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ABSTRACT

-

This report summarizes results of the  wo g b by
Joint Systems Research Department of the ‘nstitat - ror lon-
trol ard Systems Engineering in Lhe Bcad-wy of Hipin  and

Metallurgy, Cracow, Poland and of the Industrisng Cheanidsiry
Research Institute, Warsaw, Poland for th.:

Master Plan for Deve_.opment of the Chenical Induastry in lLran
within the UNIDO Project DP/IRA/3&,007.

The activity at the Development Fraj--ots o!f the Thoemi-
cal Industry (DPCI), the Ministry of Industry in Tehe=ran,
began on June 7th, 1987, and terminated ~u July, 1-:th, 1287.

The ma, r task of the JSRD mission in the project for
the Master Plan was implementation of a deci:icn support
system (Multiobjective Interactive Decisi..n Aid - MIDA) and
supply of a relevant methodology (MIDA me-_.hodoloxy} for pro-
gramming development of the chemical industry. This was done
by installation of the computer system which was function-
ally modified for specific reguirements of the user (MIDA -
ON1) and by three case studies worked ocut for representative
technological networke called Production Nistribuatiosn Areas
- PDA. Two of the PDA were selected for the org::ic chemis-
try (one called Petrocomplex , the other called High Tunnage
Organics - HTO) and the third PDA comprised sel.-2ted plants
of the inorganic chemistry. The transfer of know-how was
performed both by lectures and seminars as wel. as by «on-
sultations and training (" learning by doing”™) organized for
DPCI personrel and invited quests.

Following the output of the mission it is wrcommended
to continue the work done by application of M DA to . ther
branches of the chemical industry. To fulfill thes t b 2
continuous improvement of knowledge of the systens g0 vois
methods (especially mathematical modelling and Pty e
gramming technigques) as well oz of  computer skiila are

indispensible.
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I. INTRODUCTION

The activity and catput of the mizsica of Joint Svstems
Research Department of the Institute for Contrel znd Systems
Engineering in the Academy of Mining and FMetallurgy, Cracow,
Poland and of the Industrial Chemistry kesearch Institute,
Warsaw, PFoland contracted within the UNIIQ Froect
DFP/IRA/ 867007 is a contribution to the
Master Plan for Developmeit of the Chemical Industry in Iran.

The mission took place at the Development Frojeots of
the Chemical Industry (DPCI) which is 2z 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.WHojtania (senior industrial advisor) 1left earlier after
compietion of their mission three and four weeks correspond-
ingly.

The report on the project outputs in organized 1irx ‘he
following way:

a concise presentation of the method:logy agpli=d ‘hat
introduces key ideas and terminology use in  the
further chapters is given in Section Il (preliminary
section), ‘

major activities performed within the proiect with
references to corresponding pieces of the decumcentation
are reported in 3Section I11; this comprises an overview
of the scope of the work and its particular components
aes education and training, implementation of the MIDA-
UN1 system, installation of chemical technologies data-
base (SRI profiles) and description «f the <naue studies
concerning three selected branches of the chemical
industry (this part together with Sections 1V and V
constitute a body of the report),

performance and technical properties of ths computer
equipment on which MIDA-UN1 system iz installed in DFCI
are assesed, and their implications for the present and
future implementation of the system are dezcrihed in
Section 1V,

the list of the documentation deliversd to LPCI with o
brief description of the contents of conseqgntive
volumes is put to Section V,

final conclugions and recommendation.: are included i to
Section 6.

The report :'s therefore conctructed s o e foreone Lo
the results of the JERD missior -md as vuch i 10 a




guide thr .

=t th= material concerning MIDA-UN1  installation
ant! aprlic-ition  for  the project. This material has been
delivered £ PP2T oand is available upon request. It falls
inte she folleuire vaiumes:

L. Gaide t0 Programming levelopment <f the Chemical Indus-
ry.

3]

HIDS UN1, Multicbjective Interactive Decision Aid,
Is=r = Manual.

)

HIDA-UR1, Comruter System, Installation Manual,

4. bivtabze for ORI Technulogical Profiles, User's Manual,

5. Appli-ation of MIDA to High Tonnage Organics (HTO) PDA
ind Incrganics (INO) FDA Cases.

dorecver, according to the briefing document being an
iniegral part of the terms of reference, the following docu-
ment:; were references for the mission:

a) Sontract NO. 27/9,

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

o) intermediate report of consultant 11-51,

d) “inxl report of consultant 11-52.

) ~bemical origin and market-3RI,

f) Chemical conversion factors and yields-5RI,

g) Working paper on  UNIDO Technical Assistance to
"Integrated Chemical Industry Development” .

following the outputs of the Project, it is recommended
to continus the work done by application of MIDA to enhance
the scope of the analysis both by introducing new branches
of the industry into the analysis as well as by defining new
8c.narios r:levant to changing conditions and goals of the
de-io.pment.. Ae the yirst step, the results of work on the
Ly caze stadies (HTO and INO) perhape with some further
v, sabion and refinement, should become an integral part of
the: laster Plan, [t ig also euggested that DPCI would work
oul. country-specific methodological procedures to integrate
MIDA type »f the analysis with methods used by the Govern-
ment  of th: Islamic Repiblic of Iran. This can also include
seleched INIDO methods foir  evaluation of industrial pro-
Jeoto,




II. METHODOLOGY

To accomplish the major tasks of <he prcject, the oom-
puter Decision Support System (DSS) callzd MIT2 UNI: &Hual-
tiobjective Interactive Decision 4id wac implemented snd
installed in DPCI office. The system it davised *o suppsrt
decision makers who deal with the analysi: for .nterrated
Development Frogramming of various branchss of the chemical
industry. MIDA-UN1 can guicde and assist the decision maker
in the following steps of the analysis:

x characterizing strategies of tﬁchnolngical G rve lorment,
* specifying goals of develdpment.
* determining impacts of development strategines (in terms

of resources and indicators assumed for the analysis),
* - indicating strategies best sﬁited to the goals.

To support the analysis, the system is integrating the
information to analyzz alternative strategies. Thercfore
the system incorporates a database that organizes and zt.ores
all information necessary for Integrated Devel>pment ['ro-
gramming (as it is described in the Guice to Frogramm:ng
Development of the Chemical Industry anl Workin.: Faper on
UNIDO Technical Assistance to Integrated Chemic-] Induciry
Development”).

"n order to deal effectively with =i a conplex  prab-
lem area, a disciplined system approach has b n appli~d
that combines comprehensive identification of thes tizohnolog -
ical and economic reality with tools and relevant mathods]-
ogy based on mathematircal programming technigue.:. and  oow-
puter DSS.

The MIDA approach to the problem uses A concept. ~f
PDA - Production Distribution Area network as a myile) of the
inflows and outflows of the basic resources invoised in pro-
duction, distribution and development. processes. This model
of the chemical industry provides the planner anl dacision
maker with basic information on the industry in terms of
products, intermediate products, raw materials, production
levels and capacities, prices, foreign exchange. investiment
required for the new plants ete.

The decomposition of the whole industrial etructure
into PDAs (tightly connected industrial networks) ie neceg-
sary for efficient analysis of largr-scale procduction syc-
teme. Each PDA model transforms a technological and market
conditions into economic indicators and criteria that vl
ate whole industrial structures or their se:lected compornants
(technologies) being considered for developnent Tl
evaluation process covers both precessing and distrit i




of chemicals. Unly b joint analysis of these two factors
one  can umdecriake an approach of the integrated development
Programming .

Py incorporating tie- technological knowledge into  the
FRBA  mofelis). MIDA  methodology fills the gap between the
corpelrate - Lind macre =sconomy levels. Unlike the both levels
of the analysis, this one partionlarly takes into account
the techaclos: ral coitext of the development and therefore

it i helrtul in analyzis of long-lasting consequences of
tha - ~chacic -y cholee
in Zen=eo i, the LA meelel organizes data that comprise:

- T proeee ssing snd Flows of chemicais within the PDA,

- the ficw: of chemicals into and out of other areas or
tndons! ries representing the marketing or business
tivity of the '[A,

free flow of investment, revenue nnd other resources
Sy as nergy, nanpower eto,

- eeconcRl o crondivions of the PDA activity such as prices,
Lazxes aind other policy measures.

Vhe FiAoreedel provides a basis for formulating decision
probicms coroerned with the generation of efficient develop-
ment Jllernsi ses for a Froduction- Distribution Area . A
variec:r of alternatives Lo be analysed comes as an effect of
possible suls ftution among rawvw materials, production goals
and Lechnolopies,

This key “Teatur- of the chemical industry opens way to
selecijaa of the production structure best suited to the
existing ~on:traints and possibilities. This is done by
formuiation .0 objectives (preferences) and constraints
{limitations o the development) construcited within the
framevork of the model and structured into a so called
development thesis (cssumptions for the development pro-
gvram) .

starting with the development thesis MIDA supports
analy:is of ispacts +th on technological and economic side.
Parti--uirly, JYor as.numed objeclive(s) and constraints, the
system  generites the most efficient (optimal) technological
stru~tere of = PDA. Y4 means that it selecte a coherent
netwoary  of  technologies that best suit the assumed condi-
tione anl therefore assare  integrated development of the
iodusiry concivdered withiv the PDA.

MIDY NG allows: for doing analysis for a set of deci-
con sriteris that are representative {or development pro-
gromming and oelected by the decision maker as the best one




for the case jn question. The user -z use either dingle
linear criteria (e.g. net Profiti. frarcti nal criteria that
are the efficiency measures (e.y. simpi+ rate ¢f retar: on
capital) or combinatior. of criteria appl:-d Sizuitane usly
(uultiobjective_optimization).

The PDA model is designed to be apyli..d interactive.y,
Each >un of the model yields gquidance vor pew gzts davelop-
ment and new issues to address by expandiig (cor cininishing)
the structure of the model. Thas, ti.: paded provides a
framework to effectively answer 'what j&- guesticns ~oncwern-
ing development strategies. In this sense. the user peri- i mg
the analysis by doing simulation experinends with the m.jel

by means of the computer system.

MIDA-UN1 computer system is a tool d-vised to support
the wuser with computer programs to apply the development
programming method called MIDA methodology.

The system has been designed as a menu-driven, screen
oriented and user-friendly DSS. Cons.:quently, it means that
everybody who operates the system is guided with a hierarch-
ically organized collection of menus that cotain all fune-
tional options that the system offers. Therefore no dirsect
calls to the computer operating system are requir-=a and the
software incorporated to the system is transparsnt t3 Lhe
user.

It means that no computer knowledys i necessarv {or an
appropriate use of the system, except the system instalin-
tion.
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IT1. JSRD ACTIVITY IN THE PROJECT AREA

The contracted work coverad all the project targets,
namely:

1} Implementation +f the scoftware system defined in the
terms f referenc: and the contract (MIDA-UN1 version
af MIDA computer system),

2) Tomputr implemsntation and analysis of three selected
rechnoicgical networks or PDAs to assess industrial
developrent alternatives that saticzfy the desired pro-
Juction goals with an efficient consumption and
appropriate allocation of critical resources such as
investm: nt, ensrgy and manpower,

3) Design opd implomentation of database for SRI  techno-
logical profiiss {(as acquired from Process Economics
* Frogram of SKEI, 1936, and other issues),

1) Trainime: and bteaching of the counterpart staff on sem-
inars amed during “learning by doing” exercises.

Before -he computer egquipment was sent and installed in
the DICI .. fice, 1t had been thoroughly tested by the JSRD
specialiste  at  the supplier’s prenises. As certain
Jiscrepanci=is betw-:n  the purchase order and parameters of
the harlware nd so’tware delivered occ.rred ("Report on the
sting oF the <omputer system™, DP/IRA 36/007/41-00), a
splementars delivery was done. At DPCI the computer system

as install-:d by J3RD team that comprised all the work

necesoary to make the compubters operational in the network
configurat oy befors  the MIDA-UN1 system could be iaple-
ment-«l. It wys necessary because of a lack of technical ser-
vice provid:d by the supplier while DPCI personnel i. not
gualified to deal with such a task.

The sel:ction of the technological profiles to be
analysed was a result of the joint work of both teams. The
know!=dge ~f the DFi’l personnel concerning chemical techno-
logies and their inventive attitude towards the problems
connected with developmeni are to be highly appreciated.
Thisz «~reated a very good atmcsphere for the collaboration
and ic opening hopeful prospects for the future application
of tho methoi and the computer tools.

in parailel to the preparatory work for the analysis, a
numbicr  of lecturses and seminare were given to the DPCI per-
conne:l and irvited opecialists.  They were mainly focused on
the methodolopgy to e applied bul also were intended to give
a mor: Lront view on the mathematical programming methocs
with  mphasis  on  linear programming and multiobjective
opl Poatior.
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The two case studies assumed in the framew:>rk :  the
contract were enhanced by a third one that was praosrs! = 3
preliminary example called "Petrocompl=x PDA c=z2= s !
The Petrocomplex PDA comprised 43 techpologil vt in

A

gisc o :
ethylene, propylene and benzens as Lacie feziciaos . a
series of experiments was performed scacrlding t v i
that illustrates basic steps of analysic I
taking into account specific condi icps o -
chaemical industry. Some simplifications --v snily
introduced in order to maintain eduraticas: ckarz-:ror - 7 ihe
[ &5

rn ey 0%
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case.The procedure propvosed, heowever, is c:comme: i 3 . "
applied to other cascs of organic chemiz=z!i industry, -~nl zas
such the analysis was incorporated to the Guide - -.- Froeram-
aing Development of the Chemical Industry which +zs preyr=d
by JSRD and delivered to DPCI fcr the projsct irnplem:-.ta-
tion. As a result, DPCI was provided not only +iil an =3u-
cational case study, but also with a 1seful opersztionz: FDA
model which c¢an be used in the future work i. tie Master
Plan.

The two major cases studies comprised snalysis Jdone for
the so-called High Tonnage Organics FPDA (HT2)Y an! 1o reonioze
PDA (INO). In the first one, a netwourk c-onaisting of 47
installations was assembled and analyaed, =of sthih i bs
are actually in operation and som= ave wuspznded il the
majority can be foreseen for implementation. T.. zumb. + of
chemicals and other media used for tha productio: s =hout
220. Tne basic source information for new ; lant. g
derived from SRI International FEP Yearbaoow, 1829, oo
big number of technologies taken for a pr-liminacy ol ction
according to the assumed wide range: of  tinal I IE TR RN a

major effort was invested in the acsemt Ling of roo DIV oot
work together with appropriate evaluation f eeoooon i oo M
tions of the development. Because of tne large iz o F i
tightly connected network, e generati o of opL ot
development alternatives ard their precd 3
evaluation were perform=d owing to the hiptly =ffi-is=nt 5
multifunctional MIDA-UN1 computer wyotemsm. Tho whoie e
study was described in the separate veliin ‘goe i e v ime
on HTO and INO PDA Case Studies.

The second case, although of o 5m\‘1~v Sho 0 raaniopred
an extensive preparatory work becansa of che oo goe cohoors o
ter of the technolorsical orofiles. “Jl Lo pars.ooters Lo
to be revised and rezalculated. {8 nes-ccary, oL crder o
meet the standard ~f input data for WIDAN N1 oy zien, Thes
production system incluling 63 provcess-c: von oan P inmroada-
tinns was put together and investipgated @ oeat 20J) chem sle
and other media were of concern). The leuopriptic.. o) the
study is also enclosged szeparately (see the volum- oo J9 =nd
INO PDA Case Studies). In both vasees all Lhe iaout Jdaty as
“ell as scenarios for the analysis wnre propa-s=-i i intly
with the DPCI reprecentatives. Ao a rvedrence [ soencio
definition the Technical o of IRENEE Nor
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tE/IRKAS G, 007711 S2/Rev . 17d 1202 as well as other materials
wiing at the disposal f DPCI were used.

e
v

For the case-speciiic optimization experiments it was
necessary to implement some new functional options of MIDA-
Nl system on request of the user. Especially the set of
optimizaction criteria was altered and a set of global values
that can be constrained were added. To enable convenient and
r=liabls transmizsion of the data stered in SRI database to
the MIDA-UN1 dai~base where PDAs for further analysis are
defined, special vrocedures were desigred and installed.

Unfortunateiy, the computer work was affected by power
cuts that made in burdensome and caused a risk of permanent
damage of the software and the equipment. For these reasons
it is strongly rocommended to install the electric generator
aiready purchased by UNDF as soon as possible.

donciuding, ail project targets were reached. The addi-
ti-oat work was done to facilitate the user’s future work
ot with o theoretical background as well the computer

L 3 N
[P




A. Education and Training

The educational program of the JSID work for DECI
comprised a two-fold activity: theorctical courses of
applied systems analysis oriented on development programming
of the chemical industry and practical training with MIDA
computer system. Farticularly, the main points 3f the v ro-
gram were as follows:

- two seminars on MIDA methodology for Integratsd ... p-
ment Programming given to DPCI perscnnel a-: wedil oo to
invited guests from Ministry of Plan & Budg=t., Hinistry
of Oil & Gas Industry and Minstry of Industry in Irzan,
National Petroleum Company and National Oil Company.
Also some representants of the industry wzre present.
The seminars were led by Dr. Maciej Zebrowskxi, head of
JSRD.

—- courses on fundamentals of systems analysis asd mathemat-
ical programming given by Prof. Ir. Henryh Gorecki,
scientific advisor of JSRD, du:‘ng his thre: ..ck
with DPCI. This also comprised individual conEujation
for the permanent staff and invited CErSONnS .

3
V.

Y
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- two lectures in the Miuistry of Flan and Buadg:t =ntiti.=d:
"Development of of Complex Svatens” by tr.f. !lernryk
Gorecki and "Int=grated Development SEramnity o) Ated
to Macroeconomic Flanning” by Dr. Macied Zerrcoweski,

- two lectures in the Ministry of 0il xznd Ga- centit ied:
"Multiobjective Dzcision Making - Feview of Molticlgeo-
tive Optimization Methods” by Frof. Henryk Sorveck:  =nd
"MIDA Methodology in the integrat 1 Develsrpent }ee o
gramming for Gas, 0il and Chemical Seotor wit: Fmihnsis
on Energy Analysis” by Dr. M.Zebrowski.

As a continuation of the first two e stures, ~ disous-
sion in DPCI was arranged on request of bi... Minist:y .7 Flan
and Budget representatives. Especially, -+ grous :rm the
Regional Planning Bureau of the Minictry ;articizat.d i the
meeting.

To provide the participants ~f Lho Dot wi by o e
cise information about MIDA approach an’ the ¢ apnter oys-
tem, a leaflet was prepared on reguezst . Moreover, oag Jup-
port and reference materials Guice fior SCoveldopment g -
ming of the Chewical Industry and handont.: af ERTITRS &
and coursee by Prof. Gorecki (250 page:) wore dejicocre., The

T

materials are availabl.: in the DFCI it iry. I chpp ot
training with the compiter system the M/ User » “onae) oog
provided. The practical training of the 4 Py ionne LA

individually adjusted to responsibilitice and s<ilis o the
staff.




B. Implementation of MIDA-UN1 Sysctea

MIDA-ULL  is  trer version of MIDA computer system
tailored for specific application of MIDA methodology for
programming d:velopm:ent of the chemical irdustry in Iran.
For ¢the- lccally uniijue tasks and conditions of the develop-
ment, oeveral reguiremsnts for the system’s functional
modifi-ation has  been  taken into a-ccoun: as a result of
cooperation with DECI.  All the functions offered by the
system  are jescerived in  the MIDA-UNI1 User s Manual and
ther-fsre here only thoce options that are case-specific are
briefly reported. The proposals for new or modified func-
tions of the system and their implementation after discus-
sion with DITI concerned:

¥ 4 et »f objectives and constraints corresponding to
the gonls and circumstancss of the development,

* a 3=t of indicators corresponding to evaluation meas-
sres ased by decision makers responsible for the

developsent of the industry in Irar,

k] a mode < f the cystem’™s operation as best suited to the
neads  cf  the user and subject to limited capabilities
£ the computer equipment  (see MIDA-UN1 Installation

(B34
"

»anpal znd Chaprter IV of this report).

“a parsicular, three types of optimization (i.e. single
lineoy objoctive-, single fractional objective- and
mult;objcctive—optimization) were implemented with respect
to the following criteria:

1. FDA Met Income (NI),

2. PDA Manufacturing Value Added (MVA),

3. Fixeid Capital Investment (FCI),

4. Energy Consumption (EC).
On the basis of the above criteria it is poesible to define
derivative «riteria as e.g. NI/FCI, MVA/FCI as well as mul-
ticriteria sets to show a compromise and trade-offs between

output an input resources (gains and costs).

A a resresentative set of case-specific constraints
the follouing value: wWere apgreed and implemented:

global inves:imenk cost, i.e. an assumed upper limit
of  the investment valaee, that are t.. 1. allocated into
bhe devalopment program,
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- global imports value, ji.e an uppetr limit -+t foreign

expenditure both on purchase of fin-l pProd: ot3 and raw

materials and semiproducts.

These constraints are necessary to r=flect the situa-
tion that building up the Master Flan is restricted by -om-
paratively scarce funds in foreign exchansge. Lesides  the
global constriants, the user can impose particular lim:ta-
tions (bounds) on production or availability of sele. ted
items.

It has been discussed with DFCI, the develcpment® pro-
grams expressed in terms of selected production struct:- .of
the industry are globally evaluated by means of the f;icw-
ing indicators:

- PDA Net Inccme - NI,

- FCI,

- NI/FCI,

- PDA Import,

- Manufact. Value Added - MVA,

- MVA/FCI,

- Production Profit

- Simple Rate of Return

- Production Import

- Manufact. Value Added MVA

- MVA/FCI

- MVA/Value of Friluction
- Export,

- Domestic Purchag.,
- Domestic Sale,

- Energy Consumption,

~ Direct Labour.

As can be obgervad, the above indicarors are a0t e
into two categories that correzp nd Lo rhe PLE o Wb e
and to the production ayestem iteolf, This woo t

explicate evaluation of dacvelopm nt Frogran. oo o
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-
varicus vieupoints. he indicators are calculated after an
exp-rim:nt  for an assumed scenario representing a develop-
ment progran is run. Some of the aggregates give criterion
valuei(s), —:ne other are zimple performance indicators. The
program is eoarrected for the recalculated investment costs
correspenaing  to the full capacities assumed for the plants
(the calcui.ated production levels as corresponding to the
optimal soiation can be a portion of the maximum capacity
assumed) . In speciiic, this comprises the corrected value of
FCI anud other indiccators that use this value as a component.

Moreover, to support a preanalysis of the PDA, a single
plant «cvalnation procedure was worked out. Thie concerns a
sepirate plant (installation) analysis based on the informa-
tion stored in th-- database. The factors that are retrieved
and vzaleulased comprise:

Japaci Ly,

Fixad Capital Investment - FCI,

Produes . Value - PV,

Tatal Hanufaciuring Cost,

Frofit,

Simpie Rate of Return,

Fay-ba:x Period,

Manutacituring Value Added - MVA,

HVAAET,

MVA/FV.

PV/FCI,

Energy “onsumption.

The mod2 of the system installation and operation has
to be enhanead by the functions to make ite operation possi-
ble ard effizient legspite the limitations of the hardware
ancd software d=livered. In particular, the following
features hal to be implemented:

1. the sp2cial structure of the optimization module

(OPTIMIS3T) to make it a stand-alone tool (see the

references abnve). This required an additional, rser-

friendly interface to support input/output operations
Leyond the MIDA-UN1 system,
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2. two versions of OPTIMIST to increase efficien n-y
calculations by adjusting the versicn to a size of
problem.

In addition to the software work, in order to  fued

tate operation .. f the system for the user:s not familiz
the linear programming technique and computers, s2asily «
ten but comprehensive documentation was adcpted.

of
the

Si-

rit-




- 17 -

C. The Database of SRI Technological Profiles

The Database ~f SRI Tecnnological Profiles stands for a
computer, relatioinal database designed and implemented fcr
storing infsrmetion on chemical techrologies descibed by
Stanford PRasearch Institute (SRI). This information is at
the disposal of DFCI. The database was implemented as an
additional softuare to MIDA-UN1 but it can be used as an
independentc uanit.

Th= database fulfills the same standard as the MIDA
dacakbase aad folliows the pattern of the MIDA database as
much a3 pcssible. This concerns the <imilar structures of
th.: databases and the same operation rules to enter, store,
manipulate and retrieve information organized into database.
Therefore 2ll instructions of the data handling contained in
the MID3-UNI User s Manual hold for the S8RI Database with
exception of the calling and quitting commands (appended to
the MIDA- UNIOperation/Installation since the database in not
an integrzl part o7 HIDA but a stand-alone computer tool.

t-ecaia32 the MIDA system is to ase= some substantial
inforaation from the SRI database, a link between the two
da* 1....325 was  foressen and implemented. It allows for
ar - Lic transmission of data concerning selected techno-
legi-nl profiles from SRI to MIDA database that is of spe-
cixi importance while assembling a new PDA "-~r the analysis
or sxiifying an existing one (the data retrieval procedure
is described in Database for SRI Technological Frofiles.

Ezside:; the role that SRI database plays in connection
with the M{DA system, it can be used as an independent data
bank useful fo:r other customers. It provides all the facil-
ities of relational databases, i.e. convenient and powerful
functions responsible for data entry and retrieval. All
these mechanisms are described in detail in the MIDA User's
Manual!. Similarly to the MIDA database the user is provided
with the forms that are input vehicles of the data into the
SRI dataoase. These forms are different from the MIDA forms,
but they ar: similar to the pattern of original SRI descrip-
tion of the technologies, that makes them self-explanatory.
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D. The Petrocomplex case study

This case study concerns programming devels sment. DA
PDA of organic chemistry called Petrocomnplex. The o i of
the technologies being analysed originaterd from  the  GPCI

concept to show an avplication of MIDA methodc il gy relatad
to a producticn-reality of the Iranian chemical indust oy,

Keeping in mind a real applicability of the xnaivsis it
was intended, however, to maintain an educationsl style of
the studv which inevitably caused some simplifications and
limitaticas. Even though, for the sake of comparative
analysis as well as to convey a wider range of development
scenari.s, the network of Petrocomplex comprising about 20
technologies selected by DPCI had beer complemented vwith
more than 20 installations. Owing to the extensions intro-
duced, the case study is a representative example of the
MIDA-methodology for an organic chemistry PDA.

The technological network considered in the case c:udy
comprises of chemical profiles rooted in =thylene:, propylene
and benzene as basic feedstocks.The set of profi.es selected
for the analysis included those provided by DPC. as weli as
alternative additional technologies devived fren somi or
by--products that occur in the network.

A main idea of selection of the profiles carn o~ o=
ized along the following main points:

1. the analysis concentrates on mai. Praces LT o ins
selected with respect to wall define! product o

2. only those chains that have Leecrlin vloprice unics o f
economic scale are of concern,

3. technological repertoire consiat of B ity
integrated prccessing complexes i orde: .. svid

cituation where FDA produce: outputs that =i o Stan

tially troublescme, useles: or diff: -ult t. i} ipong-
sible utilization or further proce: BE sher ol A

sSeen). :

4. very sophisticated or risky technole. ien ape et v eed
Wwith reservation,

The supplementary technologinz Ay, Comple mont e Lo
the initial structure of the PDA and, con o the o by b,
they aim at fulfillment of the production soa) de by in

the UNIDO report Nr. DE/IRA/86/007 /11 425 v . 1 /] I:ni :Lawcd
on the work of E. Zawada). The et of b additiwmal oo
nologies corresponds t: the following: mairn directi...:




jrowduccion of =thylene, propylene, pyrolisis gasoline

'ui '3 fraction from naphta,

processing of C4 fraction from the ethylene cracking,
1.e.:

- biuthadien- extraction,

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

-~ u-ilization of C4 fraction from the buthadiene
extraction, i.e. MTBE production and/or acetic

“acid and formic acid,

processing of pyrolytic gasoline to aromatics, basi-
cally &> benzene. and conscquently production of:

- caprolactam,
adypic a-:id,
hexamethyldiamine,

ph2nol
az a feadstock for production of polyamide fibers,

- xitension of the basic network as well as of the direc-
tions 1, 2:

methanol production for its further processing to:
acetic acid, MTBE. methylmetacrylate,

- hvdrogen production for hydro-dealkylation pyro-
lysis ga:solines to benzene,

- LI.DPE production,
- pe:rchloroethylene production,

- methylmetacrylate production (to utilize of hydro--
gencyanide from acrylonitrile production),

- p.nduction of acetic acid from methanol

Conciwting, the above extensions aim at development of

shemicatl indusrnry towards production of:

synt.-t o rubbers and elastomers; PB, SBR, BS,

polyam ode fibers based on caprolactam (nylon 6), adypic
acid oanl HMDA (nylon 66),
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c. phenol for resins, dyes, paints, medi-~ines =nd pesti-
cides,

d. MTBE as addititives to gascline,

e. other plastics; MM, ABS.

A goal of the development strategy for Slev oan
be expressed as a profitable fulfillment of th- estisarad
demand for products. The investment mus:. be efficient 4s
much as possible and lead to forsign exchange zavings. It
leads to a selection of *he ratio profit v=. Investmen:  to
be maximized as a obje:xtive for the develepment. There = a
strong preference to minimize purchase which in this case is

equivalent to lowering of import expenditure. Ths Jdatz wvere
available for one market oaly and it was assum=2d that in
general the purchase represents imports while sales are
equivalent to export but can be also considered as a domes-
tic sale.

vor technical reasons some additional constraints are
assumed, that means the purchase of nontransportable inter-
mediates is prohibited. This forces the own production
within Petrocomplex if such a preducticon is inlispencible
due to the case considered. Ne  specific constraints are
imposed on availability of raw materials and intermediates
except of the only constraint on a purchase of nontrancport-
able media such as hydrogen, chlorine, syngas eto.

Having the problem formulated, a z=quence ¢ .
ments Jas run by means of MIDA systern. They w-r- 3z

T
jo

and sequernced following a basic procadurs  approp.:z2is Yor
the analysis «~f =uch a clasgs of cases. The proo=dure alis
into two steps. in Stzp 1 a preliminary ~valuation of the
PDA  is performed. The caleculations Aaimed at estimatl . n of
th2 minimal investment cost necessary for fulfillment of the

production goal regariless its profitabiiity. A zeries of
experim.nts shows a relatiocnship betweer the minimal value
of the investment and import volum= concrraing both pur-hase
of some raw materials, semi-products or final products.
Therefore, they illustrate the impact of substitotic:, of
import by investment l-cated into development of the  dimes-
tic production.

In Step 2 a profitability analyzis  foll .ui. The
scenario comprises of a goal which i: the profit moximinn-
tion subject to conetraints imposed on investment and  omand
for final products (both upper bounded). Undir the above
assumptions, again a scries of experiments was  perf.ormed.
The resulte indicate on the most profitable product jon
gtructures corresponding to variou: levels of invectment. A
certain flexibility of fulfilling the productioo. goal was
allowed by imposing upper bourdsz on thee final jporoduetiog,

Obviously, for a given investment, the maximam I S




(S5 ) & FSTN TN TS
inveoimen
afficitney ratic 1.-. profit vs. investment is fulfilled.

G v the lest value of simple rate of return on
T Finaliy., we <can observe that maximum of the

The relozionships between the maximum profit values and
investment _evels as well as MVA values corresponding to
optiaal proif. s Wwere inver-tigated. Correspondingly, rela-
tionships besween officiency ratios and investment are cal-
culated. :

The resuiits of the Petrocomplex case study are reported
in detail n the 4Yuide of Development FProgramming of the
Chemical Industry.
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E. High Tonnage Organics (HTO) PDA Case Study

This case study c>ncerned the organic chamica:c  FPDA
selected together with the specialists from DPCIL. Selection
of the technclogical profiles to he taken into aceount  is
motivated by the wmain goal of the Maszter Play that is to
rise production of plastics, rubbers, fib=rs and heavy tcn-
nage organics on the base of rich natural resuviarces of the
country (natural gas and crude oil) ans basing o:. the =xist-
ing industry.

It was impossible and meaningless t.o jointly an=alyse
all sectors of the chemical industry as they were listed in
the Table 3 of the UNIDO Report DP/IRA/86/007/11-52/Rev.1/J
1202 based of the work of E. Zawada. Let u: comment Lhe
last statement in brief.

Application of the PDA model requires carefnl prepara-
tion of assumptions concerning a gensral strategy of
development as well as precise development lines for partic-
ular industries. It should lead to a preliminary selection
of technologies to be candidates for the dev::lopment  in
order to get a well defined, consistent and i- portant PDA
with respect to the goals of MP.

It should be realized that basically, any PDA : .1}
transforms a technological knowledge in-o economic parame-
ters that evaluate industrial structures being concidered

for development. In a case of complzx model:s & number of
factors that are likelv to influence the optim:l aolution
can be too big for analysis of important relaticn.chips
within the model by means of backward.: reason . iLe.
from the output economic parameters to the parti :ular letor-
minants of the solutiun). Therefor., a general stratesy in

MIDA methodology is tu select tightly connected indutrial
networks and then to analyse them separat -ly anc  coordinate
programs derived for variousz branches. Suel an approach
allows for better consideration of different oatu:  of
branches and for case-specific analyzis.

Having the above in mind, however, the HTO DA that
was selected for the analysis represente a larg. 30als net-
work. It covers about 50% (by weight )  chemicod  proluc-ts
excluding fertilizers and inorganic chemicals. The ot of
plants comprises technological profiies that prccice d riva-
tives of optional petrochemiral raw materials snach as jzas
oil, naphta, LPG and natural Eas.  The production oo be
eplit into six groups of main prtrochremical product:. and
heavy tonnage organics as . g.:

- basic petrochemicals (olefines aprd 1Yy,
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- auxiliary ivis=-mediates (methanol, phenol, chklorine

[ t,:: R

- rabber
- rioers,
- vomz wixiliar:s intermediates for production of paints

and oti2r braaches of the industry.

'n the anetwork, the existing, currently being imple-
ment-nl and 2w (poientially to be built) plants were of con-
cer:i. Belag the 1ists concerning all three categories of
plaants are Lacluded.

1. Exivius, “lants

nam> f inscallaticn capacity
MYL:H & MELT - PARSILON COMP. 16000.00
NYLH 8 MELT - ALYAF COMP. 10000.00
POLYETYLEHE THEREFTALATE POLYACRYL COMP. 55000.00
DI -OCTYLL PHTALATE - IRAN - NIPPON 40000.00
PHTALTC ANHY(DRIDE IKAN NIFFON 22000.00

2. Piants uader implementation

nams of proc2ss capacity
ACRYLONITEHT LE ARAR 33000.00
VIty:, CHLORIDE FROM ETHYLENE ARAK 150000.00
PVl GEAR 150000.00
VINTYLACETAT S ARAK 30000.00
JACTt e ACTIDY ARAK 30000.00
PE il ARAK 60000.00
CHLORINE ARAK 100000.00
PE LLD ARAK 6n0000.00
POLYPROPYLENE ARAK 5.300.00
BUTADIENE ARAK 26000.00
POLYBUTADIENE ARAK 25000.00
ETHYLENE ARAK 240000.00
DMT ISFEHAN 65000.00
BTX ISFEHAN 85000.00
P-Z7YLEN JoFICHAN 44000.00

3. New Plants (planned for a potential implementation)
name of incnallation

ETHYLENE FhoM GAS off,
ELTHYLENE FRoM ETHANE -PROPANE MIXTURE




ETHYLENE FROM WIDE RANGE NAPHTA N:©
ETHYLENE FROM WIDE RANGE NAPHTA HS
BENZENE FROM PYROLYSIS GASOLINE

MIXED XYLENES FRO# NAFHTENiC 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 FROCESS
ISOBUTYLENE BY ACID EXTRACTION (CFR)
MTBE FROM MIXED BUTENES

D-ETHYLHEXANOL (OX0 PROCESS)

PROPYLENE OXIDE BY ETHYLBENZENE PROCESS
PROPYLENE OXIDE BY CILOROHIDRINE PROCESS
POLYOL TRIFUNCTIONAL POLYETHER
BUTENE-1 FROM MTBE RAFFINATE
ISOPROPANOL BY CATION EXCHANGE RESIN
DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE
PHTHALIC ANHYDRIDE AIR OX. OF O-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 NATURAL GAS

POLYETHYLENE LD (AUTOCLAVE REACTOR)
POLYETHYLENE LD (TUBULAR REACTOR)
POLYETHYLENE LLD (UCC)

POLYETHYLENE LLD (DUPONT)

POLYPROPYLENE (AMOCO)

POLYVINYLCHLORIDE BY SUSPENSION POLYMEFR .
POLYVINYL CHLORIDE BY EMULSION POLIMER.
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 POLYMERIZATION
STYRENE BY BENZENE ALKYLATION
ETHYLBENZENE LIQUID PHASE

ETHYLENE DICHLORIDE BY CHLORINATION
ETHYLENE DICHLORIDE BY OXYCHLORINATION
POLYETHYLENE HD (UCC)

POLYETHYLENE HD (PHILIP3)
STYRENE-BUTADIENE LATEX
STYRENE-BUTADIENE RUBRER BY EMUL.POI,YH.




STYREUE-BUTADIENE ©U/R. BY SOL. POLYMER.
POLYRUTAD BUE

BUTYL KUBEF:

POLY " SODUTVLENE

NYL® g

CAFEC ANT
CAFE- a0

LY ¥ 4

FROM CYCLOHEXANE

FROM TCLUENE

FROM FHENOL

CYCL BY HYDROGENATION OF BENZENE
POLYZ PHYL TEREFHTALATE MELT FROM DMT
POLYETHYLEN: TEREPHTALATE MELT FROM Te
TEREL #THATIC ACID FEOM P-XYLENE

DMT FioM P-xYLENE

ETHYLENE GLYCOL AN ETHYLENE OXIDE
ACRYLONITRILE BY PROPYLENE AMMOOXIDATION
SYNTGAS (2:1) FROM NATURAL GAS

SYNTGAS (3:13 FROM NATURAL GAS

CARBON MONOOXIDE FROM SYNTGAS

OXYGEN BY AIR FRACTIONATION

The destroyed or suspended plants were not included to
the analysi. except those of Iran - Japan Company being dam-
aged lz2ss ttan 30%. The above installations were of concern
in one of the expe) iments while changing the demand vector.

The to hnological repertoire to bte: analysed was  judged
Lo e rier ensugh (75 plants) to ~unsider all reasonable
altrnative., of the d=velopment. Each plant was character-
ized V-

E

1. Zapacity in b no/vear as related to a main product,
2. rus o materials oonsumption/ton of the main product,

3. cooproduets prodaction/ton of the main product,

. ntilities con:sumption/ton of the main product,

5. iavestrment costs  for battery limits, offsites and
tatal,
6. wperaling labor.

For e«neh plant three different production capacities
wers considered. Az far ac exigting plants were of concern,
Lhe data were gupplied Ly DPCI.  New rlants were character-
ized  be th data acquired from Process Economics Program of
SRILV 1478, - zept oF 3 plants that were described according
to bl Repore, 18978, and other 4 ones described in Chemical
Procecs Bewomics, CHEM SYSTEMS International Ltd, Second
Edivion, | s,

Cae pedential o capabilities  of the network were
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confronted with the production goal which corresy nds to the
demand vector assumed. The potential capabilitizs of thLe
network were confronted with the production derivead from the
UNIDO report as mentioned above. The demand vector was Jdif-
ferentiated up to two time-periods:

a) 1987 - 1992; the reconstruction phase,
b) 1993 - 2000: the d:velopment phase.

For the demand ve-tors, a series of optimization exjpar-
iments was performed. As a result of the calculations and
adjacent analysis, feaszible tradeoffs between investmsnt
levels and imports values were determined provida=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 Froduction Fro-
fit, vregardless fulfilling the demand but +taking into
account a feasible level of the domestic market Zinsumption.

All the calculations were done provided that the Arak
and Isfehan complexes will run on the full capacities.

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 Isfehan complexes. ©n the sther hand,
the assumed range of the demand as determined in the report
based on the work of E.Zawadza, does 1not correspond to
economically feasible capacities of new plants (that sre
supposed to produce the same products as Arak and [uofe) .

Therefore, the following alternative stratepgivs ot *he
development have been suggested and congaguently a mumber of
analyses was performed. 1In the first variant the investn -nt

program would aim at building plants of cconcmi: capacitiog
although their potential would exceed the:  production  level
determined by the demand. The excessive productisn gould be
exported in the first period and then consumed by depestie
market on the 1level forecasted for vear 2000, o make the
development program realistic, upper bounlds on jroduction
were imposed according to gell ability f the .roducts on
the foreign market. In the second variant, the  installs
tions having small capacities a. fitt i to the ~tprengt
(1392) demand vector would be rejectad froa  the ipvertgent
Program. To fulfill the demand, migsing mounts of the g
ducte would be imported.

Both programs as above can b recammended as bhey g
economically feasible on the contrary to oa o solution fant
agsumee Bmall-gcale production. If tLhe Iatter agiampticon had
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to be maintained for some reasons, it would be recommended
to search for an unconventional technologies that could not
be incorporated into the analvsis of HTO PDA.

The detailed results of the analysis are appended to
the volume that reports the case study.
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F. Inorganic Chemistry PDA Case Study

This case study concerns analysis of inorganic chemical
industry technologies assembled into a complex produ-tion-
distribution system called INO FDi. A preliminary selection
of the technologies was done by DFCI and personnally hy P.
Rozwadowski (UNIDO expert) and A.A. .Jafar: {DPCI upecisiist
of inorganic chemistry). The selection HAs motivated by a
main target of the Master Plan that is integrated and =ffi-
cient development of the inorganiec chemical industry
indispensible for othe:r branches of the industryv and the
market. On the other hand, it was adjusted to noatnral
resources of the country.

The INC PDA comprises both a low-tonnage technologies
as well as mass production of e.g. soda ash, sodium glaze,
precipitated calcium carbonate, sodium water glass, sooium
metasilicate etc. that altogether amounts to 63 pronrezag

run on 58 installations. Only the new (those that are
potentially to be developed) technologies were takea inte
account in the analysis. All processes of concera  are

listed as follows:

Process name AP Ly
ANTIMONY TRIOXIDE 2060 an
ALUMINUM SULPHATE 30000 . nh
ARGON TEROOG | 00
BARIUM CHLORIDE 2000 g
BARIUM CARBONATE 3000 0y
LITHOPONE 30% 10000 0
LITHOPONE 60% IGO0
BARIUM HYDROXIDE TR0 1o
SODIUM TETRABORATE (BQORAX) 000
BORIC ACID 000 0
SODIUM PERBORATE 20000 o
PRECIPITATED CALCIUM CARBONATE 1000 i
PRECIPITATED CALCIUM CARBONATE (TOOTH |, - TOGE o
CALCIUM CARBIDE GO0 0o
CALCIUM RYPOCHLORITE Q0 o
CALCIUM CHLORIDE 10061 o
AMMONIUM CHLORIDE A0 0
SODIUM BICHROMATE 306 0o
SODIUM CHROMATE 1000 60
POTASSIUM BICHROMATE 1001, an
ANHYDROUS CHROMIC ACID 1000 1o
CHROMOSAL - BASIC CHROMIUM SULPHATE 2000 0
COPPER OXIDE (BLACK) qr
COPPER OXIDE (RED) ¢ 0
COPPER SULPHATE SO0 0
CRYOLITE - ALUMINUM S0 TUM FLUORIGE 200 00
ALUMINUM FLUORIDE x0T 0
HYDROGEN FLUORIDE T oo

IRON OXIDE {RED) 200
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FERROFERti¢ OXIDE3S {RLACK) 1000.00
FERROUS SULPHATE 1000.00
LEAD 2XIDE {RED) 2000.00
MAGNESIUM OXIDE $50000.00
MANGANESE D{OXIDE 2000.00
MOLYBDENUM TRIOXIDE 140.00
NICREL SULFATE : 500.00
SORIUM TRIPOLYPHOSFHATE 50000.00
SOl iud HEXAMETAPHOSFHATE 1000.00
SCBTUM PYFOPHOSPHATE (DIBASIC) 300.00
TRi:C TUH PHOSPHATE 7500.00
DICLLTIUM PHOSPHATE 40000.00
PCT oI CARBONATE 1000.00
POTAU M CHLORATE 10G0.00
POTAGCTUM NITRATE 2000.00
SODT UM GLAZE 25000.00
S0LUN WATER GLASS 60000.00
SILICA GEL (MACRO) 1500.00
SILICA GEL ¢MICRO) 1500.00
S0DIUM METASILICATE 10000.00
SODIUM THIOSULPHATE 1000.00
S50DIUM HYDROGEN SULFITE 4000.00
SODIUM SULFITE 2000.00
SODIUM HYDROSULFITE 2000.00
S0DIUM CHLOKIDE (MEDICAL) 1500.00
SO0DIUM NITRATE 8000.00
TITARIUM DIOXIDE 20000.00
ZINC SULFATL 1000.00
ZINC CHLOEIDE 4700.00
MOLECURAL SIEVE-ZEOGLITES (cl. 3A) 500.00
MOLECULAR SIEVE - LEOLITES (cl. 4A) 500.00
MOLECURAL S3JEVE - LEOLITES (cl. 5A) 500.00
MOLECURAL &SI EVE - ZEOLITES (cl. 13X) 500.00
50bA ASH 100000.00

For each of the technologies, the single plant evalua-
tion was performed. This comprised calculation of the per-
formance inc icators zs described in the Section B of the
report (e.g. PV, TMC, MVA, Profit and Simple Rate of
Return). After the evaluation had been done, the technolo-
gies that wvere estimated as econcmically infeasible for
their low cepacitirs, were again investigated with re-scaled
capacities.

[i the next ztoep, the analysis wags performed for the
whole  INC PDA, it means that all technological connectione
betwesn the: installation were taken into account. For the
sake of tle analy=is, a series of computer experiments was
run Lo generate efficient development programms according to
maximum pr o uetion profit subject to assumed investment lev-
el Detailed results of the analysis for various invest-
ment  values  (changing  in 50 HMill. 3 intervale up to the
leve l  of  full  implementation of the vhole set of
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technologies) are given in the seperat- - slume: Airniirsion
of MIDA to HTQ FDA and INQ FDA Case Studi.=.

The results of° the analy=i:: Wes e sutmittes tos
P.Rozwadowski and A.A.Jafari to support the ultimste eXper-
tise of the development program by re-peated rexcalling  of
some plants and elimination of some technologies. In addi-
tion, th: results of the single plant evaluati-n and the
production goal (demand) for the vear (00 wers taken intc
account. The list of finally selacted installations with
their capacities is given below.

Process name capaity
ANTIMONY TRIOXIDE 3000 . un0
ALUMINUM SULPHATE 35000 0
SODIUM TETRABORATE (BOFKAX) 15007 .0
BORIC ACID 12000 20
SODIUM PERBORATE SOQ0G
PRECIPITATED CALCIUM CARBONATE 100G
PRECIPITATED CALCIUM CARBONATE(TOOTH [ .} L2000
CALCIUM CARBIDE 60NN i
CALCIUM HYPOCHLOERITE TONN0 ey
AMMONIUM CHLORIDE 1000 .00
SODIUM CHROMATE 1505 .0
POTASSIUM BICHROMATE 200G .0
ANHYDROUS CHROMIC ACID 1500 . co
COPPER OXIDE (BLACK) 4. GO
COPPER OXIDE (RED) 407 v
COPPER SULPHATE 20073 o
CRYOLITE - ALUMINUM SODIUM FLUOR]DE 2700 ip
ALUMINUM FLUORIDE 2700 00
IRON OXIDE (RED) 7002 .¢6G
FERROFERRIC OXIDES (BLACK) 50040, 50
FERROUS SULPHATE 3500 .60
LEAD OXIDE (RED) 4000 .60
MANGANESE DIOXIDE 11000 .60
MOLYBDENUM TRIOXIDE 250 .00
NICKEL SULFATE 300 .00
SODIUM TRIPOLYPHOSPHATE 70000 .00
SODIUM HEXAMETAPHOSPHATE . 100000
TRISODIUM PHOSPHATE 7500 510
DICALCIUM PHOSPHATE 40030 .01
POTASSIUM CARBONATE 3000.00
POTASSIUM CHLORATE 400:, a0
POTASSIUM NITRATE 6000 itn
SODIUM GLAZE 32000 0.6
SODIUM WATER GLASS 8000 . 00
MOLECURAL SIEVE-ZEOLITES (cl. 3A) 1000 .00
SODIUM METASILICATE 80000 .10
SODIUM THIOSULPHATE 1000 i |
SODIUM HYDROGEN SULFITE s8000 . (10
SODIUM SULFITE 12006 o

SODIUM HYDROSULFITE 000 00




SODIGM CHLORIDE (MEDICAL) 2500.00

SODLEY NITRATE 12000.00
TITANIUM DIDXIDE 50000.00
SINC CHLORIDE 6500.00
SUDA AsH 150000.00

ALt particular results of the analysis is appended to
ine volume reportineg the case study.
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IV. ASSESSMENT OF THE COMPUTER EQUIPMENT

For the implementation of th= MIDA-UN1 systen at [T,
the below specified cemputer equipment was delive g

one IBM AT microcomputer in the following confisura-
tion:

processor 80286, 6 MHz,

co-processor 80237,

RAM 640 kB,

Color Graphic Monitor and CGA Card

one R5232 serial port,

one Parallel Centronix port,

20 MB Hard Drive,

1,2 MB Floppy Drive,

2 x 20 MB IOMEGA Bernoulli Bex with inter; w-,
IBM PC-Net Card,

Epson Printer LQ 1000 with » tra--t..pr and gt

feeder,

two IBM XT microcomputers, each in tt..- Foddovrines 7

1.5 MB Exp. Memory.

guration:

processor 8088, 4.77 MHz,

co-processor 80837,

RAM 640 kB,

Graphics Monochr me Monitor and Her sl 0 4,
one Parallel Cen-ronix pori.

2 x 360 kB Floppy Drives,

IBM PC-Net Card.

Additional equipment and supplice:

IS STRTES &
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- 4 Bernolli removal:le cartridges,

- o Peernoulit o cleaning set,
rorver for fhe printer (3 boxes of 107 and 2 of 157)
irs @ ibbon for the printer (10 ea)

Mormav-sr., sre £fol) wias software was purchased:

al Pnp vl 3.2 Opevating System,

o
——r
o
-
-

Yaris v 208 tpaerating Svstem,

1) H00F ctran ver.do 0 sy,

oz ) MW Text §rocensing System (DOS),

ry
o

o
ja
i

Hewh 0 SMS LE Paceage (THIS),
) PARFOQRITTE-39L id ver. 2.0 {(single user)

h) [NEORITIN-E3QL Iwe) ver.2.0 {(single user); the library of

prograns for ke Hicrosoft C compiler ver.3.0,
i) U Net Prograrm ver. .10 (DOS),
i) dingn.stic sottware (AT, XT).

The hatdware and software delivered is sufficient to
organize a computer network running under MS-DOS. The IBM AT
is 2 "host” or "server” computer while both IBM XT play a
roie of the "receivers”. Thus, the network system is a mul-
tiuser one, because it is possible to get access to the maes
storase of the server from the receivers (but c¢f course the
gimuitanenns acaess to diffevent files only ie allowed).

The implementod confipuration is advantageous for the
affice werk (0 reservation systems, text processing etc.),
but ancorkapately it camest efficiently  support MIDA-UN1
By tem  wnict belonrs to the clase of the engineering or
soi-ntifie compubter sppiications. This is mainly caused by
4w speew of  the computers as well ae by a substantial
“Nevee s of FAM resiaurees to be used by MIDA-UN1  software

the  netw rk  programs reguire 300 kB of FAM on the
and 100 kB o FAM on the each of the receivers. On
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the other hand, the core module of MIDA-UNI, i.e. the optim-
ization package has to use 500 kB of KAM wvhich «f oc-se
excludes a possibility of running it on the AT computer as
far as it is used as a server. [n this situation: the . a-
age can be installed on the XT computer buit in tir=s ope. it
runs very slowly (because of low freguenay of e praces-
sor).

Moreover, it has to be explained that the sofuare
delivered (as on the list above) does not fit to -he network
system. One example is the version of the Infornix Database
System which was cannot use the network faciliti.-z. There-
fore, it is impossible to access the sam-= latabase from 4o
or three computers at the same time.

As opposed to the above configuration, it i3 possible
to work without the network. This solution naturally,
"unburdens” the AT computer, making, however, the two XTs
practically useless for the MIDA-UN1 system. Moreover. it
reduces a reliability of the system (especially ‘{ a faiiure
of the AT happened).

Besides the configuration of the whole srrotem, the
hardware delivered al:so causes bottlenecks of *ae system' s
performance. Particular-ly, parameters of the Beraculli mass
storage as applied to such a system can he guesiioned. The

disks are much slower than Winchester driv.s whien in addi
tion causes fatal transmission errors during the -inrk <t the
network. The IBM AT computer can run urnder XEHIX svetem
installed on a part of the hard drive. Du= to a lack of
RS232C serial ports on the XT ecomputer:., howew.-r, 1! i
imposeible to take a «<rucial advantage ot YENIX n=xt i the
powerful npultiuser operating system  (and the e-fore o he
equipment is limiting the usage of XENIY €.p one :ier ontoro,
An addit.ional shortcoming of the haduware 0 thee  “eexpoaedeadd
memory” that cannot bhe accessexd by XENIX. T avoid thils
difficulty, the card should be reconfigur.d zs a “extond=d
memory”, otherwise a substantial resonrece oF KAM o asejesa.
The reconfiguration can be done by » palifird aeviee,
Another limitation of the system & port vrpance ndeer XEHTY
is connected with the Bernoulli drives that oo onmt Le
accessed by XENIX.

The above remarks «<an be conciuded 310 A& copatp -rive
way as a proposal on improvement. of the cystem. s.pecintly
to rise the MIDA-UN1 ~fficiency. The foli.wimy cranscar in
the system s structure are strongly vecompended:

- replacement of the: network and Bernonili Box with o04i-
tional Winchester drives fur AT and Loth X7 compntep:,
In addition, a purchase nf n "Lape ctreamer with the
interface, is sugnrested,




- instai atieon ..f RKSZJ3Z serial ports, one on each XT com-
rufaer. and th- missing port{(s) on the AT computer,

- ve- o foaratioo o Af the  "expanded memory” into  the
Teesrencdesd mems oy T

trs o men o ficat: o wonlhd resalt in having three indepen-
derpt.  erfficient aostens raaning ander DOS and alternatively
a rewi omul® user srrtem running under XENIX. To impiement
the sopssted caonfivaraticon, the following equipmert should
be 3o ol :

a) tiu. Wipopeat.r drives, =ach 20 MB capacity, (two disks
ith «optrolis-re for the XT compiters),

b} s (0232 serisl ports for XT cosputers,

g} s B A2 zerisy pory for AT computer.
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V. MIDA-UN1 DOCUMENTATION

The documentation delivered concerns botl the MIDA
methodology as well as operation of the MIDA computer sys-
tem. It falls into five volumes:

1. Guide for the Programming Developmen*t of tle Chemical
Industry,
2. MIDA-UN1, Multiobjective Interactive Decision Aid,

User’ s Manual,
3. MIDA-UN1 Computer System, Installation Manuzl.
4. Database for SRI Technological Profiles, User’s Marnusl,

5. Application of MIDA to High Tonnage Organice (HTO* FDA
and Inorganics PDA Case Studies.

Guide for the Programming Development of the Chemical
Industry, offers a methodology capable of proposing possible
restructuring and/or structuring of variocus sectcrs of the
chemical industry. The systems analysis approach proposed
takes into account a variety of interrelated and alternative
production processes (either in use or under develovment),
compares their efficiency, their consumption of different
resources etc. and finds the combination of technologies
that best meets particular needs while staying within the
limits imposed by the availability of resources and environ-
mental constraints.

The guide is directed toward those who are Aalready
acquainted with the chemical industry or, at least. have
experience in its selected branches and subsectors. It ~on-
cerns specifically planners, industrial economists. technol-
ogists, chemical enginesrs and other experts. Deci:ion mak-
ers especially those responsible for development are most
important in this game. They are assumed to be npeat only
experienced in the field but willing tc absorb the appraach
presented and open to rethinking their views as wel) "he
experience is to be combined with the meth dology prope

The material comprised in the auide is &, sume o Lo
accompany the regular, case satudy based cource oo the
“learning by doing” type. Even though it hag be-n preg red
a8 an assistance for such extensive caurees it ofters a
self-contained knowledge on the =zubject and ean be  need
independently from the course. In such oase, hoewever, at
least basic knowledge ~f the programming doovelopreo t PR )

be assumed.

The guide repres:nts the knowledr i voape i
JSRD  for which we take full responscibilior For b boow oow
offered.

-
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HID4-UN1, Malitiobjective Interactive Decision Aid,
User = Manaal cont > all information which is necessary
and sufficient for a. spropriate operation of the MIDA com-
puter system. The system is a tool devised to support the
user with computer progr-ams to apply MIDA methodology for
programming development., The manual was substantially
extendad and enhanced during the mission to facilitate the
users who have a limited background in computer science.

The manual falls into two parts. The first one provides
the wuser with a general description of the system to make
him familiar with the system s structure and to help him <o
associate particuilar functions with the system’ s architec-
ture. In  the second part  all particular functions are
described in  the order as they are implemented on the con-
secutive levels of the system’s menus. All additional infor-
matisn  that can be useful for performing advanced functions
of the system is enclosed in the appendices.

fIR3-1idi Computer System installation Manual is a con-
cise reference booklet of the system s installation and
maintenance as well as a  “lifeboat™ instruction if some
faiisres or damages of the system ocecur.

Jatabase for SRI Technological Frofiles contains the
int : :ticn on  the format and contents of the database
desizned ane implemaented to store the data concerning tech-
nolozical  cescription of chemical technologies according to
Frocess Economics Program of SRI. It refers to the MIDA-UN1
User s Manuzl as the databrse operation mechanism is unified
with th=2 MIDA-UN1 database. Additional information concerns
the data trensmission procedure to the MIDA-UN1 database.

Application of MIDA to High Tonnage Organics (HT0O) PDA
and Inorgarics (INO) PDA Case Studies” The volume contains
2ll results of the two major case studies performed with
application of MIDA methodology as referred to in the Sec-
tion 11!, Chapters E and F.
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VI. CONCLUSIONS
The results of JSRD work on the Master Flan for
Development of the Chemical Industry in iran carn be sumpar-
ized as follows.

The scope of the work done covered the tasks o

an-
tracted. The additional work was done, Lowever, to facili-
tate retrieval of data from SRI database to MIDA database,
to improve efficiency of the computer esuipment and redoce

effects of frequent power failures. Some axtra e<ffor:.. ag
also invested in preparation materials about MIDA -n reauest
of the participants of the seminars and leotures.

Generally, MIDA methodology and the comput=r system
proved their wusefulness for the customers from [PCI.
Nevertheless, further augmentation of the technological and
computer knowledge of the users of the system are ind spen-

sible. It is recommended to perform this task by rainig
DPCI own staff and recruitment of specialists familiar with
computers and linear programming techniques. While a

comprehensive knowledge of the chemical techn>logy o f the
DPCI staff should be highly awarded. their crllaboration
with senior industrial experts shonld be saiptain=d and »ven
developed.

The case studies done with the contribution o f DFCT A
representative examples of MIDA methodelesy and what = ma
important they were assessed i0 be meaninsful for the Mast
Plan. It should be a good starting paoint for further s
permanent analysis for development of «ther ar=ar of the
chemical industry. The HTO caze stuady ohearld be o oont inined
with special emphasis on "policv measures SXErCin g e r
Wwith respect to rate of interest, depreciation, exchanpe
rate) as well as analysis of impacts of other decisive  [oo-
tore as prices of raw materials, value Sf locaticn factar
etc. Especially market analysis chenld be carri=i  ount to
evaluate the export potential with respect to various pro-
ducts. A special attention must be put to lacal prices
adjustment. In such a kind of analysis MIDA zvetem will
prove its usefulness; first through  evaluation  of o he
exchange rate - the official one versus the ghadow value,
gecond through evaluation of MVA both with regpest to social
and industrial profitability. The latter type ot  the
analysis must be preceded by local prices adjustment .

All the analyses should provide deciiion makers with
important hints for egtablishing long range economic policy,
The Petrocomplex PDA could be developed with  azsistance  of
NPC to support evaluation of exictiag and foresecn projiretg
(such as Arak and Isfehan complexes). Upecific recomm ndn-
tions are included in the volume on the oo ctuadicn

The Master Plan must be performes!  an o

poerioo




activiny: Xt chae

S oare =xpected te cover dounstream pro-
=. paints etc. It is suggested that a
Haster Plar will! cover the 10 vears time horizon, while a
lons=r tims span ur - 15 vears will be used for forecasts.

cessing bowirds cecd

Az an vitimats gonl of the MIDA application it has been
proved that o asine Mioad substantially limits the amount of
wort on pr-feasibility and feasibility studies since it

Lo A8 numer: s prefeasibility analyses for evaluation
of complex industrisl netwsrks in a ccnvenient and efficient
Ay L Tipullrion eroeriments ). As it can lead to reduction
> the altzrrnatives to be 3 subject of further ilavestiga-
Eiow. the iyctem slac saves eoffort in the stage of feasibil-
ty - .
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1. Introduction

This volume reports on results of the two case studies
concerning High Tonnage Organics PDA and Tnorganivc Chemistry
PDA prepared for the
Master Plan f{for Development of the Chemical Industry in Iran
within the UNIDO Project DP/IRA/SE/0GT.

Both cases were carefully selected a: a port of  the
DPCI main task it is the work fuor the Master Flan (MFi. At
the same time it was decided that the analvsis of the cases
will be done with MIDA methodolegy using MIDA-TINI Decision
Support System. The methodology and the =ytem supplied by
JSRD are, as it is explained in the Final Report, a practi-
cal tool for preparation of the MP, this is what 1is ‘inider-
stood by the term of Integrated Development Programmin: (:=ee
Working Paper on UNIDQ Technical JAssistance o Inle: ced
Chemical Industry Development™ MIDA-UN1 is a special v-=rcion
of MIDA system which was developed to fit needs &end regire-
ments of DPCI.

This volume eonsists of two parts. Part one covers the
introduction and the first tw. chapters, namely 2 -t 3.
Chapter 2 explains the problem of the developmer! of the
chemical industry in Iran. It identifies struactural depen-
dencies in the Iranian economy in a broader glebal oontext
of other countries; both developed and developing ones. The
results of this overview point out a development delav of
the chemical industry both with respect te other deveioping
countries and to the lranian economy. As a result, there is
a gap betueen a relatively well developed consumer market-
oriented branches of +the chemical industry  and hsavy
feedstock producing branches that utilize domectic
resources. This situnation led te 3 growing depoendency on
imports which slows down the whole economy. Dus to the dam-
ages caused by war the situation is even more grazve despite
the great effort of the country expressed in allocation of
the highest investment to the <hemical industry in the
decz2de of 70-ties.

From the thorough analysis done by lLhe experte F.lowada
and P.Rozwadowski and Jjointly by DPCI  and JORD ac i
thesized in Chapter 2, the development thesis for tio ME
thus also for the |T0O and INO PDAs is a= follows:

* Master Plan must be based on  the approca b - 1.ed
Integrated Development Programming.

* Development of the chemical indoctry i teo b con-
eidered as a vehirle of the economic develorment o0 the
conntry, and if the development i to te directeod
towards decreasing dependency on imp ort, a btacic pri.ope-
ity would be exploitation «f natural .vgani nd oor-

ganic resources,




SN a wzily HTo and INO are selected as a spe-
~ial Tige  =ilisa of the development of the chemical
N | : -

»}

Inveoiaent puoi Lo Jirected towards lowering imports
oo bl by ATG an 0D zs well as to related industries.

' Inve-zngent

it be At the same time allccated with
prsaitolr maxinoan

tisinable rate of return on invest-

sinroration o Lles material, a very valuable contri-
§ “ially of Dr. E.Karimzadegan with

Tiaplter 1onre f e greatly acknowledged. The

Tttt of L dajaeiil toe Chapter 3 on HTO and of

SAitiavi osnld PLEcwadowski to Chapter 4 on INO is to be
v [ A

Tha results of the anaiyvsis proved that the High Ton-
Aag? uvrganics; FDA oconstitutes a key domain in development of
the chamiczl industirv.  The FLA includes production of five

v

groups of products and intermediates:
- bazic setrochemicals ielafines and ETX),

- anxil.ary intermediatez (methanc!, phencl, chlorine
(24 t,&: . }

,_‘
-
ot
.‘V
o
pos
¢
W

rutitesis and b,

soms auxiliary intermediates for production of paints
and  ciher prodoucts.  As is shown in Chapter 2, 60% of
the ckenical impors {(2-2.2 Bill. $ in 1983) was allo-
cated into the petrachemicals. of wnich about .2 Bill.
% intc she HTO.

The second cass that of Inorganic ;ndustry or 130 which
does nnt play a very significant role at present, deals with
a new fmpuxfunlfy for Iran since the Chunfry is very rich in
raw  aoherial for the 1n0lgan1c industry. This branch was
exan -1 very carefully by IINIDO expert (see report ....)
durin.  his mission which is a part of the Master Plan. In
fact. “SKD » csely coliaborated in the case of INO PDA with
F. boo~uwadow:ki and A.A. Jafari who completed the second part
wf the oabove report. Owing to this coincidence both studies
are complementary and can be treated ae a mutual references.

Ther annysis bowed on MIDA methodojogy wag done for
HTO and  INO; the results are reported in Chaptere 4 and 5
corrvapondingly with aspecific  conclusions and recommenda-
Lions .,




2. Master Plan for the Development of the Chemical Industry
in Iran and HTO, INO PDAs Cases.

2.1 Global Comparison - a Background

A base for the Master Plan of the [ndwstrial Deve
ment is provided by national gecals =3nd strategies
development defined for the long term. [n the casze of

the national goals of the developm=nt have not =en i
lated in a way which would provide indications anl gozlis for
Master Plarn of Development of the Chemical Indsstrr. s
situation =zalls for strictly pragmati~ osectorai indosoes-
oriented approach tec elaboration of ihe Haster “lan ¢ 1 ‘he
Chemical Industry.

In this approach an identificstion of demand for final
and intermediate products provides prodbetion rcals which
for chemical branches in question repr--:ent a3 strztagic
assumption about the davelopment of bran.ies and industris

<]

being consumers of these products. Thisz 1 esp-ciaily =0
since the chemical industry due to in: rale of feenazn ok

supplier to other industries is to be concidred 0 2 moin

driving force for the industria}l dev-iopmen. Tiis is
specifically a case of Iran whichk s rich in n~raeai

resources being a feadstock of th= chemicon! indus-iry.

The demand or Demand Product Vector (DPPV. gp=as coven
identified and systematised and ~n  the  resait
analysis by P.Rozwadow:=ti and A A . Jafari as weli
numerous sources, DPV was further esvaluat.-! by DT ane 505D
and used in this study.
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To the above background an imperrant itlust:a:
tor may be provided with some statistical data. ""yvis wii. Lie
done from the global point of view down o0 the setoral and
branch 1level within the chemical indostey  Touie- 1ohooug
the ratio of Industrial Production Valuae . GNP Vaiu Sar
developing and developed countrie::. Witk the pyrapaprti o o
1 to 2 in a favour of daveloped economies, it sho: th-t he
ratio is relatively =stable in th~ devel jed ecoiomie: oen
with a tendency to derr:ase (data availab - up to 19783 hue
to a growing role of non-induzziial = - nomic ctivitios.
While in the developing economies this ratio shou: « st iy
growth since it is far from the saturati..n. A - turn ur
attention to Table 2, we find that the ratio of  Pobal Vajue
cf Chemical Productinon vs. Total Indusrr-ial Producoion is
again stable in the developed economjes LOon T e AVErigle
level of about 20%. from 1960-1278). D.-velaping countries
show quite clear growing trend. What i eoen mor: impertant
it shows that the rate o»f development o f @ w2 Cheniccal jndos-
try exceeds distincly tae rest of the indu stries v oa whede,

ST

=N
.«
]
.

Unfortunately, in the casze of the Tra.ian economy. the
data available for the oeriod of 1473198 indico e that o he
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Fhe chenaical industry in the terms of the
Tobide I went from 11.5% to 13.6X . As i
rzlatively slow growth of share of
ti total industrial production was
=l Jdeveiopment of the chemical
2 growing dependency of the whole
1

!"

[ad
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g4in=i from Table 3 whi-h shows an average
Honufi-ctiring Value sdded of tne basic branches
Wiastries of developed and deveioping coun-
ot GTN-1979. The Table shous  that
i1 developed economies has been gen-
ral resources of the develcpirg

particular orn imports. Further

n

1i g 2t
} 3ince -ieveloping countries import large quanti-
ST dint- rmediztes and tinal preoducts , the process is
nunnE s detaviorating their situation even in the case

Tibg LA TUral resources. Again in the case of Iran it
Uy mach  the siwtuation with a high level of the crude
port,

able 4§ illustrates for the case of Iran a pattern of
- of MVA i the ~hemical  industry as compared to

wored sectors of the Iranian industry. It can be seen

in-rease of the MVA in the Chemical Industry during
i © wWa vconsiderably smaller than an average
oindustry .
Aatliti nally, “osheews an average ratio of MVA to
e i fhee chemioal industry and reiated indus-
et v Tric iz locating the chemical industry in  a
vely sood pesition.

..

Tnabty, in Toile B an average share of Raw
1 sae in the Prodoct Value and the its aependency

3
4
capo o f raw marerials. This is given by the ratio of
P Haw Materinis Value to the Total Value of Raw

Summacizing the: sbuaervabions so far it can be stated

L
Ir

e cremicai industry in Iran did not achieve the
a3ibion 1E has in othep countries with respect to the
verdoand comr lediby of bhe development of jts national
onomy . It weans that the chemical industry is not
b ping procariionally to the other industries,

Yobne dependinicy 0 the  chemioal industry on the
fnborss ju o orrowing rapidly which is a result of slow
paevee b ostructaral patih o of  the development of the
~aemi o g induat ey,
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TABLE 1 Share of Value of Industrial Production in "AP fgor Levelapest and

Developing Countries. ( Fixed Prices !

Developing Developed
Years Countries (%) Countries (%
1960 10.3 28.6
1°70 12.8 8.8
1978 13.7 25.8
REF -
Y 1) Handbook of Industrial Statistics UN. Newyor<, 1907,

2) Yearbook on Industrial Statist ies U, Newvork, fon:,

TABLE 2 Share of Value of Chemical Product von an e Total Industrial

Production for Developed and Devetoping Countries. (F ) ved Prices)

Developin Deve loped
Years Cnuntri;s ;;) Counlrjczo(%)
n
1963 11.1 21.1
1970 13.6 19.2
1978 15.8 20.4
REF :

See table 1




TABLE ¢ Averace Share of Value Added tor the Basic Branches of Chemical
[nndvstry an Developed . Developing Countries and Centrally Planned
tropnon tes 1n the Perod 1970 - 1979.{ Fixed Prices )

Developing Developed Centrally
Indlustriz 1 Branch Countries Countries Planned
%) %) Economies(%)
l .
India! rial Uhempeals - 301) 7 66 27

Otivr fncdust el Chempenls 8 43 39

{352 .

Refioaries 308 39 49 16

* Ihe Branches are rdentified According to 1510

REF :

Ser Table |
AT 4 Patiern of Chaoge o Valoe Added o the Chemenl Industry as
Compared to Basie Sectors of Industries o Tran, { 1973&1983)
{ Farreeab Prices |,
. 1973 1982 Average
Industrial Sectors Value Share Value Share Growth
(%) %) 1973-82 (%)

Total 'N\A 122 770 23

Non-ivro e Minerals 36 11 9 113 14.7 30

foxt i cwearow appareli $2° 25 19 292.8 25 26

Machinary & Equ:pment 153 29 20 182 23 25

(hemieals (35 8 1% 81 10.5 18.2

v Exebading Retineries |
food , Beverage & Tubbaca $1) 5. 27 126 16.4 16.3

¥ Accarding to 1510,

REF :

Eonluat ton of Past and Sresent Sttaat ton of Chemieal Industry In Tran.

DPCT Report o 24, Hareh 19840 a0 Farsy ), Based on Diata by Central

Barde % Stabastieal Center ot Tstamie Republie of Tran,




TABLE. 5

TABLE 6

Industrial Sector*

Average Ratio of Value Added to FProduct Value in the Caemicnl

z

Industry and Selected Industrial Secters in iran ( fverage of

the Years 1979 -82 }. { Current Prices)

RE

Industrial Sector A""mg;)n"" e
Total Manufacturing :300) 46
Food , Beverage & Tobt.aco (31) 38
Textile & Wearing apparel(32) 50)
Non-Metalic Minerals (36) 68
Basic Metals (37) 32
Machinary & Equipment (38) 44
Miscellaneous Industries (39) 55

* According to ISIC.

Fi5ee Table 4

Average Share of Raw Material in Product Value of Basic Indust -
rial Branches and their Dependence on Import [in the Years 1470
to 1982 ). ( Current Prices )

Value of Raw/Value of Value of Imgorted/Toial Value of

Materials/ Product Raw Mater:als/ Raw Materials
(%) %) )
Food , Baverage & 50 49
Tobbaco (31)
Machinary & Equipment 63 23
(38)
Basic Metals (37) 57 672
Chemical Industry(35) 40 55
Non-Metalic Minerals 23 z1
(36)

* According to ISIC.

REF

:See Table 4
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1ABLE 7 Value of lnport for Selected years

In chaimcaltlys , Matals and dachinury & Lquipment.

- ' A 0 — T ]
i [} . (
1977 19841 i 1982 1983
Item. L‘
: 9 L . 9 ' L 9 , .
; Mo o ot e o Tt ‘ W3 T ef lolal TP ! ‘ ool total
; i ! -
j CHEM & THen Prods, T f 1204 305 _ta, 9 C sl 190 T2 8.4
P |
. — i

i g R
i Basye tletals 37, 2.88° 1 1609 2,204 6.3 1.42 19.36 3.38 17,1
! | § — —_

) [ ¥ 2 T3 - X i ]
l"-a"h~”3“ 5 4.279 33,1 2.63 19,5 2.42 19,39 4,66 23.% —
ILqutpment {38) i =

'
i S S - [N DRI [P - I
' |
i 1 62 % 62.8 % 58 % 9.7 %
| | — | S S

* According to ISIC

REF N .. « - s at
Foreign Trade Statistics,Iran Customs Administration,
& v
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% the chemical industry is itself m r< anc more depen-
dent on imports despite the fa-~r that the country is
rich in natural resources,

The investment in the period of 1973-148" was the
highest of all industrial branches with a major porticn of
this allocated to the petrochemical induitry ezl all  that
effort could substantially improve the sitweation | hot
unfortunately a decisive share of it bs=came urnoperational.
On the other hand, investment in ths downstream market-
oriented branches such as: plasiics precessing. rubber an
tires manufacturing, synthetic {fibers, resins, paints,
detergents etc. was relatively successful. This created well
supplied final goods market increacing the sccial demand.
This in turn due to a gap caused by the situation in the
petrochemical industry gave way to skyrocketirg imports of
intermediates which rormally could be supplied by the petro-
chemical industry. The market-oriented develcpment should
be considered as an asset since it opens pctential for
improving 1living standards. In order to trace more closely
the nature of the above phenomena we should take a closer
lJook at the imperts of two chemical branches, namely High
Tonnage Organics (HTO) and 1Inorganic Chemicals {INO) .
Almost 60% of the industrial Product Value is dependent on
imports of raw materials, machinery and spare rarts. With
regard to chemicals and chemical producis as well as metal
industry they together comprise 40% of annuzl valine of
imports in this country.

Table 7 summarizes the imports of major items in 1031,
1982 and 1983 as presrnted at the First Seminar of th o jy-
mer Science and Techneclogy (June 14986). It shovs the ocale

of the above impart.. It is significant that 60% of the: ~hem-
ical import are petrochemicals ard polymers. For 1983 this
equals to 2-2,2 Bill. 3. If we take HTO alone, this would
comprise a level of imports being 60% ~f tLhe abeve, which is
about 1,2 Bill. . Another ostimaticn aceounted for the
country’s annual demand for synthetic filers (24% 000 Ton),
high tonnage plastics (700 000 Tondy, rezins (50 09 Ton) and
rubbers (65 000 Ton) pives total f abenrt. 1 Millioen Ton.
With the average cost of 1 Kg 1.5 Z %, this amounts tvo 1.5
to 2 Billion $. Locally only 60 000 T ix produced annuzally
which accounts only for 5% of the demand, showing the gap
but also an opportunity for the future. PFoth on the Gover-
ment and Economic Council level, there exist o deep under-
stand.ng of the situation which results in assigning of spe-
cial priority to the development of the gpetrochemical
industry in which HTO plays a decinive role,

Fig.1l presents a structure of the imports of all ~h-mi-
cals in the period 1976-1977 and J982-- 19273,

The above considerations identify the past and  jpresent
situation as it was developing in the sours: of time. In
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order L3 arrive  at the forecasted demand, the analysis
reportedl in ti-is voiame focused on Patrochemicals as the one
srom which tbee HTO e bheepn extracted.

Tanle 2 swhich ‘s gquoted from the report of E.Zawada)

ihe  frodth 7 demand for selacted petrochemical pro-
Jwets (ie U ofer anpcm! in the whole world, industrialized
and Jdevaiopivy countries from mid 70-ties up to 1990. Table
3 {=lzbirater from “he same source) provides a forecast of
Lthe Pemand  drouwth Hate for Plastics, Fibers and Rubbers in
vari-us regi-ns and  ocountries having both developed and

develcoping <oonomioa. The data give some indication for a
compzrisen with the djemand projection as estimated by DPCI
{and Nt UYL

3 {Feotion 3.1) particular demand figures
an’  intermediates) zssumed for HTO are
Chaiter 3. A main observation to be made at
) that it is tc be difficult for Iran to attain
the rat2 «f srawth f petrochemical production that would
: his country b catch up with the rest of the world.
izep cvaluation - f development alternatives has to be
done oo oas ro make It possible.

th roesard to the inorganic industry (INO), the situa-
tion iz =ven more twious, however the imports burden (see
3) iz jproportionally smaller.

of £-2%; 8% in 1973, 7% in 1977, 6% in 1982. An
case over the above period (as related to
sricest wis 17%  as  compared to 16% of the total
impors 2f Lhs country and 20% of the chemical import (basing
on Poreign Trade Statlstics, Custom and Administration of
Iran for respective periods 1973-1982). The importance of
INO products for many industrial sectors cannot be overes-
timated. Trzn is very rich in minerals being a natural
bagis of the development of INO. This branch was carefully
reviewed anc results of 1its potential development are
reported in UNIDO reports resulted from the mission of
P.Rozwadouwski. Since the second mission of P.Rozwadowski is
o0 b2 completed concurently with the JSRD mission, it ie
assumed that with respect to Inorganics Industry his report
will provide up-to-date justification for the selection of
INO Pl4 for further evaiuation as was recommended by DPCI.

Thz above: conzidarations led to the formulation of the
following decclopment thesis which is proposed to become one
of tha key assumptionas for the Master Flan of the Develop-
ment. o bthe Chemical Jodustry in Iran:

¥ Masbter Fian mict b based on  the approach called
fnseprrated Devo boeprent Frogramming .




Structure of Jmport of Chemicals ( Percent Distribution ) for Period 1976-7 & 1982-3

fig. 1 :

Other Chemicals
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.3 55.5%
2] \ Polymers
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Fibre

Fertilizers

+

Fertilizers
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1 4
fable 8 Growth of demand for selected petrochemical products
(per cent per anmm)
World Iindustrializeg Developing
Petrochemical Total Comtries Countries
Product 1975- | 1979- 1 1984~ | 1975- | 1979- | 984~ | 1975~} 1979- | 1984-
1979 1984 1990 1979 1984 1990 1979 19084 1990
Ihermuplastics
LDPF 10.3 Sl 5.6 11.3 j.e 3.9 0.1 11.1 1G.8 &
P 17.9 6.5 6.1 16.9 5.9 4.9 Za.5 11.4 11.2
PP _ 20.4 8.5 8.6 19.0 1.7 7.6 28.7 12 3 12.2
PVl - i1.& 5.2 6.3 10.6 3.6 4.6 16.1 12.7 11.0
Ps b11.9 Lo L ss | 112 | er | a9 ot 102 o
AVERAGE 13.6 6.1 6.4 12.6 4.8 9.4 19.6 ] 11.7 1 1.1
Synthetic fibers
t
Acrylic F ibers 10.3 2.8 3.6 9.4 2.1 4.0 14.1 7.1 6.6
Nylon Fibers 7.2 { 2.8 | 2. 6.6 | 2.9 1.3 8.2} 6.3 5.5
Polvester Fibers 9.9 £ 3.7 8.7 4.1 2.3 13.0 7.6 6.9
AVERAGE 9.0 4.1 3.5 8.1 3.9 3,2 11.9 7.4 6.4
»
Synthet ic Rubber
SER 7.2 4.2 3.7 6.6 3.9 3.2 14,3 8.3 6.0
Polybutacdiene 7.8 6.3 3.2 7.0 b.b 2.8 13.7 ) 16.7 5.0
AVERA(:. 7.5 5.8 J.6 6.6 3.9 5.1 14.1 8.7 5.9 |

Seurce @ beecond world-wide scudy on the Petrochemical [ndustry
HUNEDD, TD/W.GL 3368
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Table 9
Demand Growth rate for Plastics, Fibers and Rubbers
- 7
1985-1990 1990-2000
Region/country] e )
P,laftic F ibers Rlbbe. rs Plastics | iber Rubber
- - s, - e wm
Japan 3.7 7o 1.9 a0 2.3 2.4
Western |
Europe 3.1 -4.0 1.3 4.1 3.3 2.3
North Americal 2.3 4.4 1 booalt 2 2.4
European 3.7 3.5 ' 3 4.1 .8 2.7
Others 5.9 - t - 4 - -
_
Average( indus-| ‘
trialized 3.1 : 1.7 1.9 ; Sl 2.6 2.5
countries) ! : "
M.east,N.A,
W Asia 14.9 - - 7.1 2.3 -
Rest of Asja 4.9 6.7 8.4 3.6 1.3 )
Asian CPES 3.7 6.9 14.9 6.9 16 7.l
Latin America 8.2 8.4 3.1 5 5.0 3. (R
i |
Average E
(developing 7.6 7.0 7 %9 | s A T A
countries) I ‘

Source : Reworked From the Petrochemical Industry 1o Developing Counbries,

Prospects and Straleqies , UNIDO/IS. 572 .




_’16 -

* i'evelopment i the chemical industry is to be con-
sldered as a vehicle of the economic development of the
country, and i the develeoement is to be directed
tosards decressing dependency on import, a basic priocr-
Ly woald be sxpoitation of natural oreanic and  inor-
SAtii TASOUrTesr.

* Twer fress namely HTO and INO are selected as a special
A= studies of the development of the chemical indus-
Uy

¥ investnent aust be directed towards lowering imports

ot by HTC and INO as well as related through their
products indistries.

* Investnant must be at the same time allocated wiin pos-
sibly naximum attainable rate of return on investment.

2.2. Basic Assumptions and Methodological Guidelines

From tl.: apalysis summarized in the previous chapter
that resaited in a gensral development thesis for the Master
Plan snd zasumpticns for the aznalysis. the two high priority
arezs  for ntegratesl Development Programming namely HTO and
ING PiAs v s2 seiecbed.

Pelov aiore sootidic assumptions and guidelines follow-
ing from the analviols are formulated:

* Tize - 22 stud = are an integsral part of the Master
‘f—-‘!-"x.'i

¥ The tine horiown .f the analysis covers time-span up to
the v 200G

¥ Tho fvenvapnd Froobiet Veector (DPV) are derived from the
UNIDC reporis based on the work of E. Zawada (HTO) and
. Bocuadowek i (THO)Y with collaboration of DPCI.

* Other .ase studies will follow in order to assure

coherancze  and provide feedback to already completed
shudl e

The znalysic will be based on MIDA methcdology adjusted
to  tie cane2s  in guestion and taking advantage of MIDA-UN1
systom lmd bementaton,

Yesd lowr . 1g are the recommendations from the report of E.
Zaw vin Wb ioea are directly applicable tc  the cases con-
i

i. Vithin the coumed long  term (up to year 2000),
eseboowent nrapgran of  the chemical industry in Iran
b0 shiich thee Masterr Plan  is being prepared the
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following two planning periods ar:s assumed:

- Phase I (up to year 1992) during which the rena-
bilitation of existing capaciti=s and zlre inid
tiated projects is to be executesd,

- Phase I1 (up to year 2000) aimed at the foriner
expansion of the chemical industry and ismplep-nta-
tion of new larger projects feasible for the #b,
2. At the Phase I, a review of existing and ac:zpted pro-
jects (e.g. the letter of intent), projects ctopped by
the war or destroyed should be reinvestigatel 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 should be the
basic capacity) for individual products and intermedi-
ates should be identified and incloded int> the data-
bank of the technological profiles for furth=r investi-
gation. Since the consumption forecast prepared by DECI
was made for international market enlyv, the zxport oam-
ponent should be considered.

4. Investment cost of individual «capacities ~hould be
recalculated by multiplying the US sulf Co=et or Hest
European capital costs with an appropriatz loeation

factor. It is recommended to adopt the location {actar
of 1.2 for the seaside and 1.4 - 1.6 {or int=riar [.oa-

tions (or an average value of 1.3) bazing on 1.0 f-r {IS
Gulf Coast.

5. Investment and production costs o¢r values should be
calculated in U3 $ to give a possibility foar internal
comparisons. However, parallel adoption of saadow prize
in Rials should be also considered.

The above recommendations were adopted for o HTO-PDA
and JNO PDA analysis and reflected in experiments.

Methodological implications for MIDA-UN1 implementation.

MIDA-UN1 is a version of MIDA computer systen  bLhat. i3
functionally modified to fit the nexde of the Master Plan.

The point of departure for the analysis jg %o deve/. p-
ment thesis which expresses the goal of the development
aimed at the best fulfilment of the demand with rzduction of
imports and provided that the investment would bz alle tad
in the most profitable way.

This evidently shnus that a basic trade off 1t bhe
analysed is investment vs., import. All obther “opes of the
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analysis <can be also applied but they have to be related to

th main line.

The following criteria, global comnstraints and perfor-
mance indicaters are implemented in MIDA-UN1 system:

- PDA Net Income (NI),
- DA Panufacturing Value Added (MVA},
Fixed Capital Investment (FCI),

- Domzatic Investment,

Enzragy Consumed in PDA (EC),

- Froduaction Trafit.

- Zimple Rate of Return,
Prodaction import,
Mii/Froduciion Value,
Exort,
bomestic Purchase,

Moamestic Sale,
Di-zzt Labour.

According to the above assumptions and as it was agreed
with DPCI, all calculations were done in US $. Since the
gysztem iz prepared for doing calculations boti in foriegn
and local currency {lc), the exchange rate has been assumed
as ~qual o 1. ’

How =t us briefly discuss on the reasoning of MIDA
meti.wiology based n PDA concept and MIDA-UN1 implementation
Lailoyed Tor this project. It covers both production and
diztribution as oppsed Lo the purely industrial production
viewpoint, [t shows advantages that MIDA can offer to the
Nationasl  Beonomy  level of planning such as it is the one
responsible for the Macter Plan. This is how MIDA supports a
so-cailed  intermediate  economy evaluation (see Guide for
Developmeit. Programming of the Chemical Industry).
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The analysis assumes that the demand for the chemical
production is to be fulfilled since as it has teen alrecady
staed., it represents the higher level strategy «f the
economic development. It means that if the demand can: + be
gatisfied with the own producticn (from FDA), the:r the
import has to supplement it up to the desired leve}. [T
should be noted that a Net Income calcualated for FDA  .-aunls
to the value of yearly sales decreased by Total Manufo. “ore-
ing Cost of all plants active in the FI': and addit. - . :iy
reduced by a value of the supplementary import. [* ~ezas
that the cptimal salution takes int> account alse the laport
minimization. Since it was assume, in the devel cment
thesis that the investment should be as much profitable as
possible, two main lines are considered in the analysis.

Generating Efficient Developwrent Alternatives for Fulfill-
ment of the Demand.

The first assumption is again a necessity of the demand
fulfillment which means that Demand Product Vector (DPV)
shnuld be fixed or defined within a range. The s2cond uvay of
defining DPV is more practical since it provides a certzin
flexibility to the optimization by less copstrained arez of
feasible solutions and also prvhibits unrealistic leve! of
production of chemicals that could naot be =sold abave eertain
amount.’

For a given DPV, analysis can show what is the social
cost of its fulfillment subject to different levals of res-
trictions imposed on imports. I[n ca« case for the ori-
terion :

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

and assumed level of import the carrespending rat: {1 the
Production Profit aliso achieves a maximum valus but '+ =zp
become greater if the demand fulfillment hkrad besp g le-
mented with import (we can say that tne fwd « poriment: e
concordant but not equivalent). Thi: kird of sxer iz 0 be
repeated for a given demand and differont resrrictici: on
import yvielding a fundamental trade-off be-tween  inport  and
investment. Such trade offs can obvions iy be obtgined Fop

different DPV prcviding a family of trad -nff  canpacteris
tics.

For a parallel analysis (frpr Lo tter e feren ),
instead of the profit MVA can be ~onailered. Thic can be
especially valuable sinze it can ohow o impyrr  ~t  rhe
coutry’s policy measures =such . intercat ras-, =so hoaoyte
rate, depreciation etc. ag related too bl conditioaee ooch

ag e.g. expressed by the location Factor).




Generating Efficient Development Alternatives Without the
DPV FEFuifillinent

-4 4> the situation when not all products
inc i PPV o> b supplied at the assumed level due to
resspri il on 1muwrt and investment. The analysis would be
base:: on paimizal o of the ratio NIAFCI for different lev-
els or invesrtment. This strategy seeks for a most profit-
i dove tooment  of the industry and imported will be only
£>°3 that ar- not attractive for the industry or
tenitii e as A materials for a profitable production.
b oa rese apper bounds are to be imposed on the most
profitable  oraduc-z  in order to keep their production on a
i > leevel . Moreover, selected (strategic products) can
4 o - produced in the country (therefore these
ae: only range-bounded items in DPV). In such a
it NI is concordant with the Production Profit and
— Goth wvaiunes are =qual.

L 4

N /N1

t:
t
v

whar = @

agly, *he same type of the analysis can be done
to Fis MVA as a3 criterion.

the above .onsiderations other possible modes of the

]

zis are- poi discussoed since they are general! and not so
spee-ific S MIDA NI, This  concern:: the energy-oriented
ana.vois o muitiot deciive evaluation based on feasible com-

Binati s o0 abje it ives provided by the system.

HIDa- implrmentation  supports calculation of all
‘3 .1 indicators which allow evaluation of development
Laf lveenn that a balance between the industrial
rial

porofitai.ility controlled by the policy measures.
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3. The Case of High Tonnage Organics PDA
3.1 The Demand Evaluation and Profile Selection
As has been menticned already, HTO DA ocorstitutes a

key domain in the development .f the ci2mical iadus:ry in
Iran.

It covers about 50X (by weight: chemic:l prodocts
excluding fertilizers and inorganic chericals. The aet of
plants comprises technological profiles that preciree doriva-
tives of optional petrochemical raw matsrials sa~h 2= gas
oil, naphta, LPG and natural gas. The product:cn +<an  be
split into six groups of main petrochemical products and
heavy tonnage organics as e.g.:

- basic petrochemicals (olefines and BTX),

- auxiliary intermediates (metharol, pheno , <hlorine
etc.),

- plastics,

- rubbers

- fibers,

- some auxiliary intermediates for cthzr prodi-tiar.

In this section the content of HTO Fid is oq-racterized
in terms of technological profiles s=lectedi frr the new
investment as well the existing plants alr=adey  hosen
through other studies. The starting point for fhae sedlestion

was provided by the forecast of the demand or Dem=nd I roduet

Vector (DPV) elaborated in ths reperr of E.Z2wads . The
relevant part of the original DPY, namely the c“emand  For
Plastics, Rubbers and Fibers was then o-lactod as th one

for HTO (8ee Table 10).

The demand evaluation in the case of BHTO, -~ ordins  t..
the properties of PLA model (5= part o MIDA sethiodolopy),
was done only with respect to the demand from outside of the
HTO. All the internal consumption iz cal.ulated znd balanced
automatically by the syastem. Som= alterationz of the Jdemand
vector were introduced according to ruggesticns of DPCI.
Moreover, due to the computing rapab.lities of 't «f MIDA-
UN1, a number of alternatives (in demand az prcposed in the
E.Zawada report) could be reduced withont elinination any
one of them The result is shown in Table 1. where in
addition to the groups of products, valurs concerning some
intermediates were appended. When ovaluating DPV uajtrh
respect to these intermediatec, their forccasted conmzumption
by other branches (resins, paintsz, d - -teryrents and other) was
aleo taken into account.
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Cunt. Table 10
Thousar! Tae
! Consumpt ion est imat ion
: potential
! lconsumpt ion 1992 2000 :
!Nﬂ_ I-roduct or demand . Remarks i
| in 1987 case at case at : !
: thousand anrwal | thousand annual rlhousand
: tons growth tons | growth tons
rate rate ’
9 iPolyester 50 I sl e 1 sl a2 %
I 6} 67 In e} 106 o
i¢jPelyacrylic 82 I arbitr 50 |t 4 0
[
1 82 I 4 vics
11iPglypropylene 15 I 4 15 21
! 33 |o 61 35 i
i2{21lulose 6 arbitr. 8-10 arixttr } 8.0 !
Acetate
——} - -
ELASTOMERS, ’ !
RUBBER i
PRUDUCTS : : |
P 13 ¢ Styrene- ! %ot igi
i ‘ :
i Hutadiz2ne 45-50 it ) I A
Rubbe:r (S8R) L ) o 3
14 | Polybutadiene [ 1.5 ! | :
i | Rubber (SBR) i W wo |
- - 3 -
15 | Butyl Rubt I . B
» utyl Rubler 4.8 [
Il 1 I e,
S , t . .
16 Nitryl Rubber 2.8 s | | t
171 tires and ‘ E
Tubes 120 I 120 | N jon ’f:nhv':. Voo ‘
1 Jn I r l’?.mn' T ' ‘l
l 2 ot ' !
e i A ! !




lable N

Consumpt 10n Projection of High Tonage Urganics (HIOD)

unit : Thousand ton

Chems cal (::lts::}::‘
praducts or intermediates Remarks
Year 1992{ Yezr 2000
PLASTICS '
Palvetin fene HD | 160-240" ¢ 240-330
Polvethn tomne i B £ 150-180 | 200-250 | Including LLDPE
Pelyvim ichloride  pPeC:; i
- bEmilsion i 20 30
— SuBpCRE L o0 220-260
Palvpropy leme 62 e
Polvstyrens : 50 70-80
ELASTOMERS AND RUBBERS
Styrene - Butadiene Rubber 50 80
Styrene - Butadiene | atex - 15 25
Polybutadiene 10.5 18-30
Butyl Rubtier 5 10
FIBER
Polyamide * Nylan 6 42-50 ‘)ﬂ-?()
Polyes' «+ 7 Pei : 60) 82-1kﬂ(,
Polyvaery e H-80 85-100
OTIER PRODICTS AND INTERMEDIATE S
Acet e Avad H-16 12-24
Acet o h.9 8.5
ARG 10 1% |
—-—%




Cont. lable 11

Consumpt 1on

Chemical estimat 1on

Remarks
products or intermediates s

Year 19:2] Year 2000
\

Benzene , 3hoan | £2-H0
Butadiene -
Butene - 1 — —
Butene - 2 — ! —
Butyl Alcohol R A 12205

Butyl Rubber i : 10

Caprolactam - ; -

Chloroethanes & Methane :

- Perchloroethylene H I2
- Trichloroethylene Y FR
- Carbon Tetrachloride boa-% i-11
Cyclohexane - -
Dioctylphtalate A8-nl R

Dimethyl Terphtalate — -

Ethylbenzene -
Libylene NS
fthylenc Dichloride (EDU)

Ethylenr Oxide I SRR

2-Ethylhexyl Alcohol( Plast isizer
Alcohols )

Ethanolamines :

- Monoethanol Amine (MLA) N, L
- Diethanol Amine (DEA) 0.4 6
- Triethanol Amine(TEA) SR HHEE




Cont. Table 11

-ty

Chemcal

products or ntermedates

Consumpt 10n
estimat 1on

Year 1992| Year 2000

Remarks

thdroagen Usannde

{robuty or e
(RTS8 S Llentnel

Psopropaned

Methare:

Hethvl Pl Fetone (M

Hethy jtert ey Buoyl Ete-r HIGE .

Hethy bmethacry T e

Honoeiin fene Glend

Phenot

Phial:c wibndrd
Polye b - taly ol
Polvisuialylene
Polymetiy tinetacry late

Propy fene Uxide

Htyreoe

Synthesis Gog B Cos

foluene

1.8 2.6
i 2
47 T0-75
4.6 7

Nolimils » Nolimits
- 3

it 20

HENIY Ph-t

2-16 0 10-1%




Cont. lable 11

Consumpt 1on

Chemical estimation
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For the DPV d.-fined. the selection of technological
profiles was periormed. It was agreed with DPCI that the
existing plaats wounld be included to the HTO model, together
with plarts selected previously as a result of other stu-
diex. The latter entegory was assumed to be treated as
planrz urder implementation (i.e. that investment for their
dev=!:. pment nad besn decided). As will be shown in Section
3.2, an a.ternative status of such plants was also con-
sidered but this line of the analysis was not fully followed
and it i3 recomm-nded to be continued. Evertually, to the
lic: of aelected vrofiles all three ccategories of plants
wer- ipoluded:

1. Exitineg Plants

name oof ir=.allation capacity
NYLOH 6 HELT - PARSILON COMP. 16000.00
NYLON & MEL™ - ALYAF COMP. 10000.00
POLTETYLENE THEREFTALATE POLYACRYL COMP. 55000.60
DI-0CTYL PHCALATE - IRAN - NIPPOR 40000.00
PHTALIC ANHYDIRIDE - IRAN NIPFON 22000.00

2. Piantz mejer implementation

name: »f pr.ooess capacity
ACKRYLONITEILE ARAK 33000.00
YIN I CELCR DE FREOM ETHYLENE ARAK 150000.00
FVi. A5AK 150000.00
J1t - ACETATI ARAK 30000.00
ACE i ACID ARAK 30000.00
PE il AKRAK 60000.00
CHLGRINE ARAK 100000.00
PE LLI: ARAK 60000.00
POLYPROFPYLENE ARAK 50000.00
BUTADIENE ARAK 26000.00
POLYBUTADIENE ARAK 25000.00
ETHYLENE ARAK 240000.00
DMT ISFEHAN . 65000.00
BTX ISFEHAN 85000.00
P-XYLEN ISFEHAN 44000.00

3. New Plants (planned for a potentiel implementation)

name of installation

ETHYLENE FROM GAS ol

ELTHYLENE FROM ETHANE-PROPANE MIXTURE
ETHYLENE FROM WIDE RANGE NAPHTA ME
ETHYLENE FROM WIDE RANGI. NAFHTA HS
BENZENE FROM PYROLYSIS GASOLINE

MIXED KYLENE:S FROM NAPHTENIC FEED
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MIXED XYLENES FROM PARAFFINIC FEED
BENZENE FROM TOLUENE

P-XYLENE RECOVERY CRISTALIZATION
P-XYLENE (PAREX)

P-XYLFNE RECOVERY (ADRSQRPTION)
BUTADIENE FROM C4 EXTRACTION

METHYL METHACRYLATE CYANOHYDRIN PROCESS
ISOBUTYLENE BY ACID EXTRACTION (CFE)
MTBE FRCM MIXED BUTENES

D-ETHYLHEXANOL (OX0Q PROL_,3)

PROPYLENE OXIDE BRY ETHYLBENZENE FROCEERS
PROPYLENE OXIDE BY CHLOROHIDRINE FROCESS
POLYOL TRIFUNCTIONAL POLYETHER

BUTENE-1 FROM MTBE ERAFFINATE
1SOPROPANOL BY CATION EXCHANGE RESIN
DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE
PHTHALIC ANHYDRIDE AIR OX. OF O-XYLENE
METHYL ETHYL KETONE FROM MTBE EAFFINATE
METHYL. ETHYL KETONE FROM ISCRUTYLEMNE KAF
TRIETHANOLAMINE FROM EQO END Ni32
POLYMETHYLMETHACRYLATE
PERCHLORCETHYLENE FROM PROPANE
PERCHLORCGETHYLENE FROM EDC

HYDROGEN FROM NATURAL GAS

rHENOL (CUMENRE)

CHLORINE (MEMBRANE PROCESS)

METHANOL FROM NATURAL GAS

POLYETHYLENE LD (AUTOCLAVE REACTOR
POLYETHYLENE LD (TUBULAR REACT )
POLYETHYLENE LLD (UCC)

POLYETHYLENE LLD (DUFONT)

POLYFROPYLENE (AMOCO)

POLYVINYLCHLORIDE BY SUSPENSIGN FOLYMER
POLYVINYL CHLORIDE BY EMULSION POLIMET .
VINYL CHLORIDE BY OXYCHLORINATION

VINYL CHLOKIDE FROM ED:

VINYL ACETATE FROM ETHYLENE

ACETIC ACID FROM ETHYLENE

ACETIC ACID FROM METHANGL

POLYSTYRENE EXPANDABLE

POLYSTYRENE HIGH IMEAZLT

ABS BY EMULSION/MASYS POLYMER[ZAT !
STYRENE BY BENZENE ALKYLATION
ETHYLBLNZENE LIQUID THASE

ETHYLENE DICHLORIDE 2Y CHLORTNATI. M
ETHYLENE DICHLORIDE 3Y OXYCHLORIEAT [l
POLYETHYLENE i (1ice)

PPLYETHYLENE iD (PHILIPS)
STYRENE-BUTADIENE LATEX
STYRENE-BUTADIENE RUBBER Ly EMEL v
3TYRENE-BUTADIENE RO+, RY SOL PO
FOLYRUTADIENE

BOTYL KUBBER

POLYISOBUTYLENE
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NYLON 6 MELT

CAPROLACTAM FROM CYCLOHEXANE
CAPEOLACTAM FROM TOLUENE

CAPROLACTAM FROM PHENOL

CYCLOHEXANE BY HYDROGERATION OF BENZENE
POLYETHYLENE TEREFHTALATE MELT FROM DMT
POLYETHYLENE TEREPHTALATE MELT FROM TA
TEREFHTHATIC ACID FREOM Z-XYLENE

DMT FROM P-XYLENE

ETHYLENE GLYCOL AND' ETHYLENE OXIDE
ACRYLONITEILE BY PROFYLENE AMMOOXIDATION
SYNTGAS {2:1) FROM NATURAL GAS

SYNTGAS (3:1} FROM NATURAL GAS

CARBON MON.:C XIDE FroH SYNTGAS

OXYGEN BY AIF FRACTIONATION

Tne dzstroyed r suspeaded plants were not included to
the analysis except those of Iran - Japan Company and Abadan
Petrocompl=x beirg damaged less than 30%. The above instal-
lations w=re of o~cacern in one of the experiments while
changing the demand vactor.

3.2 Data Preparation
Main Param:ters

The: £ollowing valusas of Main Parameters (see MIDA-UN1
Uger = Manenl) were assumed for the calculations according

to MIDA methodology cost calculation scheme (see Guide to
Programmine Develcpment of the Chemical Industry):

iccal factor 1.3
izbor wag:s 3600.0
sxchange rate 1.0
supervision wages 0.
bloe depreciation 10.0
lzboratory wages 0.0
~ffsites depreciation 5.0
iaboratory materials 0.0
debt/equity ratio 0.0
speration supply cost 0.75
interest ~»n debt 10.0
tirect overnead 60.0
uerking capital 15.0°
mzintenance cost 5.0
interest on work. cap. 10.0
acministr tion 15.0
insarancos 1.0
sale & marketing 10.0
property tat & rent 2.0
& D 3.0

The volnes were apreed with DPCI for this stage of the
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analysis. It is expected that a syecial study on policy
measures specific for loecal conditions will be nndertajlen by
DPCI after evaluation ofr results obtained so far.

Preparation of Technological Profiles

HTO covers the part of the industry which NPC is
responsible for. It was agreed betweer DPCI snd NPC that to
assure a comparison with other studies, SRI Technelogical
Profiles will be used as a standard in ithis study .

Despite the statement in the forewsrd to PEF 1¥86¢ thas
technological profiles prepared by SRI are t.. be used as a
computer data, some refinements had to be donz 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 came unit prices.
Some cases, e.g. for steam cracking plants thev eithey
feed the plant (natural gas in utilities) or are by-
products (tail gas). A summation of th: fus! gss for

individual plants was done to avoid a maltipl: . leula-
tion.

* For hydrogszn different units (Nm3, kG) -5 L
Prices were introduced in BSRI. Te avoid anbivaise thaeze

data were nifiad (Mm3 and one typical price).

¥ Some Auxiliary substances sieh . catalysts,  gizeal-
lenous chemicals, additives, antisxidants 2 T P
have precise danomination and seg.- alizo e pot have
unit  prices. For +the sake  of oniforminy, they were
divided into two Eroups: "Caf.a]ys:.s and Taemios]s and
“Chemicals” and their consumplion sharzs were doter
mined in US % par 1 ton of the main prodi ts

X Most often, SRI profiles give the consumstion  figures
in tonnes per 1 ton of the main product boar unit nrices
are given in c/kG. For uniformity,  all  prices WeEre
transformed into US $/1 ton.

* In those cases where the main product igs ot one enb-
stance but a mixture like e.g. "Ethanol.amines”, the
profiles were recalculated for one main  product & g,
Triethanoloamine and the other produc = like vi- orp
Monoethanoloamine vere treated as Ly-products .

¥ The 3RI description of the profiles goer deaply  int
detailes, so often very low consumption impes o - dif-
ferent chemicalz and auxiliary ohemicals with nens gt
ble effect on Production  oont: ape b "
preparation of the databa:e fror v doeveropment 0 b




chemical industry, a reasonable compromise must be
achievad in order not to be overfloaded with informa-
tion of wminor importance and not to loose important
factors on th-e other hand.

Market Data.

Eaw maserials. producis and chemicale were divided into
twe grouaps:

- thece acquirsd from and send to tocal market such  as
tasie raw materials. For this group the proces were
taken “rom SRI source,

- i roducss and chemicals that were assumed to be imported
3 inpnuts to the production, such as catalysts, special
~hemicals etc., and products that should be imported
for a lack of the domestic production. For this group
the SRI prices (international market FOB prices) were
transformed CiF prices adding:

- 100 3 per 1 ton of gases,
50 % per 1 ton of ligquids,
“5L % per 1 toun of solids.

CiF prices were wanltiplied by 1.25 to cover duties,
insuranee e o,

4 sepa-ate ca 2gory are prices o utilities. These were
determinsd ‘or local oonditions:

vater n.0251 /M3

o b in

E
procesys gater 0.1 /M3
sheamn v.32 5/T
ajectris oty (.05 3/kWh

The pr..e of lalour was assumed 3600 $/yvear (see Main
Parameters) Technological parameters of the above utili-

ties are in ~onformity with SRI standards.

oy requesat of DPCT (ses Sec. 2.72), all calculations
were done in US $. Sinee the system ic prepared for calcula-
tion: both  n loecs ocurrency (le) and in foreign currency,
any  urreney  gystem can be used through using the exchange
rate value. From that followsd that in the Main Parameters
of MILA., the: rate .f sxchange waes assumed to be equal to 1.

3.0 Results of experimento.

Abeitt cepe humddred sxperiments was  performed to  cover
bhe  amsanenl seope of analysis. Forty of them were gtored in
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subdirectory \USR\WOJIBAZA\ RESUL TS on bk Berrnoulli v lume
labelled MIDA_F (which is the property or DPCI) .

The procedure was asg follows. First a imple plant
evaluation was performed in order to check cerrectness and
consistency of technological data. The optiorns: 1.2.6 and
1.2.7 (see chapter 1.2 of MIDA-UN1 User-s Marual) are very
useful for such an analysis. The printeat is attached as
Appendix Al.

As result of this step, the full printout obiained from
the option 1.2.8 was attached to the volume. It can be seen
that many HTO technological profiles have not cnly negative
profit but negative MVA as well. It results fror price
relations between Prices on imported chemicals (see :ention
3.1 above) and those taken from SRI directly. The notative

value of profit arises as an effect of assumed " o:x} cadi-
tions especially a high valuq of the lncatior facteor taken
equal to 1.3 with respect to SRI dats. Fe lowin: were

experiments carried out along the methodalogien gui l=lines
assumed (Section 2.2). The selected printouts from thase
eXperiments are put to Appendix A2. FE-:loy a discussicn on
the experiment: is givep,

Generating Efficient Alternatives for Fulfjilment. of the
Demand .

As was suggested in section 2.2 a s.orieg «f 2¥xperiments
was performed in order to find a trade -~ff betuern invest-
ment and import under conditions that demand will hee ful-
filled and maximum of PDA net income over invertment wili be
agsured.

Results were obtained for twno 14" voerrespording fe the
forecasted demands Up  to  years 1992 apqg 2000, Detajled
results vere stored under the codes Mg to N6 anc Fib ot P9,
respectively. The full Printout of these experiments would
take more than a hundred Pages, for the sake of iltlustration
detailed Printouts for NO and FO ecxperiments were attached,
They were selected since the value of criterion. namely  the
ratio of profit over investment, i« maximon with uneon-
strained investment.

Summary of all experiments i sheown heloy on fip
and 7 - 11 for 1992 and 2000,




LT 34 -
v
Y=ar 1992
M
RS B
Production Profit
[\ i
b
SEARLI b b
b

. a
Yok 2 a

- a

= L 2
A

-~ F:A Net Income

R FCI
T Q- R L E o + Mill. $
I ON 18GG . 2100, 2400, 2700.
Fig. 2
| §




650.

550.

450.

350.

- 34

o — L i +

1500. 1800. 2100.

Fig. 3.

PDA Add:d Value




Mill.s
REYTY Y
TR Y a
- a
- PDA Import
200 .+ a
- a
- a
100 .+ .
- a
- b b b Production Import
- b b b b
S FCI
Bemm e e dmmmmm oo U — $mmmmmmm o + Mill.$
150, icud 2100 2400, 2700.
Fipg. 4
v, _Ji+
- b
PAO+ Production Profit/FCI
_ b
- b Y
- b
- b
0.070+ b
- a a a
- a
- a
0.000+ a PDA Net Income/FCI
o
- e FCI
O R R dommm e + Mill.$
1500, 1500, 2100, 2400, 2700,

Fig. 0.




- HYA F.1

!
oy

- 3
- 0.230+
- a a A i)
- a a
- a PDA Added Vale.- I
0.210+ Iy
i

1500. 1800, 2140, e ®% U-




[
<
'

Year 2009

Tih b Production Profit
- b
. b

100+ A PDA Net Income

5D FCI
S, b + Mill.$
20000 2500 3000, 3500. 4000 .

Fig. 7.




I Mva
b

a

PDA Added Valine

B
a
a
Fommm o o - R T + - !
3000 LY LS




FoA Import

a

Preduction Import
bt b b b b

30600 .

Production Profit/FCI

b

a a a
a a
a a PDA Net Income/FCI
0,000+ a FCI

b e e eoe st Mill. $
2000 . Z2h00 ., 3000, 3500. 4000.

Fig. 10.




b MYA/FUL
- b
0.320+ b

- a a a a a

a
a a a PDA Added Value/FCI

FCI

oo Frmm e Fommmm oo R -+ Miil.$

200C. 2500. 3000. 3500,

40U

Generating Efficient Alternatives withoul fulfilgent of

Again, following methodoiogical g

nes,

experiments was performed. It was o aipeslt at finding
optimal investment for industrial developront from bhe

FoSerien

iV,

(3 f
the

-

I3

ducers point of view provided that. OV -apnot b Frol o e
exactly along its structure and Phelefore 1o ba be nroe g vs
as an indication than as a strictly defin- & prad. iy o oo

Following the above the ratic of S e A R MR 'Y
was maximized for different leveis Cooinve tinent orn oy
assumption that only upper limits of e O R A o booot
represent realistic =ell ability o IIRTIPRINY T B ¥ tom
case only the raw materialg import may tak. plaec ‘ vy
the most profitable prodiachion. Then  TPRA p-t -
equal to Froduction Froafit .

These esxperiments were coded AN 0 A7 wnd w0 RS}
1992 and 2000 respeabively and o stered ip el y
\USR\WOJBAZA\RESULTS (=:e above).

Figures 12-13 illustrate dependenci o Fap 1o i

Figure:s 14-15 gshow results for 20010
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All the calculations were deone providesd that  ithe  Arak
and isfehan complexes will run on the ful: capacities.

The essential problem that wa=z ~neounteored luring  the
analysis was that the demand vector is sonerally no! hail-
anced with the capacities of the existing or wurtently
implemented Arak and Isfehan complexes. in the iher hand,
the asesumed range of the demand as determined in bHie reeprorh
based on the work of E.Zawada. dosas not osrrespond to
economically feasible capacities of new plants - that -re
supposed to produce the same producits as Avak aci [aFebany,
For example, the capacity assumed for V. Aray piapt.  is
150000 tons/year is the demand for PVO iz estimated en the
level of 160000 tons/y=ar for 1992. This discrapancy, due Lo
assumption that PVC Avak plant was to ramnin in - avet, for-ed
10000 tons/year additional capacibty to be levelon-d. A o imi-
lar situation ariszd in the case of rolyreopylen s where the
capacity assumed equal.x to 30000 t/y whii.- the dJdemard is
62000 t/y. This discrepancy could be casily deal: wilk hy a
simple adjustment of respective Avak plant .. In" srtunat-ly,
Arak complex is 8o carzfully balanc..d for ethylew and prro-
Pylene production that. such 2 simple operation wosid lemdl to
a proportional decrease of  the other preodact: an e boooa
lack of the raw materials.

Therefore, the following alternative straieyrios o f  bLhe
development have been siggested and conseny tently gy pumbeer of
experiments wag performad. In the firest v ariant the fpvest-
ment program would aim at building plante  of cconomin




- 46 -

~=ps ot ies although their potential would exceed the produc-
tion ievel letermined by the demand. The excessive produc-
tion J4ould be axportad in the first period and then consumed
by daemestic market on the level forecasted for year 2000. To
make the devalopment program realistic, upper bounds on pro-
ducticon were imposed according to sell ability of the pro-
ducts on the foreign market. Results of the relevant experi-
ments namely K2 illustrate the case. It was done for DPV
upper bound.=d on the level of year 2000 and lower bounded on
the 1level «f 1992 with unconstrained investment. In the
second variant, the installations having small capacities as
fitted to the current (1992) demand vector would be rejected
from the investment program. This took place due to the
above situation repgarding Arak comples but also due to the
low demand for some products. This concerns for examole iso-
butyi alcohol, isopropanol, phenol, aceton, per-
chloro=thylan2, trichloroethylene etc. To fulfil the
demand, miszing amounts of the products have to be imported.
This is illustrated by the experiment KM1. In addition, on
request  of of DPCI in this experiment DPV was modified. The
modification was aime! to reflect producticon of those capa-
citi=s that were .lamaged less than 30% (Iran - Japan com-
plex: and thus can be considared for reconstruction. The DPV
correction had to be applied since data for respective pro-
file: bLiat o~oula be  incorporated into HTG PDA  were not
avaiinnle,

follewing units with the extent of damages assumed
ro .. lowsr than 20% were considered as those to be recon-
stru.cn 3 in the future (with the exception of SBR - 50% of
damag= - wWwhich was also included. Nevertheless, the final
dJecizion on reconstruction of abandoning these projects
(including those that were not considered in the analysis
must be mads prior t- the conclusion on the Master Plan:

IRAN - JAPAN PETRCO COMFPLEX

Folypropylene 50000 T/Y

PEHD 60000 T/Y
PELD 10000 T/Y
SPR ~ 40000 T/Y

ABADAN PETRO COMPLEX
PV 40000 T/Y

Pobh aiternatives (experiments K2 and KM1) can be
vecommeendesd a3 they  are economically fzasible on the con-

frary to oo oo ubion than ascumes emall-gcale production. If
the Jatter acocumptioon had Lo Le maintained for some reasons,
it wonld e recommesr i to wearch  for  an  unconventional
tLachneiogis: that. ~ould not be incorporated into the

analyais of F'O PDAL
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3.4 Conclusions and Recommendations

HTO case study can be summarized as follows. The first

fundamental stage in the integrataed Pevelopment Programming
of industry covered by HTQ was completaed.

*

This coverd the following steps:

identification of HTO case with respect ta national
economy in the broad context of the industry and the
chemical one in particular. This was based cp interna-
tional comparison (world-wide, regional and with
respect to the developed and developing eccr.omies ). The
analyeis fully confirmed the choice of HTO for the pur-
pose assumed in the project.

formulation of development thesis for the FMaster Flan
for Development of the Chemical Irdustry and the one
for HTO,

selection of HTO boundaries with respect to whole
petrochemical industry, its other branches ard G-
stream processing (97 technolcgical profiles  =n. Y
chemicals),

preparation and rvefinement of the vizta.

Based on the above, the following was accompliched:

*

according to MIDA methodology starting from the
development thesis and MIDA-UN? implonwntar o,
specific methodological step: were Jdevised feorr the
analysis,

along such lines, analysis was peviormed gith  MIHs I'N1
Decision Sapport System. Out of mor.- than o hiendered
of the experiments, forty were selactd as Ue pren e nba-
tive resulte of Integrated Doevelopnnt Proveammirngy of
the HTO. The experiments selected proside - Lery o e
ful background and should be used fir a refaocvnyy booth
as the material for the Master Plarn nd  for cront jpoiae
tion " of the study by DPCI. Sprcificalis . for the
demand vectors, a series of opbimication oo peromeents
was performed. As a result  af tie caleyvlstior: nd
adjacent analysisz, the feazible trnd.. wffs o Provestt-
ment levels anld import volumes: were deetmrmiae proyvicded
that the demand is fulfilled and that =ach  develoymont
program asgsures maximization of DA Net [..oom cver
Investment (the optimization eriterion)y. Jor e
parison, a series of caleculartions wi: don Lo et
development programs that maximix: Frodocti o bProvit,
regardless fulfilling the demand  but Pak iyt into
account a feaeible level of the  dome o tic  marier T
sumption.
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* the HTO case sindy should be continued with special
emphasisz on  “policy measures exercises” (e.g. with
respect te rate of interest, depreciation, exchange
rate) o3 well as analysis of impacts of other decaisive
factors as prices of raw materials, value of location
factor «hc.

E market analysi.c chould be carried cut to evaluate the
2nporft ootenti 1 with respect to various products.

' oospecial attearnion aust be put to local prices adjust-
aw-nt . ia such o kinmd of analysis HIDA system will prove
its nsofulnes.s; first  through evaluation of the
vvohater . rate - the official one versus the shadow
value. sscond  rthrough evaluation of MVA both with
reegpezich. to @=ocial  and industrial profitability. The
intter cype of the analvsis must be preceded by local
pricer vijustmens.

[t iz =zrongly recommznd. 1 that D2V forecast would be
stintiod  in the ¢ utext of Arak and Isfehan complexes in
mrder o oavoid discrepancies  between  DFV and capacities
sanme.. . Che foll wing strategies ars recommended for such
apn oviyiouar a1 and declsion:

cupori-.riented  or  investment-intensive; this would
' o selection of larger capacities excessing the
cantry 5 demasdt for 1992, The additional production
dortld =2 exporbed. Then year 2000 opens an alternative
Y aishsr fulfolling the country’ s forecasted demand or
continuing export and investment.

- tnper salancsl or investment-saving; this assumes that
Lo oapacities aslected for 1992 DFV are to be rejected
from  h: devel.pment program while the missing amounts
S bhee products would be imported,

[~ is uaderstosd that for each alternative strategy, a
feasibility of implementation of selected plants with the
capacinics divided into parallel technological 1liner would
be «~xtensivaly evalunted. HSuch a technically obvious pro-
cedurs wou'ld open a possibility for investment scheduling
proviJding «apacitics  that would better fit the forecasted
PPV an'l other constraints.

[+ hn: o be precalled from the results  of iderntifica-
Cbion  oand  the demoard analysis, which nad been confirmed by
the cxzperiments with MIDA-UNT, that me=ting production goals
agpecially for 1932, will be difficult despite assuming some
dosvert oment. rates lower than these of other developing coun-
trio-:. In addition to the above congideratione, the evalua-
t5e onl beerigion on reconstruction of selected Iran-Japan
i Asadas plante im to be made with respect to the both

shr o tent et
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cRERcE fes

If for .some reasons it was decided that low
are to be preserved in the Master Plan, an intensive z:udy

should be undertalen in order to find aperopriate —chieto.g-
ical profiles. Generally offered techrclogies (e .p. ORI or
CHEM SYSTEM rrotiles) do not support zueh low cagpar-itics.
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4. The Case of Inorganics PDA
4.1 INO PDA Description

This czse study concerns analysis of inorganic chemical
indusivy techrol:gies assembled inte a Prcduction-
pistributior Area called iNO PDA. A preliminary selection

»nf *h- technologies was done by DPCI and personally by P.
Bazm: Pacuki (UNLDO expert) and A.A. Jafari (DPCI specialist
of - inorgaris: chemistry). The selection was motivated by a
wain target of the Masi2r Plan that is integrated and effi-
cient diavelopment of the inorgaric chemical industry

f“i;rindﬁspensibie for other branches of the industry and the

marig<t.  Gn the «other hand, it was adjusted to natural
_ reseuroas of the country.

"The INC PTA ccaprises both a  low-tonnage technologies
35 well a5 mass production of e.g. soda ash, sodium glaze,
precipitated caiciun carbonate, sodium water glass, sodium
metasiiicate ete.  thar altogether amounts to 63 rrocesses
run on 38 installafions. Only new (Lhose that are poten-
tially t» be develupl) t:hnologies were taken into account
in the aralysis. All processes of concern are listed as
Tollows: :

DL name e capacity
ANTIMONT VTHIOXTUW - 2000.00
ALHITNUM SOLPHAT . 30000.00

ARGON , 750000.00
SARNTUM CHIORIDE ‘ 2000.00
SARLUEM CARBOMNATE 3000.G0
SETHOMOE 306% 10000.00
LITHOPONE 60% 10000.00
CAr UM Y TRUXIDE 1500.00
SO UM TETRABORAVE (BOKAY) £000.00
TORL O OATTD i : 8000.00
St UM PEGBORATE 20000.00
FRECIPETATED Cal (TUM CARBUHATE 106000.00
FEESCTFITAPED CALTUM CARBONATE(TOOTH P.) 1000.00
CALCTUM CAuBRIDE 60000.00
DELUTUR HYPOCHLGKITE 5000.00
CALCLUY CULORIDE 10000.00
CAMMONTON CHLOKT 4000.00
SUhii AT SHROMAT R 3000.00
CobpEN O OMATE 1000.00
[rtinn (i RICHROMATE 1000.00
COANMY DR CHROMIC ACID 1000.00
ciiveManal - BASTO CHROMIUM SULPHATE 2000.00
UOPTER OALDE (BLACE 40.00
g OXIDE (REDL) 100.00
COLPRER G LPRATE 2000.00
COVCLITE - ALUMTHDN SoDTOUM FLUOORIDE 4200.,00
A Tiar 0T D 2200.00
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HYDROGEN FLUORIDE 100, 00
IRON OXIDE (RED) NI U IE
FERROFERRIC QOXIDES (BLACK) §500 .0
FERROUS SULPHATE 2000
LEAD OXIDE (RED} 2300 G
MAGNESIUM OXIDE SO0 D¢
MANGANESE DIOXIDE 3060
MOLYBDENUM TRICX!DE 14, 06
NI1CKEL SULFATE 306 DL
SODIUM TRIPOLYPHOSPIATE a0 0o
SODIUM HEXAMETAPHOSPHATE 1300 .30
SODIUM PYROPHOSPHATE (DIBASIC) 300.00
TRISODIUM PHOSPHATE 7500.00
DICALCIUM PHO3SPHATE 40000.00
POTASSIUM CARBONATE 100G.00
POTASSIUM CHLORATE 140000
POTASSIUM NITRATE 2000. 00
SODIUM GLAZE 2520000
SODIUM WATER GLASS 601300 .00
SILICA GEL (MACRO) 1596G.00
SILICA GEL (MICRO) 1500, Q0
SODIUM METASILICATE 1030800
SODIUM THINSULPHATE pang. a0
SODIUM HYDROGEN SULFITE A0 O
SODIUM SULFITE SO0 Do
S0DIUM HYDROSULFITE Wi A0
SODIUM CHLORIDE (MEDICAL) 1200 it
SODIUH NITRATE 200
TITANIUM DIOXIDE . 205600
ZINC SULFATE N TR I (11
ZINC CHLORIDE AT
MOLECULAR SIEVE-ZEOLITES (el. 3A: e
MOLECULAR SIEVE - ZEOJLITES (cl. 44) Ry
MOLECULAR SIEVE - ZEOLITES (el. #A) TN
MOLECULAR SIEVE - ZEOLITES {cl. 13%; Yol
SODA ASH TO i

The get of technological profiles  tale:  int.. EE IR T T
agreed with DPECI  and discussed with Polooawadow b i veverad
only new technologies i1.e.  theou pooontinllo 't b
developed. Correcticns  thavr  ~oncern CATTLINE i v

introduced and this 1i: elaborated in tae ey e o0 g
Rozwadowski. These plants voubd not b et oo Setrees ot
for a lack of data Lb conzumptions oo i fonts ST
norcgical profiles as listed abeve sore poounred b b o
required by MIDA  databass  and  ctored oo thee et vy
\UBRMROZBAZA installed on the Bernoal!: 401 lahel..i # |7 v,
In the Appandix Bl det:iled data on Pnrt and Gagedt. o
congecutive procesges were Attachod.

Beyond the technological dat . 2l oceeman v int.rmn
tion D4 § price: and majnr BOONORM T DAY la W Lere proagrend
"with contribution of A.\. Jafari and T i
prices ware prepared bHuasing on Moarkot [EER N 3 R S B TR TP R P
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som- s taostly Jor minsral resources) adjusted to  local
conditicns. Similsrly.  the prices of utilities were intro-
due-=t accoreing to domestic level . The full list of prices
is given in Appendix BE.  The following main parameters were

locsl factor 1.0
Late + wages Z400.0
axoctoandge rate 1.0
Sup--rvision wages 4800.0
bhico depreciation 6.6
lap »avory wages 3600.0
offoites Jepreciation 5.0

.0

-
-

Iab: -atory materials
debs egqunity ratio
operation supply cost
int--rest on debt
dirertn overhead
working capital
mainrenanas: cost
interest on work. cap.
administration
insnrance

sale & marketing
proz-srty tax & rent

E & b

c.
<
-
(=)

[y
o
[ A R le  Ralle N N e o i)

N
e

ot ft [
OB

4.2 Resnlts of Experiments

e arnzlvsiz was  initiated with the single plant
evaluation  performsi  for =ach technclogy. This comprised
caleuiation of the performance indicators as described in
the Section B of rhe report (e g. PV, TMC, MVA, Profit and
Simple Rate of Rertnrn). The results are illustrated in
Appendix B4, Aft.r the ovaluation had been done, the tech-
nologieas that wers ~otimated as economically infeasible for
their low capacitiec.:, were again investigated with re-scaled
capacities. The list of the latter plants contairing their
capacities and FCI vailues is attached as Appendix B3.

in ths next step, the analysis was performed for the
whole INCG FPDA, it means that all technological connections
between the installation were taken into  account. For the
sake of iLhe analysis, a zeries of compuler experiments was
run v gepsrzte eftficient development programms according to
maxirun prodection profit subject to assumed investment lev-
abie. oeetailed resntts of the analysie for various invest-
merss ! vt {(changing  in 50 Mill., % intervals up to the
Lesws Yofstl implementation of the whole se*  of technolo-
i v are given in bthe Appendix B5. As the set of technolo-
givo v ohavging vwith azsumed levels »f investment, as for
vach  invesstmesnt value the most profitable plants would be
Acccptoad b bhe  development  program, the table below




- 83

illustrates a priority of developm-oi un te (e acsiresd
investment thresholds. In the table, 7 dercies  ti..ge
plants that would be introduced to the pr sram a
cities, "e" - with carpacities higher tian d=
minimally economic (according to the repcrt of F b oses :
and A.A.Jafari), "1° - with capacties less than - nemion
recommended and “-" for those rajected from the- prooosom.
All results of calculations performed for the wheic rances of
investment with 25 Mill.$ intervals. are stared i the: Per-
noulli volume MIDA_F in the dirsctory JUE\ROZ[ALANRESDLTS
under the names IN25-IN384. The resultir.s deperdencioo sre
summarized as depicted below:

Mill.$
200.+

- MVa b b
- Y b
1.
-— 1
- b

160.+ b

120.+ Frodinstion Frefie

80 .+ b a

40 .+ ' Fool
tommmm e — e R e T e et TP I U L S I I+
0. 100. 200, A0, 43y,

Fig. 1¢6.
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Investment in Mill. s
Process Name

50 100 150 200 250 300 350

ANTIMONY TRIOXIDE -+ v & Ty Ty T
f ALUMINUM SULPHATE - e + + + + +
| ARGON - - - - - - -

j BARIUM CHLORIDE - - - - - -
BARIUM CARBONATE - - - - -
LITHOPONE 30% -
LITHOPONE 60% -
BARIUM HYDROXIDE -
SODIUM TETRABORATE (BORAX}
BORIC ACID -

SODIUM PERBORATE

PRECIP. CALCIUM CARBONATE
PRECIP.CALC.CARBO. (TOOTH P.}
CALCIUM CARBIDE

CALCIUM HYPOCHLORITE
CALCIUM CHLORDE

AMMONIUM CHLORIDE

SODIUM BICHROMATE - -
SODIUM CHROMA™: , - - -
POTASS UM BICHROMATE - .-
ANHYDROUS CHROMIC AC1D o
CHROMOSAL - -
COPPER OXIDF (BLACK) - - -
COPPER OXIDE (RED) -
COPPER SULPHATE -
CRYOLITE - ALUM. SOD. FLUOR. -
ALUMINUM FLUOEIDE -
HYDROGEN FLUOFE.YDE -
IRON OXIDE (RED) +
FERROFERRIC OXIDES (BLACK) -
FERROUS SULPHATE -
LEAD OXIDE (RED) -
MAGNESIUM OXILE

MANGANESE DI1OX1DE -
MOLYBDENUM TRIOXIDE -
NICKEL SULFATE -
SODIUM TRIPOLYPHOSPHATE -
SODIUM HEXAMETAPHOSPHATE -
SODTUM PYROPHOSPHATE
TRISODIUM PHOSPHATE
DICALCIUM PHOSFHATE
POTASSIUM CARBONATE
POTASSTUM CHLORATE
OOTASSTUM NTTRATE
SODIUM GLAZE

SODTUM WATER GLASS 1

|
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|
+
[ R |

o+
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._rnv;u:t ment in Milt. 3
Proceas Name e » o
50 100 3¢ 200 rso 200 as¢

MOLEC. SIEVE-ZEOLITES(c1.3A) - - - .
SILICA GEL (MACRO) - - . -
SILICA GEL (MICRO) - -
SODIUM METASILICATE - -
SODIUM THIOSULPHATE - -
SODIUM HYDROGREN SULFITE -
SOLIUM SULFITR - -

+*

SODIUM HYDROSULFITE

SODIUM CHLORIDE (MEDICAL)
SODIUM NITRATE - - -
TITANIUM DIOXIDE - - -
ZINC SULFATE - - -
ZINC CHLORIDE - - -
MOLEC. SIBVB—ZBOLITES(QI.‘A) - - -
MOLEC. SIBVE~ZBOLITRS(01.5A) - - -
'MOLEC. SIBVK-ZBOLITES(CI.ISX) - - - - :
SODA ASH 1 1 1 1 ! i

+ k) e e e ¢
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Bill. ¢
420+
* x x
350+ x
x X
- x
- %
- 3
284 _+ i
- ¥ Product Value
— Y
210+ £
- * )
- x
idir. + FCI
L e S R L . R + Mill.$
t 100 200 300 400.
Fig. 17
1.0 ¥
*
i) 954
- ¥
- ¥
- * Profit/FCI
3,60+ X
- x
- X X
* ¥
- ¥ X
0.25+ x FCI
Fommmm Ao oo et Sitatatatatedeld + Mill.$
0. 100, 200. 300. 400.




The results of the analysis were sutmitted to
P.Rczwadowski and A.A.Jafari to suppo:st the ultimate exper-
tise of the development program by 2 rep=ated rescalling of
some plants and eliwmination of some technologies. In zddi-
tion, the results of the single plant evaluation and the
production goal (demand) for the vear Z2¢{0 wers taken inko
account. The list of finally selected installzticons «ith
their capacities is given below.

process name capact bty
ANTIMONRY TRIOXIDE 2000 0
ALUMINUM SULFHATE 356G6Q._ G0
SODIUM TETRABORATE (BORAX) - 15000 00
BORIC ACID 12000 60
SODPIUM PERBORATE 5000000
PRECIPITATED CALCIUM CARBONATE 100000 00
PRECIPITATED CALCIUM CARBONATE(TOOTH F.) AQQD . O0
CALCIUM CARBIDE G0000 .60
CALCIUM HYPOCHLORITE TO0 s
AMMONIUM CHLORIDE TGOO . O
SODIUM CHROMATE 1500 00
POTASSIUM BICHROMATE 2000 i
ANHYDROUS CHROMIC ACID 1500 04
COPPER OXIDE (BLACK) 40 4y
COPPER OXIDE (RED) 400.00
COPPER SULPHATE . 51 (TE] RS 1]
CRYOLITE - ALUMINUM SODIUM FLUORIDE 27060 .60
ALUMINUM FLUORIDE 270000
IROR OXIDE (RED) 7000.00
FERROFERRIC OXIDES (BLACK) : SU00 .00
FERROUS SULPHATE ZEQ0. 00
LEAD OXIDE (I'ED) 2000 a0
MANGANESE DIOXIDE 1100000
MOLYBDENUM TRIOXIDE TSRO e
NICKEL SULFATE S04 an
SODPIUM TRIPOLYPHOSPHATE - I
SODIUM HEXAMETAPHOSPHATE POO0
TRISODIUM PHOSPHATE TEOD, b
DICALCIUM FHOSPHATE AGGOE . a0
POTASSIUM CARBONATE =000, a0
POTASSIUM CHLORATFE ) 2000, 00
POTASSIUM NITRATE HT T
SODIUM GLAZE 3000000
SODIUM WATER GLASS 300G 00
MOLECURAL SIEVE-ZEOLITES (cl. 3A) YO0, G
SODIUM METASILICATE 30000, 04
SODIUM THIOSULPHATE LGOGO, (10
SODIUM HYDROGEN SULFITE 2006, 00
SODIUM SULFITE 10000y
SODIUM HYDROSULFITE S, Dre
SODIUM CHLORIDE (MEDICAL) SEOO L 0
SODIUM NITRATE LG,

TITANIUM DIOXIDE O
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SINC CHLORIDE 6500.00
S0DA ASH ' 150000.00

The above data (stored on the MIDA_F volume in the
directoery  \JSR\INQU(GR0OR were used as an input information
for futher anralysis. It comprised the single plant evalua-
tion and c¢omplex optimization analysis for the whole PDA.
The segquence of experiments was performed for various objec-
tives as ma<imization of MVA, max Profit, max Profit/Energy
Consumption ind one experiment for multiobjective optimiza-
tion (max “rofit and max MVA, min FCI and min Energy Con-
sumpticon). All the results are attached iu Appendix Bo.

4.3 Conclusions

The prelimina—-y selection of techologies to be
developed 11 the I3 FDA resulted from the expertise on raw
material bas.:, forscast:d demand on chemical products and
conditions of the technologies availability. In the
anaiysis onl7s new plants were of concern. This, however, was
the oorrect assumpsions taking into account that the exist-
ing apacities were 2xcluded from the production demand (see
repotrt  >F F. Rozwaxiowski and A.A. Jafari). Nevertheless, it
is racommend:d to investigate a program including the exist-
ing ootentiat,

The volitme of prodicts specified within the demand vec-

tor combipesd witnhh A limited export possibility, determine
low capacities of g me technologies (that cannot be recom-
mendad from she economic point of view). For the above rea-

zson, 3 numbe::- of pl-mts was excluded from the development
prograr by A.A.Ja’ari and P.Rozwadowski (see details in
their reporid.
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5. Summary

The case studies done with the contribution of FU! -re
representative examples of MIDA methodclcgy and what o more
important they were assessed to bte meaningful for the H-os:er
Plan. The results provide a good platform for elaboration of
the Master Plan. It provides a sufficieri hackgr>ard :nd a
framework for futher and permanent analyris for development
also for other areas of the chemical industry. The anziysis
so far should provide the decision makers with imporiant
hints for establishing long-range <=conomic palicy. The
expertise gained by DPFCI staff in the course of implementa-
tion of the case studies provides sufficient ground for
their self-reliance in the Intergated D=velopmant Progrzm-
ming.
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Appendix : A 1. Single plant evalvation

Process : 1 ETHVLENE FROM GAS OIL
. Capacity :
Fixed Capital Investment - FCI :
Product Value - PV :
Total Marnufacturing Cost :
Profit :
Simple Rate of Return :
Back-pay Period :
Marwufacturing Value fdded - MVA -
MVA/FCI - .
Mva/PY
MV/FCI :
Energy Consumption :

Process :

~Capacity :

Fired Capital Investment - FCI :
Product Valus - PV

Total Marufacturing Cost :

Profit :

Simple Rate of Return :

Back-pay Period :

Manufacturing Value Added - MVA =
MVA/FCI :

MVA/PV
PV/FCI
Energy Concusption :

225000
378.451 mln.
158.517 mln.
301.741 mln.

-143.224 mln.

—47.061 mln.

0.419
-6122.984 1J

2 ELTHYLENE FROM ETHANE-PROPANE MIXTURE

225000
253.080 mln.

94_661 mln.
104.825 mln.
-10.165 mln.

435.707 mln.
0.173
0.462
0.374

-8532.935 13

Process : 3 ETHYLENE FROM WIDE RANGE NAPHTA IMS
Capacity : 225000 -
Fixed Capital Investament - FCI : 354.705 mln
Product Value - PV : 171.720 mln.
Total Manufacturing Cost : 167.701 mln.
Profit : 4.019 mln.
Simple Rate of Return : 0.011
Back-pay Period : 88.265 years
Mzrufacturing Value Added - MVA ¢ 80.762 mln,
MYA/FCT - 0.228
MVA/PV : 0.470
PVY/FCI : 0.484
Energy Concumption : -2180.083 TJ

Process : 4 ETHYLENE FROM WIDE RANGE NAPHTA HS
Capacity : 225000
Fixed Capital Investment - FCI : 343.626 mln.
Procuct Value - PV : 144.876 mln.
Total Manufacturing Cost : 150.064 mln.
Profit : ~5.168 min.

Simple: Rate of Return :

Back-pay Period :

Manufacturing Value Added - MVA :
MVA/FCI :

Mva/m
PV/FCI
Encrgy Con=umption :

67.915 mln.
0.198
0.469
0.422

-2765.623 TJ
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Process : S BENZENE FROM PYROLYSIS GASOLINE
Capacity : . &S00
Fixed Capital Investment - FCI : 27.810
Product Value - PV : 27.583
Total Mamufacturing Cost : 33.554
Profit : =-5.96%
Simple Rate of Return :

Bazk-pay Period :

Marnufacturing Value Fdasd — MVA : 2.279
MVA/FCT : 0.032
MVA/PV = 0.0535
PY/FCT 0.932
Enzrgy Consumption - 432_552

Process : & MIDXED XYLENCZS FROM NAPHTENIC FEED
Capacity : F2000
Fixed Capitzl Imvestment — FCI : E3.836
Prodict Valuzs - PV : 73.132
Total Marufacturing Cost : 63.544
Profit : 9.533
Sinple Rate of Return : 0.150
Back—pay Pericd : i 6.658
Marufacturing Valus Addad - MVA ¢ 27.172
MVA/FCI - 0.42%
MIB/PV - 0.372
Pv/FCI : 1.146
Eneirgy Consumption : ~2195.801

min.
min.
mln.
mln.

TJ

min.
mln.
mln.
®mln.

years

min.

TJ

Process - 7 MIXED XYLENES FROM PARAFFINIC FEED

Cepacity -

Fixed Capital Investmant - 01
Pirocduct Valus - PV :

Jotal Mzarwiactining Cost -
Profit :

Sumple Rate of Return ¢

8ack-pay Fericd :

Manufacturing Value Adoed - MVA ¢
MIN/FCE -:

MYA/PY
PV/FCI
Energy Conzumption :

Ve

Pirocess 8 BENZEMNE FROM TOLUENE

Capacity

Fixed Capital Investasnt - FCI :
Proaduct Value -~ PV :

TJotal Marufacturing Cost :
Profit :

Simple Rate of Return :
Back-pay Period :

Marnufacturing Value Added - M ¢
MVA/FCT -

MVA/PV =

M/FCT :

Energy Conzumption :

Procezs ¢ I ZATION

85400
61.267
62.201
60.186

2.014

0.033
30.383
18.851

0.3

0.303

1.0Lls

~3152.237

40000
15.691
10.355
21.469

-11.114

=6.035

0.660
~347.616

min.
mli.
mln.
min.

yaar
mln.

TJ

mln.
mln.
min.
min.

mln.

TJ
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Capacity : 8000

Fixed Capital Investment - FCI : 77.013 mln.
Product Value - PV : 33.275 mln.
Total Manufacturing Cost : 55.575 mln.
Profit : -17.321 mln.

Simple Rate of Return :
Back-pay Period :

Marufacturing Value Adced - MVYA ¢ 1.627 mln.
MVA/FCI : 0.022
MVA/PY : 0.044
PV/FCI : 0.497
Energy Consumption : 1234.592 13
Process : 10 P-XYLENE (PAREX)

Capacity - T 67500
Fixed Capital Investment - FCL : . 37.118 wln.
Procuct Valus - PV = - T 380762 mlin
Total Marufacturing Cost : T 37.510 min.
Profit - ' -2.748 ®ln.

Simplie Rate of Feturn :
Back-pay Pericd :

Marufacturing Valus Added - HVA - 7.700 nin.
YA/FCT : 0.267 - -
MY/ PV 0.29?
PV/FCI : 0.7%
Srnergy Concurmption : V705.295 1J

CesSS 11  P-XYLENE RECOVERY (ADSORPTION)

Capacity : JCCOD
Fixed Czpitzl Invesbtmant - FCI - SZ.608 min.
Product Valuz ~ PV : 25.357 mln.
Total Manufacturing Cost 31.844 min.
irofit : -8.535 mln.

Sinpla Rate of Retuiin :
Back—pay Pericid ¢

Marwfactui-ing Valus Added ~ MVA ¢ 3.921 mln.
MWiE/FCL - 0.075
MVA/V 0.160
PV/FCT & 0.443
Ereirgy Cornsurption 617.440 1J

Pi'ccess : 12 BUTADIENE FROM C4 EXTRACTION

Capacity : SCOOG

Fixed Capital Iiwvestment - FCI - 17.342 mln.
Prochuct value - "™ 22.574 mln.
Total Manufacturing Cost : 27.222 mln.
Profit : -4.628 mln.

Simple Rate of Return :
Back-pay Period :

Manufacturing Valuzs Added - MVA : 1.371 mln.
MVA/FCT ¢ 0.079
MVA/EV 0.061
M/FCI : 1.303
Ernergy Consumption - 2(0.5970 TJ

Procezz : 13 METHYL METHACRYLATE CYANOHYDRIN PROCESS

Capacity - 475000
o oS = v

R— VAV a— kil
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Product Valua - PV 60.581 mlni.
Total Marnufacturing Cost - 48.394 mln.
Profit : 12.188 mln.
Simple Rate of Return : 0.166
Back-pay Period : 6.035 years
Marufacturing Value Added - MvA : 29.955 mln.
MVE/FCI : 0.407

. MVA/PV 0.49%4

i PV/FCI : 0.824

. Energy Consuaption : 2972.061 TJ

Process @ 14 ISCBUTALENE BY ACID EXJRACTION (CFR)

Capecity - SSCC2
Fix=sd Capital Investment - FCI ¢ 22.210 mln.
Procuct Valus - PV ¢ 33.519 mln.
Total Mamufacturing Cost - 15.937 mln.
Profit - 17.532 mln.
Singple Rate of Return - 0.782
Back-pay Perica : 1.287 years
Marufacturing vValue fcdsad - MVA : 22.815 mln.
MYA/FCI 1.027
MYA/PYV 0.631
PY/FCIL - 1.507
Eneirgy Consuaption : 200.291 TJ

Precess @0 1S MIBE FROM MIXED BUTENES

Capacity : 47530
Fixsd Capital Im=stment - FCI : 12.343 mln.
Prceduct Vatlue - P/ : 16.110 mlni.
Total Menufacturing Cost ¢ 14.983 mln.
Profit : 1.122 mln.
Simplae Rate of Raturn - 0.071
Bach-pay Pericadd : 11.003 vears
Marufacturing Value Added - MVA ¢ 4.793 min.
MVA/FCI ¢ 0.338
MY/PV - 0.297
VFCT 1.305
Ensrgy Conzuaption : £80.693 1J
Process 16 D-ETHYLHEXANOL (OXD PROCESS)
Cepacity - SC0C0
Fixed Capitzl Investment - FCI : 62.026 mln.
Pircduct Value - PV ¢ 35.647 mln.
Total Manufacturing Cost - 36.792 mln.
Profit : -1.145 mln.
Simple Pate of Return :
Back-pay Peitiod :
Marufacturing Value Added - MVA ¢ 13.331 mln.
MVA/FCI : 0.215
MVA/PV 0.374
PV/FCT : 0.575%
Erergy Corcumption : ~378.440 TJ

Procezs : 17 PROPYLENE OXIDE 8Y ETHVL.BENZENE PROCESS

Capacity : ‘ 30000
Fixed Capital Investment. - FCI ¢ 1683.067 min.
Procuct Value -~ PV 15%.5¢:i3 mln.
———————— T~ . _ . I T Y S




Profit : —4.060 mln.
Simple Rate of Return :
Back—pay Pericd :

Marufacturing Value Added - MVA : 40.679 mln.
MvA/FCI : 0.242
Mva/PyY - 0.245
MW/FCI : 0.914
Energy Consumption : 3015.764 1J

Process : 18 PROPVILENE OXIDE BY CHLOROHIDRINE PROCESS

Capacaity = N00C
Fixed Capital Investment - FCI : 67.470 mln.
Product Valus - PV : 32.505 mln.
Total Mamutacturing Cost : 67.030 min.
Profit : 15.425 mln.
Simple Rate of Return - 0.229
Back—pay Period 4.374 years
Marwfaciuring Vzlue fddsd - MVA. ¢ 34.172 min.
MYA/FCY - 0.505
Mva/PY - 0.414
PY/FCI : 1.223
Erergy Conzuaption - 1439.552 1J
Frocess ¢ 19 POLYOL TRIFUNCTIONAL. POLYETHER
Capacity : J00CO
Fixed Capital Investmant - FOI - 14.520 mln.
Procsct Valus - PV : 44 _143 mln.
Total Manufacturi.«g Cozf : 36.800 mlin.
Piofit : 7.343 mln.
Simple Rate of Raturn ¢ ©.506
Back-pay Pericd ¢ 1.977 yezrs
Marusfactuiring Value Addsd - VA - 13.952 mlin.
MYA/FCL - 0.961
MVR/PV 0.316
PV/FCI - 3.040
Eneirgy Conzumption : 41.460 T3

Process : 20 BUTENE-1 FROM MTBE RAFFINATE

Capacity : 20000
Fixed Capital Investment - FCI : 20.176 mln.
Procduct Value - PV 9.700 mln.
Total Marnufacturing Cost 9.330 mln.
Profit : 0.370 mln.
Simple Rate of Return : 0.018
Back~pay Period : 54.534 years
Manufacturing Value Added - MVA ¢ 4.567 mln.
MVA/FCI : 0.226
MVA/PV : . 0.471
PV/FCT : 0.481
Erergy Conzumption : - 308.684 7J

Procezs : 21 ISOPROPANOL BY CATION EXCHANGE RESIN

Capacity : 65000

Fixed Capital Investment ~ FCI : 28.025 mln.
Product Value - PV : , 49.005 min.
Total Marufacturing Cost 25.000 mln.

! Profit : 24 .095 mln.
e ———— . - A o &
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Back-pay Periocd :
Marufacturing Value fdded - VA -
M/A/FCI :
MvVAa/eV -
PV/FCI :
Ernergy Concumption :

&

&
3
=3
d

Broof-
3388
2
o

L
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Process ¢ 22 DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE
Capacity : 35000
Fixed Capital Investmsnt - - FCI = 11.27) mln.

iroduct Valus - PV : 35.000 mln.
Total Marwfacturing Cost - 27.447 alin.
Profit : 5.553 mln.
Single Rate of Return : 0.493
Back-pay Pericd : 2.000 y=ars
Merufacturing Valus Added - MVA - 10.732 mln.
M/A/FCI : 0.557
MYR/PY - 0.2063
PY/FCT - 3.183
crergy Cormumphtion : 41.785 1J

Process ¢ 25 PHTHALIC ANHYLRILE AIR OX. OF O-XYLENE
Capacity - 15350
fixed Czpital Inwsstment - FCI - 20.475 min.

roduct Value - PV ¢ 7.9CL mir.
Total Marwtasturing Cost - 2.041 min.
iofit - ~1.%0 ali.
Siapla Rate of Rebirn -
Gack-pay Pericd :
Merufachning Value &33=3 - /38 ¢ 3.5357 wmln.
MyR/IFCT 0.14
MRV 0.421
5ECT 0.37%
£rzrgy Consumption : ~-111. G393 13

Procuss

Capacity :

Fired Capitzl Investment ~ FCI :
Pirciuct Value - PV ¢

Total Maiwfacunin; Cost ¢
Profit :

Sinzrle Rate of Return :
Back-pay Periad :
Manufacturing Value idded -
MA/FCT ¢

MY/ PY
P/FCI
Energy Concumption :

VA

Proceze @ 25
Capacity :
Fixed Capital Investment - FCI :
Pirocuct Value - PV :
Total Marnufacturing Cost :
Profit :
Sinple Rale of Retun :
(4]

FY-1 VI NE TV < WYX W-V= T

251,

: @4 METHYL ETHYL KETONE FROM MIBE RAFFIMATE

15300
20.335
7.47)
10,458
-2.9638

min.
mli.
mli.
mln.

L‘!

mln.

OU\
c.

1.
0. 7
0.
0.

Tt

L’\
~Jd

70 TJ

METHYL ETHYL KETONE FROM IGOBUTYLENE RAF

15000
21.7927 mln.

7.257 mln.
10.53%9 mln.
--3.279 mln.




M/A/FCI : \ 0.067

mMva/Pv = 0.202
P//FCT = 0.331
Energy Consungltlon : 274,155 13

Process @ 26 TRIETHANOL AMINE FROM EO END NG

Capacity : 45000
Fixed Cazital Inwvzs t - FCI : 25.051 min.
Procduct vValus — B @ 95.131 mln.
Total Marmufactuiring Cost - 46.776 mln.
Pirofift : T 430155 mlin.
Simple Rate of R=iurn : 1.722
Back-pay Period - JS) yexrs
Marsrfacturing Value Sdded - MY - S57.475 min.
MAR/FCT - 2.3
MO 0.604

. P/ECT - - 3.79G
£y Coneapilon ¢ 971.328 1J

Proceas ¢ 27 POUVETHYLMETHACRYLATE

Capacity : 1S5S0
Fixed Capitzl Inssstasnt - FCI - 50.375 mlin.
P ot Valuc - PV ¢ 30.GXO mln.
Total Manwfacturing Cost : 3214 min.
Piofit : -6.214 mln.
Swrgle Rate of Rsturn -
Eack-pay Pericd :
Mzreifacturing Yalus Al - MG L2 min,
MYA/FCE ¢ O.130
MYA/EY G.21%
~/FCE - C.5%
Erzrgy Conzmolbion : SO.412 12

Frozess @0 286 PERCHLORCETHYLENE FROM PROPANE

Capacity : 20000
Firxed Capital Invezimrent - FCOI ¢ 16.617 wmin.
Product Valuz ~ PV : 14126 mln.
Total Moowfacturing Costh ¢ 11.714 mln.
Pi-ofit : 2.413 mln.
Simle Rate of Patuin 0. 145
Eack-pay Peiricd 6.837 years
Marufacturing Value Addad - MVA : G.461 mln,
MA/ECT = 0.357
MVA/PV ¢ C.457
PV/FCT : 0.830
Energy Consuaption : €3.163 TJ

Process : 29 PERCHLOROETHYLENE FROM EDC

Capacity : 12C00
Fixed Capital Investment - FCI : 14.425 mln.
Product Value ~ PV 12.171 mln.
Total Manufacturing Cost : 8.1.7 mln.
Profit : 4.054 mln,
Simple Rate of Return : 0.281
Back-pay Period : 3.553 years
Manufacturing Value Added  MVA 7.408 min,
MVA/FCT 0.514

e A S - .




pPV/FCL : 0.844
Energy Comaunmption : 37.2¢0 13

.
Process : 30 HYDROGEN FROM NATURAL GAS
Capacity : SNSCC0000
Fixed Capital Investment - FCI : 56.814 mln.
Product Value — PV : 49.224 mln.
Tetal Marufacturing Cost : 50.375 mln.
Prorit : - -1.071 rln.
Simple Rate of Return :
Back-pay Pericd :
Mxrufacturirng Valus Aided - VA ¢ 14.146 mlii.
MVR/FCI - Q.247
MVA/PVY - ¢.237
~/FCT - 0.867
Erergy Corsumption - 8461.322 7J
. Proce=s ¢ 31 PHENL (COBMNE)
Capacity : 45C50
Fir=d Capital Invesissnt - FCI : 79.572 mln.
Pirccuct Valus - BV ¢ 25.933 mln.
Total Marufacturing Cozt 435.037 mln.
Profit : -17.104 mln. )
Simple Rate of Return :
Back-pay Period -
Marufacturing Valus &33=3 - M3 ¢ GC. 725 mln.
MVA/FCY ¢ 0.010
MVE/PV - 0051
~/FCI - 0.2375
Energy Coivausption : &67.764 TJ
Frocess @ 32 CHLORINE (MEMBRANE PROCESS)
Capacity : 180CC0
Fixed Capital Irvestimant - FCI : 163.252 mlin.
. Product Valus - PV : 56.277 mln.
Total Manufacturing Coct - 77.076 mln.
Profit : -18.793 mln.
Sinple Rate of Return
Back-pay Peiriodd :
Marufacturirng Value fdded - VA ¢ 17.246 mln.
MvA/FCI : 0.103
MVA/PY 0.2%,
PY/FCI : 0.346
bnergy Corcumpticn : 1155.051 1J
Process : 33 METHANOL FROM NATURAL. GAS
Capacity : 410000
Fixed Capital Investment - FCI : 176.319 mln.
Product Value - PV : 41.410 mln.
T . Total Manufacturing Cost : 103.379 mln.
Prrofit : -61.969 mln.
Simple Rats of iteturn :
* Back-pay Period :
Manufacturing Value Added - MVA : =20.935 mln.
MVA/FCI : _ !
MVA/PV

PV/FCI : 0.235
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Process : 34 POLYETHYLENE LD (AUTOCLAVE REACTOR)
Capacity : S0000
Fixed Capital Investment - FCI : 55.984 mln.
froduct Value - PV : 24.575 mln.
Total Manufacturing Coz=t : 38.454 mln.
Profit : -13.860 mln.
Simple Rate of Return :

Back-pay Period :
Marufacturiceg Value fdded - MVA ¢ -0.001 mln.

MVA/FCI :
MvA/PV =
V/FCI :
Eneirgy Consumptiion :

Process -

Capacity -

Fixaed Capital Inwvsestment - FLL ¢

Procuct Value — BV ¢

TJotal Marutaciuring Cost

Profit :

Sinpla Rate of Return

Eack pay Period :

Marufacturing Value &ded - MR ¢
FYFCT -

MBS

PY/FCI

nergy Coivsumpilon ©

3

Brocess POLYETHYLENE LLD (UCC)
Capacity ¢

Firxed Capital Investaznt - FOI ¢
Pirocduct Values - PV ¢

Total Muwmfactui-irg Cost ¢
Profit :

Siople Rebe of Relurn -

Bask-poy Pericd

Maiwfacturing Valus fAdded - VA -
MR/FCT :

MBSV

PV/FCT -

tnerzy Conzumption :

Procezs : 37 POLYETHYLENE LLD (DUPONT)
Capacity :

Fixed Capital Inveziment - FCI ¢
"Product Value - PV @

Total Marnufacturing Cost :
Profit :

Simple Rate of Return ¢

Back~pay Period :

Marufacturing Values Added - MVA
MVA/FCTL

MVA/FV

PV/FCT .

Encregy Congiirotion @

35 POLYETHYLENE LD (TUBULAR REACTOR)

SO0
56.456
24.6l1
38.568

-13.9%07

OO
0.002
C.vxYxi
C.457
15 03D

LB 555
53.3%
11Z.420
B2.772
2210
0.426
2.354)
4] .BL1S
0.724
0.572
2.133
217.45%5

SO0
30.139
95,1683
30.972

4.211

0.140

7.157
12,766

0.424

0.3635

l.167
54.372

TJ

min.
mln.
mLii.
min.

mln.

mlni.
mln.
mln.
mln.

=X T

mlin.

TJ

min.
mln.
mln.
mlin.

year:s
min.

TJ
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Process : 38 POLYPROPYLENE (RMOCO)

Capacity : 3790
Fixed Capital Investment - FCI : 28.016 mln.
Product Valve - PV : 24.271 mln.
Total Manufacturing Cost : 20.116 mln.
Profit : 4.155 mln.
Simple Rate of Return : 0.148
Back-pay Period : &6.750 years
Manufacturing Value Added - MVA : 11.127 mln.
MVA/FCI - 0.337?
N/PV 0.455
FY/FGI : 0.56%
Energy Consuaption : 105.95 T3

Process @ 37 POOYWINYLCH ORIDE BY SUSPENSION POLVICR.

Camacity : P EERY

Fixed Cepitzl Imvestasent - FOI ¢ &58.515 min.
Piociict Valus -~ BV ¢ S5.710 ®in.
Total Manufzctuiring Cost ¢ 7! .802 min.
Profit - ~16.092 wmli.

Siaple Ratz of Return :
Back-pay Period :

Marufacturirg Yalus &32=d - MN/A - Z.140 mln.
WA/FCI - 0.016
Ne/ey G056
PYFCT - 0.8333
Erargy Coieurption - 48371t TJ

Cicoess 14 POLYVINYL CHLORIDE BY EMUASION FOLLIER.

Capzcity : 22003

Fixed Capitsl Inestaant - rCT ¢ 3415 alr..
Pirodsst Vialua ~ PV - 23.50 6 it
Total Manufaciuring Cost ¢ 24845 inln.
Profit : -1.345 mla.

Single Ratz of Fetunr
Bach-pay Feiried ¢

HMarufacturiiyg Valu2 Addss - M/A ¢ 7.833 wln.
FG/FCY 0. 2%
MR/ 0.333
PYIFCT 0.512
trergy Coramption F2T.AX T

Procese = 41 VINYL CHLORIDE BY OXYCHLORINATION

Capacity : 250000
Fixed Capital Jnvestinznt -~ FCI 104.252 win.
Procuct Value - PV ¢ 123579 mln.
Total Marnufacturing Cozt : 105.922 min.
Profit : 17.828 min.
Simple Rate of Return : 0.171
Back-pay Period : S5.843 years
Manufacturing Value Added - MVA : 46.056 mln.
MVA/FCT 0.442
MVA/PV 0.372
PV/FCI : 1.187
Energy Concunption : 2225.500 1J

Procezs @ 42 VINYL CHLORIDE FROM EDC




n
Capanity :

Fixad Capital Investment - FCI :
Procuck Valua - IV ¢

Tetal Marufacturing Cost -
Profit :

Simple Rate of Return :

Bactpay Pericd -

Mawnfacturing Valuz fdded - M ¢
MA/FCT

i) I&/E—"xf <

RTCT

frecsss 0 A3

SOl 1 ACETIC £CID FROM METHANDL

Coonaciby s

Freexd Conitll Iovveabiaend - FCT
Pircadnst Valee - Py

Toral Mawfochwriny "oab
Profit

Guigrln Rate or Refurn ¢
Eack-pay Peilod @
Manfactuicing Value fAddked - MV
Mi/Iel

MNPV 2

m/ECT

Ervaagy Conzumplron

Procer.s, . 46, POLYSTYRENE EXPAINDABLE

Capneily o

125
47715
S B A
F.LER
3,154
0.037
11.457
1'7.243
Q303
0.57

1.3.7
)

Gl
C3.7157
A0 5T
>4
13.15¢

[ 354

5,455
24.2%)

Q.57

0.9

O.ex.7

o ny oy s
G2 L 820

e e

NS

min.
ki,
mlii.
mle.

YEIU
min.

i
IANE
mlin,
wln.

vt o

mln.

r\’
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Product Value - PV : 7.375 mln.
Total Marufacturing Cost - 7.307 mln.
profit - C.086 mln.
Simple Rate of RPeturn : 0.207
Back—pay Pericd : 137.766 years

Marnufacturing Value Acded - MVA : 2.928 mln.
MVa/FCI : 0.247
MVA/PV - 0.3%6
PV/FCT - 0.625
Energy Corcumption : 6.622 1TJ
Process : 47  POLYSTYRENE HIGH IMPACT
Capacity - OGS
Fixed Cxital Imwestment - FCI - 22_815 min.
Product Value - PV ¢ 52.26C mln.
Total Mzrefscturing Cost - 42.690 min.
Profit : 3.570 mln.
Simole Rate of Return 0.4172
Back-pay Perlod @ 2.3 yaars
MaiwFacturing Value £3cdsd - M8 ¢ 13.377 min.
MVAFCT - G.205
MR/ A
P/FCT - z.291
Ensigy Consunpilon : F2.C22 TJ

Process @0 43 ARS BY EMASICN/MASS POLVMERIZATION

Capacity ¢ 200X
Fived Cematal Invasinent - FOL : 37.042 min.
Fircassl Vilue — PV @ 8730 @i,
Tobal Marufacluriiry Cozb - 27 .33 aln.
Piofit ¢ 21.514 mli.
Ciurlz Rats of Raturn ¢ 0.551
facspay feriod ¢ 1.815 yerz
Masfacturir:g Volus Addsd - 1 ¢ 31,177 aln.
MAIFCE - 0.773
MY G.650
Fi/eCT 1.247
Erergy Conzumtbtion 41.457 T2

Preeess @00 47 STYREND BY BENZEMNE ALKYLATION

Cepacity ¢ 22750

Fixed Cepital Invezimant - FCI ¢ 106.19C mln.
Product Valuz - PV : 83.927 min.
Total Mamufacturingg Cost 132.823 mln.
Profit : -48.7%¢4 mln.

Sinole Rate of Return :
Back-pay Period :
Marufacturirg Value Added - MVA : -16.518 ~1n.

MVA/FCI :

MVA/PV : :
PY/FCI : 0.790
Cnergy Consumption : 2369.160 T

Proceze : 50 ETHYLBENZENE LIQUID PHASE

Capacity : , 250000
Fixed Capital Investment - FCI ¢ 41.787 mln.

Product Value - PV : 74.686 min.



Profit : ~36.872 mln.
Siaple Rate of Return -
Back-pay Period :

* Marufacturing Valuve Added - MVA : -17.343 mln.
MVW/FCI : .
Mma/Pv -
PY/FCI : 1.787
Energy Consumption : 100.870 1J

Process : 51 ETHMLENE DICHLORIDE BY CHLORINATION

Capacity : T 180000
Fixed Capital Investment - FCI : 11.661 mln.
' Product Valuz ~ PV : 42.550 mln.
Total Mzrutacturing Cost : 42_932 mlin.
Profit : -0.390 mlix.

Sinpla Rate of Return :
Back-pay Period : )

Marwufacturing Valuz Acded - HWS ¢ 6.323 mli.
MVa/i-CL : 0.542
MVA/PY G.142
PV/FCIT - 3.639
Ensrgy Cor=aapticn - -27.050 1J

Process : 5@ ETHVLENE DIGLORIDE BY OXYCHLORINARTION

Capacity : 18CC0

Fied Capitxal Investment - FCY - 37.73% min.
Pioduct Velus - PV ¢ 42_516 win.
Total Manufssturing Cost - E7_193 aln.
Profit - -4 678 min.

Sinple Rate f Return :
Back-pay Perica ¢

Mzrufacturirg Valus f&idsd - VA ¢ -23.541 mln.
MAS/FCT :
MVA/PY <
WAECT 1.175
Cneroy Consunption ¢ 84.532 1)
L X
Procesz @ S3 POLYETHVLENE HD (UCC)
Capacity ¢ 1)
Fixaed Capital Investment - FCI ¢ &1.2¢8 mln.
roduct Value - PV 91.620 mln.
TJotal Manufacturing Cost : 82.225 mln.
Profit : 3.455 mln.
Simple Rata of Return 0.057
Back-pay Period : 17.443 vears
Manufactuiring Value Added - MVA : 23.497 mln.
. MVA/FCI : 0.39%0
MVA/PV : 0.25%
pV/FCI : 1.521
Energy Consumption : 217.456 TJ
Procezs : 54 POLYETHYLENE HD (PHILIPS)
’ Capacity SO00N0
Fixed Capital Irnvestment - FCI : 32.131 mln.
Product Value - PV : 20,650 mln. ‘
Total Manufacturing Cost : 31.964 min. | ,
Profit : -3.3.4 mln. ‘ z
(LN P - EUF WV S - TR LT R n
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Back—pay Period :
Marutacturirey Value Added - tVA -
MYA/FCI :
MVA/PV =
PV/FCT :
Erergy Cormsumption : -~

Process S5 STYREMNE-BUTADIENE LATEX
Capacity -

Fixad Capital Imvestreent - FCI :
Prcdict Valuz - PV :

Total MaruTacturing Cost -
Fofit -

Sirmslz Rats of Return -

Back—-pay Pericd :

Merufacturing Valus £3d=d - N4 -
MVAR/FCT -

MR/

PV/FCT -

tnargy Concsimption -

S.754 mln.
0.178
0.206
0.872
&2.767 1

3D
S2.265 min.
37.570 mln.
56956 min.

G.739 mln.

0.011
S3.702 year=
15.320 mln.

0.433

0.544

16 758 T

Srocess : S¢S STYRENE-BUTADIEMNE RUBBER BY EMLL _POLYML
Capacity - SHGS
Fix=d Capital Investrant - FOE ¢ &2.255 mln.
Prodsct Valus - PV ¢ F.C5C mln.
fotal Maps:.faciuring Cost - 36757 amin.
Profit - —-2.857 |l

Siaole Rat2 of RF2turn ¢

Back-pay Pariod

Manpmacbioring Valus el - LR
FVRIFCT -

D TR A

PY/CL -

Erergy Cor=uwsption :

Piocess .

Capacity :

Fixed Caepital Investment - FCI
Procect Velue - PV

Total Mernufacuwring Cost ¢
Piofit :

Simple Rate of Return
Back-pay Pariocd :

Manufacturing Valus Alded - MViY
MvA/FCI -

MVA/PY

MW/FCI :

Erergy Consumption :

Procese : 53 POLYBUTADIENE
Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Manufacturing Cost. :
Profit :

Simple Rite of Return :
Back-pay Period :

57 STYRENE-BUTADIENE RUB. BY SOL.FOLYPER.

350)
735.461 mln.
31.C90 min.,
37.0335 mln.
-2.903 min.

45000
110.301 mln.
77.400 mln.
52.129 mln.
25.271 min.

0.229

4.76D years



o 75V 203 G
M/ P
PV/ECI
Energy Consumption

-

Process 57 BUTYL RUGBER

Capacity :

Fix=d Capital Investment - FCI ¢

Bcdict Valus - BV -
Totzl Mxrufazuring Cost -
Proafet -

Siwolz Rete of P2turn -
Eoch—pay Parlcd -
Harnufacbiring Valus Adds?
MBI

I ey

0.34%
0.651
O UF2

ISI.TSS

SCO0
21.570
& F1)
1}.321

5.5

T

~3.3235

eSS EEN: T

aln.
mlii.
min.
kit

gk,

Casaibs - Sex
FveEd Camrial Irezsia=ntk - 01 ¢ Y2.305 wmin.
Eonazclt Valuz - FY o« 79 a8
Total mznecasturing Cosh o filiv,
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Srazls &

| S bkt 0%

& - Ay S SRS S o
Fot

L4

;,'l. :-:;.-S-.-._)

RO S SR DU SR it 3 S0 S RPN N P

I T 1 Je 08 TPa0 Pt BALE
"."J';"'.,’,!‘:-:I 4

| 'i‘.-'i :!," P'j
ACL
£ 3y Coviursiion @

-
-

;N

Process ¢ &
Copacity ¢
Fared Capital Investment. -
Pirccuct Valua - BV

Total Mamufacturing Comst
Profit :

Swple Rata of Return
Back pay furiod

Manufactur ey Value by - PV

MWA/TCT

-
e
n
ve

o

[

2.0

Pl

CAPROLACTAM FROM CYCLOHEXAME

Jax)
151.716

FCI
74.9t1

7¢.A4735

~1.5%7

O

L™

S S RS A

2.0

-y oy

RN SN

it] T

[ A TN

3 -
M 1 1% W Y

£idei.

I.}

mln.
min.
min.
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Proce=z= :

¥

WV/FCE - 0.567
£nei~3y Conoumption : 1060.444

Precess @00 65 CAPROLACTAM FRIM TOLUENE

Capacity : 350
Fued Capital Irvestment - FCI : 212.7%01
Product value - PV : 73.971
Total Manufacturing Cost : 5.6
Profit : ~18.003

Simple Rate of Return :
Sack-pay Period :

Manufacturing Value fisided - MVA - 27.655
MVA/FCI - 0.13
MVA/PV - 0.350
PV/FCI : 0.571
Erergy Cor=unption : 1270.520

Socess @ 64 CAPROLACTAM FROM PHENCL

J

mlin.
min.
mli.
mln.

TJ

Capacity : 35000
Fixed Cepital Inwve=stment - FCI : 111.207 mln.
Proauct VAtuzs - PV 77.403 mln.
Total Marnufacturing Cost : 74.225 min.
Profit : 5.183 mln.
Simple Rate of Ratuin : 0.047
Back—pay Period : 21.45% years
Marufacturing Value Added — MVA 32.380 mln.
MVA/ICT : 0.291
MVA/PV : 0.408
P/FCT - 0.714
tnergy Consumption : 70659 1J

65 CYOLOHEXANE BY HYDROGENATION OF BENZENE
Capacity : S0000
Fixed Capital Investment - FCI : 8.923 mln.
Proauct Value - PV : 21.374 mln.
Total Manufacturing Cost : 24.893 mln.
Profit : =3.51Y min.

Simple Rate of Return :
Back-pay Per:od :

Manufacturing Value Added - MVA : 0.874
MVA/FCI : 0.0
MVA/PY 0.041
PV/FCT : 2.395
Enurgy Concsumpltion : ~182.640

Capacity : 25007
Fixed Capitzl Investment - FCI : 42.555
Mroduct Value - IV 45.8352
Twtal Marufacturing Cost 38.775
Mrofil : 7.077
Suwle Rate of Return : 0.1
Backpay Puriod 6.O27
Mawnufactursees Valus Aokdod - MVA 193,424
MINICL 0.43"
MIN/IW : 0,402
PV/FCT 1.07%

Ciwry Corvampstaon 194,470

min.

TJ

Procezz : &6  POLYETHYLENE TEREPHTALATE MELT FROM DMT

mln.
mln.
min.
min.

yoars
min.

T4
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Frocess @0 67 POLYETHAENE TEREPHTALATE MIT FROM T

Sapaca by s S50
Fixed Caprtal Lhiwvestment - FCI ¢ 41.685 min.
Mroduclt Value - P ¢ 45.000 mln.
iotal Mamufactanr ik Gost - o6 .16 mln.
Hirofilt : 8.784 mln.
Simple Rate of REetuirn : 0.211
Back-pay Period © 4_.74¢ years
Marmpfacturing Va.ue Added - MVA ¢ 12.705 min.
FYASFCL : 0.475
MVE/SY - 0.458
PVIFCI - 1.050
Energy Conaumption : 257.175 1J

Process @ 68 TEREPHTHATIC ACID FROM P-XYLENE

Capacity : 75000

Fixed Capital investaesnt - FCI ¢ 97.373 mln.
Proaxct Valuzs - WV ¢ 0. 225 min.
P16l Maiafaclurang Cost ¢ Gl .516 min.
Provfit - =-1.221 mln.

Sinple kate of R=tuirn :
Back-pay Por ol -

Marufacturing Value £3ded - MVA ¢ o2 002 min.
MVA/FCI : 0.225
MVA/PV 0.355
PV/FCT - 0.618
Energy Conaumption © &31.660 TJ

Bocess - 69 DMT FROM P-XYLENE

Caparity : 70O

Fixed Capirtzl Investment - FCI : 1..1.794 mln.
Product Value - WV : 44 . 7C0 mlin.
Totzl Mamnufacturing Cozt - &6.221 min.
Profib - -21.521 mln.

Sinple Rate of Return :
Back-pay Period -

Manufacturing Value fAdced - MVA ¢ 7.942 mln.
MvVA/FCI : 0.060
MVA/EV : 0.175
PV/IFCL ¢ 0.339
Energy Convaumprbion 826.765 1J

rocews @ 70 ETHYLENE GLYCOL AND ETHYLENE OXIDE

Capacity ¢ 20000

Fixed Capital lmvestaont - FCI ¢ 171.517 mln.
PFiroduct Value - IV ¢ 115.202 mln.
Total Manutacturing Cost 126.521 mln.
Profit -11.317 mln.

Siugrle Rate of Raturn
Back- pay FPerved @

Manitacturuygy Value FAcded - MVA ¢ SL.070 mln.
MVA/FCT ¢ 0.1l
MY/ 0,270

LY TN 0.2
Cival 7 Corvunplict s . T
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Procoess ! 71 ACRYLONITRILE 8Y PROPYLENE AMMDOXIDATION

’

Capanity - xUXO
Fixed Capital leaxtacnt - FCL : 1635.371 mln.
Proaduct Values - 1% ¢ 95.765 mln.
Jobtal Manufacturina Cost 71.70C mln.
Frafit ¢ 24063 mln.
Sinple Rate of Relurn = 0.147
Gack-pay Fermad - 6.737 years
Mrufacturing V2lue Addad - MVA ¢ 59.069 min.
MASICT 0.363

| At V4 L.V Y 0.617
PG - . 0.580
tnergy Conaumption - 114.516 1J

Process @ 72 SYNIGAS (2:1) FRIM NATURAL GAS

Capacity : 3840CO0%)

Fixed Capital Imvestment —- FCI : 94_813 min.
Product Value - PV : 72.930 mln.
Total Manufactuiingy Cost ¢ 90.717 min.
orofit : -17.737 mln.

Swple Rale of kunn :
Dack-pay Paitiead ¢

tlerafacturing Vzliue Scded - MVA ¢ 7.825 mln.
MV FCI = 0.023
MVA/EY - 0.107
PV/FCI : 0.76%
Energy Consunption : 15874 .41 1J
Procezs 73 SYNIGAS (3:1) FROM NATURAL GAS

Capacity - 854000000
Fixed Capital Invesztment - FCI : 77.457 mln.
Procict Yalus - W 81.0635 mln.
Tot=zl Manufacturing Cost - 82.876 mln.
Profil : -1.313 min.
Simple Rate of Return :

Back-pay Peiriod :
Manufacturing Value Added ~ MVA 20,642 min.
MVA/FCI - 0.266
MVA/Y 0.255
MWV/FCI : 1.C47
Energy Coreumption : 14935.005 13

Procezs - 74 CARBON MONOOXIDE FROM SYNTGAS

Capacity : 273000 X)
Fixed Capital Invesiment - FCI : 4.7253 mln.
Product Value - IV @ 172,652 min,
Total Manufacturirg Coslb 13.516 min.
Profii. : -0.264 mln.
Swumole Fale of Return ¢
Cack-pay Meitiod ¢
Marwfactiring Velue (viied - MVA ¢ 1.%56 min,
MVn/FCE . 0.322

S/ VALY 0,125
m/ECT 2.505
Lreregy Corvamplicon 15.677 TJ

!

/
ot/ OXYGEN BY AIR FRACTIONATION




Capacity - 40000

Fixed Capital Investment - FCI : 19.074 mln.
Product Value - PV ¢ S.840 mln.
< Total Mawtactuiring Cost : G.259 mln.
Profit - -0.419 mln.

Simple Rate of RPeturn :
Back—-pay Period :

Marufacturing Valuoe foded - MVA 3.51'7 min.
MVA/FCI : 0.184
A/ 0.005
PV/FCl : 0.306
Ensitgy Comrampltion : 109.440 1J
Process : 76 NYLON 6 MELT PARSILON COMP.
Capacity : 18000
Fixed Capital Investment - FCI : 12.825 mln.
Procduct Valhue - PV : 29.760 min.
TJotal Manufacturing Cost : 42.072 mln.
. Profit : -12.319 mir.
P Simple Rate of Relurn :
: Back-pay Peiiod @
Manutactu-uivg Value Added - MVA -5.245 min.
MVA/FCT :
Ma/Pv
PW/FCI : 2321
Energy Concunption - 76.405 TJ
Yrocess - 77 NYLON 6 MELT ALYAF COMP.
Capacity : 1C0C0
Fixed Capital Investment - FCI : 9.216 mln.
Product Value - PV : 18.600 mln.
Total Mznufacturing Cost - 26.685 mln.
S Profil : -8.0835 min.
- Simple Rate of Return :
Back-pay Pericd :
Manufacturing Value Added ~ MVA ¢ =3.378 mln.
MVR/FCI -
\g MVA/PV
W/FCL - 2.018
Energy Concumption : 47.753 1J
Frocess - 71 POLYETYLENE THEREFTALATE POLYACRYL COMP.
Capacity : 55000
Fixexi Capital Invezmtaent - FCI : 76.324 mln.
Prouct Value - PV ¢ 1008375 win.
Total Marufacturing Cost ¢ £21.113 mln.
Profit : 19.762 mln.
Simple Rate of Return : 0.259
Back-pay Period : 3.842 years
Marnufacturing Value Added -~ MVA : 41.189 mln.
MVAICL : 0.540
MVA/PY 0.408
PV/FCT : 1.322
Energy Conzumplion 427.834 TJ

Proceess @ 77 DI-OCTYL PHTALATE IRAN NIPPON

‘ pacity 40004
Cixed Gy bal Investment. - [TCL 2 Lo lonh mln




Product Value - PV : 40.000 mln.
Total Marufacturing Cost * 335.492 mln.
Profit : 6.518 min.
Simple Rate of Return : 0.536
Back-pay Period : 1.365 years
Marufacturing Value Added - MVA - 2.358 mln.
Mva/FFCI - 1.0)7
MVY/PV - 0.30n
N/FCI : 3.291
Cnergy Concuaption : 47.752 TJ
Process @ 80 PHTALIC ANHYDRIDE IRAN NIPPON
Capacity : 22000
Fixed Capital Irnvestment - FCI : 26.149 mln.
Product Value - BV : 11.480 min.
Total Manufacturing Cost : 13.323 mln.
Profit : -1.845 mln.
Simple Rate of Return :
Back-pay Period :
Manufacturing Value Added - MVA : 3.987 mln.
MVA/FCI - 0.152
MA/PV - 0.347
WW/FCI : 0.439
Energy Consumption : -37.587 1J
Process : 82 ACRYLONITRILE ARAK
Capacity : 33000
Fixed Capital Investment - FCI : 69.8357 mln.
Product Value - PV : 35.113 mln.
Total Manufacturing Cost : 28B.651 mln.
Profit : 6.462 mln.
Simple Ratz2 of Return : 0.093
Back-pay Pericd : 10.807 years
Manufacturing Value Added - MVA : 21.294 mln.
MVA/FCI : 0.305
MVA/FV ¢ 0.606
PV/FCI : 0.503
Energy Conaumption : 41.987 TJ
Process : 83 VINYL CHLORIDE FROM ETHYLENE ARAK
Capacity 150000
Fixed Capital Invesztment - FCl1 - 41.188 mln.
Product vValue - PV : 74.250 mln.
Total Manufacturing Cost : 59.181 mln.
Profil : 15.007 mln.
Simple Rate of Return : 0.3566
Back—-pay Period : i 2.735 years
Manufacturirg Value Added -~ MVA : 28.435 mln.
MVA/FCT : 0.670
MVA/PV "0.383
PV/FCT : 1.003
Energy Consumpt.ion : 1335.300 TJ
Procezs @ 84 PVC ARAK |
Capacily ¢ 150000 |
Fixed Capmtal [nvestment - FOI ¢ 97 .26 mln. ‘
Procuct. value - PV J2.650 mln.
Total Manufacturinvg Cozt ¢ 115.740 mln. ‘




Prefit : -22.870
Sinple Rate of Return :
8ack-pay Feriod :

Manufacturing Value Added - MVA - 5.8670
MVA/FCI : 0.0¢0
MVA/PV : 0.0G3
V/FCI : 0.955
Enerdgy Consuption - 811.8¢0

Process @ 86 VINYLACETATE ARRK

Capacity : 30000
Fixed Capital Investment - FCI : 34.091
Proguct vValue - FV : 22.710
Total Manufacturing Cost - 34.695
Profit : -11.935
Simple Rate of Return -
Back-pay Period :
Marufacturing Value Added - MVA : -2.363
MVA/FCI :
”\’A/W s
PV/FCT - 0.6
Energy Concunption : 6.264
Process : 87 ACETIC ACID ARAK
Capacity : 30000
Fixed Capital Investment - FCI : 50.024
Product Value - PV : 18.674
Total Marufacturing Cost : 21.599
Profit : -2.925
Simple Rate of Return :
Back-pay Period :
Manufacturing Value Added - MVA 6.018
MVA/FCI - 0.150
MVA/PV : 0.322
PV/FCI : 0.467
Erneirgy Consuspticon : 421.678
Proceso ¢ £33 PE HD ARAK
Capacity : o000
Fixed Capital Investment — FCI : 36.607
Procduct Value - PV : 34,320
Total Manufacturirng Cost : 37.857
Frofit : -3.489
Simple Rate of Return :
Back-pay Period :
Marnufacturing Value fidded - MVA @ 6.954
MVA/FCI : 0.130
MVA/FV 0.202
PV/FCI : 0.937
Erergy Corcsumplion : 83.72
Procezs @ 89 CHLORINE ARAK
Capacily : 1O
frixed Capital Inverstient. - FCL o Y8283
Mroduct Value - W o S50
qu.al Marufactui-imy Cont AB £
Pirofit ¢ =162

Swple Rale ot Roelern

mln.

1J

mln.
mln.
min.
mln.

min.

TJ

mln.
mln.
mln.
mln.

min.

TJ

min.
mln.
mlin.
mln.

mln.

T

mln.,
min.
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Back-pay Period -
Mariifacluring Value Added - MVA : 5.521 min.
MVA/FCL : 0.056 :
. MA/IN - 0.1
W/ECT : 0.327
Energy Consumption - 813.9210 TJ
Yrocess <O FE LD ARRK
apacity - <0000
Fixed Capital Investinent — FCI : 34.328 mln.
Product Value - vV : 42.220 min.
Total Manufacturins Cost : 36.705 min.
Profit : S5.515 min.
Sinple Rate of Return : 0.161
Back-pay Period : &6.225 years
Marwufacturing Value Added - MVA - 15.388 mln.
MVA/FCT - 0.448
Mva/PV 0.364
: MW/FCL : 1.230
; . Energy Consumption : 65.270 1J
Process - 21 POLYPROPYLENE ARAK
apacity - S0000
Fixed Czpital Investment - FCI : 33.697 mln.
Product Value - PV : 32.361 min.
Total Manufacturing Cost : 25.814 mlp.
Profit : 6.547 mln.
Sinple Rate of Return : 0.1794
Back—pay Pericd : 5.147 vyears
Marnufacturing Value Added - MVA : 15.074 mln.
MVA/FCL - 0.447
MVA/V U.466
PV/FCI : 0.960
Enargy Corcumption : 112.305 TJ
» Process : 92 BUTADIENE ARAK
Capacity : 26K
Fixed Capital Inwesbment ~ FCI : 12.717 min.
Product Value - BV ¢ - 11.0831 min.
Total Mamufacturing Co=zt : 13.567 mln.
Profit : -2.485 mln.
Simple Rate of Return :
Back-pay Period :
Marfaciuring Value Added - MVA 1.193 n.
N MVA/ICT ¢ 0.073
- MvA/PY : 0.107
PV/FCI - 0.871
Energy Corcaumption 197.07% TJ
Process @ 93 POLYBUTADIENE ARAK
Capacity 25X0
FMixed Cupital Investment - IFCT : 74.074 mln.
Product Valus - PV 13.000 mln.
\ Tolal Massfoactur vt Coel s 32.04% min.
Mofsl 10905 mlrs.
Sumgle Kale of ketuin 0.148
Rack-pay Peraod : 0. 762 years,
Markifacturing Value died - MVA 26:.772 min.




Process : 94 ETHYLENE ARRK

Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Manufacturing Cost :

Profit :

Simple Rate of Return :

Back-pay Period :

Marufacturing Value Added — MVA :
MVA/FCI :

MVAa/ PV
PV/FCI
Energy Corsunption :

Process : 95 DMT ISFEHAN

Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Manufacturing Cost :

Profit :

Simple Rate of Return :

Back-pay Period :

Marufacturing Value Added - MVA :
MVA/FCI :

MVA/EY
PV/FCI
Energy Consumption :

Process @ 6 BTX ISFEHAN

Capacity :

Fixed Capital Inveztment - FCI :
Product Value - PV ¢

Total Marnufactui-ing Cost :
Profit :

Ginple Rate of Return :

Back-pay Pericd :

Manufacturing Value Added - MVA :
MVA/FCI :

MVA/PV
PV/FCI
Crergy Consumption

e

Process @ 97 P-XYLEN ISFEHAN

Capacity -

Fixed Capital lnvestment - FC1 ¢
Procuct value -~ IV @

Total Manufacturing Cozt :
Profif :

Simple Rate of Return :

Back-pay Period :

Marufacturirg Value Added - MVA :
MVA/IFCT ¢

MVA/FY

0.361
0.623
0.581
529.325

240000
350.805

- 145.565
153.153
~7.588

66.853
0.191
0.459
0.415

=3575.273

65000
111.134
38.740
56.713
-17.973

:

24.725
55.0J0
57.427
~4.423

6.214
0.251
0.113
2.224
983.875

44000
28.5061
20.1%0
29.201
~3.010

4.923
0.172
0.128

T3

mln.
mln.
mln.
mln.

mln.

TJ

min.
mln.
mln.
mln.

mln.

TJ

mln.
mln.
mln.
min.

mln.

TJ

min.
min.
mln.
min.

mln.



PV/FCI : 0.917
Enerrgy Cohaurption : 1110.296 1J




Appendix : A 2. Results of experiments

EXP.; NO
POA : HTO — HIGH TONNAGE ORGANICS

-

Fixed Capital Investment - FCI : 2693.117 oln.3 ( 24035.906 )
Domestic Investment : 807.936 mln.L.C.

P Net. Income - NI = 111.224 mln.L.C.
NIL/FCL : 0.041 ( 24.2 years )
PDA Import : £9.223 aln.$
Marufact. Value Added - MVA : 642.215 min.L.C.
MVA/FCI : 0.238

Production fofit : 163.381 min.L.C.

~ Simple Rate of Retuinp : 0.0¢1 ( 16.5 years )
Production Imgort : 37.067 min.%

Manufact. Value Added — MVA : 694.37)1 mln.L.C.
MVA/FCI - 0.258
MVA/Value of Production : 0.593

Hport : 0.000 min.%

Pomestic Purchase : 352.100 mln.L...

Domestic Sale : 1171.530 min.L.C.

Energy Consumption : 17424 .300 TJ

R 2 Direct Labour : 1390 men
j
/
»




EXP_; N1
FDA : HTO - HIGH TONNAGE ORGANICS

Fixed Capital Investment - FCI 16425375 min.d  ( 1500.000 )

Domestic Investment : 492.712 min.L.C.
PDA Net Income - NI : -22.777 mln.L.C.
NI/FCI :
PDA l1mport : 362.231 mln.3
Marufact. Value Added - MVA : 352.171 mln.L.C.
MVA/FCI : 0.214
Production Profit : 274.473 mln.L.C.
Simple Rate of Return : 0.167 ( 6.0 years )
Production Import : 57.982 mln.$
Marufact. Value Added - MVA : 656.421 min.L.C.
MVA/FCI : 0.400
MvA/vValue of Production : 0.661
Eport : 0.000 u:ln.$
Domestic Purchase : 216.456 min.L.C.
Domestic Sale : 992.448 mln.L.C.
Energy Consumption - 10862.860 TJ

Direct Labour : 742 men
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EXP.; N2
DA @ HIO - HIGH TONNAGE ORGANICS
Fued Capirtal lmvestaent - FCL = 1341.357 mln.3 ( 1650.000 )
Domestic Inestment : 552.408 mln.L.C.
90A N2t lncome — NI : 2.487 min.L.C.
NI/FCI : 0.005 ( 194.0 years )
PDA Iapoit : 295664 min.$
Menufact. Value Added - MVA ¢ 411.808 mln.L.C.
MV/FCI : 0.224
Production Profit : 245.935 mln.L.C.
Simple Rate of Rebwrn : 0.154 ( 7.5 years )
Froduction Impoit : 60.218 mln.$
Marufact. Value Added - MR 648.254 mln.L..C.
MVA/FCI : 0.352
MVA/Value of Production : 0.641
Bport : 0.000 mIn.$
Domestic Purchase : 233.540 min.L.C.
Domestic Sale - 1011.063 mln.L.C.
Energy Consumption : 11730.970 TJ

Direct Labour : 857 men




EXP.; N3
o0A : HTO - HIGH TONNAGE ORGANICS
. Fixaeg Capital lnvestaent - FCL - 27331313 min.d ( 18G0.000 )
Domestic Investment : 6&07.249 mln.L.C.
PO Net Income — NL ¢ 35.543 mln.L.C.
NI/FCI : 0.018 ¢ 57.1 years )
PDA Import : 252.544 mln.3
: Manufact. Value Added - MVA ¢ 461 .414 mlin.L.C.
~ MVA/FCI : 0.227
- Production Profit : 230.940 mln.L.C.
Sumple Rate of Return : 0.114 ( 8.8 years )
Production Import : 57.152 =ln.$
Marnufact. Value Added - PMVA : 656606 mln.L.C.
HV/FCI - 0.323
MVA/Value of Production : 0.631
Byort : 0.000 mln.$ -
bDomestic Purchase - 251.276 mln.L.C.
Comestic Sale - 1041 .390 mln.L.C.
Energy Coimumption : 12511.130 TJ
. Direct Labour : 1011 men
!
,’ -
!




EXP.; N&
DA : HID - HIGH TONNAGE ORGANICS
Fued Capital Investment - FCI : 2175.961 mln.$3 ( 1950.000 )
Domestic Investaent : 652.188 min.L..C.
P Net Income - NI : S8.219 mln.L.C.
NI/FCI ¢ 0.027 ( 357.3 years )
PDA Ispoit : 192.470 mln.3%
Manufact. Value Added - MVA : 511.454 mln.L.C.
MVA/FCI - 0.255
Production Profit : 225.845 mln.L.C.
Simple Rate of Retun : 0.104 { 9.6 years )
Production Isport : 31.843 mln.$
Marufact. Value Added — MVA ¢ &679.080 min.L.C.
MVA/FCI : 0.312
Mva/vValue of Production - 0.636
Beort : 0.000 min.3$
Domestic Purchase : 275.573 mln.L.C.
. Domestic Sale : 1068.020 mln.L.C.
Energy Conaumption : 13555.790 TJ

Direct Labour : 1095 men




£EXP.; N5
PDA @ HIO — HIGH TONNAGE ORGANICS

|
’ Fixegd Capital Investment - FC1 : 23538.992 aln.3 ( 2100.000 )

Domestic Investment : 701.578 mln.L..C.

P08 Net Income - NI : 78.767 mln.L.C.
NI/FCI : 0.034 ( 29.7 years )
DA Import - 160.142 mln.3
Manufact. Value Added - MVA : 553.012 mln.L.C.
MVA/FCI : 0.23

Production Profit : 204.275 ndln.L.C.
Simple Rate of Return : 0.087 { 11.4 years )
Production Import : 34.634 mln.3
Marufact. Value Added - MVA = 695.521 mln.L.C.
MVA/FCI : 0.292
MvA/vValue of Production : 0.617

Bport : ' 0.000 min.$

Domestic Purchase : 301.155 mln.L.C.

Dome<stic Sale : 1107.007 mln.L.C.

, Energy Concumption : 14523.470 1J
o Direct Labour : 1187 men
\d ~




n

EXP.; N6
PDA : HIO — HIGH TONNAGE ORGANICS
Fixed Capital Investment - FCI : 2497.84 mln.$ ( 2250.000 ;
Domestic Investment : 749.368 mln.L.C.
P0A Net Income - NI : 97.776 min.L.C.
NI/FCI - 0.039 ( 25.5 years )
POA Import : 140.291 mln.$
l'hrllfact’, value Added - MVA : 605.700 mln.L.C.
MVA/FCI = 0.242
Production Profit : 201.368 mln.L.C.
Simple Rate of Return : 0.081 ( 12.4 years )
Production Import : 36.697 mln.$
Marufact. Value Added - MVA : 7072.292 mln.L.C.
MVA/FCIL - 0.284
MvA/Value of Prcduction : 0.611
Export : 0.000 min.$
Domestic Puichase : 321.816 mln.L.C.
Domestic Sale : 1161.478 mln.L.C.
Energy Consumption : 15176.420 TJ

Direct Labour : 12539 men




£EXP.; PO
PDA : HTO - HIGH TONNAGE ORGANICS

Fixed Capital Invectment - FCI ¢
Domestic Invesiment :

208 Net Income - NI :
NLI/FCI -
PDA Impext
Manufagt. Value Added - HVAR
HVA/FCL -

Production Profit :
Simple Rate of Return :
Production Imsort :
Marufact. Valuve Added - VA
MVA/FCI -
MVA/Value of Proauction :

Export :

Domestic Purchase :

Domestic Sale :

Energy Cormsumption :

Direct Labour :

S734. 206 mln.$ (
1120.262 mln.L.C.
176.727 mln.L.C.
0.053 (
137.630 mln.$
9972.737 mln.L.C.
0.265
281 .047 mln.L.C.
G.075 (
55.362 mln.$
1084 .05S aln.L.C.
0.2790
0.612
0.000 min.%
4791.498 mln.L.C.
1770.948 mln.L.C.

24600.67%0 TJ

1613 men

3661.287 )

12.0 years )
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EXP.; P
PDA : HTO — HIGH TONNAGE ORGANICS
Fixed Capital Investment - FCI : 2341.76¢8 min.$ ( 2250.000 )
Domestic Investment : 702.530 mln.L.C.
PDA Net Income - NI : -6.149 mln.L.C.
NI/FCI :/
PDA Import : 605.753 mln.$
Marufact. Value Added — MVA © S63.773 mln.L.C.
MVA/FCI : 0.241
Production Profit : ’ $18.065 mln.L.C.
Simple Rate of Return : 0.221 ( 4.5 years )
Production Import : 81.539 mln.$
Marufact. Value Added — MVA : 1087.936 min.L.C.
MVA/FCI : 0.465
Mva/Value of Production : 0.692
Export : 0.000 mln.$
Domestic Purchase : 315.097 mln.L.C.
Domestic Sale : 1572.439 min.L.C.
Energy Consumption : 13430.620 TJ

Direct Labour : 925 men




EXP.; P2
PDA : HIO - HIGH TONNAGE ORGANICS

Fixed Capital lnvestment - FUI ¢
Y wstic lnvestment :

PN Income — NI :
M., CI o
PDA Import :
Manufact. Value Added - MVA
MVA/FCI :

Production Frofit -
Siumple Rate of Return :
Production Import :
Marufact. Value Addad - MVA
Mva/FCl :
MVA/Value of Production :

Eoort -

Domestic Purchase :

Domestic Sale :

Energy Coi=umplion :

Direct Labour :

2525.2756
757.571
25.893
0.0l10
534.085
614.928
0.244
476.946
0.189
85.052
1065.981
0.422
0.679
0.000
326.291

1570.001

14330.180

1056

mln.% (
mln.L.C.
mln.L.C.
(
min.%
min.L.C.

min.L.C.
(

mln.b

mln.L.C.

min.3
min.L.C.
min.L.C.
TJ

men

2400.000 )

97.5 years )
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£xp.; P3
PDA : HIO - HIGH TONNAGE ORGANICS
Fixed Capital Investment - FCI : 2665.832 min.$  (
Damestic Investment : 793.752 min.L.C.
POA iNeL Income ~ NI : 55.271 mln.L.C.
~ NIfFCI :. 0.021 (
PDA I-ap:,‘rt. : 479.146 min.%
Manufagt. Value Added - MVA : 670.601 mln.L.C.
MVA/FCY - 0.252
Production Profit : : 451.791 min.L.C.
Simple Rate of Return : 0.169 (
Production Import : 102.627 mln.%
Manufact. vValue Acded ~ MVA : 1067.121 mln.L.C.
MVA/FCL : 0.400
MVA/Value of Production : 0.665
Export : 0.000 mln.$
Domestic Purchase : 340.575 mln.L.C.
Domestic Sale : 1610.292 mln.L.C.
Eneirgy Consumption : 15173.400 1J

Direct Labour : 1053 men

2550.000 )

48.2 years )

5.9 years )




EXP.; P4
f0a @ HIO - HIGH TONNAGE ORGANICS

Fixed Capital Imestment - FCI

Domestic Investment :

D& Net Income - NI :
N1/FCI :

PDA Import :
Marnufact. Value Added -
MVA/FCI -

Production Profit :
Simple Rate of Return
Production Import :
Marufact. Value Added -
MVA/FCI :

MVA/Value of Production

Bbwort :

pomestic Purchase :

Domestic Sale :

Eneirgy Consumption :

Direct Labour -

MvA

2828.218 mIn.$  (
848.465 min.L.C.
61.059 mln.L.C.
0.029 (
45).749 aln.$
: - 720.562 mln.L_C.
0.255
454 .4496 mln.L.C.
0.161 (
77.343 mln.$
: 1093.969 mln.L.C.
0.387
U.669
0.000 mln.%
357.601 mln.L.C.
1634.971 mln.L.C.
16251 .00 TJ
1206 men

2700.000 )

34.9 years )

6.2 vears )




EXP.; P5
50N @ HTO - HIGH TONNAGE ORGANICS

Fixed Capital Investiment - FCL : 2M6.167 mln.d  ( 2850.000 )
Domestic Investment 875.850 mln.L.C.
P Nek Income - NI : 103.651 mln.L.C.
NI/FCI - 0.035 ( 28.8 years )
PO laport : 335.988 min.$
Marufact. Value Added - MVA - 769.176 mln.L.C.
MVA/FCI : 0.258
Procduction Profit : 450.053 mln.L.C.
Sunple Rate of Retuin : 0.151 ( 6.6 years )
Production Import : 49.586 mln.3
Marufact. Value Added - MvA : 1115.578 mln.L.C.
MVA/FCI : 0.374
MVA/Value of Production : 0.674
Export : 0.000 mln.%
Domestic Purchase : 377.855 min.L.C.
N Domestic Sale : 1654.999 mln.L.C.
- Energy Coisumption : 17323.460 TJ

. Pirect Labour : 1297 men




EXP.; °6
PR @ HTO — HIGH TONNAGE ORGANICS

A Fixed Caprtal Investment - FCf :  5127.41S mIn.3 (  3000.000 )
Domestic Investment : 933.225 mln.L.C.
DA Net Income — NI : 125.0&6% mln.L.C.
NI/FCI : 0.040 ( 25.0 years )
" PDA Limport : ’ 340.078 mln.3
Marufact. Value Added - MVA : 814.338 min.L.C.
MVA/FCL : 0.260
Production Profit : 418_525 mln.L.C.
Simple Rate of Relbuirn : 0.134 ( 7.5 years )
Production Import : 46.844 mln.3
Marufact. Value Added - MvA - 1107.573 mln.L.C.
MVA/FCT : 0.354
MVA/Value of Prodiction : 0.664
tExport : 0.000 min.3%
: Docmestic Purchase : 376.148 mln.L.C.
Domestic Sale : 1667.863 mln.L.C.
Eneray Consumption : 18564 .580 TJ
< Direct Labour : 1352 men
3




EXP.; P7
POA : HTO - HIGH TONNAGE ORGANICS

¢ Fixed Capital Investinent - +Cl : 324174 mln.$d ( 3150.000 )
Domestic lnvestnent : Q72.322 min.L.C.
50A Net Income — NI : 145.598 min.L.C.
NI/FCI : 0.045 ( 22.3 years )
PDA Inport : 24991 mln.$
Marnutact. Value fxided - MVA : 860.981 mln.L.C.
MVA/FCI - 0.266
Production Profit : S80.163 mln.L.C.
Simple Rate of Retuin : 0.117 ( 8.5 years )
Production Inpoirt : 50.425 mln.$
Manutact. Value idded - MVA - 1995.549 mln.L.C.
MVA/FCIE : 0.3538
MvAa/value of Production : 0.648
Export - 0.000 min.d
Domestic Puichase : 423.152 mln.L..C.
Denestic Sale : 1690.644 mln.L.C.
Energy Consumption : 19479.320 1TJ
. Direct Labour : 1382 men




EXP.; P8
POA : HIO - HIGH TAWNAGE ORGANICS

Fixed Capirtal Investment - FCI
Domestic Investanent :

PDA Net Incom — NI :
N1/FCI -
PR bmpai-t
Marufact. Value Added - MVA
MVYA/FCI :

Production Profit :
Sinple Rate of Retwn :
Production Import :
Manufact. Value Addegd - MVA
MVA/FCI -
MVA/Value of Production :

Egort :

bomestic Purchase :

Domestic Sale :

Ensi-gy Consumption :

Direct Labour :

3358.037 mln.$  (
1007.411 mln.L.C.
165.054 mln.L.C.
0.049 (
Z.4.080 mln.$
912.090 mln.L.C.
G.272
376.931 mln.L.C.
0.112 ( 8.9 years )
52.185 mln.$
11235.987 mln.L.C.
0.335
0.639
0.000 min.3
456.171 mln.L.C.
1758.287 mln.L.C.

3300.000 )

2.3 years ) -

20442.130 TJ

1414 men
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EXP.; P9
POA : HIO - HIGH TONNAGE ORGANICS

Fixed Capital Investment - FCI : 3552.921 mln.$ ( 3450.000 )
Domestic Irnvestment : 1059.876 mln.L.C.
A Net Income - NI : 100.695 mln.L.C.
NL/FCI : 0.051 ( 19.6 years )
POA Import : 215.055 mln.$
Manufact. Value Added - MVA : 952.047 mln.L..C.
MVA/FCI : 0.267
Production Profit : 345.045 mln.L.C.
Simple Rate of Retuirn : 0.097 ( 10.3 years )
Production Isport : S3.7053 mln. %
Harufact. Value Added - MVA : 1114.398 mln.L.C.
MVA/FCI : ' 0.31S
Mva/value of Production : . 0.627
Export : 0.000 mln.$
Domestic Purchase : 478.165 mln.L.C.
Domestic Sale : 1778.750 mln.L.C.
Energy Consausption : 22566.770 TJ

o Direct Labour : 1554 men




EXP. ; NN
FtA :  HTO - HIGH TONNAGE ORGANICS .

* Fixed Capitel Investaent — FCI : 2434 . 705 mln. ( 2191.791 )
POA Net Incone — NI @ 150.804 mln.
NI/FCI : 0.062 ( 16.1 years )
PL Japori : 135.254 mln.
Marufact. Vaiue Adsa? - MA ¢ A4 .77 alin.
va/FCI - G.265
Proauction Profit - Xr7.154 min.
Simple Rate of Reluin : 0.066 ( 11.6 years )
Prroduction Iuport - 74.583 aln.
Marufact. Value Al - VA ¢ 7035.630 mln.
MA/FCT - 0.203
ME/Nalse of Proaduction : Q.5M
Oport - 0.000 min.
Domestic Purchase - 314.756 mln.
pomcstic Sale : 1184 070 mln.
Ly Conouption - 16544.570 1J
Pirect Labou : 1131 wen
f
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Process

In operation

HALON o MELT PRSnot] CoP.

NYLON o MLT ALY Qe

PALTENLINE THERSTTALATE POLTYTACRYL COMP.
OI-OCTYL PHTALATY IRFH NIPPUN

FOALIC ANHYDRILE ITRAON NIPPFUN

Project

OXYGEN BY AIR FRACTIUNATION
BENZENE FROM TOLUERNE

MIXED XYLENES FROM NAPHIENIC FEED
CAPROLACTAM FROM CYCLOHEXANG

P-XYLENE (PRREX)

NYLON 6 MELT

FOLYETHYLENE HD (UTC)

VINYL CHLORIDE FROM ETHYLENE ARAK

PVC ARRK

POLYPROPYLENE ARRK

SUTADIEMNE ARAK

ETHYLENE ARAK

POLYOL. TRIFUNCTIONYL FOLYENER
POLYETHYLENC LLD (1X3)
POLYSTYRENE HIGH 1MPACT
D-CTHVIHDERIOL (OXD PROCESS)
CTULOEAANS BY HYDRIGENATION OF BENZENE
POLYVINYL CHLORIDE BY EMULSION POLIMER.
SIYRENE-BUTADIEIE. RUBBER BY EMUL.FOLYM.
ETHYLENE FROM WILC RANGE NWHIA MG
BUTENE--1 FROM MIB: RAFF IMAMIE

CHLORINE (MEMORANE PROCLSS)
PEROHLOROETHYLENE FROM EDC
PULYCUIADIENE

SUTAGIEMNE FROM G4 EXTRACTION
ACRYLGNITRILE BY PROPYLEMC AMMOOXIDATION
DI-OCIYLHTALAIL RN PHTALIC ANHYDRIDE
ISTBUTYLENE BY ACID EXTRACTION (CFR)
CARBON MONOOXIDE 1 RUH SYNTGAS

ACETIC ACID FROM METHANDL
STYRCHE-BUTADIEMNE. LATEX

A5 BY EMASION/MASS POLYMER'ZATION
VINYL. ACETATE FRUM L THYLENG

CTHYLEM GLYCOL MND ETHYLEN OXILE
PROPYLENE OXILE 8Y L IHHLEENZENE PRIXCESS
CONTARIN/EE LIOHD PR

PULYPROPTYLEME (AMOCD)

METHAL ETHYL. KETONC FROM MTRE RAFFINATE
El THYLEME FROM F TN —PROPANE. MIXTURE,
TRICTHANUL. AMIMG RO FO END NHG
FLITHNL LG ANIYDRIIAL ALK OX. (F O-XYLENE
FOLYETHYLENE TUREHAIALATE MELT FROM TA
HENX, (CUEN:)

VINYL GFLORIFE 13Y (500 ORINATION
POLYVINALG LORIDE B3Y QUGSPEMGION POLYMER.
POLYME THYLME THACHY /1T

HYDRUGEN FOOM BT, Y,

ML MOIVAGI DL CrerkEIYORTN PROCESS
GYNTES (5:1) FROM IIVIURAL S

OYRITGAS (2721) FTR TIRTURIL A5
WREPHITHNT I ACID i 108 127N,

14000
10000

o o | -y

22000

8%77
B7355
113276
39%e16
75417
16000
160000
150000
150000
S0000
26000
240000
38500
150000
SN000
41400
40573
20000
274839
171236
1470
124235
£000
29050
352053
52508
20000
18881
14224360
33984
15000
10000
25000
32210
30052
82012
JAD S 8
4650
58714
10000
10
5000
00
31800
10000

1 1500
| 40043720
| 5K
| DNARIGT0
| D314 7400
1281 7T
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EXP. ; NO.
Problem title: HTO — HIGH TONNAGE ORGANICS

Maximize:

Fractional Optimization

PDA Yearly Profit

Scenario:

2000. <«
8000. <

25000.
35000.
5.00E+03
1420.
48000 .
4.00E+02
1.50E+04

AANAAANAAANANNAN

9.00E+02
42000.
8u00. <

10500. <

160000.
50000.
0.
1500.

ANAAN

0' (
0. <

2000. <
5.00E+03 <
8000. <
25000, <

5.00E+03 <

Investment

Investment

ACETIC ACID

ACETONE
ACRYLONITRILE-BUTADIENE-STYRENE (ABS )
ACRYLONITRILE

BENZENE

BUTANOL~N

CARBON TETRACHLORIDE
DI-OCTYL, PHTHALATE(DOP)
DIETHANOLAMINE
ETHYLENE GLYOOL
ETHYLENE OXIDE
ISOBUTANOL

ISOPROPANOL

METHANOL

METHYL ETHYL KETONE
METHYL METHACRYLATE

< MONOETHANOLAMINE

NYLON 6 MELT

PHENOL

PHTHALIC ANHYDRIDE
POLYBUTADIENE

POLYETHYLENE TEREPHTHALATE MELT
POLYETHYLENE, HI DENSITY (POWDERD)
POLYETHYLENE, LINEAR LD
POLYETHYLENE, LO DENSITY
POLYMETHYLMETHACRYLATE SHEET
POLYOL, TRIFUNCTIONAL POLYETHER
POLYPROPYLENE

POLYSTYRENE, IMPACT MODIFIED
POLYVINYL CHLORIDE DISPERSION
POLYVINYL CHLORIDE

PROPYLENE OXIDE

PROPYLENE

STYRENE-BUTADIENE RUBBER
STYRENE

TOLUENE

TRICHLOROETHYLENE

TRIETHANOI AMINE

VINYL, AC" "ATE

STYRENE-BUTADIENE LATEX

BUTYL. RUBBER

PIRCHBUOROETHYLENE
ACRYLONITRILE ARAK

VINYL, CHLORIDE FROM ETHYLENE ARAK
PVC ARAK

VINYLACETATE ARAK

ACETIC ACID ARAK

PE HD ARAK

CHLORINE ARAK

PE LID ARAK
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15000.
1850.
1000.

47000.
4650.
2000.

:

50000.
10000.
10000.
25000.
60000.
240000.
150000.
150000.
3000.
38500.
62000,
50000.
20000.
160000.
9500.
5000.
$0000.
10000,
40000,
none
10000.
30000,
15000.
none
8000.
33000.
150000.
150000.
30000,
30000.
60000,
100000,
60000.

mil.$
mil.$
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POLYFROPYLENE ARAR
BUTADIENE ARAR
POLYBUTADTENE ARAK

v ETHYLENE ARAR
DMT ISFEHAN 65000. (100.0%
BTX 1SFEHAN 85000. (100.0X

TR TR TN I T |
X
=

P-\YLEN ISFEHAN

P22 2222222222t R PR PR PRSPPI NP I2222278 2339323333320 3424222 7]

GLOBAL RESULTS

~ PDA Yearly Profit 111. mil.$
- » PDA Value Added 648. mil.$
Investment 2404, mil.s
Energy Consumption 8518. TJ
Yearly Import 89. mil.$
Energy Input 17424. TJ
Yearly Domestic Purchase 339. mil.s
Yearly Domestic Sale 1172. mil.$
SALE
ACETIC ACID 16000, T
ACETONE 5900. T
ACRYLONITRILE-BUTADIFNE-STYRENE( ABS) 10000. T
ACRYLONI'IRILE 50000. T
AMMONIUM SULFATE 85929, T
+ BENZENE 35000. T
BTX RAFFINATE 147870. T
BUTANOL-N ] 5000. T
C9 AROMATICS CRUDE 26801. T
CARBON DIOXIDE 31227. T
CARBON TEIRACHLORIDE 1420, T
CAUSTIC SODA 134918. T
D1-OCTYL PHTHALATE(DOP) 60000, T
DIETHANOLAMINE 700. T
DIETHYLENE GLYCOL, 3318. T
DIMEETHYL TEREPHTHUALATE 4940, T
ETHYLENE GLYCOL 15000. T
ETHYLENE OXIDE 15000. T
FUEL GAS 364603100, T-cal
FUEL OIL 33937. T
GASOLINE 7623, T
HCL ACID (AS 20 BE) 7320, T
HEAVY ENDS CREDIT 896. T
HEAVY END 316. T
HYDROGEN CYANIDE 4512, 7
v HYDROGEN-RICH GAS 419231300, T=-cal
[SOBITFANOL, 1850, 7T
[SOBUTYLENE 17579, T
1SOPIROPANOL 1000, T

LIGHT ENDS 317, T ‘
MIETHANOL, 47000. T ‘



METHYL ETHYL RETONE

METHYL METHACRYLATE

MIXED BUTYLENES(BUTADIENE RAFFINATE)
BMONUETHANOLAM ENE

NITRIC ACID{DILUTE)

NYLON 6 MELT

PHENOL

PHTHALIC ANHYDRIDE
POLYBUTADIENE

POLYETHYLENE TEREPHTHALATE MELT
POLYETHYLENE, HI DENSITY (POWDERD)
POLYETHYLENE, LINEAR LD
POLYMETHYLMETHACRYLATE SHEET
FOLYOL, TRIFUNCTIONAL POLYETHER
POLYPROPYLENE

POLYSTYRENE, IMPACT MODIFILD
POLYVINYL CHLORIDE DISPERSION
POLYVINYL CHLORIDE

PROPYLENE OX1DE IN SOLUTION({IMPURE)
PROPYLENE OXIDE

PROPYLENE, (DILUTE)

PROPYLENE

PYROLYSIS GASOLINE
STYRENE-BUTADIENE RUBBER
STYRENE

SULFURIC ACID(IN 65X)

TALL GAS

TOLUENE

TRICHLOROETHYLENE
TRIETHANOLAMINE

TRIETHYLENE GLYOOL

VINYL ACETATE

XYLENE-P

STYRENE-BUTADIENE LATEX

BUTYL RUBBER

POLIPROPYLENE ATACTIC

METHYL ACETATE

AMMONIUM BISULFATE

Cd MARYLATION FEED

PROPYLENE DICHLOR1IDE
PERCHLOROETHYLENE

PURCHASE

COOLING WATER
PROCESS WATER
STEAM

ELECIRICLTY

INERT GAS
ACETONITRILE
ACTLVATED CARBON
ADDITIVES ,N6
ALKYLBENZENE
ALUMINA

ALUMINA TRICHLORLDE
APONIA

ANTIMONY ‘TRIOXIDE
ASCORBIC ACLD
BENTONI'TE

BENZOYL PEROXLDE
BUTANOI ~N

BUIYL STEARNTE

4650.
2000.
28129.
900.
307.
42000.
8000.
10000.
25000.
60000.
160000.
150000.
1500.
38500.
62000.
50000.
20000.
160000.
493.
9500.
97.
5000.
234680.
50000.
2000.
1158.
1018253000.
40000.
5000.
10000.
870.
3ouoo.
33482.
15000.
5000.
1860.
1080.
4025.
4574.
253.
8000.

505562900,
4247476.
4207148,

935998000.

42704160,
59.
15.

420.
160.
107.
240,
61830.
i8.
2.
2272,
8'
980.
50,
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BUTYL-T CATICHOL
BUTYLLITHIUM -N
CARDON TETRACHIORIDE
CATALYST AND QUEPHCALS
CATALYST ,MI'BE
CHEMICALS

(COAGULANT

COBALTOUS OCTANOATE:
Ch-S1 CATALIST

CU-PD CATALYST

CUPRIC NITRATE

ETHANE

ETHYL ACETATE
ETHYLENE GLYCOL
FILTER ALD

FORMIC ACID (1IN 85%)
FUEL

GLYCERIN

HEXANE -N
HYDROCHLORIC ACID
HYDROGEN (IN OFF-GAS)
HYDROGEN PEROXIDE
JON-EXCHANGE RESIN
ISOBUTANE

ISOBUTANOI .

LIME

MAGNESIUM SILICATE
MANGANOUS OCATNOATE
MEMBRANE

METHANE

METHANOL

PRIA-EHA COPOLYMER
MOLYBDENUM POWDER
MONOETHANOLAMINE
NAPHTHA ,WIDE RANGE
NAPHTHA HEARTCUT (NAPHIHENIC)
NAPHTHENIC ACID
NATURAL GAS

NYLON (WASTI)
OCTANE-N

. OCTANOIC ACID

OL.UM

OXALIC ACID

PALMITIC ACID

PD ON ALUMINUM CATALIST
PHOSPHORIC ACID (INDUSTRIAL GRADE)
PHOSPHORIC ACID CATALYST
POTASSTUM CARBONATE
POTASS UM HYDROXIDI
POTASS IUM PERSULFATE
PROPANE
RHODIUM-HALIDE CATALIST
ROCK SALY

SALT

SOAP

SODIUM CARBONATE
SODJUM CHIORIDE
SODIUM LAURATE

SODIUM PYROPIKOGIIATE
SOYBEAN OIL
STABILIZER, SBR
STYRENE~IRITADIFNE RUBBER
SULFOLANE

SULFURIC ACID

SULFUR

TLTANIUM DIONIDE

5.

14.
1420.
11213840.
2.
3952571.
3.

118.
780000.
11865000.
- 1.
71905.
165.
4354.
15400.
21.
365815200.
1194.
877.
12117.
32537520.
2.
6882, .
129€.
1411.
3174.
578.
125.
20717110,
937.
56577.
10.

1.

600.
618196.
1674717.
59.
826885800.
2730,
30.

335.
54150.
26,

147.
17207.
10.

19.

99,

894.

5.
43913.
953.

16.
301633,
3006 .
4282,
8694,
147.

11,

50.

316.
21744,
30.
19217.
4109,
252'
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TRICHUOROETHYLENE
TRIPHENYLMETHANE

WATER DEJONIZED

ZINC ACETATE

STABILIZER

BUTYL RUBBER

WASTE RECOVERY CHEMICALS
HRMC

DiIPC

AIR

NAPHTHA LIGIT

BTX REFORMATE (HIGHLY NAPHT.)

PROCESSES

ELTHYLENE FROM ETHANE-PROPANE MINTURE
ETHYLENE FROM WIDE RANGE NAPHTA MS -
BENZENE FROM PYROLYSIS GASOLINE
MEIXED XYLENES FROM NAPHTENIC FEED
BENZENE FROM TOLUENE
P-XYLENE (PAREX)
BUTADIENE FROM C4 EXTRACTION
METHYL METHACRYLATE CYANOHYDRIN PROCESS
ISOBUTYLENE BY ACID EXTRACTION (CFR)
D-ETHYLHFXANOL (OXO PROCESS)
PROPYLENE OXIDE BY ETHYLBENZENE PROCESS
PROPYLENE OXIDE BY CHLOROIIDRINE PROCESS
POLYOI. TRIFUNCTIONAL POLYETHER
B-1 FROM MIBE RAFFINATE
EWROPANOIL. BY CATION EXCHANGE RESIN
FOCTYLPHTALATE 1IXM PITTALIC ANIHIYDRIDE
PHIHALLC ANHYDRIDE AIR OX. OF O-XYLENE
METHYL ETHYL KETONIS FROM MIBE RAFFINATE
TRIFTHANOL, AMINE FROM EO END NH3
POLYMITTUYI MITTHACRYLATE
PERCHLOROISTHYLENE FROM EDC
HYDROGEN FROM NATURAL GAS
PHENOL  (CUMINE)
CHLORINE (MFMBRANE PROCESS)
POLYETHYLENE LLD (UCC)
POLYPROPYLENE (AMO(CO) ,
POLYVINYLCHLORIDE BY SUSPENSION POLYMER.
POLYVINYL CHBUORIDE BY FMULSION POLIMER.
VINYL CHLORIDE BY OXYCHLORINATION
ACETIC ACID FROM METHANOL
POLYSTYRENE HIGH TMPACT
ABS BY FMULSION/MASS POLYMERLIZATION
IFTHYLBENZENE LIQUID PHASE
THYLENE DICHLORIDE BY CHLORINATION
POLYETHYLENE HD (UCC)
STYRENE=BUTADIENE FTATEX
STYRENE=-BUTADIENE RUBBER BY EMUL. POLYM.
POLYBUTADJENE
NYLON 6 MELT
CAPROLACTAM FROM CYCLAONEXANE
CAPROLACTAM FROM FHENOL
CYCLOHEXANE BY HYDROGENATION OF BENZENE
CITHYLENE TEREPHTALATE MELT FROM DMT
o ENE GLYCOL AND FTHYLENE OX1IDE
S0 VERITLE BY PROPYLENE. AMMOOX IDATION
SYNiuse (200) FINM NATURAL GAS
SYNIGAS (3:1) FROM NATURAL, GAS

1000. T-
11. T
232189. T
24. T
305. T
5000. T
260. T
181. T
45. T
503537. 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. T
20000, T
11400.
4650.
10000.
1500.
8000.
65168630.
13642,
24129,
90000.
12000.
10000.
20000.
31800.
7204.
50000.
10000.
82z11.
6552.
100000.
15000.
28256.
4050.
16000.
33684.
6132.
35044.
5000.
32210.
19508,
53447400,
12284150,



CARBON MONOOXIDE FROM SYNTGAS 3033123. m3

OXYGEN BY AIR FRACTIONATION 100707. T

NYION 6 MELT PARSTIAN (COMP. 16000. T

» NYLON 6 MELYT ALYAF COMP. ' I0000. T
POLYETYLENE THEREFTALATE POLYACRYL OOMP. 55000. T

' DI-OCTYl. PHTAIATE IRAN NIPPON 40000. T
PHTALIC ANHYDRIDE IRAN NIPPON 22000. T

AURYLONTTRILE ARAK ° 33000. T

VINYlL, CHLORIDE FROM ETHYLENE ARAR 150000. T

PVC ARAK 150000. T

VINYLACETATE ARAR 30000. T

ACETIC ACID ARAK 30000. T

PE HD ARAK 60000. T

CHLORINE ARAR 100000. T

PE LLD ARAKR 60000. T

FOLYPROI'Y LENE  ARAR 50000. T

BUTADIENE :RAK 26000. T

POLYBUTADIENE ARAK 25000. T

ETHYLENE ARAR 240000. T

DMT ISFEHAN 65000. T

: BTX ISFEEAN 85600. T
4 P-XYLEN ISFEHAN ) 44000. T

L2222 2822222 P2 22222222222 2202238222222 2222383228
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Problem title: HIO - HIGH TONNAGE ORGANICS

Maximize:

Fractional Optimization

PDA Net Income

Scenario:

12000. <

85000.
62500.
15000.

7000.
65000.

AANAAAN

20000. <

70000. <

3000. <

50000. <
15000,

18000.
82000.
240000.
200000.
0.

AANAAAN

70000, <
220000. <
0. ¢

0. ¢
10000, <

10000, <
42000, <

Investment

ACETIC ACID

ACETONE

ACRYLONITRI LE-BUTADI ENE-STYRENE(ABS)
ACRYLONITRILE

BENZENE

BUTANOL-N

CARBON TETRACHLORIDE
DI-OCTYL PHTHALATE(DOP)
D1ETHANOLAMINE
ETHYLENE GLYCOL
ETHYLENE OX1DE
ISOBUTANCL

ISOP;UPANCL

METHANOL _

METHYL ETHYI, KETONE
METHYL METHACRYLATE
MONOETHANOLAMINE

NYLON 6 MELT

< PHENOL,

PHTHALIC ANHYDRIDE
POLYBUTADIENE

POLYETHVLENE TEREPITTHALATE MELT
POLYETUYLENE, HI DENSITY (POWDERD)
POLYETHYLENE, LINEAR 1D
FOLYETHYLENE, 1O DENSITY
POLYMIETHYLMEETHACRYLATE  SHEET
POLYOL, ‘IRTFUNCTIONAL POLYETHER
POLY PROPYLENE

POLYSTYRENE, IMPACT MODIFIED
POLYVINYL, CHLORIDE DISPERSION
POLYVINYL CHLORIDE

PROPYLENE OXIDE

PROPYLeNE

STYRENZ-BUTADIENE RUBBER
STYRENE

TOLUENE

TRICHLOROTHY LENE
TRIFTHANOLAMINE

VINYL, ACEFATE

STYRENE-BUTADIENE LATEX

BUTY], RUBBER

PERCHLOROETTHYLENFE,

ACRYTONUTRTLE. ARAK

VINYL CHUORIDE FROM ETHYLENE ARAK
MV ARAK

VINYIACETAVE ARAR

ACETTC ACTD AIAK

PE 1D ARAK

CHLORINE ARAK

PE LLD ARAR

POLYPROPYLENE ARAR

ww i nurtunAaantANAAANL AN NN AAAAANLAARIATLAT N NATAAAAAINLA

24000.
8500.
15000.
100000.
80000.
22500.
11000.
75000.
600.
25000.
22500.
2600.
2000.
75000.
7000.
4000.
1300.
70000.
20000.
15000.
30000.
106000.
330000.
250000.
250000.
6000.
65000.
85000.
80000.
30000.
260000.
9500.
10000.
80000.
15000.
60000.
7500.
18000.
480G ).
25C 9.
10000,
12000,
33000,
150000.
150000,
30000,
30000.
60000.
100000.
60000.
50000.

-

(100.0%)
(100.0%)
(100.0%)
(100.0%)
( 78.1%)
( 66.7%)
( 62.6%)
(100.0%)
(100.0%)
( 80.0%)
(100.0%)
(100.0%)
(100.0%)
( 93.3%)
(100.0%)
(100.0%)
(100.0%)
( 71.4%)
( 75.0%)
(100.0%)
(100.0%)
(100.0%)
( 72.7%)
(100.0%)
( 0.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
( 84.6%)
(100.0%)
(100.0%)
(100.0%)
( 66.7%)
(100.0%)
(100.0%)
( 55.6%)
( 87.5%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.0%)
(100.,0%)
(100.0%)
(100.0%)




N BUTADIENE ARAK = 26000. (100.0X) T
FOLYBUTADIENE ARAR = 25000. (100.0X) T
ETHYLENE ARAK = 240000. (100.0X) T

® DMT ISFEHAN = 65000. (100.0%X) T
BTX [ISFEHAN = 85000. (100.0%) T
P-XYLEN ISFEHAN =  44000. (100.0%X) T
1343233323733 33322222 P TP 2232223203022 20 0223222330882 02
GCLOBAL RESULTS
PDA Net Income 197. mil.$
PDA Value Added 997. mil.$
Investment 3661. mil.s$
Energy Consumption 11622. TJ
Yearly Import 140. mil.$
Energy Input 24601. TJ
Yearly Domestic Purchase 491. mil.s
Yearly Domestic Sale 1771. mil.$
SALE
ACETIC ACID 21000, T
ACETONE 8500. T
ACRYLONITRILE-BUTADIENE-STYRENE(ABS) 15000. T
ACRYLONITRILE 100000. T
AMMONIUM SULFATE 112336. T
BENZENE 62500. T
BIX RAFFINATE 176443. T
BUTANOL-N 15000. T
C9 AROMATICS CRUDE 31249, T
CARBON DIOXIDE 41070. T
CARBON TETRACHLORIDE 7000. T
CAUSTIC SODA 183989, T
DI-OCTYL PHTHALATE({DOP) 75000, T
DIETHANOLAMINE 600. T
DIETHYLENE GLYCOL 4363. T
ETHYLENE GLYCOL 20000. T
ICVHYLENE ONIDE 22500, T
FUEL GAS 490038800. '-cal
FUEKL OIL 46460, T
GASOLINE 10496, 7T
HCL ACID (AS 20 BIE) 10930, °F
HEAVY ENDS CREDIT 1656. T
HEAVY END 475. T
HYDROGEN CYANIDIE 7943. T
HYDROGEN=-RICH GAS 768219500, ‘T-cal
TSOBJTANGL 2600, T
ISOBUTYLENE 29120. T
[SOPROPANOL, 2000, T
LIGHT ENDS 9906. 7
MITTHANOL 70000, T
METTHYT, ETHYL KETONE 7000. T
MIZTHYL METHACRYLATE 4000, T




MONOETHANOLAMINE

NITRIC ACID(DILUTE)

NYLON 6 MELT

PHENOL

PHTHALIC ANHYDRIDE
FOLYBUTADIENE

FOLYETHYLENE TEREPHTHALATE MELT
FOLYETHYLENE, HI DENSITY (POWDERD)
POLYETHYLENE, LINEAR LD
POLYMETHYIMETHACRYLATE SHEET
POLYOL, TRIFUNCTIONAL POLYETHER
POLYPROPYLENE

POLYSTYRENE, IMPACT MODIFIED
FOLYVINYL CHLORIDE DISPERSION
POLYVINYL, CHLORIDE

PROPYLENE OXIDE IN SOLUTION( IMPURE)
PROPYLENE, OX1DE

PROPYLENE, (DILATE)

PROPYLENE

PYROLYSIS GASOLINE
STYRENE-BUTADI ENE RUBBER
STYRENE

SULFURIC ACID(IN 65%)

TAIL GAS

TOLUENE

TRICHLOROETHYLENE
TRIETHANOLAMINE

TRIETHYLENE GLYOOL

VINYI. ACETATE

XYLENE-P

STYRENE-BUTADIENE LATEX

BUTYL RUBBER

POLIPROPYLENE ATACTIC

MIENIYL ACETATE

AMMONIUM BiSULFATE

C4 ALKYLATION FEED
PERCHEOROETHYLENE,

PURCHASE

COOLING WATER
PROCESS WATER
STEAM
ELECIRICITY

INERT GAS
ACETONITRILIE
ACTIVATED CARDON
ADDITIVES ,NG
ALKYLBENZENIE
ALIMINA

ALIMINA TRICHLORIDE
APONTA

ANTIMONY TRIOXEDE
ASCORBLC ACLD
BENTONITE
BENZOYL, PEROXIDE
BUTANO!I~N

BUTYL STEARATE
BUTYL~T CATECHOI,
BUTYLLITHIUM =N
CARBON TIETRACHVAORIDE

362562.
80000.
10000.

1576.
1396032000.
60000.
7500.
10000.
1144.
42000.
42590.
25000.
10000.
2550.
1080.
11500.
6886 .
12000.

728129000.
5843658.
5894048.

1351633000,
64474710,
96.

19,

500.

160,

173.

300.
94852.
32.

3.

3124,

30.

9975,

80.

8'

18.

7000.
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I&)

CATALYST (DEHYDRO)
CATALYST AND CHEMICALS
CATALYST(AIK)
CATALYST,MIBE
CHEMICALS

COBALT ACETATE.4H20
COBALTOUS OCTANOATE
CR-S1 CATALIST
CU-PD CATALYST
CUPRIC NITRATE
ETHANE

ETHYL ACETATE
ETHYLENE GLYOOL
FILTER AID

FOIMIC ACID (1IN 85%)
FUEL

GLYCERIN

HEXANE -N
HYDIROBROMIC ACID
HYDROCHLORIC ACID
HYDROGEN (IN OFF-GAS)
HYDROGEN PEROXIDE
TON-EXCUANGE RESIN
ISOBUTANE
ISOBUTANOL
MAGNEZIUM ACEYATE.4H20
MAGNESIUM SILICATE
MANGANOUS OCATNOATE
MEMIRANE

METHANE

MISTHANOL

PRA-FHA COPCLYMER
MOLYBDENUM POWDER
MONOETHANOL AMINE
NAPIITHA ,WIDE RANGE

NAPHTHA HFEARTCUT (NAPHTHENIC)

NAPHTHENIC ACID
NATURAL GAS
NYLON (WASTE)

TANE-N
OCTANOIC ACID
OLEUM
OXALIC ACID
PALMITIC ACID
PD ON ALUMINUM CATALIST
PHOSPHORIC ACID CATALYST
POTASSIUM CARBONATE
POTASSIUM HYDROXIDE
POTASSIUM PERSULFATE
PROPANE
RHODIUM-HALIDE CATALIST
ROCK SALT
SALT
SOAP
SODIUM CARBONATE
SODIUM CHLORIDE
SODTUM HYDROGEN SULFIDE
SODIUM LAURATE '
SODIUM PYROPHCSHIATE,
SOYBEAN OIL,
STABILIZER, SUR
STYRENE-BUTADIENE RUBBER
SULFOLANE
SULFURIC ACID
SULIUR
TITANIUM DIOXIDE

1.
16569820.
1.

q.
6932160.
30.

118.
780000.
11865000.
1.
125965.
165.
15734.
26000.
32.
526745100.
2015.
1102.
394.
12657.
46845490.
1.
103600.
1296.
2051.

1.

975.
125.
28154480.
1233.
90636.
13.

1.

1043.
1293505.
336401.
96.
1154828000.
- 3250.
48.

418.
64464.
52.

185.
30025.
35.

130.
1455.

7.
76981.
3457.
24.
409918.
6011.
7015.
17383.
7'

220.

17.

80.

689.
18516.
47.
42164,
7430.
445,
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TRICHLOROETHYLENE
TRIETHANOLAMINE

TRIPHENYI METHANE

WATER DEIONIZED

ZINC ACETATE

STABILIZER

BUTYL. RUBBER

WASTE RECOVERY CIEMICALS
HPMC

DLIFC

AIR

Naphta light

BIX REFORMATE (HIGHLY NAPIT.)

PROCESSES

ELTHYLENE FROM kTHANE-PROPANE MIXTURE
ETHYLENE FROM WIIx™ RANGE NAPHTA MS
BENZENE FROM PYROLYSIS GASOLINE

MIXED XYLENES FROM NAPHTENIC FRED
BENZENE FROM TOLUENE

P-XYLENE (PAREX)

BUTADIENE FROM C4 EXTRACTION

METHYL METHACRYLATE CYANOHYDRIN PROCESS
ISOBUTVLENE BY ACID EXTRACTION (CFR)
D-ETHYLHEXANOL. (ONO PROCESS)

PROPYLENE ONIDE BY ENIYLBEN/ZENE PROCESS
POLYOL TRIFUNCTIONAL POLYETHER

BUTENE-1 FROM MTBE RAFFINATE
ISOPIROPANOL BY CATION EXCHANGE RESIN

. DT-OCTYLPHTALATE FIXYM PHTALICC ANHYDRIDE

PITTHALIC ANHYDRIDE AIR OX. OF O-XYLENE
METHYL, ETHYL. KETONE FROM MTBE RAFFINATE
TRIETHANOL: AMINE FROM FO END N3
FOLYMETHYTMIETHACRYLATE
PERCHLOROETHYLENE FROM EDC

HYDROGEN FROM NATURAL GAS

PHENOL, (CUMENE)

CHLORINE (MFMBRANE FPROCESS)
POLYETHYLENE LLD (UCC)

POLYPROPYLENE (AMOCO)

POLYVINYLCHLORIDE BY SUSPENSION POLYMER.
POLYVINYL, CHIORIDE BY EMULSION POLIMER.
VINYL CHIORIDE BY OXYCHLORINATION

VINYl, ACETATE FROM ETHYLENE

ACETIC ACID FROM METHANOL

POLYSTYRENE HIGH IMPACT

ABS BY IMULSTON/MASS POLYMERTZATION
STYRENE BY BENZENE ALKYLATION
ETHYLBENZENE LIGRITD PHASKE

EFTIVLENE DICHIARIDE BY CHLORINATION
POLYETHYLENE 8D (LX) -
STYRENE=DUTADIENE LATFN
STYRENE=IUITADIENE. RUBBER BY FMUL. POILYM.
FOLYBUTAD ) ENE

NYLON 6 MELT

CAPROLACTAM FROM CYCLOHENANE
CAPROLACTAM FROM PHENOL

CYCLOHEXANE, BY HYDIXOGENATION OF BENZENE
POLYETHYLENE, TEREPHTALATY, MELT FROM DMD
POLYETHYLENE TEREMITALATE MELT FROM TA
TEREMITTHATIC ACID FROM P-XYLENE

1429.
18.
463633.
26.
383.
10000.
34G.
249.
62.
660836.
631680.
320450.

134020.
360408.
43599.
80963.
126030.
63416.
69600.
10000.
29120.
51750,
48773.
65000.
23096.
2000.
15000.
22250.
7000.
8571.
6000.
12000.
54917230.
25202.
68691.
190000.
35000.
70000.

30000.

102500.
12000.
26129,
80000.
15000.

9167.

133102.

9828 .

180000.
25000.
61184,
11480,
24000,
J6311.
11089.
37721.

9935.
41065.
35164,
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ERRLLENSTE LLAUAR. AN BHIIILENE UnLUR WaIOL. 1
ACRYLONITRILE BY PROPYLENE AMMOONIDATION 70762. T
SENTUGAN (2:1) FROM NATURAL GAS 66809250. m3
SINTUAS (3:1) FROM NATURAL GAS 44338270. m3
CARDON MONOONIDE FROM SYNTGAS 10947720. m3
OXYGEN BY AR FRUTIONATION 132167. T
NYLON 6 MELT PAISITLON COMP. 16000. T
NYLON 6 MELT ALYAF (X2, 10000. T
FOLYETYLENE THERFEFTAMLATE POLYACRYL OOMP. 55000. T
DI-OCTYL. PHTALATE. IRAN NIPHON 10000. T
FUTALIC ANERDIRIDE [RAN NIFYON 22000. T
AURVYLONITRIIE ARAR 33000. T
VINYL CHIORIDE FIGM ETHIVLENE ARAK 150000.
VG ARAK 150000. 1
VINYLACETATE ARAK 30000.
ACETIC ACID ARAR 30000. T
PE HD ARAK 60000. T
CHLORINE ARAR 100000. T
PE LID ARAR 60000. T
POLYPROPYLENE ARAR S0000 T
BUTADIENE ARAK 26000. T
POLYBUTADIENE ARAK 25000. T
ETINLENE ARAR 240000. T
DMT ISFEIIAN 65000. T
BIN ISFEHAN 85000. T
P-XYLEN ISFEHAN 44000. T

TSI RERLA008 0808002005030 K828 8838388822288 3828832323888!
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BUTADIENE ARNK

POLYSUTADIENE ARNK

ETHVLENE ARNK
DMT ISFEHAN
ETX ISFEHN
PXOLEN ISFEHWN

GLOBAL RESULTS

DA Yearly Profit

PDA Value Added
Investaent

Energy Consumption
Yearly Isport

Energy Irnput

Yearly Domestic Purchase
Yearly Domestic Sale

SALELE

ACETIC ACID

ACRYLONITRILE-QBUTADIGN--STYRENE (ABS)

ACRYLONITRILE
BENZENE

B8TX RAFF INNTE
BUTANDL. N

C4 FRACTION

C9 AROMATICS CRUDE
CARBON DIOXIDE
CAUSTIC SODA
DI-OCTYL PHTHALATE(DOP)
DIETHANDLAMINE
DIETHYLENE GLYCOL
DIMETHYL. TEREPHTHALATE
FUEL GAS

FUEL. OIL

GASOLINC

HCL ACID (AS 20 BE)
HEAVY END '
HYDROGEN CYANIDE
HYDROGEN-RICH GAS
HYDROGEN

ISOBUTANOL
ISGBUTYLENE
JSUPROPINOL

LIGHT ENDS

METHYL ETHYL KETONE
METHYL METHACRYLATE
MONOGE THANOLAMIMNE
PHTHALIC ANHYDRILE
POLYBUTADIENC

POLYCTHYLENE TEREATTHNLATE MELT

;

130.

1667.
S5411.

>

11624.

845.

16000.
10000.
S0000.
10573.
119e70.
4020.
40672.
20400.
10162.
111511.
60000.
400.
1080.
4940.
220728100.
30751.
474,
5348.
231.
47986.
10000,
1179652,
439,
14729.
1000.
4948,
2607.
2000.
171.
73.
25000.

60000,

mil.3
mil.$
mil.$
J

mil.%
TJ

mil.$
mil.$
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POLYETHYLENE, HI DENSITY (POWDERD) 939%62. T
POLYETHYLENE, LINEAR LD 150000. T
POLYOL, TRIFUNCTIONAL. POLYETHER 38500. T
POLYPROPYLENE 50000. T
* POLYSTYRENE, IMPACT MODIFIED - 50000. T
POLYVINVL. CHLORIDE 150000. T
PROPYLENE OXIDE IN SOLUTION(IMPURE) 493. T
PROPYLENE, (DIWUTE) 6. T
PYROLYSIS GASOLINE 219385. T
SULFURIC ACID(IN 65%) 934. T
TAIL GAS 878373000. T-cal
TOLUENE 40000. T
TRICH .OROETHYLENE 292. T
TRIETHANOLAMINE S5714. T
TRIETHYLENE GLYCOL 285. T
VINYL ACETATE 30000. 7T
XNLErE-P 3303. T
POLIPROPYLENE ATACTIC 1500. T
METHVL ACETATE 1080. T
AMMONIUM BISULFATE 2300. T
C4 AL KYLATION FEED 2565. T
PROPYLENE DICHLORIDE 8. T
PERCHLORODE THYLENE 5845. T
PURCHASE
COOLING WATER 344045200. m3
PROCESS WATER 2850052. m3
STEARM 2834670. T
ELECTRICITY 697795500. khh
INERT GAS 32570060, m3
ACETONE 1358. T
ACETONITRILE 32. T
ACTIVATED CARBON 15, -7
ALUMINA 80. T
ALUMINA TRICHLORIDE 240. T
APMONIA 25208. T
ANTIMONY TRIOXIDE 8. T
BENTONITE 2130. T
BUTYL STEARATE 50. T
BUTYL-T CATECHOL 4. T
BUTYLLITHIUM -N 14, 7T
CATALYST AND CHEMICALS 8249275. %
CATALYST ,MTBE 2. 7
CHEMICALS 2892374. $
COAGULANT 1. 7
COBALTOUS OCTANC\TE 118. T
CR-5I CATALIST 780000. T
CU-PD CATALYST 11865000. CC
ETHYL. ACETATE 165. T
ETHYLENE GLYCOL 11085, 7T
FILTER AID 15400. T
FUEL 242340100. T-cal
GLYCERIN 1194. 7T
HEXANE -N 877. T
HYDROCHORIC ACID 11759. 7T
HYDROGEN (IN OFF -GAS) 14081690, m3
ION-EXCHANGE RESIN 38586. T
ISOBUTANE 1296. T
LIME 1044, 7T
MAGNESTUM SILICATE $78. T
MANGANOUS OCATNOATE 125. 7T




METHANOL

MN-EHA COPOLYMER
NAPHTHA ,WIDE RANGE
NAPHTHENIC ACID
NATURAL GAS

OCTANE N

OCTANDIC ACID

OXALIC ACID

PALMITIC ACID

PD ON ALUMINUM CATAL_IST
PHOSPHORIC ACID (INDUSTRIAL GRADE)
POTASSIUM CARBONATE
POTASSTUM HYDRCXIDE
RHODIUM-HALIDE CATAL1ST
ROCK SALT

SAT

SODIUM CARBONATE
SOYBEAN OIL

SULFOLANE

SULFURIC ACID

TITANIUM DIOXIDE
TRIPHENYLMETHANE

WATER DEIONIZED

ZINC ACETATE
STABILIZER

HPMC

DIIPC

AIR

Maphta light

BTX REFORMATE (HIGHLY NAPHT.)

PROCESSES

ETHYLEMNE FROM WIDE RANGE NAPHTA MS
BENZENE FROM TOLUENE
P-XYLENE (PAREX)

BUTADIENE FROM C4 EXTRACTION
METHYL METHACRYLATE CYANOHYDRIN PROCESS

AS0BUTYLENE BY ACID EXTRACTION (CFR)

- D-ETHYLHEXANOL. (OXO PROCESS)

" PROPYLENE OXIDE 8Y ETHYLBENZENE PROCESS
PROPYLENE OXIDE Y CHLOROHIDRINE PROCESS
POLYOL TRIFUNCTIONAL POLYETHER
BUTENE-1 FROM MTBE RAFF INATE
ISOPROPANOL. BY CATION EXCHAMGE RESIN
DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE
PHTHALIC ANHYDRIDE AIR OX. OF O-XYLENE
METHYL ETHYL. KF.TONE FROM MTBE RAFF INATE
TRIETHANOL AMINL FROM EO END NH3
PERCHLOROETHYLENE FROM EDC
POLYETHYLENE LLD (UCC)

VINYL CHLORIDE BY OXYCH_ORINATION
ACCTIC ACID FROM METHYNOL
POLYSTYRENE HIGH 1TMPVCT

ABS BY EMULSION/MASS POLYMERIZATION
ETHYLRENZENE LIGQUTD PHNGE,

ETHYLENC DICHLORIDE BY CHLORINATION
POLYETHYLEME HD (UCC)

POLYBUTADIENE

CYCLOHEXANE B3Y HYDROGENATION OF BENZENE

8974.

9.

464872.
44,
475980600.

335.
26.
147.
17207.

243000.

15206,

674.
24,
305.
170.
42,
291877.
631680.
320450.

1473,
2607 .
5714.
5845,

1500.
7120.

10000.
61114,
4787.
23962,
4050.
720.

;
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POLYETHYLENE TERCPHTALATE MELT FROM DMT
ETHYLENE GLYCOL AND ETHIYLENE OXIDE
ACRYLONITRILE 8BY PRUPYLEN:E AMMUOXIDATION
SYNTGAS (2:1) FROM NATURAL GAS

SYNTGAS (3:1) FROM NATURAL GAS

CARBON MONOOXIDE FROM SYNTGAS

OXYGEN 8Y AIR FRACTIONATION

POLYETYLENE THEREFTA_ATE POLYACRYL COMP.
DI-OCTYL PHTALATE IRAN NIPPON

PHTA_IC ANHYDRIDE IRAN NIPPON
ACRYLONITRILE ARAK

VINYL CH ORIDE FROM ETHYLENE ARAK

PVC ARAK

VINYLACETATE ARAK

ACETIC ACID ARAK

PE HD ARAK

CHLORINE ARAK

PE LLD ARAK

POLYPROPYLENE ARAK

BUTADIENE ARAK

POLYBUTADIENE ARAK

ETHYLENE ARAK

DMT ISFEHAN

BTX ISFEHAN

P-XYLEN ISFEHAN

AR AL RO AR KA AR ¢

S000.
10481.
19508.

53447400.
12141980.
23378019.
58375.
55000.
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Aroblem title: HTO — HIGH TONNAGE ORGANICS

Maximize:

Fractional Optimization

PDA Yearly Profit

Scenario:

2.10E+03

AANANANANANDNANAANAANANAANANANANAANAANAANAANAIAANAAAAAANAAAAAARN

Investment

Investment

ACETIC ACID

ACETONE
ACRYLONITRILE-BUTADIENE-STYRENE(ABS)
ACRYLONITRILE

BENZENE

BUTANOL-N

CARBON TETRACHL_ORIDE

DI-OCTYL. PHTHALATE(DOP)
DIETHANOLAMINE

ETHYLENE GLYCOL

ETHYLENE OXIDE

ISOBUTANOL

ISOPROPANOL

METHANOL

METHYL. ETHYL KETONE

METHYL METHACRYLATE
MONOETHANOLAMINE

NYLON 6 MELT

PHENOL

PHTHALIC ANHYDRIDE
POLYBUTADIENE

POLYETHYLENE TEREPHTHALATE MELT
POLYETHYLENE, HI DENSITY (POWDERD)
POLYETHYLENE, LINEAR LD
POLYETHYLENC, LO DENSITY
POLYMETHYLMETHACRYLATE SHEET
POLYOL, TRIFUNCTIONAL POLYETHER
POLYPROPYLENE

POLYSTYRENE, IMPACT MODIFIED
POLYVINYL. CHLORIDE DISPERSION
POLYVINYL CHLORIDE

PROPYLENE OXIDE

PROPYLENE

STYRENE-BUTADIENE RUBBER
STYRENE

TOLUENE

TRICHLOROCETHYLENE

TRIETHANC AMINE,

VINYL. ACETATE
STYRENE-BUTADIENE LATEX

BUTYL RUBBER

PERCHLORDE THYLENE
ACRYLONITRILE ARAK

VINYL CHLORIDE FROM CETHYLENE ARAK
VC ARAK

VIMYLACETATE NARAK

ACETIC ACID ARAK

PE HD ARAK

CHLORINE ARAK

. LLD ARAK

NAANAAANAANANANAANNAANAANAN

A
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mil.$

0.101

12000.
33000,
150000.
150000,
30000,
30000.
50000,
100000.

mil.$
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(100.0%)
(100.0%)
(100.0%)
(100.0%)
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(100.0%)
(100.0%)
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POLYPROPYLENE ARAK
BUTADIENE ARARK
POLYBUTADIENE ARAK

3 ETHYLENE ARAK
DMT ISFEHAN 65000. (100.0%
B8TX ISFEHN 85000. (100.0%

W o n

§

-~

8

.
vvvngv
| o]

P-XYLEN ISFEHAN 44000. (100.0%

AR T AR AR A AR AR AR KAk ¢

GLOBAL RE. ULTS

PDA Yearly Profit 216. mil.$
PDA Value Added 686. mil.$
Investment 2133. mil.$
Energy Consumption 6768. TJ
Yearly Import 59. mil.%
Energy Input 14642. TJ
Yearly Domestic Purchacse 295. mil.%
Yearly Domestic Sale 1125. mil.$
SALE

ACETIC ACID 24000. T
ACRYLONI TRILE-BUTADIENE-STYRENE (ABS) 15000. T
ACRYLONITRILE 6e98l. T

B8TX RAFTINATE 124512. T
BUTANOL—N 5025. T

C4 FRACTION 55342. T

C9 AROMATICS CRUDEL 23268. T
CARBON DIOXIDE 16054. T
CAUSTIC SODA 111133. 7T
DI-OCTYL PHTHALATE(DOP) 75000. T
DIETHANOLAMINE €00. T
DIETHYLENE GLYCOL 1706. 7T
FUEL GAS 271109900. T-cal
FUEL OIL 35771, T
GASULINE 6235. T

HCL ACID (AS 20 BE) 3291, T
HEAVY END 142. 7T
HYDROGEN CYANIDE 6520, T
HYDROGUN-RICH GAS 253342500, T-cal
HYDROGEN 9841475. m3
150BUTANOL 549. T
ISOBUTYLENC 19457. 7T
150PROPANOL. 2000. T
LIGHT ENDS O67. T
METHYL. ETFIYL. KETONE 72. T
METHYL METHACRYLATE 4000. T
MONOE. THAMOL/AMINE 257. T
POLYBUTADIENE JOU00. T
POLYETHYLENE TEREFHTHALATE MELT 106000. T
POLYETHYLENE, HI DENSITY (POWLLERD) o000, T
POLYETHYLENE, LINEAR LD 250000, T




POLYOL, TRIFUNCTIONAL POLYETHER
POLYPROPYLENE

POLYSTYRENE, IMPACT MODIF1ED
POLYVINYL CH_ORIDE

PROPYLENE OXIDE IN SOLUTION(IMPURE)
PROPYLENE, (DILUTE)

PYROLYSIS GASOLINE

SULFURIC. ACID(IN 65%)

TAIL GAS

TULUENE

TRICHLOROE THYLENE
TRIETHANOLAMINE

TRICTHYLENE GLYCOL

VINYL ACETATE

POLIPROPYLENE ATACTIC

METHYL ACETATE

AMMONIUN,. RISULFATE

C4 ALXYLATION FEED

PROPYLENE DICHL ORIDE
PERCHLORDETHYLENE

PURCHASE

COOLING WATER
PROCESS WATER

STEAM '
ELECTRICITY

INERT GAS

ACETONE

ACETONITRILE
ACTIVAIED CARBON
ALUMINA

ALUMINA TRICHLORIDE
ATMINIA

ANTIMONY TRIOXIDE
BENTONITE

BUTYL STEARATE
8UTYL-T CATECHDL
BUTYLLITHIUM -N
CATALYST AND CHEMICALS
CATALYST ,MIBE
CHEMICALS

COAGULANT

COBALT ACETATE.4H20
COBAL.TOUS OCTANDATE
CR-S1 CATALIST

CU-PD CATALYST
DIMETHYL TEREPHTHALATE
ETHYL ACETATE
ETHYLENE GLYCOL
FILTER AID

FUEL

GLYCERIN

FEXANE ~N
HYDROBROMIC ACID
HYDROCHLORIC ACID
HYDROGEN (1IN OFF-GAS)
ION-EXCHANGE REGIN
IS0BUTANE

LIME

MAGNEZIUM ACETATE. 4H20
MAGNES (UM SILICATE

416944600.
3473525.
3522670.

806854100,

42508780 .
2716.

40.

19.

126.

34940.
32.
2130.
80.

6.

18.
F648721.
4.
4776026.
4.

22.

118.
780000.
11865000.
10886.
165.
21537.
26000.
271480000,
2015.
1102.

11842,
16322710,
1063.
1276.
4440,

975.
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MANGANDUS OCATNDATE
MEMBRANE

METHNANE

METHANOL

MAR-EHA COPOLWMER
MOLYBDENUM POWDER
NAPHTHA ,WIDE RANGE
NAPHTHA FEARTCUT (NAPHTHENIC)
NAPHTHENIC ACID

NATURAL. GAS

OCTANE-N

OCTANOIC ACID

OXALIC ACID

PALMITIC ACIL

D ON ALUMINMM CATALIST
PHOSFHORIC ACID (INDUSTRIAL GRADE)
PHTHALIC ANHYDRIDE
POTASSIUM CARBONATE
POTASSIUM HYDROXIDE
RHODIUM-HAL IDE CATALIST
SALT

SODIUM CARBONATE
SODIUM HYDROGEN SULFIDE
SOYBEAN OIL

SULFOLANE

SULFURIC ACID

TITANIUM DIOXIDE
TRIPHENYLMETHANE

WATER DEIONIZED

ZINC ACETATE

STABILIZER

HPMC

DIIPC

AIR

Naphta light

BTX REFORMATE (RIGHLY NAPHT.)

PROCESSES

ETHYLENE FROM WILCE RANGE NAPHTA MS
MIXED XYLENES FROM NAPHTENIC FEED
BENZENE FROM TOLUENE

P-YXYLENE (PAREX)

BUTADIENE FROM C4 EXTRACTION

METHYL MCTHACRYLATE CYANDHYDRIN PROCESS
ISOOUTYLENE 8Y ACID EXTRACTION (CFR)
D-ETHYLHEXANOL  (OXC PROCCSS)

PIROPYLENE OXIDE BY ETHYLBENZENE PROCESS

PROPYLENC OXIDE BY CHLORDHIDRINE PROCESS

POLYOL TRIFUNCTIONAL POLYSTHER
BUTENC-1 FROM MTBE RAFFINAIE
ISOPROPANOL. BY CATION EXCHANGE RESIN
DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE
FHTHALIC AMHYDRIDE AIR OX. (F O-XYLLENE
METHYL ETHYL. KETONE FROM MTBE RAFFINATE
TRIETHANOL. AMINE FROM EO CND NH3
PERCHLOROE THYLENE FROM LDC

POLYETHYLLENZ LLD (1xC)

VINYL CHLORIDE BY OXYCHR.ORINATION
ACETTC ACID FROM MZTHAMNOL

POLYSTYRENZ HIGH IMPACT

MG BY EMASTON/MASS POLYMURLZATION

125.
16690000.
432,
9724.
9.

1.
743637.
88934.
70.
719859100.
35.
418.
36.
185.
30025.
14.
1090.
51.
1455.
2240.
243000.

207199.
21404.
43714.
14503.
14335.

4000.
19457.
51750.
35535.

[
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ETHYLBENZENE LIQUID PHASE 97112. T
ETHYLENE DICHLORIDE BY CHLORINATION 2%6. T
POLYBUTADIENE 11480. T
CYCLOHEXANE BY HYDROGENATION OF BCNZENE 720. T
POLYETHYLENE TEREPHTALATE MELT FROM DMT 20810. T
POLYETHYLENE TEREPHTALATE MELY FROM TA 30190. T
TEREPHTHATIC ACID FROM P-XYLENC 25852. T
ETHYLENE GLYCOL AND CTHYLENE OXIDE 16559. T
ACRYILONITRILE 8Y PROPYLENE AMMDOXIDATION 39743. T
SYNTGAS (2:1) FROM NATURAL GAS 66807250. m3
SYNTGAS (3:1) FROM NATURAL GAS 28767570. m3
CARBON MONOOXIDE FROM SYNTGAS 7103102. m3
OXYGEN BY AIR ~RACTIONATION 6%X67. T°
POLYETYLENE THEREFTALATE POLYACRYL COMP. S5000. T
DI-OCTYL FHTALATE IRAN NIPPON 40000. T
PHTALIC ANHYDRIDE IRAN NIPPON 22000. T
ACRYLONITRILE ARAK 33000. T
VINYL. CHLORIDE FROM ETHYLENC ARAK 150000. T
PVC ARAK 150000. T
VINYLACETATE ARAK ' 30000. T
ACETIC ACID ARAK 30000. T
PE HD ARAK 60000. T
CHLORINE ARAK 100000. T
PE LLD ARAK 60000. T
POLYPROPYLENE ARAK 50000. T
BUTADIENE ARAK 26000. T
POLYBUTADIENE ARAK 25000. T
ETHYLENE ARAK 240000. T
DMT ISFEHAN 65000. T
BTX ISFEHAN 85000. T
P-XYLEN ISFEHAN 44000. T
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EXP.; K2.
¢ Problen title: HIO - HIGH TOHOGE ORGENICS
Fractional Optimization
Maximize: -
DA Yearly Profit mil.$
-= 0.072 -
Investment mil.3$
Scenario: !
£
- 8000. <« CETIC ACID < 24000. ( 33.53%) T
S5900. < ACETONE < 8500. ( 69.4%) T
10000. < ACRYLONITRILE -BUIADLENE -STYRENC(ABS) < 15000. (100.0%) T
25000. < ACRYLONITRILE < 100000. (100.0%) T
395000. < BENZENE < 8X000. { 43.8%) T
5.00E103 < BUTANOL N < ne ( 0.0%) T
v 1420, < CARBGN TETRYC ORI < 11000, ( 12.9%) T
) 48000. < DI-OCTYL PHTHALATL(LOP) < 75000. (100.0%) T
4.00E+02 < DIETHANOLAMING < e ( 0.0%) T
1.50£4+04 < ETHYLENE GLYCOL < mne ( 0.0%) T
' 15000. < ETHAENE OXIDE < 22500. ( 66.7%) T
1850, < 1S0BUTANDL < 2600. ( 71.2%) T
1000, < [SOPROSAMIL < 2000, ( 30.0%) T
47050, < METHANOL < 75000. ( 62.7%) T
4650, < METHYL ETHYL KLTONE 4 7000. (100.0%) T
2000, - METHYL. METHACRYLATL “ 4000. (100.0%) T
9.00E+02 < MONGETHANCLAMINE 4 iwne ( 0.0%) T
42000. < NYLON 6 MELT “ 70000. ( 60.0%) T
8000. < PHENOL < XX, (40.0%) T
10000. < PHIHALIC AMHYDRIDE < 15000, ( 80.5%) T
10500. < POL_YGUTADIEMNE < 25000. ( 74.1%) T
60000. < POLYETHYLENE TEREFHTHALATE MELT < 106000. (100.0%) T
160000, < POLYETHYLENE, HI DENSLTY (POWDERD) < 330, ( 43.5%) T
S0000. < POLYLITHYLENE, LLINAR LD < 290000, (100.0%) T
O. < PULYETHYLEMZ, LO DENSITY < 150000. ( 0.0%) T
re 1500. < POLYMETHYLMETHACRYLNTE SHEET < 6000, ( 25.0%) T
38H00. < POLYAL., TRIFUNCTIONY. POLYETHER < 65000, (100.0%) T
62000, < PULYPROPYLEMNS : < 85000. (100.0%) T
S0C00. < POLYSTYRENE, IMPACT MODIFLED < B0000. (100.0%) T
20000. < POLYVINY. CHLORI{X DISPERSION < 3000, ( 66.7%) T
16000G. < PULYVINYL. CHLORIIL <« 260000, ( 61.5%) T
0. < PROPYLEMNE OXIDE < 9500. ( 64.4%) T
0. < FROPYLENE < 10000. (100.0%) T
500K, < STYREME~BUTADIEMNT RUBBER ¢ 80000, ( 62.5%) T
DR, < STYRUNG 24 15000, ( 13.3%) T
4O, < TOLUENC < 00, (1060.0%) T
S5.00E405 < TRICHL.OROE TH LM “ nore ( 0.0%) T
8000. < TRICTHANOLAMING 4 18000, (100.0%) T
295000, <« VINYL, ICETAN ‘ 400, ( 62.9%) T
15000, « STYRINE-BUINADIVHE. LATEX < 2900, ( 00.0%) T
5.00E103 < GUTYL RAUB-R < rone ( 0.0%) T
000, < PURG OROE YLy 4 12000, ( 83.5%) 7T
YORVIAOMLIRIEL. /N = S0, (10.0%) T
VINYL CELORLILE FRUT L ITIVEENE GFAK T 190000, (100.0%) T
PYC ARAK = 180000, (100.0%) T
v VIMNLACETINTE /Mg = A0, (100.0%) T
ACITT G L A z AN, (100.0%) T
N L1 ARAK ] GAX, (100.0%) T
“ CHLORTINL. HOROK = OO0, (100.0%) T
LD BRGK, = GO0, (100.0%) T
ALY PROPYEERE . AR z XXX, (JUo.0%) T




BUTADIENE NRAK = 26000. (100.0%) T
POLYBUTADIENE ARSK = 25000. (100.0%) T
ETHYLUNE. ARNK = 240000. (100.0%) T
v DME (SFEHGN = 6%00. (100.0%) T
BTX ISFUN = 85000. (100.0%) T
P-XTLEN 1SFEFAN =  44000. (100.0%) T
AR AR § A AR S AR AR R R O O O R R ok Kk ¢
GLOBAL RELUL TS
PDA Yeai'ly Profit 224. m1l.3
PDA Value Added 902. mil.$
Investment. 3086. mil.$
Energy Conaumption 8554. TJ
Yearly Impoi-t 2. mil.$
Energy Input 20642. TJ
Yearly Domestic Purchasze 433. mil.$
Yearly Domestic Sale 1548. mil.3
SALLE
ACETIC ACID 0o, T
ACETONE S200. T
ACRYLONITRILE-BUTAD IEM--STYRENZ(ASS 15000. 7T
ACRYLONITRILLE - 100000. T
AMMONIUM SULFATE GCHRJ3. T
BENZEMNE 35000, T
BTX RAFFINATE 175674, T
BUTANOL-N 5025, T
C4 FRACTION , 4751. T
C9 ARCMATICS CRULE 31320. T
CARBON DIOXITE 42386, T
CARGON TETRACHLORIDE 1420. 7
CAJSTIC 30DM 127010. T
DI-0CTYI. PHTHALATE(DOP) 75000. T
DICTHNOLAMINEG 12¢0. T
DIETHYILENG CGLYCXA 4503. T
DIME . TEREPHI WN_ATE 245, T
ETHYLENE GLYCOL 15000. 7T
ETHYLENE OXLIA 1S000. 7T
FUEL GNS 448241000, T-cal
FUXL OIL 45253. T
GAGOL. I 9720. T
HCL. CID (RS 20 GE) 150, T
FREAVY LND 306, T
HYDIOGEN CYA) 1L 2365, T
HYDROGEN- RLCH GAT) 725081300, T-cal
ISAUTANOL 0., T
JTOORUTYLEME SN0, T
JSOPIROPNL. o, T
LICGHT CMLS 207, T
ML THANOL, A0, T
MOTERL. ETHYLL KETOMS 7000, T




METHL METHACRYLATE 4000.

T
MIXED BUTYLENCS(BUTADIENE RFF INATE) 17325. 7T .
HUNCLTENNOLAM LN 0. T
» NYLON 6 MELT 42000. T
PHENOL 8000. T
PHTHALIC ANHIYDRILE 12070. ¥
POLYBUTADIENE 18520. T
POLYETHYLENE TERIZPHIHALAIC MELT 106000, T
POLYETHVLENE, HI DENGITY (POWDERD) 160000. T
POLYETHVLENE, LIMEAR LD 230000. T
POOYMETHYLMETHACRYLATE SIEET 1500. T
POLYOL, TRIFUNCTIONA. POLYETHER 65000. T
, POLYPROPYLENE. 85000. T
POLYSTYRENGE, TMPRCT MODIF1ED 80000. T
POLYVINYL CHLORILE DLISPERSGTION 20000. T
FOLYVINYL CHi ORIDE 160000. 7T
PROPYLENE OXIDE IN SOLUTION( IMPURE) 832. T
PROPYLENE OXIDE 6120. T
PROPYLERE, (DILUTIL) 136. T
PROPYLENC 10000. T
PYROLYSIS GASOLING 426589. T
STYRENE-BUTADIENE RUBBER S0600. T
STYRENE 2000. T
SUFURIC ACID(IN 5% 1105. 7
TAIL GAS 1279405000. T-ca
TOLUENE 60000. T
TRICLOROETHYLENE 0Co. T
TRIETHANDLAMINE 18000. T
TRIETHYLENE GLYCQL 1180. 7T
VINYL ACETATE 30000. T
XYLEME P 2M07. T
STYRENE-BUTADILERE LATEX 15000. T
BUTYL. RUBGER S000. T
POLTPROPYLEME ANACIIC 2550. T
METHVL ACETATE 1080, §
AMKONIUA BIGULFATLE 6325. 7T
C4 ALKYLATION FEED 6836, T
PERCFLOROC THYLENE 10000. 7T
PURCHASE
COOLING WATER 618491100. m3
PROCESS WATT 48138720. m3
STEARM 4897556. T
{LECTRICITY 1086052000,  KWh
IR G 56747720, m3
ACTIC CED 226). T
ALETOME 9%34. T
ACETONITRILE 71. 1
ACTIVIVTELD CAIRON 17 7T
ADDITIVES  Ne 420. 7T
ALKYLBIZNZENE 160. T
ALUMTNG lel. 7
AUMINA TRICHRORIIA. J00. T
AMENIA 82321. 7T
ANTIMONY TRIOXTIA 2. T
NCORIC NI 2. T
BENTOMY T 2130, T
BENZUYL PERONITE 8. 7
nura, STW’!HAIE 80. T
BIYL-T CATUCHL 7. T
PUFYLLLITHIILM M 12. 7T




CAREON TETRACH_ORIDE
CATALYST AND CHIMILTLS
CATALYST ,MIBE
CHEMICALS

COBALT ACETATE.4HXO
CUBALTOUS OCTANDATE
CR-SI CATALIST
CU-FD CATALYS

CUPRIC NITRATE
ETHANE

ETHYL ACETATE
ETHYLENE GLYCOL
FILTER AID

FORMIC ACID (IN 85%)
FUEL

GLYCERIN !

HEXANE -V
HYDROBROMIC ACID
HYDROCHLORIC ACID
HYDROGEN ( IN OFFF-GAS)
HYDRDGEN PERCXIDE
ION-EXCHANGE RESIN
ISOCUTANE

ISORUTANDL.
1SOPROPANOL.
MAGNEZIUM ACETATE . 4H2O
MAGNESIUM SILICATE
MANGANIUS OCATNDATE
MEMBRAVE

METHANE

ME THANDL

MMA-EHA COPOLYMCR
MOLYBLENUM POWLER
MONGE THANCLAMINE
NAFHIFA ,WIDE RANGE

HAFHTHA HEARTCUT (NAPHTHENIC)

NAPHTHENLC ACID
NATURAL. GAS

NVLON (WASTE)
CCTANEZ-N

OCTANDIC ACID

OLEUM

OXrLIC ACID

PAAMITIC ACID

PD ON ALUMINUM CATALIST
PHENOL

POLYVINYL. CHLORI[LC
POTASSIUM CARBONATE
POTASSTIUM HYDROXIIAZ
POTASSIWUM PERSULTATE
PROPANC

ROCK GALTY

SALT

29 2

SOOI COARDNATE
SODIUM CHLORIA
SO0 HYDROGEN SUAFTIAZ
SODIUM LLAURATE
SUDTUM PYROPHOGH N IE
SEYBEAN OIL
STARILIZER, SBR
SULFOLANE

SAFURIC CID
TVIAMTIT BFOXITE
TRIFRNTLIETHIANE
WATER DE LONLZED

1420.
14237510.
4.
627933,
38.

118.
780000 .
11865000.
1.
14150.
165.
9377.
26000.
21.
395665400.
2015.
755.
487.
11954.
40181920.
2.
105600.
12796.
1301.
1000.

2.

975.
125.
17706460,
1272.
S5085.
9.

1.

360.
1262582.
330608.
89.
1082025000.
2730.
45,

418.
54150.
52.

127.
30025.
BONO.
10000.
134.
1455,

5.

8648.
24.
286919.
1518,
5558.
13065.
2.

147.

1.

0.

560,

3.
3460,
445.

l6.
3711,
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JINC M ETATE

STABILIZER

BUTYLL. RIBUECR

WASTE RECUVERY GHUNICLS
HPMC

DIIRCG

AIR

RIS LEGHIT

BTX REFORMATE (HIGHLY NWT.)

PROCLSGES

ELTHYLENE FROM ETHANE-PROPANE MIXTURE
ETHVLENE FROM WIDE RSNGE NAPHTA MS
MIXED XYLENES FROM NAFHIENLIC FEED
BENZLME FROM TOLUENC

P-XYLENE (PAREX)

BUTADIENE FROM C4 EXTRACTION

MLTHYL FEFOCRILATE CYAMITYDRIM PROCESS
ISOBUTMLENS BY ACID EXTIACTION (CFR)
D-ETHYLHEXANIL. (UX) FRICESS)

PROPYLENE OX1DE BY ETHYLBENZENE PROCESS
POLYOL TRIFUNCTIONY. POLYCNHER
BUTENE-1 FROM MTBE RAFF INATE
DI-OCTYLPHIALATE FROM PHTALIC ANAYDRIDE
PHIRLIC ARHYDRIDE AIR OX. OF O-XYLENE
METHYL ENIL KETONS FROM MIGL RAFFINATE
TRIETHANIL AMINC FROM EG END N3
POLYME THYLME THACRSLATE
PERUHLORDETHYLINE FROM EDC

HYDRUGEN FRIM MATURAL G

CHLORINE (MEMBRANE PROLLSS

POLYE THYLENE LLD (1XC)

POLYPROPYLENE (AMIO)

POLYVINYL CHLORIDE BY EMASION POLIMER.
VINYL. CHLORIDE BY OXYCH _ORTNATION
POLYSTYRINE HIGH IMPACT

ABS BY EMULSION/MASS PIL_YMERIZATION
ETHYLBONZENE LIQUID HASE

EIHLENE DICHLORINE BY CHLORINATION
POLYETHYLENE HD (UCC)

STYREFE-BUTADLEME LAIEX
STYRENE-BUIADIENE RACER Bv tMUL.POLYM.
NYLON & MOLT

CAPROLACTAM FRAM CrCLOFEXANE
CYCLOHIXYNE BY HYDRENATION OF BENZENF.
POLYLTHYLIN. JUREFITALATE MELT FROM A
TEREPHIINTIC ACID F RO P-XYLENE
ETHALONE ALYCOL. ANG CTIHYLENE OXIIE
ACRYAUNT TIRILE BY 190001 F IR0 OMOOXIDAT ION
SYNIGAS (2:1) FRIM NOGTURAL GAS

SYNTGRS (3:1) FROM MNATURAL GAS

CARBUN MONOOXILE FROM SYNTGNAS

OXYGEN BY NTIR FRACTIONATION

NYLOMN & MLT PARSILON COMP.

NYLON & MELT ALYV CUP,

PULYCTYLEMS THERL GNLATE FLLYNCKRYL. COMP,
DI-OCIYL FITALATE I MIPRON

FHALTC MANHYDRIDE LIAN MTHECH

ACRYLONMI TRILE ARNK, :
VIMYL, CELORIDE | RUM L IIRALSR ROK

IVG WK

150
3517c..
81474,
108103.
54510.
45272,
5500.
29120.
51750.
453793.
65000.
23096.
35000.
19320.
7000.
18000.
1500.
10000.
85402460.
18073.
190000 .
35000.
20000.
21700.
80000.
15000.
123376.
8190.
100000.
15000.
S0000.
16000.
37816.
41293.
51000.
43671.
43720.
70762.
CLIYI250,
114267.
28214.
1195852,
16000,
10000.
D5000.
40000.
22000,
S5000.
157000 .

1XAK).
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VINYLACETATE. AR : 30000. T

ACETIC ACID ARAK 30000. T

FE HD ANAK &0000. T

A 4 CHLORINE ARAK 100000. T
FE LLD ARAK &0000. T

FOLYPROPYLENE ARAK SO000. 7T

~ SUTADIENE ARAK 26000. T
POLYGUTADIENE AR 25000. T
ETHVLENE ARAK 240000. T

DMT ISFEIAN » 6S000. T

BIX IS EHAN 85000. T

P-XYLEN ISFEIFN 44000. T
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EXP. ; KM1.
Froblem title: HIU - HIGH TORNWGE URLANICS

rraclbir1onal Uptimization

SO0, < TRIETANOLAMINE

Maxim) ze:
FPDA Yearly Profit mil.$
- -— = 0.041
Investment. mil.%
Scenario:
8000. < ACETIC ACLD L < 16000. ( 55.0%) T
ACETONE = 5900. (100.0x) T
ACRYLONTTRILE. -BUTADIENE-STYRENE(ABS) = 10000. (100.0%) T
23000. < ACRYLUNLIRILE < S50000. (100.0%) T
35000. < BENJENE < 40000. ( B7.5%) T
5.00E403 < BUTANOL-N < mne ( 0.OX) T °
1420, < CARBUN TETRGCH ORILE « 700, (( 20.3%) T
48000. < DI-OCTYL PHIHBLAIEL(10P) < 60000. (100.0%) T
4. 00EHZ <« DIENFNLANIMNE ‘< mne ( 0.0%) T
1_S0E+04 < ETHYLENE (.YCOL < mone ( 0.0%) T
ETHYLENC OXJLE = 15000. (100.0%) T
LSOBUTAHDL = 1850. (100.0%) T
[COHRPARIIN. = 100, (100.0%) T
METHANDL = 47000. (100.0%) T
METHYL ETHRL KeTONE z d6%). (100.0%) T
METHYL I VHRCRA AT = 2000. (100.0%) T
9. 00E+H02 < MUNIETHWNCLAMING .. e ( 0.0%) T
42000. < NWLON & MELT < S0000. ( 84.0%) T
8. < PHENDL < 10000. ( 80.0%) T
10000, < FHIFLIC ANHYURILE «  15000. ( 70.9%) T
10500. < PCOLYEUTADIEMNE < 29000. ( B3.8%) T
POLYETHYLENE TU RIPHTIHALATE MELT = &0000. {100.0%) T
S00. - FLUYETHYLENE, HE [ENSITY (POWDERD) < 180000. ( 82.7%) T
0. <« POLYETHYLENE, LINCAR LD <  60000. (160.0%) T
15). <« POLYFMETHYLMETHXCRYLATE SHEET < 3000. ( 50.0%) T
POLYOL., TRIFINCTIONAX. POLYETHER = 38900. (100.0%) T
12000. < POLYPHOPYLEN: < 62000, ( 80.6%) T
MOLYSTYRUNE, IMPPACT MODIFIED = S0000. (100.0%) T
POLYVIINYL CHLORILE DIGSPERSION = 2 . (100.0%) T
120000, < POLYVINYL CHL.ORLDE < 160000. ( 93.8%) T
0. < PRUPYLEMNE OX1DE < 900, ( 53.7%) T
0. < PROPYLEM: < 5000. (100.0%) T
10000, < STYRENEC-BUTADIENE RUBBUR ~ S0000. ( 20.0%) T
2000. < STYRENE < 10000. ( 20.0%) T
1OLUER = 40000, (100.0%) T
5. 0061035 < TRICHLORUE THYLEME < one ( 0.0%) T
< 10000, (100.0%) 7
2500, < VINYL. ACETAIF < 30000. (100.0%) T
SIYREN [UBALLLNE T AIEX = 15%000. (100.0%) T
S 0405 - BUTYL RUGBER < mne ( 0.0%) T
PERLORE TH LD i z EOU0. (100.0%) T
CRAONTTRILE A6, T S3000, (100.0%) T
VINYL. CILORIIA § 1 T M AROAK = 150000, (100.0%) T
G ARIK = 150000, (100.0%) T
VINYL ACEIANTE. FiREW, = ZU000. (100.0%) 7
NETLC T ARNK H] 3000, (100.0%) T
L SR PR T X, (100.0%) T
CHUOR M. 1K = LAO0, (100.0%) T
FE LD AROK iz GDO00. (100.0%) T
POLYFROIYLEME. (i = 50000. (100.0%) T
T

BUTALLENE ARNK = 20000, (100.0%)




ALYBUTADIENE ARAK = 25000. (100.0%) T
ETHYLENE ARNAK = 240000. (100.0%) T
IMT ISFEHEN = 5000, (100.0%) T
» BIX 1ISFEHNN . = 85000. (100.0%) T
P-XYLEN ISFEHWN = 44000. (100.0%) T
\_. BEREAREC R LR R P R AR R R L P L B R R R PR R R AR A S AR R b RS pdevcees e X
GLJYUBAL RESULULTS
POA Yearly Profitb 85 mil.%
PDA Value Added . 556. mil.$
Investment ! 2031. mil.$ )
Eneray Consumption 7523. 13
Yearly Inpox-t 86. mil. 3%
Erergy Input 16055, 1J
Yearly Domestic Purchase 304, mil.$
Yearly Domestic Sale 1029. ml.%
SALE
_ ACETIC ACID 87%. T
ACETONE 00, T
ACRYLONLTRILE-BUTADLENE-STYRUME(ASS ) 10000. T
ACRYLONITRILE S50000. T
AMONITM SULFATE 6EX,78. T
BENZE NG S0, T
BIX RAFFINATE 152872. 7T
BUTANDL-N 5000. T
C4 FRACTION 25155. 7T
C9 ARDMATICS CRULE 2080, T
CARBON DYOXIDE 31227, 7T
CAREON TETRACHLORIDE 1420, T
CAUSTIC S0y 10722¢. 7
CHLORIIMNE 208. T
DI-0OCTYL PHTHALATE(COP) GO0, T
DIETHANOLAMINE 700. T
DIE THYLENT wLYCIL. Sols. T
DIMETI M. TERCMHTHNAIE 7145, T
ETHYLOMNE CLYCOL 15000, T
ETHYLI.NG OXLILE 15000, T
FUEL ¥ ST20L040),  T-cal
FULL O1L 31730. T
GASOL TN 7709, T
HYDROCEN CYANIDE 4512. T
HYDROGEN-RICH (Y 4570074y,  T-cal
IS08UTANOL 1850, T
ISOBUTYLEMNE 10141, T
ISOPROPAMCL. 1000, T
LEGHT UNDS nG7. T
METHANOL 4000, T
MZTHYL. L IHYL KETOME 400, T
METHYL METFDCRYLAE X%, T
MIXED BUFLLNCG(BUTALIEML WOF-F TNV ) 2309, 7

I e



MONOE THANOL AMINC 200.

COTALYST AN CIRMICNLS

NYLON & MELT 42000.
FHINOL 8000.
1 % FHIHLIC ANYLURIDE 10630.
POLYBUTADIENE 20950.
FOLYETHYLENE TEREPHIHFLATE MELT 60000.
~ POLYE THYLENE, HIL DENGTTY  (POWDERD) 148917.
- POLYC THYLENE, LINEAR LD 60000.
POLYMETHYLME THACRYLATE SHEET 1500.
POLYCL, TRIFUNCTIOMAL PULYETHER 38500.
POLYPROPYLENE 50000.
POLYSTYRENE, IMHPACT MODIF IED 50000.
POLYVINYL CHLORLIX DISFERSION 20000.
POLYVINYL CHLORILE 150000.
PROPYLENL OX1DE 1IN SULUTION(IMPURE) 493.
PROPYLIME OXIDE 5120.
PROPYLENE, (DILUIC) 8s.
PROPYLENE 5000.
PYRILYSIS GASOLINE 233413.
STYREME-BUTADIENE RUBBER 10000.
STYREN: / 2000.
SULFURLE ACID(IN 6573) 934.
1AIL NS S04746200.
TOLLWNE 40000.
TRICHLOROE THYLENE - 5000.
TRIE THANDLAMINC 10000.
TRIETHYLENE GLYCOL 870.
VINYL ACETAIE 30000.
XYLENG-P 35398.
STYREME -BUTADIENE LATLX 15000.
BUTYL. RUGBER 5000.
POLTIFRUPYLENE ATACTIC 1500.
METHYL ACETATE 1080.
AMMONIUM BISULFATE 4025.
C4 ALKYLATION FEED 4574.
PERCH_OROE THYLEN: 8000.
PURCHASE

COOLING WATER 453364500.
PROCESS WATER 3684208.
STEAM I835415.
ELECTRICITY 789909200.
INERT A5 36567420
ACETONI- 8276.
ACETOMITRILE 41.
NCTIVAILD CARBON 15.
ADDIT IVIZS, NG 420.
ALKYL BENZEM 160.
N UMIN 101,
ALLMENA TRICHUORILL 240.
AMMONLA 57¢27.
ANTIMONY TRIOXILE lo.
ASCORLIC ACID 2.
BLNIONS TE 2130.
BEMZOYL PEROX LA 8.
RLIT/NCEL N 960,
BOEYL. STLARMIL 50.
BUTYL-T CATELHOL 5.
BUIYLL LTHIUM M 12.
CARBON TLTRACORTIL 1420.

55105,

ﬁHﬁddqﬂﬁdﬁﬁﬁﬁgddﬁﬂdﬁﬁﬁﬂddddﬂ#dﬂﬁﬁ#44
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CATALYS) ,MIBE
GHMICNLS

COSALTOLS UCTANDATE
CR-SI CATALIST
CU-PD CATALYST
CUPRIC NITRATE
EIHYL NCETATE
ETHYLENE GLYCUL
FILTER AID

FORMIC ACID (IN 85%)
FUEL

GL.YCERIN

HEXANE -N
HYDROCHLORIC ACID
HYDROGEN ( IN OFF-GAS)
HYDROGEN PEROXIDE
TON-EXCHANGE  RESIN
ISOBUTANE

1SORUTANOL
ISUPROPANDL
MAGNESIUM SILICATE
MANGANDUS QCATNDATE
MEMBRANE

METHANE

METHANOL'

M-8 A COPULYMER
MOLYBDENUM POWDLR
MINCE THONOLAMINE
NAPHTHA ,WIDE RANGE
NAPHITHDY HEARTCUT  (NAPHTHENIC)
NAPHIHENIC ACID
NATURAL GAS

NYLON (WASITE)
OCTAME-N

OCTANDIC ACID

OLEUM

OXALIC ACID
PALMITIC ACID

PD ON ALLMINUM CATALIST
FHENOL

POLYETHYLENE TEREPHTHALATE MELT
POIASSIUM CARBONATE
POTASSIUM HYDROXILE
POTASS IUM PERSULFATE
ROCK ST

ST

S0AP

SODIUM CARBONATE
SODIUM . LORILE
SODILM LAURAIE
S0DIUM PYROPHOSHHATE
SOYEEAN OIL
STABILIZER, SBR
SURFOLAME

SUAFURIC ACID
TITANLIUM DIOXLE
TRICHL_OROE THYLENE,
TR ENYLME THOME
WATER DETONIZED

ZING ACETATL,
STABILIZER

BUITYL, IUBHLR

WASTE RLCOVERY CHEMICALS
HEMG

bllrc

PERCIFLORUE THYLENE.

937.
54342.
9.

1.

600.
319072.
200297,
56.
856157300.
2730.
28.
335.
54150.
26.
127.
671,
8000.
5000.
7.
874.

S.

16.
243000.
1738.
3450.
5025.
147.
11.

S0.
112.

. 25.
18173.
231.

10,
134703.
2.
262 .
X0,
2060,
170.
42.
8000,
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AIR
NAPHTHA LIGHT
BTX RCFORMNTE (HIGHALY NARIT.)

PROCESSES

ETHYLENE FROM WIDE RANGE NAPHTA MS
MIXED XYLENES FROM NAPHTENIC FEED
BENZENE FROM TOLUENE

P-XYLENE (PAREX)

BUTADIENE FROM C4 EXTRACTION

METHYL METHACRYLATE CYANOHYDRIN PROCESS
ISOBUTYLENE 8Y ACID EXTRACTION (CFR)
D-ETHYLHEXANDL (OXO PROCESS)

PROPYLENE OXIDE BY ETHYLBENZENE PRO ESS
POLYOL TRIFUNCTIONAL POLYETHER
BUTENE-1 FRUM MTBE RAFFINATE
DI-OCTYLPHTALATE FROM PHTALIC ANHYDRIDE
PHTHALIC ANHYDRIDE AIR OX. OF O-XYLENE
METHYL ETHYL KETONE FROM MTBE RAFFINATE
TRIETHANOL. AMINE FROM EO END NH5

POLYME THYLME THACRYLATE

HYDROGEN FROM NATURAL GAS

POLYVINYL CHLORIDE BY EMULSION POLIMER.
VINYL CHLORIDE BY OXYCHLORINATION
POLYSTYRENE HIGH IMPACT

ABS BY EMULSION/MASS POLYMERIZATION
ETHYLBENZENE LIQUID PHASE

POLYETHYLENE HD (LCC)

STYRENE-BUTADIENE LATEX
STYRENE-BUTADIENG RUBBER BY EMUL._POLYM.
NYLON 6 MELT

CAPROLACTAM FRUM CYCILLOHEXANE
CYCLOHEXANE BY HYDRUGENATION OF BENZENE
ETHYLENE GLYCOL AND ETHYLENE OXILE
ACRYLONITRILE BY PROPYLENE AMMOOXIDATION
SYNTGAS (2:1) FROM NATURAL GAS

SYNTGAS (3:1) FROM NATURAL GAS

CARBON MONDOXIDE FROM SYNIGAS

OXYGEN BY AIR FRACT IONATION

NYLON & MELT PARSILON COMP.

NYLON 6 MELT ALYAF COMP.

POLYETYLENE THEREFTALATE POLYACRYL COMP.
DI-OCTYL PHTALATE IRAN NIPPON

FHTALIC ANHYDRIDE IRAN iN{PPON
ACRYLONITRILE ARAK

VINYL CtLORIDE FRUM ETHYLENE ARNK

VC ARAK

VINYLACETATE ARAK

NCETIC ACID ARAY,

PE HD ARAK

CHLORINE 'ARAK

P2 LLD ARAK

POLYPROPYLENE AR/K

BUTADIENE ARAK

POLYBUTADIENE ARAK

ETHYLENL ARAK

DM ISFEFAN

BIX ISFEFAN

P-XYLEN ISHFEHW

496684 .
631680.

144629.

39816.
41293.
32210.
19508.
55447400.
91414.
22571.
73337.
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Appendix : B1. Process input and output prinout

» Process

13

1leO

Process

8

E'—
MSMY’-J'—‘

Process

1les
1

3

16
37
53
115

» Process

18
12%

: I ANTIMONY TRIOXIDE

Antimony trioxide
Solid waste

Electrical energy
Antimony (metalic)
Coal

2 ALUMINUM SULPHATE
Aluminum sulphate (14% Al203)

Electrical eneirgy
Water

Steam

Sulphuric acid
Bauxite (87% A1203)

: S ARGON
Argon

Purge gas
Electrical energy
Water

Ni trogen
Compreszaed air
Steam

: 4 BARIW CH CRIDE

Barium chloride (BaCl2.2H20 100%)

Hydrogen sulfide
S0lid waste

Water

Fuel gas

Eleclirical encroy

Steam

Barite ore (as 1:X0% Bas04)
Coke

Hydrochloric acid (az 10u%)
sodium hydroxide (7F3%)

H  BARIUWM CARBONATE

Baryum Carbonate
Sodium sulfide

[N

g gt

e e e et el Y

(o]

e b e b g R e

0.01700

117 .00000
0.86100
0.50000

1.00000
0.13000
0.03000

160.00000
94 . 10000
J.1.00000

1.51000
0.45200
0.33500
0.01000




166

Lo -

16
106
37

Process

1>
21
67

146
GO
124
195
o

Procerss

15%
22

1

4

ISR

5
)
114

Fioce 2.

Fuel gas

Electrical enaruy

Slean

Barite ore (as 100% BaSD4)
Sodium carbonate 28y

Coke

z ¢ LITHOPONE 30%

Liquid waste
Lithopone (30%)

Coke oven gas

Electrical energy

Wabker

Steam

Carium ore {as l0U% BaS)
Zinc sulphate (as. raw mat.)

: 7 LITHOPONE 60%

Liguld wastie

Barium chloride (Bacl2.d420) by-product

Lithopone (¢0%)

Coke oven gas

Electrical encry

Vlates-

Steam

Barium ore (as 1a¥% £as)

Zine achloride (a=z 1wy, £nCl2)
Lithcoon: (300)

Sodium sultate (as 100% Halso4d)
Zane zulphate (45 raw mat. )
Gl bue =l Fadae

: 3 BARIUM HYDROX1DE

Licuid waste
Barium hydroxic:

tlectrical encropy

Water

Prox sz wabou

Hlewun

Barsum chior g2 (Gas), o0 100%)

Soxdyum bwchivaacks (FO%)

Ooxdivm bebr obearab e (ALl
D000 v tee

7 SODJUM TETRABORATE (BORAX)

P e b e e

00

b b e B pe b e B e [ O o 2 T

o W e e e

()

20.00000
1.14000
1.00000

706.00000
325.00000
50.00000
6.28000
1.02000
0.72500
0.24000
0.07500
0.07000
0.00005

5.00000
1.00000

16000000
45, Cn X000
" L XA
3. 35000

1. 008300
0.664(5)

L. o000
L OO




1 Electrical ersirgy i 165.00000
2 Water i 21 .00000
lee,  Fuel aaw. 1 1560000
3  Steam i 2.63000
33 Colemanite {(ixwch ore 40%) 1 0.96000
102 Scodium bicartvnate i 0.35000
97 Seda ash (1) i 0.12700
Piccess - 10 BORIC ACID
160  Soliwd waste o 1.40400
2 Boric acid o 1.00GO0
1 Electrical eiwigy 1 200.00000
2  Water i 140.00000
lot: Fuel gas i 84.70000
S Steam 1 2.20000
39 Colemanite (oron ore 40%) 1 1.70000
140 Sulphuinic acid i 0.78000
Process : 11 S0DIUM PERBORATE
155  Gas waste o 25.50000
120  Sodium perborate 0 1.00000
1o oolad waste o 0.06000
1  Electrical energy i 120.00000
2 Water 1 92.00000
5  Proceze waterr bd 10. G000
3 Steam 1 1.40000
37  Colemanite (boion ore 40%) 1 0.7G100
114 Sodium hydroxide (50%) i 0.26800
59 Hydrogen peroclde 1 0.23500
o3 Magnesium sulphate 1 0.00400
125 Sodium sasicate i 0.00400
172 fFilbriation agent 1 0.00140
Frocess; : 12 PRECIPITATED CALCIUM CARBOMNATE
1% Liquid wasle o - L.S0000
39 Precipitated caleium carbonate o 1.00000
L) Golnd waste 5 0. 083000
1 Electrical orwrgy i 22000000
4 Coolirr wablorr 1 J6.0U000
OO laesLlone (A Catdg) 1 1.47000
37 Coke i, 0. 13000
L4 Drosasl ol )} 0.0/7%00

ML e 1., PRECIPITATED CALCIUM CARBONATE(TOOTH P.)

'A) Frecipiiated calciom carbonale tooth p. jo 1.00000

] fdevecdy el gaga gy N L b




-

N 170 Carbon dioxide (C02) food grade)

i 150.00000
3 Stean 1 22 .00000
3 Ixamirea-al 1 mexd water 1 2200000
85 Fost distillation sturry 1 20.00000
2  lWater i 10.00000
191 Sada ash i =olubion i 1.03900
130 Socium tripolvplesihale i 0.01000
1) Hclave oai b 1 0.00160
Process : 14 CALCIUM CARBIDE
153 fas waste o 35000 .00000
104 Calcium carbide o 1.00000
157  Liguid waste o 0.05000
160 Solid waste o 0.04600
1 Electiical emwn gy 1 3000 .00000
2 Water i 75.00000
7 Compressed ali- 1 45 .00000
17 Comperressed m trogen 1 5.00000
27 Burnt lume (Cag) 1 1.95000
37 Coke i 0.60000
60  Elecrude mass 1 0.01800
8 Electi-odes 1 0.00300
180 Iron sheet 1 0.00150
Pirocess 195 CA.CIuM HYPOCHLORITE
157 Liquid wasta [} 25.00000
2 Calciun hypochloride o 1.00000
158 Gas waste o 0.67000
J&3  Solid waste o 0.01500
- 7 Conpressed av: 1 660 .00Q0
L tlectrics) eneray i 100.00000
2 Waler 1 2.00000
s Lime 1 0.-70000
174 Chldorine (logx) 1 0.40500
3 Steam 1 0.20000
Process : 16 CALCIUY CHLORIDE
157 Lipgnd waste o 2.53000
26 Calcium chloride o 1.00000
<4 Ceollies waler 1 0. 00000
1 riectrical enoroy 1 50. 00000
S Shewam 1 12. 3000
R Porut, bty bbataon 2lurry ] 2.00000
S Sarbon dhoseide 000 gan 405 ) 1 0.04000
Proezs L/ AMMONIUM OLORIDE
~N
Vi Lyaparsed bor b O 30 o)
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Process

3

2

[ A S IR o

Pirocess

110

[ S

R
~

Process

Elecliical encigy

Water

Post distillation slurry
Steam

Drinkire wates

Amwonia M43

Antl lumper

: 15 SODIUM BICHROMATE

Solid waslte
Sodium brchiromata

Electirical encray
Compiressed air
Water

Srtean

Proce=s watoer
Dolomite
Chi-omium oire
Soda ash (100%)
Diesel o1l
Sulphuric acid

: 17 SODIWM CHROMATE
Sodium chironate:

Electirical energy

Compres=ed a1

Waer

Steam

Chromate and bichromate(calc.66.3%Cr03)
Soda ash (100%)

: 3 POTASSIUM BICHROMATE

Potassium bichiromate
S0lid waste

Elecliical encigy
Water

Sheam

Comprez:zed cur
Process walerr
Sodium bichromate
Potas=ium chioride

2} ANYDROUS CHROMIC ACID

ol vale
Chromse acad ' anbyyeh o
|

o e e et b

o

S A YN TR

R

o0

o e e e e

260.00000
95.00000
10.00000
5.18400
1.20000
0.38000
0.00600

4.00000
1.00000

550.00000
150.00000
100.00000
28.22400
7.00000
1.68000
1.60000
0.87000
0.60000
0.38000

1.00000

140.00000
20.06300C
20.00000
14.97600

0.48000
0.31000

1.00000
0.42000

2u0. 00000
30.00000
14.).1200
10.00000

3.00000
1.01000
0.50500

1.£30000
1,00000




169 Natural gas i 320.00000
1 Clectrical eivyogy 1 50.00000
2 Water i 12.00000
3 Steam 1 6.91200
192 Sodium bictwomate wnpure i 1. 70000
140 Sulphuric acwd 1 1.34000
Process : 22 CHROMDSAL - BASIC CHROMIUM SULFPHATE
!
. 33 Chromosal - basic chromium sulphate o 1.00000
7 Compressed air 1 1400.00000
1 Electrical enargy i 140.00000
2 wWater i 45 .00000
5 Process water 1 3.50000
S Stieam i 2.30400
103 Sodium bichiromate i 0.54000
141 Diesel oil i 0.25000
1536 Sulphws 1 0.18000
Process : 25 COPPER OXIDE (BLACK)
153 Gas waste o 3024 .00000
A0 Copperr c<ide (black) o 1.00000
1  Electrical ereiyy i 11.57000
35 Coal 1 1.00000
42  Copper wcrap 1 1.00000
OVESS 24 COPPER OXIDE (RED)
158 Gas wasbe 0 120700000
4] Copper oxide (rexd) e} 1.00000
I Electrical envragy i 3.00500
42 Copper srap i 1.02500
35 Coal 1 1.00000
Mirocess <5 COPPER SULPHATE
44 Copper sulphate 0 1.00000
1) Golid waste o 0.04000
i loecbrica) ereigy i 2¢0.00000
2 Watbey- ) <0 . 00000
3 olevam 3. 6.71200
% Fioocerss, vaal 1 4 .00000
140 ORI e el | 0.51000
S Copprn T ap i 0.26000

P s : Jo CRYOLITE - ALUMINUM CODIUM FLUDRIDE
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45
1)

L

(&1 S 1) b

49
114
155
154

Frocess

153
159
160
151

SIS

49

141

Procoss

152
195
153
160

55

4
]

7

140

R
180

4

% eravss

7%
JEX5)

Livgnd wr.la
Cryolite (Ma3hFG)
So0l1d waste

Electrical energy

Water

Fuel «<as

Stean

Sodium chlorides

Fluozilicic acid a= waste

sadiun hydroxade (950%)

Aluminum hydroxide (as 100% Al203)
Ammonia MG

: 27 ALUMINM FLUORIDE

24 wer.be

Viquid waste
50lid wasle
Aluminum fluoride

Electrical encrgy

Steam

Water

Fluosilicic acid as waste

Aluminuen biydi-oxide (as 1005 ALLX03)
Diesel o1l

: 28 HYDROGEN FLUORIDE

Licud waste
sulphuric acid 75%
Las waste

Sol1d waste
Hydrogen fLluoridke

Cool ey water

LLleclrical energy
conpirensml an

Sulphwaic actd

Stean

Coolirvy birire
Fluoziliclce wead as was.te

: <) IRON OXIDE (RED)

Tron oxick: (i)
forlacd v b

[ T T S A ) Q00O Pt bt e el el B e e e Q 00

(ol e B T o I o

[ AR R I AN

O

34 .U0U00
1.00000
0.30000

520.00000
420.30620
81 .90000
37.00000
1.09000
0.93000
0.51000
0.28000
0.23000

350 . 00000
8.00000
1.60000
1.00000

4




Pfrocess

152

5

Piroces

[

153

159
160

i
35

ot}

Procrss

est
158
1H7
1O

bedts

"y
IR

[P

Natural gas
Electrical encray
Post sreedicbion can L (95% Feld3)

: 30 FERRFERRIC OXIDES (BLACK)
Feirroferric cxide (black)

Clectrical energy
Natural gzs

Steam

Water

Ferrous sulphate as waste
Ammonia NG

Anmonium nitrate

: Sl

FERROUS SULPFHATE

Licuid waste
Pickling acid (24% HZS04,10% FeS0O1)
Feirous =zulphate - 7 hydrate

Conpress:x3 air
Water

Elecblrical erws oy
Spent pickling acid
sulphuric acid
Stean

32 LEAD OXIDE (RED)

Grs waste

Lead oxide (ired)
Liquid wr e
Sol1d wasle

Clechrical eren gy
Lend (az metil )
ot

Charcoal

FRGNESIUM OXIDE

. B
- [ N ]

Caloamm cartaribe
Gua= pasle
Magresium orndge
)3t vl

LLoebryenad envrery

Fueldl ey

Weler

purnt dolomite (oL MOV SYs Cal)
Carbon ooy ((Loeis)

i L

[}

o bt pude fote gt

000 v

bt e e e pe

000

P e W

[§]

- e b -

155.00000
91 .00000
2.15000

1.00000

200.00U00
200.00000
20.90000
20.00000
4.55000
0.50000
0. 13000

180.00000
5.25000
1.00000

4000.00000
110.00000
S0.00000
6.35000
0.56500
0.15000

F000. 00000
1.00000
0.20000
0.00%)0

105G, G000
0.9135
0.47¢0
0.00250

2.920000
<.00000
1.00000
0.23000

200,004
118000
0. 000
2,70000

O, 7270

g —
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Provess

159
151
160

g’&érawq.—

-
£
—

161

159
73
160

P ocasses

130

7

Nitric acid (as o5t HIOG)
: 31 MOANGANESE DIOXIDE

Liquid waste

wis wasie

S0l1d waste
Manzaneze Jioxide

Electrical eneray
Compressed air

Steam

Water

Marganese ore (50% Mn)

Sulphur dioxide S02 (as 100% H2SD4)

Hydrate Lime [972.5 Ca{0H)2]
Diesel o1l
Soda lye (45% Maiid)

: 35 MOLYBDENUM TRIOXIDE

Liquid waste
Molybdenum Lrioczic= 111
Solig waste

Electrical energy

. Coal’

Ammonia water (27.4% MHS)
Nitric acid (a= 65% HNO3)
Molybdenum ore

: X, NICKEL. SUULFATE

Nickel sulphate
501 1d waste
Licguid waste

Electrical eneryy
Cooling water

Shean

Raw nickel =ulphate
Demsienral Loedd waler
Calcium Zarbonate
Hydroaen perovide
Hydrofluoric acad N
sulphuifle Aacic

: s/ S0DIUM TRIPOLYPHOGPHATE

Sochium Lo lyishwepiate

Compr eeneod a5,
tlectirical enerigy
Coolirey walen

e e b e 0 00 P e gt e e e el el et 0000

0

15.60000
12.00000

685.00000
2.80000
2.50000
2.24000
1.10600

1.00000

175.00000
150. 00000
A) (RAXCR)
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88&-”3

8%0]!’0.@:'—

b

Procoss

152
160
144

.R. LN =

L3
1S

Procee:s

1503
47
159

Steam

Process waler

Phozphotic acwd (75% H3M04)
Sods ash (1GQ%)

Diesel oxrl

Grourvd phocphats rock
HAmmonium Nl trate

Diatom te

Filter cloth

: 33 SODIUM HEXAMETAPHOSPHATE

Sodium hexaretaphosphate

Electirical energy

Water

Steam

Phosphoiric acid (75% H3PO4)
Soda ash (100%)

: 37 SODIWM PYROPHOSPHATE (DIBASIC)

Liqiid waste
50lid waste
Gas waste

Sodium pyrophosphate - dibasic

Electrical erecivyy

Fuel gas

Water

Steam

Phosphoric acid (79% H3P04)
Sodium carbonate 98%

: 40 TRISODIUM PHOSPHATE

Liquid wac.te
Solid waste
Imisodium phosphate

Elecbirical eneryy

Water

Sleam

Phozphoric acid (/5% H3POA)
Sodium coar bonvibe i

Lodium hydiroxide (100% NadH)

: ‘41 DICALCIUM PHUGPHATE

Gas waste
Drcalerunn phorpliatao
Liand wa . te

Laessbeae ol ey ory

L T S R R R

N

000

L L I T T

(ol

o P e g

1.50000
1.16000
0.78000
0.13500
0. 10000
0.00600
0.003500
0.00008

1.00000

1270.00000.
75.00000
12.00000

0.98000
0.54400

55.00C00
11.00000
10.00000

1.00000

400.000C0
%7 .c0000
63.000V0
13.00000
1.57300
0.63000

00000

28.00000
9.
1.00000

19200000
32.00000
10.90000

0.42000
0..35000
0. 15000




81

116
48

141

132

Process

159

[
=Y nGu-

G¥Bun- BSEBE g

DG

Procerss

Frocezs

158
111

Compiressed air

Water

Phosphoric acid (38% P205)
Steam ;

Soda lye (45%) solution
Dolomite

Hydrate lime [99.5 Ca(OH)2]
Die=el o1l

Sodium water glass (56% grade..)

: 42  POTASSIUM CARBONATE

Liquid waste
Potassium carbonate (K2C03)

tlectrical energy
Steam

Condensate

Water

Coal

Molaszes oven coke

: 435 POTASSIUM CHL ORATE

Gas waste
Potassium chlorate
Solid wmaste

Electrical eneiryy

Watei-

Steam

Potaz=ium chloride
Hydirochloric acld (az 1uus)
Potassium hydroxide "X

Barium chloride (BaCl2)
Potassium carbonate ('79% K2C03)

44 POTASSIUWM NITRATE

Potassium nitrate
Solid wazte
Liagand waste

Electrical erer.y
Water

Steam

Soddium nitrate
Fotazsium chloride

: 45 SODIUWM GLAZE

GaAS was.te
Sodium glaze

R e e b e e

(o]

W b e e

000

N VT T

0O

(&)

70.00000
3.50000
1.08000
0.50000
0.44000
0.24000
0.06000 -
0.05000
0.02000

7.00000
1.00000

376 .00000
81 .80000
28.00000
18.00000

4.74000
3.00000

550.00000
1.00000
0.01810

S500. 00000
720.00000
12.10000
0.70500
0.06200
0.04900
0.00500
0.00250

1.00000
0.97000
0. 10000

77 .50000
76 .. 0000
22 .70000
1.00000
0.87000

113.00000
1.00000
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97

Process

132

157
167
O

ot ]

Fuel gas
Compressed air
Electrical enery
Sand

Cooling water
Soda ash (100%)

46 SUDIUM WATER GLASS

Sodium water ylazs (36% grade..)

Cooling watler
Electrical energy
Steam

Process water

Sodium glaze

Sodium hydroxide (45%)

: 47 MOLECURAL SIEVE-ZEOLITES (cl. 2a)

Zeolites cl.3N
Liquid waste
Solid waste

Electrical energy

Conpressed air

Demineralized water

Steam

Sodium waler glass (5L% grade..)
Water

Sodium hydroxide (50%)

Potassium chloride

Aluminum hydroxide (as 100% ALZ03)

: 48 SILICA GEL (MACRO)

Liguid waste
S1li1ca gel (macro)
Solid waste

Electrical ermerygy

Water

Slteam

Sodium water glasz (36% grade..)
Sulphuric acid

: 47 SILICA GEL (MICRO)

Licuid waste
S11ica gl (micro)
5011d waste

Electrical emwcgy
dkabbtii

P e b e e g

(S A A N D

o]

O e A e L.

o 0

e e e

C

232.50000
90.00000
24 .00000

0.82000
0.50000
0.41000

1.00000

11.00000
3.30000
0.72000
0.60000
0.40000
0.02000

1 .00000
0.41000
0.00100

8000.00000
1800.00000
82.00000
6.62400
1.66000
1.60000
1.27000
0.85000
0.42500

4.30. 00000
1.00000
0.08000

1740.00000
427.00000
148.30000

4.75000
0.57600

430 .00000
1.00000
0. 06000

17¢0.00000

e ———



132
140
161

Process

118

Process

Process -

153
106

[N 2 B B i

9

Process

1503
126

7

Steam

Sodium water glass (36% grade..)
Sulptuiric acid

Aluminium sulphate (17% A1203)

: 50 SODIWM METASILICATE

Sodium metasilicate pentahydrate

Electrical energy

Steam

Water

Sodium water glass (36% grade..)
Sodium hydroxide (50%)

: 51 SODIUM THIOSULPHATE

uas waste
Sodium thiosulfate
Snlid waste

Compiressed aii

Flectrical energy

Water

Steam

Sodium hydroxide (50%)

Sulphur dioxide 332 (as 100% H2S04 )
Soxda azh (Luos.)

Gulphuar

Sodiun sulfite

52 SO0DJUM HYDROGEN SULFITE

Gas ste
Sodium hydrogen sulfite

Conpre=zsed an”

Electrrical enerdy

Hot air

Steam

Sulphur dioxade 802 (as 100% H2504 )
Sodium carbonaic 8%

Water

: S5 SODIWM SWLFITE

Gt Wt Lis
Sotium sulfite

ot s et

O A T

(o

(e o]

P e e e M

[l o O LI T T T A D

148.30000
4.75000
0.57600
0.50000

1.00000

30.00000
3.77000
1.30000
1.11600
0.18450

126.50000
1.00000
0.02370

252.00000
171.00000
5.20000
3.20000
0.26800
0.23500
0.23100
0.13200
0.00585

12800 .00000
1.00000

150.00000
115.00000
8.00000
5.5%000
0.73000
0.58000
0.15000

18. 00000
1.00000
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< a

108
Process

158
159
160
117

Process

158
157
182
160

Process

53
119
159

SN N

[Cxva IR N |

Prowvayse,

150
e
185

L

Electrical eneryy
Hot air

Sodium pyrosulfi te
Sodium carbonate 8%

: 54 SODIUM HYDROSULFITE

Gas waste

Liquid waste

Solid waste

Sodium hydrosulfite

Compressed air
Electrical energy
Process water
Steam

" Water

Sodium hydroxide (50%)
Rock salt (100% NaClL)
Zinc ash (100% Zn)
Sulphur

Alcohol

: S5 SODIUM CHLORIDE (MEDICAL)

Gas waste

Liguid waste

Sodium chloride (medical)
Solid waste

Electrical energy
Steam

Water

Rock salt (100% NaCL)

He SODIUM NITRATE

Gas waste
Sodium mibrate
Ligquid waste

tlectrical ereirygy

Steam

Water

Nitric oxides as byproduct
Soda ash (1O00%)

Nitric acid (as 100% 1NO3)

e

57 TITANIUM DIOXIDE

Liggnd wrle
Golid waste
Trvtamum dioxoe

o e 00CQCO P e e e e R e B 0000 W

oC¢eC

VRN CHE VY SRR

100.00000
17.00000
0. 73800
0.45000

1950.00000
6.50000
1.15000
1.00000

3000.00000
550.00000
150.00000

17.00000
5.000u)
1.60000
1.55000
0.58000
G.51400
0.06500

1730.00000
1.00000
0.02500

275.00000
13.40000
10.00000

0.70500
0.66800
0.08200

24,000
3. 00000
1.00000




Process

153
159
149

v
[, XV -

140
147

Process

146

o =
‘ﬂ&'&’&umw-—

§

187
159
160

W~ -

132
S 14

-
.

Proces, s

15

Electrical energy

Water

Stexam

Other compounits

Sulpturic acid

Illemanite ore (49.5% Ti0Z2)
Diesel o1l

Scrap—-iron

: 53 ZINC SULFATE

Gas waste

Liquid waste

Zinc sulphate (as 100% ZnS04)
Solid waste

Electrical eneigy
Cooling water
Steam

Process water
Sulphuric acid

Zinc scrap in zinc extraction (100% Zn)

: 59 ZINC CHLORIDE

Zine chloride (as 1% ZnCl2)
Solid waste

Electrical erergy

Canpressed air

Water

Steam

Zinc oxyde (ash)

Hydrochloric acid (as 100%)
Calcium hydiroxide CaGi?
Polassiom permanaiale (Kw04g)

: 60 MILECAAR SIEVE - ZEOLITES (cl. 4R)

Zeolites cl.4A '
Liguid waste
Solid waste

Clectrical energy

Comprecsed air

Demineralized water

Steam

Sodium water glasz (36% grade..)
Sodium hydroxide (4r:)

Water

Aluminum hydiaade  (as 100% A1203)

: ol

FL IO TN T T

Qe e W e 00O o

— e e e e g

oo

LR T . VY

MOLECURAL SIEVE ~ ZEOLITES (cl. SA)

830.00000
768.00000
60.00000
50.00000
5.90000
2.85000
0.30000
0.17500

1.26000
0.82000
0.41500
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187
159
160

LN
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Liquid waste
Solid waste

Electrical enerygy

Conpressed air

Demineralized water

Steam

Water

Sodium water glass (3¢ grade..)
Sodium hyciroxide (S0%)

Calcium chloride

Aluminum hydiroxide (as 100% A1203)

Zeolites cl.13X
Liguid waste
Solid waste

Compressed air

bemineralized water

Steam

Sodium water qlass (36% grade..)
Sodium hydiroxide (950%)

Water

Alumuum hydroxide (as 100% A1203)

63 SO0DA ASH

Liquid waste
Soda ash (100%)
Solid waste

Water

Electrical ener:ay
Sleam

Sodaum chloride
Limestore (99% CaC03)
Coke

Anmonia NH3

o0

N T T R

62 MILECURAL SIEVE — ZEOLITES (cl. 13X)

000

A A A S T

00O

[ R R VI AN

0.41000
0.001120

15000.00000
1080.00000
84 .00000
11.8C000
1.90000
1.80000
1.35000
0.48000
0.44900

1.00000
0.41000
0.00100

1800.00000
34.00000
7.4 000
2.40000
1.40000
0.90000
0.35300

150.00000
12000000
10.08300C
1.60000
1.30000
0.1100C
0.00500
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B82. LIST OF IND PDA PRODIXIS WITH PRICES

name of product product unit

h!
§

Active carbon

Alcohol

Aluminium sulphate (17% A1203)
Aluminum fluoride

Aluminum hydroxide (as 100% A1203)
Aluminum sulphate (14% A1203)
Anmonia NHG

Ammonia water (22.4% NG)
Aanmonium chloride

Ammonium nitrate

Antilumper

Antimony (metalic)

Antimony trioxide

Argon

R AR
W8BI888888838388¥8838888588

Barite ore (as 100% BaSD1) 100,
Baraum Carbonate 562.
Barium chloride (BaClz? 518. .
Barium chloride (BaClz.2H20 100%) 470.
Barium chloride (BaCl2.1K0) by-product 400,
Barium hydroxide : 885.
Barium ore (as 1005 3aS) 160.
Banate (87% A1203) 252.

SRt EEE R R kbR AR kR LR Rk EELL

Boric acid 676.
Burnt dolomite (37% MgD+58% Ca0) 45,
Burnt lime (Ca0) 46.
Calcium carbide 900.00
Calcium caibonate 100.00
Calcium chloride 239.20
Calcium hydroxide CaOH2 95.00
Calcium hypochloride 700.00
Carbon dioxide (100%) 97.00
Carbon dioxide (CO2 gas 40%) 39.00
Carbon dioxide (CO2) food grade) 0.29
Charcoal 400.00
Chlorine (100%) 210.00
Chrromate and bichromate(calc.66.3%Cro3) 6£0.00
Chwomic acid anhydirous 2601.29
Cihv-omium ore 170.00
Clhwomosal - basic chromium sulphate tors 1330.00
Coal tone 38.00
Cobaltus sulfate tons 26800.00
Coke tons &0.00
Coke oven dgas Nm3 0.06
Colemanite (boron ora 40%) ’ tons 225.00
Compressed air Nm3 KEEESKENKEN
Compressed ni trogen N3 0.05
Condermzate tors 0.02
Cooling brime GJ 3.40
Conlirng water m3 0.03
Copper oxide (black) tones 2647 .50
Coppe® oxiLedey (1'edd) tonz, 26354 .50
Coppor scrap tons 850.00
Copper sulphate torr: 1024 .00
Cryvolite (NWALFe) torr: & .30
Demirnaral s zexd walen: m3 0.17
Diatomite tonz S80.00
Dicalcium phozphale Lorvs 1200.00

A
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P o oteiiie ourd: (bl i) Loty P70 D)
Fevvous sualphate - F bk alae b 1655 .30
fopour: antpialte cos wente t:Nr. [FANRY ¢
Uritar <lsih Lo, 1OCOU .V
fFitbtiriabiosn agxnt e § o 900 .00
Fhesmalwore wid oes wsbse benve S04
Fual aas Mo G.13
s wav-te ms G.00
Gireimd protphatoe reek tine >5.00
T [T FLEEABARELE
i ale Yime 725 Can@ o] tons 52.%0
thiabochloric acig (as el tures >37.60
Hydiof luoi-ic acid ws tons Me.00
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e desny sl Fidke | 53 oA SH0.00
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lead oxide (read) tone 8525
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Lignd waste m> 0.0¥)
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Stlica 9el (maciro)

Sl gl (macro)

Ganta ey (LOUL)

Soda wsh 1n solution

Soda lye (45% Naii)

Soda lye (45%) solution
Sodium bicarbonate

Sodium bichraomale

Sodium bichramate impure
Sodium carbonate 98%

Sodwuan chloride

Sociium chloride (medical)
Sodium chromate

Sodium glaze

Sodium hexamebap!wosphate
Sodium hydrogen sulfite
Scdhum hydrosulfite

Sodium hydroxide (100% Nalil)
Sadiue hydroxice (45%)
Sodium hydroxide (50%)
Sodium lydroxide (%)
Sodhuumn metasilicate pentalydrate
Sexinan N trate

Sodium perborate

Sodiumn pyiophosphate - dibasic
Sodium pyrosulfite

Soxdium s1licate

Sodiun sulfate (as 100% Na2s04)
Sodium sulfide

Sodium sulfile

Sodium tetrdaboi-ate (Borax)
Sodium thio=ulifate

Sodium triapolvphosshate
Sodiun waterr glass (36% g ade..)
So)id waste

Spent pickling acid

Steam

Sulphas

sulptwur dioxide 502 (as L HES04)
Sulphuric acid

Sulplwuric acad 75%

Yibomaun Sdioxidde

Tr Lzodium piwyzphate

Water

Zeolibers cl.L5X

leoliles Cl.OA

Zeolites cl.4h

eclites cl.9N

2in: ash (100% 7In)

Zinw: chloride (az 1007 Jil2)
U oxackr (ash)

S zoraw an 2in exbraction (1Ous 2n)

7y cabphata (o Jone Jnlor)
S calphate (a2 roaw omst.)

:

“§5

:

TR L AR EERR R LA REE

[

—t

—

34
3888

Bt
g88&

300 .00
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B3. LIST O IND PDA PLANTS ( after first rescaling )

nae of plants

STIMONY TRIOXILE

ALUMINGGY SULFFATE

ARGIN

BARIUM CHLORLIDE

BARIUM CARBUNATE

LITHOPONE

LITHORONE

BARIUM HYDROXIDE

SODIUM TETRABORATE (DORAX)
BORIC ACID

SODIWM FERBORATE

PRECIPLIATED CALCIUM CARRUNATE
PRECIPITATED CALCIUM CARBONATL(TOOTH P.)
CALCILM CARBIDE

CALCIUM HYPOCHLORIIE

caCcItM CHLORIDE

AMPINIUM CHLORIIE

SODIUM BICHROMAITE

SUDILM CHROMATE

POTASSIUM BICHROMATL

ANYDIROUS CHROMIEC i ID
CHROMOSAL -BAGIC ¢ RROMILE SULANTC
COPPUR OXIDE (BLYIK)

COPPER OXILE (RED)

COPFER SULPHATE

CRYOLITE -ALUMING S0DI'M FLUORTDE
ALUMING FLUORIDE

HYDROGEN FLUDRIDE

IRON OXIDET (RED)

FERROFERRIC OXILE (BULACK)
FERRCUS 'V FATE

LEAD OXIDE (RED)

MAGNESTINM OXIDE

MANGANESE DIOXTIDE

MOLYBIENM TRIOXIDE

NICKFL SUFATE

SODILM TRIPOLYF RGP NI

SODILM LM TG NI
SODIKM PYROSIHIXSPHNIE (DIBNASIC)
TRISODIUM PHOSPHATE

DICALCLLN PINXGPERTE

FOIAGHIU CARURNAIL

POTASSTUM GLORATE

POTASSTUM NITRATE

SUDILE GLAY

SODIUM WHATITR GLnGs

MLECULAR SIEVE-ZCOLTIES Cl.3h
SILICA (L

SILICA GEL

SOLIUM MCTASILICATE

SODELM THTOS A MTRICE

SODIUM BISULEETE - SODIUM PYRYAAT I TE
DI I

SUDIUR TIYDIRCEAR VS TE,

SODI GLORLIL, (MEDICA. )
SODIUM NITRATE

TV IANTEM DYOXT I,

TN GALFAVIE

JIMNC CHLORIDE

MOLY CALNR STEVE - ZE0LT10 (.30

Lh. Lores/year

2000.00
30000.00
74000 .00
4000 .00
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£$0.00
350.00
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4200.00
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1000.00
2C00 .00
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2000 .00
140.00
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XK. X0
Lery) Oy
GA) X))
7503, 00
ARA O
000, 00
4000. U0
X000
3200000
8000000
1000.00
1500.00
1500.00
1000000
JOOO. 00
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2000, 00
2000.0C
L1500, 00
LX), OO
WANAY. (A
1400 .00
4700.00
1O, 00
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install name

FHOLECULAR SIEV-ZECLI LS CL.Gh
MO_ECULAR SIEVE-ZEOLITES CL.3A
SobA ASH

21
capacity
1000.00

1000.00
150000.00

fci

3.51
3.51
45.44
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B4. Single plant evaluation
Process 1 ANTIMINY TRIOXIDE

Capacity : 2000
Fixed Capital Investment - FCI : 2.261 mln.
Product. Value - PV : 6.900 min.
Total Maunifacbtur g Cosl 2 5.8M mln.
Profit : 0.906 mln.
Simple Rate of Return : 0.572
Back-pay Feriwxd : 1.747 year=
PV/FCI Factor : 4._29%6
Marufacturing Value Added - MVA : 1.634 mln.
MVA/FCI Factor : 1.064
Process : 2 ALUMINM SULPHATE
Capacity : 30000
Fixed Capital Investment - FCI : 7.952 mln.
Product Value - W : 7.770 mln.
Tota) Marufactui-ing Co=t ¢ S.5%07 mln.
Pofit - 2.2035 mln.
Simple Rate of Return : 0.407
Back-pay Period : 2.460 years
PV/FCI Factor : 1.37%
Marufacturirng Value Added - MVA : S5.754 mln.
MVA/FCI Factor : 0.674
Process : S ARGON.
Capacity : 750000
Fixed Capital Inveztment - FCI : 4.283 mln.
Product Value - PV : 1.272 mln.
Total Marufacturing Cost. : 1.028 mln.
Profit : 0.244 min. )
Sinple Rate of Return : 0.082
Bac' -piy Period 12.264 years
Pv/iyi1 Factor : 0.424
Marnufacturing Vilue Added - MVA : 0.727 mln.
MVA/FCT Factor : 0.330
Process : 4 BARIULM CH.ORIDE
Capacity : 2000
Fixed Capital inrvestment - FCI : 2.027 mln.
Proa:ct Value - PV : 1.070 mln.
Total Marwufacturing Cost ¢ 1.237 mln.
Profit : -0.167 mln.
Oimple Rale of Return :
Back—-pay Feriod :
W/FCEL Factor 0.754
Marufacturarng Value dded ~ MVA 0.554 mln.
MVNA/FCL Factor 0.250
Process, » BARIUM CARBONATE
Capacity : 3000
Fixed Capital iwestit. -~ FCL 3.2776 mln.
Product Value - W ¢ 1.728 mln.
Total, Manufacturiryg Cozt ¢ 1.244 min.
Profit : ~0.016¢ min.

'i““lln “‘I‘l Fay | r“l'lll’ll 3
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Back-pay Period :

WW/FCI Factor :

Mamufacturim Vahaee Hdded - MVA
MVIVFCL Factor :

Process : 6 LITHOPONE 30%

Capacity :

Fixed Capital lmvestment - FCIL
Product Valhue - % -

Total Manufacturing Cost -

Profait :

Simple Rate of Return :

Back—pay Pericod :

PV/FCI Factor :

Marufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 7 LITHOPONE 60%

Capacity -

Fixed Capital Investment - FCI :
Product Value - PV

Total Manufactuirirry Cost :

Mmofit :

Simple Rate of Return :

Back-pay Peiriod.:

W/FCI Factor :

Manufacturing Value Added - MVA :
MVA/FCI Factor :

Process ;’ 8 BARIUM HYDROXIDE

Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

fotal Manufacturing Cost :

Profit :

Simple Rate of Reiurn :

Back -pay Period ¢

W/FCL Factor

Marnufacturing Value Added -~ MVA :
MVA/ICL Factorr :

Process : 9 . SODIUM TETRABORATE (BORAX)

Capacity :

Fixed Capital Investment - FC1 :
Product vValue - PV :

Total Manufacluriiey Cost .

Profil

Simple Rate of Return :

Back-pay Pericd ¢

PW/ECY Factor :

Maifactin vivg Value dded - MYA ¢
MVAV/FCL Factor :

Mroguass @ 1O BORIC ACID

Capacily ¢
f'nw-l ('z‘\iltnl !.uml m .

ceo
£ o
s IR
?

9.875 min.
$.0600 mln.

0.958 mln.
0.139

7.219 years
0.810

2.67? mln.
0.390

LO G
2.875 mln.
11.560 mln.

11.885 mln.
—.325 mln.

1.672
1.922 mln.
0.278

1500
3.143 mln.
1.327 min.
1.675 mln.

~0.368 min.

.

min.

ceoeo
g,‘

.
| ad

M
Ul

S000
4.267 min.
5.510 mln.
3.006 mln,
2.424 mln.
0.812

1.232 years
1.045
3.372 mln.
1.1%6

8000
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Produ~t Value - PV : 5.414 mln.
Total Manufacturing Cost : 5.288 mln.
Mrofit : 0.127 min.
Sinple Rate ot Return : 0.053
Back-pay Period : 33.475 years
V/FCI Factar - 1.403
Marnutfactur Liv) Value fdied - MVA : 1.467 mln.
MVA/FCL Tackor - 0.330
PFrocess : 11  SODIWM PERBORATE
Capacity : 20000
Fixed Capital Investment - FCI - 5.877 mln.
Product Value - PV : 22.000 mln.
Total Manufacturing Cost : 11.083 mln.
Profit : 10.917 aln.
Simple Rate of Return : 2.653
Back-pay Peiiod - 0.377 years
PV/FCI Factor : 5.346
Marufacturing Value Added - MVA : 2.607 mln.
MVO/FCT Factor - 3.064
Process : 12 PRECIPITATED CALCIUM CARBONATE

Capacity : 10000
Fixed Capital Invesiment - FCI : 5.171 mln.
Product Value - PV : 4.078 mln.
Total Marmufacturing Cost : 1.855 miln.
Profit : 2.223 ~«ln.
Siaple Rate of Return : 0.614
Back-pay Pei1od : 1.678 years
W/FCI Factor : 1.127
Marufactur- iy Value Added -~ MVA : 3.177 mln.
MVA/FCI Factor : 0.878

Process : 15 PRECIPITATED CALCIUM CARBONATE(TOOTH P.)

Capacity : 1000
Fir=d Capital Inveztment - FCI : 1.814 mln.
Proaduct Value - PV : 0.705 mln.
Total Mamifacturing Cost : 0.703 mln.
Profit : 0.202 mln.
Simple Rate of Return : 0.159
Back--pay Per 1o 6.300 years
W/FCI Factor : 0.713
Marnufacturireg Value fdded ~ MVA : 3.587 mln.
MVA/FCI Factor : 0.462

Procezs : 14 CALCIUW CARBIDE

Capacity 60000
Fived Capitil Inveztment -~ FCIL - 24.963 mln.
Product Value - WV 51.000 min.
TOtAY Manufactan vevy Corst ¢ 29706 mln.
Profil : 24.294 min.
Siple Rale of Return : 1.570
Rack-pay Peryosd 0.717 years
V/EGT Fowlen 3.0/
Marwaf e Lor arvy Yadue rxkkd - MVA ). 4413 mln,

MVA/FCL Faclor 1.742
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rocess 15 CALCIUM HYPOCHLORITE

B Copaity ¢ SO0
S Fixed Capital lreestmeny - ECI - 1.75%6 mln.
Product Value - BV : 3. mln.
Total Manwfacturinge Cost - 1.102 mln.
Pirofit : 2.3 mln.
Swple Kale of Heturn : 1.5
Bwk-pay Period - 0.512 years
PV/FCI Faclor : 2.848
: Manufactur ey Value Added - MVA : 2.829 min.
MVA/FCI Factor : 2.3502
Process @ lo CALCIUM TH ORIDE
" Capacity : 10000
Fixed Capital Imestment —~ FCI : 5.638 mln.
Product Value - PV : 2.372 mln.
Total Manufactin-ing Cost : 1.951 mln.
. Profit : 0.44] mln.
- Sinple Rate of Return : 0.112
Back-pay Perriod 8.756 years
PV/FCL Factor : 0.406
Marnufacturues Value Added - MVA - 1.456 mln.
MVA/FCI Factor : 0.369
Prceez=s ¢ 17 APMONIUM CHLORIDE
Capacity 4000
Fixed Capatal lnvestment ~ FCI : 2.704 mln.
Product value - PV : 1.600 mln.
Total Manufacturing Cost : 1.227 min.
Profit : 0.575 min.
Simple Rate of Return : 0.197
Back-pay Period : 5.077 years
PW/FCI Factor : 0.845
Marufacturiry Value Acdded - MVA : 0.831 mln.
MVA/FCI Factor : 0.466
»
Frocess ¢ 1}  SODIUM BICHROMATE
Capacity ¢ SUO0
Fixecd Capital Investment - FCI : 3.624 mln.
Product Value - v ¢ 3.770 mln.
S Total Marufacturing Cozt : 3.070 mln.
N Profic 0.700 mln.
Simple Rate of Return C.27%
Back-pay Periog 3.626 years
PV/FCI Factor - 1.486
Manufacturirg Value fAdded - MVA : 1.527 mln.
MVA/FCI Factor 0.002
Proceszs : 17 SODIUM CHROMATE
Capacity 1000
Fixed Copital frvacsiment. - FCL .07 mln.
* . Procuct Value ~ v 1.477 min.
Tot.ob Munilaciug srvy Cost. . J.OCHY mdn.
Profat 0.4¢7 min.
Lingle RKRate o F lalarn 0.55])
Rack-povy Fouoaeed : 5.02% years

f’\{l[;l‘l | Y FaV I it
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Marufacturing Value Added - MVA : 0.860 mln.

MVA/FCI Factor : 0.606
-
Yrocess - 20 POTASSIUM BICHROMATE
Copacity 1000
Fixed Capital irevvesstment - 1°CI : 2.128 mln.
Prroduct Value - WV 1.820 mln.
Total Marufacturing Cost : 1.9%63 mln.
Profit : —0.1435 mln.
v Simple Rate of Return :
Back-pay Pericd :
W/FCI Factor : 1.222
Manufactuiring Value HAdded - MVA : 0.385 mln.
MVa/FCI Factor : 0.257
Socess - 21 ANIYDROUS CHROMIC ACID
Capacity : 1000
- Fixed Capital Investment - IC) - 0.704 mln.
. Modcl Value - WV 2.01 mln.
Tolal Marufactring Cost : 1.826 mln.
Profit - 0.775 mln.
Sirple Rate of Return : 1.573
Back pay Period - 0.6 years
PV/FCL Factor : 5.282
Marufactuiriney Value Added - Mva ' .086 mln.
MVA/FCI Faztor - 2.206
Process : 22 CHROMOSAL - BASIC CHROMIWM SULPHATE
Capacity : 2000
Fixed Capital Investment - FCI : 2.382 mln.
Product Value - PV : 2.760 mln.
Total Marufacturing Cost : 2,135 mln.
Profit - 9.624 mln.
Sinple Rate of Return : 0.374
» Rack-pay Pericd : 2.674 years
PV/FCI Factor - 1.655
Marufactur vy Value ivdkded - Mvn 1.152 mln.
MVA/FCL Factoim - 0.671
Process : <3 COPPER OXIDE (BLACK)
A Capacity : 40
- I"'ixed Capital Investment - FC1 0.258 mln.
Procduct Value - v - 0.107 aln.
Total Manufacluring Cost 0.101 mln.
Profil s 0.006 mln.
Sinple Rate of Return : 0.0354
Back--pay Per g : 19,267 years
W/FCI Factor : 0.591
Marufaclurivg Value ndded - MVA 0.062 mln.
MVIVEFCTE Factor 0.3145
+ Procews ¢ 24 COPPER OXIDE (RED)
Crpvu gty ko)
IF3axd Copitad Jeverntment - FoL 0.¢00 mln.,
Prodw I Vo - v (J.2205 mhn,
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Profit : 0.043 mln.
Simple Rate of Relurn : 0
Back-pay Period : 9

P/FCL Factor - 0.6
(o]
0O

1
Mamufacturineg Value Added - MVA : mln.
MVA/FCI Factor : -357
Process : 25 COPPER SULPHATE
Capacity : 2000
Fixed Capital Investment - FCI : 1.285 mln.
Product Value - PV : 2.048 mln.
Total Marufacturing Cost : 0.244 mln.
Profit : 1.104 mln.
Simple Rate of Return : 1.228
Back-pay Period : 0.814 years
PV/FCI Factor - 2.277
Marufacturing Value Added - MVA : 1.435 mln.
MVA/FCI Factor : 1.57%6
Process o CRYGLITE — ALUMINUY SODIUM FLUORIDE
Capacily : 4200
Fixed Capital lnvestment - FCI : 3.153 mln.
Product value - W : 2.8797 mln.
Total Manufacturing Cost : 2.670 mln.
Profit : 0.207 mln.
Simple Rate of Return : 0.095
Back-pay Pericd : 10.568 years
PV/FCI Factor : 1.313
Manufacturing Value Added - MVA : 1.265 mln.
MVA/FCI Factor : 0.573
Process : 27 AMINN FLUORIDE
Capacity : 2200
Fixed Capital Investment - FCI : 3.548 mln.
Procuct Value - PV : 2.667 mln.
Total Marufacturing Cost : 1.411 mln.
Profit : 1.2% mln.
Simple Rate of Return : 0.506
Back-pay Period : 1.977 years
PV/FCI Factor : 1.074
Manufacturirg Value Added ~ MVA : 1.913 mln.
MVA/FCI Factor : 0.770
Process 20 HYDROGEN FLUDRIDE
Capacity : 1000
Fixed Capital irvestment - FCI : 2.377 mln.
Prodiict Value - W 3.177 mln.
Total Marufacturing Cost 2.883 mln.
Profit : 0.274 mln.
HSimple Rate of Return : 0.177
Back-pay Feriod : 5.661 years
PV/FCI Factor : 1.907
Marufacturing Yalue Added -~ MVA 0.626 min.
MVIV/ECL | actor . 0. 55%

Procesz : 27 IRON OXIDE (RED)




apacity : 2000
Fixed Capital Imnvestment - FCI 0.890 mln.
Moducet Vahe - WV 1.918 mlin.
Total Hantacturing Cost - 0.896 mln.
Pofit : 1.022 min.
Simple Hate of Retwin : l.64})
Back-pay Perjpaxg - 0.7 years
W/ECE actor - S3.079
Marufactuirinm Value Added - MVA - 1.325 mln.
MVA/FCL Factor : 2.128
Process : 30 FERROFERRIC OXIDES (BLACK)
Capacity : 1000
Fixed Capital Investment - FCI : 0.789 mln.
Product Valuzs - PV : 0.970 mln.
Total Manufacturing Cost : 0.781 mln.
Profit : 0.187 mln.
Simple Rate of Return : 0.342
Back-pay Period : 2.925 years
PV/FCI Factor - . 1.757
Muuf.acbe vy Yalue Added - MVA 0.493 mln.
MVA/FCI Factor : ’ 0.893
Process : 31 FERROUS SULPAATE
Capacity : 1000
Fixed Capital Investment - FCI : 0.781 mln.
Product Value - PV ¢ 0.381 mln.
Total Marnufacturing Cost : 0.434 mln.
Profit : -0.053 mln.
Simple Rate of keturn
Back--pay Period :
PV/FCI Factor : 0.69
Marnufacturing Value Added - MVA : 0.175 mln.
MVIV/FFCL Factorr ¢ 0.320
Process : 32 LEAD OXIDE (RED)
Capacity : 2000
t'ixed Capital Investaent - FCI : 1.079 mln.
Product Valise - PV ¢ 1.720 mln.
Total Manufacturing Cost : 1.100 mln.
Profit : 0.620 min.
Simple Rate of Return : 0.821
Back-pay Period : 1.2)8 years
PV/FCI Factor : 2.277
Marufacturing Value Added - MVA : 0.916 min.
MVA/FCI Factor : 1.213
Process : 35 MAGNESIUM OXIDE
apacity ¢ S0000
Fixed (aptal Inveztment - FCI ¢ 7.653 mln.
Produsct valhus - PV ¢ 33.685 mln.
Total MAanufacturang Cost : 25.018 mln.
Profit : B8.667 min.
Gungrde Rate of Relorn ¢ 1.418
Back pnvy Feraesd 0.6} years
W/FCL IMactor ¢ 6. 208
Marufactur vy Value Addad - MVA ¢ 11.568 mln.
INOZLCL Laclar . 2 170}
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frocess 33 MANGANESE DIOXIDE

Capacity :

Fixed Capital lnvestment — FCI :
Product Value - PV :

Total Marufacturing Cost :
Profit :

Siaple Rate of Return :

Back-pay Period :

PV/FCI Factor :

Manufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 35 MALYBDENUM TRIOXIDE
’

Capacity :
Fixed Capital Investaent - FCI :
Product Value - PV :
Total Manufacturing Cost :
Profit :
Simple Rate of Return :
Back-pay Period :
PV/FCI Factor :
Marufacturing Value Added - MvA :
MVA/FCI Factor :

Process : 36 NICKEL. SILFATE

Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Manufacturing Cost :
Profit :

Simple Rate of Return :

Back-pay Period :

PV/FC]1 Factor :

Marufacturimng Value Added - MVA :
MVA/FCI Factor :

Process : 37 SODIUM TRIPOLYPHOSPHAIL:

Capacity :

Fixed Capital Inveztment - FCI :
Product Value - PV :

Total Marufacturing Cost :
Profit :

Simple Rate of Return :

Back-pay Period :

PV/FCI Factor :

Marufacturing Value Added - MVA :
MVA/FCI Factor :

Procese : 38 SODIUM HEXAMETAPHOSPHATE

Capacity :

Fixexd Capibtal Jiventment - FCI :
Product Value ~ W

Total Marufacturimng Cozt :
Profit :

Sumle Pate of Poturn -

140
0.588 mln.
1.428 mlin.
1.185 mln.
0.243 mln.
0.590
1.674 years
3.470
0.453 mln.
1.113

500
0.850 min.
0.937 mln.

50000
19.258 mln.
43.815 mln.
35.662 mln.

8.153 mln.

1000
0.751 mln.
1.35%6 mln.
0.802 mln.
0.554 mln.
L850




Back-pay Feriod :

W/FCI1 Factor :

Harufactin iy Value Added - MVA
MVA/FCI Factor -

Process : 37 SODIUM PYROPHOSPHATE (DIBASIC)

Capacaty :
Fixed Capital Imnvestment - FCI :
Prodsct Value - PV -
Total Marutacturing Cost :
Profit :
Simple Rate of Return :
Back-pay Period :
PV/FCI Factor -
Marufacturing Value Added - MVA :
MVA/FCI Factor :

[

/

Process : 40 TRISODIUM PHOSPHATE

Capacity :

Fixed Capital Imestment - FCI :
Product Value - PV :

Total Marnufa_turing Cost :

Profit :

Simple Rate of Return :

Back-pay Period :

PV/FCI Factor :

Marufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 41 DICA CIUM PHOSAPHATE

Capacity :

Fixed Capital Invesiment - FCI :
Product value - PV :

Total Manufacturing Cost -
Profit :

Simple Rate of Return :

Buck -pay Pericd :

PV/FCI Factor :

Marufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 42 POTASSIUM CARBONATE

Capacily :

Fixed Capital Irnvestment - FCI :
Product value - PV :

Tetal Manufacturing Cost

Profit :

Simple Rate of Return :

Back-pay Period :

PV/FC1 Factor :

Manufacturing Value Added - MVA :
MVA/FCI Factor :

Frocenss 4.5 POIAGSIWM CHLORATE

Capacaty

|
Eaxed Caoibal loyeelonnt o oL -

40000
7.336 mln.
48_.000 mln.
22.658 mln.
24.242 mln.
4.740

0.211 years
9.347
27.075 mln.
5.27¢

1000
2.288 mln.
0.948 mln.
1.350 mln.

~0.402 mln.

0.592
0.457 mln.
0.7R7

1000
I AP
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Product Value - IV : 0.8 min.
Total Manufacturing Cost : 0.972 min.
Profil : 027 min,

Sanple Riles: of elann -
Back-pay FPerici :

PV/FC! Factor : 0.444
Marufactin g Value Nddegd - MA - 0.155 oin.
MVA/FCI Factor : Q. 2%

Process : 44 POTASSIUM NITRATE

Capacily : 200

Fixed Capital lmvestment - FUI : 1.474 mln.
Product vValue - PV : 1.400 min.
Total Manufacturing Cost : 1.450 min.
Profit : -0.050 mii..

Simple Rate of Return :
Back—pay Period :

PV/FCI Factor : 1.357
Marufactuiring Value Added - MvA : 0.362 mln.
MVA/FCI Factor : 0.351
Process : 45 SODIUM QLAZE
Capacity : 293X
Fixed Cepita)l liv/e=stment - FCI : 13.99¢ mln.
Product Value - PV : 5.7 min.
Total Manufacturing Cost : 5.5%2G mln.
Profit : 0.1.24 mln.
Sinple Rate of Return : 0.013
Back-pay Period : 77.044 years
PV/FCI Factor - 0.577
Hanufacturuvg Value Added - MvA - 2.414 min.
MVA/FC1 Factor : 0.246
Process ¢ 4 SODIUM WATER GLASS
Capacity : GOV Ay
Fuxed Capital Investaent - FCl1 : 14706 min.
Product Value: - v 3.163) min.
Total Manutacturing cost 30247 min.
Mrofit : -0.737 min.
Sinple Rale of Felurn :
Back pay Periwji :
P/FCL Faclor 0.773
Mzrnufacturing Value ndded - MVA : 1.212 mln.
MVA/I'CT Facto- 0.1

Procezss : 47 MOLECURAL SIEVE-ZEOLITES (cl. 3A)

Capacity : S0

Fixed Capital irwe<lment - FCI : 2.250 min,
Producl Value - Iv : 0.0 min.
ToLal Manufactan sivg Ceovzd 1,190 mln.
Profat : 0.573 mIn.

Ginple Rater of Peturn

Back pay ICivevd

IV/CCE Tovbey 0.9
Mg owcban vnva oo (wdkvd o 1R : DAt min.,
MVOECT 1 s tew 0. 144
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frocess : GO MRECUAR SIEVE - ZEOLITES (cl. 4A)

Capacity : SO0
Fixed Capital lnvestment - FCI : 2-230 mln.
Product vValue - FV : 1.600 mln.
Total Manufacturing Cost : 1.114 mln.
Proiit : 0.488 win.
Simple Rate of Return : 0.311
Back-pay Period : 3.216 years
PV/FCI Factor : 1.025
Marufactur-ing Valve Added ~ MVA : 1.164 mln.
MVA/FCI Factor : 0.746

Process : 61 MILECURAL SIEVE - ZEOLITES (cl. SA)
Capacity - 500
Fixed Capital Irvestment - FCI : 2.230 mln.
Product Value - PV : 1.400 mln.
Total Manufacturing Cost : 1.327 mln.
Profit : 0.073 mln.
Simple Rite of Return : 0.047
8ack-pay Period : 21.416 years
PV/FCI1 Factor : 0.877
Marufacturing Value Adcded — MVA : 0.765 mln.
MVA/FCI Factor : 0.491

Process : 62 MOLECURAL SIEVE - ZEOLITES (cl. 13X)

. acity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Manufacturing Cost :
Profit :

Sinple Rate of Return :
Back-pay Period :

500
2.230 mln.
1.100 mln.
1.075 mln.
0.005 mln.
0.003

322.671 years

PV/FCI Factor : 0.705
Marufacturing Value Added - MVA : 0.682 min.
MVA/FCI Factor : 0.437
Process : 48 SILICA GEL. (MACRD)
Capacity : 1500
Fixed Capital Investment - FCI : 1.262 mln.
Product Value - PV : 2.355 mln.
Total Manufacturing Cost : 2.105 mln.
Profit : 0.250 mln.
Sinple Rale of Return : 0.283
Back--pay Period : 3.536 years
PV/FCI Factor : 2.665
Marnufacturing Value Added - MVA : 0.755 mln.
MVA/FCI Facto:i® : 0.855
Process : 49 SILICA GEL (MICRD)

Capacity : 1500
Fixed Capital Investment - FCl : 1.262 mln.
Product, Vidoe - v o 20570 mln,
lolal Mwtic:toring Cost. 2.512 min.
Profit : ! 0.208 mln.
Simple Rate of Return : 0.236
Back-p.w Peraovs ! 4.257 yeare
PR T R S PP
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Marufacturing Yalue Added - MVA :
MVWA/FCI Factor -

Process : 50 SODIUM METASILICATE

Capacity :

Fixed Capital Investment - FCI -
Product Value - PV :

Total Mancfacturing Cost :

Profit :

Simple Rate of Return :

Back-pay Period :

PV/FCI Factor :

Manufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 51 SODIVM THIOSULPHATE

Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Masufacturing Cost :

Profit :

Simple Rate of Return :

Back-pay Period :

PV/FCI Factor :

Manufacturing Value Adced - MVA :
MVA/FCI Factor :

Process : 52 SODIUM HYDROGEN SULFITE

Capacity :

Fixed Capital Investment - FCI :
Product Value - PV :

Total Manufacturing Cost -

Profit :

Simple Rate of Return :

Back-pay Period :

PV/FCI Factor :

Marufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 53 SODIW SULFITE

Capacity :

Fixed Capital Inves.lment -~ FCI :
Product vValue - pv :

Total Manufacturing Cost :

Profit :

Sanple Rate of keturn :

Back-pay Period :

PV/FCI Factor :

Marufacturing Value Added - MVA :
MVA/FCI Factor :

Procezg : 54 SODIUM HYDROSULFITE

Capac:ily :

Fixed Capital Irvectment - FCI :
Product Value - v :

fotal Muwifacturinyg Coot

0.730 mlr..
0.82¢6

:

3884

t128

a
ot
wn
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7

1000
1.733 mln.
1.003 mln.
0.671 mln.
0.332 min.
0.274
3.65) years
0.827
0.803 min.
0.662

4000
2.599 mln.
1.816 mln.
1.073 mln.
0.723 mln.
0.398
2.518 years
0.738
1.230 mln.
0.676

2000
0.774 mln.
1.048 mln.
0.948 mln.
0.100 min.
0.144
6.954 years
1.506
0.353 mln.
0.508

2000
2.463 min.
3327 mln.
.. BTN




Profit :

Simple

Rate of Return :

Back-pay Persod

PV/FCI

Marufacturing Value Added -~ MVA :

Factor :

MVA/FCI Facior :

Process :

S5 SODIWM CHLORIDE (MEDICAL)

Capacity :

Fixed Capital Investment - FCI

Product Value - PV :
Total Manufacturing Cost

Profit
Simple

Rate of Return :

Back-pay Period :

PV/FCI

Manufacturing Value Added - MVA :

Factor :

MVA/FCI Factor :

Process :

56 SODIUM NITRATE

Capacity :
Fixed Capital Investment - FCI :
Procuct Value - PV :

Total Manufacturing Cost

Profit
Siaple

Rate of Return :

Back-pay Period :

PV/FCI

Marnufacturing Value Added - WA

Factor :

MVA/FCI Factor :

Process, :

57 TITANIUM DIOXIDE

Capacity :
Fixed -2apital Irnvestment - FCI :
Product Value - pv :

Total Manufacturing Cost

Profit
Simple

Rate of Return :

Back-pay Period :

PV/FCI

Manufacturing Value Added - MVA :

Factor :

MVA/FCI Factor :

58 ZINC SULFATE

Capacity :
Fiked Capital Inveztment - FCI :
Product Value ~ PV :

Total Manufacturing Cost :

Profit
Simple

-
-

Rale of Return :

Back-pay Period :

PV/FCI

Manufactunring Value Added - MVA :

Factor :

MVA/I'CT Faclor

Process :

57 ZINC C-LORIDE

1500
2.877 aln.
1.426 mln.
0.897 mln.

718 mln.
35 mln.
14 mln.
77 mln.

'J\'

6.
2.
3.
-0.

U‘C

0.582
0.676 mln.
0.1483

20000
65.677 mln.
40.000 mln.
31.402 min.

8.578 mln.

0.187

5.347 years

0.870
20.458 mln.

0.445

1000
1.850 mln.
0.480 mln.
0.588 mln.

-0.108 mln.

]
&‘i
p—

mln.

cce
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Capacity :
Fixed Cspital Investmen-. - FCI :
Prodict Value - PV :
Total Manutacturii j Cost :
Profit :
Simple Rate of Return :
Back-pay Period :
PV/FCY Factor :
Marufacturing Value Added - MVA :
MVA/FCI Factor :

Process : 65 SObA ASH

Capacity :

Fixed Capital Investment — FCI :
Product Value - PV : ’

Total Marufacturing Cost :
Profit :

Simple Rate of Return :
Back—pay Period :

PV/FCI Factor :

Manufacturing Value Added - MVA :
MVA/FCI Factor :

1.674
1.327 mln.
0.642

100000

33.303 mln.

16.530 mln.
18.171 mln.
~1.641 mln.
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B85. Reporte on experiments ( I150-1384)
Problem title: INDRGANIC INDUSTRY

Fractional Optimization

Maximize:
Yearly Profit mil.3
= 1.204
Investment mil.3
Scenario:
S.90E40]1 < Investment < 1.00E+20 ( O0.0%) mil.$

MAIN PARAMETERS

Yearly Profit 6t. mil.$
Manufacturing Value Added 79. mil.3
Investment 5. ml.3
Yearly Import 11. mil.$
Yearly Domestic Purchase 57. mil.$
Yearly Domestic Sale 147. mil.$
SALE
4
/

Calcium carbonate 145000. tons
Chromic acid anhydrous 1000. tons
Dicalcium phosphate 40000. torns
Calcium hypochloride 5000. tons
Calcium carbide 29%4. tons
Sodium perborate 20000. tons
Magnesium oxide 50000. tons
Trisodium phosphate 7500. tone
Gas waste 1257372000. m3

' Liquid waste 353677. m3
50lid waste 83386. tons
Iron oxide (red) 2000. tons

PURCHASE
» Electrical energy 214131200, kwh

Water G008, ms
Steamn 1395¢0. GJ
Coolirng water B%0. m3
Procee . wahiy 20041%). S
Compreszsed air 2422193¢,  Nial




Ammonium nitrate
Compressed ni trogen

Burnt lime (Cal)

Coke

Electrodes

Colemanite (boron ore 40%)
Colomite

Nitric acid (as o5% HI5)
Hydrate lime [92.5 Ca(OH)2)
Hydrogen peroxide

Elecrode mass

Limestone (98% CaCO03)
Magnesium sulphate

Sodium hydroxide (45%
Phosphoric acid (33% P205)
Phosphoric ‘acid (75% H3P04)
Sand »
buint dolomite (37% MgOS58% CaD)
Sodium carbonate 8%
Sodium chloride

Scdium hydroxide (100% NaOH)
Sodium hydroxide (50%)
Soda lye (45%) =olution
Sodium silicate

Carbon dioxide (100%)

Lime

Sulphuric acid

Die=zel oil

Ammonia NH3

Fuel gas

Natural gas

Filtriation agent

Chlorine (100%)
Post-reduction aniline (55% Fe203)
Iron sheet

Sodium bichromate impure

PROCESSES

SODIUM PERCORATE
CALCIUM CARBIDE
CALCIUM HYPOCHLORITC
AHYDROUS CHROMIC ACID
IRON OXIDE (RED)
MAGNESTUM OXIDE
TRISODIUM A1 I0SPATE
DICALCIIM PHOSPHATE

SODIUM GLAZE
SODIUM WATER GLASS
S0DA ATH

KEEELEEELKEERLEE R E AR ERKEE KD KRR KA ERRE EEE LKA KGR K KEEEELDKKNAKEEEKELED

4250.
149822,
58431 .
17993.
90.
14020.

1500.
2400
472C.
5357.
171.
80.
16.

3150.
262.
145000.

210.
1125,
5560.

17600.

1700.

131.
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Problem title:

INDRGANIC 1NDUSTRY

Fractional Optimization

Maxamize:
Yearly Profit

Investment

Scenario:
1.25E4+02 < Investment

ik Ack ook ioicioicr- ook Rk ook ookl k ookl ickioioRookok-

MAIN PARAMETERS

< 1.00E+20 ( 0.0%) mil.3

mil.3
= 0.759 ~————
mil.%

Yearly Profit 92. mil.3
Manufacturing Value Added 125. mil.$
Investment - 125. mil.3
Yearly Import 17. mil.$
Yearly Domestic Purchase 93. mil.$
Yearly Domestic Sale 236. mil.$
SALE

Antimony trioxide 2000. tore
Calcium carbonate 145000, tonz
Chromic acid a1 ydrous 1000. tones
Copper sulphate 2000. tons
Dicalcium phozphate 40000. tons
Calcium hypochloride 5000. tons
Lead oxide (red) 2000. tons
Manganeze dioxide 2000. tons
Molybdenun trioxide II1 140. tons
Aluminum sulpha.e (14% A1203) 30000. tons
Precipitated caleium carbonate 10000. tons
Calcium carbide 0000, tors
Sodium hydrogen sulfite 4000, tons
Sod um hexametaphosphate 1000. torns
Sodiaum hydrozulfite 2000. tons
Lndium porborate 20000. tons
Scdium Lelraborate (Borax) S000.  tons
Souium tripolyphosphate 22997, tone
Magnesium oxide 50000, tore
Trisodium phozphate 7500. tonz
Alumirnun fluoride 2200. tor
Gas wazte 258246700, m3
Licuid waste 605957, m3
Solid waste 111721. tone
Iron oxide (red) 200, tone




ASE

PURC!

Electrical energy S27730000. kwh
Water 1159040. m3
Steam 7379718. GJ
Cooling water 1318724, mS
Process water 5429772. m3 .
Compressed air 20253670. Nm3
Hot air 32000. Nm3
Ammonium nitrate 4388.. tons
Antimony (metalic) 1722. tons
Compressed nitrogen 300000. Nm3
Burnt lime, (Ca0) 117000. tons
Charcoal / 5. tons
Coal 2344. tons
Coke 37419. tons
Electrodes 180. tons
Colemanite (boron uvre 40%) 18820. tons
Copper scrap 520. tons
Diatomite 115. tons
Dolomite 9600. tons
Fluosilicic acid as waste 2640. tons
Ground phosphate rock 2300. tons
Nitric acid (as 65% HNO3) 1814. tons
Hydrate lime [77.5 Ca(Q)2] 3800. tons
Hydrogen peroxide 4720. tors
Elecrode mass 1080. tons
Limestone (98% CaCO3) 39538. tons
Magnesium sulphate 80. tons
Manganese oire (30% Mn) 4500. tons
Molybdenum ore 185. tors
Sodium hydroxide (45%) 16. tons
Lead (az metal) 1827. tors
Phosphnric acid (38% P205) 43200. tons
Phosphoric acid (75% H3PO4) 30807. tons
Rock salt (100% NacCl) 3100. tons
Sand 202. tore
Sulphur dioxide 502 (as 100% H2504) 4520. tons
Burnt dolomite (37% Mg0+58% Ca0) 145000. tons
Soda lye (45% NaDH) 142. tons
Sodium bicarbonate 1750. toms
Sodium carbonate 9u% 4745, tone
Soudium chloride 30815. tons
Sodium hydroxide (100% NaCi) 1125, tons
Sodium hydroxide f 50%) 856¢0. tons
Soda lye (45%) =solution 17600. tons
Sodium zilicate 80. tons
Sulphur 1028. tone
Carbon dioxade (100%) 36450. tons
Line 3500. tons
S4lphuric acid 17360. tons
Diesel oil 6755. tons
Zinc azh (100% Zn) 1160,  tonz
Bauxite (87% A1203) 600, tons
Aluminum hydroxide (as 100% ALZ03) 1870. tonz
Anmonmia NS . tons
Nlcohol 130. tone
Filter cloth 2. tone
Fuel oas 59153400. MNm3
Natural gas 630000. Nm3
Fillraation aacnt, Aoy
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Chlorine (100%) 2025. toms
Post-reduction aniline (55% Fe203) 4300. tons
Amonla water (27.4% NUG5) 3590. tons
Iron sheet 0. tors
Sodium bichromate impure 1700. tons

PROCESSES

ANTIMONY TRIOXIDE 2000. tons
ALUMINUM SULPHATE 30000. tons
SODIUM TETRABORATE (BORAX) 5000. tons
SODIUM PERBORATE 20000. tons
PRECIPIT/IED CALCIUM CARBONATE 10000. tons
CALCIUM CARBIDE 60000. tons
CALCIUM HYPOCHLORITE S000. tons
ANHYDROUS/ CHROMIC ACID 1000. tors
COPPER SULPHATE 2000. tons
ALUMINUM FLUORIDE 2200. tons
IRON OXIDE (RED) 2000. tons
LEAD OXIDC (RED) 2000. tons
MAGNESIUM OXIDE S0000. tons
MANGANESE DIOXIDE 2000. tons
MOLYBDENUM TRIOXIDE 140. tons
SODIUM TRIPOLYPHOSFHATE 22999. tons
SODIUM HEXAMETAPHOGPHATE 1000. tons
TRISODIUM PHOSPHATE 7500. tons
DICALCIUM PHOSFHATE , 40000. tons
SODIUM GLAZE 320. tons
SODIUM WATER GLASS 800. tons
SODIUM HYDROGEN SULFITE 4000. tons
SODIUM HYDROSULF ITE 2000. tons
SODA ASH - 19260. tons
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- Problem title: INODRGANIC INDUSTRY

Fractional Optimization

Maximize:
Yearly Profit ml.$
= 0.646
Investment mil.3
Scenario:
1.950E4+02 < Investment < 1.00E420 ( 0.0%) mil.3

»
MAIN PARAMHMHEZETERS
Yearly Profit 97. mil.%
Manufacturing Value Added 136. mil.$
Investment 150. mwil.$
Yearly Import 17. mil.$
Yearly Donestic Purchase 109. mil.%
Yearly Domestic Sale 262. mil.% .
SALE

¢ AnLimony trioxide 2000. tons
CGalcium carbonatbe 145000. tonz
Chromic acid anhydrous 1000. ton=

' Chromosal - basic chromium sulphate 1683. tons

Copper sulphate . 2000. tore
Dicalcium phosphate 40000. tone
Calcium hypochloride 5000. tors
Lead oxide (red) 2000. tons
Marcianese dioxide 2000. tore
Molybdenum trioxide I 140. tore
Aluminum sulphate (14% A1203) J0000.  tons
Precipitated calcium carbonate 10000. tons
Calcium carbide GO0, tonz
Sodium hydirogen sulfite 4000. tors
Sochuin bexametaphozphate 1000. tore
Sodium hydrosulfite 2000. tons
Sodium perborate 20000, tons
Sodwum telraborate (Borax) 5000. ton=s
Sodium tripol yphosphate 50000. tono

» Magnesium oxice HXX0.  tore
Tryssdsvm phosphate 1AL, borvs
Alumirum fluoride 2200,  tons
Gas waste 2382467000, w3
Lignd waztle 802993, 3

5011d wasthe 1206520, tons
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Iron oxide (red) 2000. tons
o
PURCHASEL
Electrical erergyy 335137700. kwh
Water 150318%0. m3
Steam - 1106151. GJ
Cooling water 2668960. m3
Process water 595732. m3
Compressed air 27471380. Nm3
Hot air 32000. N3
Ammonium nitrate 4550. tons
Antimony (metalic) 1722. tons
Compressed nitrogen 300000. Nm3
Burnt lime (CaD) 117000. tons
Charcoal 5. tons
Chromium ore 1454. tons
> Coal 2344. tons
Coke 41822. tons
Electrodes 180. tors
Colemanite (boron ore 40%) 18820. ton=
Copper =scrap 520. tons
Diatomite 250. tons
Dolomite T 11127. tons
Fluosilicic acid as waste 2640. tons
Ground phosphate rock 5000. tons
Nitric acid (as 65% HNO3) 1814. tons
Hydrate lime [99.5 Ca(0H)2] 3800. tons
Hydrogen peroxide 4720. tons
Elecrode mass 1080. tons
Limestone (78% CaC03) 67744. tons
Magnesium zulphate 80. tons
Manganese e (30% Mn) 1500. tLons
Molybdenum ore 155. tons
Sodium hydroxide (4%5% 16. tons
Lead (as metal) :827. tons
. Phosphoric acid (3% P205) 43200. tons
Phosphoric acid (75% H3P04) 62130. tons
Rock salt (100% NaCL) 3100. tons
Sand 262. tors
Sulphur dioxide SO2 (as 100% H2504) 4520. torns
Burnt dolomite (37% MgD158% Ca0) ' 145000. tons
Soda lye (45% NaOH) 142. tons
Sodium bicarbonate 1750. tors
Sodium carbonate 98% 4945. tons
Sodium chlcride 65777. tons
Sodium hydroxide ( 100% Nail) 1125. tons
Sodium hydroxide (50%) 85¢0. tons
Soda lye (45%) <olution 17¢00. tons
Sodium sil)icate 0. tons
Sulphur 1331. tons
Carbon dioxide (100%) 36450. tore
Lime 3900. tons
Sulphuric acid 17705. tors
Diezel oil 115¢6. torne
Zinc ash (100% Zn) 1160. tons
». Rauxite (87% AI203) 2600. tore
Alumirum hydh oxade (L JOUG ALZ0S) 1870. tonz
Amvmonia N3 29(.:. tonz
Alcohol 1;’0. tone
Filter cloth 4. tore
Fuel gas ILS5400 . Nns
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Matural gas 630000. Nmn3

Filtriation agent 28. tons
Chlorine (100%) 2025. tons
Post-reduction aniline (55% Fe20G) 4300. tons
Ammonia water (29.4% NH3) 350. tons
Iron sheet 90. toms
Sodium bichromate inpure 1700. tons

PROCESSES

ANTIMONY TRIOXIDE 2000. tons
ALUMINUM SULPHATE 30000. tons
SODIUM TETRABORATE (BORAX) S000. tors
SODIUM PERBORATE 20000. tons
PRECIPITATED CALCIUM CARBON.. 10000. toms
CALCIUM CARBILE 60000. tons
CALCIUM HYPOCHLORITE 5000. tons
SODIWM BICHROMATE 909. tons
ANHYDROUS CHROMIC ACID 1000. tons
CHROMODSAL - BASIC CHROMIWM SULPHATE 1683. tons
COPPER SULPHATE 2000. tons
ALUMINUM FLUDRIDE 2200. tons
IRON OXIDE (RED) 2000. torns
LEAD OXIDE (RED) 2000. tons
MAGNESIUM OXIDE 50000. tons
MANGANESE DIOXIDE 2000. tons
MOLYBDENUM TRIOXIDE 140. tons
SODIUM TRIPOLYPHOSPHATE 50000. tons
SODIUM HEXAMETAPHOSPHATE 1000. tons
TRISODIUM PHOSPHATE 79500. tons
DICALCIUM PHOSPHATL 40000. tons
SODIUM GLAZE 320. toms
SODIUM WATER GLASS 600. tons
SODIUM HYDROGEN SULFITE 4000. tons
SODIUM HYDROSULFITE 2000. tone
SODA ASH 41111. tons
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> Problem title: INDRWNIC INOUSGTRY

Fractional Optimzation

Maximize:

Yearly Profit mil.$
= 0.513
Investment mil.3
Scenario: i
2.00EH02 < Investment < 1.00E420 ( 0.0%) mil.B.

»
MAIN PARAMLCTERS
Yearly Profit 105. mil.$
Manufacturing vValue Added 152. mil.$
Investment 200. mil.3
Yearly Import 17. mil.$
Yearly Export 5. mil.%
Yearly Domestic Purchase 118. mil.3
Yearly Domestic Sale 2B4. mil.3
SALE

L 4
Ammonium chloride 4000. tons
Antimony trioxide 2000. tons
Calcium carbonate 1447210. tons
Chromic acid anhydrous 1000. tons
Chromosal - basic chromium sulphate 2000. tom=
Copper sulphate 2000. tons
Dicalcium phosphate 40000. tons
Calcium hypochloride S000. tonz
Lead oxide (red) 2000. tons
Manganese dioxide 2000. tons
Molybdernum trioxide II1I 140. tones
Nickel sulphate S00. tonz
Aluminum sulphate (14% A1203) 30000. tons
Precipitated calcium carbonate 10000. tons
Sodium bichromate 1920, tons
Calcium carbide &000.  tons
Sodium hydrogen zulfite 4000. torne
Sodium chromate 1000. tons

» Sodium hexametaplosphate: 1000. tone
Sodhwum hydrosul fite 2000, torrs

S Sodium metasilicale penlabwdiate JOVOO.  torrs
. Sodium perborate 20000. tons

Sodium telraborate (Borax) 5000, tons
Sodium thiozulfate 1000. tore
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Sodium tripolyphosphate S0000.
Magnesium oxade S0000.
Trisodium phosphabs: ’ 7500.
Zinc chloride (as 100%. ZnCl2) 4700.
Aluainue fluoride 2200.
Gas waste 2384182000.
Liquid waste 1281080,
So0li1c waste 142244 .
Iron ocade (rea) 2000.
Ferroferric oxide (black) 1000.
Sodium chloride (medical) 1500.
Titanium dioxide 3707.
Zeolites cl._4A S00.

PURCHASE

Electrical energy 346589500
Water 19221860
Steam 1646182 _
Cooling water 2834860.
Process water 618680.
Cemineralized water 23390.
Compressed air 27495400.
Hot air 32097.
Ammonium nitrate 4680,
Antilumper 24.
Antimony (metalic) 1722.
Compre=ssed nitrogen 300000.
Burnt lime (Ca0) 117000.
Charcoal S.
Chiomate and biciv omate(cale.66.3%Cr03) 680.
Chromium ore 4800.
Coal 2344.
Coke 42298.
Electrodes 180.
Colemanite (boron ore 40%) 18820.
Copper scrap 520.
Diatomite 250.
Dolomite 14640.
Fluosilicic acid as waste 2640.
Ground phosphate rock 5000.
Hydrochloric acid (as 100%) 2538.
Nitric ‘acid (az &5% HNU3) . 1814,
Hydrate lime [97.5 Ca(OH)2) 3800.
Hydirof luoric acid 7% S.
Hydiroogen peroxide 4740.
Elecrode macs 1080.
Limestone (98% Cat03) 73571.
Magnesiun sulphate 80.
Manganese ore (30% Mn) 4500.
Molybdenun ore 155.
Sodium hydroxide (45%) 256.
Calcium hydroxide CaOii2 17.
Lead (as metal) 1827.
Phozphoric acid (33% P205) 43200.
Phozphoric acid (75% H3P04) 62130.
Post diztillation slurry 4N000.
Faw nickel sulphate 504.
Rock galt (100% MaCl.) 6700,
Sand 4178,
Sulphur dioxide S02 (as 100% H2504) 4755,

{llemarate ore (49.5% 110;.) 10565.

SEERRECRERENY
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Burnt dolomite (37% MgO+S8s Ca0) 145000.
Soda lye (45% Na(H) 142.
Sodium bicarbonate 1750.
Zinc oxade (ash) 2820.
Sodium carbonate X3 4948.
Sodium chloride T2703.
Sodium hydroxide (1005 tlH) 1125.
Sodium hydroxide (50%) 11303.
Soda lye (45%) =zolution 17600.
Sodium pyrosulfite S.
Soditm silicate 80.
Sulphur 1520.
Carbon dioxide (100%) 36450.
Lime 3500.
Sulphuric acid 40376 .
Diesel oil 14012.
Zinc ash (100% Zn) 1160.
Bawate (87 A12A3) i - 9600.
Aluminum hydiroxide (as 100% AL205) 2078.
Ammonia NG 2247.
Alcohol 130.
Potassium permanganate (KMnD41) 3.
Filter cloth 4.
Fuel gas 6026700 .
Natur-a} gas 830000.
Filtriation agent 2B.
Drinking water 4800.
Chlorine (100%) 2025.
Post-reduction aniline (55% Fe203) 4300.
Amonia water (29.4% NHG) 350.
Iron cheeb .
Scrap—iron 649,
Other compounds 185357.
Sodium bichromate impure 1700.
fFerrous sulphate az waste 4550.

PROCESSES

ANTIMONY TRIOXIDE . 2000.
ALUMINUM SULPHATE 30000.
SODIUM TETRABORATE (GORAX) 5000.
SODIUM FERBORATE 20000.
PRECIFITATED CALCIUM CARBONATE 10000.
CALCIUM CARBILE €0000.
CALCIUM HYPOCHLORITE S000.
ATONIUM CHLORITE 4000.
SODIUM BICHROMATL 2000.
SODIUM CHIROMATC , 1000.
AHYDROUS CHROMIC ACTD 1000,
CHROMOSAL - BASIC CFHROMIUM SULPHATE 2000.
COPPER SULPHNIE 2000.
ALUMINUM FLUDRIIA 2200.
IRON OXIDE (RED) 2000.
FERROFERRIC OXIIES (DBLACK) 1000.
LEAD OXILC (RFD) 2000.
MAGNESTUM OXITE 50000.
MANGANESE DIOX DL 2000.
MOLYBIDENUH TRICKLIL 140,
NICKEL SILFATE: S00.
SODLUM TRIPOLYPHUGFHATE S0000.
SODIUM HEXAME TAPHUGHHNTE 1000,
TRISODILM F1LIGHHAIE 7500.
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LICALCIUM PHOSPHATE
SODIUM GLAZE

SODIUM WATER GLAGS
MOLECULAR SIEVE - ZEOLITES (cl. 4A)
SODIUM METASILICATE
SODIUM THIOSULPHATE
SODIUM HYDROGEN SULFITE
SODIUM SULFITE

SODIUM HYDROSULF IE
SODIUM CHUORIDE (MEDICAL)
TLTANIUM DIOGXIDE

ZINC CHLORILE

SODA ASH

5120.

3707.
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Problem title: INORGANIC INDUSTRY

Fractional Optimization

Maximize: .
Yearly Profit mil.$
——————————————— = 0.426 ~————
Invesstment mil.3

Scenario:
2.5CEH02 < Investment < 1.00E+20 ( 0.0%) mil.3

ARk R A I A R S R A AR AR ok Aok

HAIN PARANMLTERS

Yearly Profit 107. mil.%
Marufacturing Value Added . 166. mil. 3
Investment 250, mil.3
Yearly Import 18. mil.$
Yearly Export S. mil.%
Yearly Domestic Purchase 129. mil.$
Yearly Domestic Sale 310. mil.3
SALE

Armoniuin chloride 4000. tons
Antimony trioxide 2000. tons
Calcium carbonate 144710. tore
Chromic acid anhydrous 1000. tornes
Chromozal —~ basic chromium =ulphale 2000. tons
Copper sulphate 2000. tons
Dicalcium phosphale 40000. tons
Calcium hypochloride 5000, tons
Leiad oxide (red) 2000. tom:
Marvjaneze dioxide , 2000. tons
Molybdenum Litioxide 111 140. tons
Nickel zulphate 0. tore
Aluminum sulphate (14% AL20S) XN . tonz
Precipitated calcium carbonate 10000, tons
Sodium bichromate 1920. tonz
Calcium carbide GO . tore
Sodium hwdirogen <ulfite 4000. tons
Sodium chromate / 1000, tons
Sodhum Derame Laphorsphale 10000, tores ,
Sodium hwahrozulfite 200, torez
Sodium nestazilicate pentabydrale 10000. tone
Sodium perborate 20000, tons
Sodium Letraborate (Borax) SX0.  tons

Sodium Lhiozulfate Lo, tons
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Sodium tripolyphosphate
Magnesium oxide

Trisodium phosphate

Zinc chloride (as 100% ZnCl2)
Aluminum fluoride

Gas waste

Liquid waste

Solid waste

Iron oxide (red)
Ferroferric oxide (black)
Sodium chloride (medical)
Titamum dioxide

Zeolites cl.4A

PURCHASE

Electrical energy

Water

Steam

Cooling water

Process water
Deminerali’zed water
Conpressed air

Hot air /

Ammonium nitrate
Antiluaper

Antimony (metalic)
Compreszed nitrogen

Burnt lime (Ca0)

Charcoal

Chromate and bichromate(calc.66.3%Cr03)
Chromium ore

Coal

Coke

Electrode.

Colemanite (boron ore 40%)
Copper scrap

Diatomite

Dolomite

Fluosilicic acid as waste
Ground phosphate rock
Hydrochloric acid (as 100%)
Nitric acid (as 65% HNO3)
Hydrate lime [972.5 Ca(0H)2]
Hydrofluoric acid 70%
tHydrogen peroxide

Elecrode mass

Limestone (98% CaC03)
Magnesium sulphate
Manganeze ore (30% Mn)
Molybdeiwsn ore

Sodiun hydroxide (45%)
Calcium hydroxide Ca(i2
Lead (az metal)

Phosphoric acid (3837% P205)
Phogphoric acid (75% H3PO4)
Post distillation slurry
Raw nickel sulphate

Rock zalt (LOU% NaCl.)

Sand

Sulphur dioxide S0 (as (0% H2G04)
[liemanm te ore (47.%% T102)

16396.

357120900.
28966570.
2407487.
2834860.
618680.
23390.
27435400,
32099.
46£0.
24.
1722.
300000.
117000.
S.

€80,
4800.
2344.
42298.
180.
18820.
520.
250.
14640.
2640.
S000.
2538.
i8l4.
3800.

S.

4740.
1080.
73571.
80.
4500.
155,

256,

17.

1827.
45200.
62130.
40000.

6700,
4198,
4755,
46727,

Tttt
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Burnt dolomyte (37% MgO+SS: Cal)
Soda lye (45% NaOH)

Sodium bicarbonate

Zinc oxide (ash)

Sodium carbonate 9%

Sodium chloride

Sodium hydroxice (100% NaOH)
Sodium hydroxide (50%)

Soda lye (45%) solution
Sodium pyrosulfite

Sodium silicate

Sulphur

Carbon dioxide (100%)

Lime

Sulpturic acid

Diesel o0il

Zinc a<h (100% Zn)

Bancite (87% A1203)

Aluminum hydroxade (as 100% A1203)
Ammonia HH3

Alcohol

Potassium permanganate (KMnO4)
Filter cloth

Fuel gas

Natural gas

Filtriatjon agent

Drinkirng water

Chlorine (100%)

Post-reduction anmline (55% Fe203)
Ammonia water (272.4% N-G)

Iron sheet

Scrap-iron

Other compounds

Sodium bichromate impure
Ferrous sulphate as wacte

PROCESSE

W

ANTIMONY TRIOKIDE
ALUMIN SULFHATE

SODIUM TETRABORATE (BORAX)
SODIUM PERBORATE
PRECIPITATED CALCIUM CARBONATE
CALCIUM CARBILE

CALCIUWM HYPOCHLORITE
ATONIUM CHLORIDE

SODIUM BICHROMATE

SODIUM CHROMATE

ANHYDROUS CHROMIC ACID
CHROMOSAL ~ BASIC CHRUMIUM SULPHATE
COPFEER SULFHINTE,

ALUMINUM FLUORIDE

IRON OXIDE (RED)
FERROFERRIC OXIDES (BLACK)
LEAD OXIDE (RIZD)
MAGNESILM OXIDE

MANGANESE DIOXINE
MOLYBDENUM TRIOXIIA

MNICKEL SULFATE

SODIUM TRIPOLYFHIOULI NI
SODILM FEXAMETAPHNGHHATE,
TRISODIWU FHIOSIINTE

145000.
142,
1750.

4948,
72703.
1125,
11303.
17600.
3.

1520.
36450.

115238.
17819.
1160.

2078.
2247,
130.

2B69.
819780.
1700.
4550.
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DICAL CTUM FHOSAHATE
SODIUM GLAZE

SODIUM WATER GLASS
MOLECULAR SIEVE - ZEQLITES (cl. 4A)
SODIUM METASILICATE
SODIUM THIOSULPHATE
SODIUM HYDROGEN SULFITE
SODIUM SULF1TE

SODIUM HYDROSULFITE
SODIUM - CHLORIDE (MEDICAL)
TITANIUM DIOXIDE

ZINC CHLORIDE

S0DA ASH

KK LAk SR A RO R ok e o o oot o A R ik ok R

5120.

16396.
4700.
45437.
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Problem title: INDRGANIC INDUSTRY

/ .
Fractional Optimization

Maximize: )
Yearly Profit mil.$
= 0.364 ————
Investment mil.3
Scenario: .
3.00E402 <« Investment < 1.00E+20 ( 0.0%) mil.$

A AR ALK ORI A ook & Kk AIc ok ok ok ioiaiciai Icoeioiok ok JooKioiciok s -

MAIN PARAMETERS

Yearly Profit 109. mil.%
Manutfactusiring Value Added 180. mil.$
Investment 300. mil.$
Yearly Import 20. mil.%
Yearly Export S. ml.$
Yearly Domestic Purchase 139. mil.%
Yearly Domestic Sale 336, mil.3
SALE
Ammonium chloride 4000. tons
Antimony trioxide 2000. tons
Boric acid 181. tons
Calcium carbonate 144910. tones
Calcium chloride 10000. tons
Chromic acid anhydrous 1000. tons
Chromosal - basic chromium sulphate 2000. tons
Copper- oxide (black) 40. ton=z
Copper oxide (red) 100. tons
Copper sulphate 2000. tons
Cryolite (Na3AIFG) 4200. tons
Dicalcium phosphate 40000. tonz
Calcium hypochloride S000. tons
Hydrogen fluoride 1000. tone
Lead oxide (red) 2000, ton=
Lithopone (30%) 10000, torz
Manganese dioxide 2000. torns
Molybdenum trioxide [I1 140. tons
Nickel zulphate S00. tons
Alumirum sulphate (14% AI20S) 3 . tonz
Precipitated calcium carbonate 10000. tone
Precipitated calcium carbonate(looth p.) 1000. tone
Silica gel (macro) 1500. tore
tons

Sodium bichromate 1720,
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Calcium carbide

Sodium hydrogen sulfite
Sodium chromate

Sodium hexametaphosphate
Scdium hydrosulfite
Sodium metasilicate pentahydrate
Sodium perborate

Sodium sulfite

Sodium tetraborate (Gorax)
Sodium thiosulfate

Scdium tripolyphosphate
Magnesium oxide

Trisodium phosphate

Zinc chloride (as 100% ZnCl2)
Aluninum fluoride

Gas waste

Liquid waste

Solid waste

Iron oxide (red)
Ferroferric oxide (black)
Sodium chloride (medical)
Titanium dioxide

Zenlites cl.4h

Sulphuric acid /5%

PURCHAGSE

Electrical energy

Water

Steam

Cooling water

Process water
Demineralized water
Compressed air

Hot air

Ammonium nitrate
Antilumper

Antimony (metalic)
Compressed n trouen

Barium ore (as 100% BaSs)
Burnt lime (CaD)

Charcoal

Chromate and bichromate(calc.66.3%Cro3)
Chromium ore

Carbon dioxide (CO2 gas 40%)
Coal

Coke:

Electrodes

Colemanite (boron ore 40%)
Copper =zcrap

Diatomite

Dolomite

Fluosilicic acid as wizle
Ground phosphate rock
Hydrochloric acid (a= 100%)
Mitric acid (as 6%% FMNO3)
Hydrate lime [77.5 Ca(0O4)2])
Hydirofluoric acid 7.
Hydrogen peroxide

Elevrode mass

Limestona (99% CaC0s)
Magnozium sulphatee

2384518000.
2739424

2484.
42427.
120,
191283,
662.
250.
14¢40.
8046.
3000.
2578,
1814.
3800.
S.
4740,
1080,
75070,
30.

GEEERNECCEERTNANINEELI
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THH

tons
tonz
tons




Manganese ore (30% Mn)

tons
Molybderum ore 155. toms
Sodium hydroxide (415%) 398. tons
Calcium hydroxide CalL! 19. tons
Lead (as metal) 1827. tors
Phosphoi-ic acid (3% FXI5) 43200. tors
Phosphoric acid (75% 113P04) 62130. tors
Post distillation slurry 150000. m3
Raw nickel sulphate S04. tons
Rock salt (100% NaCl) 6700. tons
Sand 6535. tors
Sulphur dioxide S02 (as 100% H2S04) 4755. tons
Illemanite ore (49.5% Ti02) $7000. tons
gurnt dolomite (3/% MgD#S8% Ca0) 145000. tons
Soda lye (45% Na(+!) 142. toms
Sodium bicarbonate 1750. toms
Zinc oxide (ash) 2820. tons
Sodium carbonate 78% 5845. tons
Sodium chlorida 79150. tons
Sodium hydroxide (100% NaOH) 1125.7 tons
Sodium hydroxide (50%) 13445. torns
Soda lye (45%) solution 17600. tons
Sodium pyro=ulfite 1576. tons
Scdium silicate 80. tons
Sulphur 1520. tons
Carbon dioxide (100%) 36450. tors
Lime 3500. tons
Sulphuric acid 163157. tons
Diesel oil 18900. tons
Zinc ash (100% Zn) 1160. tons
Active carton 2. tons
Bauxite (87% Al1203) 2600. tons
Aluminum hydroxide (as 100% A12035) 3254. tons
Ammonia NHS 3219. tons
Alcohol 130. tons
Potassium permanganate (KMnO4) 3. tony
Filter cloth 4. tons
Fuel 9gas 61271340. Nm3
Natural gas 830000. Nm3
Carbon dioxide (C02) food grade) 150000. m3
Coke oven gas S000000. Nm3
Filtriation agent . tons
Drinking water 4800. m3
Chlorine (100%) 2025. tons
Pocst -reduction aniline (55% Fe203) 4300. tons
Amonia water (29.4% Ni3) 350. tones
Iron sheet 90. tons
Scrap-iron 3500. tons
Cooling brine 20090. GJ
Other compounds 1000000, UsS$
Soda ash in solution 1037. tons
Sodium bichromate impure 1700. tors
Ferrous sulphate as waste 4550. tons
Z2inc sulphate (as raw mat.) 5070. tons

PROCESSES

ANTIMONY  TRIOXIDE 2000, tomns
ALLMINM SULFHATE J0000. tons
LITHOPONS 500% 10000. tons
SODIWUM TETRABORATE (BOFX) S000. tons
BORIC ACID 181, torm




SODIUM PERBORATE 20000. tons

PRECIPITATED CALCIUM CARBONATC 10000. tors

PRECIPITATED CALCIUM CARBOMATE(TOOTH P.) 1000. tons

- CALCIUM CARBIDE 60000. tors
CALCIUM HYPOCHLORITE 5000. tons

CALCIUM CHLORIDE 10000. tons

AMMONIUM CH_ORIDE 4000. tons

SODIUM BICHROMATE 3000. tons

SODIUM CHROMATE 1000. tors

ANHYDROUS CHROMIC ACID 1000. tons

CHROMOSAL. — BASIC CHRUMIUM SULPHATE 2000. tons

COPPER OXIDE (BLACK) 40. toms

COPPER OXIDE (RED) 100. tons

COPPER SULPHATE 2000. tons

CRYOLITE - ALUMINUM SODIWM FLUORIDE 4200. tons

ALUMINUM FLUORIDE 2200. tons

HYDROGEN FLUORIDE 1000. tons

IRON OXIDE (RCD) 2000. tors

FERROFERRIC OXIDES (BLACK) 1000. tons

LEAD OXIDE (RED) 2000. tons

. MAGNESIUM OXiDE 50000. tons

> MANGANESE DIOXTDE 2000. tons
: MOLYBDENUM TRIOXIDE 140. tons
NICKEL SULFATE 500. tors

N SODIWM TRIPOLYPHOSPHATL 50000. tons
SODIUM HEXAMETNAPHOSPHATE 1000. tons
TRISODIUM PHOSPHATE 7500. tons

DICALCIUM PHOSAHATL 40000. tors

SODIUM GLAZE 7970.  tons

SODIWM WATER GLASS 17725. tors

MOLECULAR SIEVE - ZECGLITES (cl. 4A) 500. tons

SILICA GEL. (MACRO) 1500. tons

SOOIV METASILICATE 10000. tons

SODIUM THIOSULPHATL 1000. tons

SODIUM HYDROGEN SULITTTE 4000. tons

S0DIUM SULFITE 2000. tons

SODIUM HYDROSULFITE 2000. tons

SODIUM CHLORIDE (M:ZDICAL.) 1500. tons

TITANIWM DipXTDE 20000. tons

ZINC CHLORIDE 4700. tons

SODA ASH . 46608. tons

**-k****#*t#'—t**4:4::t#‘-’-#*4245'#-'-&#*4;IK*JiJi-'****4-’441**MM*&?:#****#M#******#**W !
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- Problem title: INORGANIC INDUSTRY

Fractional Optimization

Maximize: /
Yearly Profit mil.$
- - - = 0.306
Investment mil.3
Scenairio:
3.50CH02 < Investment < 1.006420 ( 0.0%) mil.$

MAIN PARAMETERS

Yearly Profit 107. mil.3%
Manufacturing Value Added 1e8. mil.$
Investment 350. mil.%
Yearly Impoirt 20. mil.3
Yearly Export 7. mil.%
Yearly Domestic Purchase 147. mil.$
Yearly Domestic Sale 351. mil.%
SALE
-

Ammonium chloride 4000. tons

Antimony trioxide 2000. tons

Garium Carbonate J000. tones

Boric acid 8000. tone

Calcium carbonate 144910. tons

Calcium chloride 10000. tons

Chromic acid anhydrous 1000. tons
Chromosal - basic chromium sulphate 2000. tones

Copper oxide (black) 40. tons

Copper oxide (red) 100. tons

Copper sulphate 2000. tons

Cryolite (Na3AIFG) 4200, tone
Dicalcium phosphate 40000. tonz

Calcium hypochloride S000. tone

Hydrogen fluoride 1000. tore

N Lead oxide (red) 2000. tons
' Lithopone (30%) 10000. tone
Manganese dioxide 2000. tons

* Molytxierum tirioxade LI 140. tones
Nickel sulphate SON.  tone
Potassium bichi-omate 1000. tone=
Potaszium chlorate 1000. torne

Aluminum zulphate (14% AIZ03) J0000. tone
Precipitated calcium carbonale 10000, tons




Precipitated calcium carbonate(tooth p.)
Silica gel (macro)

Soxia ash (100%)

Potassium nitrate

Sodium bichromate

Calcium carbide

Sodium hydrouen sulfite
Sodium chromate

Sodium glaze

Sodium hexametaphosphate
Sodium hydfosulfite

Sodium metasilicate pentahydrate
Sodium perborate’

Sodium sulfide

Sodium sulfite

Sodium tetraborate (Borax)
Sodium thiosulfate

Sodium tripclyphosphate
Sodium water glass (36% grade..)
Magnesium oxide

Trisodium phosphate

Zinc chloride (as 100% ZnCl2)
Aluminum fluoride

Gas waste

Liquid waste

Solid waste

Iron oxide (red)

Ferroferric oxide (black)
Sodium chloride (medical)
Titanium dioxide

Zeolites cl.4A

Sulphui-ic acid 75%

-PURCHAGSE

Electrical energy

Water

Steam

Cooling water

Process water
Demineralized water
Compressed air

Hot aii-

Ammonium nitrate
Antilumper

Antinmony (metalic)

Barium chloride (BaClz?)
Barite ore (as 100% BaS()4)
Compressed nitrogen
Barium ore (as 100% BaS)
Burnt lime (Ca0)

Charcoal

Chromate and bichromate(calc. o6, 3%Cro3)
" Chromium ore

_Carbon dioxide (CO2 gas 40%)
Coal

Cokn

Electirodes

Colemanite (boron ore 40%)
Copper scrap

Diatomite

Dolomito

912.

40075.

378876500.
37030150.
3579755.
4844000,
650000.
45370.
31337600.
G000 .
4680.

24.

1722.

3.
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Fluosilicic aciid as waste
Ground phosphate rock
Hydrochloric acid (as 10U0%)
Nitric acid (as 100% HMNOG)
Nitric acid (as 65% HNO3)
-Hydrate lime [93.5 Ca(0H)2]
Hydrofluoric acid 70%
Hydrogen peroxide

Clecrode mass

Potassium carbonate (‘77% K2C03)
Potassium hydroxide %%
Limestone {(98% CaC03)
Magnesium sulphate

Manganese ore (30% Mn)
Molybderum ore

Sodium hydroxide (45%)
Calcium hydiroxade CaOHZ
Nitric oxides as byproduct
Lead (as metal)

Phosphoric acid (38% P205S)
Phosphoric acid (75% H3P04)
Post distillation slurry
Potassium chloride

Raw nickel sulphate

Rock salt (100% NacClL)

Sand

Sulphur dioxide S02 (as 100% H2S04)
Il1lemanite ore (42.5% Ti02)
Burnt dolomite (37% MgO+58% Ca0)
Soda lye (45% NaOH)

Sodium bicarbonate

Zinc oxide (ash)

Sodium carbonate 98%

Sodium chloride

Sodium hydroxide (100% NaOH)
Sodium hydroxide (50%)

Soda lye (45%) solution
Sodium pyrosulfite

Sodium silicate

Sulphur

Carbon dioxide (100%)

Lime

Sulphuric acid

Diesel oil

2inc ash (100% Zn)

Active carbon

Bauxite (87% A1203)

Aluminum |  Jroxide (as 100% AL203)
Fomonia N3

A)vohol

Polaszium permanganale (KMNOM)
Filter cloth

Fuel gas

Niatural gas

Carbon dioxide (CO2) food grade)
Coke oven gas

Filtriation agent

Drinking water

Chlorine (100%)

Post-reduction aniline (55% Fe203)
Amnonia water (29.4% N3)

Irron sheet.

Scrap~iron

Cooling brine

Other compounds

Scxda azh in solution

1814.

4740.
1080.
2.
49.

80.
4500.
155.
1200.
19.
1410.
1827.

62130.

57000.
145000.
142,
1750.

7777,
105630.
1125.
13445,
17¢00.
15%6.

1520.
36450.
3500.
169258.
18900.
1160.
2.

3254.
3302.
130.

€66180C0.

4300.
350.

0.
3500.
2070.
1000000,
1037.
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Sodium bichromate ispure ) 1700. ions
Ferrous sulphate as saste 4550. tons
Zinc sulphate (as ras mat.) . S070. tons

P’!OCESSES
4

ANTIMONY TRIOXIDE 2000. tons

ALUMINUM SULDHATE 30000. tons

BARIUM CARBONATC 3000. tons

LITHOPONE 30% 10000. tons

SODIUM TETRNBORATE (BORAX) S000. tons

BORIC ACID 8000. tons

SODIUM PERBORATE 20000. tons

PRECIPITATED CALCIUM CARBONATE 10000. tons

PRECIPITATED CALCIUM CARSONATE(TOOTH P.) 1000. tons

) CALCIUM CARBIDE 60000. tons
CALCIUM HYFOCHLORITC S000. tons

- CALCIUM CHLORIDE 10000. tons
AMMONIUM CHLORIDE 4000. tons

SODIUM BICHROMATE 3000. tons

SODIW CHROMATE 1000. tons

POTASSIUM BICHROMATE 1000. tons

ANHYDRUUS CHROMIC ACID 1000. tons

CHROMOSAL. - BASIC CHROMIUM SULPHATE ) 2000. tons

COPPER OXIDE (BLACK) 40. tons

COPPER OXIDE (RED) 100. tons

COPPER SULFHATE 2000. tons

CRYOLITE - ALUMINUM SODIUM FLUDRILDE 4200. tons

ALUMINUM FLUDRIDE 2200. tons

HYDRGGEN FLUDRTDE 1000. tons

IRON OXIDE (RED) 2000. tons

FERROFEIRIC OXILCS (BLACK) 1000. tons

LEAD OXIDE (KED) 2000. tons

MAGNESTUM OXIDE S0000.  tons

MANGANLCSE DIOXIDC 2000. tone

MOLYBLDENUM TRIOXIDE 140. tons

) NICKEL SUAFATE 500. tons
SOUIUM TRIFOLYADGA BIE SO000. tons

SODIUM HEXAME TAF IOGH BIC 1000. tons

TRISODIUM PHOSPHATE 7500. tons

DICALCIUM PHOGPHATE 40000. tons

POTASSIUM CF1ORATE 1000. tone

FOTASSIUM NITRAIE 2000. tone

SODIUM GLAZE 25000. tons

S0DIU WATER GLASS 60000. tors

MILECILAR SIEVE - ZEOLITES (cl. 4A) 500. torns

SILICA GR). (MVCRD) 1500. tones

SODIUM METNSILILATE 10000. tons

SODIUM THECGIALPHATL 1000,  tons

SODIUF HYDRIGI N SARLTIE 4000, tone

SOLILM TIAL ITC 2000. tone

. SODIUM HYDROGARK | IE 2000. tons
3 SODIUM JLORITE (MEDICAL) 1500, tone
S001LM NITRATE 2000. tone

TITANLUY DIOY. LI 20000, tons

ZINC CHLOR)LE, 4700. tone

N SODA NAGH 63157, tone
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Problem title: INORSANIC INDAUGTRY

Fractional Optimization

Maximize:
Yearly Profil

Investeent

Scenairio:
3.84E102 < Imvestesent

E-P-LPVENLS VRS IECLRVIVESTINNP LNt~ FT BNV oSS~ RV otvdsesdavtaie =22 <r =2 <)

MAIN PARAMNETERS

Yearly Profit
Fanufacturing vValue Added
Investment

Yearly lmport

Yearly Bxport

Yearly Domestic Purchaze
Yearly Domestic Sale

SALE’-
/

Amoniun chloride
Antimony btrioxide
Barium Carbonate
Ferrous sulphate - 7 hydrate
Bariun chloride (BaCl2. 320 100%)
Barium hydir-oxide

Boric acad

Calcium carbonate

Calcium chloride

Chromic acid anhydrous

Chromosal -~ basic chromium <ulphate
Copper oxide (black)

Copper oxide (red)
Pickling acid (24% H2G04,10% F20504)
Copper =zulphale
Cryolite (NVAIFG)
Dicalcwum pivEphate
Calcium hypochloride
Hydrogen fluoi‘ide

Hydh onen =l fade

Lead orade (ired)
Laithopone (%)
Marmaareze diox)de
Molybtdernum trrioxide [f1

mil.$

0.271

< 1.00E420 ( 0.0%) mil.$

104,
195.
334.

PN

ml.3

PRt T D




Nickel sulphate

Potassium bichromate

Potassium carbcnate (K2C035)
Potassium chlorate

Alusinm sulphate (14% AIAG)
Precipitated calcium carbonate
Precipitated caleium carbonate(tooth p.)
Silica gel (macro)

Soda ash (100%)

Potassium nitrate

Sodium bichromate

Calcium carbide

Sodium hydirogen sulfite
Sodium chromate

Sodium glaze

Sodium nexametaphosphate
Sodium hydrosulfite

Sodium metasilicate pentahydrate
Sodium nitrate

Sodium perborate

Sochum pyrophosphate - dibasic
Sodium sulfide

Sodium sulfite

Sodium tetraborate (Borax)
Sodirm thiosulfate

Sodium tripolyphosphate
Sodium water glass (36% grade..)
Magnesium oxide

Trisodium phosphate

Zinc chloride (as 100% ZnCl2)
Zinc zulphate (as 100% Znf04)
Aluminum fluoride

Gas waste

Lignd waste

Solid waste

Jron oxide (red)

Ferroferric oxade (black)
Sodium chloride (medical)
Titanium dioxide

Zeolite=z cl.4A

Sulphuiric acid 75%

PURCHASE

tlectrical energy

Water

Steam

Cooling water

Proceszs water
Domineralized witer
Comprezsed air

Hot air

fMmmonium nitrate

Ankl luaper

AnLimony (metalic)

Barium chloride (Baclz)
Barite ore (as 100% BasO4)
Comprressed nitroaen
Barium ore (a= 100% B.a5)
Burnt lime (Ca0)

Charconl

Chrromate and bachy amslecale. oo, 5%Cr03)

40075.
50000.
7500.
4700.
1000.
2200.
2401718000.
S5440245.
225312,
2000.
1000.
1500.

386295200.
45152440,
4159291,
4927000.
&61000.
45370,
35337600.
66000.
4600.

24.

1722.

9.
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Chromium ore

Carbon dioxide (CO2 gas 40%)
Coal

Coke

Electrodes

Colemanite (boron oie A0%)
Copper scrap

Diatomite

Dolomite

Fluosilicic acid as waste
Ground phosphale rock
Hycv-ochloric acid (as 100%)
Miuric acid (as 100% HNOG)
Nitric acid (as 65% NO3)
Hydirate lime [972.5 Ca(OH)Z2]
Hydrofluoric acid 70%
Hydrogen peroxide

Elecrode mass

Potassium carbonate (97% K2C03)
Potassium hydroxide 0%
Limestone (98% CaC03)
Magnesium sulphate
Manganese ore (3% MHn)
Molasses oven coke
Molybdenum ore

Sodium hydroxide (45%
Calcium hydoxide CaU2
Nitric oxides as byproduct
Lead (as metal)

Phosphoric acid (38% P205)
Phozphoric acid (75% H3P04)
Post distillation slurry
Potassium chloride

Raw nickel sulphate

Rock salt,(100% Na(l.)

Sand .

Sulptur dioxade S02 (as 100% H2504)
Illemanite ore (49.5% TiD2)
Burnt. dolomite (37% MOES3% Ca0)
Soda lye (45% NaOiH)

Sodium bicarbonate

Zinc oxide (ash)

Sodium carbonate 78%

Sodium chloride

Sodium hydroxide (100% NaO4)
Sodium hydroxide (5(r%)
Sodium hydroxide (93%)

Soda lye (45%) solution
Sodium pyrosulfite

Sodium s1licate

Sulptur

Carbon dioxide (100%)

Lime

Sulpharic acid

Drezel o1l

Zinc ash (100% 7n)

Zinc scrap 1n zine exbraction (100% Zn)
spent. packling acid

Ac.Live carbon

Cauxite (87% AL203)

Alumirmum hydroxide (az 100% A1203)
Ammonia NFES

Alcohol

FPolassium permarg inale (KHnDA)
Filler cloth

Condervziatae

6700.
20500.
4755.
57000.
145000.
142,
1750.
2820.
7966.
164578.
1125,
1444]1.
20.
17600.
15%6.
80.
1520.
36450.
3500.
170178,
18900.
1160.
255.
6350,
2.
9600.
3294,
3486,
130.
3.

4,
277%l.
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Fuel gas .
Natural gas

Carbon dioxide (C0O2) food grade)
Coke oven gas

Filkriation agent

Drinking water

Chlorine (100%)

Post-reduction aniline (5L,% Fe203)
Ammonia water (29.4% N{G)

Iron sheet

Scrap—-iron

Cooling brine

OLther compounds

Soda ash in solution

Sodium bichromate wmoure

Ferrcus sulphate as wazle

Zinc sulphate (as raw mat.)

PROCESSES

ANTIMONY TRIOXIDE

ALUMINUM SULPHATE

BARIUM CHLORIDE

BARIWM CARBONATE

LITHOPONE 30%

BARIUM HYDROXIDE

SODIWM TETRABORATE (BORAX)
BORIC ACID

SODIUM PERBORATE

PRECIPITATED CAL_CIUM CARDONATE
PRECIPLTATED CALCIUM CARBONATE(TOOTH P.)
CALCIUM CARBIDE

CALCIUM HYPOCHLORITE

CALCIUM CH_ORIDE

APMONIUM CHLORIDE

SODIUM BICHROMATE

SODIUM CHROMATE

POTASSIUM BICHROMATE
AMAYDROUS CHROMIC ACID
CHROMOCAL - BASIC CHRUMIUM SULPHATE
COPPER OXIDE (BLACK)

COPPEER OXIDE (RED)

COPFER SULH-ATE

CRYOLITE - ALUMINUM GODIWM FLUORIDE
ALUMINUM FLUORTDE

HYDROGEN FILLUORIDE

IRON OX1DE (RED)

FERROFERRIC OXIDES (BLACK)
FERROUS SLAFHATL

LEAD OXIDE (FCD)

MAGNEGIUM OXIDE

MANGANIZGE DIOXIDE

MOLYEDIZNUM TRIOXIDE

NYCKLL SULFNTE

SODIUM TRIPOLYPHOSHEINIL,
SODIUM HEXAMCTARPHOGPHTE
SODUM PYROFHGGPHAIE (DIBNASIC)
TRIGODIUM PHOSH WIE

DICALCIUM P0GV

POTAGHTIR CARGOMNATE

POTAGG UM CHELORNTI,

FOTASGIUM NITRATE,

1700.

5070.

40.

HH R L
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tornz
tonz
tons
tons
tons
tornz
tene
tonz
ton=
tons




SODIW GLAZE 25000. tons
SODIUM WATER GLASS 60000. tons
MOLECULAR SIEVE - ZEOLLTES (cl. 4A) 50. tons
SILICA GEL (MACRO) 1500. tons
SODIUM METASILICATE 10000. tons
SODIUM THIOSULFPHATE 1000. tons
SODIUM HYDROGEN SLLFITC 4000. Lo
SOOI SILFITE 2000. tons
SODIUM HYDROSULFITE 2000. tons
SODIUM CGHLORIDE (MEDICAL) ' 1500. tons
SODIUM NLTRATL 8000. tons
TITANIUM DIOXIDE 20000. tons
ZINC SULFATE 1000. tons
ZINC CHLORIDE 4700. tons
S0 ASH 100000. tons
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B86. Final experiments renorts
PDA =  INORGANIC INDUSTRY

Fixed Capital Investment - FCI :
Domestic Investment :
PDA Net Income — NI :
NI/FCI :
POA Inport :
Manufact. Value Added - MNVA
MVA/FCI :
Production Profit :°
Simple Rate of Return :
Production Import :
Marnufact. Value Added - MvA
MVA/FCT :
MVA/Value of Production
Bxport :
Domestic Purchase :
Domestic Sale :
Energy Consumption :
Direct Labour :
Supervision :
Lab & Control :

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.L.C.
0.536 (
32.400 mln.3
313.938 mln.L.C.
0.748
0.537
106.462 mln.%
225.302 mln.L.C.
484 880 min.L.C.

421660.600 TJ

1994
248
202

5§13

425.488 )

1.9 years )

1.9 years )



- Process Level £ 3
Project
L ANTIMONY TRIOX1LE SO torrs 100
2 ALUMINUM SULPHATE 35000 tons 100
9 SO0DIWM TETRABORATE (BORAX) 15000 tons 100
10 BORIC ACID 12000 tons 100
11 SUDIUM PERBORATEC 50000 tons; 100 .
12 PRECIPITATED CALCIUM CARCONATE 100000 tons 100
15 PRECIPITAICDE CALCIWM CARBONATE(TOOTH P.) 4000 tons 100
14 CALCIWM CNIBIbE &0000 tons 100
195 CALCIUWM HYPOCHLORITLE 7000 tons 100
17 AMONIUM CH ORIDE 1000 tons 100
19 SODIUM CHROMATE : 1500 tons 100
20 POTASSIUM BICHROMATE 2000 tons 100
21 ANHYDROUS CHROMIC ACID 1500 tons 100
23 COPPER OXIDE (BLACK) 40 tons 100
« 24 COPPER OXIDE (RED) 400 tons 100
25 COPPER SILPHATE 2000 tons 100
26 CRYOLITE - ALUMINUM SODIUM FLUORIDE 2700 tons 100
N 27 ALWMINUMM FLUDRIDE 2700 tons 100
27 JRON OXIDE (RED) 7000 tons 100
30 FEPROFERRIC OXIDES (BLACK) 5000 tons 100
31 FERROUS SULPHATE 3500 tons 100
32 LEAD OXIDE (RED) 4000 tons 100
34 MANGANESE DIOXILE 11000 tors 100
35 MALYBDENUM TRIOXIDL 2500 tors 100
36 NICKEL SULFATE 300 tons 100
37 SODIWM TRIPOLYPHOSPHATE 70000 tons 100
38 SODIUM HEXAMETAPHOSPHATE 1000 tore 100
40  TRISODIUM PHYSPIATE 7500 tons 100
41 DICALCIUM PHOSPHATE 40000 tons 100
42 POTASSIUM CARBONATE 3000 tons 100
43 POTASSIUM GHLORATE 4000 tons 100
44  POTASSIUM NITRATE 6000 tons 100
45 S0DIUM GLAZE 32000 tons 100
’ 46 SODIM WATER GLASS 80000 tons 100
47 MOLECURAL SIEVE-ZEOLLITES (cl. 3A) 1000 torns 100
51 SODIUM THIOSULFIATE 1000 ton=s 100
52 SODIUM HYDIROGEN SULF 1T 8X0 tons 100
53 S0DIUM SULFITE 12000 tons 100
54 SO0LIUM HYDROGULFITE 000 tons 100
55 GOOIVM GHLORIDE (MLbICNL)} 2500 tons 100
56 SUDIUM NITRATE 12000 tons 100
57 TITANIUM DIOXIDE 50000 tons 100
. 57 ZING CHLORIDE 6500 tors 100
o3 S0 N 150000 tone 100
S50 SUDIVM MCETASILICATE ’ 69480 tone 87




59

122
190
177

87
153
51

163
172
11
157
62
57

67
Medium

Hydrogen peroxide

Elecrode miass

Sodium pyrosulfite

Other coapounds

Post-reduction aniline (55% Fe203)
Electrodes

Potassium chloride

Aluminum hydroxide (as 100% A1203)
Grround phwosphate rock

Magnesium sulphate

Potassium hydroxide 0%

Filter cloth

Filtriation agent

Antilumper

Potassium permanganate (KMnD4)
Potassium carbonate (97% K2C03)
Hydrofluoric acid 70%

11812
1080
9576

15050
180
10020
3476
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104

120

117
110
112

Medium

Calcium carbide

Ti1tanium Jdioxide

Sudium perborate

Sodium tetraborate (Borax)
Manganese dioxide
Antimony trioxide

Chrromic acid anhydrous
Potassium bichromate
Precipitated calcium carbonate(tooth p.)
Trisodium phosphate

Lead oxide (red)

Sodium hydrosulfite
Sodium chiromate .
Sodiam hexametaphozphate

15000
10000

30
1500
1000
1300
2000
1500

1000
700

SRRaaRRIRaRaEY

COrMMEENNA

4.892

BENE3

20
oot
wn

$38



69

Phosphoric acid {75% HSPO4)
Culphuric acad

Phosphoric acid (33% P205)
Colemanite (boron ore 40%)
Steam

Molybdernum ore

Limestone (98% CaC03)
Electrical energy

Sodium fwdroxide (90%)
Antimony (metalic)

Diesel oil

Illemanite ore (42.5% T102)
Burnt lime (Cald)

Sodium chloride

Coke

Zinc ash (100% 7Zn)

Soda lye (45%) solution
Bauxite (B7% A1203)

Sodium bichromate

Water

Sodium bichramate 1npure
Manganese ore (30% Iin)
Sodium bicarbonate

Zinc oxide (ash)

Momov a2 water (27.4% N3)
Lead (as metal)

Ferrous sulphate as waste
Nitric acid (as 65% FHND3)
Sulphur dioxide S02 (as 100% HZS04)
Fuel gas

Sodium carbonate 98%
Hydrochlefic acid (as 100%)
Coal g

Copper scirap

Anmonia NH3

Chromate and bichromate(cale.66.3%Cr03)
Nitric oxides as byproduct
Sulphur

Sodium hydroxide (100% NaOH)
Chlorine (100%)

Hydrate lime [77.5 Ca(i4)2]
Sand

Post distillation slurry
Spent pickling acid

Rock =alt (LO0% Nadl.)
Dolomite

Scrap—~iron

Natural cas

Nitric acid (a3 L)% 1HH03)
Fluosilicic acid as waste
Sodium hydroxide (45%

Lime

Rw nickel wulphate

Alcohol

Diatomite

Frocess water

boda ash 1n solution
Coolirg iater

Molasces oven coke
Yopium nitrate

85330
326370
45200
67850
75790380
2765
340000
397670500
43534
2583
37180
142500
117000
242943
65500
5220
17600
11200
2020
78548070
2550
24750
5250
37900
6250
3654
22750
5600
14875
8714530
12665
3758
29064
970
4251
1020
8460
4758
1125
28355
10100
26240
20000
22225
197250
G600
8750
2565000
134

. 5751
1600
4700
302

585

S50
2017000
4156
6014700
2000
1070

Domestic Purchase
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170
101
123

180
15
150
17
25
29
75
165
173

Carbon dioxide (C02) food grade)
Soda lye (45% NaOH)
Sodium silicate
Compressed air
Demineralized water
Iron sheet

Barium chloride (BaCl2
Active carbon
Compressed nitrogen
Calcium carbonate
Charcoal .
Calcium hydroxide CalHz
Condensate

Drinking water

Hot air

~

=8
oasg§§§§
GETCEEEEnERES

L
78

[
9
o

RE

§8888888E8RE2



185
130
47
120
83
118
75
104
6?7
117
97
128

24
144
175
126

13

176
146
100
106

151

182
119
44
45

142

31

110
4]
129
43
19
76
112

153
159
160

7

Medium Domestic Sale
Titanium dioxide S tons
Sodium’ tripolyphosphate 69960 tons
Dicalcium phosphate 40000 tons
Sodium perborate 40000 tons
Precipitated calcium carbonate 100000 tons
Sodium metasilicate pentahydrate €480 tons
Molybdenum trioxide IIX 2500 tons
Calcium carbide 20000 tons
Manganese dioxide 8000 tons
Sodium hydrosulfite 8000 tons
Soda ash (100%) ’ 71089 tons
Sodium tetraborate (Borax) 10000 tons
Aluminum sulphate (14% A1203) 35000 tons
Boric acid 12000 tons
Trisodium phosphate 6000 tons
Iron oxide (red) 7000 tons
Sodium sulfite ) 11974 tons
Antimony trioxide 1500 tons
Calcium hypochloride 7000 tons
Ferroferric oxide (black) 5000 tons
Zinc chloride (as 100% ZnCl2) 6500 tons
Potacsium nitrate 6000 tons
Sodium hydrogen sulfite 8000 tons
Potassium chlorate 4000 tons
Aluminum fluoride 2700 tons
Potas=ium carbonate (K2C0O3) 3000 tons
Sodium chloride (medical) 2500 tons
Sodium nitrate 6000 tons
Copper sulphate 2000 tons
Cryolite (NalAlF6) 2700 tons
Precipitated calcium carbonate(tooth p.) 2000 tons
Lead oxide (red) 2000 tons
Zeolites cl.3A 1000 tons
Chiromic acid anhydrous 500 tons
Potassium bichromate 700 tons
Sodium chromate 800 tons
Copper oxide (red) 400 tore
Sodium thioc=ulfate 1000 ton=
Pickling acid (24% H2004,10% FeS04) 18375 tons
Ferrous sulphate - 7 hydrate 3500 tons
Nickel sulphate 300 tons
Sodium hexametaphosphate 400 tons
Ammonium chloride 1000 tone
Copper oxide (black) 40 tons
Gaz waste 2493226000 m3
Ligquid waste 4255820 m3
Solid waste 383008 tonz

:
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72

1 Electrical energy

MALECURAL SIEVE-ZEOLITES (cl. 3A)
POTASSIUM CHLORATE

MANGANESE DIOXIDE

CALCIUM CARBIDE

SODIUM HOXAME TN DSEHNIE

TITANIUM DIOX1DE

S0DIUM CHLORIDE (P‘EDICFL)
MOLYBDENM TRIOXIDE

SODIUM HYDROSUAF LTE

CRYOL1ITE - ALYMINUM SODIUM FLUOKIDE
ALUMINM FLUORIDE

POTASSIUM CARBONATE

SODIUM NITRATE

AMPMONIUM CHLORLILE

COPFER SULPHATE

PRECIPITATED CA.CIUM CARBONATE
NICKEL. SILFATE

BORIC ACID

POTASSIWM BICHROMATE

FERROFERRIC OXIDES (BILACK)

PRECIPITATED CALCIUM CARBONATE(TOOTH P. )

TRISODIUM PHOSPHATE
SODIUM THIOSULFHATE
SODIUM TETRABORFIE {BORAX)
SODIUM TRIFTL(PHOSPHATE
SODIUM CHROMATE
SODIUM PERBORATE

S00A ASH

ANTIMONY TREIOXIDE
DICALCIUM PHOSPHATE
SODIUM HYDROGEN SULFITE
ZINC CHLORIDE

LEAD OXIDE (RED)
CALCIUM HYPOCHLORITE
SODIUM SULFIIE

IRON OXIDE (RED)
FOTASSIUM NITRATE
ANHYDROUS CHIROMIC ACID
FERRG S SULMHATE
ALIMINUM SULPHATE
S0DIUM METASILICATE
SODIUM ALAZE

COPPER GXILE (BLACK)
SODItM W-TER GLASS
COPPER UXIDE (RED)

R T T i I e A A VI O AW VAo

ol T T T T ST O O A ¥ VR Vi U VRN

171000
2475000
10500000
210000

18000000
351000
4640000
920000
715000
412000
700000
1200000
637000
467400
75000
175000
1400000
2084408
768000

264000
1202
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Problem title: INORGANIC INDUSTRY

Single Objective Optimzation

Moamize:
PDA Yearly Profit 227.885 m1l.$
Scenario:
Antimony ‘trioxide = 1500. (100.0%) tons
1.20E404 < Boric acid < mone ( 0.0%) tons -
Chromic acid anhwdrous = 500. (100.0%) tons
Lead oxide (red) = 2000. (100.0%) tons
Manganese Jioxide = 8000. (100.0%) tons
Potassium bichromate = 700. (100.0%) tons
3.50E+04 < Alumirum sulphate (14% A1203) < e ( 0.0%) tons
Precipitated calcium carbonate(tooth p._)= 2000. (100.0%) tons
0. 7 Soda ash (100%) < 4000n. ( 0.0%) tons
- Zalcium carbide = 20000. (100.08) tons
Sodium clvomate = 800. (100.0%) tons
Sodium hexametaphosphate = 400. (100.0%) tons
' Sodium hydrosulfite = 8000. (100.0%) tons
Sodium perborate = 40000. (100.0%) tons
0. < Sodium sulfite < 3000. ( 0.0%) tom=s
Sodium tetraborate (Borax) = 10000. (100.0%) tons
Trisodium phosphate = 6000. (100.0%) tons
0. < Iron oxide (red) < 10000. ( 70.0%) tons
0. < Iron oxide (red) < 3000. ( 0.0%) tons
Titanium dioxide = 35000. (100.0%) tons

et e R 2t S SR NP R R CE L TN N X I Y T I N e e e~ 2T e s 7N Y] LR LS b
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GLOBAL RESULTS
PDA Yearly Profit 23C. mil.3
PDA Value Added 312. mil.$
Investment 385. mil.$
Energy Consumption 412368. TJ
Yearly Import . mil.3
Energy Input 412368. TJ
Yearly Export 104. mil.3
Yearrly Domestic Purchase 213. mil.3
Yearly Domeztic Sale 468. mil.3
SALE
.
N Antimony trioxide 1500. tonz
N Antimony trioxide 1500, tone
Ferrous zulphate -~ 7 hydrate 3500. tone
Boric acad 12000. tone




Chromic acid anhydrous

Copper oxide (black)

Copper oxide (red)

Pickling acid (24% HZI0M, 105 FeSD4)
Copper sulphate

Dicalcium phosphate

Calcium hypoct:loride

Lead oaade (red)

Lead oxide (red)

Manganese dioxids

Manganese dioxide

Molvbderum trioxade 11X

Nickel sulphate

Potassium bichromate

Potassium carbonate (K2005)
Potassium chlorate

Aluminum sulphate (14% AL203)
Precipitated calcium carbonate
Precipitated calcium carbonate(tooth p.)
Precipitated calcium carbonate(tooth p.)
Potassium nitrate

Calcium carbide

Calcium carbide

Sodium hydrogen sulfite
Sodium chromate

Sodium chromate

Sodium hexametaphosphate
Socium hexametaphosphate
Sodium hydro=ulfite

Sodium hydrosulfite

Sodium metasilicate pentahydrate
Sodium perborate

Sodiun perborate

Sodium sulfite

Sodium tetraborate (Borax)
Sodium tetraborale (Borax)
Sodium thiosulfate

Sodium tripolyphosphate
Trisodium phosphate

Trisodium phosphate

Zinc chloride (as 100% ZnCl2)
Aluminum fluoride

Gas waste

Liquid waste

50lid waste

Iron oxide (red)

Ferroferric oxade (black)
Sodium chloride (medical)
Titamum didxide

Titanwum dioxide

PURCHASL

Electrical enerqgy

Water

Sleam

Coonling water

Procets waler

Demineral ized water |
Comprezzed air |
Hot air

,
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10000.
11934,
10000.
1000.
69760,
1500.

6000.

6500.

2700.
2472476000,
3371365.
361955.
7000.

S000.

2500.
35000.
15000.

:
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Antimony (metalic)

Barium chloride (RaCl>)
Compressed ni trogen

Calcium carbonate

Burnt lime (Cal)

Charcoal

Chromate and bichromate(calc.66.3%0r05)
Coal

Coke

Electrodes

Colemanite (boron ore 40%)
Copper scrap

Diatomite

Dolowite

Fluosilicic acid as waste
Ground phosphaie rock
Hydrochloirric acid (as 100%)
Nitric acid (as 65% HNO3)
Hydrate lime [99.5 Ca((H)2)]
Hydrof luoric acid 70%
Hydrogen peroxide

Elecrode mass

Potassium carbonate (9% K2C03)
Potassium hydroxide 0%
Limestone (98% CaCO3)
Magnesium sulphate
Manganese ore (30% Mn)
Molasses oven coke
Molybdenum ore

Sodium hydroxide (45%
Calcium hydroxide CaIi2
Lead (as metal)

Phosphor-ic acid (38% P205) .
Phosphor-ic acid (75% H3PO1)
Post distillation slurry
Potassium chloride

Raw nickel sulphate

Rock salt (100% NaCL)

Sand

Sulphur dioxide SO2 (az 100% H2504)
Illemanite ore (49.5% Ti102)
Soda lye (45% Nafli)

Sodium bicarbonate

Sodium bichromate

Zinc oxi1de (ash)

Sodium carbonate 98%

Sodium chloride

Sodium hydroxide (100% NaOH)
Sodium hydroxide (50%)

Soda lye (45%) snlution
Sodiun nitrate

Sodiun pyro=ulfite

Sodium silicate

Sulptun

Lime

Sulphuric acid

Diecel oil

Zux: azh (100% 7n)

Srent packlirm acid

nclive carbon

Cauxite (A7% AL203)
Aluminum hydroxide (a2 1UYs AL203)
Ammonia NG

Al cotnl

Polazsium permarvianate (KMnO4)

180.
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Corndensate

Fuel gas

Natural gas

Carbon dioxide (CO2) fcod grade)
Filtriation agent

Chlorine (100%)

Post-reduction aniline (55% Fe203)
Amwonia water (27.4% N3)

Iron sheet

Scrap—iron

Other compounds

Soda ash in solution

Sodium bichromate ispure
Ferrous sulphate as waste

PROCESSES

ANTIMONY TRIOXIDE
ALUMINUM SULPHATE

SODIUM TETRABORATE (BORAX)
BORIC ACID

SODIUM PERBORATE
PRECIPITATED CALCIUM CARBONATE
PRECIPITATED CALCIUM CARBONATE(TOOTH P.)
CALCIUM CARBIDE

CALCIUM HYPOCH_ORITE
SODIUM CHROMATE

POTASSIUM BICHROMATE
ANHYDROUS CHROMIC ACID
COPPER OXIDE (BLACK) -
COPPER OXIDE (RED)

COPPER SULPHATE

ALUMIMUM FLUDRIDE

IRON OXIDE (RED)
FERROFERRIC OX1DES (BLACK)
FERROUS SULPHATE

LEAD OXIDE (RED)

MANGANESE DIOXIDE
MOLYBDENJM TRIOXIDE
NICKEL. SULFATE

SODIUM TRT POLYPHOSPHATE
SODIUM HEXAMETAPHDSPHATE
TRISODIUM PHOSPHATE
DICALCIUM PHOSFHATE
POTASSIUM CARBONATE
POTASSIUM CHILORATE
POTASSIUM NITRATE

SODIUM GLAZE

SODIUM VIATER GLASS

SODIUM METASILICATE,
SUDIUM THIOSULPHATE
SODIUM HYDROGEN SULFITE
SODIUM SULFITE

SODIUM HYDROSWLFITE
SODIW CHLORICE (MEDICAL)
TITANIUM DIOXIDE

ZINC CHLORIDE

S0DA ASH

HE iR
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Problen title: INDRGANIC INDUSIRY
Fractional Optimization

Maximize:
PDA Yearly Profit mil. 3
—-— = 0.003
Energy Consumption TJ

Scenario:

Antimony Liioxick
1.20E4+04 < Boric acid
Chromic acid anhydrous
Lead oxide (red)
Manganese dioxide
Potassium bichromate
3.50E+04 < Aluminum sulphate (14% Al203)
» Precipitated calcium carbonate(tooth p.)
0. < Soda ash (100%)
Calcium carbide
Scdium chromate
Sodium hexametaphozphate
Sodium hydrozulfite
Sodium perborate
0. < Sodium sulfite
Sodium tetraboirate (Borax)
Trisodium phosphate
0. < Iron oxide (red)
0. < Iron.oxide (red)
Titanium dioxide

1500. (100.0%)
none ( 0.0%)
500. (100.0%)
2000. (100.0%)
8000. (100.0%)
700. (100.0%)

mne ( 0.0%)
2000. (100.0%)
40000. ( 0.0%)
(100.0%)

800. (100.0%)
400. (100.0%)
8000. (100.0%)
40000. (100.0%)
3000. ( 0.0%)
10000. (100.0%)
6000. (100.0%)
10000. ( 0.0%)
3000. ( 0.0%)
35000. (100.0%)

:
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' GLOBAL RESULTS
PDA Yearly Profit 204. ml.3
PDA Value Added 274. mil.%
Inve.imenl 320. mil.3
Lnergy Concumpticn 60345, T1J
Yearly Import 30. mil.3
Energy [nput 60345, TJ
Yearly Export 2. mil.3
Yearly bomestic Purchasze 199. mil.$
Yearly Domestic Sale 417. mil.%
SALEC

e
AnLimony trioxick: 1500. tonz
Antamony LIrioxide 1500, tons




Ferrous sulphate - 7 Indrate
Boric acid

Chromic acid anhwdrous

Copper oxi}b (black)

Copper- oxide (red)

Pickling acid (24% H2S04,10% FeS04)
Copper sulphate

Dicalcium phosphate

Galcium hypochloride

Lead oxide (red)-

L=ad oxide (red)

Manganese diexide

Manganese dioxide

Molybdenum trioxide III

Nickel sulphate

Potassium bichrromate

Potassium chlorate

Aluminum sulphate (14% A1703)
Precipitated calcium carbonate
Precipitated calcium carbonate(tooth p.)
Precipitated calcium carbonate(tooth p.)
Calcium carbide

Calcium carbide

Sodium hydrogen sulfite

Sodium chiromate

Sodium chromate .
Sodium hexametaphosphate
Sodium hexametaphosphate
Sodium hydrosulfite

Sodium hydrosulfite

Scdium pertorate

Sodium perborate

Sodium sulfite

Sodium tetraborate (Borax)
Sodium thiozulfate

Sodium tripolyphosphate
Trisodium phozphate

Trisodium phosphate

Zinc chloride (as 100% ZiCl2)
Aluminum fluoride

Gas waste

Liquid waste

Solid waste

Sodium chloride (medical)
Titanium dioxide

Titanium dioxide

PURCHASE

Electrical erergy
Water

Steam

Coolingy water
Process water
Demineralized water
Compreszed air

Hot air

Armonium nitrate
Antamony (metalic)
Barium chloride (BaCi2)
Comprezzed mtrogen
calcium ca/r‘bonate

11994,

2700.
2471906000.
3227061.
H44526.

35000.
15000.

365064300,
62426750.
5303373.
5127860.
1965580.
822054,
69384600.
268000.
470.
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Burnt. lime (Ca0) 117000. tons
Charcoal 10. tons
Chromate 4nd bichromate(calc.s6 . 3¥0ro3) 1020. tons :
Caal 10844 . tons
- Coke 55299. tons
Electrodes 180. tons
Colemanite (boron ore 410%) 65050. tons
Copper scrap 9/0. tuns
Diatomite 350. tons
Dolomite 7 9600. tons
Fluosilicic acid as waste 3240. tons
Ground phosphate rock 7000. tons
Hydrochloric acid (as 100%) 3758. tons
Nitric acid (as 65% HNOS) 5600. tons
Hydrate lime [99.5 Ca(CH)2] 10100. tons
Hydirofluoric acid 720 3. tons
Hydrogen peroxide 11812. tons
Elecrode mass 1090. tons
Potassium carbonate (77% K2C03) 10. tons
Potassium hydroxide ‘X035 196. tons
Limestone (98% CaC03) 219440. tors
- Magnesium sulphate 200. tons
~ Manganese ore (30% Mn) 24750. tons
Molybcerum ore 2765. tons
Sodium hydiroxide (45%) 16. tons
Calcium hydroxide CaQH? 26. tons
Lead (as metal) 3654. tons
Phosphoric acid (38% PZ205S) 43200. tons
Phosphoric acid (75% H3PO4) 85330. tons
Post distillation slurry 80000. m3
Potassium chloride 3174. tons
Raw nickel sulphate 02. tons
Rock salt (100% NaCL) 19950. tons
Sand 262. tons
Sulphur dioxide 502 (as 100% HR2S04) 14875. tons
Illemariite ore (49.%% 110)2) 142500. tons
Soda lye (45% Na(H) 781. tons
Sodium bicarbonate 3500. tons
Sodium bichromate 707. tons
Zine oxide (ash) 3700. tons
. Sodium carbonate 98% 12665. lons
a Sodium chloride 613, tons
Sodium hydrroxide (100% NaOH) 1125, tons
Sodium hydroxide (50%) 28068. tons
Soda lye (45%) =olution 17¢00. tons
Sodium pyro=ulfite 9576. tors
Sodium silicate 200. tons
Sulphur 4753. tons
lame 4900. {ons
“ulprurric acid 325530. tonzs
S esel oil 37180. tons
N 21 ash (100% Zn) 5220. tons
Spent. pickling acid 22225. tons
Act.ive carbon 6. tornes
Bapate (8/% ALIDS) 11200. tons
Aluminum hydroxide (as 1O0% ALZ03) 235, tons
Ammonia NH3 286. tons
Alcohol 585. tons
Potassium permancganate (KMnd4) 4. tony
Filter cloth 6. torns
Fuel aaxz 1242800. Nm3
> Natural opez LGNOCO.  Nm3
Carbon dioxide (CO2) foud grade) 00000, m3
Filtriation agenl 70. tore
Chlorine (/100%) 2805, tons .
Ao a water (249.4% MN1LS) G2, tone




Iron sheet 90. tons
Scra;j—-aron 8750. tons
Other compounds 2500000. USS
Soda ash 1n solution 4156. Lons
- Sodium bichi-omate iapure 850. tons

PROCESSES

ANTIMONY TRIOXIDE 3000. tons

ALUMINGM SULPHATE 35000. tons

SODIUM TETRABORATE (BORAX) 10000. tons

BORIC ACID 12000. tons

SODIUM PERBORATE S0000. tons

PRECIPITATED CALCIUM CARBONATE 100000. tons

PRECIPITATED CALCIUM CAFBONATE( TOOTH P.) 4000. tons

CALCIUM CARBIDE GO000. tons

CALCIUM HYPOCHLORITE 7000. tons

SODIUM CHROMATE 1500. tons

> POTASSIUM BICHRI™MATE 700. tons
ANHYDRUUS CHROMIC ACID S00. tons

COPPER OXIDE (BLACK) 40. tons

COPPER OXIDE (RED) 400. tors

COPFER SULPHATE 2000. tons

ALUMINUM FLUDRIDE 2700. tons

FERROUS SULPHATE 3500. tons

LENAD OXIDE (RED) - 4000. tons

MANGANESE. DIOX1DE. 11000. tore

MOLYBDENUM 1RIOX1DE ’ 2500. tons

NICKEL. SULFATE . 300. tons

SODIUM TRIPOLYPHOSPHATE : 70000. tons

SODILM HEXAMETAPHISPHATE 1000. tonz

TRISODIUM PHOSPHATE 7500. tons

N DICALCIUM PHOSPHATE 40000. tons
) POTASSIUM CHLORATE 4000. tons
SODIUM GLAZE 320. tore

SODIUM WATER GLASS 800. tons

SODIUM THIOSULFHATE 1000. tons

Py " SODIUM HYDROGEN SULFITE 8000. tons
SODIUM SIAFITE 12000. tor=

SODIUM HYDROSULFTTE 2000. tons

SODIUM CHLORIDE (MEDICHL) 2500. tons

TITANIUM DIOXIDE 50000. tones

ZINC CHLORIDE 6500. tons

SODA ASH 57261. tone
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Problem title: INODRGANIC INDUSTRY

Multi Objective Optimirzation

N e — - _.value | rfp __ _ unit__
max PDA Yearly Profit 1.000E+02 3.00E+02 mil.3
min Investment 3.049E+02 3.00E+02 mil.$
max PDA Value Added 1.609E4+02 3.00E402 mil.$
min Energy Consumption 4.167E405 5.00E4+02 TJ
Scenario:

Antimony trioxide
1.20E+04 < Boric acid
Chromic acid arhydi-ous
~ Lead oxide (red)
Manganese dioxide
Potassium bichromate
o 3.50E404 < Aluminum sulphate (14% A1203)

Precipitated calcium carbonate( tooth P.)

0. < Soda ash (100%)
Calcium carbide
Sodium chromate
Sodium hexametaphosphate
Sodium hydrosulfite
Sodium perborate

0. < Sodium sulfite
Sodium tetraborate (Borax)
Trisodium, phosphate

0. < Iron oxide (red)

0. < iron oxide (red)
Titanium dioxide

1500. (100.0%)

none ( 0.0%)

500. (100.0%)
2000. (100.0%)
8000. (100.0%)

700. (100.0%)

none ( 0.0%)
2000. (100.0%)
40000. ( 0.0%)
20000. (100.0%)

800. (100.0%)

400. (100.0%)
8000. (100.0%)
40000. (100.0%)
3000. ( 0.0%)
10000. (100.0%)
6000. (100.0%)
10000. ( 70.0%)
3000. ( 0.0%)
35000. (100.0%)
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' GLOBAL RESULTS

PDA Yearly Profit 100. mil.$
PDA Value Added 161. mil.3
Investment 305. mil.%
Erergy Consumption 416693, TJ
Yearly Import 192. ml.%
Erergy Irmput. 416675, TJ
Yearly Export 8. mil.3
Yearly Domestic Purchase 119. mil.$
Yearly Domestic Sale 271. m1l.3

- SALE

Ammonium chloride 1000, toms




Antimony trioxide

Ferrous sulphate - 7 hydrate
Boric acid

Chromic acid anhwdi ous
Chromnic acid anhydrous
Copper oxide (black)

Copper oxide (red)

Pickling acic (24% H2S04,10% FeS01)
Ciryolite (Na3AlF6)

Lead oxide (red)

Manganese dioxide

Potassium bichromate
Potassium bichromate
Potassium carbonate (K2C03)
Potassium chlorate

Aluninum sulphate (14% A1203)
Precipitated calciur carbonate(tooth p.)
Scda ash (100%)

Potassium nitrate

Calcium carbide

Sodium chir-omate

Sodium hexametaphosphate
Sodium hydrosulfite

wodium nitrate

Sodium perborate

Sodium tetraborate (Borax)
Sodium tetraborate (Borax)
Sodium water glass (565 grade..)
Zeolite= cl.3A

Trisodium phosphate

Gas waste

Liquid waste

Solid waste

Iron oxide (red)

Ferroferric oxide (black)
Sodium chlgride (medical)
Titanium dioxide

Titanium dioxice

PURCHASE

Electrical energy

Water

Steam

Cooling water

Process waler
Demineralized water
Conprezsed air

Ammonium nitrate -
Antilumper

Antimony (metalic)
Barium chloride (BaCl12)
Compressed nitrogen
Burnt lime (Ca0)

Charcoal

Chromate and bichromate{cale.66.3%Cro3)
Coal

Coke

Clectrodes

Colemanste (boron ore 404%)
Copper scrap

Fluosilicic acid az wi.te

10000.
2857.
78340.
1000.
6000.
7€13565 0.
37703.0.
335260.
7000.
5000.
2500.
35000.
15000.

214200400,
73911940,
6592018.
897000.
1654030.
126000,
46843500,
650.

6.

1292.

36.
100000,
3000,

5.

544,
16362.
213500,
0.
60783.
450,
2511,
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O (UNG PioSpnNate rocK 2. tors
Hydrochloric acid (as 100%) 248. tons
Nitric acid (as 100% HNOG3) : 984. tons
Hydrate lime [99.5 Ca(a)2] S5600. tons
- Hydrrogen peroxide 9440. tons
Elecrode mass 360. tons
Potassium carbonate (97% K2003) 10. toms
Potassium hydroxide 9% 196. tons
Limestone (98% CaCiO3) 195000. tons
Magnesium sulphate 160. tons
Manganese ore (30% Mn) 18000. tons
Melasses oven coke N000. tons
Sodium hydroxide (45%) 1600. tons
Nitric oxides as byproduct 8460. tons
Lead (as metal) 1827. tons
“ysphoric acid (75% H3P04) 2935. tors
bust distillation slurry 50000. m3
Potassium chloride 10020. tons
Rock salt (100% NaCL) 18400. tons
Sand 26240. tons
Sulptur dioxide SO2 (as 100% H2S504) 6400. tons
Illemanite ore (49.5% Ti02) 142500. tons
N Soda lye (45% NaOH) 5C8. tons
N Sodium bicarbonate 4500. tons
Sodium bichromate 2020. tons
Sodium caibonate 98% . 2100. tons
Sodium chloride 242343, tons
Sodium hydroxide (100% NaQiH) 900. tons
Sodium hydroxide (50%) 26167. tons
Sodium silicate 160. tons
Sulphur 4112. tons
Sulphisric acid 325843. tons
Diesel oil 16763. tons
Zinc ash (100% Zn) 4640. tons
Spent pickling acid 22225, torms
Active carbon / 3. tons
Bauxite (87% A1203) 11200. tons
Alumirum hydroxide (as 100% AL20G) 1181. tons
Anmonia NH3 4251. tors
Alcohol 520. tons
Condenzate 84000. tons
4 Fuel gas 8880667, Nm3
Natural gas 2565000. Nm3
Carbon dioxide (CO2) food grade) 300000. m3
Filtriation agent 56. tons
Drinking water 1200. m3
Post-reduction aniline (55% Fe203) 15050. tons
1 Iron sheet 30. tons
Scrap-iron 8750. tons
Other compounds 2500000, Uss
Soda ash in solution 2078. tome
Sodium bichromate impure 2550. tonz
Ferrous =sulphate as waste 22750. tons
PROCESSES
ANTIMONY TRIOXIDE 19500, tonz
> ALUMINUM SULPHATE _ I5000. tons
SODIUM TCTRABORATE (BORAY,) 12857. tons
BORIC ACID 12000. tons
SODIUM PERGORNAITL 40000. tons

PRECIPTIATED CALCIUM CARDOYIL ( TOOTH £.) 2000, tomz




CALCIUM CARBIDE 20000. tons

AMMONIUM CHLORIDE 1000. tons

SODIUM CHROMATE 800. tons

POTASSIUM BICHROMATE 2000. tons

v ANHYDROUS CHROMIC ACID 1500. tons
COPPER OXIDE (BLACK) 40. tons

COPPER OXIDE (RED) 400. tors

CRYOLITE - ALUMINUM SODIUM FLUORIDE 2700. tons

TIRGN OXIDE (RED) 7000. tons

FERROFERRIC OXIDES (BLACK) 5000. tons

FERROUS SULPHATE 3500. tons

LEAD OXIDE (RED) 2000. tons

MANGANESE  DIOXIDE 8000. tons

SODIUM TRIPOLYPHOSPHATE ) 20. tons

SODIUM HEXAME TAPHOSPHATE 400. tons

TRISODIW PHOSPHATE 6000. tons

N POTASSIUM CARBONATE 3000. tons
POTASSIIM CHLORATE : 4000. tons
POTASS1UM NITRATE 6000. tons

SODIWM GLAZE 32000. tons

SODIUM WATER QLASS 80000. tons

U MOLECURAL SICVE--ZEOLITES (cl. 3A) 1000. tons
- SODIUM HYDROSIALFITE . 8000. tons
SODIUM CHLORIDE (MEDIGAL ) 2500. tons

SODIUWM NITRATE 12000. tons

TITANIUM DIOXILE 50000. tons

SODA ASH 150000. tons
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