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VOLUME II

THR FURTHER DEVELOPMENT OF THE PETROCHEMICALS
COMPLEXES PLANNED FOR EAST AND WEST PAKTSTAN

i‘!‘—’l of BoErt

The Report studies the possible new products that could be manufactured at
Ashugan), East Pakistan and Korangi, West Pakistan. Tt eatadblishes the market
requirements additional to uction from existing and sanctioned plants, inciuding
the Phase T developments at both of these sites.

-n the preparation of plans for the second stage in the development of the two
projects, Lhe current production schemes envisaged by E.P,1.D.C. and FauJji for
Phase T of their projects were used as the basis. The products and capacities re-
commended are also related :o the fiture market requirements, suitability of the
sites for manufacture of the products concerned and the scale of production needed
for economic viability, The specific developments recommended are:-

st Pakistan: Ashuganj (E.P.I.D.C.)

Increase acetylene production from 36,000 MTPA to 55,000 MTPA
Produce: - 16,000 MTPA dioctyl phthalate

8,420 MTPA vinyl acetate

1,650 MTPA acetic acid

West Pakistars Korangi (Pauji Foundation)

Increase ethylene production from 30,000 MTPA to 60,000 MTPA (already

planned)
Produce:- 23,600 MIPA polyethylene, low density
10,000 MTPA dodecyl benzene
5,300 MTPA ethylene for sale to Valika

After establishing the capital and operating oosts of the individual plants
and recommended developments as a whole, the Rupee cost of saving foreign exchange
and the Cash Flow (including the D.C.P. rate of return on the Mupee investment) were
studied. These were found to be:

East Pakistan, Ashugan)

Cost of Saving Foreign Exchange Rs. 5.8 U.B, §
D.C.F, Rate of Return on Rupee Investment 16.8%
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Yest Pekisten, Korengi
Cost of Saving Poreign Exchange Re. 4,380,885
D.C.P. Rate of Return on Mupee Investment 33,88 '

It was concluded that the cost of saving foreign exchangs was favourable for
both East and West Pakistan. In East Pakistan, the D.C.P. rete of return was con-
sidered acceptable, but its improvement by delaying start-up after 1976 was sug-
gested., In West Pakistan, the economic aspects of the project are so favourable
that an earlier start-up date than 1976 could well de considered by Fauji Poundation.

The Report also provides process descriptions, flow charts, and operating data
for the individua! processes.
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At present thare are two major petrochesicals complexes projected for
Pakistan,

The Fau)i Foundation are in the final stages of contract negotiations
for their naphtha-based, PVC/Polyethylene complex at Korangi, near Karachi.

EPIDC is in the stage of detailed planning for a project at Ashugan) based on
natural gas and acetylene. i

In each case the projects are being planned in two phases.

While the

production units envisaged for phase I of each project are now well defined,

the phase II plant units have yet to be specified.
with the specification of the phase II projects.

This report is concerned
The market data upto 1985,

80 far as they exist, have been analysed and products for phase II manufacture

have been selected.
pattemn,

(a)

(v)

The benefits of the scheme have been analysed.

These have been incorporated in an overall production

The production schedules for phase I of the two projects are as follows:

Fayli Poundation, Korangi |
Ethylene(to Valika) 8,800
PY.C, ’ : 15.000
Polyethylene 15,000
Polyprepylene 10,000

Estimated capital cost Ré 344 million (Chemoon):

EPIDC, Ashugan) MIPA
Acetylene 3,600
Po VoCQ ”pm
Acrylic Pibres 16,000
Methyl Methacrylate 2,600
Polymethyl Methaorylate 4,000
Caustic Soda 42,000
Asmonium Sulphate 28,000
Bleaching Powder 1,000
Methanol 37,000
Urea 320,000

Estimated capital cost Rs 957 million (EPIDC Jan. 1970)
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‘n ihe "nter.m Report prepared by H & G In .»vember 1269 and row
summarised as Volume - of th's report, two producis additional te thnse anhove

were recommended for produdion in Pakista:n, These are dodecy! lenzene,
requ'red as a detergent precursor, and dloecly'! phthalate, a plastic!ser used
with PV,  'These have., therefore, been Included in our recommendacions for

phase I of the Fau!l and EPIDC prolects.

No allowance has been made for possible exports of those producte con-
sldered for the extensions to the two petrochemical complexes. The reasons
for excluding exports are a) the basis of H % G's study s primarily the
Pakistan market, and b) the particular products consldered could probably not
be produced at a cost which would lustify extra Investment based on sales over
a long period in the world market, Exports should, however, be attempted during
the years ‘up to about 1980) when domestic requirements are lagging behind
production capactity. Tt should be possible to achieve a certain amount of
such sales at prices above total variable cost, which would 'mprove the economlcs
and profitabllity of the proposed extenslons beyond Lhe f!gures quoted 'n th'le
report. Tt 's recommended tnal a survey of export possihliliiles be nundertaken,

The basis for assessment of addltlional productlon nas heen lhe Lotal
Pakistan market, the initial part of our study, culminating in the inter'm Repori.

having shown that 1t 18 generally more attractive to make products requlred on
such a scale In a single plant serving both Wings. We have also taken into account

any potential requirements for use in the aromatics based industrles proposed In
Volume 17T7,

n this Volume, cost analysis of the prolects is made In two distinect
ways., Tn the analysis of forelgn exchange savings costs and beneflits are
expressed in terme of estimated effects on the economy of Paklistan as a whole.

For this reason, duty payments and cost of bonus vouchers are erxcluded from

the cost of !mported 1tems and bonus value from the credit value of exports,

To present thls informatlion In the most useful form, we have kept forelgn exchange
and local currency costs serarate. look'ng at the petrochemical Industry as a
whole, The ralio of rupees expended to foreirn currency ‘e nressed 'i. dollars)
s then cale lated,

Commercial profitab1lity 18 analveed separalely on a cash Tlow basis,
'nn calenlating Lhe cash flows.'oreign ezchange !: converted to rminees ab lhe
of't1clal rate, and duty and bonus payments are Included. Fore!gn erchange
loan repayments and Interest, and Interest on working capital, are ireated as
cash outflows from the prolect., The NCF rate of return 1g calculated from Lhe
resulting cashflows,which ls equivalent to treating all rupee finance {(other
than for working capital) as equlity.

Humphreys & Glasgow Ltd. wish to express their appreciation of the help
and information given to them by:

The Governcmi Prolect Rerresenial.ive in Rawalp'ndt. the U.N I.,D,0
Pro‘tect Manaper, and Co=Pro'ect Manager, and U,N.T.D.0. Experts,
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l MARKET ESTIMATES
2.1 1 ugtion and Net Market Requi ts for
n Table 11.2,1 (p.2-2) summarises the production of petrochemicals
planned for Phase I of the Petrochemicals Complexes in both Wings. This,
together with other sanctioned or existing production and the market demand
H quantities for 1980 and 1985, gives, by difference, the net additional

market requirements for these two years, which are then considered in later
sections of the report.

-

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

] Market demand data for 1980 1s, with a few exceptions discussed later
in this section, taken from our Interim Report. Market demand data for

o 1985 1s taken very largely from the Battelle Institute Report. Battelle's

information has been analysed and correlated with data provided by UNIDO
- doouments and by Chemical Consultants Ltd.

2.2 hu,]i Foundation Phase I Production wtitio!

The quantities listed in column 1 of Table 11.2.1 for Phase I of the
” Fauji Project are based on an initial Phase I oracker capacity of 30,000 MTPA,
and a material balance on this basis establishes that there will be, approxi-
mately, surpluses cf propylene and ethylene to the following extent;

Propylene 1900 MTPA
Ethylene for sale to Valika 5500 MTPA

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

. In the previous work for the Interim Report, a sale of 10,500 MTPA
of ethylene to Valika and a sale of 5,500 MTPA of vinyl chloride to Arokey
were envisaged. The sale of ethylene to Valika is still probable, whereas
We are advised that the sale of vinyl ohloride to Arokey now seems unlikely.

‘ Accordingly, it is assumed that there will be no sales of vinyl chloride

! monomer, and that a total of 10,500 MTPA of ethylene will be sold to Valika

when Phase II is in full production. This implies that Valika will con-

tinue to operate their ethylene plant to make up the balance of their

! requirements, amounting to about 5,000 MTPA of ethylene from molasses, at

their full sanctioned capacity of 15,000 MTPA of polyethylene.
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2.3

2.4

2.5

2.6

1
1
i
i
i
!
i
!
i
1
i
I
1
I
1

Ashugan) Phase I Production Quantities

The quantities stated in column 2 of Table 11.2.1 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 Flow Chart) of the E.P.1.D.C. proposal., It is clear
that dioctyl phthalate is not now envisaged for Phase I at Ashugan), and we
have accordingly used the E.P.I.D.C., data as the most complete, 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
acetylene 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.I1.D.C., there was a

surplus of approximately 5,000 MI'PA 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.1.D.C.
petrochemicals plant. It now seems likely that the urea plant at Ashugan)

will proceed independently of the petrochemicals project as recommended by
H, & G. in the Interim Report. '

Other Existing or Sanctioned Capacity

The quantities stated in colusns 3 and & of Table II.2.1 are taken

from our Interim Report, The Battelle Institute Report discusses many of
these in detail.

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

Pollotr_xxlom

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

The 1980 market demand is based on the figures in our Interim Report,
The 1985 market demand is taken from the Battelle Institute Report, with the
same distribution of demand between the two Wings as for 1980.

The net additional requirements are obtained by difference.

High Density Polycthllom

There is no existing or sanctioned production capacity at present in

Pakistan. The 1980 and 1985 market demands have been taken from the Battelle
Tnatitute Report.
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2.7

2.8

2.9

Polp_ngl Chloride

The present production of polyvinyl chloride at Arokey is 5,000 MTPA
and future extensions to their existing capacity are unoertain. The
existing/sanctioned capacity has only, therefore, been stated at 5,000 MTPA,
for West Pakistan. At present no polyvinyl chloride is produced in East
Pakistan.

The 1980 market demand is based on the figures in our Interim Report.
Those for 1985 are taken from Battelle Institute with the same distribution
of demand between the two Wings as for 1980. Although the demand in East
Pakistan is expected to increase at a greater rate than in West Pakistan over
the period 1968 to 1975, as the Battelle Report points out, this picture may
well change if PVC pipes are used in the public sector of West Pakistan to
the same extent as in East Pakistan. In addition 1985 is so far ahead that
even the total demand figures must be viewed as being relatively less reliable
than those for earlier years.

The net additional requirements for the two years are obtained by
difference and it should be noted that, according to this reckoning, polyvinyl
chloride will be overproduced in East Pakistan even in 1980 as far as the home
market is concerned. Even allowing for the requirement of 8,000 MIPA in 1980
in West Pakistan, and the necessary interwing tranafer, there will still 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 the plant is to be
utilised to the maximum extent.

Polmr_ogzlom

There is no existing or other sanctioned produotion in Pakistan, and
the 1980 market demands are taken from our Interim Report. The 1985 market
demands are taken from the Battelle Institute Report, and, as with polyethylene
and P;g(,) the distribution of demand between the two Wings has been taken as
for 1 .

Dioct.xl Fhthalate

Dlocly! pithalate !s not at present produced in Pakistan, and there
is no production for Pakistan sanctioned.

At Ashuganj, the production of dioctyl phthalate for Phase I has been
considered, but according to the latest inforwmation available to H. & G. it
will be excluded. The production of this petrochemical end product was re-
commended in our Interim Report, and further oconsideration still shows it to
be economically profitable both from the national and commercial points of view,

The 1980 market demands are taken from our Interim Report. The 1985
market demands are based on the increased demands for PVC shown in Table II.2.1
maintaining the same proportion of plasticiser to polymer. It must be noted,
however, that these figures may well be high, as a result of the increasing
use of the more rigid form, such as PVC pipes. The distribution of demand
between the two Wings has been taken as for 1980,

. R N R . o , o 4
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ﬂ 2.10 Dodoczl Bengene

] There is no existing production of dodecyl bensene in Pakistan, and,
;' apart from Phase I of the Fauji complex to be erected at Korangi, no other
. sanctioned production either.

At Korangi, the production of 5,000 MI'PA of dodecyl benzene has been
oonsidered for Phase I, with an extension to 10,000 MTPA for Fhase II1.
According to the latest information available to H. & G., Pauji row intend
to delay the installation of the dodecyl bensene plant until Phase II, and
instal a plant with a capacity of 10,000 MTPA.

, The production 6f dodecyl benzene was nc‘omndod in our Interim
l Report and further consideration has not altered this reoommendation.

The 1980 market demands are taken from our Interim Report. The
Battelle Institute Report gives market demands for dodecyl bengene 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
acetate in 1980 as 3,400 MTPA and the existing plus sanctioned capacity as
2,100 MTPA.  Both quantities refer to emulsion, containing between 40% and |
60% of polymer. This was based mainly on the Battelle Institute Report. |
l The very small incremental requirement was not considered to be economically |
viable, and production was not recommended.

Two of the UN.I.D.O. Teferences, visz:-

Reference 1  "General Survey of the Existing Situation in the
Petrochemical and Pertiliser Industries (C. Jenic)."

Reference 44 "Proposal of Peasibility Pattern of Petrochemical
Complex Industry in Pakistan. Volume III (T. Janakievaki)."

both indicated that the 1980 market demands were approximately 8,000 MI'PA, but
§ave no evidence in support of this conclusion.

The Battelle Institute Report indicates that the main uses of poly-
vinyl acetate will be for the manufacture of paints, textile finishing, and

.. adhesives. For 1975 these uses were expected to account for 76%, 22% and 2%
; of the total usage respeotively.

An independant survey by Chemical Consultants Ltd. ("The Manufacture
o of Petrochemicals in East Pakistan" Volume II, July 1969.) indicates that the
requirements for 1975 are 960 MTPA of polymer and for 1980 are 3,000 MIPA of
polymer.  Briefly, these figures are based on 20% and 30% respectively of the
. total paints production being of the emulsion type.
H
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The use for textile sizes, in the form of polyvinyl alcohol produced
from polyvinyl acetate, is dependant on the growth of the textile industry,
and specifically of synthetic fibres and fine cottons. 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 synthetics and fine cottons, viz. 2100 MTPA,
expressed as polyvinyl alcohol. The equivalent quantities of vinyl
aoetate required would be 4,000 MTPA.

A further use not mentioned in the Battelle Institute Report is for
the manufacture of polyvinyl chloride/polyvinyl acetate co-polymer floor tiles.

This is expected to give rise to a demand for about 300 MTPA of vinyl
acetate in 1980,

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

TABLE Ig.g.g
oted 1 ket for Po
End Use
Paints

Textile Pinishes
PVC/PV Acetate Floor Tiles

TOTAL

|§|y38

This revised 1980 market demand is in agreement with the two
U.N.7.D,0, references mentioned earlier in this section, and is now consider-
ed to be more realistic than that given in eur Interim Report. The split
between the two Wings given in Table II.2.1 is based mainly on the Battelle
Institute Report. Market demands for 1985 have not been investigated in the

same detail, although an average growth rate of 15% per annum as used by
Battelle, gives an approximate guide.

The existing and sanctioned capacity for the production of polyvinyl
acetate emulsions is taken from the Battelle Institute Report. The existing
capacity is 600 MTPA at Karachi (Putehally Chemicals Ltd.). Sanctions have
been granted for 1,000 MTPA capacity at Karachi (Hoechst Chemicals) and for
500 MTPA capacity at Dacca (Pakbay Co.). In addition, Shuja Industries are
reported to be planning a ompacity of 1,000 MIPA at Karachi. It is assumed
that the polymer content of the emulsion is 50% in all cases.

2.12 Vinyl Acetate

O S e aw o aa G U G GD GO G G G @

The small quantities of vinyl acetate polywerised at present in Karachi (15 tons
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} in 1967, and an estimated 35 tons in 1968) are imported.

The vinyl acetate requirement corresponding to the total market de-

} mands of polyvinyl acetate (see Section 2.11) are given in Table II.2.1 and
split between the two Wings in the same ratic 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
\ 18 not recommended at Ashugan]. It is considered that the additional
) 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 Alcohol

The requirements for this end produot are included in requirements for
polyvinyl acetate (see Section 2.11) and are not listed separately in
Table II.2.1.

| The conversion of polyvinyl acetate tc polyvinyl alcohol (approxi-
' mately 1800 MTPA of the alcohol) is on a very modest socale and should be
closely integrated with the polymerisation of vinyl acetate .

2.14 Acetic Acid

In addition to the requirements of vinyl acetate production for acetic
dcid, there is an additional demand for acetic acid itself. The 1980 market
demand has been taken from our Interim Report and is exclusive of any acid
produced by the fermentation route.

The relative demand for the two Wings is assumed tc be equal. The
1985 market demand 1s based on an average growth rate of 68 in line with that
used by the Battelle Institute for ethanel.

2.15 Uru-FomldohEo Resins

Existing and sanctioned capacity 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 centred in Karachi and
Chittagong. The urea and formaldehyde are purchased from internal sources of
supply. The sanctioned capacity at Jhelum in West Pakistan is included.

The 1980 market demands are also taken from our Interim Report, and
the split between the two Wings is based on information contained in the
Battelle Institute Report. The 1965 market demands are taken from this
report also.
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2,16 Demand for Intermediates linked with Aromatics Products

2.17

These include:-

(a) Butadiene required for synthetic rubbers. Butadiene may be extracted
from the Pauji ethylene plant C, stream, which contains 39% Y/w for
Phase I operation and 55% ¥/w for Phase II operation. The manufact-
ure of synthetic rubbers, and the extraction of butadiene is consider-
ed in Volume ITI of this Report,

(b) Bthylene (lycol required for polyester fibres. This intermediate is
not required in quantities sufficient to Justify its manufacture in

Phase II of the Fau)i project, and its supply is discussed in further
detail in Volume III of this Report.

(e) Styrene required for S.B.R. rubbers and polystyrene. The manufacture
of tiue two end products is considered in Volume III of this Report.
The quantity of styrene required is inadequate to Justify manufacture
in Pakistan within the timescale under consideration.

Demand for End-Products or Intermediates Planned for A

These consist essentially of:-

Methyl methacrylate
Polymethyl methacrylate

In the case of polymethyl methacrylate, our estimate of the market demand
for 1980 1s based on the finding of the Battelle Institute Report, viz,

1800 MTPA. This scale of production would not have led us to recommend its
manufacture for Fhase I of petrochemical development in Pakistan and the
planned E.P,I.D.C, capacity of 4,000 MTPA for Phase I is considered quite
adequate to meet the demands up to and beyond 1980.

The same remarks apply to the production of the monomer, where it is
noted that some of the Phase I production at Ashugan) 1s to be used in the
finishing of the planned acrylic fibres production.

The demand for intermediates (acetone, acetone cyanhydrin, and
acrylonitrile) required for these two products, and also acrylic fibres, has
not, therefore, been considered any further than in our Interim Report.

The planned production rates for methyl methacrylate and polymethyl
methacrylate, have been noted in Table II.2.1. In the case of acetylene,
Some is to be s0ld in pressurised bottles on the market. Other none
petrochemical products have been excluded from Table II.2.1
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SECTION 3

} FAUJI FPOUNDATION, WEST PAKISTAN, PETROCHEMICALS COMPLEX

| - -

3.1 Analysis of Development Schemes for Fauli Foundation, West Pakistan

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

& m—:J

[

) The further development of Phase I of the FauJji Foundation

J 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.

e TABLE II.3 .1
y FAUJI FOUNDATION'S TENTATIVE PHASE II PLANS

o MTPA Remarks
(PHASE T & II)
Total Ethylene 60,000 Twice Phase 1
E Polyvinyl Chloride 15,000 No change
Polyethylene 30,000 Twice Phase 1
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 {8 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 1980.

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 1is still less than the 1980 net additional require-
ment of 32,000 MT for both wings shown in Table II.2.1 (which takes
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into account the total output from Valika as well as that from Fauji
Phase I). Only 10,00C MTir  of this increase in polyethylene
production will be requireu .ur the West Pakistan market in 1980,

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 be 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 Faujl 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 1,300 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 aromatics
and butadiene, as well as the obvious identification of caustic soda
and hydrogen. "Other By-products" are used as fuel.

| N——— Y

3.1.2 'The Production of Dioctyl Phthalate from Propylene in West Pakistan

RS The alternative use of propylene to produce dioctyl phthalate
; was examined in the Interim Report, where it was concluded that, once
& reasonable capacity for acetylene production is established in
East Pakistan, there is a considerable saving to be gained in foreign
exchange by producing dioctyl phthalate via the acetylene route in
that wing. This conclusion was based on the comparison of schemes
producing 16,00C MTPA  of dioctyl phthalate completely from
naphtha or completely trom natural gas.

ot

[ -

The total production costs showed a very slight advantage to
‘ the propylene route. This difference, however, was within the 1imits
) 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 Fauji project, and thus yielded cheaper ethylene and propylene,
whereas the scale of acetylene production was of the same magnitude
envisaged for Phase 11 of the Ashugan) 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 II1.3.1, would only be sufficient
to produce 15,000 MTPA of dioctyl phthalate. Since the surplus of
1,300 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 1980, 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.

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 produced at the Ashuganj site in East Pakistan because of the avail-
ability of urea and of formaldehyde from methanol. High density poly-
ethylene is considered to be uneconomic at the scale indicated by the
1980 market demands.

The acetylene route is recommended for production of vinyl

acetate and acétic acid. Therefore, these products are not recommended
as outlets for ethylene in Phase IT of the Faujl project. These products

and polyvinylacetate are discussed further in Section 4.1.
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Recommended Dovoloant arnd Pinancisl Evaluation for Fau )i Foundation,

istan
Introduotion

The recommended development for Phase II1 of the Fauji Project
is shown in the Block Diagram II1.3.1 and its evolutidon has been dis-
ocussed in Section 3.1

Before considering the development scheme as a whole, the
individual process units are described below; capital and operating
costs, 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.

Individual Process Units

3.2.2.1 Dodoozl Benzene Plant

Process Description and Flow Chart

A simplified flow chart for the production of dodecyl
bengene is presented in Table 1I1.3.2. The simplified flow
charts omit suoh items as pumps, blowers and auxiliary systems
(e.g. hot o1l 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 reactor, suitable propane quench points being provided
between the beds for temperature control. The reactor
effluent is depropanised, the liquid overheads being recycled
(because of the unreacted 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 recycled to
achieve further polymerisation to the tetramer. The bottoms
from this column are purified in the tetramer column, from
which heavy polymer is also withdrawn.

In the second part of the rrocess, propylene tetramer
in dried. and then reacted with benzene in the presence of
hydrofluoric acid catalyst. The use of alumtnium cRlorile
gives lower ylelds, higher corrosion rates, and Handling
difficulties; 1t is not recommendéd. SiiipHu¥te acid catalyst
has peen proved accertable commérclally. bt gives relatively
high utiiity and catalysi consumptions, and ‘somewhat lower yields.
More commercial exjerlence has been gained with the hydrofiuoric
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 toaneutralisation pit. The stripper bottoms
pass to the benzene column. Benzene is taken overhead and
recycled 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 i8 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 dodecylbgnzene is 3 water-white liquid having a
boiling range of 280 C. to 320 C.

Source of Know-Hnw and Licence

The process scheme and operating data given subsequently
have been based on the Universal 011 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. 2.2
rating Data - Dodecyl Benzene (Basis 1 MT DDB)

Propylene (as 100%) MT 1.380
Benzene (nitration grade) MT 0.472
Net Byproducts, MT 0.850
Catalyst/Chemicals, $ 4
Power, kwh 232
Steam (medium pressure) MT T.b
Cooling Water, n
Labour Requirement 18

Area of Battery Limits

The.approximate area within the plant battery limits
is 13,000 M'?
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Process Description, Source of Know-How and Licence |

The extension of the polyethylene plant from 15,000
MTPA to 38,600 MTPA (in 300 operating days per year) will re-
quire the addition of a second stream. It 1s highly probable
that, in the interest of economy of spares, integration of
the two streams, and utllisation of operating know-how gained
on the first stream, the second stream will also utilise the
I.C.1. process.

Operating Data

Table [1.3.3 below lists the major consumptions of
raw materials, catalysts/chemicals, utilities, and direct
labour requirements.

TABLE 1II,. 2. 2
Operating Data - Polyethylene (Basis 1 MT)
Ethylene (as 100%) MT 1.070
Catalysts/Chemicals, $ 15
: Power, kwh 2000
‘ Steam (300 psig, saturated) MT 1.5
Steam (100 psig, satur;ﬁed) MT 0.6
Cooling Water)(jo c), 200
Condensate, g 0.2
Nitrogen, Nm 7
Labour Requirements 50

Area of Battery Limits

The épproximate are: within the plant battery limits
is 13,000 M", This is besed on the overall plot plant for
Phase I of the Faujl complex obtained from Simon Carves Ltd.,
showing the plot area for the 15,000 MTPA plant.

J.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,

e wmng sumy IS GES T G S S O G o I & @&
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TABLE II.3.4
Operating Data - Ethylene (Basis 1 MT

Naphtha, MT 3.80
Catalyst/Chemicals, ¢ 0.4

« Products

Pyrolyss gasoline (hydro-treated), M 0.70

Fuel 0il, MT 0.15

Light Gases, MT 0.51

Propylene, MI 0.45
Power, iwh 300
Steam (high pressure), MT 0.2%
Cooling Water, M 17
Increase in Labour Requirements 5

(30,000 to 60,000 MTPA)

It should be noted that the ethylene plant cracked gas
and propylene compressors are driven by steam turbines.
Electric motor drives are retained for the ethylene compres-
sors.

lete Development Scheme

3.2.3.1 Utilities and Offsites Installations

The utilities plants and any new off-site facilities
needed for Phase 11 at the site must be an extenslon to those
already provided by Fauli 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
Fauji 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 utilitin cone
sumption resulting from the recommended development for FPhase
IT of the Fauji project.




-1

—~ -

Volume II

3-10
MUMAEYS & GLASGOW LTD.

-
l UNIDO Vienna | Pre-Investment Studies for Fertiliser C.1669
for Pakistan & Petrochemical Industries - Final Report July 1970

-

TABLE 11.3.5
of Total Utilit irements for Phase II
Power, k» 8960
Steam, MTMr 20.0
Cooling Water, M>/Hr 2700
Condensate/Demin Water (for process) 0.75%

M M
3.2.3.) Management, Personnel and Labour

The direct process labour requirements for the poly-
ethylene plant extension and the dodecyl bensene plant are
estimated as 68 men. This covers the requirements for a
d-ghift system of operation and the requirements for day men.
It does not include:

(a) Maintenance personnel

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

(¢) Administrative and "overnead" staff associated
with the activities of these plants.

As far as assessing the costs of labour, personnel and
management are concerned, categories (a) and (c) are covered
by meintenance charges and overheads, category (b) is allowed
for in the rate of 9000 Rs/year used for each member of direct
operating staff. This figure is a weighted cost of labour
which allows for management and supervision and assumes that,

in a single organisation the supervisor : subordinate ratio is
oonstant .

The polyethylens plant extension, although larger than
the Fhase I installation, may fall under the control of the
one plant manager. The dodecyl bensene plant will require a
plant manager, however.

3.2.3.4 Plot Plan .of the Recommended Development

Drawing No. C.1669-L51-4 gives the plot plan showing
the Phase II expansion. This is based on the most recent plot
plan for the site. The expansion thus forms a logioally in-
tegrated part of the whole complex.

The disposal of effluents has been viewed in a similar
way to the provision of utilities installations, and it is ex-
pected that the Phase I Effluent Disposal System will be cap-
able of handling the additional load.
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J.2.4 Capital Costs

3.2.4.1 Dodecyl Benzens Plant

T 11,3.6
ital Cost of Dodecyl Benzene Plant
Rupees x 10°
Foreign Local
Exchange  Currenc
1. Equipment, spares, procure- 14,55 -
ment, freight and insurance.
tools: and plant, insurance
2. Engineering, expenses and 4,72 -
overheads, licence, site
supervision and commis-~
sioning.
3. Construction labour, civil - 5.48
work, local tools and plant,
local insurance, inland
freight and dock clearance,
local spares, local expenses
&, Duty on equipment and spares - 6.10
TOTALS 19.27 11.58
Start-up Charges and Training 1.54 1.54
Interest on Foreign Exchange during 2.12 -
Construction
22.93 13.12
TOTAL COST 36.05
ESTIMATED WORKING CAPITAL (Max.) 4.00

The above capital coat estimate covers all fixtures which
are normally within the plant battery limit, and all ex-
penses required to bring the plant into operation.

B}%}%ﬂ:- Raw materials and product storage and handling
sufficient for normal operation. Civil work, control rooms,

minor office buildings and workshops., fire equipment, tele-
phones etc. within the plant boundary, as necessary.

Excluded:- Major offsite storage facilities, ocivil work,
piping, and services distribution outside plant boundary
site development, and land.

Interest during construction on the rupee element is
omitted because details of the method of finance are not
known.
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l 3.2.4.2 Polyethylens Pignt
| TAME 11.3.7
' m: | 106
l PForeign Local
Bchenge Qurrenoy
' 1. Iguipment, spares, prooure- 25.40 -
mont, freight and insur-
ance, tools and plant,
' insurence
2. Engineering, expenses and 19.47 -
overheads, licence, site
l supervision and commis-
sioning
3. Construotion labour, oivil - 2.9
l work, local tools and -
pPlant, local insurance,
inland freight and dook
clearance, local spares,
l local expenses
s, Duty on equipment and spares - 10.55%
E TOTALS 8.07 19.94
Start-up Charges and Training 3.8% 3.24
. Interest on Foreign Exchange during 4,94 -
53.08 23.18
TOMAL Coer 6.0
l] BOTIMATED WORKING OAPTTL (NAX) 11.64
[ Por definition of scope of the above oapital cost
estimated, see footnote to Table II.3.6,

.,_.__,,:
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3.2.4.3 Expanaton to Fhase 1T Bthylene Pignt

Chemical Consultants Ltd. have provided the foreign
exchange cost whioh Pauji Foundation will inour in expanding
the capacity of the ethylene plant from 30,000 to 60,000 MIPA.
The foreign exchange ocost of expanding the utilities instal-
lation for this increased ethylene capacity has also been pro-
vided. These 0osts have been used in the Poreign Exchange
Analysis in Section 3.2.6, and are tabulated below.

TABLE II.E.g _
6

Bthylens Plant Ixpansion T.14
Utilities Installation Expansion 11.90

Allowance for Erection, amd 2.6

TOTAL 21.66 13.12

Interest on Poreign Exchenge 2.3
during Construotion —

TOTAL 8,04 13.12
TOTAL CO8T .16
The local curreney capital cost given in the above

Table is based on the cest anslysis of typical petrochemioal
plants.

R - e R S A O e e D D D O G
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. 3.2.0.4 Summary of Capitel Costs
IANE 11 2.9
6
l Rs x 10
B oo
C ¢
e Tadtne
duty)
Estimated cost of Fauji
l Phase I including pre-
investment for expansion, bags
and pipe plants, utilities, start-
l up costs, and interest on foreign
exchange (but not local ourremcy): 216,33 128,25
TOTAL COST; 344,58
[ ESTIMATED WORKING CAPITAL: 18,00
Dodecyl Benzene Plant 19.27 11.58
I Second Polyethylene Plant a_,ﬁ *_g
TOTALS FOR NEW PLANTS . .
Start-up charges and training 878 4,7 (b)
; Interest during construction 6.64 - (4.00)
—— —— (a)
75-5«‘) %.30(‘50.}0)
TOTAL COST OF NEW PLANTS: 111.86
Ethylene Plant Extension 21,66 - 13.12
Interest during construction 2.24 -
2}!” 13- 12
TOTAL COST OF ETHYLENE EXTENSION 37.02
New Plants plus ethylene extension 99.46 89,42
TOTAL COST OF EXPANSION; 148,88
ESTIMATED WORKING CAPITAL: 15,64

The costs given above for Phase I are those estimated by
Fauji, and were provided through Cbaoon.

The capital costs for the new plan‘.g)m used for the cash
flow calculation, in Section 3.2,7.6, in which the average
costs of ethylene include an element to cover the capital
costs of the complete ethylene plant and offsites. 'Interest'
amounting to (1) 1s 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.3.10 below lists 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 gold 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 Fau)i (before sales tax), as quoted
to us by Chemcon. The foreign exchange prices far 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 & G'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.Z.lO
Unit Costs and Prices
($) $ Rs Rs
Foreign Local Total
Exchange Currency
(exclud-
ing duty)
§p% Products
olyethylene, MT (248) 270 - 2960
Dodecyl Benzene MT (202) 300 . - 2400
Ethylene MT - - 1000
Products
Pyrolysis Gasoline (Hydro- 14,2 52 -
treated) MT
Fuel 01l (C, product ex 11.5 21 -
Ethylene Pégéxt)lMT
B fiauct 6% [DB plant M - 70 86
Light Naphtha MT 14.3 14 -
Benzene (local manufacture) MT - 700 700
Utilities
Electricity (local purchase)kwh - 0.085 0.085
Steam, MT - 5.7 15.0
Cooling Water, W - 0.06 0.06
Raw Water - 0.44 0.44
Demineralised Water M 0.05 0.61 2.0
Packages
Sacks (per MT Polyethylene) - 8.0 8.0
Steel Drums (per MT DDB) - 60.0 60,0




~ L

Volume II

3-16
HUMPHREYS & GLASGOW LTD,

' UNTDO Vienna Pre<-Tnvestment Studies for Fertiliser C.1669

. gt o map—— JO— Pa———
all G o eoay o= o

gy
—_———

-

for Pakistan & Petrochemical Tndustries - Final Report July 1970

3.2.6 reign Exc Analysis
3020601 General

The incremental production of end-products beyond that
of Phase I of FauJi 1s shown in the Block Diagram II.D.1.
It is assumed that in Phase I, 5,300 MIPA of ethylene are
produced for Valika. It should also be noted that for both
Prhiase T and Phase II, operating at maximum severity cracking
with the production of 0.45 MT of propylene per MI of ethylene,
the surplus propylene (burnt as fuel) is 1700 MIPA and 1300
MTFPA respectively. It is, therefore, assumed that propylene
remains sufficiently in balance for the purposes of this
analysis.

The incremental production of ethylene, polyethylene
and dodecyl bensene is summarised below:

TABLE II1.2.11
Inoremental Production Rates
MIPA
Ethylene 30, 400
Polyethylene 23,600
Dodeoyl Bentene 10,000

The basis of the foreign exchange analysis is the
evaluation of the foreign exchange saving and the loocal currency
ocost (excluding duty ) for this incremental production, and
hence the statement of the cost in loocal currency of saving
foreign exchange. It is applied specifically to the guanti.
ties in the above Tsble, i.e. to full rste production.

3,2.6.2 Variable Costs of Production

From the operating data given in Section J.2.2 and
the unit operating costs given in Section 3.2.5, the variable
costs of production for ethylene, polyethylene, and dodecyl
bengene is cslculated, In order to make the figures independent
of any Jjudgement on the relative unit values of ethylene and proe
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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11.2.12

Vy_;_igblo Production Costs

Foreign Local Cost

Exchange  Exoluding
&
Bysis (%) (Rs.)
Ethylene 1 MT )
+ Propylene O0.45 MT ) 3.9 14,3
Polyethylene 1 MT (excl., ethylene cost) 15.0 204
Dodecyl Bensene 1 MT (excl. govylm 4,0 4
cos
Notes on Table I1.2.12
1, The local costs in the above Table include the cost of
packages,
2. Summation of the variable costs listed enables the

total variable costs of the complex extension to be
nalcnlated, ‘

3.2.6.3 Pixed Costs of Production

ntenance

The basis for caloulating the maintenance charges as a
peroentage of the total fixed capital (excluding interest
during oconstruction, site development, ete.) is:

Poreign Exchange 1.5%

Local Cost 1.57%

This basie makes due allowance for materials and labour
and is applicable to Pakistan conditions.

Y ey ey e ey ey aEp GUW GED UED GID BB GO 4GB

Per the purpose of this caloulation, however, it was
more converient to base the maintenance on the foreign exochange
investment and the percentages used were

i —d.w-? uw;'
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Foreign Exchange element . 2.9% of foreign exchange
of meintenance costs capital cost

Local Cost element of . 2.5% of foreign exchangs
maintenance coets capital coat

Prg the total foreign exchange investment of
£18.0 x 100 (see Section 3.2.4), the meintensnce charge per

by oy ey oIRGB

annum i
Poreign Exchange 8 522,000
Local Cost (execluding Re. 2,147,000
duty)
m and Supervision

?u—-f

The direct labour requirements of the ethylene plant
expansion, the additional polyethylene plant, and the dodecyl
bensene plant are 73 men (see Section 3.2.2)., At an average
cost of 9,000 Rs. per men per year, which allows for super-
vision, the labour charges are:

Tocal Cost ‘ Re. 657.000

Querheads

These, which include selling and marketing expenses,
are ostimated at 3X of the tal salea revenue. This is cal-
oulated using the data from Table I11.3.10, thus:

Sales 23,600 MTPA Polyethylene 70.0 Rs. x 10

10,000 NTPA DDB 2%.0 Re. x 10
5,200 MTPA Bthylene 5.2 Rs. x 10

99.2 Rs, x 10

The overheads are thus Rs. 2,976,000 (1ocal cost only)
on Working Capital

- - W

(. )
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Working capital was assumed to be oQuivalent to the
value of 2 months' finished product. As output rises during
initial years, so also does working capital. Interest on

|

working capital 1s equivalent to 1.58 of the year's sales |
revenue. |
\

— *
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The interest on working capital is thus Rs, 1,438,000
for 100% production capaoity.

The fixed costs of preduotion are suniarised below:

m 11.2.12
Pixed Prefuction Costs

Foreign Local Cost

Embange  Bxluding
rm!

£x10°/r M. x10/r

Maintenance 5282 247
Labour and Supervision M1 657
Overheads and Selling Expenses [ §) 2976
Tnterest on Working Capital M1 1488
TOTAL 522 7268

3.2.6.4. Poreign Exchengs Seving end Mupee Cost Comparison

The following Table gives the comparison and is com-
piled using the data given in the previous sections. The
Rupes element of the investment excludes duty on equipment, but
includes start-up expenses. The use of the average irterest
rate ensures that the early years are not penalised, nor the
results for the later years over optimistie.

|
!
|
!
|
l
l
I
l’
l
I
i
I
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TABLE 11.3.14
Foreign Eychengs Analyels (Feuji - Phase IT)

Poreign Local Cost

Risheng  Exoluding
t
L2100y M. 3 10)r
Vmglo Production m!
DDB 10,000 MTPA . [7) 940
Ethylene 30,400 MTPA 118 A%
Fixed Production Coste 582 7268
TOTAL PRODUCTION COSTS 2098 16453
Poreign Exchange Value of Predycts
P.E. 23,600 MTPA @ 270 S/ T 6370
DDB 10,000 MI'PA @ 300 S/ 3000
Ethylene 5,200 MTPA M1
TOTAL P.E. VALUE OF PRODUCTS 9370
nterest Over
o 2 on gn
) Loan of % 20.92 x 10°) 8w
Annual Repayments : 2092
TOTAL INTEREST AND REPAYMENTS 2909 -
reign Exchange Savi 343
Depreciation 0 10% on Mupee Element 2584
Cost Including Depreciati 1907

ﬁ OF P.E. SAVING Re/g INCLUDING 38
———
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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 »f 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 process 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 end foreign exchange savings
figures so calculated are:-

$ Rs
Fonim Exoy__n‘! Local Currency
per (1 MT ethylene + 0.45 MT propylene):

Variable 8.9 14,
Fixed .
Production cost . 111,

ethylene, per MT:

Variable
Fixed
Production cost R .

Rropylene, per MI:

Variable

15.9
Fixed %
Production cost 2f.

polyethylene, per MT:

Ethylene 1,07 MT 59.0
Other variable 15,0
Fixed
Production cost 150, .
Cost of import

(C&F) 270
Foreign exchange

saving 119.5
Ratio Rs 557.7/$119.5 = Rs 4,7/$

mxlbonzene, per MT:

Propylene 1,383 MI' 38,0 62.5
Other variable

4,0
Fixed L]
Production cost lg 5

Cost of import
(C&F)

Forei exchange
saving né 180.6

Ratio Rs 716,5/% 180.6 « Rs 4,0/%

\sd
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3.2.7
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Cash Flow and D.C.F, Rate of Return

3.2.7.1 General

The sales revenue is based on the pattern of market
btuild-up stated in the Tnterim Report. Production by the
individual plants 's only limited to 30% and 9C% in the f!rst
two vears of operation as existing plants and utilities wil’
e well estaclisred. The lower figure of the two (market
requirem-.t or prodic-ion capacity) establishes the output
\and sales rate ' for any particular year up to 1980, after
wniz: "he fuil productior 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-
etrnylene and dodecyl benzene (see Section 3.2.7.2 below),
Total costs of the manufacturer are used throngh this analysis
80 that the D.C &, rate of return can be determined from the
viewpoint of the Faklistan investor,

3.2.7.2 Ethylene and Propylene Costs

In Phase 77, the Faull plant !s planned to produce
60,000 MIPA ethylene with a propylene to ethylene ratio of
0.45 under severe cracking conditions. For the purposes 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 less valuable product than ethylene and, even
after Phase TI. there will be surplus production from the
Fauji cracker. The cost of propylene per MI has been taken
as half that of ethylene. Both ethylene and propylene costs
have been averaged over total productions the Phase II plants
do not tnerefore cenefit from ethylene and propylene at
marg:nal costs of uroduction,

The estim: ed totul costs of ethylene and propylene
as feecdsto the Phnase 7T units are:

Ethylene Rs. 635 /MT
Propylene Rs. 317 /Mr

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 cost of raw materials and
utilities from Section 3.2.5, the variable costs of poly-
ethylene and dodecyl benzene were calculated. These are
summarised below:
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Polyethylene Rs. 1080 Mr

Dodecyl Benzene Rs, 932 Mr

These costs include the cost of packages.

3.2.7.4 Fixed Costs of Production

3.2.7.5

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.C.F. calculation, the presence
of the full capacity ethylene plant on the site 1s assumed,

-

Maintenance

Tre tasis for the maintenance charge is 4.27% of the
total fixed capital (excluding the duty paid on equipment).
This is consistent with the rates given in Section 3.2.6.3.
On this basis the figure of 4.27% inoludes allowance 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 ExEnul

Trhesz areestimated to be 3% of the total sales revenue,
as in tne Foreign Fxchange -nalysis, They are based on the
"fulleup" year as cy det’'.ition 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 venzene plant 1is:

6

Rs. 75.86 x 10
It includes interest on the loan during the oonstruction
period and the foreign exchange oapital covering start-up
expenses (See Section 3.2.4), '

Other Fixed Costs

Ipterest on Forciig Exoh_u!.o Loan

This is based on 8% of the outstanding loan. It ine

cludes interest on the foreign exchange capital borrowed to
cover start-up expenses,
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Interest on Working Capital

As in the Foreign Exchange Analysis, this is based on
1.55 of the total sales revenue, The total sales revenue
applicable 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 II.3.2.15 below. The net cash flow is
before tax and depreciation.

A total span of 15 yeare is covered; year O is the
reference year in which it is assumed that all the capital is
invested. In practice this 1s not the case, but the allowe
ance mentioned above for the interest during construction
permits this simplification. 1976 18 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 1970 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 costs 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
FauJi Foundation, as quoted to us by Chemical Consultants.
They are well below the current import prices on cash-cume
bonus; the C & F prices which would be competitive with the
proposed selling prices have been estimated and are shown in
Table II 3.10 For explanation of capital costs used, see
Section 3.2.4 4

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

sy wang WU W G GED G D D D D &4 e o e
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3.3 Conclusions
1. The extension of the ethylene plant capacity to 60,000 MIPA for

Phase II of the Fauji Foundation complex makes an additional 30,400 MIPA of
ethylene available. It 1s recommended that thie is used to produce:

23,600 MTPA polyethylene
10,000 MTPA dodecyl benzene
5,300 MI'PA ethylene (to Valika)

These products are the most beneficial from the national and commer-
cial points of view. A scheme including these products has been developed
and a start-up date of 1976 is proposed,

2. The Rupee cost of saving foreign exchange is estimated at Rs., 4,38/
U.S. &, and 18 very favourabple.

Ethylene sold to Valika is eventually transformed to polyethylene
which saves further foreign exchange and improves this figure.

bR Taking ethylene as a feedstock from the extended cracker, the D.C.F,
rate of return on new Rupee capital invested in the polyethylene and DDB
piants has been calculated at 47.8% (before tax). This is a high rate of
return on the Rupee capital; the figure would be much smaller if calculated

on the total project cost because of the high proportion of foreign exchange
cost in the units.

4, The substantial savings in foreign exchange and attractive D.C.F,
rate of return indicate that a scheme of this type would still be viable at
lower capacity. Alternatively the scheme could be brought into operation
earlier than the assumed date of 1976. An earlier date may, however, be
difficult to achieve for the second phase of this project, Fau)i Foundation
should attemtpt to bring their Phase II into effect as early as possible.
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SECTION 4

E.P.1.D.C., EAST PAKISTAN PETROCHEMICAL COMPLEX

4,1 alysis of Development Schemes for E.P.I D,C st istan

No information was available to H & G regarding the further development
of Fhase I of the E,P,I,D.C. scheme at Ashuganj. Accordingly, the developments
for Phase II were logically derived from the planned production for Phase I,
taking into account the recommendations made in Section 3 for Fauli Foundation.

From these recommendations, and the list of potrochomica; products
given in Table I1.2.1, it can be seen that the following products can be
considered for natural gas based manufacture at Ashugan):-

Dioctyl 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 ocur Interim Report as being economically profitable from both the
national and commercial points of view. Section 3.2 discusses in detail the
reason for excluding dioetyl phthalate from the production scheme for the
Faull Foundation in West Pakistan; since the 1980 market demand for this
product is considerable (16,000 MTPA for Pakistan as a whole), it is the major
product for consideration in East Pakistan. Further consideration shows that
the foreign exchange element of the total production cost of dloctyl phthalate
is considerably less than the current C & F price in Pakistan. This product
is therefore included in the recommended development scheme.

Section 2.11 discussed the requirements for polyvinyl acetate in detail
and Section 2.12 explained that it is generally accepted that the additional
polymerisation facilities would be provided by extenaions to existing plants,
situated at the point of usage. There are four existirg and sanctioned plants
in Pakistan (three in Karachi and one in Dacca) and the individual plant
capacities would still be relatively small even after extension. The manufac-

ture of polyvinyl &cetate in one polymerisation plant at Ashugan) is not,
therefore, recommended for Phase II.

The menufacture of vimyl aAcetate, on the other hand, is recommended for
Phase T1. The totsl market demand for 1980 is shown in Table 171.2.1 to be
estimated at 8,420 MTPA for the whole of Pakistan and includes the supply of
vinyl acetate to existing and sanctioned polymerisation units. The market
demand is next to dioctyl phthalate in the list of products given earlier.
Investigation showed that the foreign exchange element of the production cost,

including both variable and fixed components, was less than the cheapest F.0.B,

! - European source of supply (based on Dutch supply, early 1970 rates).
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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 1s estimated to be
1,650 MTPA for 1980 for the whole of Pakistan. The total consumption of
acetlc acid for all purposes is 8,180 MTPA in 1980, and the foreign excharge
element of the total production cost for this scale of production was cal-

culated. This was found to be lower than the cheapest F,0,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 reaommended development for this site, Table II.4,1 summarises
the end products additional to Phase I.

TABLE II.4,1

=PRODUCTS 1T,

MIPA
Dioctyl Phthalate 16,000
Vinyl Acetate 8,420
Acetic Acid 1,650

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 Ashugan) (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, situsted 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-1ife. The
additional 1980 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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It seems appropriate at this point to amplify the reasons for
H & G's recommendation of acetylene routes for the manufacture of dioctyl-
phthalate, acetic acid and vinylacetate, contrary to the present world trend
which 1s towards the use of ethylene for these chemicals.

The sanctioned Phase I of the EPIDC petrochemical complex, including
50,000 MTPA of PVC, 1is a starting point for this part (Volume II) of H& G's
Study. However, H & G also recommended this route to PVC in our Interim
Report, after examining a number of possible 8chemes, In effect, we found
that the cost of such PVC production would be about the same either via
acetylene or via ethylene supplied by a cracker of some 80,000 MTPA capacity,
but the acetylene route !based on indigenous natural gas) would have a lower
foreign exchange element of cost.

Further, comparison of the appropriate schemes in the Interim Report
showed that, having decided to use the acetylene route to PVC it then becomes
slightly cheaper to use the acetylene route also for diocotylphthalate, rather

than either of the routes via ethylene or via propylene (see also Section .
3.2 of this Volume).

Acetaldehyde 1is an intermediate for 2-ethylhexanol and hence
dioctylphthalate, from acetylene, Having decided to use this route, the
cheapest way to meet the requirement for acetic acid is via acetaldehyde.

Acetic acid makes up the greater part of the raw material cost of
vinyl acetate, whether ethylene or acetylene is used as the source of the
vinyl group. Although there 18 a world trend towards the use of ethylene
for new vinyl acetate production, this route 1is only attractive for fairly
large scale production of vinyl acetate, based on cheap ethylene from a
really large cracker. In Pakistan the estimate requirement is for only
8,420 MTPA of vinyl acetate and the choice lies between acetylene from the
EPIDC natural gas, based plant, or, the use of some of the ethylene from

FauJi's naphtha cracker, In this situation, the acetylene route to vinyl
acetate is clearly the cheaper,
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4,2.1 Introduotion

The recommended development for Phase II of the Ashugan) project is
shown in the Block Diagrem II 4.1. Section 4.1 discusses the
reasons underlying its composition.

The layout of this section follows that of Section 3.2, dealing first
with the individual process units, then the development scheme as a
whole. Subsequent sections deal with capital and operating costs.
Finally, the section concludes with the Foreign Exchange Analysis and
the year-by-year Cash Flows, including the D.C.F. rate of return on
the investment,

4,2,2 ;mividgl Process Units
4.2.2.1 Acetaldenyde

Process Ducrigtigﬂ and Plow chart

A simplified flow chart for the production of Acetaldehyde is
shown in Figure II 4.2.

' Acetaldehyde is produced by direct hydration of acetylene,
catalysed by merouric ions. Acetylene is injected into
mercuric sulphate solution, acidified by sulphuric acid,
contained in the reactor. Acetaldehyde vapours mixed with
steam, acetic acid and unreacted acetylene from the reactdr
are cooled and passed to an absorber where the acetic acid is
absorbed by tie aqueous acetaldehyde solution from the bottom
of the next absorber. The gas from the acetic actd absorber
is further cooled before passing to the acetaldehyde absorbder
mentioned above, and the unreacted acetylene, together with
some inerts, is recycled back to the reactor, while a small
portion is continuously purged to maintain the inerts level.
This purge, still containing some acetylene, is returned to
acetylene plant for acetylene recovery.

e e I T B B N B
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The aqueous acetaldehyds solution from the absorption system
flows through a mercury settling tank, and after filtration

is preheated before entering the first distillation tower

from which water and byproducts are removed as a bottom stream.
This stream, after heat recovery, is sent to drain. The
distilled acetaldehyde is finally purified in the acetylene
stripper, leaving as a bottom stream of 39.8% purity. The
uncondensed overhead gases from both towerscontain acetaldehyde
.and are recycled to the bottom of the socetaldehyde absorber.
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The mercuric sulphate catalyst solution is continuously
regenerated by hot treatment with nitric acid in the presencs
of an air stream blown into the solution. Mercury-containing
muds from this catalyst regeneration plant are sent to mercury
retorts for the recovery of metallic mercury. This part of
the process is not included in the flow chart,

Source of Know-how and Licence

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

Opergting Data

Table II 4.2 below lists the major consumptions of raw
materials, catalysts/chemicals, utilitiss and direct labour
requirements,

TABLE II 4,2
OPERATING DATA - ACETAILDEHYDE Sl A )

Acstylene (as 100%) MT
Catalyst/Chemicals $
Power, KWH

Stean (low pressure) MT
Cooling Water M3

Labour Requirements

Ares of Battery Limits
The approximate area of the battery limits plant is 12%0 lz.

This is based on a layout of ths plant items, including those
omitted from the flow chart.

‘ Process Description and Flow Chart

z A simplified flow chart for ths production of 2-#thyl hexanol
: is shown in figure IT 4.3,

N
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The first part of the process may be considered as the
preparation of crotonaldehyde. Aocetaldehyde from the
acetaldehyde plant, together with recycle from the process,

; is mixed with dilute caustic soda catalyst in the reactor

| mixer. The condensation reaction is arrested by the
introduction of acetic acid near the base of the column as
the reaction mixture flows downwards and thence to the reactor
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golumn. 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 1s recovered over-
head and recycled, while from the base a mixture of water and
crotonaldehyde is withdrawn and separated by cooling and
decantation. 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. Tt
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
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 inerts level, is
washed with the feed crotonaldehyde and then with water which
is stripped of organics in the water stripper. The recovered
organics 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
decantation from the water formed, it is vapourised, mixed
with hydrogen and passes through catalyst packed tubes of the
hydrogenation reactor. The heat of reaction is used to
generate steam in the shell side of the reactor. The
reaction mixture is cooled, and the separated hydrogen
reheated and recycled to the hydrogenation stage. The crude
Ethyl Hexanol passes to two distillation columns, which remove
the secondary products, and then to a finishing hydrogenation
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.
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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This is given below in Table IT 4.3,

Acetaldehyde (100%) M7 1.66
Hydrogen (100%) NM3/xg 830/74.5
Catalysts/Chemicals $ 16.8

Power, KwH 406

Steam (high pressurs) MT 0.14

Steam (medium pressure) MT 11.18

Steam (low prn,un) MT 2.96 (CREDIT)
Cooling Water M
Labour Requirements 30

Arep of Battery Limits

The approximate area of the battery limits plant is 1450 w2,
This is based on a layout based on the flow chart, but

' including for those plant items not included in the chart.

4,2.2,% Dioctyl Phthalate
Process Description and Flow Chart

A simplified flow chart for the production of Dioctyl
Phthalate is shown in figure IT 4.4,

Phthalic anhydride isdissolved in 2 ethyl hexanol from the
ethyl hexanol plant and flows, together with sulphuric acid
catalyst, to the top of the esterifier. Cyclohexame is used
48 & vater entrainer and is vapourised and introduced into
the bottom of the esterifier.

The vapour from the top of the esterifier, together with that
from thedissolving vessel, pass to a separator., The over-
heads from this separator are condensed and separated into
two phases. The alcohol rich phase is returned as reflux

to the separator, and after contacting the upflowing vapours
is recycled to the dissolving tank. he cyclohexane and
water phase still containing some alcohol, pass to the alcohol
and oyclohexane recovery columns.

The crude ester leaves the bottom of the esterifier and
enters a steam heated prestripping column, from the top of which
the btulk of the cyclohexane is removed. The cyclohexane
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phase which separates after condensation is passed to the
alcohol/cyclohexane recovery system, The ester, after
further heating, next passes to a neutralising column where
the added sodium carbonate completely neutralises the acid
catalyst and ensures the thermal stability of the dioctyl
phthalate, The stream is then cooled, and the water which
separates flows to drain. The ester stream next passes to
column in which water, separated in a downstream columm,
washes out the neutralising sodium carbonate and then also
flows to drain, The alcohol is then steam stripped from the
ester, and is concentrated in the alcohol rich phase obtained
after condensation of the overheads and decantation. This
also passes to the alcohol/cyclohexane recovery system. The
ester and water, leaving the bottom of the stripper are
separated into two phases, the water rich phase being used to
wash the crude ester in the preceding wash column, and the
ester being passed to a column where it is finally dried with
air before passing to storage. The air from the top of this
column is cooled before venting to recover the ester.

The alcohol recovery column recycles ethyl alcohol from the
bottom while light secondary products are taken overhead.

A sidestream from this column takes the cyclohexans to the
cyclohexane column: heavy ends are taken from the bottom
while water is separated overhead. Cyclohexane is removed
a8 a sidestream and recycled to the start of the process.

The feature of sidestream removal arises because of the
presence of azeotropes and the fact that the maximum cyclo-
hexane concentration ocours in the liquid phase from the upper
trays.

Source of Know-how and Licence

As for 2-ethyl hexanol, the process technology is available
from Mellu-Bezons S.A. Comparable technology is available {rom
B.P. Chemicals Ltd.

Qperating Date
The essential data is given below,
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TABLE IT 4.4

QPERATING DATA - DIOCTYL PHTHALATE (BASIS IMT DIOCTYL PHTHAIATE)

2 Ethyl Hexanol (as 100%) MT .73
Phthalic Anhydride (as 100%) MT  0.38%
Catalysts/Chemicals ¢ 2.4
Power, KwH 25
Steam (medium pressure) MT 1.9
Cooling Water, MD 66
Process Water, M3 0.4
Labour Requirements 18

Areg of Battery Limits

The approximate area of the battery limits plant is 760 »”.
This was obtained by a layout based on the flow chart, but
including those items omitted from the chart.

4,2.2.4 Acetic Acid

Process Description and Flow Chart

A simplified flow chart for the production of the Acetic Acid
is showmn in figure II 4.5,

Acetic acid is produced by air oxidation of acetaldehyde,

in the presence of manganese acetate catalyst. Acetaldehyde
from the acetaldehyde plant, and recycled acetaldehyde, 1is
charged to the oxidation reactor into which passes air from
the Alr Separation Plant after water washing in the direct
contact coolers. The reaction temperature is maintained by
circulating the mixture through an external cooler.

The crude acetic acid from bottom of the reactor passes to the
peroxide breaker, where the explosive peracetic acid
concentration is reduced by long residence at high temperatures. l
The reactor off-gas is scrubbed first with crude acetic acid

to recover acetaldehyde and then with water to recover acetio
a0id, The crude acetic acid wash stream is returned to the
reactor, and the water wash stream passes to the methyl
acetate column,
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From the peroxide breaker, crude acetic acid is fed to the
scetaldehyde column. Unreacted acetaldehyde is recovered
overhead and recycled to the acetaldehyde surge drum. The
bottom stream from this column is cooled, part being used to
wash the off-gas as described above, and the remainder is
charged to the methyl acetate column, from which a net

s
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methyl acetate stream 1s taken overhead. The bottom stream
from the column is charged to the acetic acld finishing column,
from the bottom of which glaclal acetic acld of 99,84 parity
is withdrawn (actually withdrawn from above bottom plate as a
vapour and the bottom liquid stream, containing manganese
acetate catalyst is recycled to the reactor. Thie has not
been. shown in the flow chart),

The overheads from the finishing column is an azeatropic mixture
of ethyl acetate and water. Condensation and decantation
separate two layers: the ethylacetate rich phase is used as
reflux, while the aqueous phase is fed to the ethyl acetate
column. The overhead azeotrope from this column is returned

to the condensation/decantation stage described above, while the
bottom stream from this tower is waste water, and is sent to
drain.

Source of Know-how and Licence .

This process is a well known chemical process which
has been operated by many major companies. Melle-

Bezons S.A., British Petroleum and Hoescht are suggested
a8 potential 1icensors.

mntim Data

The essential data is given below,

Acetaldehyde (as 100%) MT .77
260

Power, KwH

Steam (low prusuu) MT 3.58
Cooling Water M 300
Process Water M 13
Nitrogen NM3 15
Labour Requirements 18

(Note: Catalysts and chemicals wed in the process are about
oqual in valve to the methyl acetate by-product.)

gm g gttog Limits

The approximate area of the battery limits plant is 480 m2,
This was obtained by a layout based on the flow chart,
including those items omitted from the chart.
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4,2,2.58 Vinyl Acetate
Process Description and Flow 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
acid and acetylene vapours pass to a fluidised-bed type
reactor, which is cooled both internally and externally by
(for example) Mobiltherm Light, A portion of catalyst is
taken continuously from the bottom of the reactor to a
regenerator (via a storage vessel which is not shown), Here
1t 18 subjected to blowlng 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-condensible gases, (mainly
acetylene) are recycled, with a small portion being vented
after scrubbing with crude acetic acld to control the level
of inert gases, The scr:bbing stream passes to the
condensing system,

Crade 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
degasser 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 degasser passes
to a column from pure vinyl acetate is taken overhead, and
acetic acid from the bottom. Two side-streams are drawn from
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
columns, They may be treated separately in a batch still to
firther 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 acetic acid to the acetic acid
column, The pure acetic acid is recycled to the beginning
of the process., Polymerisation inhibitor is added to the

1
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k,2,2,6

degassing and vinyl acetate columns

gﬂo_n of Know-how and Licence

This process 1s well established technology and is expected
to be readily available, British Petroleum. 1.C.1. and

Hoechst are proposed as possible licensors.

Qgerating Data

The essential data is given below:-

TABLE II 4.6

OPERATING DATA-VINYL ACETATE ‘BASIS 1 MT !g!& MEE)
Acetylene (as 100%) MT 0.3

Acetic Acid (as 100%) MT 0.72
Catalyst/Chemicals ¢ 1.8

Power kWh 110

Steam (medium pseaauro) MT 2.28

Cooling Water M 120

Inert Gas MM’ 150

Labour Requirements 18

Area of Battery Limits

The agproximate area of the battery limits plant is
640 M,  This was obtained by a layout of the plant
items,

Acetylene

The extension of the acetylene plant from 36,000 MTPA
to 55,150 MTPA (in 300 days per year), is analagous to
the extens on of the ethylene plant at Fauji. It is
extremely likely that the make-gas treatment section
of the plant will be designed for the larger capacity
required by Phase 1I, and that add tional burner units
will be added to the existing plant at the appropriate
time,

In view of this fact, the process description, flow
chart, licensor informatlon and consideration of the
battery limits area, have been omitted, Operating
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data is required, however, for evaluating the variable

and average costs of production for use in later sections.
This data is given below ;-

TABLE I1 4.7
OPERATING DATA-ACETYLENE (BASIS 1} MT )
Natural G:=s, scf. 214,000
Catalysts/Chemicals § 1.0
Byproduct Off-gap (oredit)

K cal x 188 7.8
Power kWh 3290
Steam (net) MT 2.9
Cooling Water N> 870
Process Water (net) M 1.3
Increase in
labour requirements 5

b 2.3 Complete Development Scheme

4,2.3,1 Utilities and Offsites Installation

With regard to these installations for the E.P.1.D.C.
scheme at Ashugan), the same arguments already discussed
in Section 3.2.3.1 of this report apply.

It was therefore considered that the most realistic costs
of the various utilities required for Phase Il would be
those based on a utilities installation of a similar sige
to that required for the complex after the addition of
Phase II. Based on previous work for the Interim Report,
such utilities costs have been evaluated for the Ashugan]
site; these are derived from unit capital costs and
operating data in a similar way to the derivation of
petrochemica’ production costs, They are based on a
fully integrated utilities scheme, and are given in
Section 4.2,5

f
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4.2,3.2

Utilities Consumgtlon

The following table summarises the main utilities
consumption required by the recommended development
for Phase 11 :-

TABLE II 4,8

SUMMARY OF TOTAL UTILITIES CONSUMPTION FOR PHASE 11

4,2,3,3

“.2.).“

Power kw 12,000
Steam MT/hr 47,2
Cooling Water MJ/hr 4,140
Condensate/Demin. Water (for process)
/nr 2.1
Inert Gas (Nitrogen from A.S.U,)
NM3/hr 212

Hmsonnt, Personnel and Labour

The direct process labour requirements for Acetaldehyde,
Ethyl Hexanol, Dioctyl Phthalate, Acetic Acid and Vinyl
Acetate 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

& weighted rate of 9,000 Rs/year for each man, as explained
in Section 3.2.3,3 of this report for the Fauli foundation.
Each of new plants above would require a Plant Manager,
f1.0., 5 in all.

Plot Plan of the Recommended Jevelopment

Figure II 4,7 gives the plot areas of the process plants
& possible arrangement. A tank farm of approximately
2,200 area for the storage of liquid products is
included in the plan,:

The disposal of effluents has been viewed in a similar
way to the Fauji Foundation scheme (see Section 3,2,3.4)
and 1t is assumed that either the Phase I Effluent
Disposal System will be capable of handling the additional
load, or will be extended as necessary,
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4.2,3.5 Use of Acetylene Off-gas

It ia posaible to make use of all the off-gas from the
acetylens 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
norsal operation.

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

hence -

[hase I HP Steam 51 MT/hr
LP Steam 161 MT/hr
Electricity 51,000 kw

By adding to these figures the Phase II consumption rates
a8 already atated in Table II 4,c above, we obtain,the following
consumption figures for the completed complex:-

hase I & Phase II HP Steam 51 MT/hr
LP Steam 208 MI/hr
Electricity 63,000 kw

The total procesa steam requirement of 259 MT/hr, all
raised ipitially at high preasure, 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,
1.8. 36,000 kw. The additional steam would require about 100 x
- e 10" kcal/hr of fuel energy. Hence, the total fuel required for
steanm and electricity generation is equivalent to about 200 x 10 keal/hr.
Mditional fuel will be required to fire the steam reforming furnaces
making synthesis gasea for the ammonia and methanol plants, only a

small part of which ia satisfied by purge gases from the synthesis
plants,

Gy GEp oE O G0 e o o o N

The off-gas rate (based on 55,000 MTPA of acetylene in %00
days/year operation and tRe operating data of Table II 4.7 above)

is equivalent to 217 x 10 kculzg. Hence all the off-gas can be
used as fuel.

ammonisfirea and methanol proceas plants. We eatimate that there
would be aufficient off-gas available to satiafy the process feed-
stook requirement of the methanol plant, and a large part of the
feedstock requirement far the ammonia/urea plant as well.

The advantage gained by such use of the off-gas 1is the partial
or complete elimination of the natural gas reforming step In the

l APC proposed that the off-gas be used as feedstock for 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
moédified and integrated with the acetylene/oxygen plants so that
such a utilisation of the off-gas 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 gas 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
the acetylene off-gas as fuel if this is shown to be attractive.
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I k,2.4 Capital Costs
b,2.4,1 Acetaldehyde Plant
l TABLE 11 4.2
CAPITAL COST OF ACETALDEHYDE PLANT
l Rupees x 105
Fore Local
Do o
l 1. Equipment, Spares, Procurement,
Freight and Insurance, Tools
and Plant, Insurance. 12,94 -
' 2. Engineering, Expenses and
Overheads, Licence, Site Supere
' vision and Commissioning. 6.20 -
3. Construction Labour, Civil work,
Local tools and plant, Local
l insurance, Inland Freight and
Dock clearance, Local Spares,
Local Expenses. - 4,98
' 4, Duty on Equipment and Spares . 3.13
l TOTALS: 19.14 8.11
Start-up charges 1.% 1.3
Interest on Foreign Exchange
' during conatruotion 2.11 -
22.6 9.47
' TOTAL COST 32.08
' The above capital cost estimate covers all fixtures which are
normally within the plant battery limit, and all expenses required
to bring the plant into operation. !
l t= Raw materials and products storage and handling
sufficienct for normal operation. Civil work, control rooms,
minor office buildings and workshops, fire equipment, telephones
l etc. within the plant boundary,as necessary.
Excluded;- Major offsite storace facilities, Civil work, piping,
' and services distribution up to the plant boundary, site develop-
ment, and land.
Interest during construction on the local currency element is |
' omitted from this estimate because details of the method of
finance are not known,
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4.2.4,2 2=Ethyl Hexanol Plant

TABLE II #‘10
CAPITAL COST OF 2. 0L, PLANI
Rupees x 106
Eoreign Local
Exchange Currency
1. Equipment, Spares, Procurement,
Preight and Insurance, Tools and .
Plant, Insurance. 6.51 -
<. Englneering, Expenses and Overheads,
Licence, Site Supervision and Come
missioning. 4,64 -
3. Constructlon !abour, Civil work,
T.ocal tools and plant, Tocal
Insurance, Ilnland l'rieght and
Dock clearance, Local Spares,
Local Expenses, - 2055
4, Duty on Equipment and Spares - 1.54
L] A
TOTALS 11.15 3.87
Start-up charges 0.75 0.75
Interest on Foreign Exchange
during construction 1.23 -
13.13 4,62

Por definition of the scope of the above capital cost, see
footnote to Table II 4.9,
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4.2.4.3 Digotyl Phthajate Plant

1. Bquipment, Spares, Procurement,
Prieght and Insurance, Tools and
Plant, Insurance. 6.08 -

2. BEngineering, Expenses and
Overheads, Licence, Site Super-
vision and Commissioning. .50 -

3. Construction Labour, Civil work,
Local Tools and Plant, Local
insurance, Inland Freight and
Dock Clearance, Local Spares,

Local Expenses. - 2.31
4, Duty on Equipment and Spares - 1.47
TOTALS 8.58 3.78
Start-up charges 0.62 0.62
Interest on Foreign Exchange
during construction 0.94 -
10.14 4.40
TOTAL COST ' 14.54
ESTIMATED WORKING CAPITAL (max.) 747

Por definition of the scope of the above capital cost, see
footnote to Table II 4.9,
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TABLE II 4,12

SAELIAL COST OF ACETIC ACID FLANT

Equipment, Spares, Procurement,
Freight and Insurence, Tools and
Plant, Insurence,

Engineering, Expenses and Over-
heads, Licence, Site Supervision
and Commissioning.

Construction Labour, Civil wrok,
Local Tools and Plant, Local
insurance, Inland Freight and
Doock Clearance, Local Spares,
Local Expenses,

Duty on Equipment and Spares

TOTALS 1

Start-up charges .
Interest on Foreign Exchange
during construction

TOTAL COST
ESTIMATED WORKING CAPITAL (max.)

Rupees x 106
or'e Local
Exchange Currency
5.51 -
1.53 -
- 2,08
- 1.33
7.04 3,41
0.52 0.52
0.77 -
8.33 3.93
12.26
0.35

Por definition of the scope of the above capital cost, see
footnote to Table II 4.9
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%.2.4.5 Ying) Acetste Plant "
TANE I1 %13
SARITAL COST OF VINYL ACKTATR PIANT
6
Rupees 2 10

7TV
i
1. EQquipment, Spares, Procurement,

Preight and Insurance, Tools and
Plant, Insurance. 6.18 -

2. Engineering, Expenses and Over-
heads, Licence, Site Supervision
and Commissioning. 1.83 -

3. Construction lLabour, Civil work,
Local Tools and Plant, Local
insurance, Inland Freight and
Dock Clearance, lLocal Spares

Looal Expenses. - 2.35
4, Duty on Equipment and Spares - 1,%
TOTALS 8.01 3.85
Start-up charges 0.5% 0.59
Interest on Poreign Exchange
during construction 0.88 -
5.5 R
TOTAL COST 13,92
ESTIMATED WORKING CAPITAL 2.49

Por definition of the scope of the above capital cost, see
footnote to Table II 4.9
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8,2,4,6 §

The cost of expanding the production capacity of the
Acetylene and Oxygen plant from 36,000 MTPA to 55,150 MTPA has
been estimated, and is given, in Table II 4,14 below.
Allowances for expansion of Utilities and Offsites are also
given,

Acetylene and Oxygen Plants

Expansion 14,39 8.71
Utilities Plants Expansion .75 N6
Offsites Expansion 3,48 6.91
Interest on Poreign Exchange

During Construction 1.98 -
TOTALS 20.57 16,08
TOTAL COST 36.65
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%.2.4.7 capital Costs Susmary for Expansion
‘ : ' - TADLE 11.%.15
Capaci Pom 8 X J.o6 Cﬁc
rivie Ddwe (SETR
Acetaldehyde Plant 25,900 19.14 8.11
2-Bthyl Hexanol Plant 11,840 11.15 3.67
Dioctyl Phthalate Plant 16,000 8.58 3,78
Acetic Acid Plant 8,180 7.04 3,41
Vinyl Acetate Plant 8,420 3.8%

Start-up, training and
consultancy costs 3.84

Interest during construction - (2.53)

TOTALS FOR MEV PLANTS; 26.86(29.%9)

TOTALS POR ACETYLENE, UTILITIRS
AND CFFSITES EXPANSIONS

16.08
TOTALS FCR RXPANSION OF COMPLEX 42,94

TOTAL CO8T »
ESTIMATED WORKING CAPITAL

The 'totals for new plants' are needed for the cash
flow calculation in Section 4.2,7.6 in which the average unit
cost of acetylene includes an element to cover the capital
008ts of expansion of the acetylene and oxygen plants,
utilities and offsites.

For the cash flow calculation, the 1 s used for
local currency costs are shown in brackets. 'Interest'
smounting to 11% of the local currency element of plant cost
is included, to allow for the time value of money during the
construction period,
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4.2.4.8 Pre-Investment for Phase II

It will be necessary to lay out a significant pro-
portion of the capital cost of the expansion in the initial

sonstruction stage, 50 as to achieve the most economical result
overall.

The acetylens purfication equipment would be designed and
erected as a single streas for the final (55,150 MTPA) capacity.
81x burner units would be required for this capacity and of
these, two would be omitted from their allotted places until the
second stage of construction, together with the associated
§as scrubbing and cooling equipment.,

The cxygen plant and the main utilities plants would
be installed in their final form in the firs* stage of cone
struction, apart from a few items, such as a cooling water cell,
which could be delayed,

The 'offsites' (utilities distribution etc.), attributable

to the expansion, would also nearly all be installed during the
first construction phase,

£apita) Coet Summary for Project

In the following table, the estimate of the capital coast
for Phase I, as sanctioned, is taken from EPIDC's proposal
dooument dated January 1970, The additional capital cost for
the recommended expansion has been calculated by adding together
the estimates already given for the process plants and for the
expansion of the acetylene and oxygen plants, utilities and
offaites. Of this additional capital, the pre-investment as
described above has been estimated, and is given below under
the heading Phase II A, The remainder of the capital cost,
necessary to complete the recommended expansion, is given
under the heading Phase II B,
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DARE 11.5.16
Sapisal Cost Dummary for RPIDC Petrochemion) Project

Rereisn Exchange WM,
 Phase I as sanctioned (including
land, site development and

housing colony): - 562 25
TOML CO8T: 957
ESTIMATED WORKING CAPITAL: p )}

Mase IIA as defined adove: 15.81
TOTAL CO8T, n,. %

Hence, Stage 1 of comnstruction: 580.51 410,81

TOTAL CO8T:
ESTIMATED WORKING CAPITAL:

Phase IIA (Stage 2 of construction): 66,04

TOTAL COST:
ESTIMATED WORKING CAPITAL

Complete Project: 606,55

TOTL CO8T:
BETIMATED WORKING CAPITAL

.
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4.2.5 UnitCosts and Prices

TARLE II 4,16 1ists the unit costs of the various raw materials,
utilities anéd packages used in the subsequent financial analysis.

It alsc gives the credit values assigned to the various by-products,
and the proposed selling price of the ende-products. These costs,
eredit values and prices are subedivided for the purpose of specific
financial analyses.

TABLE II 4.17
UNIT COSTS AND PRICES
ﬂ

Fore

Bod Produots ($) C

Dioctyl Pnthalate, MT  (235) 384
Acetic Acid, MT (107) 161
Vinyl Acetate, MT (149) 222

- ots
off-gas, 105 K.Cal,

&w Mntoriga

Natural Gas, 10) 8.0.f.
Phthalic Anhydrido. MT 1. indlm
2. imported 276

-
U‘.
-0
O

Hydrogen, MT

Ueiditien

Blectricity, kwWh
Steam, MT

Cooling Water, l’
Process Water, n’
Demin., Water, -3

Duckeges
Steel Drums (per MT of D.O.P.
or V.A.)
Polythene Containers (per MT
of Aocetic Acid)

Hete on frices

The "total” prices for the end products are the proposed selling prices
before tax estimated by H& G on the basis that they would give a reasonable
return on the capital employed, suitabdbly distributed over these end products.
The cash flow caloulation provides an overall check on these estimates.

The foreign exchange prices of these end products are the expected C & F
prices of the substituted imports, and they are based upon 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 selling price.

Phthalic dride (1) estimated total cost at Ashugan), including transport
rom plant at Karachi, using data from Volume III (11i) C & F price of
imrorted material.

8

\

28383

3 8
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4.2.6 Poreign Kxchenge Anlreis
5,2.6.1 Qenersi

munua-nmmumwm of Mase 1 of Un
2.2.1.D0.C. scheme is shown in the Mlock Diagrem P10, 1I 4.1.
This is summarised below :-

TABLE ]I &.38
DCRIMENTAL FRODUCTION FOR PHASE M
MIPA
Acetylene 19,150
Dicotyl Phthalate 10,000
Aoetic Acid 1.6”
Vinyl Acetate 8,420

The basis for the Foreign Exchangs Analysis is the
comparison of the foreign exchange saving end the local
ourrenocy cost (emcluding duty) for this inoremental
production, and hence a statement of the cost in local
ourrency of saving foreign exchange. It is applied %o
the increment in production at the full (design) rate.

»2.6.2 ] { P gti

Prom the operating data given in Section 4.2.2 and the
unit operating ocosts given in Section 4.2,5, the variable
costs of production for acetylene, scetaldehyde, 2-ethyl
hexanol, diootyl phthalate, soetic acid and vinyl acetate
may be caloulated.

tluuc .rggz Jm 1% lct.uro is assumed.

$
Aocotylene 22,0 229.9
Asstaldshyde 7.1 19.7
2-Ethyl Hexanol a.5 n.2
Diootyl Phthalate 3.2 650.0
Acetic Acid (181 67.1
Vinyl Acetate 3.3 T4.8

i. aEp WD G D G G G O D S D G oy eap a» G

—
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Notes on Table II 4.19

1. The local costs in the above table include the cost of
packages where necessary.

2. Summation of the variable costs listed enables the total
variable costs of the complex extension to be oalculated,
Thus, the variable cost of any precursor which also
appears in the 1list is excluded.

§,2,6.3 Pixed Costs of Production

intenance

Por the purposes of this caloulation, maintenance was based
on the foreign exchange investment in a similar way to that
for the Fauli development (see Section 3.2.6.3), The
following basis was used - :

Foreign Exchange Element of 2.9% of foreign exohange
Maintenance costs ¢

Local Cost Element of 2.58 of foreign exchange
Maintenance costs capital cost

For the total foreign exchange investment of 14.47 x 106 s,
(see Section 4.2.4), the maintenance charge per year isi-

I Poreign Exchange $ 420,000

capital cost

Local Cost (exoluding duty) Rs 1,726,000

m:- and Smrvigion -

The direct labour requirements of the acetylene plant
expansion and the other plants corresponding to the petroe.
chenicals lists in Table II 4.17, are estimated to be

107 men (see Section 4.2.2), At an average cost of

9,000 Rs per man per year, whioh allows for supervision,
the costs are :-

Local Cost Rs 963,000
Qverhesds

These are estimated at ¥ of the total sales revenue.

This s caloulated using the data from Table II 4,16,
thus t-
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6
M x 30
S8le¢ 16,000 MTPA Dioctyl Phthalate 4.8
1,650 MTPA Acetio Acid 2.1
8,420 MTPA Vinyl Acetate 15.0
s!';

!
|
|
I
|
!
I
|
I
|
|
|
|
|
|
l
!

The overhesads are thus Rs 1,856,000 (local cost only).

t on Working Capita

Working capital was assumed to be equivalent to the value
of 2 months of finished product. As output rises during
the initial years, so0 also does working capital. The
interest on this working capital is equivalent to 1.5€ of
the years sales revenue. It is thus Rs 928,000 for full
production capacity.

The fixed costs of production are summarised below:-

TABE 1] 420
ZIXED PRODUCTION COSTS
(8 x 107/yr) x 103/yr)
MNaintenance 420 1,726
Labour and Supervision N1l 963
Overtweds and Selling Expenses N1l 1,856
Interest on Working Capital Nl 928
TOTAL : “m 50“73

8.2.6. Poreign Lxchenge Saving and Mupee Cost Comperison

The following table compares the foreign exchangs saving
and the Rupee costs of production, and is compiled using
the data given in the previous sections.

T™he Rupee element of the investment excludes duty on
oquipment, but includes start-up expenses. The use of
the average interest rate ensures that the early years
are not penalised nor the results for the later years
over-optinistio.
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“02060“ JOF) (omt"r)

EXCHAN YS1S

Po cal Cost
7y :

$x loa/yr. Rs x IO’/yr.

' Yariable Production Cogts
Acetylene, 19,150 MTPA 421 4,400
Acetaldehyde, 25,900 MTPA 184 510
' 2-Ethyl Hexanol, 11,840 MTPA 255 8a3
Dioctyl mmugo. 16,000 MTPA 51 10,400
Acetic Acid, 1,650 MTPA )
' 6,530 MTPA ) b 549
Vinyl Acetate, 8,420 MTPA 28 630
l Eixed Production Costy 420 5,473
TOTAL PRODUCTION COSTS 1,393 82,005
| Zoredgn Exohange Value of Products
Dioetyl Phthalate,
16,000 MTPA @ $384 6,140
l Acetic Acid,
1,650 MTPA @ $161 266
-Vinyl Acetate,
l 8,420 MTPA ¢ $222 1,870
TOTAL F.E, VALUE OF PRODUCTS 8,876
| y
s gy c S
X, of $17.72 x 106)
[ Annual Repaywents 1,77
TOTAL INTEREST + REPAYMENTS 2,
l Poreign Exchange Savings 8,
[ %
[ 298‘0
25,648
[«]
l ) v 1 2.8
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%.2.6.5 Poreign Exchange Anslysis for Eeon Product

The variable and fixed production costs of each
intermediate and product have been calculated, on exactly the
same basis a2 in the preceding sections. The fixed costs
(both operating and financial) have been suitably distributed
between the acetylene expansion and the process units, As
before, the duty and bonus elements have been omitted from
the costs of plants, materials and utility services. Financisl
costs include depreciation on the local element of fixed capital,

The production costs and foreign exchange savings
fibures so calculated are:-

$ Rs
Foreign Exchange Local currency

Acetylene, per MT
Variable 22,0 229.9
Fixed 38.9 111.3
Production Cost 60,9 31,2
Acetaldehyde, per M7
Acetylene, O.63 MT 38,4 21%.0
Other variable 7.1 19.7
’M 29-5 &-7
Production Cost 78,0 319.4
A=Rthyl hexanol, per MT
Acetaldehyde 1,66 MT 124,.5 530.2
Other variable 2l.5 71.2
Fixed 7.6 107.9
Production Cost 183.6 709.3
Rieetyl phthalate, per NI
0.73 MT 134.0 517.8
Other variabdble j.2 650.0
Pixed .4 61.%
Production Cost ¢/f 188.6 1229.3
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l Production cost b/f 158,6 1229.3
Cost of alternative
import (C a2 P) 384
' Poreign exchange
llvin. 2250“
l Ratio Ns 1229./8225.4 « Qg 5.4/8
Asetic acid, per W7
Acetaldehyde,
l 0.77 MT 57.8 245,9
Other variable 4.1 67.1
l Pixed 34,5 98.7
Production cost 96,4 411.7
Cost of alternative
[ iaport (C & P) 161
Poreign exchange
saving 64,6
| Matio hs M1.7/860.6 < Rg 6ub/p
Jinxl scetate, per MT
[ Acetylene, 0.32 MT 19.5 109.2
Acetic acid 0.72 MT 69,4 296.4
Other variadle 3.3 74,8
[ Fixed . 38,0 109.0
Production cost 13%0,2 589, 4
' Cost of alternative
import (C & F) Q22
Poreign exchange
l saving 91,8
Ratio Re 589.4/991.8 = Rs G.ia
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4,2.7 Cash Flow and D.C.F, Rate of Return

4.2.7.1 General

The sales revenue is based on the pattern of market builde
up stated in the Interim Report. Production by the
individual plants is only limited to 30% and 90% in the
first and second years of operation in view of the fact that
existing plants and utilities will be well established,

The lower figure of the two (market requirement or
production capacity), establishes the output, and thus the
sales rate, for a particular year., After 1980, the full
producticn rate can be maintained and sold.

In this analysis, it was decided to use the average and not
the marginal cost of acetylene production in establishing
the production costs of the products (see Section 4,2,7.2
below), Total costs of the manufacturer are used throughe
out this analysis so that the D.C.F. rate of return can be
determined from the viewpoint of the Pakistan investor.

“020702 AV!!:& Cost of AO'txl.n.

Phase 1 of the E.P.I.D.C. project at Ashugan) is planned

to produce 36,000 MTPA acetylerne, Our recommended
development would require this capacity to be increased to
55,150 MTPA. For the purposes cf analysing Phase II of
the project, acetylene is taken as a feed to the new plants
proposed, and the average cost of acetylene production is
based on the capacity of 55,150 MTPA,

The estimated total cost of acetylene as a feed to the
Prase II units is Rs 1,037/MT.

4.2.7.3 Variable Cost of Dioctyl Phthalate Acetic Agid and
oetate otlon

Using the average cost of acetylene production from the
previous section, the operating data in Section 4.2.2 and
the total unit oosts of raw materials and utilities from
Section 4.2.5, the variable costs of the three sales
produots were oalculated. The variable costs include the
oost of all raw materials used, and a'so the oost of
packages. They are summarised below -

Dioctyl Phthalate Rs 1712.4/M7
Acetic Asid Rs 696,0/MT
Vinyl Acetate Rs 915,6/M7
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4,2,7.4 Fixed Costs of Production

The fixed costs are estimated for the extension project
a8 a whole and are not subdivided between end-products.
In the cash flow table and D.C F. calculation, the presence
of the full capacity acetylene unit on the site is assumed.

Maintenance

The total annual maintenance charge for the extension
project is estimated as a proportion of the fixed capital
for the whole extension project. The basis adopted
(consistent with Secticn 4.2.6.3) is 4% of total fixed
capital (duties excluded). On this basis, the figure of
4,08 includes allowance for the duty element of materials
used in maintenance.

Hm and Sunw ision

The direct labour requirements for all five plants is

estimated to be 102 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 the Foreign Exchange Analysis. They are based on
full production rates.

Exo R t8

The repayments are made in equal sums over the first ten
years of operation. The total foreign exchange loan for
the plants producing the intermediates and sales products
(1.@., excluding the Acetylene Plant Extension) is 1=

Rs 63.98 x 10°

It includes interest on the loan during the construction
period and the foreign exchange capital ocovering starteup
expenses (see Section 4,2.4),

4.2.7.5 Qther Fixed Costs
Intereet on Foreign Exchengs logn

This 1s taken as 8% of the outstanding loan.

!
|
|
!
|
|
|
|
|
|
|
!
|
|
!
I
i

!




B=535







'\I‘ ﬂ 28 NL

- g2

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS
STANDARD REFERENCE MATERIAL 1010a
IANSI and ISO TEST CHART No 2)




Yolume I1

MUNREYS & GLASOOW | 4.2
UNIDO Vienna Pre-Investment Studies for Fertiliser C.1669

for Pakistan & Petrochemical Industries - Final n.:n Juli lﬂo

Ty N GND OB @B

%

[
o

‘020736

intereet ¢u Working Cepital

As in the Foreign Exchange Analysis, this is based on
1.5€ of the total sales revenue. The total sales revenue
applicable to the particular year is used.

Flo D,C.F, f Ret

The cash inflows, cash outflows and the net cash flows are

set out in Table II 4,21, The net cash flow is before tax
and depreciation,

A total span of 15 years is oovered; year O is the
reference year in which it is assumed that all capital
expenditure is incurred. (The allowance mentioned
above for the interest during construction permits this
simplification.)

The costs in this table are based cn 1970's costs of
equipment materials, and labour. (see 3.2.7.6 for detailed
comment). The propcsed selling prices of the products are
cn the same basis 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 products. They are well below the
current import prices on a cash-cum-bonus; the C & F prices
which would be competitive with the proposed selling prices
are shown in Table II 4.17.

The D.C.F. rate cf return based on the Rupee investment in
the fixed assets is calculated at 16.4%, This D.C.F., level
indicates the viability of starting-up the extensicn in 1976
at the capacities proposed,

For explanation of the capital costs used, see Section 4.2.4.7.
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Cono;uligm

1, Consideration of the Phase I plans for production at Ashugan) and
our recommendation for Phase II in West Pakistan, indicates that the new
products for Phase II at Ashuganj should be:

16,000 MTPA Dioctyl Phthalate
8,420 MTPA Vinyl Acetate
1,650 MTPA Acetio Acid

Each of the above products shows a saving on foreign exchange. A
scheme including 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.

2o The Rupee cost of saving foreign exchange for the scheme as a whole
is estimated at Re, 4,78U,S, $, and is very favourable.

B 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 caloulated at 16.4% (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 capaoity in the first 4 years
would be improved. (Under the scheme proposed at present, start-up is in
1976 but capacity is designed to meet the estimated consumption for the pro=
ducts in 1980), Any delay, however, postpones the date when the foreign
exchange starts to accrue,

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

é. 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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APPEDIX 1
BIELIOGRAPHY
ence

l. C. Jenics UNDP Project Manager
Jeneral Survey of the Ikisting Situation in the Petrochemioal and
Fertilizer Indistries, and

A Review of the Raw Materials Availabilities and their Prices in

2, T. Janskievekis UNDP Project Chemical Wigineer
General Survey of Mkisting Situation in regard to the Manufacturer
of man-made fibres in Pakistan.

ey IR oINS G

March, 1968

3+ C. Jenics UNIP Project Manager
A Preliminary Study of Oomplex Pertilisers with Particular reference
to Pakistan,
.toh, 1968

4. T. Janakievskis UNDP Project Chemical Fhgineer
A Review of the Industrial Chemical Complex Study for Mast Pakistan
and a Proposed Pattern for a Petrochemical Oomplex.
* April, 1968

5. V. Tevetkovs UNTA Bxpert
General Survey of Ikisting Situation and Proposal for the Plastioce
Froduction and Processing Industries in Pakistan to 1985.

6, T. Janakievskis UNDP Project Chemiocal Engineer
A Study of Feedstocks and Processes in the Petrechemioal Industry
with & Review of the Position in Pakistan.

January, 1969

7. L. Kochetkovs UNDP Bxpert
Methodology and General Survey of the long-term forecest for the
Production of Plastics and Synthetic Pibres and background of the
Chemioal Industry in Pakistan oonomy,
Pebruary, 1969

8. Von Peters FAO Consultant
Pertilizer Marketing in Pakistan,
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9. A. Ananias FAO Agricultural Credit Specialist
: Pointers for Discussion of Credit Problems comnected with Pertiliszers
! Promotion in Pakistan 1968,

(Superseded by Ref.13)

#*
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10, J.0. Vermaat: PFAO Tean Leader

(a) Preliminary Waluation of the Proepects of Oomplex and
Compound Complex and Compound Fertilisers in Fakistan.

January, 1968
(b) Projection of Fertiliser Nutrients Requirements of West Pakisten
for the Period 1970-1985.,
Pebruary, 1968
(¢) Pertilizer Use Potential in st Pakistan.
March, 1968
11. Batelle Institute, Frankfurt/Mein: Report for UNIDO
Market Survey of Petrochemioal Products in Pakistan.
January, 1969

12. Investment Advisory Centre of Pakistans GOovernment of Pakistan
Survey of Plastios Processing Capacity in Pakistan.

13. A, Ananias FAO Agricultural Credit Specialist
Credit and Fertilizer Promotion in Fakistan.

Nay, 1969

A 8tudy of Aromatics and Derivatives with & reviev of the position
in Pakistan.

15. L. Kochetkovs UNDP Mxpert
Eonomical Survey of Iisting Situstion in the World's Petrochemical
Industry and Analysies of West Pakistan Petrochemical Complex.

16. Report of the AJDC Fect-finding Mission on Petrochemiocal Industries
in the BCAFE Region. Report to Asian Industrial Development Oouncil.

17. DIr. Andrew 8. de Thdredys FAO Consultant
Methods of Soil Analysis (Soil Fertility and Soil Testing Institute
of West and Wmast Pakistan),
June, 1969

18. C. Jenici UNDP Project Manager
Oeneral Survey of World Production, Consumption, International Trade
and Fertilizers Requirements.
September, 1966

19. Zinder Internstional Ltd./Pechnocrats Ltds Report to Government of
Pakistan. A Freliminary Puel Study for Pakistan.

1968

l 14, T. Janakievskis UNDP Project Chemical Egineer
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20, looation and Investment in Nitrogenous FPertilizer Production in West
Pakistan (Rotner Report). B.R. Rotner Harvard University Advisory Service.

Deceaber, 1967

21, Pertilizer Policy in Emst Pakistan. NMinutes of the Meeting.
Director of Agriculture Bast Pakistan Government.

———

March, 1969
22, Dr. J.0. Vermaats FAO Team Leader
Technical Reports on Pertilizer Trials (Mast Pakistan) = Various Reports.

Z 23, Two Reports B830s MBsso Pakistan Fertilizer Co. Ltd,
(a) Crop Responses to Various Phosphatic Fertilizer, West Pakistan.
November, 1966
(b) West Pakistan Fertilizer Consumption Foreocast.
November, 1966

24. So0il Pertility Investigations in Pakistan.
Dre J.G. Vermaats PFAD Team Leader
PeAeOe 1964

25, S0il Fertility Investigations in the Peshavar Region.
Von Peter FAO Oonsultant

F.A.0. 1964

26. The Pertilizer Programme of the Governsent of Tast Pakistan,
Planning & Development Dept. Wst Pakistan Government.

27, Pertilizer Requirements for Bmet Pakistan (1970=1980).
Dre J.G. Vermaats FAO Team Leader

28, West Pakistan Chemical Fertilizer Handling and Merketing Survey.
UeSs Agency for International Development = Pakistan.

29+ The Demand for Fertilizer in West Pakisten, ¥ .
West Pakistan Agricultural Development Corporation.
December, 1968

30. The Manufacture of Fertilizers in st Pakisten (3 volumes)

Vol. I Survey of Demand ; See Ret. 31
veol. II Manufacture of Nitrogenous Fertiliser. ¢ ’
Vol. III Manufecture of Phosphatic Fertiliser.

Chemoon Report to Industrial Nanagenents Ltd. August, 1967
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31, New Iseue of (30)
Vol. I and II only.
32, Boonomic and Technical Braluation of Oversess Mhipment and Utilisatiom

of Menental Phosphorous for Pertiliser Production. Tennessee Valley
Aathority. Published Report,

January, 1968
33, The Iole of Ixtension in the Distridbution of Pertilisers.
Dre J.0. Voermaat. FAO Tean Leader
34, Seminar on Petroleum. Petroleum Inetitute of Makietan.

35. Rhylene and Polyethylene Plant for st Pakistan. MNitsudishi.
Report to East Pakistan Induetrial Development Corporation.
Deoember, 1966

36. Market Survey and Feasibility Study for Xarechi Petrochemioal Oomplex
(FAUJI). BBICUP & Chemioal Oonsultants (Pakisten) Ltd. Report to Meuji
Poundation.

37, Petrochemical Investment in S.B Asia = French Institute of Petrel.
V.B. Henny F. Vaches Institut Prencaie du Petrole.
My, 1968

38. Development of Petrochemiosl Industry in Fakistan.
(2 volumes) Library. MNessrs. Imhausen, Report to Pakistan Government

1964

39. Development of Fertilizer Industry in Pakistan,
Nesers. Imhausen. Report to Pakistam Govermment.
40. PVC & PVA Fidre - FPIDC/Bumitomo. Report to B. Pakistan Indl. Devt.Oorp.
October, 1966

41, PACH R.C.D. Reporv=Manufacture of Acrylic Pibre Iren - Pakietan.
Ghemioal Oonsultants (Pak) Ltd. Report to V. Fakisten Indl. Devt. Oorp.

1968

42, Pertiliser Trials in Farmers' Fields by A. Vahnad T.I. Department of
Agrioulture Vest Pakistan Government.
November, 1965
4). Bast Pakietan Market Survey - EBSO Pakistan Pertiliser Osspany Ltd.

August, 1968
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44. Proposal of Peasidility Pattern of Petrochemiosl Complex Industry in
Pakistan. Vol III. 7. Janakieveki. UNIDO Project Chemioml Wgineer

June, 1969

43A. Investment Study. Mast Pakistan Petrochemical (omplex based on Naturel
Gns. Austrian Petrochemioal Oonsultents. Report to st Pakistan

Ind. Devt. Qorp. ’
September,1969
458, mopsis of Doocument 45.
51, Vest Pakistan. Oomments on the fertiliser progrease during the feurth
five year plan. Dr. N. Naumann UNIDO Project Manager
guat, 1969

52. The Onsumption and preduction of fertilisers in Mst Pakistan
during the fourth five year plan. Dr. J.0., Yermaat FAO Tean lLeader

Sept ‘b‘!" 1969

54, Faper presented in Tehersn on the fertiliser industry in Pakisten
(inoluding pesticides) Bxpert from Fakistan Oovernement.
Ootober, 1969
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