'lrate 
Sc.:rlium I.Et t.n1t.l0r ·" t.e ( Bor ~Jx ) 
Sooi.um t.riµolyp~.phate 
Ma~1um oxide 
Tri!leidium p~...pl"l.ate 
Alumuun fluorido 
Gaz waste 
Liq..iid waste 
Solid wal!ite 
Iron ox1a.1 red 

= 
mil.$ 

0.739 -·---
mil.$ 

< LOC£+20 ( O.~) mil.$ 

92. 
125. 
125. 
17. 
93. 

236. 

20CO. 
14!J(X.0. 

1000. 
2000. 

4()()('..0. 
5000. 
2000. 
2000. 

140. 
?£000. 
10000. 
6CXXX>. 

4000. 
l(XJC>. 
2000. 

20CX)(). 

soco. 
ZZ'"flf".J. 
50(XX>. 

"/'"DJ. 
Z.'fXJ. 

mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tore 
tons 
tons 
tons 
tons 
tom; 

tore 
tor"B 
tom 
tnrr:, 

2382469(.()(). m.3 
605937. m3 
111721. to~ 



' 
P U R C II A S E 

Electrical energy 
Water 
Steam 
Cooling water 
Process water 
Caq:>r-essed air 
tbt air 
APnonitm nitrate 
Antimony (metahc) 
<'.awpres.secf nitrogen 
Burnt line,(CaO) 
Clurcoal ! 

I 
~l 
('-Oke 

Elect.rodes 
Colenani le (boron ot-e 4tJ?..-) 
Copper scrap 
Diatomite 
Dolomite 
Fluosilicic acid as waste 
Ground ~Phate rock 
Nitric acid (as CB• l-NJ3) 
tfy'drate lime ['n.5 Ca(Oi)2] 
Hydrogen peroxide 
Elecrode mass 
Limestone (98% CaC03) 
Magnesium sulphate 
Manganese ore ( 309., Mn) 
f'blybderum ore 
Sodium hydroxide ( 45'•) 
Lead (as netal) 
PtlO'=...ptV>ric acid ( ~- p;,.l)5) 
Ph0'=_.phor1c acid ( 75% H3P04) 
:~ock salt ( lW• Naa...) 
5.loo 

J9 

3ulph.Jr dioxide S02 (as 100".; tf.2:304) 
Burnt dolomite (37% M;tl+58% cao) 
Soda lye (45% NaCl-I) 
Sodium bicart>0nale 
Sodium c-.arbona te 98?.-
Sod1um chloride 
Sodium hydroxide ( HXt';0 NaCH) 
Sodium hydroxide ' 'j(J%) 
Soda lye (45"•) so.lution 
Sodium si lieiJte 
Sulph.Jr 
C.::Jr bon dioxide (100".;) 
Lune 
Sulph.Jnc acid 
r'ier..;;el oil 
Zinc a~~h ( 100% Zn) 
Bauxite (87% Al203) 
Alum1n.1m hydroxide C as l(X.Y'.; Al203) 
f·'llJmc:>ma 1+13 
f\lu>hol 
f"11 I.er cloth 
Fur-il ':YJS 

N.:>1t.ur""'1 W•S 
Fi Upat.100 ·n·nt 

.3277~. 

1159094(). m3 
739710. 

13187.24. 
s.129n_ 

20253670. 
32000. 
4?BJ •. 
1722. 

300000. 
117000. 

5. 
2344. 

39419. 
180. 

18820. 
520. 
115. 

9600. 
2640. 
2300. 
1814. 
?8X>. 
4720. 
l(B). 

39538. 
00. 

4500. 
155. 
16. 

1827. 
43200. 
30009. 
3100. 

2(,2. 
4520. 

145000. 
142. 

1750. 
4945. 

.?0015. 
1125. 
8560. 

17600. 
00. 

1028. 
36450. 
3500. 

17360. 
6955. 
11(..0. 
9t'o00. 
1070. 

%. 
130. 

2. 
591534C)). 

63(XXX). 

Llf'J. 

G..T 
m:; 
m3 
Mn3 
MIU 
tons 
tons 
MIU 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tore 
tons 
tons 
tons 
tons 
tons 
tors 
tons 
tons 
tons 
tons 
tons 
Lons 
tons 
tons 
tons 
torn; 
tons 
tom 
tor~ 

tore 
tons 
r.mJ 

l!t5: & 
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Chlorine (l~) 
Post-redJction aniline (55~ Fe203) 
1-\ma)llla water (29.<1•.- N 13) 
Iron stYEt 
Sodi1.n bichromat.e inp.1re 

PROCESSES 

INTIMNf TRICJXJOC 
A...U1IN..tl 9.1...PH\TE 
SODil.11 TET~TE (fk:R'.\X) 
SODllJ1 PEA:IMATE 
PJE:CIPITr~ IED Cft..Cll.11 CARBCN\TE 
CR...CIU1 CMBIOC 
CPLCIU1 H'f.i:o::H_CJRITE 
IN-IYDRlJJSI' O-Rl11C PCID 
CIJPR;.R 9.LFK\TE 
A...U1IN..tl FLlDUOC 
IfD\I OXIl::t:: ( REO) 

LEAD OXIl:x:: (IED) 
f'¥!GESIU1 OXIOC 
l"AGlV£SE DIOXIl::E 
tu...YBlX:N...t'I TRIOXII£ 
SOOIU1 TRIPCI.... YPHJSFt-~fE 
SODIU1 1-EXA"ETAR-CSH\ TE 
TRISOOil.11 ~TE 
OICfL.Cll.11 Fff:lSff-¥\TE 
SOOil.11 G..AZE 
SOOILtl ~TER GJ.\SS 
SOOil.11 ~ SU.FITE 
SODil.11 HYDRCB.l.F ITE 
SODA ASH 

2025. tons 
4300. tons 
350. tons 

'90. tons 
1700. tons 

2000. tons 
30000. tons 

5000. tons 
20000. tons 
10000. tons 
«XXXJ. tons 

5000. tons 
1000. tons 
2000. tons 
2200. tons 
20Cl0. tons 
2000. tons 

SOCXJO. tons 
2000. tons 

140. tons 
'zz:n::J. tons 

1000. tons 
7500. tons 

40000. tons 
320. tons 
8JO. tons 

4000. tons 
2000. tons 

19'260. tons 
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Problem title: l~IIC ll'OJSTRY 

F r a c t i o n a 1 Q:>timization 

Maximize: 
Yearly Profit 
------------------------- = 
Investment 

Scenario: 
LSCE-t02 < Investment 

MAIN PARAN~TERS 

Yearly Profit 
Marufacturing Value Ad:led 
Investment 
Yearly Inport 
Yearly Domestic ~rchase 
Yearly Domestic'Sale 

SALE 

Antimony triox1d:~ 
Calcium carbon.:t Le 
Chromic acid anhydrous 
Chromosal - basic chromium sulphate 
Copper ::.ulptute 
Dicalcium pho--..:;pha te 
Calcium hypochlor1de 
Lead oxide (red) 
Mctrr;1ner...e dioxide 
Molybderum trio>dde Ill 
Al11mirum rulphat.e ( 14~.> Alal.:;) 
Pracipi tatcc:t calcium carbonate 
CiJJcjum car·bi.da 
Sodium llydn:~ien sulfite 
So<Jl!Jm tie>:amet..aphcY.;i.>h.it t.e 
Zoch um hydr<.>$l.J l f i ta 
Sodl.1Jm fX::wt.orate 
Sod mm t..et.r abor .;c Le ( Oor ,1x ) 
Sodu.1111 tr ipol ypl°lo'.:.pha t.e 
M.19ne.~ . .". llJOI C>X i C:lc:! 

mil.$ 
0.646 ---

mil.$ 

< LCXE+20 ( O.~) mil.$ 

97. 
136. 
150. 
17. 

109. 
262. 

20X>. 
1450XJ. 

1000. 
1683. 
2000. 

40000. 
SOtJO. 
2000. 
2C()(J. 

140. 
30:.X"..O. 
lUX.O. 
6(.X'.:XJO. 
4(00. 
100). 
2CO:>. 

2lUJO. 
5()(X>. 

5QC()(). 

~><XX/>. 
l':Jf). 
2200. 

mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 

torr:; 

tons 
tons 
tons 
tons 
ton£ 
tore 
tors 
tom 
tons 
tors 
tons 
tone 
tors 
tons 
tors 
tom; 
tons 
l.orY.;; 

t.orr:: 
t.nm~ 

to~ 

Tr 1!;;.(>dJ.11m pl¥>!:.ptl.:1tu 
Alurnirum fluoride 
Gass waste 
Li <".J,Jl d 14..'i~~ l:.e 
Zo l id w...1!:. t;.u 

2~')024691)()(). n\'i 
802':>98. 1113 
l~!UJ20. torr:; 



Iron oxide (red) 2()00_ tons 

• 
PURCHASE 

Electrical energy 335137700. kNl 
Water 15031890. m3 
Steam . 

1106151. GJ 
Cooling water 2668960. m3 
Process water 595732.. m3 
Carpressed air 27471.R>. Na"5 
1-bt air 32000. """"" •oJ 

Ptmw.:>nillll ni tra te 4550. t.ons 
Antimony (metalic) 1722. tons 
~nitrogen 300000. Na"5 
Burnt litre (CaO) 117000. tons 
Charcoal s. t.ons 
Chromium 0re 1454. tons 
Coal 23-44. tons 
Coke 418'.l2. tons 
Electrodes 180. tons 
ColBIWlite (boron ore 40%) 18820. tons 
Copper scrap 520. tons 
Diatomite 

~- tons 
Dolomite 11127. tons 
Fl~osilicic acid as wa5te 2640. tons 
Ground phosphate roc.k 5000. tons 
Nitric acid (as b5% 1-t.aJ.3) 1814. tons 
Hydrate line (99.5 Ca(CJl)2] ~- tons 
Hydrogen peroxide 4720. tons 
Elecrode mass lCJBO. tons 
limes tore ('18% CaC03) 67944. tons 

"' Magnesium :::ulphate 00. tons ·. Manganese '>re ( 30% Mn) iSCX>. Lons 
Mol \-bderun ore 155. tons 
Sodil.lfl hydroxide ( 45•.,) 16. tons 
Lead (as metal) ~827. tons .. Phosphoric acid (.38".o P205) 43200. Lons 
Phosphoric acid (75".; H3P04) 62130. tons 
Roc~k salt (lo;.; NaCl.. ) 3100. tons 
Sand 262. tons 
Su lpf"W.Jr dioxide S02 (as 100% H2'".:D4) 4520. tons 
Burnt. dolnmi le ( .57'.; 1·1r:t.H SB"" cao) 145000. tons 
Socia 1 ye ( 45~. NaCl-I) 142. tons 
Sodium bicarbonate 1750. tons 
Sodium car,'bonate 9W.; 4945. tons 
Sodium Cf)1cr i de 65777. tons 
Sodium hy<jn:>xHfu l lOCJ:. NaCl I) 112!>. tOns 
Sodium hydr<>xide ( ~,,.) 8560. tons 
Goda lye (451>) c::.olulion 176"..0. tons 
Soc:Ji um s i l kale EO. tons 
Sulptur 1331. tons carbon dioxide ( lCXf!o) 36450. tons 
Lime 3'::100. tons 
Culpf-uric ac1<.J 17705. tors 
DiFr~l oil 11566. ton:. 
line ash ( lW;. Zn) llt'tO. tons •• Bauxite ( fl7'• Al 203) 9600. tore 
A lumirum tiyd1 ox 1 du (.1::. JOOlo Al:..'ru) 1870. tom 
AnlJ1i)r'lj a Ni3 20(.,. tore 
Alcot10l lZo. tons r J..lt..C:!r cloth I 

4. tom 
ruel £J.'A~ I 

!/1153400 
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lltatural gas 
Filtriation agent 
Chlorine (l~) 

4} 

Post-recl.lction aniline (55.~ Fe203) 
Atm:>ni.a Nater ( 29. 4% N-G) 
Iron sheet 
Sodiun bich-omate inipure 

PROCESSES 

#VllTil"CNf TRIOXICE 
l't..Lt1INJ1 9..LPH\TE 
SODIU1 TETRABORATE (BORAX) 
SODIU1 ~RBORATE 
PRECIPITATED CILCIU1 CAJ8N-, ·~ 

at_CJU1 CAR11££ 
CfLCIU1 HYPOCtUJRITE 
SODil.r. BI~TE 
INiYDFD..6 Cl-HJ1IC PCID 
CHU1lSA.... - BASIC Cl-IRC11It.r. 9..Lt=K\TE 
COPFER SU...R-t~TE 
l't..U1INJ1 FLlDRIDE 
lh'CJ\I OXII£ (RED) 
LEAD 0Xll£ (RED) 
ttOGESILM OXII:£ 
~SE DIO.XIDE 
1"11.YBDEN.J"l TRIOXIDE 
SODIU1 TRIPCL YPHER-f.\TE 
SODIU1 f-EXftETAFHJSFtt\TE 
TRISODILM ~TE 
DICILCILM Pl-IJSPHHL: 
SOOIU1 G...AZE 
SODILt'I h¥\TER G...ASS 
SOOIU1 HYDRCG:N 9.l...Fl TE 
SOD ILt'I HYDROSU...F I TC: 
SODA A.SH 

I 
I 

630000. 
28. 

2025. 
4300. 
350. 
~-

1700. 

'lOOO. 
30000. 

5000. 
20000. 
10000. 
60000. 

5000. 
9CFJ. 

1000. 
1683. 
20CX>. 
2200. 
2000. 
2000. 

50000. 
2000. 

140. 
SOCXX>. 

1000. 
7500. 

40000. 
320. 
600. 

4000. 
2000. 

41111. 

Nn3 
tons 
tons 
tons 
tons 
tons 
tons 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
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Pl"oblen title: INB~lC lr-k..U'iJRY 

F r a c t l o n a l Q>tiari.zation 

tb><imi ze: 
Yearly Profit 

Investment 

Scenario: I 

2_0CEttJ2 ,~ Inves~t 

MAIN PARAMETERS 

Yearly Profit 
Man.Jfacturing Value Added 
Invesbnent 
Yearly Inport 
Yearly E>cpor t 
Yearly Domestic Ftlrchase 
Yearly Domestic Sale 

SALE 

Amlonium chloride 
Antimony trioxide 
calcium carbonate 
Chromic acid anhydrous 
Chromoc'-al - basic chromium sulphate 
Copper sulphate 
Dicalcium phoo=....phate 
Calcium hypochloride 
Lead oxide (red) 
Mangarese dioxide 
r-blybderun trio.<ide III 
Nickel sulphate 
Alumuun sulphate ( 14% AJ20.5) 
Preoipi tated calcium carbonate 
Sodium bi.chromate 
Calcium carbide 
Sodium tvy-drogen su 1 f i te 
Sodium chr·oma te 
Sodium he~t.:tPI '!O!:.pl\.1 t.£: 
Soc.h ""' hydro-=.u l f 1 I .n 
Soc-Ji.um ~t..a~:il icat.u penl,.:1lfy'r.1f·;1t.<~ 
Sodium perboraLe 
Sodium t.et~rabor;1te (Uorax) 
&x:fium thie>7..ulfat.e 

= 
mil.$ 

0_513 ---
mil-$ 

< LO:E·no < o_m.) Iii.LS. 

103- mil-$ 
152- mil.$ 
200_ mil.$ 
17. miLS 
5- mil.$ 

118. mil.$ 
284. mil-$ 

4000. tons 
2000. tons 

144910. tons 
1000. tons 
2000. bn:. 
2000. tons 

40000. tons 
5000. tons 
2000. tom 
2000. tons 

140. ~; 
500. tons 

30000. tom 
10000. tons 

1920. tors 
6C()()(). tons 

4000. tons 
1000. tons 
JOCO. OOn$ 
~'ft't'). tom 

ltxJOO. tom 
20CXJO. lon5 
!i(O). tors 
J()(X). t.ore. 
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Sociiua tripol\.'PhlJ5phate 
tt:ao:Jesiua oxide 
Trisodiua phosph3b? 
Zinc chloride las U~ ZrC12) 
Al..-in.a fluoride 
Gas waste 
Liq.1id waste 
Sol id lllGS.te 
Iron oxide (reo) 
Ferroferric made (black) 
Sodiu. chloride (aedical) 
Titaniua dioxi<i:? 
Zeolites cL4A 

PURCHASE 

Electrical energy 
water 
Steaa 
Cooling water 
Process water 
Demineralized water 
Caip essed air 
1-bt air 
Almoniun nitrate 
AntilUllJIE!r 
Anli.na>ny (metalic) 
CClllPf essed ni UCY:JBO 
Burnt lime ( cao > 
Charcoal 

45 

Chnnate ard btchl a1ole(<.:alc.G6.~...crtl3) 
Chromiun ore 
Coal 
Coke 
Electrows 
Colemanite (boron ore~) 
~ scrap 
Diatanite 
Dolanite 
Fluosilic1c acid as waste 
GrcJ&Jnd P,h05Pha te rock 
Hvdrocl)loric acid (as 100%) 
Ni t.ric 'acid C as 6~·· t-N:l3) 
Hydrate lime [97.5 ca(a-t)2] 
Hydrofluoric acid 7~• 
Hvdr'°~Jen peroxide 
El~;rode flllc:.!:. 

Limestone (98% ca<m> 
1'U9tiesi1.1n rulphate 
Mar19ilre.e ore ( 30\ Mn) 
Ml.>l 'Ybderun ore 
Sodiun hydroxide ( 4S9•) 
calcilMll hydroxide callf2 
Lead (as mot.al ) 
Pfioc:' ... phoric .:acid ( 31r• P'20<;) 
Phoc...phoric acid ( 75!; H3P04) 
Po$t di$t1llation $lurry 
P..aw nickel !'.Ulphata 
Rock s;a 1 t c l<X>'to NaCl. ) 
Sand 
5ulpl1.1r dlOXlde zcri (a~ lOO'• H2"'.;i04) 
lll9Mmtei c,,.e (4'J.:;/'..; T10~') 

sa.m. 
sa.m. 

7':DJ. 
4700. 
z.oo_ 

2.384182000. 
1281\Bl. 
142244. 

LUl)()_ 
1000. 
1500. 
3707. 

sex>. 

346589500 • 
19221860. 

1646182. 
2834860. 

6186B>. 
23390_ 

2'M95400. 

~-
468). 

24. 
1722. 

300000. 
117000. 

5. 
6lD. 

48CX>. 
2344. 

422"78. 
la:J. 

1BB20. 
520. 
250. 

14640. 
2640. 
5000. 
2538. 
1814. 
3800. 

5. 
4740. 
1000. 

73571. 
00. 

4500. 
155. 
25G. 

19. 
1827. 

43200. 
62130. 
41XX'O. 

504. 
6700. 
4190. 
4755. 

lOC-65. 

tons 
tons 
tons 
tons 
tons 
a> 
a> 
tons 
tons 
tons 
tons 
tons 
tons 

..... 
a"S 
G.J 
-3 
a> 
aa3 
Nll3 
ND3 
tons 
tons 
tons 
Nn3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
torG 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
tons 
tom 
tons 
tore 
tons 

. 
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Burnt c:blc:ai.te (3r ... ~~ CaO) 
Soda lye ( 4~' N3CH) 
Sodu.- b1carbonale 
Zinc OXl.cE (ash) 
Sodiua carbonate ~ 
Sodiua dlloride 
SodilMl hyd-oxice < •~ •taCH> 
Sodiwa hydroxice CSU•) 
Soda lye (4~) solull.on 
Sodiua pyrosul file 
Sodil9 silicate 
~lphr 

Carbon dla>eJ.de ( ltXr.o) 
L:Ue 
~lpt-uric acid 
Diesel oil 
lire ash (l~ Zn) 
Bauxite (B~ Al2Cli) 
Ab•:in.m tT,Q-ox1d:! (as lOCft Al203) 
Almonia Ni3 
Alcohol 
A:>tassi ... permanganate ( lft'OI) 
Filler cloth 
Fuel gas 
~tl.-aJ gas 
Fil tri;ttion agent 
Drinking ..uter 
Chlorine CI~) 
Post-red.Jction aniline (55% Fe203) 
Almlnia Nater (29.4"t N-13} 
lrc:>n sheet 
Scrap-iron 
Other ooapounds 
Sod.un bichromate i~e 
Ferrous rulphate crs waste 

Pf-lOCESSES 

mJ Il'DIY fRlOY.JOC' 
A....U11N.11 9.1..PH'UE 
~IU1 TETIRJORAT£ (OORi\X) 
SODIU1 KmoRATE 
Pf.CCIJ.'ITATED Clt...ClU1 Cl\F4JCN\TE 
C'A...CILM CAAJILE: 
CPLCILM t-f'fR»-l.CIU TE 
Al"l"DIIU1 Ct-LOO I r.c 
SOl>lU1 OlCKO-J\Tl. 
SODIU1 OJ.01'\TC 
~ ORJ"llC PCID 
a fD1lSr.L - l:WilC a Rl1IU'1 9..l.R-n TE 
OOPPER ~PU'\lE 
/.\..U1IN.t1 Fl.lDRIIA: 
I~ C»<IOC (JED) 
FCRf.O="F:RRIC oxm::5 (Ul;(;K) 
LEAD OXILC (f.11•) 
f'r.C-U:SIU1 OXffC 
Mf'H".n-ECC:: DI OX J OC 
t11. YBOCNJ1 TRIOXll.t. 
NICKC:.L SIA.FATE 
:l'X1!U1 TRIRl.. YR·VJFUHE 
SODILJ1 t-l:::x/V'E rAFHXiH-lf\JE 
mIOOOllt1 F1 lJCFH' IE 

145000. 
142. 

1750. 
2820. 
4948. 

72103. 
1125. 

11303. 
17600. 

5. 
00. 

1520. 
36450. 
3SOO. 

40376. 
14012. 

1160. 
WiOO. 
2078. 
2247. 

130. 
3. 
4. 

60269400. 
830000. 

28. 
4000. 
2025. 
4300. 
350. 
90. 

649. 
185359. 

1700. 
4550. 

2000. 
30COO. 

5000. 
2(XO)_ 

10000. 
60000. 

50()). 

4COO. 
~-
1000. 
1000. 
2000. 
2000. 
2200. 
2000. 
1000. 
2000. 

50(00. 

2'l00. 
lilO. 
500. 

50000. 
lOO'J. 
"l'f:UJ. 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
l:orrf 
tons 
Nll3 
Nll3 
tons 
a3 
tons 
tons 
tons 
tons 
tons 
l.6$ 
tons 
tons 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tone 
tons 
tons 
tors 
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rrCA....CIUt A-DSA-1\lE 40000. tons 
s:l>IU1 Q.AZE 5120. tons 
SODU.tt N!-\TER G.ros 120l0. tons .. l'CL.ECllJ.lR SIE.V[ - lECL.ITES (cl. 4A) soo. tons 
SODIU1 l'ETASILICAlE lOCXlO. tons 
SODIU1 TI-UCBLPH\TE 1000. tons 
SODIU1 HYDRHN S..III lE 4000. tons 
9X>IU1 9.1.FITE 6. tons 
SODilJ1 H"tDAB.l..F ITE 2000. tons 
9DIU1 ~CRIC£ {tEDICi-1...) 1500. tons 
TlllV'llU1 DIQ<llE 3707. tons 
ZIN! a-L.0Rll£ 4700. tons 
~IS-I 454.>"-9. tons 

' .. 

• 
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Problem tille: l~IC ItDLTRY 

F r a c t i o n a l Q>timization 

Maximize: 
Yearly Profi.t 

------------------------------- = 
Invesbnent 

Scenario: 
2. SCE l-02 < Investnent 

HAIN PARAtiE.TE::RS 

Yearly Profit 
Man.lfacturing Value Added 
Investment 
Yearly Inport 
Yearly E><port 
Yearly Domestic Pllrchase 
Yearly Domestic Sale 

SALE 

Annomum chloride 
Antimony trioxide 
calcium carbonate 
Ctv"omic acid anh'/drous 
ChrCJf~.:.al - basic; chromium sulphate 
CqJper sulphate 
Dicalcium p~..phale 
Calcium hypochlonde 
Laid oxide (red) 
MarY,::1ar~..;e dioxide 
It.> l ~run l1 · i ox1 c>.? 11 l 
N1ckcil ~~lph:t l.e 
AJ.u11111U11 su 1 P~" Le c 14•,. Alar;> 
Prec1pi ta led C!.'llcium cart1on.3le 
Soc:l 111m b i. c.hrc.lln.:-i ttt 
Calc1u111 c.·-1rb1de 
Sodium llYdn>";-Jr.:!n -::.u lf i tc 
SocJjum r-hromat.e / 
Sod11Jm lv."~nHU1ph~.Y:.phalu 
Sod1u111 tl'/d1·c>&Jl f 1 Le 
S<J<Jj um mr.it..ao;,i lica tu pt:ml:ah/1Jr·.:1 t.e 
Socfl um per·tJor a t.e 
Sodium l:.etr:1.t'>o1·ate (01>r·ax) 
Zc:id i um ti 1 i O'.~:u 1 t ;J t .e 

mil.$ 
0.426 ---

mil.$ 

< l .OCE.-no ( o.0%) mil.$ 

107. 
166. 
250. 
18. 
5. 

129. 
310. 

4CXX>. 
2l'Xl0. 

144910. 
1000. 
2000. 
2COO. 

40000. 
50CJO. 
2Cl"JO. 
2000. 

140. 
'A.JO. 

3(J()()). 

lCXXXI. 
1920. 

(/)()"JU. 

40CO. 
lCXX). 
lOt.:O. 
~·rt.:o. 

lCXX.:(). 
~~to:o. 

!;(-;(JO. 

lC;( > 

mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 

tons 
tons 
tons 
t.ons 
tom 
tons 
tons 
tons 
torn 
tons 
to~; 

t.ons 
tons 
tons 
tom 
tons 
tons 
tons 
ton--.; 
tons 
tons 
to~ 
to,-,.:, 



' 
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Sodiun tripolyptnsptute 
tbgnesiun oxide 
Trisodiun phosphate 
Zinc chloride (as 1CJO% ZrC12) 
Alunirun f llJOride 
Gas waste 
LiCJJid waste 
Solid NaSte 
Iron oxide (red) 
Ferroferric oxide (black) 
Sodiun chlor· ic:le (tieiic..1 l ) 
Ti taniun dio.xich 
Zeoli tes cl. 4A 

PURCHASE 

Electrical energy 
Water 
Ste.am 
Coolin;i water 
Process water 
DemineraliiZed water 

I . 
Corrpressed air 
~bt air / 
Almoruum mtrate 
Antillllper 
Anti'OOflY (metalic) 
Conpressed nitrogen 
Burnt lime (CaCJ) 
Charcoal 

"' 

Chromate and bictv-omate(calc.66.3%Cr03) 
Chromium ore 
Coal 
Coke 
Electrode..· 
Colemanite (boron 01·e 4~•) 
Copper scr4> 
Diatomite 
Dolomite 
Fluosilicic acid as waste 
Gn;und phcr:;ph:. te rock 
Hydrochloric acid (as 100%) 
Nitric acid (as 65% 1-tm) 
Hydrate lime [cn.s Ca(CJ-f)2J 
Hydrofluoric acid 7Cr-o 
Hydrogen peroxide 
Elecrode ma5s 
Limes.tone (90\ CaC03) 
Magnesium sulpti.:.te 
M..'ing.1ncr.:.e ore ( 30'.t 11n) 
Mo! ybde1 um ore 
Sodium hydroxide ( 45\'.;) 
C3lc11.1m hydroxide CcllH2 
Lead (as nr. t.-'11 ) 
Ph>'.::phor 1c acid ( 31T.; ~n;) 
Pho!:.phoric acid ( 75"• H'SP04 ) 
PcY.~t distillation slurry 
Raw mckel r::ulphate 
R<.>ck :?.alt ( 10c.>% N.:1CI.) 
S.:ind 
Sulpf1Jr dwxida 50~! (a::; JCXP.t H;~i04) 
1 Ufm:lm te ore ( 49. !,)•:. H02) 

50000. 
50000. 
~-
4700. 
Z200. 

23841821.XX>. 
1585602. 
18l309. 

L\100. 
1000. 
1500. 

16396. 
500_ 

3571209CX>. 
28966570. 

2407487. 
L'834860. 

6186BO. 
23390. 

2'1495400. 
32f:Fn. 

4600. 
24. 

1722. 
30JOCX)_ 

117000. 
5. 

680. 
4000. 
2344. 

42298. 
100. 

lfE..."O. 
520. 
250. 

14640. 
2640. 
5000. 
2538. 
1814. 
3000. 

5. 
4740. 
!Of.JO. 

73571. 
80. 

4500. 
!55. 
256. 

19. 
lf.;f?.7. 

4:~2tJ(). 

621.!.0. 
4<Xl00. 

504. 
67fJ). 
4198. 
4755. 

46.127. 

tons 
tons 
tons 
tons 
tons 
m3 
11'3 
tons 
tons 
tons 
tons 
tons 
tons 

kwh 
m3 
G.J 
m3 
m3 
m3 
Nn3 
Nn3 
tons 
tons 
tons 
Nn3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
~.ons 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
t.orrs 
tons 
tons 
tons 
tons 
tore 
tons 
m3 
t.ors 
t.c>rg 

tore 
tons 
to~ 
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Burnt d:>lonu te (3~ 11;()+~ C".a()) 145000. tons 
Socia lye (45~ NaCl-I) 142. tons 
Soditn bicarbonate 1750. tons .. Zinc oxide (ash) 2820. !A>rlS 
SodilMl carbomte ~ 4'948. tons 
Sodiun chlori<E 72703. tons 
Sodi.un t-,,..ct"oxid:! ( lrot N.11i) 1125. tons 
Sodiun hvd"'<»<ide < sm > 11:.:"!03. tons 
Soda lye (4~) solution 17600. tons 
Sodiun pyrasul fi te 5. tons 
Sodiua silicate 00. tons 

' 9.Jlptur 1520. tons 
~. cart>on dioxide (1()0"{;) 36450. tons 

Lime 3500. tons 
9.Jlpturic acid 115238. tons 
Diesel oil 17819. tans 
Zinc ~.h (lOO'.; Zn) 1160. tons 
Bau><ite (87% Al203) 9600. tons 
Allmirum hydro:.o<E (as l(X);; Al2Cll) 2078. tons 
fmnonia tro 2247. tons 
AlooR>l 130. tons .. Potassiun permanganate ( l<tt04) 3. tony 
Filter cloth 4. tons 
Fuel 935 60269400. M"3 
Na tur-al gas 830000. Nn3 
Filtriat:jkn agent 28. t:ons 
Drinkif19 water 48)()_ m 
Chlorine ( 100\) 2025. tons 
i:bst-red.Jction aniline (55% F~) 4:a:>. t:ons 
Pmnonia water ( 29 -"''• l'l-13) 350. tons 
Iron sheet ';O. tons 
Scrap-iron 2869. tons 
Other oonpounds 819780. US$ 
Sodiun bichromate irrp.ire 1700. tons 
Ferrous sulphate as waste 4550. tons 

PROCESSES 

#¥11T Il"'D'IY TRIOXIf£ 2()(X). tons 
1-'t.JJ1ll'l..t1 O..l.FffiTE 30COO. tons 
SOOILtl TETRPRORATE (OORAX) sooo. tons 
OODilJ1 PERBORATE 2CXOO. tons 
PRECIPITATED CA...CIU1 ~TE lOOX>. tons 
C?'t...CIU1 CAABIOC 60000. tons 
CALCILM HYPOC:l-LORITL 5000. tons 
1-'t't'Ct4ILM Ct·l .. ORIIJE 4000. tons 
SODILtl BJct·R.H-HE 3000. tons' 
SODil..t1 ~TE 1000. tons 
IN-i'r'DROJS CHRO"'IIC ACHJ 1000. tons 
OiRCMlSf.L - BASIC CHSD"!ILM ::U.Pl-r:\TE 2CXX)~ tons 
COPPER su .. r+ir. TE 2000. tons 
Pl.lJ1Il'l..t1 FLlORI DE 220C>. tons 
I.RO'! OXJl:E (RED) 20CO. tons 
FFRRCFERRIC OXIr.EZ (BLACK) 1000. tons 
LEl\D OXII'.€ (F-'ED) 200). Lons 
Mf'GESllJ1 OXJOC 5(.ox>. tons 

• n:'IN~GC:: 01.0XIr.€ 2000. tons 
1'1LYOOCNJ1 TRIOX.Ir.C .140. tons 
MICKEL su.FATE 500. tons 
00[JIU1 TRI Pa.. YFHJGr~ "' rr: !iOOOO. tons 
SODIL.M t-EXr.t-ET/\f:H.GPMATE. 1000. tons 
TRlf'...ODIU1 FHlZJ.'HfHE 7!00. tons 
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l>lCILCiltl AaiAf\TE 
s:I>Il.11 GLAZE 
SODll.11 ""'lER G_ASS 

51 

ttiEC\.LM SIEVE - ZECLIT~ (cl. 4A) 
SODilJ1 l"ETASILICATE 
s:I>Il.11 »UCB.L.JHHE 
SODll.11 HYDRJ;EN SLLFITE 
SODll.11 s..trl lE 
SCX>Il.11 HYDAB.l.FITE 
St:l>Il.11-D-LDUDE (l"EDICPL) 
TIT#¥11RJ1 DICDCIO::: 
ZlllC Q-LCIUDE 
!JlM ASH 

40000. 
5120. 

12000. 
SOC> • 

10000. 
1000. 
4000. 

6. 
am. 
1500. 

16.:»~. 

4700. 
45439. 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
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Problem title: l~IC IN:JU>TRY 
J 

F r a c t i o n a l Q:>timization 

Maximize: 
Yearly Profit 
-------------------------------------- = 

Scen:lrio: 
3.0CE t02 #, Investment 

MAIN PARAMETERS 

Yearly Profit 
Marufacturing Value Added 
Investment 
Yearly !rq:>e>rt 
Yearly Export 
Yearly Domestic F\Jrchase 
Yearly Domestic Sale 

SALE 

~ium chloride 
Antimony trioxide 
Boric acid 
calcium carbonate 
C;tlcium chloride 
Chromic acid arlh'1csrous 
ChrOfllO'=...al - basic chromium sulphate 
Coppe1· oxide C black) 
Copper oxide (red) 
Copper sulphate 
Cryol 1 le (Na.3A1F'1) 
Dicalcium phc>c'...pha te 
calcium hypochloride 
Hydrogen fluoride 
Lev.I oxide (red) 
Li thopone ( ~.o) 
Marqane=-...e dioxide 
l"blybderum trioxide Ill 
Nickel sulphate 
Alumirl1m &1lphat.e (14";. A.I ?0.5) 
Prt!rnp it.a t.ed c.i lc1um c..1rtJ(,r\:t t..c 
Preo1pitated calc1urn c-lrl><>Mtr.( t.ooth p.) 
Silic:.a gel (m:.tcro) 
Zodium b1chraMt.e 

mil.$ 
0.364 ---·

mil.$ 

< LOCE+20 ( O.<J!ro) mil.$ 

109. mil.$ 
100. mil.$ 
300. mil.$ 
20. mil.$ 
5. mil.$ 

139. mil.$ 
336. mil.$ 

4000. tons 
2000. tons 

101. tons 
144910. tons 

lOOCO. tons 
1000. ~ 
2000. tons 

40. tons 
100. tons 

2(00. tons 
420). tons 

4CXl'.)(). tore 
sax>. tons 
lOCO. tons 
20'.XJ. tons 

!CL.a>. tore 
2000. tons 

140. tore: 
':iOO. tone 

;,cxxx>. tom 
10000. to~ 

lCXX>. to~ 

l!iOO. tons 
1920. tom 
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calcium carbide 
So::fium hydrogen sul fl te 
Sodium chranate 
Sodium hexarnetapho-~le 
Sodium hydrosul f i te 
Sodium metasilicate pentahydrate 
Sodium per-borate 
Sodium sulfite 
Sodium tetraborate (Bor-ax) 
Sodil.Mll thioaJlfate 
SodilMD tripolyphosph"3te 
Magnesil.Mll oxide 
Trisodium pt-osphate 
Zinc chloride (as 100% ZrC12) 
Alunirun fluoricb 
Gas waste 
LiCJJid waste 
Solid waste 
Iron oxide (red) 
Ferroferric oxide (black) 
Sodium chloride (medical) 
Titanium dio.~ide 
Zeoli tes cL4A 
&Jlpturic acid /5% 

PURCHASE 

Electrical energy 
water 
Steam 
Cooling water 
Process water 
Demine.-alized water 
Conpressed air 
Hot air 
Amlonium nitrate 
Antilufll)E!r 
Ant.imony (met.al ic) 
Conpressed ni tr~ien 
Barium ore (as 100·~ Bas) 
Burnt lime (caD) 
Charcoal 
Chromate and bichrom3te(calc.66.3"~r03) 
Chromium ore 
carbon dioxide (002 g.:is 40"~) 
Coal 
Coke 
Electrodes 
Col~:manite' (boron ore lkY'•) 
eoppe.- scf ap 
D1aL<.1ini te 
Dolomite 
Fluosilicic acid a·.:; WJ$lo 

Ground plio:-'-Pha te n.ick 
H-1droohloric acid (a~ J<Xr~) 
Mi tr 1c acid (as 6S"• l·NXS) 
H-1dr.:.ate limo ['n.s C.:"(0·1)21 
Hyd1·ofluori.c a1~l<:f 7Cf'., 
Hydn:ic:,en perox 1dE! 

Elt.•"t;rode mac:;s 
l.lmcstone ('=1.1'!.- c.'iCOJ) 
M...oiqncs1um !!'AJ l.pMt.n 

60000. 
4CXX)_. 

1000. 
1000. 
2000. 

10000. 
20000. 

1994. 
5000. 
1000. 

49990. 
50000. 

7500. 
4700. 
2200. 

2..'84510000. 
2739424. 

195048. 
2000. 
1000. 
1500. 

2CXXX>. 
500. 

30200. 

360060100. 
34529870. 

3226068. 
4394660. 

622955. 
453<;0. 

29796900. 
(SXXJ. 

4600. 
24. 

1722. 
300000. 

5350. 
117000. 

5. 
600. 

4800. 
400. 

2484. 
42427. 

180. 
19120. 

662. 
750. 

14640. 
0046. 
SOX>. 
2538. 
1014. 
30C.(). 

5. 
4740. 
1(0). 
7~J. 

fJO. 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
t.cins 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
m3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 

kwh 
m3 
GJ 
m3 
m.3 
m3 
l\tn3 
l'tn3 
tons 
tons 
tons 
l\tn3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
t.or'3 
tons 
tons 
tone 
tons 
tons 
tons 
tons 
to nos 
~ 

tons 
tors 
tors 
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Manganese ore ( 30\ tti > 
f'bl ybc:lerun _ore 
Sodiun hyci-oxide ( ·15"'.) 
Calcium hydroxic:2 CaU·t~ 
Lead (as me~l) 
Phosphor-le aeid ( 3f..~_. P2'J5) 
Phosphoric acid (759; I 13i-U4 > 
Post distl.llation slur·ry 
Raw nickel sulphate 
Rock salt ( l~ ltlCl..) 
Saro 
SJl.ptur dioxide S02 (as 100% H2504) 
Illemanite ore (49_5«;; Ti02) 
Burnt cblomite (.5/% ~f-58% CaO) 
Soda lye (45~ N.:01) 
Sodiun bicarbonate 
Zinc oxide (ash) 
Sodium carbonate ~ .. 
Sodium chlorida 
Sodium l'T)ldroxide ( l~ NaCl-I) 
Sodil.D hy(.roxide ( 50%) 
Socia lye (45~) solution 
Sodium pyrosul fi te 
Sodit.n silicate 
SJlptur 
Carbon dioxide ( 100'•} 
Lime 
SJlpturic acid 
Diesel oil 
Zinc ash (100% Zn) 
Pcti ve carbon 
Bauxite (87% Al203) 
Alumirun hydroxide (as 100% Al:203) 
~)nia N-f3 
Alcohol 
Potac..~ium cennarv:Jana Le (KMnJ4) 
Filter cloth 
Fuel •;JaS 

Natural gas 
Carbon dioxide (002) food 9r3cfe) 
C'.oke oven gas 
Filtriation agent 
Drinking ioater 
Chlorire ( 100%) 
Post ~red.1ction anilire (5S-..o re203) 
Amlonia water (29.4~, N·l3) 
Iron sheet 
Scrap-iron 
Coolirg brine 
Other corrpourm 
Soda ash in ~.olution 
Sodi1Jm bichromate irrp..1re 
Ferrws sulphate as w.:'le;;tc 
Zinc ~lphale (a-:; r·aw nut.) 

P R 0 C E G S f. S 

rt4111'1:Nl' frHOXffC 
l-'t..l.111"1.1'1 ~ . .LFHHE. 
LI n UPf.N~ :.50"'1> 
OOPll.11 rE.TAAOORArE (F.lDr·~·.x) 

fJOf~JC AGlD 

4500. tons 
155. tons 
3'98. tons 

19. tons 
1827. tons 

43Lm. tons 
62130. tons 

150000. m3 
504. tons 

6700. tons 
6535. tons 
4755. tons 

57000. tons 
145CXX). tons 

142. tons 
1750. tons 
2820. tons 
5845. tons 

79150. tons 
1125.: tons 

13445. tons 
17600. tons 

1596. tons 
00. tons 

1520. tons 
3645()_ tons 
3500. tons 

163159. tons 
18900. tons 

1160. tons 
2. tons 

9«XJ. tons 
3254. tons 
3219. tons 

130. tons 
:r 

...>. tony 
4. tons 

61291340. llin3 
830000. llin3 
lSOOClO. m3 

5000000. l'tn3 Ill 
2B. tons 

4000. m3 
20""'5. tons 
~- tons 

350. tons 
90. tons 

3500. tons 
2090. GJ 

lCX.VXlOO. LG$ 
1039. tons 
1700. tons 
4550. tons 
5070. tons 

2U:f.). t.c.r~ 

3CXJOO. tons 
10000. tors 
sooo. tons 

lf.ll. tor~ 



,,,, 

SlOil.11 PE~TE 20000. tons 
PRECIPITATED CA...CIU1 CAAl.laflTE 10000. tons 
P!;ECIPITAlEO CA..Cll.11 CAIBN\TE(TOOTH P.) 1000. tons 

• Cft..CllJ1 CARBIDE 60000. tons 
a:t..CIU1 HYPCXH..ORITE 5000. tons 
Cft..CilJ1 a-LORIOC 10000. tons 
1-H"CNILt'I Cf-LORIDE 4000. tons 
SODIU1 Bla-HH\TE 3000. tons 
SOOILM Cl-RJ"l':\TE 1000. tons 
1¥\1-M>rUJS a-A:J1IC PCID 1000. tons 
CHRCHJSl:t.. - ~re CHIU11U1 Sl..l..FH\TE 20CXl. tons 
COPPER oxra:: (BLA-:K> 40. tons 
OOPPER OXII:E (RED) 100. tons 
OOPPER SLLR-1\TE 2000. tons 
CRYU...ITE - t:L.l.MIN.J'I SODil.11 FLl.DUI:E 4200. tons 
A...U1IN.J1 FLUJRII:E 2200. tons 
HYDJU:.EN FLUJRII:E 1000. tons 
IRCN OXII:E (RED) 2000. tons 
FERIUtRRIC OXII:ES (BU:CK) 1000. tons 
LEAD OXICE (RED) 2000. tons 
t'rGESll.11 OXIDE 50000. tons 
l'RG'4'ESE D IO>-:J DE 2000. tons 
t1l... YBDEN..t'I TRIOXH£ 140. tons 
NICKEL SU.FATE 500. tons 

" SOOIU1 TRIPCL.YPl-~lC 50000. tons 
·•. SODIU1 l-EXAl"ETOPl·lJSPl-f\1E 1000. tons 

TRISODIU1 Pl-DS~lE 7500. tons 
OICPLCILM Pl-IJSPl-fAlC::. 40000. tons 
SODIU1 GLAZE 7970. tons 
SODILM ~TER GLASS 19925. tons 
f'D£Cll. AR SIEVE - ZEU..ITES (cl. 4A) sco. tons 
SILICA GEL (~RO) lSC:X:>. tons 
SOuilJ1 r-ETASILICATE 10000. tons 
SODIU1 TJ-IJl)gj_FHATC 1000. tons 
SODilJ1 HYDRCG:N 3 .. UTIE 4<.JCXJ. tons 
SODIU1 ~.FITE 20CO. tons 
SODIU1 HYD~ITE 20CO. tons 
SODIU1 CH...Of1IDE (!'EDICPl.) 1500. tons 
TIT~IU1 D~XI[J[ 20000. tons 
Z ll'C a-LOR DE 4700. tons 
SOCJr-t ASH . 46600. tons 

• 



• 

.... 
.. 
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Problan title: IN:JRG1¥11IC UOJSTRY 

F r a c t i o n a l Q:>timzation 

Maximize: i 
Yearly .frotit 
----------------------------- = 
l~'SStment 

Scenario: 
3.SOC: t-0~ < Invesbnent 

MAIN PARAMETERS 

Yearly Profit 
Marufacturing Value Added 
Investment 
Yearly In-port 
Yearly Export 
Yearly Domestic PUrchase 
Yearly Domestic Sale 

SALE 

Anmonium chloride 
Antimony trioxide 
Barium carbonate 
Boric acid 
calcium carbonate 
Calcium chloride 
Chromic acid anhydrous 
Chromoc'...al - basic chrowium sulphate 
Copper oxide (black) 
Copper oxide (red) 
Copper 5U lph.3 te 
Cryol i t.e ( Na3Al F C:.) 
Dicalcium ptioc'....phate 
calcium hypochlor1de 
Hvdr~-:J(!n fluoride 
Lead oxide (red) 
Li thopone ( 30'•) 
Marr:.i.::i~.e d1ox1de 
l"blyt.><.1erum t.nox1dA lJ I 
Nicl<el wlphat.e 
POl:.a$Stum bichrunat.a 
Pot.a~1um chlorate 
Al1Jmirt.1m :r..ulph.:1te C 14\ AJ ;-o;; > 
Prec1pi ta ted ca lc1um cartJOM I .e 

mil.$ 
O.?i06 ----

mil.$ 

< LOCE-120 ( 0.0%) mil.$ 

107. 
188. 
350. 
20. 
7. 

147. 
351. 

4000. 
2000. 
woo. 
am. 

144910. 
10000. 

1000. 
2000. 

40. 
100. 

20X>. 
420'.>. 

4cxxx:>. 
5(X)(). 

1000. 
2000. 

lOCXXJ. 
2000. 

140. 
500. 

1000. 
1000. 

~-
lUX>O. 

mil.$ 
mil.$ 
mil.$ 
mil.$ 
mil.$ 
r11il.$ 
mil.$ 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tom 
tons 
tors 
tons 
tons 
tons 
tone 
tors 
~ 

ton& 
tons 
tons 



Precipitated calcium c.:arbonate( tooth p.) lCXX>. tons 
Silica gel (macro) 1500. tons 
Soda ash (lorn.) 8231. tons 

• Potassium nitrate 2000. tons 
Sodium bichranate 910. tons 
CalcilMll carbide to:x:n. tons 
Sodium hydrogen sulfite 4<XX>. tons 
Sodium chromate 1000. tons 
Sodiun glaze lCXX>. tons 
Sodiun ~taphosphate lCXX>. tons 
Sodium ~osulfite 2000. tons 
Sodium netasilicale pentahydrate 10000. tons 
Sodium perborate- 20000. tons 
Sodiun sulfide 912. tons 
Sodiun sulfite 1994. tons 
Sodium tetraborate (Borax) 5000. tons 
Sodium thiosulfate lCXX>. tons 
Sodiu.1 tripclyptx>sphate 49990. tons 
Sodium water gl.3SS (36-~• grade •. ) 40075. tons 
Magnesium oxide 50000. tons 
Trisodium phosphate 7500. tons 

• I Zinc chloride (as 100% ZrC12) 4700. tons 
Alunirun f .luoride 2200. tons 
Gas waste 238883SCXX>. m3 
Liq..1id waste 2888620. m3 
Solid waste 212542. tons 
Iron oxide (red) 2000. tons 
Ferroferric oxide (black) lOJO. tons 
Sodium chloride (medical) 1500. tons 
Titanium dioxide 200CO. tons 
Zeoli tes cl .4A 500. tons 
SUlpru;·ic acid 75% 30200. tons 

-PURCHASE 

Electrical energy 378896500. kwh 

' 
water 39030150. m3 
Steam 3579755. GJ 
Cooling water 4844000. m3 
Process water 650000. m.3 
DaninP..ralized water 45390. m3 
Conpre55ed air 31339600. t-m3 
Hot ai1- 66CXX::>. l'tn3 
Anlnonium nitrate 4600. tons 
Antilunper 24. tons 
AntinY.>ny (met..a lie) 177.2. tons 
Barium chloride (BaC.l2) 9. tons 
Bad te ore (as lCXY.; OaS04) 6000. tons 
C<Jnpressed nitrogen 3000CX>. ~ 
Barium ora ( ;~'5 lCXJ'.o llaS) 5350. tons 
Burnt llme (CAO) 117000. tons 
Charcoal s. tons 
Chromate and bichr(Jm:-.tta(cale;.66.3%Cr03) GOO. tons 

· Chromium ore 4000. tons 
' C:.rbon d:Loxidt3 ( (;0'2 ga-:; 4(r;. ) 400. t.ons 

r.c>.:-11 2484. tons .. Ce>kB 45927. tons 
EJ BCtrock.."'S 10). tore 
Colem'lni te (boron <>r·e 4~.:.) 324~. tons 
CopJJer •..cr-np 6(,2. tons 
Dia l:.nmi t.e ?.50. tor1$ 
£x> lomi to 14640. tore 



Fluosilicic acid as waste 0046. tons 
Grourd phasprete rock 5000. tons 
t-lyd-ochloric acid (as lUO~) '2il:Jl. tons 

• Ni tr1c acid (as lCXY-o •t03) 164. tons 
Nitric acid (as 65-~ l-Hl3) 1814. tons 

· Hydrate iiltie (w _s ca<a-1>21 :.BJ()_ tons 
Hydrofluor/ic acid 7CJ'i 5_ tons 
Hyc.TC>.Jefl peroxioo 4740. tons 
Elecrode mass 1000. tens 
Potassiun cart>onale ('~ K2C03) 2. tons 
Potassiun hyd-oxide ~ 49. tons 
Linestone (98% GaC03) 96604. tons 
MagnesilMl sulphate m. tons 
l1angarese or.a (30% th) 4500. tons 
l"'bl ybderun ore 155. tons 
Sodiun tivdroxide ( 45'"•) 1200. tons 
Calcium l'lyd-oxide CaCJi2 19. tons 
Nitric oxides as b")'f:>rocl.Jct 1410. tons 
Lead (as metal) 1827. tons 
Jlt¥:lsphoric acid ( 38'• P205) 43200_ tons 
~ic acid (75% H3P04) 62130. tons 
Post distillation slurry 150000. m3 
Potassiun chloride 2990_ tons 
R.;JW nickel &.alphate 504_ tons 
Rock salt ( l~ N3CL) 6700. tons 
Saro ~- tons 
!Xllptur dioxide !D2 (as 100"• H2S04) 4755. tons 
Il lemani te ore ( 49. 5~ Ti02) 57000. tons 
Burnt dolanite (37% l"l9)+58% Ca()) 145000. tons 
Soda 1 ye ( 45% NaCJ-i) 142. tons 
Socbun bicarbonate l 7<.:£1. tons 
Zinc oxide (ash) 2820. tons 
Sodiun carbon.'1 te 98!.; 7777. tons 
Sodil.lll chloride 105630. tons 
Sodiun hydroxide ( locr.o Naa-1) 1125. tons 
Sodil.P hydroxide ( 50'.o) 13445. tons 
Soda lye (45%) solution 17600. tons 
Sodil.Mn pyrosu l f i te 1596. tons 
Sodiun silicate BO. tons 
Sulptur 1520. tons 
Carbon dioxide (100%) 36450. tons. 

Lime 3500. tons 
SUlpturic acid 169258. tons 
Diesel oil 18900. tons 
Zinc ash (100% Zn} 1160. tons 
Active carbon 2. tons 
Bauxite (87% Al203) 9600. tons 
Alunirun I . ..roxide (as lOtJ'~ Al203) 3254. tons 
t:'mnorua N-13 33CJ2. tons 
f\J,·ohol 130. ~ 
Pol~..;sium pen"11")~ri.::.ltJ ( KMrtl4) '7 tony ""· 
Filter cloth 4. tons 
Fuel gas 6661EDX>. t.m3 
N.·1tural gas 83(XX)(). Mn3 

' carbon dioxide (CO~!) fo()d gradf!) 150000. m3 
Coke oven gas 5000000. fltn3 
Filtriation agent 28. tons 
Drinkirq water 4800. m3 
Chlorire (100%) 2025. tons 
PrJS.t-red.lcl1on aniline (55~ Fe203) 4300. tons 

• Amnonia water (29.4'" N-13) 350. tons 
Ir-on sheet. 90. tons 
Scrap-irein 3500. tons 
Coolil"Yal brine 20'10. GJ 
Ot.hRr carpounc:E llXXXO). lGS 
Soda a$h in solution 1039. tons 



Sodil.8 bim oaate illlfJUl'"l! 17QO. OOns 
FerrtJUS sulphate as toSte 4~- tons 
Zinc suli>hate (as raw .at.) 5070. tons 

• 

PfOCESSES 

/ 

IWTltDfV' TRIOX1f£ 2000. tons 
R .. U11N.J1 :u.._q J.\TE 30000. tons 
BARIU'I ~Tc: 31)()()_ tons 
LITl-00£ 30% 10000. tons 
SCl>lll1 lEf~TE (EJCD\X) 5000. tons 
80RIC ICID 8JOO. tons 
s:JOill1 ~TE 20000. tons 
PJECIPITATED CR...Clll1 ~TE 10000. tons 
Pl'ECIPITATED CA...Clll1 CARJalRTE(TIDTH P.) 1000. tons 
CR.....CIU'I CAllJll:E 60000. tons 
CR...Clll1 HYPCXH.ilUTC 5000. tons 
CR....Clll1 ~U.£ 10000. tons 
IHOllU'I CH...oRIIE 4000. tons 
&JDIU1 BICl-RH\TE 3XJO. tons 
SCl>Ilt1 ORM\TE 1000. tons 
POTA5Slll1 Blo-RH\TE 1000. tons 
IN-MHL6 CHU1IC IJCID 1000. tons 
a-R:HlSl4..... - BASIC Offl1IU1 ~TE 2000. tons 
~R (])(11:£ (Bl..J'CK) 40. tons 
CCPPER OXII:£ (IE)) 100. tons 
C::IlPP£R s...LH-IUE 2000. tons 
CRVCLITE - R.lJ1ltU1 ~IU1 FLUJRif.E 42CX>. tons 
A.....U11N.J1 FLUJRIOC 2200. tons 
HYOt;DGEN FLUJRJOC 1000. tons 
lh'CJ'' OXJ l:t (J£D j 2000. tons 
FERR:FEHRIC OXILCS (IJUU{) lm>. tons 
LEAD 0Xlt£ (JED) 2000. tons 
t'A.N:SIU-1 OXIr.t: SC.000. tons 
~ IJIOXIOC 2000. lore 
to.....'t'BOCN.J1 TRIOXIOC 140. tons 
NICl<EL 9JFATE 500. tons 
SCXJll.J1 TRIPCL Yrl CER r\ IE 50000. tons 
S0011J1 I~ fAH ILJ.1 "n: 1000. tons 
TRISOOIU1 ~n: 7500. tons 
Dlert.....Cll.11 FHXiPl-fUE 40().)). tons 
POTASSil.11 <..fUP.ATE 1000. tons 
PUfASSIU'I NITRAlE 2000. tons 
SOOIU1 G.AZE 25000. tons 
SOOIU1 ~ TER GLK..S 60000. tons 
1'11.EO .. LAR SIEVC - ZEU J ff~; (cl. JIA) 500. tons 
511.lCA Cl·J .. (l"f\ChO) l!°lOO. tons 
:n-'1U1 1'£1/'GILH..ATE lCXXXl. tons 
5'Jf>ll.J1 TllHUJ.Pl·¥\IL lCX..0. ton& 
!))[IJIJ1 tMJRl.llN ::u.1 J If 4CO'.l. tons 
~)(iJLt1 ~J.I 1 f( 20JO. tons 
;:i(ll>JIJ1 HYDf~.l! . .U_1-· J ff 2COO. tons 

' SUO 11..tl •J l.OR H £ ( 1"£ IJ I Crt. ) 150.>. tons 
:x>Oll11 NITR!\T( ~.XX). tom 
Tr TPt"11J1 l)JOY.ll..f:. 2f0.l0. tons 
/JI'.(; flLOr-lJ L£ 4700. t.on& 
5(1f~ ~H b3l57. t.r.>ns 

' ,, ,, I ' ' I '·' I I ,f' ' ' ' ' I I I I ' ' I I I ,,,, ' t ' f, I ' I I I ' ' ........ ' .t .., ' .... I ' I .. ,. t; ... '.f;' ......... .f;.f;*•·ur•.t..t 
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Prcblea title: l.NJAiPl1UC lllULTR'f 

F r a c t i o n a l Q>tiaizatioo 

tbxiaize: 
Yearly A-of1 l ail.$ 
-------------------------- = 
Irwestaent 

Scen.v-io: 
3.94E t-02 <. ll'l\..-est:-ent 

tt A I N PARAttETERS 

Yearly Prof 1. t 
l":YUfacturing Value A.i:Ed 
Irwesbnenl 
Yearly llllfJ<)rl 
Yearly E>cport 
Yearly Domestic AJ.-ct\.r:.e 
Yearly Domestic Sale 

0.271. 
tail.$ 

<- 1.00E•20 c o.~> m.1.s 

104. •il.S 
193. .Ul.$ 
.534. •il.$ 
20. •il.$ 

7. anil.$ 
154. IRl.1.$ 
3<:N'. .ul.$ 



' Hickel sulphate 500. tons ..... 
Potassiua b1ctroaale 1000. tons 
J\>tassila carborute ( "4:..""Ul5) W9. tons 
Potassiua chlorate 1000. tons 
Aluairum sulplute ( 14~ Al205) ~- tons 
Precipitated ca lei~ carbonate 10000. tons 
~ecipitateJ cakilMI carb:nate( luoth p.) 1000. tons 
Si lie.a gel ( la.'llCrO) 1500. tons 
Soda ash ( 100\) 41066. tons 
Pot.assiUlll nitrate 2000. tons 
Sodiua bictromale 910. tons 
ca1ciU111 carbide «XXXJ. tons 
Sodi.w. ~ogen c;ul f i te 4000. tons 
Sodiua ch 0.-te 1000. tons 
Sodiua glilze 1000. tons 
Sodium i'lexaEtaphasphate 1000. tons 
Sodiua h\ld'"05U l f i te 2000. tons 
Sodiua metasilicate pen~ate 10000. tons 
Sodu.- nitrate 6000. tons 
~.odi.ua pa boi ate 20000. tons 
Sod1ua pyrq:>hosphale - dJ.basic 3CX>. tons 
Sodiua sulfide 912. tons 
Soditm sulfite 1994. tons 
Sodiua letraborate (Borax) 5000_ tons 
Sodi•• thiosulfate 10.D. tons 
Sodiua tripol \IPhOSPfllte 49990_ tons 
Sodiua Nater glass (.36~ .;racle •• ) 40075. tons 
l'lagrEsiun oxide 50000_ tons 
Trisodiun phosphate 7500. tons 
Zinc chloride (as u:x:y,. l.-Cl2} 4700. t.ons 
Zirk~ sulptute {as lllJ". lraJ.1) 1000. tons 
Aluain..n fluoride 2200. tons 
Gas waste 2401718()(X). m3 
Liq.ud waste 3440245. m3 
Solid waste Zc..~12. tons 
Iron oxiw (red) 2000. tons 
Ferroferric ax.id! (black) 1000. tons 
SodiLD chloride (medic.al) 1500. tons 
Ti taniun dioxide 20000. tons 
Zeoli tes cl -4A 500. tons 
SUlpturic acid 75% 30200. tons 

PURCHASE 

Elect.ric:tl erergy 306295200. kwh 
w.:1ter 45152440. m3 
Sl&lm 4151291. w 
Cooling w.:. ter .d92"1(X"JO. m.3 
Proc::ess .waler 661000. m3 
Du111ner.al1.~ed W.'l t.e.r 453'-K>. m3 
Coupr·essej air .3533%00. ""'3 
Hot air 66000. 1161'3 
rwrm:>rm.n nitrate 4600. tons 
l'int.l hMper 24. tons 
Antimony (met.a llc~) 1722. tons 
B;tru.n chloride (r..1<..;12) 9. tons 

' 
Bar 1 te "re Ca!!, lOOt Oazo.1 ) 9020. tons 
ConprEIS$E!C1 ni tr~ 300000. ~ 

' u.-.r ium ore ( a-.. l ocr.o U.l!;i ) 5..7,50. tons .. Burnt lime C <..;.,tO ) 117000 • tons 
Ch.irco. 1 l 5. t"'1!; 
c1,,·c111rate and l>1cht °''"'1l1.~t1~·11r .. c..o(,.3'1.;CrW) u.v. tons 



• 

Chromiun ore 
G.arbon dioxide (00~ ~ 401>) 
Coal 
Coke 
Electrodes 
Q>lemanite (boron or-e 4Cr._,) 
CqJper scrap 
Oiat.omite 
Dolomite 
rluosilicic acid as wasle 
Gra.iro phosptnte rock 
Hyctr-ochloric acid (as locr•) 
NJ.tric acid (as l<lA l-NJ3) 
Nitric acid (as 65~ tNl3) 
t-fydrate llme (99_5 ca(a-1)2] 
Hydrofluoric acid 7cr• 
~ peroxide 
Ele::rode !USS 

Potassiun carbonate (9'~ IC!CD.3) 
Potassiun hydroxid! 90% 
Lines tore (<18% CaC03) 
11aglesiun sulph'lte 
tb~M"leSe ore ( .30% tn) 
Molasses oven coke 
lt>lyt:xErun ore 
Sodilln hydroxide ( 45•,;) 
Calcil.Ml hydroxice CaCH2 
Nitric oxides as byprod.Jct 
Lead (as netal) 
J'hoo;__.phoric acid ( 38% P205) 
Phlr=Phoric acid ( 75"'• li5P04 ) 
Post distillation slurry 
Potassiun chloride 
Rai nickel sulphate 
Rock salt / ( locr-. NaCl.) 
Sand ,' 
9.Jlptur dioxide S02 (as 1CO% H2S04) 
Illemani t.e ore (49.5'?.; Ti02) 
Burnt. d.>l•J111ite (.37?:. H:Pt!Jtr:. cacJ) 

Socia lye (45\ NaO·I) 
Sodiun bicarbonate 
Zinc oxide (ash) 
Sodium car· bona te '?lr• 
Sodilln chloride 
Sodilln hydroxide ( 100":. Naai) 
Sodium hydroxide (SC~) 
Sodium hydroxide ('~,;) 
Sod.1 lye ( 45%) ~lu ti on 
Sodium pyrOC"...ulfile 
Socflum silicate 
SUlptur 
C.1rbon dioxide ( lW.•) 
LimA 
!iulphu-1(.; ''"ad 
Cne-:;cl 01 l 
line ash (100% l.n) 
l11r, scrap in zrnc ext.r·:JCt.1on ( 1CO% ln) 
~;pcmt. p1ckl irY,J :1c:id 
Ac. l i. ve C.-"lr t><.>n 
Cauxi le (87'~• Al203) 
1-ilumirum hydrox1dt! (.:l;. l(')(J?.; Al;.'03) 
Alm10nJa f\1-13 
AJc..ohol 
Po l..a$$i um perrnarr;.J. m3 I .e ( l'J1r01 ) 
FJ ller cJc)th 
Condurr..:..:.lo 

48X>." 
400. 

7217. 
50084. 

100. 
32420. 

662.. 
250. 

14640. 
0046. 
soco. 
3270. 
656. 

1814. 
38X>. 

5. 
4740. 
IC&>. 

2. 
49. 

1445CO. 
00. 

4500. 

~-
155. 

1200. 
19. 

5640. 
1827. 

43200. 
62ro2.. 

150000. 
2990. 
504. 

6700. 
20500. 

4755. 
57CXX>. 

145000. 
142. 

17'3J. 
2820. 
"1966. 

164578. 
1125. 

14441. 
20. 

17600. 
1596. 

00. 
1520. 

36450. 
3500. 

l 70lr"6. 
10900. 
1160. 
255. 

6.~50. 

2. 
9600. 
3254. 
3486. 

1.30. 
3. 
4. 

2'/?61. 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tom; 

Lon::. 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tony 
tons 
tore 



Fuel 93S ~- Mn3 
Natural 93S 830000. Mn3 
~Jrbon dioxi<E (CIT~) fo....--..:1 grade) lS<D)(). m3 
Coke ~'en 93S SCXXXXlO. Mn3 
Filt..riation agent 28. tons 
Drinking water 4RX>. m3 
Chlorire (l~) 2025. tons 
Post-recllction aniline (5~)% F~"""05) 4300. tons 
Arm:>nia waler (29.4~• N-6) 350. tons 
Iron sheet SU. tons 
Scrap-iron 3500. tons 
Coolin3 brine 20i0. GJ 
Other ~nds 1000000. l.6$ 
Soda ash in solution 1039. tons 
Sodiun bicl-v-anat.e lH{llU-e 1700. tons 
Fern'US sulphate as w..=tSle 4550. tons 
lire sulplute (as raw mat.) 5070. tons 

PROCESSES 

"" ' ·. 
#VllTIM3\IY TRIOXIct 2000. tons 
ft...U1IN.J1 9..1..i:H\ TE 30000. tons 
BARIU1 a-LORIOC 2000. tons 
BARIU1 CAl\BCN\TE 3000. tons 
LITI-DPCJ£ 30% 10000. tons 
DMIU1 1-ffDFDXIDE 1500. tons 
SOOIU1 TETRIBJRATE (BORAX) 5000. tons 
BORIC ACID EDOO. tons 
SODIU1 PERBORATE 2000'). tons 
PRECIPITATED C?'i_CIU1 CM'P.cN\TE lOOCX>. tons 
PRECIPlTP.TED CAL..ClU1 Cl\hBr..tl\TE(TCDfH P.) 10-X>. Lons 
Cft...CIU1 CAABIDE 60000. tons 
CPLCIU1 HYJl!OCl-LORllE SO:x:>. tons 
CPL.CIU1 a-LORIOC lCXlOO. tons 
#H'O'IIU1 CH..ORIC£ 4000. tons 
SODIU1 Oia-tRCl"IATE 3000. tons 

• SODIU1 ~TE lOCO. tons 
POT ASSIU1 Bia-tRCl'1ATE 1000. tons 
1¥\HYOOCLG CHRll'1J C PCH> 1000. tons 
a-tRa"'OCAl. - BASIC CHRU1IU1 9..1..FltiilE 2000. tons 
COPPER OXIDE (BLACK) 40. tons 
COPPER OXIDt:: (Rt-:D) 100. tons 
COPPER SU..F1-IATE 20CO. tons 
CRYU.ITE - PLU1lf\l.11 mDIU1 F-LUJRIDE 4200. tons 
ft...LMIN.J1 FLLORIDE 2200. tons 
H'l'DROCEN FLLORII:€ lOCO. tons 
lh,...N UXlDE (h'Cl>) 200'.>. tons 
FERf\CFERRlC OXIC£S (B~K) lOCX>. tons 
FERRU.JS SU ... H·IA n.:: 1000. tons 
LEAD OXUt: ( f-!:D) 2000. tons 
t·Vl.(:l'E:;iil.11 CJJ(lDE 50000. tons 
WH":atGE DIOXIOC 2000. tons 
l'O.. YfJOC":N..11 TRIOXIDE 140. tor-s 
NJGl'.f...L :J...l.FfH[. [-AXJ. tons 
GODILM HW·U.YFHJSH·IAJL 5C()CO. tons 
GODHJ1 .. EXIKTAFH.CFtVHE: 1000. tons 
5001.l..M PYr"°R-CJPMI\!£ ([Jl8f\:11C) 30..>. tons 
Tf-! J ~.:iOD Il..M ~n:;~, ff\J f; 7':AX). t.01"'1'3 
DH'.ALCJU1 F1 ClSFH'HE 4<.XXXJ. tor-i5 
Pm (\'j~;JIJ1 GAfi(l(t. .. \ rE 9'-19. tons 
POT ASS l 1..M Cl· I .OJ~i\ J I ~ 1000. tors 
POll\G!:ill..M NlHU\I[ 2CJOO. tons 



-.. 

S:JDIU1 GLAZE 
9JOIU1 ~TER GLASS 
Kl..E.ClLAR SIEVE - ZECl_l l E.5 
SILICA GEL (treRO) 
rol>IU1 tETASlLICATE 
SDIU1 THICBLR-ATE 
SOOILt'I HYDJD;EN Sll.F ITE 
9JOILt'I S..LFI fE 
3:1>1U1 t·l'fDl~LFITE 
9JOIU1 a-t..ORIC£ ( t'EDICl't...) 
SOOIU1 NITRATt.: 
TITrt.lllJ1 DlOXIrt 
Zil'C Sll.FAT£ 
Zll'C a-LORIOC 
9100 ISi 

I 
J 

I 

(cl. 4A) 

25000. tons 
&XXXJ. tons 

50.). tons 
l~. tons 

lOOCD. tons 
1000. tons 
4000. Lons 
2000. tons 
2CXX>. tons 
15(0. tons 
0000. tons 

20000. tons 
1000. tons 
4700. tons 

100000. tons 

, 
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B 6. r inal experiments rer>orts 

PDA : INJG11UC Dll.6TR'f 

Fixed Capital Investment - FCI 
Danestic Investment : 

PDA Net Incone - NI 
NI/FCI : 
PDA Inport : 
Man.Jfact. Value M.Ed - 1""'1A : 
MVA/FCI : 

Prod.Jc lion Profit : -
Sinple Rate of Return 
Pro.."iiction Inport : 
f"l"'lruf JCt. Value Ar>E-1 - H;IA 
MVA/FCI : 
MVA/Value of Prod.Jction 

E>eport : 
Dom:!stic ~rchase : 
Domestic Sale : 
Erergy Co!"s.llption 
Direct Labour : 
9.Jpervision : 
Lab & Control 

! 
i 

65 

426.151 mln.$ ( 
417.361 mln.L.C. 
228.407 mln.L.C. 

0.536 ( 
32-400 mln.$ 

318.938 mln.L.C. 
0.748 

228.407 mln.LC. 
0 • .536 ( 

32.400 mln.$ 
318.9.38 mln.L.C. 

0. "/48 
O.S.:,""9 

106.462 mln.$ 
225.302 mln.L.C. 
484.88l mln.L.C. 

421660.6CO TJ 
1994 men 

248 men 
202 men 

425.488 ) 

1.9 years ) 

1.9 years ) 



66 

Process 

Project 

.l lliTll"lNt' TRIOXU£ 3000 tons 100 
..... ~.J.11Il'U1 9..l..FHUE 350.10 tons 100 L 

9 SODIU1 TETJRIORATE (BORAX) 15000 tnns 100 
10 eoRIC OCID 12'Xn tons 100 
11 SOOIU1 f£1UJR'\TC:: S0:.'00 tons 100 
12 PF!ECIPITATE.D CA...CIU1 GARIJf.ff\TE 100000 tons 100 
13 1-JR::.CIPI rAlH~ Ct't..ClU1 ~.cN'-\lE( lOOTH P.) 40CX> tons 100 
1·1 l"":l1...Cllt1 Cl\l..Uff.C &axJ tons 100 
l~ CA...CIU1 Hf POCJ-LOJ.ll TL 70CX> tons 100 
17 #H"CNIU1 CJ-LORIOC 1000 tons 100 
19 SODILtt ll-RHHE lSCX> tons 100 
20 RlTASSIU1 BillRl'rlTE 2000 tons 100 
21 PHiYDfUJ5 ORl1IC ~ID lSCX> tons 100 
23 COPPER ClXIOC (BUD{) 40 tons 100 
24 COPPER OXIIE (RED) 400 tons 100 
25 COPPER 9..l..R-1\TE 2000 tons 100 
26 CRVCLITE - ll...U1UU'1 SODIU1 FLUJRUE 2700 tons 100 

' 27 ll..LMirt..11 FLUJRIOC 2700 tons 100 
'ZJ JRCN OXllX: (RED) 70CX> tons 100 
30 FE~RRIC OXIOCS (Bl~K) 5000 tons 100 
31 FEf..10..JS 9..l..R-1\ TE. 35CX) tons 100 
32 LEAD OXIIE (RED) ·1000 tons 100 
34 ~SE DIOXIL£ llCOJ tors 100 
35 1t1... YBOCN..11 nnoxuc 2~ tons 100 
3c, NICKEL SJ..FA TE 3LO tons 100 
37 9JOIU"I TRIPCLYR-OSR-1\lE 70(0) tons 100 
38 g)[)(lJ1 fEXPl'ETAFHJSFH\TE lOX> tons 100 
40 HUSCI)}U"I FHl5PI V\lE 1"::«.J tons 100 
41 DIClt...CIU"I FHJSPl-V\TE 40000 tons 100 
42 RJTASSIU1 ~TE 3000 tons 100 
43 POTX"':>Sil.11 Cil-LORATE 40X> tons 100 
44 RJTASSIU1 .NITRATE tC£X) tons 100 
45 SODIU1 G..AZE 32000 tons 100 
46 SOOIU"I WATER GlA5S OCJOX) tons 100 
47 f"ll.EOJR?'t.. SIEVE-zt:a...1 TES (cl. .:.A) lCCO tons 100 
51 SOl>ILtl THI09..LFH\ TE lCU> tons 100 
52 SODILtl t-IYDI~ SLU 1 rt: EJXO tons 100 
53 SOO!Ltl 9.t..FITE 12000 tons 100 
54 SOVILt1 HYDRCS..l..FI TE 9000 torE 100 
55 !X.lCJIU"I OLOf<(IOC (J"LIJJcrt...) 25(0 tons 100 
56 SODIU"I NITRATE 12000 tons 100 
57 TITPNIU1 C>IOXIOC 50CX() tons 100 
<:JI Z lf\l~ Cl-l.OU lr..C ~tons 100 
63 9)L)() I'S I l SCJ(X,() ton::; 100 
so SUDILtl l"ETAS!LICA TE 69480 tore 87 

f 
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Medi.la hport Yalue ~ 

59 Hydrogen peroxide 11812 tors 36.093 
60 Elecrode mass lCH> tons 27.667 

122 Sodil..m pyr'osulfi te 9576 tons 10.640. 
lSO Other coopouncts 2500000 US$ 7.716 
177 P.JSt-red..Jction aniline (559; F~103) 15050 tons 5.574 
38 Electrodes 100 tons 4.556 
87 Potassiun chloride 10020 tons 3.578 

153 All.Mri.run hydroxide (as 100% A1203) 3476 tons 1. 9'..20 
51 Grourd phosphate rock 7r.XXJ tons 0.756 
68 Magnesil.Jll sulphate 200 tons 0.586 
63 Potassil.Mll hydroxide 90'".; 196 tons 0.496 

163 Fi 1 ter cloth 6 tons 0.173 
172 Filtriation agent 70 tons 0.100 
11 Anti llMJ-.:>er 6 tons 0.074 

157 Potassiun pennanr.;Janate (l<MrD4) 4 tony 0.029 

"'" 
62 Potassium carbonate (99\ KL""C03) 10 tons 0.024 
57 Hydrofluorj_c acid 70% 3 tons 0.009 

' .. 

• 



104 Calcrnm carbide 
185 T1 l-'intum dioxide 
120 Sodillll perborate 
128 Sodillll tetraborate (Borax) 

69 Mangarese dioxide 
13 Antimony trioxide 
31 Chromic acid anhydrous 
84 Potassiun bichromate 

68 

90 Precipitated calcillll C..'irbonate( tooth p.) 
144 Trisodillll pho5phate 
64 Lead oxide (red) 

117 Sodillll hyd-osul ti te 
110 Sodil.111 chromate 
112 Sodi·..an hexanetaprosphate 

I 
! 

/ 

40COO tons 
15000 tons 
10000 tons 

SCXX> tons 
3C.OO tons 
1500 tons 
1000 tons 
1300 tons 
2000 ton:. 
1500 tons 
2000 tons 
1000 tons 

700 tons 
600 tons 

Yalue ~ 

33.815 
28.179 
10.332 
5.176 
4.89'Z 
4.790 
2.443 
2.222 
1.700 
1.631 
1.615 
1.468 
0.971 
0.764 
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Medi.un 

82 Ph:>sphoric acid ( 75<?.o H3l=U4) 
140 ~lpturic acid 
81 Pl"kJSPhoric acid (33% ~> 
~ Colemanite (boron ore 4CPo) 

3 Ste~ 

72 t"blybderun ore 
65 Limestone (98'.o CaC03) 

1 Electrical energy 
114 Sodiun hydroxide ( 5l1~.) 
12 AnlilOOllY (metalic) 

141 Diesel oil 
98 Illemanite ore (49.5% T102) 
27 Burnt lime ( cao) 

109 Sodium chloride 
'SI Coke 

145 Zinc ash (100% Zn) 
116 Soda lye (45".o) solution 
152 BaU><i te ( 87% Al::m) 
103 Sodium bichromate 

2 Water 
19'"~ Sodium bichretrL'lte impure 
70 Manganese ore (~ 11n) 

!CJ~ Sodium bicarbonate 
105 Zinc oxide (ash) 
179 /\Jmx · ::1 w.::a ter (L'"J .4°;; t.a IS) 
79 Lead (as metal) 

194 Ferrous sulphate as waste 
55 Nitric c::.~id (as 65°.0 l·t.u.3) 

69 

96 Sulph.Jr dioxide S02 (a:;; lO<:r.o H2S04) 
166 Fuel gas 
100 Sodium car;bonate ~. 
53 Hydrochlofic acid (as lCO°.>) 
35 Coal ? 
42 Copper =.crap 

154 Pmnonia N-l3 
30 Chromate and bichromatr~(calc.66.3~£r03) 
77 Nitric oxices as byprod.Jct 

136 Sulph.Jr 
113 Sodium hydroxide ( 10->'• Na0-1) 
174 Chlorire (100%) 
56 Hydrate lime [9"~.'.J Ca(0-1)2] 
94 Sand 
83 Post diztillation $lurrv 

148 Spent pickling acid 
93 Rock calt ( 100~.o N.:&Ct.) 
48 Dolomite 

184 Scrap-iron 
169 Na t.u1·a1 cJ.'js 

!:>4 Ni trir; <JCid (a~ lLO".> l·Hl..'>; 
49 rluo:.11ir.:ic acid as waste 
74 Sodium hydroxide ( 45".o) 

139 Linc 
~ Rtw ni.cl-'.ul ~lpti.;ite 

156 Alcohol 
46 Diat.omi. te 

!::> Pn i<:ess wa t.c1· 
191 ~x:la a~tl in zoJ.ut.wn 

4 Coo 1 i rY;J · .ra tflr 
"/1 Mr:>la~,-:c<;; O'mn 0:1kn 
10 f'ilrrnonium ni t.r ~l l:.e 

Domestic F\Jrchase Value ~ 

85330 tons 
326870 tons 

43200 tons 
6985/:. tons 

75'9008) GJ 
2765 tons 

340000 tons 
~7670":ro kwh 

43534 tons 
2583 tons 

3718> tons 
142500 tons 
ll7COO tons 
242943 tons 

65500 tons 
5220 tons 

176/JJ tons 
11200 tons 

20'20 tons 
78540070 m3 

2550 tons 
24750 tons 

5250 tons 
3900 tons 
6250 tons 
3654 tons 

22750 tons 
5600 tons 

14875 tons 
8914530 Nn3 

12665 tons 
3758 tons 

25064 tons 
970 tons 

4251 tons 
1020 tons 
8460 tore 
4758 tons 
1125 tons 
2835 tons 

10100 tons 
26240 tons 
9CKXX) m3 
22225 tons 
lt;T:.150 tons 
9600 tons 
8750 tons 

256!l()(X) fltn3 
9rJ4 tort:. 

5751 tvrrs 
1600 tone 
4900 tons 

?.l.Y2 to~ 
585 tc>ns 
;sso tore. 

20l 70Cl0 rn:s 
4 J. !>6 torr:; 

6014900 m3 
9XX> tons 
lO"lC> tore 

13.672 
11.606 
7.286 
6.976 
6.570 
6.136 
4.527 
4.413 
3.727 
3.325 
3.300 
2.530 
2.404 
2.135 
1.744 
1.413 
1.~ 

1.256 
1.127 
1.046 
0.883 
0.879 
0.874 
0.779 
0.721 
0.642 
0.606 
0.534 
0.528 
0.526 
0.504 
0.496 
0.423 
0.366 
0.311 
0.3CE 
0.300 
0.285 
0.275 
0.264 
0.237 
0.210 
0.200 
0.197 
0.175 
0.170 
0.155 
0.151 
0.135 
0.128 
0.123 
0.104 
0.102 
0.099 
0.090 
0.090 
0.084 
0.000 
o.cro 
0.0·19 



170 Carbon dioxi<E (al2) food grade) 600000 113 0.076 
101 Soda lye ( 45-' NaCJi) 781 tons 0.060 
1~3 SOdium silicate 2(X) tons 0.053 

7 Conpressed air 74049000 Nn3 0.013 
6 DeminP.ralized water 170054 m3 0.013 

100 Iron sheet 90 tons 0.010 
15 Baniin chloride (BaG12) 36 tons O.OCE 

150 Pcti ve carbon 6 tons 0.008 
17 Conpressed nitrogen 300000 Nn3 0.007 
25 Calcium carbonate 54 tons o.oaz 
29 Ctnrcoal 10 tons o.oaz 
75 Calcium hydroxic:E CaC:H2 26 tons 0.001 

165 ~ie 84000 tons 0.001 
173 Drinking water 1200 m3 0.000 

0 Hot air 260000 Nn3 0.000 

f ' 
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Medi.um Dcllestic Sale 
Yalue -

185 Titaniun dio..~icle 35000 tons 14.437 
130 Sodiun· tripolyphosphate 691i/J tons 12.644 

47 Dicalciun phosptate 40000 tons 9.899 
120 Sodiun per;t:>orate 40000 tons 9.074 
89 Precipi~ted calcitMn c-.arbonate 100000 tons 8.410 

118 Sodiun retasilicate pe."lt.."lhydrate 69400 tons 6.520 
73 t'bl ybderum trioxide I II 2500 tons 5.259 

10-1 GalcitMn carbide 20000 tons 3.712 
69 Manganese dioxide 0000 tons 2.864 

117 Sodium hydros.Jl fi te 0000 tons 2.579 
97 Sod!l ash ( 100%) 71009 tons 2.423 

128 Sodiun tetraborate (Borax) lCXXX> tons 2.273 
83 Alt.mirun sulphate (14% Al2ln) 35000 tons 1.870 
24 Boric acid 12000 tons 1.675 

144 Trisodiun phosphate 6000 tons 1.432 
• 175 Iron oxide (red) 7c:m tons 1.384 

1~6 Sodiun sulfite 11994 tons 1.296 
13 Antiroony trioxide 1500 tons 1.052 
so calcilMll hypochloride 7000 tons 1.011 

176 Ferroferric oxide (black) 5000 tons 1.000 
146 Zinc chloride (as lOA Zr£12) 6500 tons 0.999 
100 Pot.assiun nitrate 6000 tons 0.866 
106 Sodiun hydrogen sulfite 0000 tons 0.749 
86 Potassiun chlorate 4000 tons 0.1'26 

151 Alunirum fluoride 2700 tons 0.675 
85 Potac:-o;:ium carbonate (K2C03) 3000 tons 0.587 

182 Sodium chloride (medical) 25IX) tons 0.490 
119 Sodiun nitrate 6000 tons 0.423 

44 Copper sulphate 20C.O tons 0.422 
45 Cryoll te (Na.3AlF6) 2700 tons 0.384 
90 Precipitated calciun carbomte( tooth p.) :xx:x:> tons 0.373 
64 Lead oxide (red) 2000 tons 0.355 

142 Zeolites cl.::J.\ 1000 tons 0.330 
31 Chromic acid anhydrous 500 tons 0.268 
84 Pot-ac-c:.ium bic.;Jy-omate 700 tons 0.263 

110 Sodium chromate EX)() tons 0.244 
41 Copper oxide (rej) 400 tons 0.217 

129 Sodium thireulfate 1000 tons 0.207 
43 Pickli~ acid (24% Hr..D4,l0'• Fe504) 18375 tons 0.155 
19 Ferrous rulphate - 7 hydrate 3500 tons 0.119 
76 Nickel sulphate 300 tons 0.116 

112 Sodium hexametaphc>t='...pha te 400 tons 0.112 
9 Amoonium chloride 1000 tons 0.(82 

40 Copper oxide (black) 40 tons 0.022 
158 G..ls waste 24'"~32.36000 m3 0.000 
159 Liq..iid waste 4255820 m3 0.000 
!GO Solid waste 3B3CfJ8 tom; 0.000 

' 
f 
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.. Mediua : l Electrical a a 9f 

47 to...Ea.Rl... SlE\IE-ZECLITES (cl. 3A) i 8XXXlOO kwh 
43 POTASSil.11 CHJJf;y\lE i 22(XX)()()() kwh 
34 ~ OIOXIOC i 48400000 kwh 
14 Cft..Cll.11 CAflll~ i lEIX'OJOOO kwh 
38 &JO IU1 •E>UY£ rnn llif '1-f\ l L: l 12700()) kwh 
57 TI TA'llIU1 OIOXIC£ i 41SOXXX> kwh 
55 SDIU1 OLORil:E (tEDICA..) i 1712SCX> kwh 
35 t0...Y8£.DU1 TRJOXIOC i 170~ kwh 
~1 SCDIU1 HYIHB.1..F l IE i 4~ kwh 
26 CRYtl....l TE - A...lt11N.J1 SODIU1 1-""LlDtll:E i 1404000 kwh 
27 #l .. lJ1IN..t1 FLUJRIIE i lCY'...6000 kwh 
42 POTASSil.11 CAfi:BCN\TE i 1120000 kwh 
56 SDIU1 NITRATE i 3540000 kwh 
17 #H'OlllU1 a-t..ORlU:: i 260000 kwh 
25 <XJPfER s..t..~TE i 520000 kwh 
12 PfECIPITATll> Clt...Cll.J1 CAIRN\TE i 22(XX)()()() kwh 
36 NIC!<EL S.l.FATE i 66000 kwh 
10 BORIC ACID i 2400000 kwh 
20 POTf.S:Sll.11 UIO-HH\TE i 400CXlO kwh 

' 30 FERRD-c]~lC OXJOCS (Bl~) 1 1000000 kwh 
13 PIECIPITATED cr-t...Gll...11 ~TE(TCDTH P.)i 78XJOO kwh 
40 TRISODil.11 FHB+rATE i 1440000 kwh 
SJ SODIU1 THimJ..R-ruc l 171000 kwh 
9 SODIU1 TET~.iE {BCH\X) i 247~ kwh 

37 SCl>ll.J1 TRIR'l:fPl-llSPl-f\TE i 10500000 kwh 
19 SOD1U1 OID'l\rE i 210000 kwh 
11 SCl>lll1 ~moRATE i 60CXXlOO kwh 
63 ~ ASli i 10000000 kwh 

1 A'lirltlNf TRIOXlOC: i 351000 kwh 
41 DICll..CIU1 ~TE i 4640000 kwh 
52 SODil..t1 H't1HlGEN 9.1...F ITE i 9'20000 kwh 
59 Zll'C OUJRil:E i 71SOCX> kwh 
32 lS.;.A[) ,DxlU:: ( Rf.:[J) .l 412CXlO kwh 
15 Cll...CIU1 HYPOCt·LOIUTE i 700000 kwh 
53 SCX>IU1 9..LFI rE 1 1200000 kwh 
~ If'U.i OXIOC ( f".£(•) i 637000 kwh 
44 POTASSIU1 NlTRATE i 467400 kHh 
21 l=H-t'rTJRCLG a-1011c P1;w i 7SOCX> kwh 
31 FERIU.5 9J.PMA1E i 17SOCX> kwh 
2 ll.J.11Il'Lt1 ::U..FK\TE i 1400000 kwh 

so S001U1 l"ETl\SILlCATC:: i 2004400 kwh 
45 SODIU1 r::LAZE i 760000 kwh 
23 COPF£R 0Xll£ (rnA:;K) i 463 kwh 
46 !X)f)ll.J1 ..,_•TER G...ASS i 264000 kwh 
24 COPPER UXJOC: (r~[J) i 120'Z kwh 

f 
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~lem title: ~c INUiTRY 

S i n 9 l e Cb_JeCtive Q:>ti.a1zalion 

tlaximize: 
PDA Yearly Pr-ofl.t 

Scenario: 

Antimonv ·'trioxide 
L2CE.f04 < Boric acid 

= 
< 

Cfromic acid anhydrous = 
Lead 0>eide (red) = 
tlanganese di.oxide = 
~tassi1.m1 bichrooaate = 

3.SCE+Gt < Allninm sulphate ( 14~ Al203) < 
Precipitated calciun carbonate( tooth P- )= 

0. / Soda ash ( loat) < 
~lciua carbide 
Socliua clTanate 
Sodiun he>camet.aphosphate 
Sodiun hvdrO&Jl f 1. te 
Sodiun perborate 

0. < Sodiun sulfite 
Sodiun tetraborate (Borax) 
TrisodilD ~te 

0. < Iron oxide (red) 
0. < Iron oxide (red) 

Titaniun dioxide 

GLOBAL RESULTS 

PDA Yearly Profit 
PDA Value Added 
l'""'851:ment 
Enei-gy Consurpt1on 
Yearly lnport 
Energy lJ'f.lUt 
Yearly E><PQrt 
Yearly OonlP.stic F\Jrch.:lse 
Yearly Domestic ~le 

5ALE 

Antunony tr 1c»<1de 
Antimony tr1ox1dl!t 
Ferrous ~1Jphate - 7 hvdrat.e 
Boric acid 

= 
= 
= 
= 
= 
< 
= 
= 
< 
-: 
= 

Z9.ees m.1.s 

1500. (100.°') tons 
none C o.°') tons 
500. ClOO-°') tons 

2000. (100.°') tons 
IDJO. (100.°') tons 

700. (100.°') tons 
none C o.°') tons 

2.CXX>. (100.°') tons 
40(0)_ ( 0-°') tons 
20000. ( 100.°'} tons 

aoo. (loo.°') tons 
400. ( 100-°') tons 

ID)()_ (100.°') tons 
40000. (100.°') tons 

?lXX>. c o.°' > tons 
10000. (100.0%) tons 

6QX)_ ( 100.0\) tons 
10000. ( 70.°') tons 

3CXX>. c o.°') torn 
35000. (100.°') tons 

2.30. 
312. 
385. 

41~. 

3-1. 
41~. 

104. 
213. 
4W. 

mil.$ 
mil.$ 
mil.$ 
TJ 
mil.$ 
TJ 
mil.$ 
mil.$ 
mil.$ 

15'"JO. tore 
JSOO. tons 
35(.X). tors 

12(()(). tons 



- - ---- ---·- -~ --Ctraaic acid a~ 500. tons 
Copper oxide (black) 40. tons 
Copper oxide (red) 400. tons 
Pickling acid ( 2~ H2S04. l~ Fe9>4) llb/5. tons 
Ccpper sulphate 2000. tons 
Dicalciua phosphate 40000. tons 
Co"!lciU111 ~;J.oride 7000. lu1S 
Lead oxide (red) 20"0. tons 
Lead oxide (red) 2000. tons 
~dioxide 3000. tons 
l'lang3nese dioxide (l)(J()_ tons 
~htxien.- triOXJ.de Ill 2500. tons 
Nickel sulphate 300. tons 
Pol:ass1U111 bictraute 700. tons 
Potassil.111 carborute (~""'all) 3000. tons 
Potassium chlorate 4000. tons 
Allain.- sulphate (14% ..U.203) 35000. tons 
Precipitated calciua carbonate lOOOCO. tons 
Precipitated calcium carbonate(tooth p.) 2000. tons 
Precipitated calciua carbonate(tooth p.) 2000. tons 
Potassiua nitrate 6000. tons - Calciua carbide 20000. tons 
Calcu• carbide 40000. tons 
Sodiua ~sulfite woo. tons 
Sodiua ctranate 8'.X>. tons 
Sodiun ctranate 700. tons 
SocflUD hexanetaphosphate 600. tons 
SOCiun hexametaphosphate 400. tons 
SodiUD hydrosulfite EIXX)_ tons 
Sodiun hydrosulfite 1000. tons 
Sodi~ metasilicate penl:.lhydr-ate 70%8. tons 
Sodiun perborate 40000. tons 
SodiWl perborate 10000. tons 
Sodiun sulfi le ll'n4. tons 
Sodiun tetraborate (Borax) 10000. tons 

' Sodiun tetraborale (Borax) SCXX>. tons 
Sodiun thiosulfate 1000. tons 
Sodiun Lr :ipol \IPh05pha te 6~. tons 
Trisod1un phosphate 1500. tons 
Tr1sodiun ~te -

6000. tons 
Zinc chloride {as lCO\ ZrC12) 6500. tons 
Alunirum fluoride 2700. tons 
Gas waste 2472476000. m3 
Liq.ud waste 3371365. m3 
Solid waste 361955. tons 
Iron oxide {red) 7000. tons 
Ferroferric oxide {black) 5000. tons 
Sodiun chloride (medical) 2500. tons 
Ti tanu..m di6xide 35000. tons 
Tl tan1um d1ox1de 15000. tons 

P U R C It I\ ::; ( 

Electrical erei·qy 3747585CO. kwh 
Water 65294660. m3 
St.cam 6507756. GJ . ' C'.ool 1ng water 6014q()(). m3 
Pn~s waler 2013100. A) 
Denureralizt:d w.it.er eeor~. m3 
Corrpres'!ed ~Jr 722360CO. r.b.'5 
Hot air 260000. ~ 



------ , ___ -- .&.VIU. '-UIJD 

Antl..:>nv (.:?ta lie) 2583. tons 
Bari..- chlori<E (RaC12) 36. tnns 
Collf>I essed ni trogen ~- N&5 
C3lciua car-borute 54. tons 
Burnt lime (CaO) 117000. tons 
Charcoal 10. tons 
Ctronnte and bichn:inale( calc.66. 3'ter113) lCXlO. tons 
Coal 25064. tons 
Coke 56~- tons 
Electrodes 180. tons 
Colenaani.te (boron ore 4m) 69850. tons 
CqJpe- scrap 970. tons 
Diataaite 350. tons 
OolaDite ~- tons 
FlU05ilicic acid as NaSte 3240. tons 
Groum phoisphai.e rock 7000. tons 
Hyd-ochloric acid (as 100%) 3758. tons 
Nitric acid (as ()5..--. t-NJ3) 5600. tons 
Hycrate lime [99.5 ca(CJ-1)2] 10100. tons 
li,la-otluoric acid 70% 3. tons 
Hyd ogera peroxide 11812. tons - Elecrode mass lCB>. tons 
Potassiun carbonate (9'~ K2CD3) 10. tons 
Potassiun hydroxid:? 90% 196. tons 
Limestone (~ CaCm) 237164. tons 
l'lagleSiun sulphate 200. tons 
Manganese ore ( ~ Mn) 24750. tons 
~lasses oven coke 9000. tons 
l"blybderun ore 2765. tons 
Socflun t1Ydroxi1:E (-15~) 1600. tons 
Calcu..an hydro."<id? CaCJ12 26. tons 
Lead (as metal) 3654. tons 
Phosphoric acid ( 38"• P205) 43200. tons 
Phospmric acid (75~• H'iro1) 85.?.30. tnns 
Post distillation slurry OOCU>. m3 
Pvtassi1..1n chloride 8514. tons 
Raw nickel sulphate ?J:/2. tons 
Rock salt ( 100% NaCL) 19'"6'. trJOS 
Sare 26240. tons 
Su l.ptur dioxide 502 C as. l~ H2S04) 14875. tons 
llle~ite ore (49.~ ll02) 142500. tons 
f<>da lye ( 45% Nalli) 731. tons 
~.odi.un bicarbonate 5250. tons 
Sodu.m bictromat.e 707. tons 
Zinc oxide (ash) 39CX>. tons 
Sodiun carbonate ·~· 12665. tons 
SoclilMn chloride 113432. tons 

' Sodiun hydroxide ( UJO'• NaCJ-1) 1125. tons 
Socl1un hydroxide ( !"lCr•) 41162. tons 
~ lye (45!•) solullon 17600. tons 
Socliun nitrate 6CW'.Xl. tons 
Sodiun pyrosu l f i te 9576. tons 
Snd'iln silicate 200. tons 
Sulpfur 4756. tons 
L11ne 4900. tons 
Sulpturic acJd 326870. tons 
Diec-...el oil 37100. tons 
ZU'k! ;J91 < uxr. 7n> 57.'-"0. tons 
Spent p1ckl1r19 acid 22225. tons 
l\cti ve carbon 6. tons 

• r.auxu.cs (fl?'• Al;.'03) 11200 • tons 
Alumuun t,'l')ldroxu::b ( .J'.!. H.o·, A120.3) ~- tons 
Amaoni" llofl3 2054. torw 
AJc.:ohol 585. tors 
Pol.a~~aun per1narY-llfut.c 'Kl1r04) 4. tonv 



• 

' 

r .&..&.11.c:s \i.l.UU I 

Con::lensate 
Fuel gas 
Natural gas 
carbon dioxide (CCJ2) food grcd!) 
Filtriation agent 
Chlorine ( 100\) 
~t-reciJction aniline (55% Fe.c.""'03) 
Anoonia ..ater (2'9.4% NG) 
Iron sheet 
Scrap-iron 
Other CXlllf.JOUnds 
Soda ash in solution 
Sodu.- bi.chromate illf)Ure 
Ferrous sulphate as waste 

PROCESSES 

INTitDrf TRI(])(IIE 
A..Lt1IN..t1 9..LR-1\TE 
SOOIU1 TETfl.BJRATE (BCR\X) 
BORIC ~ID 
SCl>IU1 PERBORATE 
PIECIPITATED CA-CIU1 CAA:JC:MTE 
PfECIPITATED a:t..CIU1 CARJCN\TE(TOOTH P.) 
OLCIU1 CIRJlt€ 
CA._CIU1 HYPOCH..clRITE 
SCDIU1 CHU'ATE 
POTASSil.11 81a-RJ1ATE 
INiVDfUJS ORJ1IC ACID 
OOPPER (])(Ill:: (BUCK) · 
CXlPF£R (])(It€ (RED) 
OOPPER SJJff\TE 
A..l.J1IN.11 FLWRit€ 
I!Uol (])(IIE (RED) 
FERRl-""ERRIC (])(1££5 (BLACK) 
FERIU.5 SU..PHHE 
LEAD CJXIt€ (RED) 
~ DICJXIrE 
t'll.. YBDEJllJ"I TRIOXIt€ 
Nia<EL 9.l..FATE:: 
SOOIU1 TR:'"PCL~TE 
SCl>IU1 t£Xl¥'£T~TE 
TRISOOil.11 R-IJSPH.\TE 
DICA..Cll.11 ~TE 
POTASSIU1 CMBOll\TE 
POTASSll.11 c>LORATE 
POTASSIU1 NITRATE 
&JDIU1 GLAZE 
OODIU1 l-1ATER G..ASS 
SOl>lU1 f"ETASlLICATE 
OOOIU1 THI~TE 
SODIU1 HYDfDEN Sll..F ITE 
SOOIU1 9..l.FITE 
OODil.11 1-IYL>R05UFITE 
SOOIU1 a-LORICE: (r-EDICAI..) 
Tir/.VlllU1 DIOXJOE 
Z lJ\C Ct-LORI c:E: 
OOOA Pai 

6. 
84000. 

8693400. 
2565000. 
600000. 

70. 
2835. 

15050. 
6250. 

90. 
8750. 

2500000. 
4156. 
2550. 

Zl150. 

3000. 
35000. 
15000. 
12000. 
50000. 

100000. 
4000. 

60000. 
7c:JXJ. 
1500. 

700. 
1500. 

40. 
400. 

2CXX>. 
2700. 
7CXX). 
5000. 
3500. 
4000. 

llCXX). 
2500. 

300. 
70C0l. 

1000. 
7500. 

40000. 
3000. 
4000. 
6000. 

32000. 
OOXX>. 
7r:nt..8. 

lCXX>. 
8000. 

12000. 
9COO. 
2500. 

50000. 
C:.500. 

7ocn5. 

tons 
tons 
Mn3 
Mn3 
ID3 
tons 
tons 
tons 
tons 
tons 
tons 
US$ 
tons 
tons 
tons 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 

• 



Problem t1 tle: l~IC lNrJU:il RY 

F r- a c t i o n a l [ptimization 

t1a.'<1m1ze: 
ru\ Yearly Prof 1 t 

= 
Energy Consurpt1on 

Scenario: 

Antimony trioxi<E = 
L2CE +o4 < Coric acid < 

Ctromic acid anhydrous = 
Lead oxide (red) = 
Marganese dioxi<E = 
Potassium bictromate = 

3.SCEt04 < All.Mlirun sulphate (14% Al203) < 
Precipi t.a tect calcium carbonate{ tooth p. ) = 

o. < Soda ash ( 100%) < 
Calcium carbide = 
Sodium chnxna te = 
Sodium hex.~taphc:r=Phate = 
Sodium hydrcr.::Ul f 1 te = 
Sodium perborate = 

0. < Sodium sulfite < 
Sodium tetraborate (Borax) = 
Trisodium plu;.phate = 

0. < Iron oxide (red) < 
0. < Iron,bxide (red) < 

Titaniun dioxide = 

G L 0 B A L R t S IJ L T S 

~ Yearly Profit 
PDA V:ilue Added 
Inve·.:.. I '!ier; t 
Energy C.orc:.UJption 
Yearly llffX)rt 
Energy l~t 
YE?.ir l y Export 
Yearly Domest.lc r.\Jn.:ha::e 
Yearly Domest.ic Sale 

SAL C 

Ant.1mr>nv tr- i.ox1dl:i 
Ant.1111ony tr· J.<>xioo 

mil.$ 
0.003 ---

TJ 

1500. (100.0%) tons 
none ( 0.0%) tor.3 
500. (100.0%) tons 

2000. { 100.0%) tons 
0000. (100.0%) tons 

700. (100.0%) tons 
none ( 0.0%) tons 

2000. { 100.0%) tons 
40000. ( 0.0%) tons 
20000. (100.0%) tons 

BX>. (100.0%) tons 
400. (100.0%) tons 

0000. ( 100.0%) tons 
40000. (100.0%) tons 

3000. ( 0.0%) tons 
10000. (100.~) tons 

6COO. ( 100. 0%) tons 
10000. ( 0.0%) tons 
3000. { 0.0%) tons" 

35000. ( 100.0%) tons 

204. 
274. 
320. 

60345. 
30. 

60345. 
%. 

199. 
417. 

mil.$ 
mil.$ 
mil.$ 
TJ 
mil.$ 
TJ 
mil.$ 
mil.$ 
mil.$ 

1500. torn; 
150C>. tors 



Ferrous sulphate - 7 l'f\."'1..-ate 3500. t-ons 
Boric acid 12000. . tons 
Chromic ac~d anhydrous 500~ tons 
(~ipper OX1j1e (black) 40. tons 

• Copper oxide (red) 400 • tOllS 
Pickling acid (24""• t-12S04,l0"1" FeS04) 18375. tons 
Copper sulphate 2000. tons 
[)icalciun phosphate 40000. tons 
C.."llcu.n hyJx>chloride 7CXXJ. tons 
Lead oxide (red)- 2000. tons 
V>..ad oxide (red) 2000. tons 
Manganese dioxide 30GO. tons 
tbnganese dioxide 0000. tons 
Molybderun trioxide III 2500. tons 
Nickel sulphate 3'X>. tons 
Potassiun bichromate 700. tons. 
Potassiun chlorate 4000. tons 
Alunirun &.alphate (14% Al203) 35000. tons 
Precipitated calciun carbonate 100000. tons 
Precipitated c.-ilciun carbonate( tooth p.) 2000. tons 
Precipitated calcitn carbonate( tooth p.) 2000. tons 
Calciun carbide 20000. tons 
Calcil.Mn carbide 40000. tons 
Sodiun hydrogen sulfite 0000. tons 
Sodiun chromate soo. tons 
Sodiun chromate • 700. tons 
Sodiun t-exainetaphosptn te 600. tons 
Sodiun hexametaphosptiate 400. tons 
Sodil.Mll hydrosu l f i te 0000. tons 
Sodium hydrO&Jl fi te 1000. tons 
Scdil.Mll pert:or ate 40000. tons 
Sodium perborate 10000. tons 
Sodil.111 S:f l ti te 11994. tons 
Sodium tetraborate (Borax) 10000. tons 
Sodiun thia=.....ul fate 1000. tons 
Sodium tripolyp~te 6'n«J. tons 
Trisodium phcr.=.phate 1500. tons 
Trisodium ptx>sphate "'..000. tons 
Zinc chloride (as 100'.; lrC12) 6500. tons 
Alumirum fluoride 2700. tons 
Gas waste 24719060Cl0. m3 
LiCJ.Jid waste 3227061. m3 
Solid waste 344526. tons 
Sodium chloride (medical) 2500. tons 
Titanium dioxide 3sax>. tons 
Titanium dioxide 15000. tons 

P IJ R C H A S E 

' 
Eleotrical energy :05864300. kwh 
Water 62426730. m3 
Steam 5.503393. GJ 
C'.ooling water 5127860. m3 
Pr<x~s water 1965500. m3 
r ian i ncr a 11 zE!d wa t.cr flf.:J.>54. m3 
l'.'.Qnl'res~;ees air 69.384800. ~ 
t-bt air 268000. l'tn3 
?'wrmon1um ni. tr;..1t.A 4~. tom 
l'lnt.1mony ( met...11 i.c:) 25a$. tone 
S.arium chloride (BaCl7.) 3(,. tone 
C<>npra:;~.A:!d ni trogon 3CX()O(). l'm3 
Calc1um carbon..:i~..e 54. tons I 



' 

e.urnl lime I ( cao) 
CharC03l 
ChrClln.~t.e .ind bichronn l.P.( c-.a l c. ~. 3'tCrffi) 
Q.ul 
Coke 
Electrodes 
C'.olenani te (boron ore ·10%) 
1::;c,pper scrap 
Diat.anite 
Dolomite 
Fluosilicic acid as waste 
Ground phosphate rock 
Hydrochloric acid (as HX1'•) 
Nitric acid (as 65-"\ t-NJ3) 
Hydrate lime [99 .5 C."i(D-1)2) 
ttydrof luoric acid 70",. 
Hydrogen peroxide 
Elecrode mass 
PotassilMll carbon.."'lte (99".; K2C03) 
Potassil.Mn fl\>droxic:E 'Ah 
Limestone (~.,; CaC03) 
MagresilMll 9.Jlphate 
Manganese ore ( 30"• Mn) 
l'blybderun ore 
SodilMD hydroxide ( 45%) 
Calcil.n hydroxide Caa-r.! 
Lead (as metal ) 
Phosphoric acid (38% P205) 
Ptlo!:ph)ric acid ( 75~ H3P04) 
Post distillation slurry 
Potassbm chloride 
Raw nickel sulphate 
Rock salt ( 100% NaU..) 
Sand 
&llptur dioxide S02 (as 100--. l-Q'.304) 
11 lcnur ol te ore ( ·19 - ~,-:; ., ll )~ ) 
Soda lye (45~ NaCH) 
Sodium bicarbonate 
Sodium bic:V-omate 
Zinc oxide (ash) 
Sodium carbonate 98'?• 
Sodium chloride 
Sodium hydroxide ( l<Xr~,. Naa-f) 
Sodium hydroxide (50%) 
Soda lye (4~•) solution 
Sodium pyrosul fi te 
!='..odium silicate 
Sulph.Jr 
LJ.rne 
~:.ulprtJnc acid 
(llU'SC.!l oi J 
Zu;.) ash ( l<JO'.; Zn) 
Spent. picklir~ acid 
Pt..·:t.i.ve carbon 
F1;-u1xit.u (or. AJ'.:.'f~) 
Alumuum hydro;<1de (as ll.XJ'• Al203) 
f:vrmonia J\l-i3 
AJc~<>hol 

Pot:.a!:.-::~1l1111 penn.~r~na ~ ( l'.Mr fl.1) 
Filter cloth 
Fut.-i l ~,J.:'s 
f-l'l l.t.W.£11 •.J.1~:;. 

CartJOn c110>.1 da ( 002) f cx . .d qr ade) 
Fil lr l.:tti.o'' ;~qenL 
Ch! or i ne (tl C(Y?.; ) 
l-'v1111oma w•it.er c;~;i . .-i~ .. rH·;> 

117000. 
10. 

1020. 
le»14. 
55...'799. 

180. 
bSOSO. 

9·10. 
350. 

9600. 
3240. 
7<:n:J. 
3758. 
5600. 

10100. 
..,, ..,_ 

11812. 
um. 

10. 
196. 

219440. 
200. 

24750. 
2765. 

16. 
26. 

3654. 
43200. 
85330. 
8XXX>. 
3174. 

Y.12. 
19'J50. 

262. 
14875. 

142500. 
781. 

3500. 
707. 

3900. 
12665. 
9l6l3. 

1125. 
28068. 
176((). 
957b. 
200. 

4758. 
4900. 

3255.30. 
37100. 

52'".c.'O. 
22225. 

6. 
112(.Q. 
2;!'~!>. 

286. 
SSS. 

4. 
6. 

12488)(). 
it.:.oor..o. 

GC>OOOO. 
70. 

28.15. 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
lons 
tors 
tons 
tons 
tons 
tons 
t.<>ns 
tons 
tons 
tons 
tony 
tone 
,.m3 
r-m3 
m.."'S 
tone 
tons 
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Iron sheet 
Scr-ai ,.--iron 
Qt.her cunpaunds 
Sod1 ~ in ~l11L1on 
Sodium bichroJUte inpure 

PROCESSES 

#lll'TltCNf TRIOXICE 
A...Lt1IN.J1 9..UH\TE 
SODILt1 TETRIUlmTE (BORAX) 
BORIC ~IO 
SOOIU1 f:EmoRATE 
Pl£CIPITATED ct'LCIU1 CMBCN\TE 
Pf£CIPITATED CA...Cll.11 CAJ.J3(~1E( room P.) 
CfLCILt1 ~HOC 
m...Cil.11 HYPCnLORITE 
g)()Il.11 CJ-RH\TE 
RlTASSil.11 BIO-Rl"r.\TE 
INiYDRlUS CHD1IC ,:Cll> 
COPPER U-CII.£: (Bl.J.'Cli.) 
COPR:R OXI1£ ( 1£1>) 
OOPFER SJ....PHUE 
'""-.l.11IN.J1 FLUlRIOC 
FERRO.JS SlJ.Jff\TE 
LEro OXJ OC: ( F!:D) 
l"Rll:.1-Y£SE DlOXll:t 
tn.. YBLOU1 l RIOXIOC 
NICKEL 3..l.FATE 
SODIU1 TRIPCI... YPHEPI r.\ TE 
SCJO IL."'1 1-EXrM.:.. I Af+IJSFH'Hr: 
TRISOOil.11 FHJSfH\l E 
DICl-"L.Cll.11 FHJSPHHE 
POTASSil.11 a-t.ORATE 
SODILt1 GLALE 
SOOil.11 ~TER G..ASS 
SODIU1 THIOSLLFH\TE 
SCJOILt1 HYDR(X-£N SLLF ITE 
SOD llt1 Sl.l.F I JE 
SOl>ILt1 tiYDFn1lFJTE 
SOOil.11 a-LORICX:: (f"EDIO."t..) 
TITANIU1 OIOXIOC 
Zll'IC Ct-LORIC€ 
SOM ASi 

! 
I 

90. 
8750. 

2500000. 
4156. 
850. 

3000. 
35000. 
10000. 
12000. 
50000. 

100000. 
4000. 

axaJ. 
7000. 
1500. 
700. 
500. 
40. 

400. 
2000. 
2700. 
3500. 
4000. 

11000. 
2500. 
300. 

70000. 
1000. 
7500. 

40000. 
4000. 

320. 
000. 

lCOO. 
f.n>O. 

12CX>O. 
';uJO. 

2500. 
SOCXX>. 
6500. 

57261. 

tons 
tons 
I.BS 
t.ons 
tons 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tore:. 
tons 
tons 
tons 
Lons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 



·--

Problem tJ. tle: l~IC UOJSTF..'Y 

Mu l t i Cl>~tive Q:>timization 

N.;irne _ __ . __ _ .. -· . -· _ _ . 
max PDA Yearly Profit 

__________ value . ____ rfp _____ unit_ 

min Investment 
LCXXE+o2 3.0CEf02 mil.$ 

nw< PDA Value MEd 
min Energy Consurption 

3.04~+o2 3.CXEf02 mil.$ 
l .609E+o2 3.CO::f02 mil.$ 
4.167E+o5 5.CXEf02 TJ 

Scenario: 

Antiioony trioxide = 
l.2CE:+o4 < Boric acid < 

Ctromic acid anhydrous = 
Lead oxide (red) = 
Marganese dioxide = 
Potassiun bictromate = 

3.SCE+o4 < Alumina sulphate (14~ Al203) < 
Precipitated calciun carbonate(tooth p.)= 

0. < Soda ash ( 100%) < 
Calciun carbide = 
Sodiun chranate = 
Sodium hexanet.aphosphale = 
Sodium hydrosu l file = 
Sodium perborate = 

o. < Sodiun s.ilfite < 
Sodium tetraborate (Borax) = 
Trisodiun 1 phoc-....pha le = 

0. < Iron oxide (red) < 
0. < Iron oxide (red) < 

Ti tanium dioxide = 

GLOBAL RESULTS 

PDA Yearly Profit 
PDA Value Added 
Investtnen t 
Energy Consunption 
Yearly lrflJOrt 
Erergy l~t. 
Yearly Export 
Yearly Domes.tic Purchase 
Yearly Domestic Sale 

S A L E 

~nium chlor1de 

lSCX>. (100.0!t) tons 
none ( 0.0%) tons 
SCX>. ( 100.0%) tons 

2000. (100.0%) tons 
0000. (100.0!t) tons 
700. (100.0%) tons 
none ( 0.0%) tons 

2000. (100.0%) tons 
40000. ( 0.0%) tons 
20000. (100.0%) tons 

fDJ. ( 100.0%) tons 
400. ( 100.0%) tons 

0000. ( 100.0!t) tons 
40000. (loo .0% > tons 
3000. ( 0.0%) tons 

lOCXX>. (100.0%) tons 
6000. (100.0%) tons 

lOCXX>. ( 70.0%) tons 
30X>. ( 0.0%) tons 

35000. (100.0%) tons 

100. mil.$ 
161. mil.$ 
305. mil.$ 

416693. T.J 
19. m1l.$ 

41669~. T.J 
38. mil.$ 

119. mil.$ 
271. m11.$ 



Antinony trioxide 1500. tons 
Ferrous sulphate - 7 hydrate 3500. tons 
Boric acid 12000. tons 
Clrouic acid anl¥Jr ot.r~ let.JO. tons 
Ctronic acid anhydrous 500. tons 
Copper oxide (black) 40. tons 
Cq:>per- oxide (red) 400. tons 
Pickling acic; (2-1 % ~. l~ FeS0-1) 18375. tons 
Ci-yolile (N33AlF6) 2700. tons 
Lead oxide (red) 2000. tons 
l'tmganese dioxide 0000. tons 
Potassium bichromate 1300. tons 
Potassium bichromate 7()(). tons 
Potassium carbonate C K2C03) 3000. tons 
Potassium chlorate 4000. tons 
Alunirum rulphate ( 14% Al~) 35000. 00:15 
Precipitated calcilMP carbonate( tooth p. ) 2000. tons 
Socfa ash (l~) 126724. tons 
Potassium nitrate 6CXX>. tons 
CalcilMll carbide 20000. tons 
Socb.un ctromate 800. tons 
Sodiun texametaphc>=.phate 4!()()_ tons ... 
Sodiun hydrosul f i te 0000. tons ' ·. ~ium nitrate 6000. toils 
Sodiun per-borate 40000. tons 
Sodiun tetraborate (Borax) 10000. tons 
Sodium tetraborale. (Borax) 28.57. tons 
Sodiun water glass < ~!.; grade •. ) 78340. tons 
Zeolites cl.3A lCXX>. tons 
Trisodium pho:phate 6CXX>. tons Gas waste 7613565·:0. m3 
LiCJ.Jid waste 37703:.o. m3 
Solid waste 335200. tons 
Iron oxide ( rej) 7CXX>. tons 
Ferroferric oxide (black) 5000. tons 
Sodium chl9ride (medical) 2500. tons 
TitanilMR qioxide 35000. tons 
Titanium dioxide 15(0). ~ 

PURCHASE 

Electrical erergy 214200400. kwh Water 73911940. m3 Steam 65920J8. GJ Cooling water 897000. m3 Process water .!.654030. m3 
Dt'llniroralizcd water 

l~?GOOO. rn3 
Conpressed air '16D43!J<X>. r.hl3 Annonium nitrate · 650. tons Antilunper 

6. tons Antimony (metalic) 129"J.. tons 
Barium chloride (BaC12) 36. tons Corrpre-=;sed nitrogen lOOC.()(). J\tn3 Burnt lime (cao) 39()00. tons Charcoal .. tons ;;) . 
Chromate and b1chromate~c~dc.{,6.3'..Cr03) 544. tons Coal 

16362. tons C<.1kt'? 
28'30'"J. tore r:. ).(:!(.:trodos w. tons 

r.011:-mam te (boror' ore 41J'.>) 60783. torg 
Copper !::Crap 450. tons Flt10!:;ilw1c acid a~. w.t· .. r·.<! 

~?!>l 1. tons 



-
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brOUnCJ pnospnate rOCk 
HydrochJoric acid (as lom.) 
Nitric acid (as 100% H'm) 
Hydrate lime (99.5 Cata·02] 
Hydrogen peroxide 
Elecr-ode nass 
Pol:assil.111 carbonate (~ ~""C05) 
Pot.."'r.;.sit.•n ~"Clroxim ~ .. 
Limestone (9tn CaC03_) 
Magresil.111 sulphate 
Manganese ore (30"..o Mn) 
lt>lasses O\.'efl coke 
Sodil.111 hydroxide ( 45%) 
Nitric oxides as byprod.Jct 
Lead (as metal) 

>sphoric acid (7S• H3POt! ) 
f'ust distillation slurry 
Potassiun chloride 
Rock salt ( 100% NaCL) 
Sand 
&llptur dioxide 502 (as 100% H23J4) 
Illemanite ore (49.5% Ti02) 
Soda 1 ye ( 45% N.30-1) 
Sodiun bicarl:lon:lte 
Sodiun bichromate 
Sodiun car1:>on:lte 98!.; 
Sodium chloride 
Sodiun hydroxice ( 100"" N:O-f) 
Sodiun hydroxide (50%) 
Sodiun silicate 
~lptur 

SUlpturic acid 
Diesel oil 
Zinc ash (100% Zn) 
Spent pickling acid 
Active carbon I 

I 

Bauxite (87'• Al203) 
Alumirum hydroxide (as HJ'f<> Al 203) 
Anmoma N-G 
Alcohol 
Cordensate 
Fuel ga$ 
Natural gas 
carbon dioxide (002) 
Fillriation agent 

food grade) 

Drinki~ waler 
Post-red.Jction aniline (55!• fe20.3) 
Iron sheet 
Scrap-iron 
Other conpounds 
Soda a.c,;h in solution 
Sodium b1chronale i11µ1re 
Ferrous rulphate as wa:.te 

PROCESSES 

ANTil'1l-N T RlOXlCJE 
Al..l.J11N.J1 ::U..Ftt\TE 
SODlLtl TCTRPLlORATE (BORAX) 
BORIC ACID 
SOOIU1 PEl\UOAATC:: 
PRE.ClP'f rATUJ C.:Al.CCl.M CAl'1:1CM'\I[( rcorH P.) 

2. 
248. 
984. 

5600. 
9440. 
360. 
10. 

196. 
195000. 

160. 
10000. 

'n)()_ 

1600. 
8460. 
1827. 
2935. 

50000. 
10020. 
18400. 
26240. 
6400. 

14250J. 
568. 

4500. 
2020. 
2100. 

242943. 
90:>. 

26167. 
160. 

4112. 
325843. 
16763. 

4640. 
22225. 

"7 ...,_ 
11200. 

1181. 
4251. 

520. 
84000. 

8880669. 
2SC.50CIO. 

300COO. 
56. 

1200. 
15050. 

30. 
8750. 

2500(~)). 

2078. 
2550. 

22750. 

l!>'JO. 
35CX>O. 
128!)/. 
120CX). 
40000. 

;!(X)'). 

tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
m3 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
tons 
f\m3 
N1l3 
m3 
tons 
m3 
tons 
tons 
tons 
l.r.;4 
tore. 
tons 
tons 

tons 
tons 
tons 
lor\$ 
torn: 
tons 



Cr"'LCIU1 CARBICE 20CXX>. tons 
l-'l1'DIIU1 Q-LORIDE 1000. tons 
SOOIU1 CHD1ATE 000. tons 
POTASSIU1 BICHU'l-\TE 2000. tons 
INiVDRCJJS CHU1IC PCID 1500. tons 
COPPER OXIDE (Bl/CK) 40. tons 
COPR::R OXII£ ( l£D) . 400. tons 
CRVCl....ITE - fLU11NJ1 SOC.'IU1 FLUJRIDE 2700. tons 
I"°" OXIf.E (RED) 7000. tons 
FERRFERRIC OXIOCS (BLPCK) 5000. tons 
FERfUJS SLL~TE 3500. tons 
LEAD OXICE (JED) 2CXX>. tons 
~ DIOXIDE 0000. tons 
SODIU1 TRIPCLYFHlSR-1\TE 20. tons 
SJDIU1 i-EXIV'ETAR-ffiR-1\TE 400. tons 
TRISOOIU1 FHJSR-1\TE 6000. tons 

" POTASSIU1 CARB<N\TE 30CO. tons ··. POTASSll.11 Cl-LORATE 4000. tons 
POTASS1U1 NITRATE 6000. tons 
SOOIU1 G_AZE 32000. tons 
SODIU1 W!\TER a.ASS 00000. tons .. l'fi..Ea..JRft.. SICvE--ZEa...ITES (cl. 3A) lCXX> • tons 
SCX>ILM HYDIU:H_FITE 8000. tons 
SJDIU1 U-LOIU[C (t'EDic,;fL) 2500. tons 
SOOIU1 NITRATE 12000. tons 
TITll'IIU1 DIOXIDE 50000. tons 
SODA ASli 150000. tons 

I I 

:t.::t;:U*-t:.'l:*:t;:"*-U;t:u:t:~*-'t::U*:M:'***'.:l:******U:t.'*****-~~**"t"t t t t t t t t t t t 
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