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VOLUME II 

THÈ FUKTHBR PgVBLOPMBfT OF THE PtTWOCIfCCALS 

cowruma PLANNED FOR EAST AMP war PAKISTAH 

Sueaary of R»port 

Tht Report «tudi*s th« poeslbl« new product» that could o» Mnufactured at 
AshuganJ, Eaet Pakistan and Korangi, W»at Paki atari.     It »itablUh»» th» marktt 
r^ulrwiwnt« additional to production from »xisting and aanotion«* plants, ino lud I nr 
th« Phas» I developments at both of thos» ait»a. 

In th» preparation of plans for the second stag» in th» d»v»lopw«nt of th« two 
projoots. th» ourr»nt production soh»m»s envisaged by E.P.I.D.C. and Fauji for 
Phaa» I of th»ir profeta w«r« used as the basia.      Th« producta and capaciti«« r»- 
comm»nd«d are also raiatod to the future market requirement«, auitability of th» 
sit»a for manufactura of th« products cono«rn»d and th» soal» of production n»«d»d 
for »conomio viability.      Th» »pacific development« r»oomm»nd»d ar»t- 

Eaat Pakietam AahuganJ (E.P.I.D.C.) 

Inoroaa« ac»tyl»n» production from 36,000 MTPÄ to 55,000 MTFA 
Produo»:-     16,000 MTPA dioctyl phthalat« 

8,420 MTPA vinyl ao»tat» 
1,650 MTPA aoetio aold 

liât Paki »tarn Korangi (FauJi Foundation) 

Inoroaa» »thyUn« production froai ».000 MTPA to 60,000 MTPA (already 
planned) 

Produo»:,-     23,600 MTPA Polyethylen», low donaity 
10,000 MTPA dodecyl b«naon» 
5,300 MTPA ethylene for tale to Valika 

After »»tab! i «hing th» ospitai and operating ooate of th» individual planta 
•nd recoeetended d»yolop**nta at a whol». th» ftupo» ooat of aaving fonigli »»hang» 
ÏÎ-ÎÏÎ CM¡L Flow íi«»l«*lm th» D.C.F. rat» of return on th» Hupt« lnre.teent) were 
•tudi«d.     Th»«« w»r« found to b«t 

Eaat Pakistan. Ashman.] 

Coat of Saving Por»ign Exchange R«. 5,9 jj.a, | 
D.C.F. Hat» of R»tum on Rupe« Investirent 16,*f 
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Co«t of Saving Poroign 
D.C.F, Hit« of Raturn on nupaa iRVMtmnt 

III. 4.j8/*.8.f 

It MM oonoludad that th« oo«t of saving forslgn «whang« «M favourable for 
both But and waat Faklatan.  In BMt Pristan, th« D.C.P. rat« of raturn MM oon- 
•td«r«d aooaptabla, but It« inprovaaaiit by »laying start-up aftar 1976 «a« aug- 
g«at«d.  In waat Pakistan, th« «oonoaio aapaota of th« proj««t ar« ao favourable 
that an «arllar atart-up dat« than 1976 oould «all ba oonaldarad by Pauji Foundation. 

Th« Aeport alao provid«« 
for th« Individual 

proeaaa daaorlptlona, flow «harta, and oparating data 
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At preeent th«r« art two »a J or petrocneMioele ooeplexea projected for 
Pakistan. 

The Pau J i Foundation ara in th« final «Of«« of contract negotiations 
for th«ir naphtha-baaed, PVC/Poly«thyl«n« ooapUx «t Korengi, near Karachi. 
EPIDC i« in th« stag« of datailtd planning for * proJact at AehuganJ basad on 
natural gas and acatylan«. 

In aaoh cas« th« projects ara being planned in two phaaas.  while th« 
production unite «nviaag«d for phaee I of each project are now wall defined, 
th« phaae II plant unite have yet to be apeoified.  Thia report is concerned 
with the specification of the phaee II project«.  The Market data upto 1985, 
so far as they exiat, have been analysed and producta for phaae II Manufacture 
have been aeleoted.  These have been incorporated in an overall production 
pattern.  The benefits of the scheme have been analyaed. 

The production echedules for phaee I of th« two project« are as followat 

(•>      nut FftMPfrttwt »frrtlii _ 
WTPA 

Ethylene(to Vallka)     5,000 
PVV.C. 15.000 
Polyethylene 15,000 
Polypr«pyl«h«        '10*600 

Eatiaated capital ooat Ré 3*4 sill ion (Chea» on) 
(b)   EPIDC. Aanuaan.1 

r 
í 

Aoetylene 3.600 
P.V.C. 50.000 
Acrylic Pibrea 16.000 
Methyl Metheorylate f,600 
PolyMethyl Methacrylate 4,000 
Cauetic Soda 42,000 
Aaetoniun Sulphate 28,000 
Bleaohing Powder 1,000 
Methanol 57.000 
Urea 320,000 

Estimated capital coat Re 957 Million (EPIDC Jan. 1970) 
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rn the rnterim Peport prepared by H * G In .'ovember 19Ó9 and now 
summarised as Vol urne ' of th's report, two produces additional to those above 
were recommended for product?on In Pakistan.  These are dodeeyl benzene, 
requ'red as a detergent precursor, and d loo by! phthalate. a plastic'ser used 
with PVC  These have, therefore, been included in our recommendations for 
phase ri of the Fauji and EPTDC projects. 

No allowance has been made for possible export« of those products con- 
sidered for the extension» to the two petroohemical conplexe».  The reasons 
for excluding export» are a) the basis of H 4 G1« study is primarily the 
Pakistan market, and b) the particular products considered could probably not 
be produced at a cost which would Justify extra Investment based on sales over 
a long period in the world market. Exports should, however, be attempted during 
the years 'up to about 198O) when domestic requirement» are lagging behind 
production capacity.  It should be possible to achieve a certain amount of 
such sales at prices above total variable cost, which would 'mprove the economics 
and profitability of the proposed extensions beyond the figurer; quoted fn this 
report.  It '» recommended that a survey oí' export possibilities be undertaken. 

The basis for assessment of additional production has been the total 
Pakistan market, the initial part of our study, culminating in the interim Report. 
having shown that it is generally more attractive to make product» required on 
such a scale in a single plant serving both Wings. We have also taken into account 
any potential requirements for use in the aromatice based industrie» proposed in 
Volume TIT. 

Tn this Volume, cost analyst» of the project» 1» made in two distinct 
ways.  Tn the analysis of foreign exchange savings, oosts and benefits are 
expressed in terms of estimated effect» on the economy of Pakistan as a whole. 
For this reason, duty payment» and coat of bonus vouchers are excluded from 
the cost of imported Hem» and bonu» value from the credit value of exports. 
To present this information In the mo«t uaeful form, we have kept foreign exchange 
and local, currency costs ser arate, look'ng at the petrochemical Industry as a 
whole.  The ratio of rupees expended to foreign currency 'expressed 'i. dol'ars^ 
is then calculated. 

Commercial profitability la analysed separately on a cash flow has;s. 
rn calculating the cash flows..''orelgn e/change !;:; converted to ruoees at the 
official rate, and duty and bonus payment» are inoluded.  Foreign exchange 
loan repayments and interest, and Interest on working capital, are treated as 
cash outflows from the project.  The DCF rate of return is calculated from the 
resulting cashflows,which I» equivalent to treating all rupee finance (other 

1      than for working capital) as equity. 

f Humphreys * Glasgow Ltd. wish to expresa their appreciation of the help 
i and Information given to them byi 

r The P.overnoint Project Representative in Rawalpindi . the II.N I.D.O. 
?       Project Managec, and Po-Project Manager, and U.N.T.D.O. Experts. 
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SECTION 2 

MARKET ESTIMATES 

2«1     Planned Production and Not Market Requirements for 1060 and 1965 

Tobi« 11.2.1 (p.2-2) summarisaa tho production of petrochemicals 
planned for Phase I of tho Petrochemicals Coaplsxos In both Wings.      This, 
togothor with othor Mnotionod or existing production and tho aarkot doaand 
quantities for 198O and 1965» fives, by diffsrence, tho not additional 
aarkot requirements for thooo two year*, which aro thon con« id trod in later 
sootlona of tho report. 

The product list la» as described in Section 1, extended beyond that 
applicable to Phase I production. 

Market doaand data for i960 la, with a few exceptions discussed later 
in this section, taken fro« our Interi« Report.     Market doaand data for 
1985 Is taken very largely frca the Battello Instituto Report.     Battello's 
information has been analysed and correlated with data provided by UNIDO 
documents and by Chemical Consultants Ltd. 

2.2    Faujl Foundation Phase I Production Quantities 

The quantities listed in column 1 of Table 11.2.1 for Phase I of the 
Faujl Project are based on an initial Phase I craoker oapaolty of 30,000 MTPA, 
and a Material balanoe on this basis es tabi i shoe that there will be, approxi- 
mately, surpluses of propylene and ethylene to the following extenti 

Propylene 1900 tfTPA 
Ethylene for sale to Vallka       5500 MTPA 

Surplus propylene, which is not for tha present purposes defined as an end 
product, may either be burnt as fuel or at least partially utilised If the 
oapaclty of the polypropylene plant exornada its nominal design rate. 

In the previous work for the Intarla Report, a sale of 10,500 MTPA 
of ethylene to Valika and a sale of 5.500 MTPA of vinyl ohlorlde to Arokey 
were envisaged.      The sale of ethylene to Vallka is still probable, whereas 
we are advised that the sale of vinyl chloride to Arokey now seems unlikely. 
Accordingly, it is assumed that there will be no sales of vinyl ohloride 
monomer, and that a total of 10,500 MTPA of ethylene will be sold to Valika 
whan Phase II is in full production.      This implies that Vallka will con- 
tinue to operate their ethylene plant to make up the balanoe of thoir 
requirements, amounting to about 5,000 MTPA of ethylene from molasses, at 
their full sanctioned oapaolty of 15,000 MTPA of polyethylene. 

Í 
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2.3 AshuganJ Phase I Production Quantities 

The quantities stated in column 2 of Table II.2.1 were based on 
E.P.I.D.C.'s proposal for a petrochemical complex in East Pakistan, dated 
January 1970 which in turn was based very largely on the Austrian Petro- 
chemical Consultants Ltd. investment study of an East Pakistan petrochemical 
complex, prepared for the E.P.I.D.C.  The quantities were taken from 
diagram 2 (Simplified Plow Chart) of the E.P.I.D.C. proposal.  It is clear 
that dioctyl phthalate is not now envisaged for Phase I at AshuganJ, and we 
have accordingly used the E.P.I.D.C. data as the most oomplete, up-to-date, 
and reliable representation of E.P.I.D.C.'s plans. 

A simple material balance of the E.P.I.D.C. scheme confirmed the basic 
aoetylene capacity of 36,000 MTPA (the only discrepancy being 400 MTPA more 
acetylene for direct sales).  The only other discordant fact was that, when 
producing 42,000 MTPA caustic soda - as stated by E.P.I.D.C, there was a 
surplus of approximately 5f000 MTPA chlorine in addition to its utilisation 
for the manufacture of bleaching powder. 

The products covered by Table II.2.1 do not include some of the pro- 
ducts, such as urea, bleaching powder, and ammonium sulphate, planned for 
Phase I production at AshuganJ, as they arise as by-products in the E.P.I.D.C. 
petrochemicals plant.  It now seems likely that the urea plant at AshuganJ 
will proceed independently of the petroohemicala projeot aa recommended by 
H. AG. in the Interim Report. 

2.4 Other Existing or Sanctioned Capaoity 

The quantities stated in columns 3 and 4 of Table II.2.1 are taken 
from our Interim Report.  The Battel It Institute Report discusses many of 
these in detail. 

Further discussion of the existing or eanotioned oapaolty is included 
in the subsequent sections for the individual petrochemical end products. 

2.5 Polyethylene 

The existing production of polyethylene at Vallka is 5,000 MTPA and a 
further 10,000 MTPA is sanctioned, making a total of 15*000 MTPA in all. 

The i960 market demand is based on the figures In our Interim Report, 
The 1965 market demand is taken from the Battello Institute Report, with the 
same distribution of demand between the two Wings as for i960. 

The net additional requirements are obtained by difference. 

2.6 High Density Polyethylene 

There Is no existing or sanctioned production oapaolty at present in 
Pakistan.  The 1980 and 1985 market demands have been taken from the Battello 
Institute Report. 
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2.7     Polyvinyl Chlorid« 

The present production of polyvinyl ohlorld« at Arokey is 5,000 NTPA 
"* and futur« extension« to their «xlstlng oapaoity ar« uno«rtaln.     The 

exi«ting/»anction«d oapaoity ha« only, therefore, been stated at 5*000 MTPA, 
for West Pakistan.      At present no polyvinyl ohlorld« 1« produoed In East 

> Pakistan. 

The 1980 market demand is based on the figure« in our Interim Report. 
Those for 1985 are taken from Battoli« Institut« with the «am« distribution 
of demand between the two Wing« as for I98O.     Although the demand in East 
Pakistan is expected to increase at a greater rat« than In we«t Pakistan over 
the period 1968 to 1975« a« the Bettelle Report point« out, this picture may 
»fell chang« if PVC pipes are used In the publlo seotor of west Pakistan to 
the «am« «xtent as in East Pakistan.     In addition 1965 1« «o far ahead that 
even the total demand figures must be viewed a« being relatively less reliable 
than tho«« for earlier year«. 

The net additional requirement« for th« two y«ars ar« obtained by 
difference and it should be noted that, socording to thl« reckoning, polyvinyl 
ohlorld« will be overproduced in East Pakistan «van in 1980 a« far as th« horn« 
market is concerned.      Even allowing for th« requirement of 8,000 MTPA in 1980 
In West Pakistan, and th« necessary interwing transfer, there will «till be a 
surplus of 10,000 MTPA for which an export market should be found.     The 
surplus in earlier years will be greater assuming that th« plant is to be 
utilised to the maximum extent. 

2.8 Polypropylene 

There is no existing or other sanctioned production in Pakistan, and 
the 1980 market demand« ar« taken from our Interim Report.  Th« I985 market 
demanda are taken from the Battoli« Institut« Report, and» aa with polyethylene 
and PVC, the distribution of demand between th« two Wing« ha« been taken as 
for I960. 

2.9 Dlootyl Phthslate 

Dlootyi  j.;ithalate   !.s not at present produoed In Pakistan, and there 
is no production for Pakistan sanctioned. 

At   AshuganJ, the production of dlootyl phthelat« for Phase I has been 
oonsid«red, but aocording to th« latest Information available to H. ft 0. it 
will be excluded.     Th« production of thl« petroohemioal and produot was re- 
oommended in our Interim Report, and further consideration still show« it to 
be economically profitable both from th« national and commercial points of view. 

The 1980 markmt demands ar« taken from our Interim Report.     Th« 1985 
market demands ar« baaed on the increased demands for PVC «hown in Tabi« II.2.1 
maintaining th« «am« proportion of plasticiser to polymer.     It must be noted, 
however, that these figures may well be high, a« a result of th« increasing 
use of the more rigid form, such as PVC pip««.     Th« distribution of demand 
between the two Wing« ha« been taken a« for I980. 
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2.10   Dodeoyl Bentent 

There is no existing production of dodeoyl benzene in Pakistan, and, 
apart from Phase I of the Pauji complex to be ereoted at Korangi, no other 
sanctioned production either. 

At Korangi, the production of 5*000 MTPA of dodeoyl benzene has been 
eonsidered for Phase I, with an extension to 10,000 MTPA for Phase II. 
According to the latest information available to H. 4 0., Pauji now intend 
to delay the installation of the dodeoyl beniene plant until Phase II, and 
instai a plant with a capacity of 10,000 MTPA. 

The production óf dodeoyl benceno was reoommended in our Interim 
Report and further consideration has not altered this recommandation. 

The 1980 market demands are taken from our Interim Report.     The 
Battelle Institute Report gives market demanda for dodeoyl Dentane sulphonate, 
and for 1980 these are equivalent to our estimate.     This report has been 
used as the basis for the 1985 market demands, with the same split between 
the two Wings as in 1980. 

2.11   Polyvinyl Acetate 

The interim Report gave the estimated market demands for polyvinyl 
Í°?Í!¡ L.ÍT   9^ " 3,4°° ""* "* tht •*1»*im Pi«« ««notioned capacity •• 
5^100 MTPA.     Both quantities refer to emulsion, oontaining between 40* and 
60* of polymer.     This was based mainly on the Battelle Institute Report. 
The very small incremental requirement was not oonsidered to be economically 
viable, and production was not recommended. 

Two of the U.N.I.D.O. references, viit- 

Reference 1 

Reference 44 

"Oeneral Survey of the Existing Situation in the 
Petrochemical and Fertiliser Industries (C. Jenio)." 

"Proposai of Feasibility Pattern of Petrochemical 
Complex Induatry in Pakistan. Volume III (T. Janakievskl).H 

both indicated that the 1980 market demands were approximately 8.000 MTPA, but 
gave no evidence in support of thia oonolualon. 

The Battelle Institute Report indicates that the main uses of poly- 
vinyl acetate will be for the manufacture of paints, textile finishing,and 
adhesivas.      For 1975 these uses were expected to aooount for 76*, 22* and 2* 
of the total ussge respectively. 

* B-*   A? lnd«P««*»nt eurvey by Chemical Consultants Ltd. ("The Manufacture 
of Petrochemicals in East Pakistan" Volume II, July 1969. ) indicates that the 
requirements for 1975 are 960 MTPA of polymer and for 1*0 are 3.000 MTPA of 

£t¡T^«*f Í!Ííy\íhM! f1,U^î• • *•* °" ** •"* ** '•••Pwtively of the total paints production being of the emulsion typs. 
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The use for textile sizes, in the for« of polyvinyl aloohol produced 
from polyvinyl acetate, is dependant on the growth of the textile industry, 
and specifically of synthetic fibres and fine cotton»,     The requirement for 
textile sizes in both Wings for 1980 is conservatively estimated to be about 
30,000 MTPA, expressed as starch.       Of this quantity, a conservative 7% is 
estimated to be required for synthetios and fine oottons, vis. 2100 MTPA, 
expressed as polyvinyl alcohol.     The equivalent quantities of vinyl 
acetate required would be 4,000 MTPA. 

A further use not mentioned in the Batte lie Institute Report is for 
the manufacture of polyvinyl chloride/polyvinyl aoetate co-polymer floor tiles. 
This is expected to give rise to a demand for about    3OO   MTPA of vinyl 
acetate in 1980. 

The results of our further investigations are summarised below in 
Table II.2.2 

TABLE II.2.2 

Expected 1980 Market Demand for Polyvinyl Aat^ 

Bhd Use 

Paints 
Textile Finishes 
PVC/PV Aoetate Floor Tile» 

TOTAL 

mn 

8OOO 

This revised 1980 market demand Is in agreement with the two 
U. N.I. D.O. references mentioned earlier in this seo ti on, and is now consider- 
ed to be more realistic than that given In our Interim Report.     The split 
between the two Wings given in Table II.2.1 ia based mainly on the Battello 
Institute Report.     Market demands for 1985 have not been investigated in the 
same detail, although an average growth rate of 15)1 per annum as used by 
Batteile, gives an approximate guide. 

The existing and sanctioned capacity for the production of polyvinyl 
acetate emulsions is taken from the Battello Institute Report. The existing 
oapaolty is 600 MTPA at Karachi (Putehally Chemloala Ltd.). Sanctions have 
been granted for 1,000 MTPA oapacity at Karachi (Hoechst Chemioals) and for 
500 MTPA capacity at Dacca (Pakbay Co.). In addition, Shuja Industries are 
reported to be planning a oapaolty of 1,000 MTPA at Karachi. it la assumed 
that the polymer oontent of the emulsion la 50* in sll easee. 

2.12   Vinyl Aoetate 

The small quantities of vinyl aoetate polymerised at prêtent In Karachi (15 tons 
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in 1967> and an estimated 35 tons in 1968) art imported. 

The vinyl aoetate requirement corresponding to the total Barke t de- 
mands of polyvinyl aoetate (see Section 2.11) are given in Table II.2.1 and 
split between the two Wings in the same ratio as the demand for polyvinyl 
acetate. 

) Vinyl acetate is included in Table II.2.1 because the manufacture of 
this product is recommended whereas the polymerisation to polyvinyl acetate 

) is not recommended at AshuganJ.  it is considered that the additional 
I       polymerisation facilities will be provided by extension of the existing 

facilities at the "point of usage", where the Individual plant capacities 
will still be relatively small. 

2.13 Polyvinyl Aloohol 

The requirements for this end product are included in requirements for 
polyvinyl aoetate (see Seotlon 2.11) and are not listed separately in 
Table II.2.1. 

The conversion of polyvinyl aoetate to polyvinyl aloohol (approxi- 
mately 1800 NTPA of the aloohol) la on a very «Meat soale and should be 
closely integrated with the polymerisation of vinyl aoetate . 

2.14 Aoetlc Acid 

In addition to the requirements of vinyl aoetate production for aoetlc 
acid, there is an additional demand for aoetio add itself.  The 1980 market 
demand has been taken from our Interim Report and is exoluslve of any acid 
produced by the fermentation route. 

The relative demand for the two Wings is assumed to be equal.  The 
1985 market demand Is based on an average growth rate of 60 in line with that 
used by the Battello Institute for ethanol. 

2.15 Urea-Formaldehyde Resins 

Existing and sanctioned oapaolty for the production of urea- 
formaldehyde resins is taken from our Interim Report.  The figures are in 
terms of dry resin, and existing production Is oentred In Karachi and 
Chittagong.  The urea and formaldehyde are purchased fro« Internal sources of 
supply.  The sanctioned capacity at Jhelum In West Pakistan is included. 

The I960 market demands are also taken from our Interim Report, and 
the split between the two Wings la based on information contained in the 
Battello Institute Report.  The 1965 market demands are taken from this 
report also. 
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2.16 Demand for Intermediates linked with Aromatloa Product« 

The«e inolude?- 

(a) Butadiene required for synthetio rubbers.     Butadiene may be extracted 
from the Pau J i ethylene plant ty at ream, which contain« y& w/w for 
Pha»e I operation and 55*   /w for Phase II operation.      The manufact- 
ure of synthetic rubber«, and the extraction of butadiene is consider- 
ed in Volume III of this Report. 

(°) ethylene Glycol required for polyester fibre«.     This intermediate is 
not required in quantitie« sufficient to Justify its manufacture in 
Phase II of the Fauji project, and its supply i« disoussed in further 
detail in Volume III of this Report. 

(c) Styrene required for S.B.R. rubbers and polystyrene.      The manufacture 
of these two end products is considered in Volume III of thi« Report. 
The quantity of styrene required is inadequate to Justify manufacture 
in Pakistan within the timesosle under consideration. 

2.17 D—«id for End-Products or Intermediate« Planned for AahuaanJ Phase I 

These consist essentially ofr- 

Methyl methacrylate 
Polymethyl methacrylate 

In the case of polymethyl methaorylate, our estimate of the market demand 
for 1980 is based on the finding of the Batte lie Institute Report, vix. 
1800 MTPA.     This scale of production would not have led us to reoommend its 
manufacture for Phase I of petrochemical development in Pakistan and the 
planned E.P.I.D.C. oapacity of 4,000 MTPA for Phase I is considered quite 
adequate to meet the demands up to and beyond I980. 

The same remarks apply to the produotion of the monomer, where it is 
noted that some of the Phase I produotion at AahuganJ is to be used In the 
finishing of the planned acrylic fibres produotion. 

The demand for intermediates (aoetone, acetone oyenhydrin, and 
acrylonitrile) required for these two products, and also aorylio fibre«, ha« 
not, therefore, been considered any further than in our Interim Report. 

The planned production rates for methyl methaorylate and polymethyl 
methacrylate, have been noted In Table II.2.1.      In the case of acetylene, 
some is to be sold In pressurised bottles on the market.     Other non- 
petrochemical products have been excluded from Table II.2.1 

m 
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SECTION 3 

FAUJI FOUNDATION, WEST PAKISTAN, PETROCHEMICALS COMPLEX 

3.1   Analysis of Development Schemes for Faujl Foundation, West Pakistan 

3.1.1. Development Schemes related to Faujl Foundation's Future Plans 

The further development of Phase I of the Fauji Foundation 
petrochemical complex has been considered in the light of 
Fauji's tentative plans for Phase II.      Details of these 
tentative plans were obtained from Chemical Consultants Ltd., 
who were authorised by Fauji to disclose the information for 
the purposes of this study. 

"I TABLE 11.3-i 

J FAUJI FOUNDATION'S TENTATIVE PHASE II PLANS 

MTPA Remarks 
(PHASfTft II) 

Total Ethylene 60,000 Twice Phase I 
Polyvinyl Chloride 15,000 No change 
Polyethylene 30,000 Twice Phase I 
Polypropylene 10,000 No change 
Dodecyl Benzene 10,000 New product 

The developments considered have, therefore, been restricted to 
a total ethylene capacity of 60,000 MTPA.      No further expansion 
of the PVC production capacity has been considered as the Pakistan 
Government has given sanction to the production of PVC via the 
acetylene based route in East Pakistan using indigenous supplies of 
natural gas       This is reflected in Fauji's tentative plans above. 
Further, as stated in Section 2.7, according to our market demand 
estimates,  PVC will be overproduced for Pakistan as a whole until 
beyond 198O. 

The possible developments have therefore resolved themselves 
Into the alternative ways of utilising the surplus ethylene and 
propylene produced from a 60,000 MTPA ethylene cracker, 
excluding any expansion of PVC. 

High severity cracking conditions, which maximise the ethylene 
yield and minimise the propylene yield, are necessary for 
60,000 MTPA of ethylene and this provides sufficient surplus 
ethylene to increase the production of polyethylene from 15,000 MTPA 
to 38,600 MTPA, after providing for the transfer of 10,500 MTPA 
of ethylene to Valika.      The increase In polyethylene production is 
23,600 MTPA and is still less than the I98O net additional require- 
ment of 32,000 MT for both wings shown in Table 11.2,1 (which takes 
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into account the total output from Valika as well as that from Fauji 
Phase I). Only 10,000  MTí«  of this increase in polyethylene 
production will be requireu iur the West Pakistan market in i960. 

Including inter-wing transport of the remainder to East 
Pakistan, however, the Interim Report indicated that the foreign 
exchange savings resulting from the manufacture of polyethylene were 
much greater than from the manufacture of polypropylene or dodecyl 
benzene, and the choice of cracking conditions which maximises ethylene 
production is therefore Justified on this score alone. 

Excluding the manufacture of d Loctyl pnthalate via Oxo 
Synthesis, the surplus propylene may bt  used either to manufacture 
additional polypropylene or start the manufacture of dodecyl benzene. 
In view of the greater uncertainty in the estimated market demands for 
polypropylene, and the higher foreign exchange savings indicated in 
our Interim Report for dodecyl benzene (over twice as much per M.T. of 
product), it was considered that the surplus propylene should be 
utilised entirely for the manufacture of dodecyl benzene. 

The PauJ i Foundation are understood to have fairly firm plans 
for the production of 10,000 M T P.A. of dodecyl benzene and the 
final recommended scheme has, in this case, been adjusted to coincide 
with their plans. This does, however, leave a surplus of 1,500 MTPA 
of propylene. Slight increases in the severity of cracking may be 
possible in practice to reduce this surplus, which will otherwise be 
used as fuel. Alternatively, Fauji may make the necessary 10# 
increase in the capacity of the DDB unit. 

The Block Diagram II 3.1 summarises these conclusions and 
depicts our recommended development for this site. In addition to 
the main petrochemical end products, by-products have also been 
shown at the foot of the diagram. These have been grouped into 
categories which are useful for assessing the production of aromatica 
and butadiene, as well as the obvious identification of caustic soda 
and hydrogen. "Other By-products'* are used as fuel. 

3.1.2  The Production of Dioctyl Phthalate from Propylene in West Pakistán 

The alternative use of propylene to produce dioctyl phthalate 
*»• examined in the Interim Report, where it was concluded that, once 
a reasonable capacity for acetylene production is established in 

f- Bast Pakistan, there is a considerable saving to be gained in foreign 
I exchange by producing dioctyl phthalate via the acetylene route in 
1 that wing. This conclusion was based on the comparison of schemes 

producing 16,000  MTFA  of dioctyl phthalate completely from 
r naphtha or completely trom natural gas. 

The total production costs showed a very slight advantage to 
the propylene route. This difference, however, was within the limits 
of accuracy of the underlying estimates and assumptions. 
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Furthermore, it should be noted that in these comparative schemes the 
scale of naphtha cracking was very much larger than that for Phase II 
of the Pauji project, and thus yielded cheaper ethylene and propylene, 
whereas the scale of acetylene production was of the same magnitude 
envisaged for Phase II of the AshuganJ project. 

Further consideration has been given to the conditions now 
applicable at the Fauji site. In view of the restricted ethylene 
capacity up to 1980, and the economic preference for maximising ethylene 
production for the manufacture of polyethylene, the manufacture of 
dioctyl phthalate from propylene would inevitably mean splitting the 
total Pakistan production between the two wings. The reduced scale of 
production would result in higher production costs at each petrochemical 
complex. Even if it were acceptable that no dodecyl benzene at all was 
produced, the total quantity of propylene available, including the sur- 
plus indicated in the Block Diagram II.J5.1, would only be sufficient 
to produce 15,000 MTPA of dioctyl phthalate. Since the surplus of 
1,500 MTPA of propylene mentioned above is too small to Justify the 
production of dioctyl phthalate, some reduction in the 10,000 MTPA of 
dodecyl benzene would be necessary. The DDB production rate is already 
well below the estimated market demands for 198O, and not only would 
foreign exchange expenditure increase because of the production of 
dioctyl phthalate from propylene as indicated earlier, but it would 
also increase because of the import of dodecyl benzene, or a substitute 
detergent. These undesirable results can be avoided by the manufacture 
of the total Pakistan requirements for DOP from acetylene in East 
Pakistan, where such manufacture would contribute appreciably to the 
development of the petrochemicals industry in that wing. 

A final aspect for consideration arises from the development of 
aromatics production in West Pakistan.  The production of phthalic anhy- 
dride in this wing would offer some savings in transport costs if the 
manufacture of dioctyl phthalate were at Korangi. The foreign exchange 
savings resulting from production of DOP in Pakistan will not, however, be 
affected by the selection of East or West Pakistan as the plant location. 
The transport of phthalic anhydride from West to East Pakistan, and the 
transport of dioctyl phthalate back to West Pakistan would result in 
slightly increased cost to the consumer in West Pakistan. 

J.I.J  Consideration of Other End-Products 

Apart from the end-products discussed above, the other end-: 
products listed in Table II.2.1 were considered. 

Some of these, e.g. Urea-Formaldehyde resins, would obviously 
be produeed at the AshuganJ site in East Pakistan because of the avail- 
ability of urea and of formaldehyde from methanol.  High density Poly- 
äthylene Is considered to be uneconomic at the scale Indicated by the 
I98O market demands. 

The acetylene route is recommended for production of vinyl 
acetate and acetic acid.  Therefore, these products are not recommended 
as outlets for ethylene in Phase II of the Fauji project.  These products 
and polyvinylacetate are discussed further in Section 4.1. 
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3.2  Reoommended Development and Financial Evaluation for FauJi Foundation, 
Weit Pakistan 

5.2.1 Introduction 

The recommended development for Phase II of the Pauji Project 
is shown in the Block Diagram II.3.1 and its evolution has been dis- 
cussed in Section 3.1 

Before considering the development aoheme as a ««hole, the 
Individual process units are described belowj capital and operating 
coats, and the foreign exchange analysis are dealt with in a subse- 
quent section.  This part of Volume II concludes with the financial 
analysis of the scheme as a whole including the year-by-year cash 
flows and the D.C.F. rate of return on the investment. 

3.2.2 Individual Process Units 

3.2.2.I Dodecyl Benzene Plant 

Process Description and Flow Chart 

A simplified flow chart for the production of dodecyl 
bensene is presented in Table II.3.2.  The simplified flow 
charts omit suoh items as pumpa, blowers and auxiliary systems 
(e.g. hot oil system). 

The first part of the process may be considered as the 
preparation of propylene tetramer.  Propylene from the ethy- 
lene plant is washed, vapourised, and polymerised over solid, 
phosphoric acid-based catalyst maintained in separate beds in 
the reaotor, suitable propane quench points being provided 
between the beds for temperature control.  The reactor 
effluent is depropanlsed, the liquid overheads being recycled 
(because of the unreaoted propylene content) or used for 
quench.  The gaseous overheads is withdrawn as fuel gas. The 
depropaniser bottoms pass to a recycle column, from which light 
polymer is withdrawn overhead; some of this is reoyoled to 
achieve further polymerisation to the tetramer.  The bottoms 
from this oolumn are purified in the tetramer column, from 
which heavy polymer is also withdrawn. 

In the second part of the process* propylene tetramer 
ifl dried, and then reacted with benzene in the presence of 
hydrofluoric acid catalyst.  The use of aluminium oRloridi 
gives lower yields» higher corrosion rates, and handling 
difficulties; it is not recommended.  SüipHurte acid catalyst 
has oeen proved acceptable commercially, but gives' relatively 
high utility and catalyst consumptions, and somewhat lower yields. 
More commercial experience has been gained with the hydrofluoric 
acid process. 
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A recirculating reactor system is employed.     Acid 
is removed from the net reactor effluent in a settler. 
Most of this is returned to the reactor, while a small 
proportion passes through the hydrofluoric acid regenerator. 
The hydrocarbon layer from the settler passes to a stripper, 
the overheads from which combine with the regenerator overheads, 
and after condensation are recycled to the reactor and used 
as regenerator reflux.      The regenerator bottoms, tar and 
polymer, pass to a neutralisation pit.      The stripper   bottoms 
pass to the benzene column.      Benzene is taken overhead and 
reoycled to the reactor.      Only a very small portion of this 
recycle would require neutralisation (to prevent the build 
up of impurities) if high quality benzene feed is used; 
this is not shown on the flow chart.      The bottoms from the 
benzene column are passed through a bauxite tower to remove 
combined fluorides,  and light and heavy alkylates are separated 
in the Light Alkylate and Finishing Columns respectively. 

The dodecylbenzene is a water-white liquid having a 
boiling range of 280 C. to 320 C. 

Source of Know-How and Licence 

The process scheme and operating data given subsequently 
have been based on the Universal Oil Products' process. 
An alternative licensor is Chevron. 

Operating Data 

Table 11.3.2 below lists the major consumptions of 
raw materials, catalysts/chemicals and utilities, and direct 
labour requirements. 

TABLE II.3.2 

Operating Data « Dodecyl Benzene (Basil 1 MT DDB) 

Propylene (as 100*) MT I.38O 
Benzene (nitration grade) MT                       0.472 
Net Byproducts, MT O.85O 
Catalyst/Chemicals,  $ *. 

Power,  kwh 232 
Steam (medium pressure1) MT                           7A 
Cooling Water, W 31 
Labour Requirement 18 

Area of Battery Limits 

Thepapproximate area within the plant battery limits 
is 13.000 vr. 

m 
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3.2.2.2 Polyethylene Plant 

Process Description, Source of Know-How and Licence 

The extension of the polyethylene plant from 15,000 
MTPA to 38,600 WTPA fin 300 operating days per year) will re- 
quire the addition of a second stream.      It is highly probable 
that, in the interest of economy of spares,  integration of 
the two streams,  and utilisation of operating know-how gained 
on the fir3t stream,  the second stream will also utilise the 
I.C.I,  process. 

Operating Data 

Table II.3.3 below lists the major consumptions of 
raw materials, catalysts/chemicals, utilities, and direct 
labour requirements. 

TABLE II.3.3 

Operating Data - Polyethylene (Basis 1 MT) 

Ethylene  (43 100%) MT 
Catalysts/Chemicals, $ 

Power, kwh 
Steam (3OO psig,   saturated) MT 
Steam (100 psig,  saturated) MT 
Cooling Water (30 C),  W 
Condensate, M 
Nitrogen, Nm 
Labour Requirements 

Area of Battery Limits 

1.070 
15 
2000 
1.5 
0.6 
200 
0.2 
7 
50 

The approximate area within the plani  battery limits 
is 13,000 M .      This is based on the overall plot plant for 
Phase I of the Fauji complex obtained from Simon Carves Ltd., 
showing the plot area for the 15,000 WTPA plant. 

3.2.2.3 Ethylene Plant 

The operating data for ethylene production is required 
for evaluating the variable cost of production in Section 3.2.6 
''Foreign Exchange Analysis) and the average cost of production 
in Section 3.2.7 (Cash Flow).      The major consumptions of raw 
materials, catalysts and chemicals, utilities, and incremen- 
tal labour requirements for expansion to 60,000 MTPA capacity 
are given below. 

m 
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TABLE II.3.4 

Opratine Data - Ethylene (Basis 1 MT) 

Naphtha. MT 3.40 

Catalyst/Chsnlcals, $ 0.4 

Br-Products 

Pyrolyse gasolln« (hydro-treat ed), MT   0.70 

Puoi on, MT 0.15 

Light Oases, MT 0.5I 
Propyl*.ne,   MI 0.45 

Power, kwh 300 

Stsam (high pressure), MT 0.23 

Cooling Water, M3 417 

Inoreaae in Labour Requirements 5 
(30,000 to 60,000 MTPA) 

I 
! 

Î 

Î 

It should be noted that the ethylene plant craoked 
and propylene compressors are driven by steam turbinas. 
Eleotric motor drives are retained for the ethylene oosipres 
sors. 

3.2.3     Completo Development Sehen» 

3.2.3.I Utilities and Offsites Installations 

The utilities plants and any new off-site facilities 
needed for Phase II at the site must be an extension to those 
already provided by    Paujl for Phase I of their project. 
The detailed provisions being made in Phase I are not avail- 
able.      We have therefore provided a summary of the utility 
consumptions demanded by the Phase II project outlined above. 
In carrying out subsequent cost estimating, unit costs for 
utilities have been used.       These data were supplied by 
Pauji Foundation (via Chemical Consultants Ltd.) 

With the exception of tank storage for raw materials 
and end-products, the same arguments apply to offsite instal- 
lations.     Facilities such as administrative office blooks, 
canteen and medical services, and workshop facilities« etc. 
are expected to be adequate for Phase II. 

3.2>3>2 Utilities Consumption 

Table II.3.5 below summarises the major utilities con- 
sumption resulting from the recommended development for Phase 
II of the Fauji project. 
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TftBLB II.3.5 

SUTY of Totti Utility RsoAilroaantt for Phaaa II 

1 

, *> 8960 
MT/Kr 20.0 

Cooling water, M3/Hr 2700 

CandonMto/bMln Wat«r (for process)        0.75 
M?/fcr 

3.2.3.3 M»nM—nt. P«r«onnol and Labour 

Ih« dl root proooM labour roqulrononta for th« Poly- 
ethylen« plant oxttnalon and tho dodooyl btnaon« plant art 
•atiMtod as 68 non.     This oovora tho roqulrononta for a 
«-•hlft system of oparation and tho rooMlrs—nts for day «on. 
It dooa not ino lud« 1 

(a) Maint«nano« p«rsonn«l 

(b) Plant Manager, or partial supervision at higher 
levels 

(0)     Administrativ« and "overhead" staff aaeociated 
with th« activities of these planta. 

Aa far aa assessing th« oosts of labour, p«raonn«l and 
•ajnaf««wnt art concerned, cat«gorl«a (a) and (0) ar« cov«r«d 
by ««intanano« charges and overheads, category (b) i« allowed 
for In th« rat« of 9000 Ra/yoar ua«d for each nwmbor of dir«ct 
operating ataff.     Thia figuro la a weighted ooat of labour 
which allows for «anagewont and auporvislon and aaeuewa that, 
In a alngl« organisation th« suporvlaor : subordinato ratio la 
oonatant. 

The polyethylene plant extension, although largor than 
tho fhae« I installation« may fall under the control of tho 
on« plant nanagor.     Th« dodooyl bona«ne plant will require a 
plant «onager, however. 

3.8.3.* Plot Plan of tho Reooe—nded D«ylop—nt 

Drawing NO. C.I669-L5I-« gives th« plot plan «bowing 
th« Phas« II expansion.   This la baa«d on tho aoat r«o«nt plot 
plan for th« sit«.     Th« expansion thus forata a logioally ln- 
t«tT«t«d p«rt of th« whole oosq»l«x. 

Th« disposal of effluents has been viewed In a similar 
way to tho provision of utilities installations, and It la ex- 
pected that the Phase I Effluent Disposal System will be cap- 
able of handling the additional load. 
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5.2.4 Capital Costs 

3.2.4.1 Dodaoyl Bansana Plant 

TABLE II.3.6 

Capital Coat of Dodaoyl Bansana Plant 

Rua—a « 10 

Porsign 
Excfr 

Local 
Curranoy 

1. 

2. 

3. 

4. 

TOTALS 

Equipment, sparsa, procure- 
ment, freight and inaurane«, 
toóla and plant, inaurano« 

Engineering, «xpanaaa and 
overheads, lic«nc«, aita 
supervision and commie- 
sioning. 

Construction labour, civil 
work, local tools and plant, 
local insurance, inland 
freight and dock clearance, 
looal spares, local expanses 

Duty on equipment and aparas 

14.55 

4.72 

5.48 

6.10 

Start-up Charges and Training 
Interest on Foreign Exchange during 

Construction 

TOTAL COST 

ESTIMATED WORKING CAPITAL (Max.) 

19.27 11.58 
1.54 
2.12 

I.54 

22.93 13.12 

36.05 
4.00 

incl 
auff 

The above oapital ooat estimate covers all fixtures which 
ara normally within the plant battery limit, and all ex- 
pansée required to bring the plant into operation. 

udodi-   Raw materiale and product storage and handling 
Vicient for normal operation.     Civil work,  control rooms, 

minor office buildings and workshops, fire equipment, télé- 
phonée etc. within the plant boundary, aa neoeaaary. 

Excluded} - Major offalte storage facilitiea, olvil work, 
piping, and services distribution outside plant boundary 
aita development, and land. 

Intereat during construction on the rupee elemant i a 
omitted because detsils of the method of finance are not 
known. 
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3*2.4.2 Polfrttarlana Plant 

HUD—a « 10 

Foralgn Looal 

l. Huipaant, aparas, procura-   25.40 
•ant, frtight ani insur- 
anoa, tools and plant, 
inauranoa 

2' Bnglnaarlng, axpanaaa and       19.«7 
ovarhaads, lioanoa, sita 
suparvlsion and ooawla- 
sloning 

3. Construction labour, oivil . 9,30 
work, looal tools and 
plant, looal inauranoa, 
inland fralght and dook 
olaaranoa, looal aparta, 
looal axpanaaa 

4. Duty on aqulpawnt and spara«     - io.55 

Start-up Chargea and Training              3.2* 3,24 

Interact en Foralgn Iwahanaja during    4.#4 
Construction 

53.05 23.18 

TOTAL COST 75,03 

|j «nnfti» wowciw OAFITAL (MAX) 11.64 

Par definition of aoopa of tha abova oapital east 
aatlaatad, sea footnota te Tabla II.3.6. 
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5'2'*'5 Bmonsion to Ph— n mth^mm flyf 

ChMioal Consultants Ltd. haïr« provided the foreim 
exonang» oost which Pauji Foundation will incur in expandint 
ÎU TZES'J?*?" •"«*••• i»1"* *•• 30.000 to 60,000 SA. inj foreign exchange ooet of expanding the utilities instal- 
«für    LìhU inot*"* •thjrlene oapaolty haa aleo been pro- 
US^. T5*!L;?tt\h2V5 »»een und in the Foreign Exohange Analysis in Seotion 3.2.6» end art tabulated below. 

TABLE II.3.8 
-   _ j 11L.11 ft1 ^ 

Rupee» x 10 

Foreign Local 

liilu- 
ding dut>N 

Ethylene Plant Extension 
Utiliti»» Installation 

Allocano» fer Breetlen, end 
Coeaissioning 

TOTAL 

Interest on Foreign __ 
during Conatruot ion 

TOTAL 

TOTAL COST 

7.1« 
11.90 

19.0% 

t.ft 

tt.66 
8.38 

t*.0* 

13.ia 

13.18 

3T.16 

*.M. i.ïJî0*1 S?*"* 999iUÌ "* V• ln th» «»»ve 
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i-2-*-* a,niinirr tf TIT mi rrni 

«»•mart of Csnttal Caata of Pi,]; imnij^ 

*LUk 
ForoIan 

Eatlmated cost of Pauji 
Phase I including pre- 
investment for expansion, tags 
and pip« plants, utilities, start, 
up costs, and int«r«at on foreign 
•xohange (but not looal eurrenoy)« 

TOTAL COST« 
ESTIMATED WORKINO CAPITALI 

Dodooyl B«nz«n« Plant 
Second Poly«thylon« Plant 
TOTALS FOR NEW PLANTS 
Start-up oharges and training 
Interest during oonstruotlon 

TOTAL COST OP NEW PLANTS« 
Ethyl«n« Plant Extension 
Interest during oonatruotion 

TOTAL COST OP ETHYLENE EXTENSIÓN 

Looal 
Currency 
(ino luding 

duty) 

216.33 128.25 

3*4.58 
18.00 

19.27 

4.78 
6.64 

75.56(a) 

11.58 

4.78     (b) 
-   (4,00) 

36.30(40.30) 

111.86 
21.66 13.12 
2.24 

23.90 13.12 

37.02 

New Plants plus «thylana «xtanalon 

TOTAL COST OP EXPANSION 1 
ESTIMATED WORKINO CAPITALI 

99.46 49.42 

1*8.88   
15.64 

Tha oosts given abov« for Phaaa I art thos« eatlmated by 
Fauji, and were provldad through Chaaeon. 

Tha oapital coats for tha now plant* are us«d for the cash 
flow calculation, in Section 3.8.7.6,  in whioh the average 
costs of ethylene include an element to cover the capital 
costs of the complete ethylene plant and offsites.       'interest' 
amounting to8£(b)is added to the local currency capital cost 
to allow for the time value of money paid out before start-up. 
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3.2.5 Unit Costs and Prices 

Table II.5.10 below list« the unit costs of the various raw 
materials and utilities used in the subsequent financial analyses.  It 
also gives the credit values for the various byproducts and the expected 
selling price of the end-products (including ethylene sold to Valika). 
The costs, values, and prices are subdivided as shown, for the pur- 
pose of specific financial analyses. 

In the table, the "total" prices for polyethylene and dodecyl- 
benzene are those proposed by Fauji (before sales tax), as quoted 
to us by Chemcon.  The foreign exchange prices fa?these end-products 
are the expected C & F prices of the replaced imports, as in our 
Interim Report, and are based on current C & F prices.  The foreign 
exchange prices shown in brackets are an estimate of the C & F price 
which would be competitive, under cash cum bonus, with the proposed 
total price. 

The "total" price of ethylene sold is H & 0's own estimate, 
based on approximately 50# mark-up of our estimate of the production 
cost of ethylene as stated in 3.2.7.2 below, to cover liquefaction, 
transport, and profit. 

TABLE II.3.10 

Unit Coate and Prices 

($) $ 
Foreign 
Exchange 

Rs 
Local 

Currency 
(exclud- 
inLduty.) 

nd Producta 
olyethylene, MT (248) 

Dodecyl Benzene MT (202) 
Ethylene MT 

By Products 
Pyrolyais Gasoline (Hydro- 

treated) MT 
Fuel Oil (CL  product ex 

Ethylene Plant) MT 
Byproduct ex DDB plant MT 
haw Materials 
Light Naphtha MT 
Benzene (local manufacture) MT 

Utilities 
llectricity (local purchaae)kwh 
Steam, MT , 
Cooling Watar, W 
Raw Water VT , 
Deminaralised Water Vr 

Packages 
Sacks (per MT Polyethylene) 
Steel Drums (per MT DDB) 

270 
300 

14.2 

11.5 

1*.3 

296O 
2400 
1000 

0.05 

52 

21 

70 

14 
700 

O.O85 
5.7 
0.06 
0.44 
O.6I 

8.0 
60.O 

86 

700 

O.O85 
15.0 
0.06 
0.44 
2.0 

8.0 
60.0 
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3*2.6     Foreign Exchange Analyaia 

3*2.6.1 Penerai 

The incremental production of end-product a beyond that 
of Phaae I of PauJi la ahown in the Block Diagram II.3.1. 
It i a aaauwed that in Phaae I, 5.300 MTPA of ethylene are 
produced for Valika.      It should also be noted that for both 
Phsee I and Phaae II, operating at maximum severity cracking 
with the production of 0.45 WT of propylene per WT of ethylene, 
the aurplua propylene (burnt aa fuel) la 1700 MTPA and I300 
MTPA respectively.      It is, therefore, assumed that propylene 
remains sufficiently in balance for the purposes of this 
analysis. 

The incremental produotion of ethylene* polyethylene 
and dodeoyl bensene is auswarlaed belowt 

TABLE II.3.11 

Inor—énfi Production Kates 

Ethylene 

Polyethylene 

Dodeoyl Bensene 

MTPA 

30.400 

23*600 

10,000 

The basis of the foreign exchange analysis is the 
evaluation of the foreign exohange saving and the looal   currency 
oost     (excluding duty     ) for this ine rasentai produotion, and 
heno« the statement of the oost in looal ourrency of saving 
foreign exohange.      It is applied specifically to the Quant i- 
ties in the above Table, i.e. to full rate produotion. 

3.2.6.2 Variable Costs of Produotion 

Prom the operating data given in Section 3.2.2 and 
the unit operating costs given in Section 3.2.5, the variable 
oost s of produotion for ethylene, polyethylene, and dodeoyl 
bensene is calculated.      In order to make the figures independent 
of any Judgement on the relative unit values of ethylene and pro- 
pylene, the variable cost of ethylene plus the co-produced pro- 
pylene is calculated, and the cost of these intermediates is 
excluded from the variable costs of the products.      These costs 
are stated in Table II 3-12. 
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IW I|T?42 
Variable Production Coati 

r 
t 
i 
i 
i 
i 

SHU ($) (m.) 
• Ethylene 1 m      ) 
§ •Propylene   0.45 MT ) 36.9 14,3 

Polyethylene l MT («xol. tthylene ooit)   15.0 204 
I Dodecyl Bensene 1 WT («xol. propyl«*«        4.0 
• OOlt) 

Foreign       Local Cost 
Exchange       Exoluding 

»* 

Hot«! on Table IT.3.12 

1. Tht loo«l ooata in th« «bov« Table inoluda th« ooet of 
paokagea. 

2. Summation of th« variable ooata lilted «nabl«a th« 
total variabl« ooita of th« complex extenaton to be 
oe1enlaced. 

3.2.6.3 Fixed Coati of Produetlnn 

Maintenance 

Th« baaia for calculating th« ealntenanoe ohargei M a 
peroentage of th« tot«! fixed ospitai (exoluding interest 
during oonitruotion, «it« development, ato.) iat 

Foreign Bxohang« \.&$ 

Looal Coat 1.57* 

Thia baaia mak«a due allowanoe for materiale and labour 
and le applicable to Pak Ut an oondltiona. 

( F«r th« purpoee of thia oaloulation, however, it wee 
•ort convenient to ba«e tht maintenance on th« foreign exchange 
investment and the percentages ueed «ere 

F 
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Poreign Exohanga alaaant 
of aalntananoa ooata 

Local Coat alaaant of 
aaintananoa ooata 

2.9* of foreign axohanga 
capital ooat 

2.5* of foreign axohanga 
oapltal coat 

- ,o Ä   
PÎ3! V* toU1 tv*** oxohanga invaataant of 

JJIB.0 x 10& (M« Sactlon J.8.4), tha aaintananoa oharg« par 

$ 523.000 
Ha. 2.1*7,000 

Foreign Exchanga 
Local Coat (axeluding 

duty) 

Labour and aucarvlalon 

Tha direct labour requlraaanta of tha athylana plant 
axpanaion, tha additional polyathylana plant, and tha dodteyl 
baniana plant are 73 »on (toa Saction 5.2.2).     At an avaraga 
ooat of 9.000 Ra. par «an par rear, which alle«« for aupar- 
viaion, tha labour ehargaa are? 

Looal Cost Ri. 657,000 

I 
f 
I 
I 
I 
F 

Qrerhaada 

Thaaa, which includa aal ling and aarkating axpanaaa, 
ara aatlaatad at 3* of tha total aalaa ravanua.     Thia la oal< 
oulatad ualng tha data froa Tabla II.3.lo, thuti 

ati^   23.600 HTM Polyathylana     70.0 Ra. x io6 

10,000 NTPA DOB 
5.200 «TP» it hy lana 

24.0 Ra. x 10 

5.2 Ri. x 10* 

99.2 Rs. x 10* 

tha orerhaada are thua Ra. 2,976.000 (looal ooat only) 

Intareat on Worein« Capital 

Working capital MM aaauaad to ba aqulvalant to tha 
yaiua of 2 aontha' flnianad product.     Aa output rlaaa during 
initial ymmn, ao alao doaa working capital.     Inttreat on 
working oapltal la aqulvalant to 1.5* of tha yaar'a aalaa 
ravanua. 
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Tha intaraat on working capital le thua Ra. 1.438,'KX; 
for 100* produotioci capacity. 

Tha flMd coata of production ara eummartaad below 

TIKI II.3.13 

«WffWf 

Porelgn Local Cost 
Excluding 

Duty 

I « ^/r  *»• « *0*/n> 

«•intonano« 

Labour and Suparvlaion 
Overhaada and Selling 

Tntoroat on Working Capital 

TOTAL 

mi 
mi 
mi 

582 

21*7 
657 

2976 

I486 

7268 

3.2.6.» Parana fachana» flavina an* Rupee Coot Cowpariaon 

The following Tabla glvaa ths ooaparleon and ia com- 
pilad uaing tha data givan in tha pravioua eaction«.     Tha 
Ifcipee elcewnt of tha lnveetment exeludea duty on equipment, but 
ineludee atart-up axpanaaa.     Tha ua« of tha avaraga irtaraat 
rata enauree that the aarly yaara ara not penaUaed, nor tha 
raaulta for tha latar yaara ovar optlnietlo. 
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TABLE II.3.14 

(9^i - Phfft II) 

Poraign 

Iffttbto Production Cotf 
P.E. 25,600 MTPA 

DOB 10,000 MTPA 

Ethjrlona 30,400 MTPA 

Pixad Production Coatt 

TOTAL PRODUCTION COSTS 

*w vii«? ff tmm 
P.E.  23,600 MTPA • 270 $/m 
DOB 10,000 MTPA 0 300 $/m 

Bthylona 5,200 MTPA 

TOTAL P.E. VALUE OP PRODUCTS 

Awrm I 
•rat 

Annual Ropaywanta 

TOTAL INTEREST AND REPAYMENTS 

Poraign Exchango Saving 

OP P.E. SAVINO RM/É 
•UJ.-.HlMOYMrtmMi..*..*   , 

Dtprtciation o 10< on Rupta n—ant 

Run— Coat Including Daoraoiatipn 

Local Coat 
Bxoludlng 

11 l<?/ir Rl, » lC?/yr 

35* 4810 
40 39*0 

life 435 
582 7866 

8096 16453 

6370 

3000 

mi 

9370 

837 
8098 

8989- 

43*3 

3.79 

8584 

19037 

4.38 
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3.2.6.5     Foreign Exchange Analysis for Each Product 

The variable and fixed production costs of ethylene, 
propylene, polyethylene, and dodecylbenzene, have been 
calculated, on exactly, the same basis as in the preceding 
sections.      The cost of 1MT of propylene has been taken to 
be 50# of the cost of 1 MT of ethylene,  and the fixed costs 
(both operating and financial) have been suitably distributed 
between the ethylene   expansion and the prooess units.      As 
before,  the duty and bonus elements have been omitted from 
the costs of plant, materials and utility services.      Financial 
costs, as before, cover repayments and average interest on 
the foreign exchange element of fixed capital, depreciation 
only on the local currency element of fixed capital, and 
interest on working capital. 

The production costs and foreign exchange savings 
figures so calculated arei- 

$ Re 

per (1 MT ethylene + 0.»¿ MT propylene)« 

Variable 38.9 1».3 
Fixed 
Production cost 

28.7 
6775 

96^7 
into 

ethylene, per MT: 

Variable 31.8 11.7 
Fixed 
Production cost 

23.» 
55ÎÎ 90Tb 

propylene, per MT: 

Variable 15.9 5.8 
Fixed 
Production cost 

11.7 
27?e m 

D©lyethylenef per MTt 

Ethylene I.07 MT 59.0 96.7 
Other variable 15.0 20» 
Fixed 
Production cost 

76. S 
Î503 

257 

Cost of import 
(CftP) 270 

Foreign exchange 
saving 119.5 

Ratio Rs 557.7/1119.5 - R§ *.7/$ 
Dodecvlbenzene. cer MTi 

Propylene 1.38 MT 38.0 62.5 
Other variable ».0 39» 
Fixed 
Production cost 

77.» 
1Î5TÎ 

260 
7Î675 

Cost of import 
(C4F) 300 

Foreign exchange 
saving I8O.6 

Ratio Rs 716.5/$ lRO.6 * Rs 4.0/$ 
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3.2.7      Cash Flow and PCF.  Rate of Return 

3.2.7.1 General 

The sales revenue is bated on the pattern of market 
build-up stated in the Interim Report.       Production by the 
Individual plants   '.-? only limited to yy% and 90# in the first 
two years of  operation as existing plants and utilities will 
be well established.      The lower figure of the two  (market 
requirement  or production capacity) establishes the output 

1,and sales rate 1  for any particular year up to 1980,  after 
wnic-i: The full production rate can be maintained and sold. 
For the purposes of this analysis it was decided to use the 
average, and not the marginal, cost of ethylene and propylene 
production in establishing the production costs of the poly- 
etnylene and dodecyl benzene (see Section 3.2.7.2 below). 
Total  costs of the manufacturer are used through this analysis 
so that   the D.C-F.   rate of return can be determined from the 
viewpoint of   tre  Pakistan investor. 

3-2.7.2 Ethylene and Propylene Costs 

In Phase  TI,  the Fauji plant is planned to produce 
60,000 MI1 PA ethylene  with a propylene to ethylene ratio of 
O.45 under severe cracking conditions.       For the purpose« of 
analysing Phase II of the project,  ethylene and propylene are 
taken as feeds to the new plants proposed.      Propylene is re- 
garded as a leas valuable product than ethylene and, even 
after Phase II..  there will be surplus production from the 
Fauji cracker-      The cost of propylene per MT ha« been taken 
as half that of ethylene.    Both  ethylene and propylene costs 
have been averaged over total productioni    the Phase II plant« 
do not therefore  cenefit from ethylene and propylene at 
marginal costs of   production. 

The estima ed tov¿l costs of ethylene and propylene 
as feeds to the  Pnase II units are: 

Ethylene 

Propylene 

R«. 635 /tar 

R«. 317 /m 

3.2.7.3 Variable Cost of Polyethylene and Dodecyl Benzene Production 

Using the average production costs of ethylene and 
propylene from the previous section,  the operating data given 
in Section 3.2.2,  and the total unit coat of raw material« and 
utilities from Section 3.2.5, the variable costs of poly- 
ethylene and dodecyl benzene were calculated.      These are 
summarised below1 
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Polyethylene R1#  1080 /m 

Dodecyl Benzene Rit    932 /ftp 

Thés** costs include the coat of packages. 

3.2.7.a* Fixed Costs of Production 

The fixed costs are estimated for the extension pro- 
ject as a whole and are not subdivided between end-products. 
In the cash flow table and D.CF. calculation, the presence 
of the full capacity ethylene plant on the site Is assumed. 

Maintenance  ' 

The basis for the maintenance charge is 4.270 of the 
total fixed capital (excluding the duty paid on equipment). 
This is consistent with the rates given in Section 3.2.6.J. 
On this basis the figure of 4.270 includes allowanoe for the 
duty element on the materials used in maintenance. 

Labour and Supervision 

The direct  labour requirements for the two plants are 
68 men, charged at 9.000 Rs. per man per year. 

Overheads and Selling Expenses 

These are estimated to be 3# of the total sales revenue, 
as in tne Foreign Exchange -nalysis.      They are based on the 
"full-up" year as by dentition they are considered to be 
fixed. 

Foreign Exchange Repayments 

The repayments are made in equal sums over the first 
ten years of operation.     The total foreign exchange loan for 
the polyethylene and dodecyl benzene plant is: 

Rs. 75.56 x 1Û6 

It includes interest on tht loan during the construction 
period and the foreign exchange capital covering start-up 
expenses (See Section 3.2.4). 

3.2.7.5 Other Fixed Costs 

Interest on Foreign Exchange Loan 

This is based on 80 of the outstanding loan.     It in- 
cludes interest on the foreign exchange capital borrowed to 
cover start-up expenses. 
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Interest on Working Capital 

A« in the Foreign Exchange Analysis, this is baaed on 
1.5% of the total sales revenue.      The total salea revenue 
applloable to  the particular year is used.      Ethylene is 
excluded. 

3.2.7.6 Cash Flows and D.C.F.  Rate of Return 

The cash inflows, cash outflows and the net cash flows 
are set out in Table 11,3,2.15 below.      The net cash flow la 
before tax and depreciation. 

A total span of 15 years ia covered}   year 0 Is the 
reference year in which it is assumed that all the capital is 
invested.      In practice this is not the case, but the allow- 
ance mentioned above for the interest during construction 
penrits this simplification,      1976 is taken as the year In 
which the recommended development commences production and 
sales.      It is Justified by the D.C.F.  rate of return obtained. 

The costs in this table are  based on I970 costs of 
equipment, materials and labour        This is in accordance with 
accepted practice where price trends are not available. 
Labour is the  only element of costa  for which a reasonably 
reliable trend prediction is available.      However,  labour 
cost is a very  small element  in this table,  and in practice 
reductions of the work force might be made over the life of 
the plant by improved methods,  to counteract rising wages 
and salaries.       Therefore, allowance for rising labour cost was 
not considered    to be useful  in the present case. 

The proposed selling prices are those estimated by 
Pauji Foundation, as quoted to us by Chemical Consultants. 
They are well below the current import prices on caah-cura- 
bonusj the C & F prices which would be competitive with the 
proposed selling prices have been eatlmated and are shown in 
Table II 3,10. For explanation of capital costs uaed, see 
Section 3.2.4_4 

The D.C.F.  rate of return baaed on the Rupee invest- 
ment in the fixed assets is calculated at 
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3.3      Conclusions 

Pha.« TT^f tï!T^Î ? Î5* !thyl0ne PlÄnt °*P*oi*y to 60*000 WTPA for 
eïîvîene avaníJí^    ^f11• QOm>1** •*•• « «Idition.l 30,400 WTPA of 
ethylene available.      It is recommended that this Is used to produoe» 

23.600 MTPA polyethylene 

10,000 WTPA dodecyl benzene 

5,300 WTPA ethylene (to Valika) 

»4 ^      4
TíeM^Product8 »» the most beneficial from the nation*! and oomaer- 

aid a^;rt" °i IT'  , lì?'• lnClUding the- ^<*' ha. oten^î^ed and a start-up date of 1976 Is proposed. •*"*>«« 

u\    *   ÎÎ3 f.*** COr °f 8aVlng f0relgn exohan«e ls estimated at Rs.  4.38/ u.fa. 9, and Is very favourable. 

WM„V, ..^^Í'íüu"01? t0 Vallka ia «^ntualV transformed to polyethylene 
which saves further foreign exchange and improves this figure.  ye°ny'ene 

3. 
ate of ÏÏÏÎÎÎ ethylen! " a f"d«tock from the extended cracker, the D.C.P. 
ate of return on new Rupee capital invested in the polyethylene and DDB 

1 Pianta has been calculated at *3,8* (before tax).      This is a 1 \JtV«r 

cost in the units!      °°"t ^^ °f ^ Mgh P"*»""• of foreign exchange 

\      , Tht •ub»t*ritial savings in foreign exchange and attractive D c F 
rate of return indicate that a scheme of this typt would stmblvUbie'.t 

ÎÎÏÎÎ    ,î r th! M'Um*a dÄta of 1976'     ** wli«r daU may, however? bT 
difficult to achieve for the second phase of this proleet       Paul? ï«,,nï!*4~ 
-hould attempt to bring their Phase n into eìfec? lìTarly aï po.sîeîîT 
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SECTION 4 

4.1 

E.P.I.P.C.. EAST PAKISTAN FETRQCHEMICAL CCHPÎSX 

Analysis of Development Scheme« for E.P.I.P.C.. East PtJtl.tan 

„r  PH„.N? YT"^1
«" 

Wa" avallable to H ft 0 regarding the further development 
of Phase I of the E.P.I.D.C. scheme at AahuganJ. Accordingly, the develops* 
for Phase II were logically derived from the planned production for Phase I 
talcing into account the recommendations made in Section J> for Fauji Foundation. 

.<„. < P^th?!%recommendations, and the list of petrochemical producta 
given in Table II.2.1, it can be seen that the following products can be 
considered for natural gas based manufacture at AshuganJ:- 

Pioctyl phthalate 
Polyvinyl acetate 
Vinyl acetate 
Acetic acid 
Urea/formaldehyde resins 

As mentioned in Section 2.9, the production of dioctyl phthalate was recom- 
mended in our interim Report as being economically profitable from both the 
national and commercial points of view. Section 3.2 discusses in detail tSe 
reason for excluding dioctyl phthalate from the production scheme for the 
*auji Foundation Jn West Pakistani since the 1980 market demand for this 
product is considerable (16,000 MTPA for Pakistan as a whole), it is the ma lor 
product for consideration in East Pakistan. Further consideration shows that 
the foreign exchange element of the total production coat of dioctyl phthalate 

: ?2£££}yiT/ÎT^ curr,nt c*Fprlc# lnPakl't4n- •>>*•¿ is therefore included in the recommended development scheme. 

.„H Q.   S«0""• 2.11 discussed the requirements for polyvinyl acetate in detail 
and Section 2.12 explained that it i. generally accepted that the additional 

!n^'!ï SL      Î i";* W0Uld bt PrOVld,d by •*t^i<• to existing plant.. s-^uated at the point of usage.    There are four existing and sanctioned planta 
in Pakistan (thrw in Karachi and one in Pacca) and the individual ïïnt 
?ríüclîleV°?ld

n
8t111 b« relatively small even after extenaion.    The manufac- 

ture of polyvinyl  acetate in one polymerisation plant at AahuganJ is not? 
therefore, recommended for Phase II. ' 

TTTheJlAnÍ,fíeíUr' of vlnyl àcetAte» on the other hand,  is recommended for 

estimated at 8.480 MTPA for the whole of Pakistan and include, the supply of 
vinyl acetate to exiating and aanctioned polymerisation units.    The market 
demand is next to dioctyl phthalate in the li.t of product, given earner? 

ïuîî'Î 8 í°í/hOI,ídwítat th* f0r*i8n •"»»«• •1«»nt of the production coat. 
including both variable and fixed component., wa. 1... than the cheaper? F 0 B 
European source of supply (baaed on Dutch aupply. early 1970 rate.) 
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When freight and insurance to Pakistan, and landing costs are added, the com- 
parison is more favourable.  This product is, therefore, included in our 
recommended development scheme. 

The concomitant production of acetic acid, the precursor for vinyl 
acetate, makes it possible to satisfy the relatively small, market demand for 
acetic acid, as a product in its own right.  This demand is estimated to be 
1,650 MTPA for I98O for the whole of Pakistan.  The total consumption of 
acetic acid for all purposes is 8,l80 MTPA in I98O, and the foreign excham« 
element of the total production cost for this scale of production was cal- 

culated.  This was found to be lower than the cheapest F.O.B. European source 
of supply (based on Belgian supply, early 1970), excluding freight, insurance 
and landing costs for Pakistan.  In addition, the containers for this chemical 
are expensive and its internal manufacture, rather than importation, is Justified. 

The Block Diagram Figure II.4.1 summarises these conclusions and 
depicts our recommended development for this site.  Table II.4.1 summarises 
the end products additional to Phase I. 

TABLE II.4.1 

Î 
r 

Diootyl Phthalate 

Vinyl Acetate 

Acetic Acid 

END-PRODUCTS ADDITIONAL TO PHASE I 

MTPA 

16,000 

8,420 

I.65O 

The manufacture of the remaining products in the list given 
above viz urea/formaldehyde resins, is not recommended.     Although 

the raw materials for these resins are manufactured at AshuganJ (methanol 
being the source of formaldehyde), existing plants already take these 
materials from relatively larg* internal producers.      This situation is con- 
sidered to be analogous to that for the production of polyvinyl acetate, and 
it is considered that the additional market requirements will be provided by 
extensions to the existing and santioned plants,  situated near the point of 
usage. 

These resins vary considerably in their formulation, according to 
their end use, and many of them have a relatively short shelf-Ufa.     The 
additional 198O market requirement of 7.200 MTPA for the whole of Pakistan 
is not very great, and it is our opinion that the present mode of manufacture 
by a number of small producers will continue. 
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H * n'„ II SZ   „ Î?r0prlate at thl8 P°lnt to amplify the reasons for 
nhîhïi.tl   ??   ?? °f acetylen« rout" for the manufacture of dioctyl- 
phthalate, acetic acid and vinylacetate, contrary to the present world trend 
which is towards the use of ethylene for these chemicals. 

50 000 MS¡¡ ofpvf"tí PhT l°f th? EPIDC P**•*«"^ implex, including iU.000 MTPA of PVC, is a starting point for this part (Volume II) of H à O'a 
Study  However. H * G also recommended this route to PVC in our Interim 

that the cost of such PVC production would be about the same either via 
acetylene o£ via ethylene supplied by a cracker of some 80,00C~MTPÂ capacitv, 
but the acetylene route (based on indigenous natural gas) would nave a îower 
foreign exchange element of cost. 

,hnw, f!
Urth!r' °°mpari!0n of the appropriate schemes in the Interim Report 

SïïSi  Í'   ?* deClded t0 U8e the acetyl.ne route to PVC it than become. 
tnan eUheÍTíh ° U'! *» •*1•  «»*• I" for dioctylphthalate, rlZr 

^«Ptvmî^f1^8 i8 an lntenwdl»t« for 2-ethylh.xanol and hence 
dioctylphthalate. from acetylene.  Having decided to use this route, the 
cheapest way to meet the requirement for acetic acid is via aceïaïdenydî 

vínvi -/ïeîiC a°ilmaice8 UP the «r«ter part of the raw material cost of 
vinyl acetate, whether ethylene or acetylene is used as the source of the 

f^LfT, A1îh.0U8h there l8 a WOrld tWnd t0*ard» «» use 0? ethylene for new vinyl acetate production, this route is only attractive for falrîy 
Urge scale production of vinyl acetate, based on cheap ethylene from a 

8^äyn£l>VTk?r-  In Pakl8tan th* •8UBat8 mulS«.nt U for ônîy 

7J^<<? Ï !L8 ' ^Md Plant' °r' th# UM of 8oa* of the ethylene fro* 
Faujl s naphtha cracker.  In this situation, th* acetylene route to vinVl 
acetate is clearly the cheaper. »¿ny* 

Î 
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4.2   RBC Dimori«» km nmiKtAL mmmmm *m ASHUOSAJ am. 
wibHj: 

^.2.1 Introduction 

Tha naco—andad development for Phase II of tha Aahufanj project it 
shown in tha Block Diagram II 4.1.     Saction 4.1 dlsousaaa tha 
riions underlying its eoapoaition. 

Tha layout of this station follows that of Saotion 3.2, dealing first 
with tha individual procesa unita, than tha davalopaant acharna ta t 
whola.      Subeequent eectiona dati with oapittl tnd opartting ooatt. 
Finally, tha section eonoludea with tha Foreign Exchange Analysia tad 
tha yaar-by-yaar Caeh Flowe,  inoludlng tha D.C.F. rata of raturn on 
tha investment. 

^.2.2 Individual Prooaaa Unite 

4.2.2.1 Aoattldehyde 

Prooats Description and Flow Chart 

A simplified flow onart for tha production of Acetaldehyde it 
shown in Figura II 4.2. 

Acetaldehyde is produced by direct hydration of acetylene, 
catalysed by mercuric ions.     Acetylene is injaeted into 
warouric sulphate solution, acidified by sulphuric acid, 
oontained in tha reactor.     Aoetaldahyde vapours mixed with 
stot«, acetic told tnd unraacted acetylene from tha reactor 
tra oooled tnd paaaad to an tbsorbor where tha acetic told it 
abaorbsd by thi aqueous aoetaldahyde solution frosi tha botto« 
of tha next tbsorbtr.     Tha gas frosi tha aoatlo told absorber 
i a further cooled before ptsaing to tha acataldahyda abaorber 
mentioned above, and the unreacted acetylene, together with 
sows inerte, is recycled baok to tha reactor, while a stall 
portion is continuously purged to maintain the inerte levai. 
Thit purga, etili containing some toatylane, ia returned to 
acetylene plant for acetylene recovery. 

Tha aqueous aoetaldahyde aolution fro« the abaorption systeai 
flows through t mercury aettling tank, and after filtration 
ia preheated before entering the firat dietillation tower 
fro» which water and byproduota tra removed aa t bottom strata). 
Thie atream, after heat recovery,  la aant to drain.     The 
dittilled tcetaldahyde ia finally purified in the acetylene 
stripper, leaving at t bottom atraam of 99.8* purity.     The 
unoondensed overhead gaeea from both towen contain toetaldehyde 
and are reeycled to the bottom of tha acataldehyde abaorber. 
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Th« mercurie sulphate oatalyst solution is continuously 
regenerated by hot treatment with nitrio acid in ths preseno« 
of an air stream blown into ths solution.     Msrcury-oontaininf 
muds from this oatalyst regeneration plant ars sont to mercury 
rstorts for the recovery of mttallic mercury.     This part of 
ths proosss is not inoludsd in ths flow chart. 

Source of Know-how and Llosnos 

The process as described above is available fro» Montecatini 
Edison Spa.    A similar process is available from Lonza Ltd. 

Opratine Data 

Tabi« II 4.2 below lists ths major consumptions of raw 
•ataríais, oatalysts/ohamicals, utilities and diraot labour 
requirements. 

TABLE II 4 2 
OFERATItt) DATA - ACmiHHYEE  (BMIS } » UfM^^fmrf\ 

Acetylene (as 100*) MT 
Catalyst/Chemicals $ 
Power, KWH 
Steam (low pressure) NT 
Cooling Water M^ 
Labour Requirement« 

Araa of Battery Limita 

0.63 
4.8 

500 
2.2 

90 
18 

The approximate «rea of the battery limit« plant la 1290 a2. 
This is based on a layout of th« plant items, Including thoa« 
omitted from th« flow ohart. 

4.2.2.2 2-Bthyl H«xanol 

Process Description and Flow Chart 

A simplified flow ohart for the production of 2-ethyl hexanol 
is shown in figure II 4.3. 

Th« first part of th« process may bo considered as th« 
preparation of crotonaldahyd«.     Ao«taldehyde from th« 
aoetaldehyde plant, together with recycle from the process, 
is mixed with dilute caustic soda oatalyst in the reactor 
mixer.     Th« condensation reaction la arrested by the 
introduction of aoetic acid near the bas« of th« column aa 
th« reaction mixture flows downwards and thence to th« reactor 
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column.      Here the aldol is converted into crotonaldehyde 
under the influence of pressure and temperature.      The 
overhead vapours from this column are cooled and pass to a 
distillation column.     Here acetaldehyde is recovered over- 
head and recycled,  while from the base a mixture of water and 
crotonaldehyde is withdrawn and separated by cooling and 
décantation.      Crotonaldehyde is recovered from the water 
rich phase in a small stripping column at the base of the 
crotonaldehyde column. 

The second part of the process involves the preparation of 
butyraldehyde.      Crotonaldehyde from the previous part of the 
process is first used to wash the hydrogen purge stream.      It 
then passes to the reactor into which is blown a large excess 

(of hydrogen and which is heated by steam coils in the base. 
Overhead reaction products pass to the butyraldehyde column 
(which has no reboiler).      Butyraldehyde is withdrawn from 
this column as a side stream, while heavy ends are withdrawn 

I from the base.     The overhead condensate is separated into 
two phases,   the aqueous phase being next to a water stripper. 
The overhead hydrogen is recycled after further cooling. 
The hydrogen purge,   required to maintain the inerte level,  is 
washed with the feed crotonaldehyde and then with water which 
is stripped of organics in the water stripper.      The recovered 
organica pass to the reactor. 

The third part of the process is the preparation of 2-Ethyl 
Hexanol.      Butyraldehyde from the previous stage  is introduced 
into a circulating reaction system with an alkaline catalyst. 
The conversion to the hexanal is complete, and after 
décantation from the water formed,   it is vapourised, mixed 
with hydrogen and passes through catalyst packed tubes of the 
hydrogénation reactor.     The heat of reaction is used to 
generate steam in the shell side of the reactor.      The 

I reaction mixture is cooled, and the separated hydrogen 
reheated and recycled to the hydrogénation stage.      The crude 
Ethyl Hexanol passes to two distillation columns, which remove 
the secondary products, and then to a finishing hydrogénation 

I reactor.      The stream passes through two further distillation 
columns which remove the last traces of secondary products. 
The Ethyl Hexanol is suitable for the production of plasticlsers. 

I The concurrent production of butanol cannot be avoided and is 
at least 70 Kg per ton of Ethyl Hexanol. 

Source of Know-how and Licence 

The process as described above is available from Melle- 
Bezons S.A. 
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Qpsratln« Data 

This it given below in Table II 4.3. 

TABLE II » TABLE II 4 "5 
0WMTIW0 DATA  -  2 ETHYL rifcffléi T&I3 !» g mtYL «ïâlir^ 

Aoetaldahyde (100*) m 
Hydrogen  (100*) W3/Kg 
Catalyata/Cheniicals $ 
Power, KWH 
Stasa (high preaaure) MT 
Staam (medium pratsura) MT 
Steam (low preaaure) MT 
Cooling Watar M5 

Labour Raqui ramant« 

Araa of Battary Limita 

1.66 
830/74.5 
16.8 

406 
0.14 

11.15 
2.96 (CHEDIT) 

300 
30 

Tha approximate araa of tht battary libiti plant la 1450 m2. 
Thla li baaad on a layout basad on tha flow chart, but 
including for thoaa plant Itaas not tneludad In tha ohart. 

*• 2-2.3 DlQOtyl Phtha^ata 

Prooeis Daacrlption and Flow Chart 

A simplified flow chart for tha production of Dloetyl 
Phthalate 1« ahown in figura II 4.4. 

Phthallc anhydrida iadlaaolvad in 2 athyl haxanol from tha 
athyl haxanol plant and flows, togathar with aulphuric aoid 
catalyst, to tha top of the aatarlfiar.     Cyclohexan» is uaad 
aa a watar antrainar and Is vapouriaad and introduced into 
tha bottom of tha eaterifler. 

Tha vapour from tha top of tha aatarlf iar, togathar with that 
fro« thadlaaolvlng vaaaal, paaa to a aaparator.     Tha over- 
heads from thla aaparator ara condensad and separated into 
two phaaaa.     Tha alcohol rich phase la returned aa reflux 
to tha aaparator,  and after contacting the upflowlng vapours 
ia recycled to tha dissolving tank.      The cyclohexane and 
water phase still oontaining sona alcohol, paaa to tha alcohol 
and oyclohaxane recovery oolumna. 

Tha crude eater laavea the bottom of the esterifler and 
enters a stesa hasted prestripplng column, from tha top of which 
tha bulk of tha oyclohaxane la rea»ved.     The cyclohexane 
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phaa« which separat«« after condanaation is paasad to tha 
alcohol/eyolohexane racovary aya tain.     Tha aster, after 
further heating, next paaaea to a neutralising column «Dare 
the added aodium oarbonate completely neutraliaea the acid 
oatalyat and ensures the thermal stability of the dioctyl 
phthalate.      The stream i a then cooled, and the water which 
separates flows to drain.      The eater stream next paaaea to 
column in which water, separated in a downstream column, 
waahes out the neutralising aodium carbonate and then alao 
flowa to drain.     The alcohol ia then steam stripped from tha 
eater, and is concentrated in the alcohol rich phaae obtained 
after condensation of the overheads and décantation.      This 
alao passes to the alcohol/cyclohexane recovery system.      The 
eater and water, leaving the bottom of the stripper are 
separated into two phases,  the water rich phaae being uaed to 
wash the crude ester in the preceding wash column, and the 
estar being passed to a column where it is finally dried with 
air before passing to storage.      The air from the top of this 
coluan ia cooled before venting to recover the eater. 

The alcohol recovery column recycles ethyl alcohol from the 
bottom while light aecondary products are taken overhead. 
A aidestream from this column takes the cyclohexane to the 
cyclohexane column:    heavy anda are taken from the bottom 
while water is separated overhead.     Cyclohexane ia removed 
aa a eideetream and recycled to the start of the proceaa. 
The feature of • ideatream removal arises because of the 
presence of azeotropea and the fact that the maximum cyclo- 
hexane concentration occurs in the liquid phaae from the upper 
traya. 

Source of Know-how and Licenoe 

As for 2-ethyl hexanol, 
froai Melld-BeioiiS S.A. 
B.P.   Chemie ala Ltd. 

0Pf1**TM Pf** 

tha prooeee technology la aval labia 
Comparable technology la available from 

The eeaential data is given bale«. 
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TABLE II 4.4 
0PBRATIM3 DATA - DIOCTYL PHTHALATB (BASIS Uff DIOCTYL FHTHAIÀT8) 

2 Ethyl Hexanol (as 100*) MT 
Phthalic Anhydrid« (as 100*) MT 
Catalysts/Chemicals $ 
Power, KWH 
Steam (medium pressure) MT 
Cooling Water, M^ 
Proo«ss Water, M^ 
Labour Requirements 

0.73 
0.385 
2.4 

25 
1.9 

66 
0.4 
18 

Ar«« of Battery Limits 

The approximate area of th« b«tt«ry limits plant is 760 m2. 
This was obtained by a layout basad on th« flow chart» but 
Including those item« omitted from th« ohart. 

4.2.2.4 Ao«tlo Acid 

Î 

Prooess Description and Flow Chart 

A simplified flow ohart for th« produotion of th« Aoetic Acid 
Is shown in figure II 4.5. 

Acetio acid la produced by air oxidation of aoetaldehyde, 
in th« presence of manganas« acátate catalyst.     Acetaldehyde 
from th« ao«tald«hyd« plant, and recycled acetaldehyde, is 
oharged to th« oxidation reactor into which passes air from 
the Air Separation Plant after water washing in the direct 
contact coolers.     The reaction temperature is maintained by 
circulating th« mixtura through an external cooler. 

Th« crude acatic acid from bottom of th« reactor passes to th« 
peroxide breaker, where th« explosive paracetic acid 
concentration Is r«duced by long residence at high temperature«. 
Th« reactor off-gas is scrubbed first with crude acetic aoid 
to recover aoetald«hyd« and then with water to reoover acatlo 
add.     Th« crude aoetic acid wash stream is returned to th« 
reactor, and th« water wash stream passes to the methyl 
aoetate column. 

From the peroxide breaker, crude acetic acid is fed to th« 
aoetaldehyde column.     Unreacted acetaldehyde is recovered 
overhead and r«oyol«d to th« aoetaldehyde surge drum.     Th« 
bottom stream from this column is cooled, part being used to 
wash the off-gas aa described above, and the r«maind«r la 
oharged to the methyl aoetate column, from which a net 
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methyl aoatata stream is taken 0verna ad.      The botto« atra«» 
fren« the column Is charged to the acetic acid finishing column, 
fro« the bottom of which glacial aeetlc acid of 99.8# parity 
it withdrawn (actually withdrawn from above botto« plate as a 
vapour and the bottom liquid stream, containing Manganese 
sostate catalyst is recyoled to the reactor.     This has not 
been shown in the flow ohart). 

The overheads fro« the finishing oolu«n is an aceatropic «ixtura 
of ethyl aootate and water.     Condensation and décantation 
separate two layers i    the ethylaoetate rich phase is used as 
reflux, while the aqueous phase is fed to the ethyl aoetate 
colu*n.     The overhead azeotrope fro« this ooluan is returned 
to the condensation/décantation stage described above, while the 
botto« strean fro« this tower is waate water, and is sont to 
drain. 

Souroe of Know-how and Lioenoe 

This process is a well known chemical process which 
haa been operated by many major companlea. Melle- 
Besons S.A., British Petroleum and Hoescht are sucgeatod 
ss potential licensors. 
Operating Data 

The easential data is given below. 

OPPIATIMI DATA • 
TABLE II 4.' 
r^tiJ.Trfij (Maia utr ACETIC Acroì 

Aoetaldehyde (aa 100*) m 
Power, KWH 
Steam (low pressure) MT 
Cooling Water M* 
Process Water M^ 
Nitrogen üM3 
Labour Requirements 

0.77 
260 

3.58 
300 

13 
15 
18 

(Notot   Catalysts and ohmaloale used in the process ara about 
equal in valve to the «ethyl aoetate by-product.) 

Area of Battery Limite 

The approximate area of the battery limits plant is 480 •*. 
This was obtained by a layout baaed on tho flow chart, 
including those item« omitted fro« tho chart. 

Î 
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4.2.2.5 Vinyl Acetate 

Procese Description and Plow Chart 

A simplified flow chart is given in figure II 4.6. 

Acetic acid from the acetic acid plant is vapourised and mixed 
with acetylene, some of which is recycled from the process. 
Acetic acid vapour recycled from the process Joins the feed 
stream after the evaporator.      After preheating the acetic 
aoid and acetylene vapours pass to a fluidised-bed type 
reaotor,  which is cooled both internally and externally by 
ffor example) Mobiltherm Light.      A portion of catalyst is 
taken continuously from the bottom of the reaotor to a 
regenerator (via a storage vessel which is not shown).      Here 
it is subjected to blowing with superheated steam, hot inert 
gas and zinc acetate and active carbon are replenished.      The 
regenerated catalyst is returned continuously to  the reactor 
via another storage vessel  (not shown in flow chart).      Vent 
gas from  the regenerator is cooled before Joining the recycle 
acetylene stream.      The reaction products pass through a bag 
filter to remove catalyst dust,  are cooled and then contacted 
with cold crude vinyl acetate in two cyclonic spray towers in 
series.       In these vinyl acetate and acetic acid are condensed 
to form crude vinyl acetate.      Non-condeneible gases,(mainly 
acetylene)  are recycled,  with a small portion being vented 
after scrubbing with crude acetic acid    to control the level 
of inert gases.      The scr-bbinn stream passes to  the 
condensing system. 

Cride vinyl acetate is degassed,  and the acetaldeyde condensed 
from the overheads.      This contains some vinyl acetate which 
is separated in the vinyl acetate column and recycled to the 
degaaser column.     Acetaldehyde is returned to the acetaldehyde 
plant.      Non-condensibles from the two columns, consisting 
mainly of acetylene, are recycled. 

The vinyl acetate stream from the bottom of the degassar passas 
to a column from pure vinyl acetate is taken overhead,  and 
acetic acid from the bottom.      Two side-streams are drawn fro« 
this tower.      The one from the top section contains mainly 
divinylacetylene, and the one from the bottom section contains 
crotonaldehyde.      These are distilled separately in two smaller 
oolumna.      They may be treated separately in a batch still to 
further recover vinyl acetate and acetic acid. 

Crude acetic acid from the vinyl acetate column contains 
appreciable amounts of heavy impurities.      These are removed 
by passing part of the crude aoetic acid to the acetic aoid 
column.      The pure acetic acid is recycled to the beginnin« 
of the process.      Polymerisation inhibitor is added to the 
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degassing and vinyl aoatata oolumn» 

Souroe of Know-how and Lioanea 

Thia prooeaa is wall tatabliahad technology and ia expeotad 
to be readily avnliable.      British Patrol««,  I.C.I, and 
Hoechat ara propoaed aa poaaible licensor«. 

Operating Data 

The aaaential data ia given below. 

TABLE II 4.6 

OPERATING DATA-VINYL ACETATE (BASIS 1 MT VIMYL ACMMyi 

Aoetylene (aa 100*) WT 
Aoetlc Acid (aa 100*) MT 
Catalyet/Chemicala $ 

Power kWh 
Steam (medium preaaure) MT 
Cooling Water M-5 

Inert Gas NM^ 

Labour Requirement« 

Area of Battery Liai ta 

0.32 
O.72 
1.8 

110 
2.28 
120 
150 

18 

The approximate area of the battery liiaite plant ia 
640 W.      Thia waa obtained by a layout of the plant 
itema. 

4.2.2.6 Aoetylene 

The extenaion of the aoetylene plant fro« 36,000 MTPA 
to 55,150 MTPA (in 300 days per year),  1« enalagou« to 
the extena on of the ethylene plant at Fauji.      It ia 
extremely likely that the make-gaa treatment «action 
of the plant will be designed for the larger capacity 
required by Phase II, and that add tIona1 burner unita 
will be added to the exiating plant at the appropriate 
tine • 

In view of this fact, the p.ooeea description,  flow 
chart, lioensor information and consideration of the 
battery limits area, have been omitted.      Operating 

1 
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data is required, however, for evaluating the variable 
and avéras« oosts of production for use in later eeotion«. 
Thi« data is given below 1- 

TAJLE II 4.7 

OPERATING! DATA-ACETYLENE (BASIS 1 WT ACETYLBHI) 

Natural Q e. «cf. 214,000 
Catalysts/Chemioala $ 1.0 
Byproduct Off-ga« (credit) «» Q 

K eal x 10° "^ 

Power kWh 3290 
Steam (net) MT 3.9 
Cooling Water M-5 670 
Prooess Water (net) M5 1.3 
Increase in 
labour requirements 5 
(36,000 to 55.000 MTPA) 

4 2.3 Complete Development Scheme 

4.2.3.1 Utllitie« and Offrite« Installation 

With regard to these installation« for the E.P.I.D.C. 
scheme at AshuganJ, the sane arguments already diacussed 
in Section 3-2.3.1 of this report apply. 

It was therefore considered that the most realistic 00st« 
of the various utilities required for Phase II would be 
those based on a utilities installation of a similar sise 
to that required for the complex after the addition of 
Phase II.      Based on previous work for the Interim Report, 
suoh utilities costs have been evaluated for the AahuganJ 
site;     these are derived fron unit capital cost« and 
operating data in a similar way to the derivation of 
petroohemica1  production oosts.      They are based on a 
fully integrated utilities sonarne, and are given in 
Seotlon 4.2.5 
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4.2.5.2 Utilities Consumption 

The following table summarises the nein utilities 
consumption required by the recommended development 
for Phase II   t- 

TABLE II 4.8 

30WARY OF TOTAL UTILITIES C0K3UMPTION FOB PHASE II 

Power *w 12,000 
Steam MT/hr 47.2 
Cool ini Water M^/hr 4,1*0 
Condenaatt/Deinin. Water (for process) 

M^/hr 21.1 
Inert Oas (Nitrogen from A.S.U. ) 

NM^/hr 212 

4.2,3.3 Management, Personnel and Labour 

The direct process labour requirements for Acetaldehyde, 
Ethyl Hexanol, Dioctyl Phthalate, Aoetic Acid and Vinyl 
Aoetate Plants are 107 men.      A further 5 men are 
allowed for the expansion of the Acetylene Plant,  and 
this number is considered adequate to cover any additional 
requirements of a possible extension to the Utilities 
Installation. 

Plant Managers and partial supervision at higher levels 
are not included.      Their cost is covered by the use of 
a weighted rate of 9*000 Rs/year for each man, as explained 
in Section 3.2.3.3 of this report for the Fauji Foundation. 
Each of new plants above would require a Plant Manager, 
i.e., 5 in all. 

*«2.3.4 Plot Plan of the Recommended Development 

Figure II 4.7 gives the plot areas of the process plants 
• possible arrangement. A tank farm of approximately 
2,200 if area for the storage of liquid products is 
included in the plan.« 

The disposal of effluents has boon viewed in a stallar 
way to the Fauji Foundation scheme (see Section 3.2.3.4) 
and it is assumed that either the Phase I Effluent 
Disposal Systesi will be oapable of handling the additional 
load, or will be extended as necessary. 
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4.2.^.5   UM of Acetylene Off-aaa 

It ia posaible to sake uae of all the off-gas from the 
acetylene plant as fuel within the EPIDC petrochemical complex. 
This ia confirmed by the following estimates, based on the complex 
being self-supporting in steam and electrical power generation in 
normal operation. 

It can be assumed for Phase I that steam and electricity 
consumption in normal operation will be about 85% of the design 
capacities specified in the APC Study doeuaent (reference 45A), 
hence1- 

Phase I HP Steam 

LP Steam 

Electricity 

51 MT/hr 

l6l MT/hr 

51#000 kw 

By adding to these figures the Phase II consumption rates 
aa already stated in Table II 4. a above, we obtain,the following 
consumption figures for the completed aoaplexi- 

Phtte I A Phase II HP Steam 

LP Steam 

Electricity 

51 MT/hr 

208 MT/hr 

63,000 kw 

The total process steam requirement of 259 MT/hr, all 
raised initially at high pressure, will require approximately 
200 x 10    kcal/hr of fuel energy, while approximately 27,000 kw 
would be obtained by passing-out the LP Steam requirement of 
208 MT/hr from turbo-alternator sets.       A further quantity of 
steam would be raised,  and eventually condensed at subatmospheric 
pressure, to generate the balance of electrical power required, 
i.g. 56,000 kw.       The additional  steam would require  about 100 x 
10   kcal/hr of fuel energy.      Hence,  the total fuel required fore- 
stes* and electricity generation is equivalent to about 300 x 10 kcal/hr. 
Additional fuel will be required to fire the steam reforming furnace« 
making synthesis gases for the ammonia and methanol plants,  only a 
•sail part of which is satisfied by purge gases from the synthesis 
plants. 

The off-gas rate (based on 55.000 MTPA of acetylene in 300 
days/year operation and the operating data of Table II 4.7 above) 
is equivalent to 217 x 10   kcal/hr.      Henoe all the off-gas can be 
used as fuel. 

APC proposed that the off-gas be used as feedstock for the 
aaaonla/tirea and methanol process plants.     We estimate that there 
would be sufficient off-gas available to satisfy the process feed- 
stock requirement of the methanol plant, and a large part of the 
feedstock requirement for the ammonia/urea plant as well. 

The advantage gained by such use of the off-gas is the partial 
or complete elisiination of the natural gas reforming step In the 
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ammonia and methanol synthesis processes.      There are a number 
of possible ways in which the normal synthesis processes could be 
»odifled and integrated with the aoetylene/oxygen plants so that 
such a utilisation of the off-ga« is achieved.      There are,however, 
two major - and in our view over-riding - disadvantages in such 
an integration.      The first is the fact that, while natural gaa is 
available at a pressure in excess of 1200 psi the acetylene plant 
off-gas is only marginally above atmospheric pressure.      Thus the 
cost of gas compression in capital and operating costs is higher if 
acetylene off-gas is used for the synthesis processes.      Secondly, 
it seems very unwise to link such large complexes in this way. 
The ammonia and methanol plants would both suffer the downtime of 
the acetylene complex as well as downtime resulting from their own 
internal failures.      This could easily mean 10* additional downtime 
equivalent to the design requirement of 10* higher daily capacity 
for the complete urea and methanol sections of the plant.      Similarly 
off-gas from the acetylene plant would be wasted when the ammonia 
or methanol plants were out of operation.      We consider, however, 
that it would be possible to design the two synthesis plants to use 
tha acetylene off-gas as fuel if this la ahown to be attractive. 

T 
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4.2.4 Capital Costa 

4.2.4.1 Aoetaldohyds Plant 

TABLE II 4.9 

CAPITAL COST OF ACBTAIDEHVDS 

1. Equipment, Sparts, Procurement, 
Freight and Insurance, Tools 
and Plant, Insurance. 

2. Engineering, Expenses and 
Overheads, Licence, Site Super- 
vision and Commissioning. 

3. Construction Labour, Civil writ. 
Local tools and plant. Loo al 
insurance. Inland Freight and 
Dock clearance, Local Spares, 
Local Expenses. 

4. Duty on Equipment and Spares 

TOTALSt 

Start-up charges 
Interest on Foreign Exchange 
during construction 

m 
Rupees x 10*> 

Foreign 
Exohange 

12.94 

6.20 

Local 
Currency 

1.36 

2.11 

22.61 

4.96 

3.13 

e.n 
1.36 

9.47 

TOTAL COST 32.08 

The above capital cost estimate covers all fixtures which are 
normally within the plant battery limit, and all «xpenses required 
to bring the plant into operation. 

Included!-   Haw material s and product« storage and handling 
•uffioienet for normal operation.     Civil work, oontrol rooms, 
minor office buildings and workshops,  fir« equipment, téléphones 
etc. within the plant boundary,a« necessary. 

Excluded 1-   Major offsite storn.se facilities» Civil work, piping, 
and services distribution up  to  the plant boundary, aite develop« 
ment, and land. 

Interest during construction on the local currency element is 
omitted from this estimate because detailß of the method of 
finance are not known. 
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4,2.4,2 2«Ethyl Hexanol Plant 

TABLE II 4.10 

CAPITAL COST OF 2-ETHYL HEXANOL PLANI' 

Rupees x 10 

1. Equipment» Spares, Procurement, 
Freight and Inaurane«, Tools and 
Plant,  Insurance. 

2. Engineering, Kxpensws and Overheads, 
Licence, Site Supervision and Com- 
missioning. 

3. Conn ".ruction  Labour.',  Civil work, 
Local  tools and plant,  Local 
Insurance,  Inland Frieght and 
Dock clearance, Local Spares, 
Local Expenses. 

4. Duty on Equipment and Spares 

TOTALS  j 

Start-up charges 
Interest on Foreign Exchange 
during construction 

Foreign 
Exchange 

6.51 

4.64 

Local 
Currency 

¿•Ai 

- 1.54 
  —«. 

11.15 3.87 
0.75 0.75 

1.2} - 

13.13 4,62 

Por definition of tht aoop« of the above ospitai cost, see 
footnote to Table XI 4.9. 
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4.2.4.J DioctTl Phthalato Plant 

CAPITAL COST QF DIOCTYL PWRAIATR PLANT 

1. 

8. 

3. 

Equipment, Sparsa, Pro«ur«ssntf 
Prieght and Inaurano«, Tools and 
Plant* Inaurano«. 

Engineering, Expensas and 
Overhead«, Lic«nc«, Sit« Super- 
vision and Coamitslonlng. 

Construction Labour, Civil work. 
Local Tools and Plant, Local 
inaurano«, Inland Freight and 
Dock Cl«arano«, Local Spar««, 

4. 

6.08 

2.50 

Locai Exp«na«a. - 201 

Duty on Equipaient and Sparsa - I.47 

TOTALB t 8.56 5.78 

Start-up oharge« 
Int«re«t on Foreign Ixahanfs 
during construction 

O.62 

O.94 

0.62 

10.14 4:40 

TOTAL COST 
ESTIMATED WORKING CAPITAL («sot. ) 

14.54 
7.47 

Par definition of the «cope of the above capital coat, see 
footnote to Table IX 4.9. 
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TABLE II 4.12 

( 

I 
I 
f 

2.   Engineering, Expenses and Over* 
{heads, Lioenoe, Site Supervision 

and Commissioning. 

I 
I 
I 
I 
! 

* 

Çftfflftfc 99PT Çf /rTfTl? ffig FMHT 
Rupees x 10 

Forelan Local 
Exohanae        Currency 

1,   Iquipawnt, Spares, Procurement, 
Freight and Insurance, Tools and 
Plant» Insuranoe. 5.51 

1.53 

5.   Construction Labour, Civil wrote. 
Local Tools and Plant, Local 
insurance, Inland Freight and 
Dock Clearance, Local Spares, 
Local Expenses. > 2.08 

4.   Duty on Equipment and Spares - 1,33 

TOTALS 1 7.04 3.41 
Start-up charges 0.52 0.52 
Interest on Foreign Exohange 
during construction 0.77 

8.25 ¿35 

T TOTAL COST 12.26 
BTIHATED WOTOINO CAPITAL (max. ) 0.35 

p Por daflnltion of the scope of the above capital cost, see 
* footnote to Table XI 4.9 

Î 

Î 

! 

1 
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4.2.4.5 vinr. Ait^ftf runt 

CAT HM> WW w Y»ñfif ftçma náw 

i. Equlpeent, Sparvi, Proeurenent, 
Freight and Inaurano«, Toóla and 
Plant, Inaurano«. 

2. Engineering., Expone«« and Over- 
head«, Lioano«, Sit« Supervision 
and Coanlaalonlng. 

3. Conatruotlon Labour, Civil work. 
Local Tool» and Plant, Loo al 
Inaurano«, Inland Freight and 
Dock Claarano«, Loo al Sparta 
Local Expana««. 

4. Duty on Equlpeent and Spara« 

e. 18 

1.83 

6 

¡áÜk 

2.35 

1.50 

TOTALS 1 
Start-up ohargas 
Xntaraat on Foreign Exchange 
during oonatructlon 

8.01 
0.59 

0.88 

3.85 
0.59 

TOTAL COST 
ESTIMATED WOfWINO CAPITAL 

13.92 
2.49 

Par definition of the acope of the above oapltal ooet» 
footnote to Table XX 4.9 
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4.2.4.6 Expansion to Acetylene and Oxyaon Plant«» 
UM jgtiiirryy-i'fftt 

Th« cost of expanding th« produotion oapaoity of the 
Acetylene and Oxygen plant froa 36,000 HTPA to 55* 150 HTPA DM 
baan estiaated, and 1« given, in labi« II 4.14 below. 
Allottano«« for expansion of Utilitiee and Offaitaa are aleo 
given. 

TABLE II 4.14 

CAPITAL COSTS OF ACETYLENE,  OTILITIES 

AND OfFSITBS EXPANSIONS 

Rupee« x 10 

Aoetylene and Oxygen Planta 
Expansion 

Utilities Plant« Expansion 

Offaite« Expaneion 

forelan 

14.39 

.75 

3.45 

Loo al 
Çurranoy 

(Ino. Dut; 9) 

8.71 

.46 

6.91 

Interest on Foreign Exohange 
During Conatruotion I.96 

TOTALS 1 20.5? 16.06 

TOTAL COST 36.65 
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*««-*.7 OPltal Cot« .^|nmnr fT f¡nrwi|-p 

O—U1 fî*m *HM1ÌT fr g«-P«lûi> of Aootylon« C<mm\.* 
§                                                                                            Capacity     Run— x IQ6 jfigjl 

UK  Por>i« i^M. /T
CuT"°y M.M.        r  m i-TTinn- (Inc.Duty) 

Aootaldohyot Plant           25.900           19.14 8.11 
2-tthyl Htxanol Plant      11,8*0           11.15 5.8? 
Diectyl Phthalato Plant   16,000             8.58 3.78 
Aoatio Acid Plant               8,180             7.04 3.41 

Vinyl Acotato Plant           8,420             8.01 3.85 

TOTALSi 53.9C 23.« 
Start-up, training and 

consultancy coat« 3.8* Jt84 

Intoroit during construction 6.22 - (2.53) 

mm* FOR MPT PLAMBi 63.98 26.86(29.39) 

TOTALS POR ACKYLI», UTZLZfH8 
A» CFFSZŒS EXPAXSIOHS 20.57 16.08 

TOTALS FOR aVANBIOX OF COXPXJK 84.55 42.94 

TOTAL COST I27.49 

t 
I 
I 
I 
I 
I 
I 
I 
I 

For tho cash flow calculation, tho figuro« uaod for 
(local ourrtncy coot* arc «how in braekoW.   TIntoro«t' 

aaountlng to 11% of tho looal currency oloaont of plant coat 
ia includo*, to allow for tho tin» valu« of aonty during tbt 
construction pori od. 

I 
I 
I 

MTDftOD WORKZMO CAPITAL 10.31 

Tho 'total« for now plant«' aro noodod for tho oaah 
flow calculation in Soctlon 4.2.7.6 in which tho avarago unit 
coat of aootylono includo« an aloaont to covor tho capital 
ooato of expansion of tao aootylono and oxygon plant«, 
utilitit« and offaito«. R*««a» 
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*.2.4.8 Pra-Invtaftnt for Phaaa II 

It will ba naoaaaary to lay out a ilgnifloant pro- 
portion of tha capital ooat of tha axpanalon in tha initial 
oonatructlon ataga, to as to achiava tha aost tconoaioal rtault 
ovarall. 

Tha aoatyltna purfioatlon tqulpatnt would ba dtaignad and 
araotad aa a alngla atraaa for tha final (55.150 MTPA) capaolty. 
Six burnar unita would bo raquirad for thia capacity and of 
thaaa, two would bt oaitttd fro« thtir allotttd plactt until tha 
aaoond atagt of conatruction, togtthtr with tht aaaoclattd 
gaa scrubbing and cooling tquipmtnt. 

Tha oxygtn plant and tht main utllitita planta would 
ba ina tal ltd in thtir final for« in tha firat. gtaga of con- 
struction, apart fro« a ftw It tat, auoh aa a oooling watar call» 
whloh oould bt dtlaytd. 

Tht 'offaitta' (utllitita diatribution ate), attributabla 
to tha axpanalon. would alao ntarly all ba inatallad during tht 
firat conatruction phaat. 

*.2.4,9 Capital Coat ^mn fTr »nlîn 

In tht following tabla, tht tatiaata of tha capital ooat 
for Phaat I, aa aanetlonad, la taxan fro« EPIDC'a propoaal 
doouaant datad January 1970.     Tha additional oapital coat for 
tha rtooaaatndtd txpanaion haa bttn oalculattd by adding togtthtr 
tha «atlnatta alrtady glvtn for tht prootaa planta and for tht 
txpanaion of tht aoatyltnt and oxygtn planta, utllitita and 
offaitta.     Of thia additional oapital, tht prt-invtatmtnt aa 
dtaoribtd abova haa bttn tatiaatad, and la givtn btlow undtr 
tha haading Phaat II A.     Tht raamlndar of tht capital coat, 
nacaaaary to ooaplttt tht rtoo««andad txpanaion, la givtn 
undtr tha haading Phaat II B. 

Î 

I 
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HiMf 
forlPIDC Pa1 

fibJLl¿ 
Çarrwy 

î.Duty) 

Z M Mnetlontd (Including 
land. Ht« âavalopatnt and 
houaing colony)1 

TOTAL COST» 
nTXNAiiD WOMCINO CAPITALI 

RMM IIA as dafinad aborti 
TOTAL CO8T1 

Htm», Stag« 1 of oonatruotiont 
TOTAL CO8T1 
tSTDIATBC WOnCIIIO CAPITALI 

562 

18.51 

580.51 

Fhaaa IIA (Stag* 2 of oonatruetlon)1   66.01 
TOTAL COSTt 
iSTXMATiD wonam CAPITAL 

957 
31 

34.3e 

991.» 
51 

95.17 
10.51 

Consltt« Projaoti 

TOTAL COSTt 
B8T2NATID tfOMQl» CAPITAL 

646.55 
1,084.49 

41.51 

395 

15.61 

410.61 

27.13 

437.9* 
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4.2.5 Unit Coats and Prioaa 

TABLE II 4.16 Hata tha unit ooata of ths various raw ma tarlala, 
utilitiaa and paokagaa usad in tha aubsaquant financial analysis. 
It alao flvaa tha oradit valuaa aaalgnad to tha various by-produota, 
and thapropoaad  sailing prioa of tha and-produots.     Thaaa oosta, 
oradit valuaa and prioaa ara aub-dividad for tha purpoaa of spaolflo 
flnanoial analysas. 

TABLE II 4.17 

UNIT COSTS AND PRICES 
Rs. 

Local 
Currsnoy 
ttkPtár. End Produota 

Diootyl Phthalata, HT 
Aoatlo Aoid, MT 
Vinyl Aottata, MT 

($) 

(235) 
(107) 
(149) 

1 
Forsisn 
Exohanga 

384 
161 
222 

Rs. 
Total 

2,800 
1,280 
1.775 

By-produota 
a 2.34 Off-iaa, 106 K.Cal. 3.89 

Raw Matarla}a 

Natural Oaa, 10   a.o.f. 
Phthallo Anhydrida, NT 

Hydrogan, MT 

1. lndifsnous* 
2. lsBortsd 276 

0.6 
1510 

320 

1.0 
1510 

320 

Utilitiaa 

0.005 
0.176 
0.004 
0.071 
0.22 

0.035 
2.23 
0.048 
0.43 
0.85 

Elaotrloity, kWh 
Stasa, MT 
Cooling Viator,   a¿ 
Prooaaa Watar,   w¿ 
Dänin. Viatsr,     sr 

O.O63 
4.90 
0.075 
1.00 
2.68 

Paokassa 

Stasi Druas (par MT of D.O.P. 
or V.A.) 

Polythsna Containars (par MT 
of Aoatlo Aoid) - 

60 

30 

60 

30 

Ftn ?n fTtttf 

*% 

Tha "total" prioaa for tha and producta ara tha propoaad sailing prioaa 
bafora tax aa t isa tad by H ft 0 on tha basis that thsy would giva a raaaonabla 
rsturn on tha capital aaploysd, suitably diatrlbutad ovar thaaa and producta. 
Tha cash flow calculation providas an ovarall ohsck on thaaa aatimataa. 
Tha forolgn axchanga prioaa of thaaa and products ara tha axpaotad C ft F 
prioaa of tha aubati tutad laaports, and thay ara bsaad upon currant C ft F 
prioaa.     Tha foraign axchanga prlcaa ahown in brackets ara an «stimata 
of tha C ft F prica which would ba cospatitiva, undar cash cu« bonua, with 
tha propoaad Bailing prioa. 

Phthallo anhydrida (i) astiamtad total coat at AahuganJ, including tranaport 
fron plant at Karachi, uaing data froa Volua» III (il) C ft F prie« of 
Imported material. 
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«.2.6 

4.8.6.1 

UM lnorexesntal production beyond that of 
I.P.I.D.C. sohasw is ehoan in the Book Di 
Skis is auemeriaed below t- 

AI »OCUCTI« FPU maim 

I of ths 
no. n t.i. 

Aeetylene 
Dlootyl Phthelat« 
Aoetlo Aold 
Vinyl Ao«tat« 

19.150 
10,000 
1.650 
8.420 

Ilia baala for tho Foralfn Buhante Anelyala la tha 
oooperlaon of tha foralfn sxohanga saving and tha loo al 
evirano? ooat (eaoludlng duty) for this inoro—ntal 
production, and hanoa a statement of tha ooat in looal 
ourranoy of aaving foralfn axohanfa.     It la avallad to 
tha lnorsawnt In produotion at tha full (deeign) rat«. 

4.8.6.2 Variatola Cost« of Produotion 

Fro« tha operating data fiven in SaotIon 4.2.2 and tha 
unit operating oosta fiven in Section 4.2.5, the variable 
ooat« of produotion for acetylene, eoetaldehyda, 2-ethyl 
hexanol. dioctyl phthalata, aoatlo aoid and vinyl aeetato 
•ay toe oaloulatad. 
»thalle anhydride froa Indigenous aenufac tur« is aaauasd. 

see variable ooat« are suilarleed MIO* •- 

ON CC 

•ZÍÜT-ífTlL: 

Aottyleae 89.0 289.9 
Aaajtglelajnyde 7.1 if.7 
8»lthyl Hexanol 21.5 71.8 
Dioctyl Phthalata 3.8 69O.O 
Aoatlo Aold 4.1 67.1 
Vinyl Acetate 3.3 7*.e 
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Hotos on Table II 4.19 

1. Ths local coot« in tht above tablt include tho coot of 
ptokagoi where noooooary. 

2. Summation of tho variable 00sto listed enables the total 
variable ooata of the oomplex extension to be oaloulated. 
Thus, the variable cost of any preoursor Mhioh also 
appears in the Hot ia excluded. 

*.2.6.3 Fixed Coots of Production 

Meintenanoa 

For the purpoaea of thlo oaloulation, maintenance «fas baaed 
on the foreign exohange inveatment in a stallar way to that 
for tho Paujl development (see Seotlon 3.2.6.3).      The 
following baa la was used   - 

Foreign Exchange Element of 
Maintenance ooata 2.9* 

2.5* 

of foreign exchange 
capital ooat 

of foreign exohange 
capital ooat 

Local Cost Element of 
Maintenance ooata 

For tho total foreign exohange Investment of 14.47 x 106 $, 
(see Section 4.2.4), the Maintenance charge per year iai- 

Foreign Exohange $ 420,000 
Local Cost (excluding duty)   Rs        1,726,000 

Labour and Supervisión 

The direct labour requlreaenta of «he aoetylene plant 
expansion and the other plants corresponding to the petro- 
oheaioala lista in Table II 4.17, are estimated to be 
107 «en (see Seotlon 4.2.2).      At an avsrage cost of 
9.000 Rs per man per year, whloh allows for supervision, 
the costs are «- 

Local Cost 963,000 

Overheads 

Thee« are estimated at 3* of the total sale« revenu«. 
This is oaloulated using the data fro« Table II 4.16, 
thus t- 
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&JU£ 
»•i—   16,000 MTFA Dlootyl Phthelate 

1,650 KITA Aoetlo Add 
8,420 KITA Vinyl Azotato 

UM overheede aro thus Rs 1,856,000 (local oost only). 

Interest on Working Caolta^ 

Working ospitai was assumed to bo o^ulvslont to tha valu« 
of 2 Months of finished product. As output risos durine 
tho initial years, so also does working ospitai. The 
Interest on this working ospitai Is équivalent te I.5JI of 
the years sslea revenue. It Is thus Re 928,000 for full 
production ospacity. 

Tht fixed costs of production are suMsarlaed faelowt- 

¡2usm 

Nsintenenee 
Lsbour and Supervision 
Overheads and Selling Expense« 
Interest on Working Capital 

TOTAL r 

4.3.6.4 

($ x 103/yr) 

Nil 
Ml 
MI 

420 

x 103/yr) 

5,^73 

The following table noaparss tht foreign exchange saving 
and tht Rupee coats of production, and Is ooaplled using 
the data given In the previous seotlono. 

UM Rupee eleawnt of the Investment excludes duty on 
equipaent. but includes start-up txpenses.      The use of 
the average interest rate ensures that the early years 
are not penalised nor tht results for the lster years 
over-optlsletlo. 
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#.2.6.4 

F 
Í 

I 
I 

i#mn Savina and Runa« Comt Comarlaon (cont'd.) 

TABLE II.4.21 

WTOIQW EXCHAHOB UU^np 

Varlabl« Production Coati 

Aeatylana, 19,150 MTPA 
Aeat*ldahyda, 25,900 MTPA 
8-Ethyl Haxanol, 11,840 MTPA 
Dioctyl Phthalata. 16,000 MTPA 
Aoatlo Aoid, 1,650 MTPA   ) 

6,530 MTPA    ) 
Vinyl Acatata, 8,420 MTPA 
Flxad  Production Ha.^ 

TOTAL PRODUCTION COSTS 

Foralan 
Exohanaa 

$ x loVyr. 

421 
184 
255 

51 
34 

26 

420 

1.393 

Forala** Exchantt Valua of Prod^f ff 
Dioctyl Phthalatt, 

16,000 MTPA a $384 
Aoatlc Aold> 

1.650 MTPA a $161 
Vinyl Acatata, 

8,420 MTPA • $222 

TOTAL F.E. VALUE OF PRODUCTS 

6,140 

266 

1.870 

8,276 

'ti yyr nm 
—_. (• 4JI on total 
of $17.72 x 106) 

Annul Ranawan^ 

TOTAL INTEREST + REPAYMENTS 

Foreign Exohanga Savlnfi 

CM* 9f M, HYjM M tMllUaM 
dapraclatlon on Ruaaa ala-nt 

tjon^ 10< on Ruota «1-^t 

709 

i.TTt 

2.481 

4.402 

pr#ciatl< 
«TTtHPK 
Uüi 

X lQQ wlnui duty 
X 100 • Ri.28.40 x 106 

Rqpaa ooat. Includlna dapraelatl» 
OOlt of F.E. aavlna Ra/1 inelS^g 
dapraclatlon 

M 

y 

Looal Coat 
Excl. Duty 

Ra x lo'/yr. 

4,400 
510 
843 

10,400 

549 

630 

5.473 

22,805 

2.840 

25.645 
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I 

**2.6.5 F»r«im Exchanae Amlv.f far Eaoh Produit 

Th« variabl« and fixtd production coats of ««oh 
interaedlat« and product hav« b««n calculated, on «xactly th« 
Mae teal« a« in th« pr«o«dini ««otion«.     Th« flx«d coat« 
(both operating and financial) hav« b««n suitably diatributad 
b«twe«n th« ao«tyl«n« «xpanaion and th« procoas unita.      As 
befor«, th« duty and bonus «laments hav« b««n onitt«d from 
th« costa of planta, mat«rial« and utility s«rvio«s.    Finanelal 
coat« includ« depreciation on th« local «l«««nt of fixed capital. 

The production coats and foreign «xchange savings 
flburas ao oaloulat«d er«i- 

$ Hi 
For«lan Exchange     Local currency 

*°fttttnti wr W 
Variable 
Fixed 

Produotiofi Coat 

Aoetaldoterdo. per ITT 

Ao«tyl«n«( O.63 MT 
Other variable 
Fixed 

Production Cost 
a-lthvl hexenal. 

22.0 
58.9 

60.9 

38.* 
7.1 

29.5 

75.0 

I83.6 

Ao«tald«hyd« 1.66 m 
Other variable 
Fixed 

Production Coat 

Mri tfffltt.nti m fff 
2-ethyl hexanol, 
0.73 KT 
Other variable 
Fixed 

Production Coet e/f   158.6 

3*1.2 

319.* 

709.3 

1229.3 
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Production coot to/f   I58.6 1229.3 
Coot of »lurnativt 
lflpert (C è F) 384 
Foreign «xahaiuj« 

•tving 225,4 

*»Uo ft« 1229. V*225.«     .      Hi 5.4/t 

AoeUldehyde, 
0.77 MT 
Other v*ri«bl« 
Fix«« 

57.8 
4.1 

34.5 

2*5.9 
67.1 
98.7 

Production oo«t 
Coot of alternativ« 
lapoit (C 4 F) 
Foreign exchange« 

Mvlng 

96.4 

161 

64.6 

411.7 

Patio 1U 4ll.7/$64.6 • Fu6.4/> 

Ytort MtHWi ,«r FT 
Acetyl«!», O.32 UT 
Acttio «eld 0.72 MT 
Other varlabl« 
Fixed 

19.5 
69.4 
3.3 

. 38.O 

IO9.2 
296.4 
74.8 

IO9.O 

Production coot 
Coit of alternative 
laport (c * F) 
Fortign exohang* 
«•vint 

130.2 

222 

91.8 

589.4 

ttetlo H« 599.4/$91.e « *• 6.4/1 

i 
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4«2-7 Caah Flow and D.C.F. Rate of Return 

4.2.7.I Penerai 

The aalti revenue la baaed on the pattern of market build- 
up atated in the Interim Report.     Production by the 
individual planta la only limited to 30JÉ and 90JÍ in the 
firet and aecond years of operation in view of the fact that 
existing planta and utilitiea will be well eatabliahed. 
The lower figure of the two (market requirement or 
production oapacity), eatabliahea the output, and thua the 
aalea rate, for a partioular year.      After I98O, the full 
production rate can be maintained and eold. 

In thia analyaia, it was decided to uae the average and not 
the marginal coat of acetylene production in eatabliahing 
the production ooata of the products  (aee Section 4.2.7.2 
below).     Total ooata of the manufacturer are uied through- 
out this analyaia so that the D.C.F.  rate of return oan be 
determined fro« the viewpoint of the Paklatan investor. 

*.2.7.2 Average Coat of Aoetylene 

Phase I of the E.P.I.D.C. project at AehuganJ la planned 
to produce 36,000 MTPA acetylene.      Our reoommended 
development would require thia oapacity to be increaaed to 
55.150 MTPA.      For the purposes of analysing Phase II of 
the projeot, acetylene is taken aa a feed to the new planta 
propoeed, and the average cost of acetylene production is 
based on the capacity of 55.150 MTPA. 

The estimated total ooat of acetylene aa a feed to the 
Phase II unita la Ra 1,037/tor. 

4.2.7.3 Vj Variable Coat of Dlootvl Phthalate. Aoetlo Acid and 
Vinyl Aoetato Production 

Uaing the average ooat of acetylene production from the 
previ ou« eeotion. the operating data in Section 4.2.2 and 
the total unit ooata of raw materiale and utilities from 
Seotion 4.2 5, the variable ooata of the three salea 
produota were oalculated.     The variable ooata inolude the 
ooat of all raw materials used, and ai so the oost of 
packages.     They are a^mmariaed below »- 

Dtoctyl Phthalate Rs 1712.4/fcr 
Aoetlo Aold Ra 696.0/Kr 
Vinyl Aoetate Rs 915.6/fcr 
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*.2.7.4 Flxad Coata of Production 

Tha flxad cotti ara aatiaatad for tha «xtansion pro J act 
as a «hola and ara not aubdividad batwoan tnd-producta. 
In tha oaah flow tabla and D.C F. oaloulation, tha prasanoa 
of tha full capacity aoatylena unit on tha aita la aasunad. 

Malntananoa 

Tha total annual malntananoa oharga for tha axtanaion 
projaot ia astlnatad as a proportion of tha flxad capital 
for tha wholt axtanaion projaot.      Tha baaia adoptad 
(ooiieiatant with Saotlon 4.2.6.3) ia 4£ of total flxad 
capital (dutlaa axoludad).     On thia baa li, tha figura of 
4.0* inoludaa allowanoa for tha duty alatnant of matariala 
uaad in malntananoa. 

Labour and Suparvlalon 

Tha dlraot labour raoulrananta for all flva planta la 
aatlaattd to ba 102 nan, ohargad at 9,000 Ra par nan por 
y aar. 

Ovarhaada and Sailing Sxpanaaa 

Thaea ara as ti m* tad to ba 3* of tha total aalaa ravanua, 
aa in tha Foraign Exohanga Analyala. Thay art baaod on 
full production ratti. 

Fortlan Exohsnxt Raaayiaanta 

Tha rtpaynanta art aada in äqual sua» ovar tha firat tan 
yaara of oparatlon.     Tha total foraign axohanga loan for 
tha planta produolng tha intanaadiatM and aalaa produota 
(i.a., axoludlng tha Aottylana Plant Extension) li 1- 

Ra 63.96 x 106 

It Inoludaa intaroat on tha loan during tha oonatruetlon 
ptrlod and tha foraign axohanga capital oovaring start-up 
txpanata (ata Saotlon 4.2.4). 

*.2.?.5 Otter Flxad Coata 

Inf rast on Foralan Bxehanaa Loan 

Thia la takan aa 8* of the outatanding loan. 
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Intoroot on Workin« Caaital 

A» in the Fortign Ixonango Analyala, this it baaed on 
1.5J* of tho total «al«« revenue.     The total «al«s revenu« 
applicable to the particular year ia uaed. 

*• 2.7.6 Caah Flow and D.C.F. Rate of Return 

UM oaah inflow«, oaah outflow« and the not oaah floua aro 
•et out in Table II 4.21.     The net oaah now la before tax 
and depreciation. 

A total »pan of 15 year» i« oovered)   year 0 ia the 
referenoe year in whloh it ia aaeuaed that all capital 
expenditure i» inourred.      (The allowano» Mentioned 
above for the lntereat during oonatruotlon peralta this 
«iapllfloation.) 

The costa in this table are baaed on 1970 ' « costa of 
•quipment material«, and labour.      (see 3.-2.7.6 for detailed 
comment).      The propoaed ««Hing priesa of the producta are 
on the same bas le and were arrived at by making a preliminary 
calculation (not shown) of the price which would give a 
reasonable return on the total capital employed, suitably 
allocated between the producta.      They are well below the 
current import prices on a caeh-cum-bonuaj    the C * F pricea 
which would be competitive with the proposed selling prices 
are shown in Table II 4 „17. 

The D.C.F.  rate of return baaed on the Rupee inveatment in 
the fixed asaeta is calculated at 16.4*.      Thia D.C.F.  level 
indicates the viability of atartinf-up tho extension in 1976 
at the capaciti«« propoaed. 

For explanation of the capital coata ueed, see Section 4.2.4.7. 
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4.3     Conclusions 

1. Consideration of the Phase I plana for production at AshuganJ and 
our recommendation for Phase II in West Pakistan, indicates that the new 
products for Phase II at AshuganJ should bei 

16,000 MTPA Dioctyl Phthalate 

8,420 MTPA Vinyl Aoetate 

1,650 MTPA Acetio Acid 

Each of the above products shows a savinf on foreign exohange.     A 
scheme includici these products, and requiring an expansion of acetylene 
capacity from 36,000 MTPA to 55,000 MTPA, has been developed and a start-up 
date of 1976 is proposed. 

¿. The Rupee cost of saving foreign exchange for the scheme as a whole 
is estimated at Rs.  4.78/U.S. $, and is very favourable. 

3. Considering acetylene from the expanded acetylene plant as a feed- 
stock, the D.C.F. rate of return on new Rupee capital invested in the plants 
for the above products has been calculated at 16.40 (before tax). 

It may well be thought adequate for a publicly «owned development 
corporation such as EPIDC and will allow EPIDC to pay the interest rate on 
the ivestment which will be required by the central authorities. 

4. If the D.C.F.  rate of return is considered too low by EPIDC the pro- 
posed start-up date for the scheme could be delayed.      This would increase 
the rate of return as the utilisation of plant oapacity in the first 4 years 
would be improved.      (Under the scheme proposed at present, start-up is in 
1976 but oapacity is designed to meet the estimated consumption for the pro- 
ducts in 198O).      Any delay, however, postpones the date when the foreign 
exchange starts to accrue. 

5. If the Phase II scheme proposed here is aooepted by EPIDC, then the 
acetylene plant and associated facilities siould be designed at the outset 
for the full required capacity of 55,000 MTPA acetylene. 

6. An export survey should be undertaken of the products proposed for 
Phase I and Phase II of the EPIDC Petrochemicals Projeot. 
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1 :  
I APFKDIX I 

IIW"litfTfT 
1 Mejf trence 

II.    C. Jenici    UNDP Project Manager 
General Survey of the Bei at in« Situation in the Petroohesioal «id 
Fertilizer Industries, and 

I A Review of the Raw Materials Availabilities and their Prioe« in 
Pakistan my, ytfi 

2.   T. Janakievskii   UNDP Project Chemical Bnginoor 
General Survey of BeiBting Situation in regard to the Manufacturer 
of man-made fibres in Pakistan. 

March, 1968 

3.    C. Jenici    UNDP Project Manager 
A Preliminary Study of Ooaplex Fertiliaore with Particular reference 
to Pakistan. 

roh, 1968 

T. Janakievskii   UNDP Project Chftaioal lagineor 
A Review of the Industrial Chemical Complex Study for lut Pakistan 
and a Proposed Pattern for a Petrochemical Ooaplex. 

' April, 1968 

5. V. Tsvetkovi   UNTA Itpert 
Oeneral Survey of Icisting Situation and Proposal for the Piasti ce 

• Production and Processing Industries in Pakistan to I965. 

6. T. Janakievskii   UNDP Project Chemical Engineer 
A Study of Feedstocks and Processes in the Petrooheaioal Industry 
with a Review of the Position in Pakistan. 

January, 1969 

7. L. Kòchetkovt   UNDP Bcpert 
Methodology and Oeneral Survey of the long-ter» foreoast for tho 
Production of Plastics and Synthetic Fibres and background of tho 
Chemical Industry in Pakistan sbonoay. 

Pobruary, 1969 
8. Von Peten    FAO Consultant 

Fertilizer Marketing in Pakistan. 
October, 1968 

9. A. Anania i    FAO Agricultural Credit Specialist 
Pointers for Discussion of Credit Probleme connected with Fertilizers 
Promotion in Pakistan 1968. 
(Superseded by Ref .13) 
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10,   J. a. Vermaati   FAO Tee» Leader 

(a) Preliminary »Valuation of the Proepeots of Complex and 
Compound Complex and Compound Fertilizar* in Pakistan. 

January, I968 
(b) Projection of Fertilizer Nutriente Requirement, of Vast Pakietan 

for the Period I97O-1985. wwm* rmKlu^m 

February, 1966 

March, 1968 

(c)   Fertilizer Use Potential in lut Pakietan. 

11. Batelle Institute, Frankfurt/Maini   Report for ÜWIDO 
Market Survey of Petroohemioal Produote in Pakietan. 

12. Investment Advisory Centre of Pakistani    Ctovernment of Pakietan 
Survey of Plaetios Processing Capacity in Pakistan. 

13. A. Anania1    FAO Agricultural Credit Specialist 
Credit and Fertilizer Promotion in Pakistan. 

14. T. Janakievskii   UHDP Project Chemioal lagineer 

in^ïkistanf 0mati°8 *"* DerivativtB wlth » *«*•* <* *»• Potion 

January, 1969 

m, 1969 

15. L. Koohetkovi    UNDP Bcpert 
lfeonomical Survey of ltisting Situation in the World's Petrochemical 
Industry and Analysis of feet Pakistan Petroohemioal Complex. 

16. Report of the AJDC Fact-finding Mission on Petrochemical Industries 
in the KAJl Region.     Report to Asian Industrial Development Council. 

17. Dr. Andrew s. de lidredyi   FAO Consultant 

June, 1969 

18. C. Jenici   UNDP Project Manager 

S'uìtììr* °í WOfld Pr!duotion» O^rmtion, International Trade and Fertilizers Requireraente. 

September, I966 

19, lli;f;LInt,Tîioîî1.Ltd,/r*ohnoormt8 "*• ***>** * o»»« of Pakistan.     A Preliminary Fuel Study for Pakistan. 

1968 
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I 20. Location and Investment in Nitrogenous Fertilizer Production in Vest 
Pakistan (Rotner Report).     I.A. Rotner Harvard University Advisory Servioe. 

I December, I967 

21. Fertilizer Policy in feat Pakistan.     Minutan of the Meet in«. 
I Director of Agriculture lut Pakistan Government. 

22. Dr. J.0. Vermaati   PAO Team Loader m*°h' l9*9 

Technical Reports on Fertilizer Trials (feat Pakistan) - Various Report». 

* 23. Two Reports BSOt    steso Pakistan Fertiliser Oo. Ltd. 

(a) Crop Responses to Various Phosphatic Fertilizer, Vest Pakistan. 

November, 1966 
(b) Vest Pakistan Fertiliser Consumption Foraoast. 

November, I966 

24. Soil Fertility Investigations in Pakistan. 
Dr. J.O. Vermaati   FAO Team Loader 

25. Soil Fertility Investigations in the Peshawar Ragion. 
Von Peter FAO Consultant 

* 
j 26. The Fertilizer Programen e of the Government of feat Pakistan. 

Planning A Development Dapt. feat Pakistan Government. 

127. Fertilizer Requirements for last Pakistan (I97O-I98O). 
Dr. J.O. Vermaati   FAO Team Leader 

128. Vest Pakistan Chemical Fertilizer Handling and Marketing Survey. 
U.S. Agency for International Development - Pakistan. 

129. The Demand for Fertilizar in Vast Pakistan, WPADC. 
Vast Pakistan Agricultural Development Corporation. 

Deoeaber, 1968 

I 30. The Manufacture of Fertilizers in last Pakistan (3 voluaee) 
Vol. I Survey of Demand ) 

(Vol. II       Manufacture of Nitrogenous Fertilizer. ) 8#* •**• 31. 
••1. Ill     Manufacture of Phoaphatio Fertiliaar. 

Chemoon Report to Industrial Managements Ltd. 
August, 1967 

I 
Í 

F.A.O. 1964 

F.A.O. I964 
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31. I«« LtSUO of (30) 
Vol. I and II only. 

32. iMMftic and Technical Breluetio» of Orareees flkipaent and Utilisation 
of Baaental Phosphorous for fertiliser Production. Tennessee Valley 
Authority.     Published toport. 

January» 1968 

33. Tho Role of letona ion in the Distribution of fertilisers. 
Dr. J.O. Voraaat.    PAO Toaa Loador 

34> Seminar on Pot roi ou©.    Petroleua Inotituto of Pakistan. 
1966 

35. Ithylane and Polyethylene Plant for Rest Pakistan.   Mitsubishi. 
Roport to Rast Pakistan Industrial Oevelopaent Corporation. 

Seoeaber» I966 

36. Market Survey and Feasibility Study for Karachi Petrooheaioal Ooaplox 
(FAUJI).    BIICUT * Choaioal Oonsul tanta (Pakistan) Ltd. toport to Pau J i 
foundation. 

37. Petrochemical Invostnont in 3.B. Asia - frenen Instituto of Patrol. 
V.l. Honny F. Vaoho*    Institut Franoais du Potrolo. 

»V, 1968 

36. Development of Petrooheaioal Industry in Pakistan. 
(2 voluaos) Library.   Messrs. Iahauaen. Report to Pakistan Oovomaont 

39. Development of Fortilizor Industry in Pakistan. 
Messrs. Iahausen. Report to Pakistan Oovomaont. 

1964 

40. PVC A PVA Fibre - RTIDC/Suaitoao.    Report to B. Pakistan Indi. Devt.Oorp. 

October, 1966 

41. PAO K.C.S. ReporVMenufacture of Aorylio fibra Iran - Pakistan. 
Chemical Consultants (Pak) Ltd. Report to ff. Pakistan Indi. Dort. Corp. 

1966 

42. Fortius« Trials in lanera' Fiolds by A. Wafcnab T.I. Department of 
Afrioulturo Vast Pakistan Qovsrassnt. 

Movsmber, 1965 

43. meet Pakistan Narkat Survey - BMO Pakistan Fortilisor Osafany Ltd. 

August, 1968 
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44»   Proposal of feasibility ¿attorn of Fotroohoaioal tasplsx Industry in 
Pakistan.     Toi m.   T. Janakisvski. «ISO Projet Choaioal liginoor 

Juna, 1969 

454. tovaataoiit Study, mat Pakistan Patroehoaloal Ooaflax baaad OR Maturai 
Cks. Austrian Pstroohonioal Consultants. laport to mat Pakistan 
2nd. Dort. Corp. 

8a»taa»ar,1969 

45B. Synopsis of fiaousant 45* 

51.   ffaat Pakistan. OB—int s an th« fart i lia« pnigia—s durin* ths fourth 
fIva yaax plan.     Ir. H. Bauaam «ISO Projact mnagar 

Aifust, 1969 

52»   tta OMauaptlon and production of fartlliaara in mat Pakistan 
during ths fourth firs ysar plan.     I*. J.O. Tsrmaat PAO Toa* Laador 

Saptaaoor, I969 

54.   Papar praaantad in Vaharan on tha fartilliar industry in Pakistan 
(inoludin* pastioldaa) Btpart froa Pakistan Oovsrnonont. 

Qetobor, 19*9 



.^j   .^..^«M      — •- -    — • --T- - run« TUT iff"" •-••-••-——'-^tfimar-^ afc.i:««^.*».-^^-     -, ,„T  r  -..,... .f . ]fí   ||(|||1    nnniüim 

sow noms 
OF wis mumm 
ÑRF   WO LRROE 

FOP niCMFICHING 

BND UILL NOT 

BE PHOTOÙRfìPHFO. 



• 

t 




