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VOLUME III

FIBRES AND SYNTHETIC RUBBER INDUSTRIES IN PAKISTAN
IN ASSOCIATION WITH REFINERY AND PETROCHEMICAL OPERATIONS

SUMMARY OF REPORT

l PROPOSALS FOR THE DEVELOPMENT OF THE AROMATICS,
l The report is concerned with planning the development of the synthetic
fibres, aromatic petrochemicalsand synthetic rubber industries in Pakistan.
The first step is the analysis of end-product requirements for the period

upto 1985,

End-products and intermediates required, and processes for their manufacture,
are reviewed,

Nylon and polyester fibres,. the moat important end-products, should be
produced in plants of at least 5,000 MTPA ultimate capacity, in order that they
can be supplied at competitive cost to the textile industry. It is shown that
manufacture of caprolactam and terephthalic acid feedstocks becomes an attractive
" proposition at a minimum capacity equivalent to about 15,000 MIPA of each fibre.

Two further products which are attractive are phthalic anhydride and SBER
’ synthetic rubber. The phthalic anhydride is feedstock for a 16,000 MTFA di.
) octyl phthalate plant in East Pakistan (see Volume II). Butadiene for the
] SBR unit would be extracted from the Cy by-product stream of the ethylene
oracker in Faujl Foundations West Pakistan Petrochemical Complex.

J The production of BIX aromatics for these end-products is analysed in
detail and schemes in East and West Pakistan are analysed, A site at Karachi
in West Pakistan would have twc advantages which have a decisive effeot on
costs of BTX production. These are:

(a) The presence of 12,000 MTPA of benzene in high concentration in
the pyrolysis gasoline from the Fauli cracker.

(b) The larger market in West Pakistan for high octane gasoline; this
is an attractive use for the raffinate stream from the aromgtics
extraction unit, and for aromatics surplus to chemiocal feedstock
requirements. ) ' o

Based on the detailed analysis, a development strategy for the industry
is proposed. As well as the products, process units and capacities, the
locations, timing and capital costs for these are stated. This strategy is:
summarised in the table on page 6-2,

oum— [ ] [ ] — -—
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SECTION 1

INTRODUCTION AND ACKNOWLEDGEMENTS

In this Volume, the development of the synthetic fibres, aromatic petro-

chemicals, and synthetic rubber, industries is analysed,

The development of a sound synthetic fibres industry should bring great
econe :ic benefit to Pakistan, The most important synthetic fibres, generally

in the world and also in Pakistan, are nylon and polyester.

They are derived

from aromatic hydrocarbons, and a major proporticn of the aromatics petro-
chemicals indust.'y, generally and potentially also in Pakistan, is concerned

vwith supplyivg the monomers for these fibres.

Study of the synthetic rubber industry is included in this Volume since
styrene, which is used in the manufacture of SBR synthetic rubber, is in part

an aromatic petrochemical,

In the Interim Report it was stated that at present an economic source of
aromatics was lacking, but we recommended that nylon € and polyester fibre pro-

duction should be developed on the basis of imported monomers.

After the Interim Report had been presented, H. & G. examined the avail-

ability of feedstocks for an aromatics units of around 50,000
to start up in the 1975-1980 period,

MTPA capacity,

Suitable feedstocks can be made available in the form cf naphtha whose

alternative uses would be mainly as industrial fuel or export,

with comparatively

little competition from automotive fuel use. This is an advantage which
Pakistan enjoys in aromatics production compared with the developed countries,
where automotive fuel provides increasingly strong competition for aromatics

feedstocks.

Throughout this Volume, costs and benefits are expressed in terms of
estinated effects on the economy of Pakistan as a whole. For this reason,
duty payments and cost of bonus vouchers are excluded from the cost of imported

iteme, and bonus value from the credit value of any exports.

To present the

cost information in the most useful form, we have kept foreign exchange and local

currency costs separate, looking at each industry as a whole.

That is to say,

the C & F value of materials and services which the industry imports into
Pakistan are regarded as foreign exchange costs, while F,0.B. value of exports
and C & F value of imports replaced by the industry, are regarded as savings.

The economic basis of the study and the ccsting techniques adopted are

discussed in more detail in Secticn 5,

Note: Reference should be made to Section 5 for information on the basis

for cost tables and data presented in Sections 3 and 4,
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l SECTION 2
l MARKET ESTIMATES
2.1 Synthetic Fibres
' The synthetic fibres are potentially the most important end-

products of aromatics, although their consumption in Pakistan is still
very small compared with cotton, In the developed countries, synthetic

’ fibre consumption is still growing rapidly and is now comparable with the
consumptions of the natural and cellulosic man-made fibres group, both of
which are relatively static.

Currently, total world production of synthetic textile fibres is
about 4,5 million tons/yeary it is growing at about 20% p.a. and showing
only slight signs of slackening its rate of growth, The estimated
market share and rate of growth of each of the main categories is:-

E of total o owth
Nylon fibres 42 15
Polyester fibres b o) 20 - 25
Acrylic fibres 20 20 - 25
Other synthetic fibres 8 25 - %0
100

The high strength (both wet and dry) of nylon and polyester yarns
makes them extremely valuable in a wide range of industrial uses. Howe
ever, none-industrial uses of the synthetic fibres account for a large
proportion of world consumption, and in such uses their advantages are
not easy to quantify, The hard wearing property of synthetics does in
many cases confer a longer life on articles made from them, but there is
little evidence that the availability of synthetic fibres has lessened
total consumption of fibres of all types. Possibly, people obtain
benefits from the higher performance of synthetic fibres in easier clean-
ing, few repairs, etc. rather than in longer use. Mainly, however, it

. is a matter of consumer preference and here the versatility of synthetiec
fibres is a major factor; new varieties of textiles made from them are
| still being developed.

rapid increase in consumption can be expected, at least by the upper
income groups. Cotton will be released and become available for the
export market, in amount at least equal to the synthetic fibre consumption.
It will be shown in this Volume that the foreign exchange so earned can
pay for most of the foreign exchange element of the cost of production of
the synthetic fibres, at first from imported intermediates, and later from

' When synthetic fibres become more freely available in Pakistan,
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oil. It should thus be possible to obtain the benefits of improved
industrial and consumer products made from these fidbres, at small cost
to the external balance of payments.

In this Study we have not taken into account the possibility of
stepping up exports of textiles and textile goods with a synthetic fibres
content. The manufacture of synthetic fibres in Pakistan will become
even more atiractive if export markets for such products can be found.

bring great economic benefit to Pakistan. Nylon and polyester, which

are the two most important types of synthetic fibre generally in the
world, and also in Pakistan, are both derived from aromatic petrochemicals.
Indeed, a major proportion of the aromatics petrochemical industry
generally, and potentially also in Pakistan, is concerned with supplying
the monomers for these fibres.

2.1.1 Domestic Conaumggion Estimtes

' Thus, the development of a sound synthetic fibre industry should
T.V. Janakievski (UN Expert) has analysed the market for
l synthetic fibres in Ref., 2. The Battelle Institute has also
discussed the demand for these fibres in Ref. 11.
i Estimates of consumption of nylon and polyester fibres,
from both these sources, are quoted again by T.V. Janakievaki in
Ref. 14, and the figures for 1975 and 1980 are repeated below:-

1975 1980
MTPA MIPA

Battelle
(Ref.11)

Nylon fibre 11,000 22,000
Polyester fibre 5,000 12,000

T.V. Janakievski
(Ref, 2)

Nylon fibre 13,500 23,000
Polyester fibre 15,000 27,000

o~~~ I~

It can be seen that these authors took a broadly similar view of
the market for nylon, but that Janakievski was more optimistic than
Battelle about the prospects for polyester fibre,

I In Ref. 2, Janakievski pointed out the great potential
importance of polyester fibre to Pakistan, because of its resist-
ance to wear and the effects of sunlight, and especially the

I favourable durability to cost ratio of textiles made from cotton/
polyester blends,

H. & G, entirely accepts this view, as applied to the
relative merits of polyester and nylen in Pakistan in the longer
term. However, a swing to synthetioc fibres as rapid as that
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proposed in Ref, 2, although in many ways desirable, may be
diffioult to accomplish, In the meantime, nylon has a lead
because of its lower prioe and its ready acceptance for certain
applications,

Janakievaki has recently reviewed the prospects for the
textile industry in Pakistan, in a report which was complete in
draft form in August 1970. From this draft report his revised
estimates are:-

1975 1980
MT PA MT PA
1.V. Janakievski ( Nylon fibre 8,000 17,000
(To be published) ( Polyester fibre 10,600 20,500

It should be noted that Battelle's predictions were based mainly
on extrapolation of historical oonsumption data, while
Janakievski's are based mainly on consideration of the demand for
particular end uses. In the case of nylon fibre, the growth
rate of consumption has slackened somewhat since Battelle made
their prediotion, Extrapolation would now be in fair agreement
with Janakievski's revised estimate, which is therefore used by
H. & G. in this Study.

In the case of polyester fibre, prediction of demand 1ia
particularly difficult because, in contrast to nylon, there is no
domestic production at present yet polyeater is potentially the
more important fibre for cotton replacement, particularly in a hot
climate. PBattelle's estimate does not, in H. & G.'s opinisn,
take enough account of the effect of availability of polyes‘er
fibres at relatively low prices from domestic manufacture, and
therefore tends to be pessimistic,

The following independent analysis and estimate of poly-
ester fibre demand has been madein collaboration with Chemical
Consultants Ltd., The internal consumption of cotton in Pakistan
is estimated at 250,000 MT in 1975, thereafter growing at about
4% p.a. to 304,000 MI 1n 1980. An initial rapid penetration by
polyester is expected, following the avalilability of the fibre at
'normal' prices from domestic production, to the extent of 2.5%
of the internal cotton consumption by 1975, say, 6,500 M. In
countries where synthetic fibres and cotton are both readily
available, the tendency has been for cotton consumption to remain
static, while the growth of synthetic fibres is such as to main-
tain the growth of synthetics plus cotton combined at about the
same rate as would have been expected in the absence of the
synthetics. In Pakistan, however, on the basis of Chemcon's
consumer demard studies, the situation would apply only to the
15% of the textiles market at the upper end of the quality scale,
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and the increase would be nearly all polyester. Increase in
annual consumption, for this sector of the market, from 1975 to
1980 is therefore estimated at:

In addition, a certain amount of increased penetration of the
remaining 85% of the market, to the extent of 0.5% is anticipated,

1.e. 0.85 x 0.5% x 304,000 = 1,300 MTPA,

plus an equal further quantity for wool-type uses, Summing these
cd..ributions to increasing consumption during the period 1975 -
1980 gives a total increase of about 11,000 MTPA, and estimated
1980 consumption is 17,500 MTPA. This figure is some 15% lower than
Janakievski's most recent estimate as given above. These figures
may be accepted as a slightly conservative estimate. Thus the

' figures used in this Study are as follows:

— Gmmy N G G

.. 1975 1980
: MTPA MTPA
H. & G. proJjections of ( Nylon fibre 8,000 17,000
Pakistan fibre consumption ( Polyester fibre 6,500 17,500

A recent study by Chemcon confirms that polyester/cotton
blends can be spun with existing cotton spinning equipment, with
only minor modifications to the fibre blending stage, and that
cotton displaced by the use of synthetic fibres will be expnrted.

The availability of synthetic fibre at 'normal' prices
in Pakistan should make possible increased exports of textiles
containing them; such exports, however, have not been taken
into account in the above estimate so that in this respect also
the figures tend to be conservative. As far as H. & G. are
aware, there has been no study of the potential export market
for blended cotton/polyester fibre textiles made in Pakistan.

It should be kept in mind that the strategy which is
proposed in this Volume of the report is flexible, and therefore
the above figures do not crucially affect its validity. If the
markets for these fibres are found to be developing somewhat
differently from the 'planning' estimates, it will be sufficient
to advance or retard the development programme to suit the updated
market estimates.

e, e I

The estimated split of the above consumption figures
between East and West Pakistan is (H. & G. 'planning' figures):-

g
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East West Total
MTPA MTPA MTPA_

Nylon fibre 1975 2,000 6,000 8,000
" " 1980 5,000 12,000 17,000
Polyester fibre 1975 2,000 4,500 6, 50
" " 1980 5:500 12,000 17,500

2.1.2 Possible Exports to RCD Countries

There 1s a proposal for a Joint venture between the RCD
vountries in the production of polyester fibres (Ref. 11). It
i1s envisaged that Pakistan would supply Iran and Turkey with fibre
and polymer chip respectively at the annual rates shown below, for
an unspecified period. We therefore include these quantities in
our estimates for 1975, but not 1980:-

—— s N B @B

1975 1980

MTPA MTPA
Polyester fibre to Iran 3,000 -
Polyester chip (mainly filament 2.000

s -

grade) to Turkey

' 2.2 Phthalic Anhydride
2,2.1 For Dioctyl Phthalate (DOP)

According to the estimates in our Interim Report (summar-
ised in Volume I), and our recommendation that 16,000 MTPA of DOP
capacity should be included in the EPIDC Petrochemical Complex,
we estimate the following potential demand and consumption of
phthalic anhydride, all in East Pakistan.

1975 1980
MTPA MTPA

|
I
|
potential demand gonsumption
l DOP 8,000 16,000
l Phthalic Anhydride (x.385) 3,080 6,160
|
[

Hoveve, we c~neider that the DOP plant should be planned
to come on stream in 1977.

2.2.2 For Al!ﬂ Resins

As in our Interim Report, we follow the consumption esti-
mates of Battelle (Ref. 11). We now further assume (a) 60% of the
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consumption will be met from domestic production, and (b) on
average, 0.33 tons of phthalic anhydride will be required per ton

of alkyd resin produced, and hence obtain:.

1975
MTPA
Alkyd resin consumption 5,800
Alkyd resin production 3,500
Phthalic anhydride consumption 1,150

for Alkyd resins

1980

MIPA

8,500
5,100

1,700

At present, existing and sanctioned capacity for alkyd

resins production is entirely in the West, however, we assume, for

the purpose of this Study, that some 30% of alkyd production will

be developed in the East.

2.2.3 Total Phthalic Anhydride Demand/Consumption

Hence, our estimates for phthalic anhydride demand/

consumption:-
East West Total
MIPA MTPA MTPA
1975 potential demand: 3,430 800 4,230
1980 consumption: 6,670 1,190 7,860

Styrene Based Plastics and Synthetic Rubbers

The demand for styrene-containing materials in Pakistan is made up

from polystyrene (PS) and related thermoplastics, styrene butadiene rubber

(SRR) and glass fibre reinforced plastics (GRP).

For the purpose of assessing whether domestic production of PS,
SBR and sty.ceu: itself is viable in the period up to 1980, we have esti-
mated potential demand for these products if they could be made available
at, say, 207 lower than the present nric=g of the imported material«,

The estimates for PS and SBR are based on those given by Ba'*tel .e
(Ref. 11), extrapolated from 1975 to 1980, and increased somewhat to aliow
for the effect of a hypothetical price reduction, as explained abov-,

e “l ----

iv~g acarma that the malorit of aar and truck tvres will be
made locally, and that there will be substitution of some of the existing
natural rubber applications. We have no reliable estimate for GRP

demand, but in view of the growing importance of
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GRP construction generally in the world, its suitability for Pakistan
conditions, and the inclusion of styrens in soms of the liquid resin forwmila-

tions, an arbitrary quantity of styrene for GRP has been included in the 1980
esrtimate.

Estimated potential demands for products:-

197% 1980

MIPA
Polyatyrene 6, 000 10,000
SBR 5, 000 10,000

Estimated potentisl demand for styrene:-

1975 1980

MTPA MITA
For polystyrens 6,000 10, 000
For SBR 930 1,850
For GRP - 1,000
Total Styrene 6,930 12,8%0

S ]

Bunsene
2.4.1 Por Nylon

e use of bensene for Nylon 6 production is discuseed in
Section 3 of this Volums.

& M2  For Insecticides

Reference 14 gives estimated consumption of bensens for thils
purpose, vased in turn on Ref. 11. The figures in our estimate below
are slightly lower in view of the increasing tendency to use wherever
poasible, insecticides of Lower ilong-term toxicity than the chiorinates
aromatic hydrocarbons, in particular those based on benzene (BIC ». 4

poT).
Estimated consumption of bensens for insecticides:-
1978 1980
wITA
Bensere 1.” 2,000

divided as 25% East, 7% West Pakistan.
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2.4.3 For Dodecyl Benzene (DDB)

Following Ref. 1l and our Interim Report, we state below the
estimated consumption of DDB in Pakistan. We assume domestic produc-
tion capacity of 10,000 MIPA will be set up in West Pakistan, as -
recosmended in Volume II of this report.

1975 1980
MTPA MTPA
DDB consumption 6,8%0 13,700
D dowestic production 6,850 10,000
Hence Benzene (x 0.47) 3,220 4,700

2.4.4 Miscellanecus Uses of Benzene

According to Ref. 11, current imports of bensene into Pakistan
are almost entirely accounted for by the known production of DDT and
BHC.
2.5 Toluene

2.5.1 For Nylon and Polyester

The potential use of tolusne for Nylon 6 and polyeste:r
production is discussed in Section 3 of this Volume, but benzens and
p-xylene are, respectively, the more likely starting chemicals for
the conditions of Pakistan.

2.5.2 PFor Solvent and Miscellansous Chemical Uses

Toluene is a useful solvent and alsoc finds chemical uses. For
the purpose of this study, we include the following estimated consump-
tions of tolusne for such uses:-

1975 1980
MTPA NIPA
Tcluene 4,000 5, 000

equally divided between East and West Pakistan.

2.6 p-Xylene

Polyester fibre production is the only potential ocutlet for p-xyleme,
Consumption of the fibre is discussed above, and p-xylens production in
Section 3 of this Volume.
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o-Xylene

Pnthalic anhydride, the sole potential outlet for o-xylene, is dis-
c1 ssed above.

n
-3

n
ap

Mixed Xylenes

Mixed xylenes are useful as a solvent or diluent in surface coatings,
t-gecticide formulations, and miscellanscus industrial uses. Although
Battelle (Ref. 11) could only positively identify as xylene less than 600 MTPA
of the imports of solvents to Pakistan in the period 1963 to 1967, the actual
consumption may h-ve been greater than this figure.

when available at the lower price which should be possible from
domestic production, use of solvent xylene is likely to expand greatly.

We,therefore, include in our estimate of consumptions:-

1975 1980
MIPA MIPA

Solvent xylene 2,500 5, 000
equally divided between Rast and West Pakistan.

Bthylens Glycol

Polyester fibre is the main potential outlet for ethyleme glycol in
takistan. Other minor markets for ethylene glycol, and possidle ocutlets for
vthylene oxide which could be co-produced, have not been allowed for ‘a the

n
0

figures below:-
1975 1980
MIZA
Ethylene glycol equivalent to polyester
fibre consumption 2,200 7,000

— ewasy N G OGN0 G G GO D ) eam wEE aOaEn e RN aam
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SECTION 3

PRODUCTS AND INTERMEDIATES

3¢l _dxlcn 6 fibre
3e¢1e1s Fibre TIEQB

301624

The market demand for nylon § yarn in Pakistan appears to be
almost enti.rely for continuous filament yarn for the production
of ‘.brics and fishing net twine. There are indications that tyre
and 1ndustrial yarns may be required later, but that market has
not, yet emerged. At present, there is no demand for nylon staple
fibre and nylon carpe* yarn. The plant and production costs in
the economic assessments which follow are based on 60 denier C.f.
yarn production on draw twist kopss This denier has been taken
as the standard; the costs for the production of yarns with a
denier higher than 60 will generally be lower because of higher
throughput per machine, and vice versa. The production cost for
nylon staple fibre is very much lower than for c.f. yarn because
of large processing differences, higher throughput and quality
requirements. Because of these factors a careful assessment

of present and future end-use is essential before plant const=
ruction.

BEconomic Assessment

Jele2e% Plant Cost and Yarn Production

The existing nylon 6 epinning units in both East and West
Pakistan are by Western standards too small to be .
economics The projected market demand for 1980 for the
whole of Pakistan i.e. 17,000 MTPA would be most
adequately met by the production from one large fibre plant.

The geography of Pakistan, however, is such that the shipping

~osts of the fibre end-products to that part of the country
remote from the plant would not be justifiable, also there
are manufacturing unite at present existing in both the
East and the Wests Thus, from an eccnomic point of view,
two spinning plantg one in each side of Pakistan, wouid t:
the best arrangocment. Whilst this can be achieved in gac+
Pakistan where there is only one plant at present, ii wnay
nnt he nramitle in the West where there are already tirec
piants 1n productione i, nowever, Tne @il OI future
planning in Pakistan is the production of nylon 6 yarn at

a cost competitive with those in Europe, U.S.A. and Japan,
then a reduction in the number of plants should be seriously

considered and the production capacity increased in the one(s)

remaining.
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An alternative would be the erecticn of a fourth plant with
a production capacity in 1980 of say 10,000 M.T.P.he

In considering the minimum economic size of a nylon poly-
merisation and spinning plant for Pakistan, it is necessary
to compare costs cf local production from caprolactam
imported at World market prices with cost of imported nylon
fibres The analysis is much the same for Pakistan as for
ary other locatione The current situation in the UK., for
example, 1s that it 18 pcssible to import caprolactam and
produce fibre in a 6,000 M.T.P.A. unit such that the product
is competitive with imported fibre. At any time this capac-
ity level 1s sensitive to the changing, relative World
market rrices of caprolactam and nyion tibrees It 18
concluded, plants for ultimate capacity of at least 6,000
M.T.P.A. should be developed.

Technical Factors

Apart from careful quality control and good housekeeping,
one of the major technical factors which affects yarn
productian ccste is the recovery of caprolactam from chip
wash liquor and from waste nylon 6 arising in the pol-mer,
spinning and drawing areas. In countries where caproiactam
production facilities already exist the recovery 1s ususlly
done in plants constructed adjacent to the caprclactam
production plants and the reccvered purified caprolac iam
im diluted with the new caprolactam sireams

In cther countries, such as Pakistan, where a caprolactam
plant does not exist or is remote from the nylon 6 plants,
it is the practice to recover caprolactam from the wash
liquors and wastes 1n evaporation and depolymerisation
plants constructed adjacent tc the fibre production plants

The cost of a recovery plant along with its operating
coste is generally not ‘wetified in the case of small
nylon 6 production plante.

It 1s because of this factor that in some smail plante
the chip wash liquor is discarded to drain, and the .. lo
wastm ig hurnt,

This again is a factor which raises the costs of production
in small units.
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3e1.3. Plant Sites
Jele3ele West Pakistan

The port of Karachi, equipped with good facilities for
sea and land transport and situated in the centre of

the West Pakistan textile processing industry, is an
obvious site for nylon 6 productions A further point

is that two nylon 6 plants already exist in the area

and consideration should be given to expanding one of the
exi18ting plants.

If it is decided to produce nylon 6 at more than one
plant, consideration should be given to the expansion
of the existing plant at Lyallpur, which would then
serve the Northern portion of the country.

3e%¢302¢ Fast Puakistan

Two alternative sites should be considered; the port of
Chittagong, which is equipped with facilities for sea
and land transport and which already has a nylon 6 plant,
and the town of Dacca, which 18 situated nearer the
majority of the textile processing units,

As in the case of West Pakistan, consideration shoul i be
given to the expansion of the existing nylon 6 plant

(at Chittagong).

Tty ey D GHD G 0B &G B

Jelede ylon 6 Process

The process description which follows, refers to production of
continuous filament yarns,

3ele4ele Polymer Production

Caprolactam is continuousiy polymerised in the presence

of catalysts and othe: additives, usually by passage
through a vertical tubular reactore. The final polymer

is extruded into wate» where it is cooled and the

resulting strande cu* into ships. Due to chemical roactiomn
equilibria about 10% caprolactam monomer remains in the
polymer, and this is removed from the polymer ohip by
washing with water, The extracted chip is dried anu
~orvayed 10 tha aninning area, The aqueous extract .s

sent to the lactam recovery piant.

o— e ey p—y ey |
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Jelede2e Sginnig

The dry polymer chip is converted to filamentis possessing

a low degree of molecular orientatione The filaments

are formed by extruding molten polymer through fine
capillaries and the molecular orientation is introduced

by collecting the solidified filaments at a velocity
considerably greater than that at extrusion. A dilute
solution of spin finish and antistatic lubricant is applied
to the spun yarn and it is then collected as a spun package.

3.1:4-3. D:aw-twisting or Draw-winding

Spun yarn possesses only a small degree of molecular
orientation and to make 1t useful for textile applications
it 18 necessary to increase its crystallinity and molecular
orientations This is done by applying a cold drawing
process known as draw-twisting. The spun yarn packages
are mounted on a creel on top of the machine. Yarn is
unwound from the package and fed to the drawtwist machine.
The amount of stretch applied depends on the speed ratio
between the feed rolls and draw rolls and is carefully
controllede The amount of twist in the yarn is dependent
on the relative draw roll and drawtwister spindle speeds.

A variation of thie machine is a draw winder which
produces large drawn yarn packages with no twist.

e

After drawing, the yarn 1s then ready for textile
processing in customers' plants.

A machine salled a spin-drawer is now being developed
which combines the operations of spinning and drawing,
but its economice have not yet been provens

3ele4ede Recovery Unit

I The aqueous extract fiom the polymer area is concentrated
and reoycled to the beginning of the polymer process. The

: waste polymer and vavn eriring in the polymer spinniig and

I drawtwisting areas is depolymerised and the oaprolaciam
produced is distilled and then recycled to the polymer
unite.

S,

+
i
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3.1.4.5 Miscellaneous Process Areas
1. Spin Finish - spin finish preparation.

2. Pump & Pack Maintenance - servicing of pump packs
and spinnerets.

3. Chemical & Physical Testing lavoratories

b, Inspection and Packing - of yarn packages for sale or
processing

5. Recovery - stripping and cleaning for re-use.

3.1.5 Raw Materials Consumption

The raw material consumption is 1,00 MT of caprolactam per MI of
Nylon 6 fibre, for a plant incorporating a lactam recovery unit.

In addition to caprolactam, small quantities of titanium dioxide
(delustrant) and catalyst chemicals are required in the process.

3.1.6 Typical Utility Consumptions

Utility Unit tity per roduc
Electricity kWwh 2960

Steam M.T. 1.7

Cooling Water (25°C) 90
Compressed Air Ph} T00
including instrum.

Nitrogen Nn’ )

The above utilities are those regquired for process only, they
do not include air conditioning or general services.
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3.1.7  Capital Costs

For the produstion of 60 denier nylon yarn from oapro-
lactem, including full monomer recovery facilities from washwater
and polymer wastes, estimated plant costs are (in Rs.million):

Total Production Cu&itl
6,000 MT'PA 12,000 MTPA

Poreign exchange element 53,0 81.9
Local ourrency, excluding duty 15.9 24,6
Duty 15.9 24,6
Total 'battery limits' cost 84.8 131.1

It should be noted that the above costs do not include:

utilities plants and offsites land and site development,
owner's start-up expenses, consultancy fees, training,
- interest on loan during construction.

Rt 4

3.1.8 Production Cost

Production cost has been estimated for a plant of ocapacity
6,000 MTPA of 60 denier nylon textile fibre. Fixed costs have
been caloulated on the basis of the capital cost estimate given
above, and the cost structure described in Section 5, with the
following exceptions:-

g (a) maintenance was assumed to be 6% p.a. of total
'battery limits' ocost, ewclusive of duty, rather than
the 4% p.a. figure assumed for petrochemical plants.

S

(b)  labour for process operation and quality control,
also supervision, administration, sales, technical
I service, and management were estimated separately.
It was estimated that the aggregate of these costs
for such production would amount to 38/Xg in the
U.K.; under Pakistan conditions these costs are
’ estimated at Rs. 2.9/Kg, together with a continuing
foreign exchange cost of 1.54/Kg. to cover the costs
of obtaining up-to-date production and applications
technology from overseas sources.

- mmpis
B

Variable costs were calculated on the basis of the ocon-
Sumption data given above, and the unit costs stated in Section 5.
It was estimated that packaging would cost Rs. 10040,

e ]
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TABLE III.3.1
Production Cost of Nylon 6 Fibre from Caprolactam

Basis : 6,000 MTPA of 60 denier nylon textile fibre.

Foreign exchange elgment of 'battery limits' capital
£11.13 x 10° (equivalent to £1.855/MIPA fibre capacity)

. Rs.
Per MI fibre Foreign Exchange Local Currenoy
Pinancia. cost (ineluding 312 1043

© ¢ ast on working
capital)

Maintenance 76 423
Management )
Labour )
Supervision ) 2900
Labour ) 15
Administration )
Technioal Service )
Total fixed cost 403 4366
Caprolactam 1.0 MT 420 -
Catalysts and Chemicals 20 -
Utilities 18 188
Packages - 100
Total variable cost 458 288
Production cost 861 A65A
Price of equivalent imports 1703
Saving in foreign exchange 842

Ratio Rs, 4654 / $842 w 5.5 is./K

It should be noted that duty and bonus are excluded fror
the cost of plant and materials in the above costs.

The price of equivalent imports was estimated on the basis
of 50% each of Grade 1 and Grade 2 60 denier yarns, both at present
day C & F prices, which are $2020/MT and $1386/MT respectively.

In spite of possible future improvements to spinning machinery,
textile yarns will remain labour-intensive, and future prices are
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expected to be, on average, about the same as now or slightly
higher,

On the basis of the above analysis, it is more attractive
to produce nylon fibre in a 6,000 MIPA plant based on imported
caprolactas, than to import the equivalent quantities of fibre.

On the conservative assumption that only 1 MT of cotton/
1 MT of nylon is freed for export, earning § 500 - 600 /MT, as
such as 58-708 of the foreign exchange element of the cost of
nylon fidbre produced is offset by cotton export.

T ey ey ) M) G ey e ey ey Gn) OGN OGN GBD OB @D
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l Jele9e Summary of Recommended Production Planning
l Jetele Alternative 'A’
st Pakistan
' Year Production Capacity
of start-up Mo, Plant Unite | <12 ) 8ite Peoods took
l 1975 1 3000 Chittagong Caprolactas
1980 1 6000 Chittagong Caprolactam
|
Neat istan
l Year Production Capacity
of start up No, Plant Units NTPA Bite Peeds took
' 1975 1 6000 Karachi Caprolactas
I 1980 1 12,000 Karechi Caprolactan
3ete2e Altermative B
In Bast Pakistan the planning remains unchanged.
; (1] stan
‘ Toar Production Capacity
[ Sfstert up  Nog Plamt Uit o Bt Peedatock
1975 1 3000 Karachi Caprolactan
| 1975 ' 3000 allpr  Caprolectes
| 1980 1 6000 Karechi Caprolactem
! 1980 1 6000 Lysllpur Caprolactas
r In both altermatives the aim should be to install initial

polymer plants based on units of 0®NTPAe The reason
for BMiis choice is that modern oontinuous polymer reactors
are genenlly designed to produce 1500 or 3000 NTPA per
yoar of nylon chipe

pr—
2
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It is realised that the market figure for East Pakistan
for 1975 is only 2000 MTPA but a 3000 NTPA plant operated
on a turned down basis is recommended.

The spinning and drawing units can be tailored to meet
market demand.

3:1.0. Recommenda tions

a) ‘ine number of nylon 6§ plants should be planned on the basis
that each has a final production capacity not less than
6000 MIPA of nylon 6 fibre.

b) Each nylon 6 plant should be equipped with a recovery unit for
the recovery of caprolactam from chip wash liquor and nylon 6
waste.

6) If nylon 6 plants with production oapacities less than 6000
MTPA are built in West Pukistan, consideration should be given
to the erection of one evaporation and depolymerisation unit
capable of processing the waste liquor and waste from more than
one nylon 6 product plante In this event the chip wash liquor
should be concentrated to say a 50/50 caprolactam/water mixture
at each plant to save shipping costs.

3e2 Polyester Fibre
30241 FMbre HEI

The end-use pattern in Western Europe is such that ite requirements
are met by 45% filament yarn and 55% staple fibree In Eastern
Burope and Amerioa the breakdown is 30% filament and 70% staples
The higher figure for filament in Western Europe is principally

due to the high demand for bulked, crimp set yarns eimilar to
»Crimplene” which are used by the knitting trade.

Our view is that in Pakistan, where there 1s no current polyester
production, but where there is a substantial cotton production,

the demand for staple fibre will be a higher percentage of the
total requirement than in Ee Europee. We have therefore assumed an
end-use pattern of 80% staple fibre, 20% continuous filament as the
basis for plant costs and material balance. We regard the present
reported use of 10% staple fibre to 90% continuous filament yarn as
artificial, and caused by high excise duty on staple and staple/
cotton blends.
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3.2.2 Economic Size of Plant Units

As described above in the case of nylon, the economic size of
unit for the production of polyester fibre in Pakistan is sensitive
to the relative World market prices of product fibre and fibre
precursor - DM, TA or polymer. The prices in turn fluctuate
under the influences of supply and demand. The current situation
in the U,K. is that, while there are reasonable profit margins on
continuous filament yarn, staple fibre margins are very low. In
deciding the scale of production in Pakistan, therefore, the key
factors t~ take into account are:
1)  that it is economically attractive overall to establish
polyester fibre production to supply the textile industry.

(41) that it i{s most economic to build up the polymerisation
and spinning sections initially on a single plant site -
ultimately achieving a scale of production comparable with
those in developed countries.

Thus, assuming that the demand figures quoted for 1975 (i.e. 10,500
MIPA for West Pakistan, including 5,000 MTPA for Iran and Turkey,
and 2,500 MIPA for East Pakistan are correct), the best plan for
1975 would be the erection of a single polymer production and
spinning plant in West Pakistan. Since demand in 1980 in West
Pakistan (12,000 MTPA) 1is close to this 1975 total of 12,500 MTPA,
the simplest and most effective plan for West Pakistan would be
the erection of a single plant capable of producing 12,000 MTPA of
polymer chip, and equipped with a spinning and drawing capacity for
7,500 MIPA of fibre in 1975. This assumes that the joint venture
scheme with Iran and Turkey goes ahead. The excess pclymer from
West Pakistan would be shipped to East Pakistan where it would be
spun into fibre in a 2,500 MI'PA (spinning only) plant to be started
up in 1975.

To achieve the 1980 market figures, additional spinning capacity
would be installed in West Pakistan and polymerisation plus
additional spinning capacity installed in East Pakistan.
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3¢243¢ Choice of Process Route

A major problem for the development of a polyester fibre unit in
Pakistan is the choice between the IMT and TA routes,

Processes for production of terephthalic acid from paraxylene
and direct polymerisation of TA have been developed by a number
of companies,

In spite of the fact that the weight of terephthalic acid required
per MI' Lf polyethylene terephthalate is mome 1% less than the
corre-r-r-iing DMT requirement, the esrablished fibre producers
hav. been slow, however, 4o change their prroceeses to accept

the new feedstocke The factors involved were

a) There was considerable doubt about the quality and properties
of the fibre produced from TA, ie.ee. end-user trials were
necessarys

b) There was a marked shortage of fibre grade TA, and the price
per MI, was higher than that of DMT,

¢) Fibre prices were such that the producers were making a
comfortable profit using DMT,

d) Capital was needed to equip existng polymer plants with
mechanioal equipment to handle TA, which is a powder insciuble
in glycol and with no melting pointe (DMT flake is melted and
fed into a molten state to the ester interchange vessel),

The swing towards TA, commenced in Japan where firms were
experimenting with sizeable quantities of fibre girade terephthalic
acid via the Henkel route as long ago as 1964, Toyo Rayon and
Mitsubushi then commenced the production of fibre grade
terephthalic acid in commercial quantities cn a joint venture, with
Toyo providing a captive end use for the producte Tetjin of Japan
also started a production line based on TA, about the same time,
Between 1966 and 1969 this lead was folliowea by Fiber Industries
Ince (American Celanese and I.C.I. Ltd), Du Pont, and later by
Nonsanto, all in the U.S.Ae I.Cel. also began commercial production
in the UK. around 1967,

The position now is that I.Cele both in the U.S.Ae and the UK.,

Nonsanto, Goodyear, Allied Chemicals, Du Pont, all in the U.S..

and Toyo Rayon, Teqj'in in Japan, are all very heavily committed to
polyester production from TA, monomer.

The main reason for the change to TA, is to msintain ecomomic
fidbre production costs to meet the highly competitive world pricese
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The first TA processes were coupled with the direct spinning,

1e0¢ without intervening chip production, of large quantities

of standard fibre (3 and 4 denier per filament) in the form of
staple, but processes for continuous filament yarns have since
been developed.,

The advantages :claimed ares-

(i) Elimiration of methanol recovery facilitiese

(i1) T4 yields about 1% more polymer per kg of feedstock

(iii) Some TA processes require less ethylene glycol in the reaction
mixture than their DMT based counterprarts; more production

is thue achiecved per unit volume of reactnra

(1v) For chip producing processes the cost saving on staple is of
the order of 10% and appears to be decisives

e emme G GEB GBE O &

Finally, it should be noted that major producers have now developed
equipment for converting their existing DMT. based plant to TA at
low cost,

We therefore conclude that Pakistan shouid adopt the TA route for
manufacture of Polyester fibres. The only possible proviso to
this recommendation, would be if a long term contract could be
negotiated for supply of cheap DMT,

Je2e4e Nllelter Process Information (Polymerisation and Spinnij‘)_

| The polymerisation procese is different for the two monomers -
IMT and TA. The epinning process is the same.

Je2e40e1e PolEeriution

Two distinct stages, each requiring a separate reaction
vessel and different processing conditione, are required
in the main polymer process. Some TA based processes
involve a third, prepolymer, stage but the overall chemical
reactions which take place are similar, In the first
vessel DMT or TA is reacted with excess ethylene glycol to
give bis-(# hydroxyethyl) terephthalate "monomer" which

is then polymerised (polycondensation) in the second
vessel to give poly ethylene terephthalate « Methanol

in the case of DMT, or water in the case of TA feedstock,
is given cff from the first stage of the process, and
€lycol from the seconds The polymer is usually produced

Lo TR BN )
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in the form of chip, which is dried, blended and
pneumatically transported to the spinning area.

1s2ed02¢ Sginnis

The dry blended polymer chip is converted into filaments
by a melt process where the chip is changed into a molten
state using electrical heating, followed by extrusion
wherzs the molten polymer is pumped through a filter and
spinnerete The filaments are cooled by air, than a dilute
solution of sepin finish is applied to the spun yarn, which
is finally collected on a packages

In the case of staple fibre, several spun yarns from
adjacent spinning rositions are brought together to give
a tow of denier convenient for subsequent processing, and
collected in a large can,

In both cases, a low degree cf molecular orientation
l is given to the spun yarn by arranging a take-up speed

oonsiderably higher than the filament extrusion velocitys.

3e2e4e3e Drawing - Continuous Filament Yarn (uncrimped)

To make the spun yarn useful, it is necessary to increase
its crystallinity and molecular orientation. This is
done by a hot drawing process where the yarn is stretched
by several hundred per cente, The drawn yarn properties
depend on the degree of stretch applied at drawing and
different degrees of stretch are used for medium and high
tenacit) yarnse

3e2e4e4e Processing - Staple Fibre and Crimped Yarn

The processing of spun tow to crimped fibre involves
several stages carried out in sequences The first

stage is drawing, where the spun material from several
oans of tow is combined together via a creel and the
oombined tow is hot stretched between a set of feed rolls
and draw-rolls,

The tow is then crimped so that the material oan be
prooessed on conventional textile machinery, dried, and
heat stabilised to maintain the mechanical properties
of the fibres

For products required as continuous tow, the heat

stabilised material is carefully packed in boxes. In

those cases where the product is required in staple form,

the heat stabilised tow is cut and then compressed into a bale.

Fr—y
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3e2e445¢ Recovery Facilities
a) Methanolysis

Waste polymer, waste yarn and waste staple fidbre is
reaoted with excess methanol to produce DMT and glycol,
The DMT is isolated, re-distilled, and re-orystallised
to produoce polymer grade material whioh is then returned
as feed material to the polymerisation reaction,

The liquor containing methanol and glycol is sent to
the methancl recovery section where the methanol is
separated and purified and the glycol fraction is sent
to the glycol reoovery section,

In the case where terephthathic acid is used as the feed
material a process of hydrolysis is used for its recovery
from waste polymer,

b) Glycol Recovery

Je2e4460

Impure glycol from the polymerisation section is refined
by distillation. Crude glycol from the methanolysis

or hydrolysis plant isg first dietilled to remove

impurities such as spin finish oiles This product is then
bulked with impure glycol from the polymerisation section
and refined by distillation. The refined glycol is finally
mixed with new glyool and umed as a portion of the feed
material to the polymerisation mection,

The methanol/water fraction is sent to the methanol
recovery mectione

Methanol Recovery

Impure methanol from methanolysis, glycol recovery and
polymerisation sections, is distilled to produce a refined
methanol containing around ™ impurities (mostly water).
Part of the methanol is available for the manufacture of
IMT, the remainder is sent to the methanolysis plante.

In the oase where TA is used a methanol recovery plant
is not required.

Kiscellaneous Process Areas

Areas similar to those mentioned under the section on
Nylon 6§ are required.
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. 3.2.5 Raw Material & Utility Consumption
The figures below are for the Polywerisation and Spinning pro-

l cesses in the TA route to Polyester Fibre. They include allow-
ance for the recovery of TA and glycol from 0.16 MT of waste
polymer per MT of saleable fibre, arising from the polymerisation

l and spinning operations,
Raw Materials C ion per MT of

' yester re
Terephthalic Acid 0.90 MT

l E.hylene Glyocol 0.40 MT
Utilities Conaumption Ex’ ML of

yester re

I Steam 10 MT
Power 2000 Kwh

[ Cooling water 300 w0
Clarified water 0

[ Potable water )

) Compressed air 500 w3

T Natursl gas 20w
Nitrogen 200 )

I (these figures are for process plant and do not include air

. oonditioning, eto.)

3.2.6 Capital Costs

T™he capital costs of polyester fibre plants based on DMT, or
alternatively TA, would be very similar. For the production of
80% staple, 20€ continuous filament yarn, including facilities
for the recovery of monomers from polymer and fibre wastes,
estimated capital costs (for either feedstock) are, in Rs.million:

Total Poﬁotor Pibre Production Qﬁmig
et — e e .

Py —y em—

Poreign exchangs element 54,5 83.4
Local currency, excluding duty 16.3 25.0
Duty 16.3 .0
Total 'battery limits' coet 87.1 133.4
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It should be noted that the above costs do not include:

utilities plants and offsites,

land and site development,

owner's start-up expenses,
consultancy fees,

training,

interest on loans during construction

3.2.7 Production Cost

Production cost has been estimated, for a plant of capacity
6,000 MTPA of polyester fibre (80% staple, 2(%continuous filament
yarn). FPixed costs have been calculated on the basiz of the
capital cost estimate given above, and the cost structure des-
eribed in Section 5, with the following exceptions:-

(a) maintenance was assumed to be 6% p.a. of total 'battery
limits' cost exclusive of duty, rather than the 4% p.a.
figure assumed for petrochemical plants.

(b) labour for process operation and Quality control, also
- supervision, administration, were estimated separately.

It was estimated that the aggregate of these costs, for such
production, would amount to 274/Kg in the U.K.; under Pakistan
conditions it was estimated that these costs would amount to

i Rs. 2.13/Kg, together with a foreign exchange cost of 1.14/Kg,
to cover the costs of obtaining up-to-date production and appli-
cations technology from overseas sources.

g

Variable costs were calculated on the basis of the consumption
data given above, and the unit costs stated in Section 5, It
was estimated that packaging would cost Rs. 50/MT.

Ny ey
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Polyester Pibre ion C

Basis : 6,000 MTPA capacity, 80% staple, 20% continuous filament
yarn.
Foreign excha element of 'battery limits' capital :
11,75 x 100, equivalent to £1,960/MIPA of fibre capacity.

F ] Rs.
Per MI Polyester Fibre Foreign Exchange Leosl Cyrrency
Financial cost (including interest 329 1100
on working capital)
Maintenance 80 7 Y4
Management, process labour, 11 21%
supervision, administration, and
technical service —_—
Total fixed cost 420 36717
Terephthalic acid 0.9 MT 342 -
Ethylene glycol 0.4 MT 88 -
Catalysts and chemicals 23 -
Utilities 16 31
Packages - 50
469 281
Production cost 889 3958
Price of equivalent import 14582

Saving in Foreign Exchange
Ratio Rs.%958/$563 = Rs. 7,0/f

%|

It should be noted that duties and bonus are excluded from tne
cost of plant and materials in the above costs,

The price of equivalent imports was estimated as below, on ihe
basis of 50% Grade 1 and 50% Grade 2 quality in each category,
and current. orines, Murrent prices, particularly of staple
tibre, have reached remarkably lLow levels, and tuture prices are
expected to be on average, about the same as now or slightly
higher.




- @D 0D D G = G G oy D G G0 B Gy Gy G ey o e s e

et




. NUMPHAREYS & GLASGOW LTD. 3 - 19
UNIDO Vienna Pre-Investment Studies for Fertiliser C.1669

for Pakistan & Petrochemical Industries - Final Report July 1970

TS S e D A L Ll G o D O & T &

Volume III

Polvester fibre price r MT Orade 1 Grade 2 Grades 1(2

Staple 1320 1060 1190

75 denier continuous filament yarn 2750 2250 2500

80 staple/20 continuous filament - - 1452
yarn

On the basis of the above analysis, it is more attractive to
produce polyester fibre in a 6000 MI'PA plant based on imported
monomer, than to import the equivalent quantities of fibre.

On the conservative assumption that only IMT of cotton/IMT of
polyester is freed for export, earning £500 - 600/MT, as much as
57-68% of the foreign exchange element of the cost of the poly-
ester fibre produced is offset by cotton export.

3.2.8 Plant Sites

3.2.8.1 West Pakistan

The same site as the nylon 6 facility envisaged
in Karachi should be considered, so that the same off-
site plants such as nitrogen and demineralised water
facilities can be used forboth types of fibre production.

There would also be a common trained labour pool
in the area for both types of production, which have
many similarities,

3.2.8.2 East Pakistan
Again, the same site as that envisaged for the

nylon 6 facility in Chittagong or Dacca should be consid-
ered for reasons mentioned in 3.1,3.1

3.2.9 Summgry of Recommendations for Production Planning
3021911 West P“i't.ﬂ
It is recommended that a site at Karachi be

selected and that production is developed there according
to the schedule below.
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Spinning Units Polymerisation

Start-Up Source & Typel
Total Total
Year Units Capacity MIPA Units | Capacity MIPA of Peedstock

1972/ Imported
1973 3000 Polymer Chip

1975 5500 Imported TA

1976/
1977

Home

8000 Produced TA

Home
1980 Produced TA

3.2.9.2 East Pakistan

It is recommended that a site at Chittagong is
selected and that production is developed as follows,

Spinning Units Polymerisation

Source & Type

Total Total of Feedstock

Units | Capacity Mrpa | Units | Capacity MTPA

. Polymer Chip
2500 from West
Pakistan

TA produced
5500 5500 in Pakistan

Notei- Until the polymerisation plant is set up at
Chittagong, spinning waste should be returned to
Karachi,

3.2.10 Recommendations

1. Pakistan should develop polyester fibre manufacture on the
basis of terephthalic acid.

2. The polyester plant should be based on polymer chip-
making rather than direct spinning. Direct spinning requires
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considerable technical expertise, and some flexibility is lost;
it 1is cheaper than chip-making only where there i3 a market
established for a large volume of a standard fibre.

3. There should be a maximum of two plants, one in West
Pakistan, the other in East Pakistan.

4, The plant in Bast Pakistan should be spinning only, until
combined production of oontinuous filament and staple fibre of at

' least 6000 MIPA is required.

3.3 Styrene and Polystyrene
3,3.1 Stmm

We have assessed the viability of a styrene plant
of capacity equal to the total potential 1980 demand, as
stated in Section 2.3 above, 1.e. 12,850 MTPA. The plant
would come on stream in 1977, Benzene is taken to be
available at the production cost estimated in Section 4
below, Ethylene is assumed to be available from the FauJi
60,000 MTPA ethylene complex, at the production cost which

. we have estimated in the table below. Unit costs of
materials and utilities are assumed to be as stated in
Section 5, where costing technigques and scope of capital
gosts are described, %ﬁrousﬁout the rest o; this S:ction
foreign exchange element of battery limits erected capital
cost 18 used as the basis for developing "Fixed Costs".

TABLE 1I11.3.3
: Production Cost of Ethylene

Plant Capacity, ethylene 60,000 MTPA
Plant Capacity, propylene 26,400 MTPA
Capital Cost (foreign exc e
element of 'battery limits £11.6 x 106 (equivalent to
erected) £193.5 per MITPA
ethylene capacity)

L ] — [ ] —— e

*

e ——)




e

. Voluse 111

. MUMPHAEYS & GLASGOW LTD, ' J-r
l UNIDG Vienna Pre-Investasnt Studies for Pertiliser C.1669

for Pakistan & Petrochemical Industries - Pinal RMeport. July 1970

Gaseous by-products 0.51 ML .9
M (net)

Pael, 011 MT 0.1% 1.7 3.2

Gasoline (Table III 4.,2) 0.70 18,4 16.)

Total Credit for by- 16.1 6.4
products 3.4

Naphtha feedstock NT 3.3 88,5 .5
and by-products

Steanm MT 0.8 0.0% 1.8

Power Kwh 300 1.8 15.0

Cooling Water M3 M7 1.65 20.8

Chemicals 0.1 0.%

8.1

chemicals c— —

Variable cost ».7 20.2

Pixed costs ”.5 195.4

Production cost of (1NT 7.2 21%.6

(
othylene plus O.44 MY
propylene)

Taking the value of ethylene to be twice that of propylens, then
the production costs are as follows;:

e, £,
Rshylene produsticn cost per MT 6.0 176.7

!

!

I

!

!

|

l Cost of utilities and 23
|

[

i

|

| Propyiene production ocet per I ».0 88.4
|

[

I

].

——
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TABLE III.3.4

Production cost of Styrene

Plant capecity : 12,850 MTPA
Capital cost (Fgreign Exchange element of 'battery limits erected’):
8 3,61 x 10° (equivalent to 8 281.0 per MI'PA capacity)

Per MT Styrene antit Forei Internal
L Pahee s Brremyme

Beiizene MT 00“5 %02 1”.0
Ethylene MT 0.3 19.2 41.8
Utilities 44 g/MT 15 6.6 178.0

foreign exchange ——— ———
Variable cost 62,0 351.8
Fixed costs 54,5 283.8

Produotion cost 11 63.6
Cost of altermative import 17 -
Saving in Foreign Exchange

Ratio 635.5/56.5 = Rs.10.7/8

Thus, we estimate that the production of styrene would save
59.58/MT, but that Rs. 10.7 would be expended to save each §.
On this basis, we consider styrene production would not de
attractive,

3.3.2 Polystyrene

We have examined the viability of a polyastyrene plant of
10,000 MTPA capacity, equal to the estimated 1380 demand, to start-
up in 1977. Our costing is on the basis of uncoloured orystal
chip, although in practice a range of products, including rubber -
modi{fied high impact grades, would be produced, and colourants
would be incorporated.

Styrerw is assumed %0 be available at the production cost
estimated above; alternatively imported at § 176/MT.

The cost estimate is an approximate one, and we have used
'optimistic' figures 20 as t0 examine whether production could be
viable.

o~ |

e
i

i
§
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TABLE III.2.5

e |

[rose—y

Produotion Cost of Polyst

(bulk process, to make orystal ochip)
Plant capacity : 10,000 MTPA

Capital cost (foreign exchange element of 'battery limits erected’'):
22.0x 106 (equivalent to § 200 per MTPA capacity)

Per MI Polystyrene Quantity % é g

Styrene M 1,08 121.2 676,3
Steam MT 0.8 0.1 4,0
Power kWh 300 1.5 15.0
Cooling water »° 20 0.1 1.0
Variabdble cost 122.9 696,3
Pixed oost 38.8 202.0
Production cost 162.7 898.3
Cost of alternative import 280 .
Saving 78.3 .
Ratic 898.3/78.3 = Rs. 11.4/8
Alternatively,
Production cost from imported atyrene

at # 176/MT 223.8 a2
Cost of alternative import S/MT 280
Saving in Foreign Exchange 16.2

Ratio 222/16,2 = Rs. 13.7/8

On the basis of the above figures, we consider that the production
of polystyrene ia un-attrective, whether from imported or indigen- |
ous styrens. ]

We aves therefore omittod sty.eiis and polystyrene production from
further consideration in this report.

3.4 Synthetic Rubbet:

E - - 4 -
Toentan navr s +ho mansar £-a ~"""° 1o vunher in Paklelan

LR R . “ss

could be utilfiod by styrens butadiene rubber (SBR). This market would
include considerable replacement of natural rubber by SBR if the prioes
were about equal, which is the case at present in the world market.
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The next mos: generally useful rubber 1s butadiene rubber (BK), but
1t has a narrower range of applications, andhigher cost of production than
SER., 1n Pakistan, it is estimated that the potential market for BR is
at most half of that estimated for SBR i.e., 5000 MTPA. Since BR 1is
being rroduced gencrally on a 40,000 MTPA scale or greater, production
trom suct a smell plant would certainly be uneccnomic compared with imports.

We therefore consider that BR is not an attractive product for
manufacture 1n Pakista., at least up to 1980, and that SHR is potentially
a more economical cnd product for the limited quantity of butadiene which
could be extracted locally,

3. soene 1s assumed to be lmporteu at 21764,

2utadlene cost has beon estimated at its cost of production from
tne 4 hydrocarbon bye-product of the Faujl complex, to wnicn we have given
fuel value only., The guaniliy ot butadiene potentially avallable from
Faudl at full outpul will be 6,750 MIPA, equlvalent to about 11,500 MLPA

of LK.

Extonder oil 15 assumed to be avallable from local production at
Rs. 800/Mr.

TABLE 1I7.3.6

Cost of Production of Butadliene

Plant capacity 3 5,300 MI'PA ot SKR quality tutadlene
Capital cost (forelgn exchange element of 'battery limits erected'):
2 1.%8 x 10Y (equivalent to 8 238/MTPA capacity).

Per MT Butadiene Quantity Foreign Internal
Exchange 2 Currency Rs.

feedstock (net) MT
Steam MT
l'ower KWh
Demine.allsed water m>
Cooling water mo
Catalysts and chemicals

- O0MnO
[ ] \OO?))MS
e BLVEC RV RN |

IO OoOWm
N

Variable coat
Fixed cost

|52 ]
-3\

Production cost

i
Py
.
[, V]
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TABLE I11.3.7
Gost of Profution of SER Mubber

(30% 1500 types/TOB 1700 types, 1.e. o1l extended)

Plant Capacitys 10,000 NTPA

Capital Cost (foreign ezohange element of 'Battery limite erected’):
$ 3.46 x 10° (equivalent to § 36/MIPA capaity)

BEL e EL EE

Butadiene kg w 9.7 213.0
Styrene kg 18 3246 -
Extender 04l 200 at sy s 0.8 . 160
Imulsifier

Initiator

Defoamer

Modifier kg 25C approximately 52.0 -
Short=stop

Coagulant

Stabiliser

Steam MT 4.0 0.8 J2.0
Power Ky 700 3.8 3.0
Process Water ) 10 0.7 5.4
Cooling Water m 200 0.8 10.0
Packages 8.0
Variable Cost 120.1 ‘630‘
Tized Cost é1.0 .5
Production : mol m.D
Cost of alternative impors 300 -
Saving 113.9

h“o 81209/11209 L4 hn 7.3/’

Mture C & P price of irported SBR 16 assméd to 'be £ S500/MT, Cotr
the above product mix. This figure is about the lowmst price being
quoted currently.in Furcpe (for small lots) and about 10% lower than the
present day price of SHR, C & P.,, Pakistan, both for 1712 grade, i.e.
goneral purpose oi] extended. '

On the above basis, we consider that SER production is attractive,

— mmy mmD GED ) e e ey s GED D O @ & &

rmas
I
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3.5 ththaljc Anhydride

We have examined the viability of a phthalic anhyiride plant, of
capacity 7,860 MTPA, i.e., equal to the estimated 1980 demand. Cost
Data which are typical for the Krebskomo process were used.

The cost of 0 = xylene feedatock was assuned to be as estimated in
Section 4., below.

Tranasport coasts have been included because production would be at
Karachi, but the main user would be the proposed DOP plant in East
Pakigtan.

T 111.3.8

Production Cost of Phthalic Anhydride

Plant capacity i1 7,360 MTPA
Capital cost (t‘oreisg exchange element of ' battery limits erected'):
0

8 2.5 x 10° (equivalent to 8 304/MTPA capacity)

Per Ml of Phthalic Forei Internal
Anlydride Suantity Eictane 4 Cuxzency Ra
o = xylene (95% pure)

MT 1,11 51.5 199.0
Power kiy 1100 5.5 55.0
Coolingéhtor m 60 0.2 3.0
Fuel 10° koal 1.0 - 745
Catalysts and Chemicals 2.0 -
Packages - 8.0
Variable Cost 59.2 2712.5
Fixed Cost 59.0 307.0
Production 118.2 5795
Cost of shipping 80% of production to Bast - 45
Production and transport 118.2 624.5
Cost of alternative import 200
Saving in Foreign Exchange 81.8

Ratio 624.5/81.8 - Rs. 7.6/8

On the above basis, we consider phthalic anhydride production to be
attractive although only marginally so. We have therefore included
this product in our recommended schemes.
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3.6 Caprolactam
3.6.1 Caprolactam Plant Capgcity Selected for Study

We have examined the economics of a plant of 15,000 MTPA capacity,
equivalent to approximately 15,000 MTPA of nylon 6 fibre
(including about 4.9% content of water, spin finish etc., in the
fibre). This capacity is close to our estimate of the 1979 demand
(See Section 2.1 above). 15,000 MTPA capacity was chosen for
study because (a) it ie a standad size for which there may be

some economy in engineering cost, and (b) a preliminary analysis
showed it to be about the minimum economic size. Production
wouli ve planned to start in 1976.

3,6.2 Production Costs and Choice of Process Route to Caprolactas

Three alternative process routes were considereds=

(a) Cyclohexane Route i.e.,

Cyclohexane oxidation to cyclohexanone, reac¢tion with
hydroxylamine to the oxime, which is re-arranged to
caprolactam. Nitric oxide is used in place of sulphur
dioxide in the preparation of hydroxylamine, in the latest
version of the proceas, for which DSM supplied the basic
assessment data. Ammonium sulphate by-product is thereby
reduced to 1.77 MT/H'I‘ caprolactam. Closely similar
technology is available also from Inventa.

(b) Photonitrosation of cyclohexane to the oxime, then re-
arrangement as (a) above (Toyo Rayon Process). Ammonium
sulphate by-product is 2.5 MT/M’P caprolactam.

(¢) Toluene oxidation to benzoic acid, then hydrogenation to
hexahydrobenzoic acid, which is reacted with nitrosylsulphuric
acid to give caprolactam (Snia Viscosa Process). Ammonium
sulphate by-product is 4.25 MT/MT caprolactam. Sofr, only
Snia Visosa themselves operate the process.

In our opinion, out of the currently available caprolactam
technology selection of a ocaprolactam prooess must be made
from among the above three routes. They are the only routes
for which the processes are at the same time well proven,
competitive and suited to Pakistan.

In particular, we could not recommend for Pakistan any process
which avoids the production of ammonium sulphate altogether.

Although such processes are kmown, including one operated
commercially (by Union Carbide), they all have drawbacks whioch
cutweigh the advantage of avoiding ammonium sulphate by-product.

—~ L
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However, any decision on choice of caprolactam process is
probably at least three years in the future, and new or
improved processes may reach comsercial production in the
interval.

In calculating the costs of caprolactam production below,
we have used raw material costs as follows;-

(1) Por benzene, or alternatively toluene - the calculated
cost of their production in an aromatics extreaotion
unit in Pakistan (Section 4.0).

(i1) For cyolohexane - caloulated cost of production in the
IFP process. This procsss has costs comparable with other
routes,

(111)Por ammonia - cost at site is estimated at As 320/MT,
None of the ses ccnsidered has a modern ammonia plant
nearbty and their cost includes transport to the selected
site. By-product ammonium sulphate has been oredited
at Rs 200/MT,

(1v) Por Sulphuric Acid and Oleus. Production costs have
been estimated on the basis of imported sulphur
available at $40/MT (C and F Pakistan).
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TABLE I1I1.3.9
rroguction Com. 0t Cyclohe FP Process

Plant Capacitys 14,400 NTPA of oyclohexane
Capital Cost (foreign sxchange element of 'battery limits erected'):
A 490,000 (equivalent to £ 34.0/MIPA capacity)

Per MI
GsTchexane Suantity Brchance 4 Cuxrenex Ba
Benzene XT 094 39.4 143.5
Hydrogen as 100%kg 80 0.8 40.0
Power kWh 30 0.1% 1.5
Damimralisad Water
m 3 Q.16 0003 002
Cooling Water m 2.5 0.10 le)
Catalyst 1.0 -
41.% 186.5
Steam (Credit) MT  0.685 («0el) («5+3)
Variable Cost 41.4 181.0
Pixed Coat 6.6 M.)
Production Cost | 48.0 215.)
TARE I11.3.10

Production Cost of Oleum

Plant Capacitys 20,200 NTPA
Capital Cost (foreign ozoham element of 'battery limits erected’);
£ 1.21 x 10° (equivalent to § 59.9/MTPA capacity)

Per MI Oleum as m
Sulphur, NT CeMd 1).6 -
Power k's 8 00“ 004
Cooling Water -3 'y} 0.1 1.3
Process vater m 1 0.07 0.9
13.8 2.2
Stean  (credit) NT 0.5 (= 0.1) (=4.0)
Variatle Cost 3.7 («1.8Y
Fixed Cost 11.6 60.5
Production Cost 5.5 55.7
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TABLE III.2.11
Production Cost of Caprolactam (DSM Progess)

Plant Capacitys 15,000 MTPA
Capital Cost (foreign exchangs element of 'battery limits erected');
£ 12,3 x ].06 (equivalent to § 820/MTPA capacity)

Per MT Foreign Internal
Caprolactan QuAntity Bxchange £ Currepcy Bs
Cyclohexane MT 0.96 46.1 217
Cauatic Soda NT 0.051 - M
Oleum (as HZSOA)KT 1435 3.2 79
Ammonia MT 0.71 - 227
Hydrogen MT 0.08 0.8 40
Boric Acid MT 0.01 2.0 -
Anmoniw Sulphate MT 1.77 (Credit) - (=354)
Total for materials 8;-1 2§a
Power kwh 600 .
Steam MNT 3 14.3 2.9 115
Process Water m3 6.5 0.5 4
Cooling Water m 1150 4.6 %8
Catalysts and
Chemicals 12.0 -
Total of utilities and chemioals — —
23.0 207
Packages 8
Variable Cost 106.1 458
Pixed Cost 159.0 828
Production Cost 265.1 12
Cost of alternative import 420 -
Saving in Poreign Exchange 154.9

Ratio 1286/154.9 = RsB.V8
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TABLE I111.3.12

Production Cost of lactam (Toyo on

Plant Capacity 15,000 NTPA

July 1970

)

Capital Cost (foreign exchange element of 'battery limits erected'):
£12.3 x 106 (equivalent to 8 820/MI'PA capacity)

Per MT

caprolactem uantisx
Cyclohexane NT 0.93
Oleum as

Sulphuric Acid :%M l.72

Ammonias MT 0.82

Anmoniun Sulphate

(Credit) NT .29

Combined utilities (480, 30% foreign)
Chemicals

Variable Cost
Fixed Cost

Production Cost

hﬂiﬁ Emiﬁl
43 190

42

4
15

124
159

283

114

263

(=459)
267
7%

120
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TABLE 1TI.3.1

Production Cost of Caprclactam (Snia Viscosa Process)

Plant Capacitys 15,000 NTPA of caprolactam
Capital cost (foreign exchange element of 'battery limits erected'):
$11.5 x 106 (equivalent to $770/MTPA capacity)

ter MT Forei Internai
caprolactam Quantity

Toluene N7 1,135 39.6 144
Ammonia MT 1.312 - 418
Cleun (as 32304) XT  3.18 T 213
Hydrogen MT 0.075 0.8 , 38
Caustic Soda MT 0.177 - 118
Chlorine MT . 0.018 - 14
Ammoniwn Sulphate NT  4.25 (Credit) - (=850)
Total for materials 117.4 95
Steam NT 11.0 22 50
Power k l,ow 5.0 50
Cooling Water m 1,400 5.6 70
Catalysts and

Chemicals - 18

Packages - 8
Variable Cost 148 27
Fixed Cost 149 7718
Production Cost 2917 1051

On the basis of the above cost estimates the production cost of
caprolactam is affected very little by the choice of process route.
However, cyclohexane processes are offered by DSK and Inventa
among others, and both of these processes have a good record of
successful operation. We would also expect these processes to

be rather more simple to operate than those employing the other
two routes (Toyo Rayon and Snia Viscosa). We have therefore based
our full economic assessment in section 6., on the cyclohexane

route, using data for the DSN process.
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We estimate the foreign exchange saving resulting from the manufacture
of caprolactam on the 15,000 MTPA s ale would be $155/MT and that

Rs 8.2 would be spent to save each $1.0. On this basis, we

consider that such an operation would bring a marginal overall

benefit to the Pakistan economy.

2.€ 3 Choice of Site for a Caprolactam Plant

The production cost estimate above is applicable to an integrated
petrochemical complex near Karachi. The Multan fertiliser

complex 1s another possible site, offering comparable opportunity for
rationalisation of utilities plants. However, additional

equipmer.’ ror hydrogen supply and additional inland freight will
incrcase the plant cost. Fibre production would most economically
be concentrated at Karachi, so transport cost difference is estimated
below on the basis that caprolactam would have to return to Karachi,

Caprolactam Plant at Multan instead of Karachi

Additional Transport Costs per caprolactam
Quantity MT Rs/MT Rs

Sulphur 0.5 33 16.5
Cyclohexane 1.0 4y 44
Ammonia 0.7 120 (saving) ’-8%)
Ammonium Sulphate 1.8 No differen »
Caprolactam 1.0 44 "y
Net Difference I§TS

in increased costs of transport with ne other compensating benefits.

Also Karachi as a site for a caprolactam plant offers better
opportunity of rationalisation of caprolactam recovery from the
fitre plant i,e. final purification of both new and recovered
caprolactam could be combined within the caprolactam plant.
tverall, ¥arnchi s the most suitable site in West Pakistan for
caprolactam nanufacture.

in the East, a parallel situa...r G.adoud 1in the choice between
Chittagong and Ashugan) as sites for a caprolactam plant. On
“imiler grounds to these abeve, Chittagong 1c the more Susvable
site, in East Pakistan.

l Thus location of the caprolactam plant at Multan would result
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Another possible site in Bast Pakistan 1s at Fenchuganj, There are
two main factors against using Fenchuganj. Firstly, the ammonium
sulphate plant would e reaching the end of 1%s normal life by the
time The caprolactsm unit is established. Secondly the ammonium
sulpbate plant capa:ity is leas thar the rate at which ammonium
sulphate ig prodi.r i as a hrye-product in a 15,000 MTPA caprolactam
unit, The po::tion of Fenchuganj in relatior to the main nylon
consunpt.or 2 <as i< also unattractive. Chittagong is therefore the
most suitati: location 1n st Pakiatar.

3.7 Dimett Tersphalate or Terephalic Arcid

I» vhiz section, an analysis 1s made for alternstive plante of cepacity

1€,200 MTPA of DMT,
ox L4,500 MITA of TAt eirther wurit will provide sufficient monomer
Prer rsor for (5,000 MTPA of polyester fibre., This capacity is close to
The -stimat a7 ton@od (See sert.on 2.1 Bbove), Capac:ty equivalent
*¢ 13,000 MTPA of fibre was choeen for study because

a) *he timug of its installetion ensures that the nylon and polyester
fitre schemes can joimtly utilise the aromatic feedstocks available from
the proposzd BTX proauctior scheme, which supplies mainly the raw
matelr ia.e for thezs fikreg,

T) A Prel. n:nery Rillys:e ‘ndicated that 15,000 MTPA was the lowest
capecity likely to be ecoromically attract.ve.

For DMT, combined esterification and oxidatiorn of P-xylene by the welle
Proven Witten process was selected as the basis of cost estimation,
This 1oute 1¢ sligktiy chesper *han those via esterification of crude
tevephalic acid, where only IMT 1s required as product.,

For TA, dirert oxidation of p-yyleae was chosen and our cost estimate is for
the Mot1) prorecs, A somewhat similar pro-9ss 1s available from Amoco.
The Yenkel 1 and II procesaes, based on orthoxylene or toluene feedstock,
are no longer competitive and licences for su-h processes are not available.
In making this statement we are quoting a recent letter from lLurgi,. who
have hud & 1ot of experience with the Henkel processes. We also learned
from Mitsubishi, who operate such a Process 1n Japan, that they are not
interested in licensing it in Pakistan.

Coet of pexyliene feedstock 1s taken as the production cost oalculated for
ths appropriate BTX scheme in Section 4. In the case of TA, the unit

cost of p-xylene was increased bty an appropriate amount to allow for the
smallst scale ot production.
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TABLE I1.3,1

P ction and 1 Co

Plant Capacity: 40,000 MTPA

Capital Cost: (foreign exchange, element of 'battery limits erected'):;

$3.37 x 106 (equivalent to $84,3/MTPA capacity)

Site: Ashugan), East Pakistan,

i sy

Natural Gas/ 106)(0!1 8.5

Elec. energy kWh 180
Cooling water u) 250
Demin. water -} 2.3

Catalyst & Chemicals

Variable

Fixed

Drums
Transport
Production and transport cost

i

0.9
1.0
0.5
2.5

4.9
16.2

21,1

al.1

internal
surrenoy Rs

18.0
5.4
12.5
2.0

37.9
85-1

123

111

194
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Plant Capacity ; 16,200 MI'PA

Capital Cost (foreign exchange element of 'battery limits erected’):;
£ 11.8 x 106 (equivalent to 8 T29/MIPA capacity)

. S ML ey e,
l p-xylene MI 0.716 62.6 2688.3
' Methanol MT 0.%61 11.8 108.8
Steam MT 10.0 2.0 80.0
Elec. energy kWnh 2,0% 10.2 101.5%
' Cooling water . 265 3.3 8.2
l Catalyst & Chemicals 1.5 -
Variable 0l.4 619.8
' Fixed 141.2 736.3
Production 2%.6 1956.1
l Cost of alternative import 380 -
I Saving in Foreign Exchange 147.4 -
Ratio 1”.1/1'70‘ - R.o 9.!/‘

s
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Y 99 6

P tion Cost of T thalic Acid (direct oxidat )

Plant Capacity: 13,500 MIPA of fibre grade TA,
Capital Cost (foreign exchangs, element of battery limits erected):
$ 10.6 x 106 (equivalent to $787/MTPA capacity)

Foreign Internal
Rer MT of firre grade TA Quantity exchange §  gurrency Re

(note: fixed cost element of production of p-xylene from mixed xylenes has
been increased by 10% to allow for the 20% lower requirement than by the
DMT route, for the same quantity of polyester fibre end-product)

p-xyl&nen MT Oo@ 6202 2%00
Hydrogen, kg 6.4 0.1 3.4
Fuel 106 kcal 3 - 22.5
Steam MT 8 1.6 64,0
Elec. energy kwh 700 3.5 35.0
Cooling water m} 140 0.5 7.0
Demin. water m) 7.5 1.5 7.5
Catalyst & Chemicals & other servioces 27 -
Variable ) %o ) “37 N
Fixed 152.8 T795.3 '
Production 289.2 1232.7
Cost of alternative imports 380.0 ‘
Saving in Foreign Exchange | 1%0.8
w7 8 = Re.0.4/8
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On the basis of the above estimates, the ocost of production of one NT? of

sither DMT or TA ia about the same.
will also apply elsewhere in the world,

In our opinion, the relationship
In the next few years, we expect

that DMT and TA will be available at about the same Price per NT, with
TA tecoming the cheaper in the long tem.

irices of DMT and TA are not generslly publisLed, but in our opinion either

material will be available on contract,

C & F Pakistan, at sbout $380 /wp,

Or possibly less, On this basis, we consider that the production of either

intermedis* , o supply pelyester fibre

is mer~'ul.Ly attrective,

!&;e‘ne glyocol

production of 15,000 MTPA capacity

We have examined the viability of ethylene glyool production, to supply the
needs of 15,000 MTPA of polyester fibre production i.e. the estimated 1979
demand. 4,450 NTPA of ethylene would be required,from the Fauji ethyleme
complex, to make the requisite 6,000 MTPA of ethylene glyool.

A direct oxidation process would be exployedy the older chlorohydrin

Process 1s no longer competitive.
for a plant as emall as 6,000 MI'PA capacity,

It may not be possible to get & licence

Our cost estimate which

follows is an approximate one, based on data supplied by Snem-Progetti.

Although the present day price of ethylene €lyocol, C & F Pakistan, has been
quoted to us & $212 /MT, the published prices in Murope (for small quantities)
are &g low as $220 /MT. We oconsider that the contrsct Price, C & F Pakistan,

will @lso be about $220 AT

y Or even lover,
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IANE 111.0.17
Preduction Cost of Ethylene Olycol

Plant Capacitys 6,000 MTPA

Capital Cost (foreign exchange, element of 'bettery limits erected'):
$ 3,44 x 106 (equivalent to $ 573/MTPA capacity)

:r wfn: Glyco m;n & mm

Ethylene, MT 0.7h a4 3.
(Table III 3.3)
Fuel 106 kecal

™ an S B G U & oD o =

2 - 15
Elec, energy kWh 600 3.0 30
Cooling water n} 750 3.0 38
Demin. water m 8 1.6 8
Higher clycols MT 0.1 (Credit) . (=50)
Variable 52 i72
Fixed 111 579
Production ' 163 751
Cost of alternative imports 220 -
laving in Poreign Exchange 57
I' Ratio T51/57 - Rs. 13.1/%
L n the basis of the above estimates, we consider that the production of

3tltylene glycol in Pakistan is not attrective,
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SECTION 4
BENZENE, TOLUENE, AND XYLENES

Consumption estimates for B, T, and X in Pakistan were 1isted in Section 2
and these form the basis of a number of alternative plans for BTX processing schemes
which will be developed in this section. Essentially, aromatics extraction plants
can be based on the refineries at either Chittagong or Karachi or both; these
locations are the sites for the schemes which are described in Section 4.2, costed
in Section 4.3 and analysed in Section 4.4,

4.1 Production Capacities Selected for Study

Production capacities for the schemes in this section of the report
were based on the market estimates for 1980, as stated in Section 2, and the
capacities chosen for the petrochemicals products in Section 3,

There are three alternative processing schemes (A, B, C, below):

Sgheme A

In this scheme, the major BTX production would be in the East at
Chittagong, along with the three main user plants for caprolactam, DMT or
TA, and phthalic anhydride and planned to start up in 1976. A separate
small BTX production unit would start up in the West in 1974, to take
advantage of the pyrolysis naphtha and to supply the West BTX needs up to
1980; no BIX would have to be transported betwsen wings in 1980.

Scgheme B

In scheme B all BTX production would be in the West, at Karachi,
together with plants for the synthetic fibre monomers and phthalic anhydride.
BTX production would be planned to start in 1974 or 1975, except that pro-
duction of pure xylene isomers would be delayed until 1976, to suit the user
plants.

Sgheme C

Here, all BTX production would be at Karachi, starting {n 1974, but
no synthetic fibre monomers a® provided for; phthalic anhydride production
would be included. (Inclusion of this scheme allows the viability of phthalic
anhydride production, without fibre monomers, to be assessed).

Y s o &N B N O &G & o =

o g

So that basically the same schemes could be used for costing either
DMT or TA, the higher consumption of p-Xylene was used in the first place,
1.0, based on DMT. The consumption of p-Xylene per MT of fibre is 208 less
by the TA route, and an appropriate adjustment was made to the production cost
of p-Xylene for estimating the production cost of TA.

e . T
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The production capacity, locations of the units and dates of plant
start-up are listed below:

- e G G & = S = = @

R

Scheme A Project in B: Pakisten
X _Preducts Camsoity, NITA
Bensens for 15,000 MTPA Caprolactam: 13,580
for Inssoticides: 500
Total: 14,000
Toluene Miscellaneous: 2,500
p=Xylene for 15,000 MTPA polyester
fibre (via DMT): 11,600
o-Xylene for 7,800 MTPA of phthalic
anhydride; 8,780
Total BTX: 39,240
lesstisn' Chittagong
Siars-up Date: 1976 (M1l capacity reashed in 1980)
Schems A Project in W, Pakisten
X _Preducts Canpeity, NIPA
Bensene for 10,000 MTPA DDB: §,700
for inssoticides: 1,5%00
6,800
Toluene Miscellaneous: 8,%0
Solvent ayleme 2,500
Total B 11,8200
lasatien: Karesht
- ' 197
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Scheme B Project in VW, Pakistan |
EXX_Profusts Cassaity, ITPA 1
Bensene 80,200
Toluene 5,000
Solvent xyleme 5,000
p-Xylene 11,600
o=Xylene 8,780
Total BIX: 30, 540
lesaticn: Karachi

.2

Start-up Date: 1974/5 (xylene separation in 1976)

Seheme C Preoject in ¥, Pakistan
X _Products Samsoity, MITA
Bensene 6,700
Toluene 5,000
Solvent xylene 5,000
o-Xylene 8,780
Total DI ”.m
lesaticn! Kareoht

Ssart-up Dete* 1974

Ressrintion of Schemes

In this section the aromatics proocessing plants for the three schemes
A, B, and C are discussed.

For East Pakistan, there are four possible processing plants which
oould be erected to meet the requirements of scheme A (schemes B and C do not
include BTX extraction in the Bast wing). These four are nusbered Scheme A
RBast (1) to Schems A East (iv),
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For West Pakistan, a plant unit ia described for schems A, two
alternative units for scheme B (Scheme B West (1) and Scheme B West (i1) )
and one for Scheme C.

4,2.1 East Pakistan Production Units

In East Pakistan, the only practical source of BTX is naphtha
from thoGerimry at Chittagong. Taking the refinery capacity to be
2.9 x 10" MTPA of Aga Jhari crude, if all the naphtha were catalytically
reformed, 1t would be possible, using commercial physical separation
methods only, to separate the quantities of PTX required. Large new
reforming, extraction, and fractionation capacity would be required,
however, and the surplus aromatics and raffinate together would con-
siderably exceed the requirements of the market for high octane motor
gasoline. Such a scheme would be uneconomical, therefore, for
East Pakistan, we preferred schemes which included at least one
chemical reaction stage following catalytic reforming, in order to
improve the yield of benzene and/or p-Xylene from naphtha.

Scheme A (East) - Alternative (i)

In this scheme, the whole output of the existing catalytic
reforming unit, plus a substantial quantity of reformate from a new
reformer, go to a solvent extraction unit which separates the aromatios.
The raffinate, consisting mainly of paraffins, ia a major by-product.
The aromatics are separated in the fractionation unit into bensene,
toluene, C8 aromatics and a by-product 09 + aromatic stream.

Some toluene is removed as product, and the remainder ia dis-
proporti onated, i.e., by chemical reaction, two moleculea of toluene
are converted to (ideally) one molecule each of benzene and xylene.
Several such processes are either commercial or in an advanced stage
of development; they will certainly be used increasingly in future
aromatic plants. For this scheme, we have used data provided by
UOP for their "Tatoray” toluene disproportionation process. "Tatoray"
is in full scale operation in Japan; yields are good, and operation
18 straight forward.

Cq aromatics from the fractionation unit are combined with
those h-oﬂ the diaproportionation unit and fed to the "Parex" unit.

"Parex"is a newly developed process, but several commercial
units are currently being designed. It operates in a manner whioh
provides, in effect, counter-current contact of the solid adsorbent
first with the feed stream, then with a high boiling solvent. Instead
of actually moving the solids, however, a similar effect is obtained
by switching the fluid streama, progressively on a time cycle, to
multiple zones of a stationary bed of the solids. The engineering
features of the process are well proved, being taken directly from a
UOP process for the separation of n-paraffins; a large number of theee
n-paraffin units are in operation.
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"Parex" has comparable capital and operating costs to modern
oystallisation processes, when separating a given quantity and purity
of p-xylene product. It has the important advantage of recovering
about 954 of the p-xylene in the feed stream, compared with 60 - 656
for crystallisation.

The remaining Co aromatics are distilled to produce o-xylene
and solvent xylene; sufplus CS aromatics are available for gasoline.

In costing thia scheme, and the others for East Pakistan,
we have taken no extra credit for any surplus of octane potential
which will be available over that of the replaced reformate and
naphtha.

It is assumed that by-products surplus to motor gasoline
requirements would be bulked with, and be s0ld at the same price as,
surplus naphtha. The net cost of feedstock for the production of
aromatics for chemical use is equal, on this basis, to the same weight
of naphtha plus the loss in value of the naphtha converted to fuel
828 and light hydrocarbons by chemical reaction.

8 A (East) - Alternative (11)

This scheme employs isomerisation of xylenes, so that a much
smaller quantity of C, aromatics is required from the upstream unit,
to produce the dning xylene products. The data used for the
isomerisation units are typical for the Engelhard "Octafining" proocess.
In this scheme, toluene is in surplus.

A t) - Alternative 1)

This scheme employs both disproportionation and isomerisation
and therefore requires less reforming, extraction and fractionation
capacity than either {) or 41). Since the main by-products available
for gasoline blending would be raffinate and C. + argmatics, this
scheme would in practice be ad justed by providgng marginal additional
reforming capacity to produce a satisfactory motor gasoline. This
could have been taken into account, however, the scheme was found to
be unattractive even on the present, slightly optimistic basis.

A t) - Alternative (iv)

This scheme employs hydrodealiylation of toluene to bensene,
and isomerisation of xylenes. As for scheme A(East) 1i1), the scheme
as 1t stands is slightly optimistic, in that some additional reforwing
capacity should be added, to meet the needs of the motor gasoline
sarket .

!




WVIA VB
TRIINLT RODEVID ¥ SAMEINGH
I1I senfoA v . SNOL DIWLIN M DAY

SHLILNWD MV “JLOoN

-1

N () <], saW3Hs WvaDvia 25018 9 ¢ Sig
€551> oaiINn

7 - =

SLNO ABR ¢+ DNILSIXS ‘gyuiLndVN

r——= re - Il.voOh.\OO.
Las Y34 v oo LL
Tru«utﬁ_lﬂu—v o”teouﬁnu?ﬂ.ﬁ# SBLoDeNH vom,

ANITOSYYD
Elgﬁ'

SISANAAL

8 ®5330:




4 - 12

I11 smntop "BVBA WAL
gugdég SMNOL NBLAW NI Jayv

SILILNVA® 1My - 30N

(M @, NGNS WVIOVIQ Nnoove -
€991 25 - OQINDN

XQ....!...Q- A
ooy ~ s_if:-'
—re ———-— - — — /e
-0 ® e3c0 * ..M.oc Rﬁ'ﬁ.r-\. c!!!uwuﬂ'ié i PN

e —

. :zﬁw«ﬂv\em S




‘HAVYIA VI

TIGITT AODSYID ¥ SAMESEH

III ssnatoa ’ SNOL DINLIN NI SV
R ﬂﬂoagt SSILILINVND 1TV "ILON
~ FSNONOW FuSlJ Lnohiim "Ls3IM)- , D BWIHOS

- "TANVAOVYIa 2o0n e
©991 O - OgINN

-
©- _ Hm..za mIN & c..:.a.ua
" | A—

o3l8 X-0 ..-Ww..& .g rlﬂw.l,g.s“u. \.ﬂ. VHLNGWYN
—_ — 3

so0's r? _ _ _ __ a.ﬁce_ M W_”___u.__ 9!....83

ool's @ ©—




TN

-

|

Volume IIX
- MUMRHASYS & GLASGOW LTD. 4 - 18
I UNIDO Vienna Fre-Investment Studies for Fertiliser C.1669
for Pakistan & Petrochemical Industries - Final Report July 1970
4,2.2 Vegt Pekistan Productiop Units
Schewe A (Wept)

This unit could be combined with any of the Rast schemes to
meet the requirements for BTX in the West, if the main aromatios
petrochemicals complex wers to be sited in the East Ving.

Pyrolysis gasoline, an ideal feedstock for the purpose, will
be available at Karaohi from the planned olefins plant. Only a part
of the svailable pyrolysis gasoline would be required for this scheme .
The usual process units, i.e. hydrodesulphurisation, followd by
extraction and fractionation, are employed.

Schews B (West) - Alternative (1)

In this scheme, total Pakistan requirements for BIX are
produced in the West. The whole of the available pyrolysis naphtha
1s used, together with substantial quantities of reformate from one
of the refineries at Karachi.

The reformate would not all have to come from new equipment,
howevez 3noe the liquid by-produots from the BTX plant have sisilar
properties, overall,to reformate, the amount of additional reforeste
production capacity required will be equal to the BIX produmts, Pplus
any gasecus by-products.

This scheme includes isomerisation of xylenas. Toluene 18
produced surplus to forecast consumption,

Schewe B (Wegt) - Alternative (1)

In this scheme, xy.enes are not isomerised. As s result, @
considerably greater quantity of reformate feed, and correspondingly
greater throughput in extraction and fractionation, is required.
Both toluene and mixed xylenes are produced surplus to forecast
requiresents.

Schewe C (West)

As mentioned earlier, soheme C provides for no production of
polyester fibre or nylon precursors. Para-xylens production is
therefore eliminated and benzene oapacity is reduced. The remaining
required quantities of benzene, toluene, o-xylene, and solvent xylene
sre produced from a mixed feed of hydrotreated pyrolysis gasoline and
catalytic reformate, by extraction and fractionation.

%> Preduction Cost Besis

This section lists the yields, capital cost data, and consumption of rew

materials, utilities etc. used as a basis for calculation of production costs
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in Section 4.4,
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4,3.2

Yields and Separation Efficiencies

The following yields were assumed on the basis of 100% use
of Aga Jhari crude (wt%on crude):-

Naphtha cut 65_- 100°C 100 - 150°¢
Naphtha yield 5.1 8.29
Aromatics in reformate;-

Benzene 0.6 0.1
Toluene 0.5 1.1
o-Xylene - 0.53
p-Xylene . 0.42
Cg aromatics - 2.3
Cg+ aromatics - 0.7

95% extraction efficiency of aromatics was assumed.

95% extraction of p-xylene from the stream fed to the "Parex"
process waz assumed,

Dealkylation was assumed to yleld 0.82 MT benzene per MT toluene.
Disproportionation of 1 MT toluene was assumed to yleld: |
Benzene MT 0.414 |

Cg aromatics 0.418
Cq aromatics nil (total recycle)
Clo+ aromatics 0.005

Proportion of p-xylene in Cg aromatics from disproportionation,
isomerisation or pyrolysis gasoline assumed to be 18%.

Capital Costs

Capital cost estimates were made for the BTX plants in each
of the achemes, and are summarised in the table below. These costs
are on the basis of battery limits erected cost for the BIX plant
i.e. excluding only the following:-

(1) Utilities plants, main storage tanks, and other offsites
(11) Owners' start-up expenses, consultancy and training
(111) Interest on loans during construction.

The cost of facllities, such as control room, which are shared
by the process units of the BTX plant, has been appropriately distri-
buted between the units, to arrive at the breakdown shown in the table.

The 1gpproximﬂce capital cost figures listed in the table are
the Forelign Exchange element only. For all of these units, the Rupee

cost element (excluding duties) would amount to about 30% of the F.E.
element quoted, Thus total capital costs (excluding duty) will be
approximately 1.3 times the figure quoted., See Table III 4.1.
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%.3.3 Consumptien and Cost of Utllities end Chemjoals

Consumptions of utilities and chemicals by the FIX plants
wore estimated on the dasis of typical conmumption figures for each
unit, as stated in the table below. Costs of utilities were then
ostimated using the unit coets listed in Section 5.

Seamuaption of Utilitiss and Chemionls per MI feed or product

MNel Steam Elec. Cooling Catalyst
Ine Vater + Chamicals
s Mais e om TRF MY t
Hydrotreater Poed .19 . 10 8 0.0%
hfﬂ'.l' » lm - “ 31 0.”
Aromatios
Extraction . . 0.4 [ 11 0.53
Aromatice
Praotionation . 08 0.2 2 19 -
Dealkylation » 80 0.1 3 N o0.27
Disproportionation " N-) 1.7 85 [ 1.7
Isomerisation . .58 oredit 0.3 M 0.6 2.8%
"Parex" Product
p=Xylene 5.8% . 178 808 8.9
Ca splitter Product
o=xylene - 1.2 20 115 -

4.3.% Nt Consumption of Peedatocs

Net consumption of feedstook (1.e. feedstooks minus 1iquid
by=-products) was sstisated as (BIX products plus gasecus by-products),
gaseous by-products were estimated as the following percentages of
the feed to particular units.

s o k)

——y weeny oy G @D O O O e T T o

i Catalytic Reforwmer 15

: Dealkylation 18
Disproportionation 3.6

!‘ Isomerisation 1.5

T™he assumed unit cost of naphtha, and average unit value
{- (as fusl) of the gassous by-products, were as stated in Section 8.

8.3.5 ZIreatment of Production Cogts
[ In the analysis which follows in Section 4.4, we are oconoerned

} et
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with assessing the projects from the viewpoint of the Pakistan
economy. Por this reason duties payable in Rupees are excluded from
both fixed and variable elements of production costs.

M.4  Pregduction Cost Analysie

h.4.1

N.b,2

Comparigon of Alternative Schees A plants in East Pekisten

The plants are fairly close to each other in capital cost.
Plant East (11) has slightly higher capital cost than Bast (iv) whioh
is the cheapest. East (11), however, has a better balance of Dby-
products for the motor gasoline market and has the advantage of
simplicity. Both East (1) and East (iv) have similar running oosts.
The alternative (i1) was selected for comparison with the Scheme B in
which all BTX production is situated in the Weat Wing.

Somparison of Wegt Pakistan Schemes B (1) end B (11
The two schemes are compared in the table below:

mg.tmm 7

Unit B(1) B(11)
Poreign Exchange
Element of Capital
Cost 10°8  4,%0 3,600 +780 0
Gasecus by-products M7 685 0 +685 0
Puel 102koalPA 38.5 15.1 +23.4 0
Stean 10ZMTPA  78.5 145 0 +66.5
Electrical power 102K§nPA 3,500 2,080 1,450 0
Cooling Water 10°x’PA 4,700 4,200 +500 0
Catalysts and
Chemicals 1°8 PA 192 65 a7 0
The above comparative estimates do not include the "Parex”
unit, which costs the same in either scheme. They show that Scheme
B(11) has significantly the lower capital and running costs. It is
aleo the simpler scheme. It requires a large gquantity of reformate
as feed, but this is not considered a problem, provided that the
operation of the plant i{s closely integrated with the operation of
the refineries at Karachi.
.03 Progduction Cost of Reformate

The production cost of reformate, as feed to a BIX plant
at Xarachi, is estimated on the basis of a catalytic reforming unit

of 75,000 MTPA feed capacity.

This is needed for costing in Section 4.4.4,

VWe consider that pyrolysis gasoline, and also the total 1liquid
by-products from BTX production at Karachi, can satisfactorily replsce
an equal quantity of reformate in the production of motor fuels.

Ve

O
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therefore assumed in our estimates of BTX production cost that these
1iquids had the same value as the estimated cost of production of
reformate.

TABLE I11.4.2

Production Cost of Catalytic Reformate at Karachi

Capacity: 63,750 MTPA of reformate

Capital : $1.0 x 106. (F.E. element, B.L. Pakistan)
i.0. $15.7 per MTPA of output capacity.

Costs per MT of reformate:-

Toreisn exohenge
per MT reformate tit (omm\nul)
s .}
Naphtha, MT 1.18 16.9 16.5
Puel gases, Mt  oredit 0,18 Nl credit 16.2
Puel 10%cal 0.276 N1 2.1
Electriocsl Erne kwh 66 0.3 3.3
Cooling Water 34 0.1 1.7
Catalysts 0.3 Ml
Direct variable cost 17.6 7.4
Pixed costs (see Section 5) 3.0 15.8
Total production cost 20.6 2.2

.4.4  geperal Compariscp between Schems A and Schews B

Scheme A consists of the combination of a plant to make
11,200 MTPA of BIX from pyrolysis gasoline at Xarachi, and a larger
plant to make the balance of BTX requirements, i.e. 79,340 MTPA, from
naphtha at Chittagong. As explained in 4.4.1 above, the most attractive
of the various schemes considered for the Chittagong plant was found
to be alternative Scheme A East (11) which includes a xylenes isomeri-
sation step to improve the yield of p-xylene, but noc dealkylation or
disproportionation of toluene. This combination of East and West plants,
which we will refer to as Scheme A (i1), is therefore compared in the
table below with Scheme B.

?
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Scheme B consists of a single BTX plant at Karachi. The
more attractive alternative was found in 4.4.2 above to be
Scheme B West (i1i) which separates the BTX products by purely
physical processes from mixed reformate plus pyrolysis gasoline
feed. This scheme is compared in the table below with Scheme A (11).

The existing catalytic reformer at Chittagong (75,000 MTPA
feed capacity) will be adequate to meet the automotive fuel require-
ments of East Pakistan until 1980 at least. Therefors, the BTX
plant at Chittagong included in Scheme A (11) is made to bear the
whole of the capital and running costs of the additional new catalytic
reforming unit, in the table below.

In the West, however, it is considered that additional
reforming capacity will be required only equivalent to the difference
between feed (including pyrolysis gasoline) and liquid by-products.
Capital and consumption figures for this additional reformate
production have been included in the comparison table, in proportion
to the figures given above for a unit of 75,000 MTPA feed capacity,
Pyrolysis gasoline quantities have been replaced in the table by the
equivalent quantity of naphtha and gaseous by-products which would
have been fed and derived respectively, in the production of an
equal quantity of reformate.

Schemes A (i1) and B West (11) are compared in Table III.4.3,
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TABLE III.4.3
Pasis: 20,540 MTPA of BIX products

Scheme A(11) Scheme B West (i1
Net consumption of naphtha, MTPA 73,940 59, 640

Capitel cost, foreign exchange
element of battery limits cost, 10°$ 7,810 §,600

Gasecus by-products MITPA 23,400 9,100
Pusl 107kcal PA 67.4 16.5
Stean 10° MTPA 95 148
Electrical power 10° kWn PA 11,800 5, 400
Cooling Water 10°m PA 6,700 5,900
Catalysts + cremicals 10°$PA x3 80
Interwing transport costs in 10’ RePAs-
BTX 6,600 MTPA @ 102 Ra

Phthalic Anhydride 6,160 MTPA @ 56 Rs
Caprolactam 7,000 MTPA (diff.) @ 56 Rs
DMT 6,500 MTPA (d1£f.) @ 56 Rs

$¥ oo

Total of production Eror. exch. element 106$PA 2.211 1.182

+ transport costs internal currency IOGNPA 9,068 6.76

Capital cost is substantially lower for Scheme B West (ii),
a8 also is the combined production plus transport cost.

Capital cost and consumption figures for reformate production,
in proportion to the quantity of BIX products made, has been included
in the case of the BTX plants in the West, to bring the figures to &
comparable basis to those for the East plant.

Capital cost and consumptions of utilities for the "Parex"
unit, which would be the same for either scheme, have been excluded
from the comparison.

We conclude that BTX produttion will be markedly cheaper in
West Pakistan than in the East. Therefore, we prefer Karachi as the
site for an aromatics petrochemicals complex, and have based our
detailed cost analysis of these petrochemicals on this site.
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8.4.5  Preduction Costs of Bengene, Tojuene, end Xyjenes for Scheme B - West
) (4.e. including synthetic fibre monomer production)
f“ used for tgt calculation of production costs of aromatics
potrochmion in Sect
Sapaoities in MIPA:-
Benzene 20,220
Toluene 5,000
p-Xylene 11,600
o=Xylene 8,720
solvent 'xylene' x,000
ca aromatics products 20,320
Total products 50, 540
¢ Capaoity Cost/Capacity
]
”nx 3,450 68.2
cs splitter 250 28.7
"Parex" 2,%00 215.0
As indicated earlier, Rupee costs (excluding duty) will be equivalent
to YK of the foreign exchange element figures quoted above.
TABLE III.4.
Average production cost of BTX (Scheme B West (1%
Foreign Internal
tion cost TMI Consumption exoh. § surrency My
Peedstock
(cost as reformate) MT 1.0 20.6 2.2 |
Utilitiesn:-
Puel 106koll 30 - 2.2
Steam M7 e.7 5 21.6
Electrical Energy 37 1.9 18.5%
Cooling Water 63.5% .3 3.2
Cats. + Chems. - 1.3 -
Variable 26,6 68.7
Pixed (F.E. as 19.46 of P.E. element $68.2) 13.2 68.9
(Internal as 21.2€ of P.E, element)
Total 37.8 137.6
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We consider that bengzene should be valued 208 higher than toluene
and mixed 'xylenes', which is approximately the price relationship
in Europe st the present time.

uctio t MT 4.9 1%2.7
l toluene or mixed 'xylenes', per MT 34.9 187.1
TABLE III.4.
' o-Xylene Production Cost (Scheme B west (1) )
Foreign Internal
o-Xylene production cost per Consumption exch, $ surrency Ry
MT
' Peedatock MT - 1.0 34.9 127.1
Steam MT 1.2 0.2 9.6
Electrical Ene kWh 20 0.1 1.0
l Cooling Water 11% 0.% 0.6
' Variable 35,7 138.3
Fixed ($/MTPA 268.7) 5.6 29.0
' Production cost 41, 167.3
11,4,6
l p-Xylene Production Cos per
Peedatogk MT 1.0 n.9 1271
Puel 10 kcal 5.25 - .4
' Electrical Ene kWh 172 0.9 8.6
Cooling Water 208 0.8 10.4
l Cats. + Chems - 8.9 -
Variable .5 185.5%
l Pined (§/MIPA 215.0) 0n.7 7.2
l Production oost 87.2 .7
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l 4.4.6  Production Costs of Benzene, Toluene, and Xylenes for Scheme C
(1.0, omitting production of synthetic fibre monomers)
' These costs can be used to see how the costs of other aromatics end-products
would be affected by omitting production of these monomers.
Capacities in MTPA:-
Benzene 6,700
' Toluane 5,000
o-Xylene 8,720
' solvent 'xylene' 5,000
Cq aromatic products 13,780
l Total products 2%, 420
' Capitel oogty (foreign exchange, battery limits):-
Cogt Capacity Cost/Capacity
l lg.! MIPA { 4114
mx 2,290 25,420 90.0
l Cg splitter 270 8,720 3.0
11.4, Production costs Scheme
l Poreign Internal
Production cost of BIX perMT (Consumption Bxoh. § Qurrency Rs
l Puel 10%kcal 315 . 2.4
Steam MT 2.76 0.6 22.0
Electrical Energy 35 0.2 1.8
Colling Water 127 0.5 6.3
I Cats. + Chenms. 2.8 -
Feedstock MT 1.0
Variable g‘} m
Fixed ( $/MTFA) (90.0)
I T pson (averase i b E
l Ssnzene production gogt, per MT 48.1 162.0
toluene and mixed xylenes, per MI 0.0 1%9.0
l o=Xylene production gost, per MI:-
Peedstock, I(ﬂ‘ . ) 1.0 80.0 139.0
Utilities, (as 4.4.4 above
' Variable &'g I&‘%
Pixed (as 4.4.4 gbove) 3.6 42:0
' Production cost 86.4 179.2
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%5 Xiahllisy of MIX Production in Paxistan

Published European prices for bensene (in small lots) are in the
range 70-80 $/MT, and for toluene and mized xylenes 60-70 M. The
costs we have estimated, in this section of the report, for production of
BTX in West Pakistan, are of the same order. We oconclude that costs of local
production of BTX are competitive with RBurope, or only slightly more expensive.
Certainly, local production will be cheaper than imports, because transport
ocosts of these materials would be heavy, even in the moet favourable circum-
stances i.e. regular shipment in s compartment taniker.

We have used the production costs of BTX estimated in this section,
in deriving production ocosts for petrochemicals in Section 3,

.6  gonclusions

4.6.1 The most attractive of the schemes 1isted in Sections 4.1 and 4.2 for
PIX production including requirements for the synthetic monomers is
Schems B (i1). This schem produces the BTX products by purely physical
processes from mixed feed of catalytic reformate Plus pyrolysis gasoline
at Karachi. Costs of production by this shheme will be less than cost
of the eguivalent imports.

recommended. By Schems C, the (reduced) requirements for BTX would be

separated from catalytic reformate Plus pyrolysis gasoline at Karachi.

Costs of production will again be lower than the cost of the equivalent
imports.

l b.6.2 If the synthetic fibre monomer plants are not set up, Schems C is
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SECTION 5
BASIS OF ECONOMIC ANALYSIS

The purpose of this volume of the report 1s not to produce detailed pre-
investment studies, but to analyse a large number of possible products, process
routes and production capacities. In order to do this it is necessary to have a
simplified costing method for comparing the various possibilities.

Basically, the requirement is a simplified production cost per MI of product
which 1s split between foreign exchange and Rupee elements. The foreign exchange
element can be compared with the C & F value of equivalent imported material and
Rupee costs and foreign exchange savings can then be used as a basis for determining
whether or not local production is attractive,

This section of the report describes the build up of such a "simplified
production cost". The normal costing is adopted for such "variable costs" as raw
materials, utilities, etc. Fixed costs, (1noludin¢ depreciation, loan repayments,
interest, maintenance, labour, administrative costs) have all been related to the
capital cost of the plant; they are in fact expressed as percentages of the

¢ below,
Since the cost figures are to be used to analyse the relationship between
foreign exchange saved and Rupees expended from the viewpoint of the Pakistan
esconomy, Rupee costs used here do not include duties.

foreign exchange element of capital cost on the battery 1imits erected' basis defined
in tF! tabl 1

In Section 5.1 the capital cost structure and means of finance are discussed,
and Section 5.2 demonstrates the build up of the fixed costs element of production
costs,

5.1 CQiul Cost Structure and Finance

The capital cost structure of s group of petrochemical units was
ostimated for Pakistan conditions, and o typical relationship was found to be:-
FPoreign Internal Rupee

} Costs exolud-
Exo ing duties

'Battery limits erected’ cost ds.excluding 100
only items below)

Owner's start-up expenses, consult-
ancy fees and training.

Interest during construction at 11§
of above

Allowance for offsites at
Total fixed capital at start-up

(excluding utilities plants, land
and housing schemes)
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The capital cost of utilities plants was allowed for separately, by
including a capital cost element in the unit costs of utility services.

Land cost was excluded from consideration because it is usually a
small proportion, and there is no depreciation on it.

Housing schemes would probabdly not be required at Chittagong or
Karachi, and have not been regarded as part of the capital costs of the
projects.

Peak capital requirement of the "typical project” was estimated as:

Foreign exchange capital cost 121.4

Internal before duty 6.4
Duty X

197.8

Allowance for working capital plus initial 19.8

operating losses, 108 of above —

Peak capital requirement 207.6

Hence, equity requirement at 30% of peak
oapital was estimated: 62

We considered that the cost of the equity should be distributed be-
tween the duty and local costs exclusive of duty. Hence, the portion
attributable to the before-duty fixed capital cost of the project =

%‘!‘; x 62 - 37.6
By difference, Mupee loan required - 8.8
Total looal currency fixed capital 8.4

5.2 Piaed Costs

The financial element of the fixed costs was first converted to the
oquivalent constant annual cost (depreciation plus interest or return), over
the whole of the operating 1ife of the plant, which we have taken to be
15 years.

We assumed rates of interest of 5% p.a. on the foreign loan, and 9§
p.a. on the local loan. The constant annual sums to repay these loans, with
interest, over 15 years, were found to be 11.7% p.a. and 12.4%, respectively,
of the initial loans. 168 p.a. rate of return on the equity was assumed.

To calculate the annual sum equivalent to 16% p.a. return on the equity,
we assumed that the rate of interest on short term borrowing, and the earning
rate on surplus funds during the 1ife of the project, were both equal to 9% p.a.
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1.0. the same as the rate of interest on the internal currency loan. Ve
found the annual sum whioh, invested over 15 years at 9% compound, would yield
the same figure as the single equity subscription at 168 p.a. compound, to be
21.%% of the equity subscription.

To these financial costs we added estimated constant annual expeadi-
tures on maintenance, labour, supervision, sales and overheads, over the same
period. The total of these constant annual costs were multiplied by a factor,
to convert them to an average charge on the annual capacity of the plant, {.e,
t0 allow for initial below-capacity operation of the plant. On the assump-
tions that the plant operates at 308, 50%. 90%, thereafter 100% of capacity,
in successive years following the start-up date, and that the marginal costs
of capital are 8% for foreign exchange and 9% for local ourrency, these
factors were caloculated as 1.13 and 1.14 respectively. [Estimated interest
on working capital was not adjusted for below-capacity operation, because
interest on working capital would vary directly with production rate.

The total charges for fixed costs, on the annual capacity of the plant,
were built up as shown in the table 111.5.1.
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T 111.5.1

Pized Costs (% p.a. on the foreign exc
slement of "battery limita” capital cost

is

Ropayment + 8% interest on foreign loan

%ﬁ x 11.7

Repayment + 9% interest on Rupee loan

% x 12.4

Mepayment + 166 return on equity

E&g x 2.5

% p.a. of Ratio of
total B.L. Poreign
exclusive to Internal

of duty Costs

Maintenance 4,0 b6 - 54
Process Labour )

Supervision ) 5.0 Nil foreign
Sales + Overheads )

Total fixed amnual operating

Total fixed annual opersting + financial
Pactor for below-capacity operation

in start-up years

Interest on Working 1.% 12

Capital
Total Pized Charge on Plant Output

!
!
I
!
!
!
!
l , Total annual financial costs
!
|
|
I
I
|
l
[
l
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Simpler methods of estimating fixed costs are more
Typically, straight line depreciation of the plant over 10
oharged, plus arithmetic average of interest
No adjustment would be made for below
following table how fixed

5.3

(% p.a.

Pre-Investment Studies for Fertiliger
Petrochemical Industries - Final Report

II11.5.2,

Pixed Costs by Simplified Method
on foreign exchange "battery limits"

capacity operation.
costs would be built up by this method.

capital)

Depreciation 10.0
Interest # x 8.0
0

Depreciation 10.
Ax 9.0

Interest

) 14,0 x (foreign exchange
oapital, 121.4)

)
) 14,5 x (internal currency
) ocapital, 46.4)

Fixed operating costs, as before
Interest on working capital, as before

Total

Estimates

methods, but the simplified

currency costs.

Overall, the figures we have

We have preferred
reasonable return

both important factors for which
treatment allows for these factors directly,

Volume III
5-5

C.1669

commonly used.
years would be
payments over the same period.
We show in the

Coat Cost
17.0 -

607

2.4 9.2

1.% 1.2

9 17.1

of foreign exchange costs are in fair agreemnt dy the two

method gives a 20% lower figure for internal

used are slightly the more coneervative.

them for this reason, and also because we consider that a
to the equity, and under-capacity operation of the plant, are

depreciation period less than the oxpected life of the

18 of Materials and Services

In this section are listed the unit coets of materials,
packages and transport,

of petrochemicals

in Section 3 and Section &,

allowance must be mede.

plant.

Our more elaborete
rather than by the use of a

servioces,
which we have used for the production cost ostimates

Coats of import duties, bonus vouchers and sales tax have been
internal, Rupee, element of costs, also the excise duty on

excluded from the
naturel gas.
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' Costs of utilities have been built up from estimates of the capital
and operating coets of utilities plants typical for the type of petrochemical
' complex being considered,
5.31 t C tilities at ) ]
l Poreign Local
it Bxch. § Currency Rs.
l Natural Cas 108x0a1 Nl 7.%0
Steam e 0.2 8.0 |
Klectrical Energy kwh 0,00% 0.0%
Cooling Water o 0,004 0.0%
l Rav Water » LT 0.04
Process Water » 0.07 0.5
Demineralised Water ] 0.2 1.0
! $.3.2  Unit Costs of Utilities ot Astwaan)
Poreign Local
' Wit curyency Rs.
Natural Oss 106 xeal N1l 2.12
Stean nr 0.2 3.0
' Electrical Energy us 0.00% 0.03
Cooling Water 0.004 0.05%
Rav Water » N1 0.3 '
' Process Water » 0.07 0.43
Deminerelised Yater 2 0.2 0.8%
' 5.3.3  Unit Costs of New Materials end By-products
Cost per M-
Poreign Intermal
| Material Leoaties Bxch. § Curpenoy By
Naphtha Karechi or Chittagong 14,3 14
l Puel 011 " . " 11.5 21
€ to 05
Nydrocarbons as
fuel (average) . . . Ml 90
' Hydrogen . " 10 500
Caustic Soda » » " Nl 670
Sulphur . " . [Y,] Nl
' Boric Acid . . " 200 N1l
Ammonis Ml tan mi 200
Ammonia Karechi Nl 3o
' Extender 011 for
SBR Kareoh! M1 200
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5.3.4  Cost of Packages
(1) Reusable steel drume 60 Rs/MT of product

(11) Paper sacks 8 Re/MT of product

5.3.5 Cost of Transport between wings

Inelusive of loading and unloeding -

(1) Liquids 1n drume, non-hagsrdous 56 Rs/MT of 40 ou.ft.
(41) Liquids in drume, hasardous,

including PTX 102 Re/MT of #0 cu.ft,
(181) Bagged or dulk solids 56 Rs/MT.

5.6 C&F Prices of Petrochemicals
1970 Puture (predicted)
B/
176

Polystyrene (crystsl chip) 240 %
SBR rubber (general grede) m 300
Caprolactam 860 420
Dimethyl terephalate - 3o
Terephthalic Acid - 30
Ethylene Glycol na 220
Phthalic Anhydride 204 200

|
I
!
i
I
!
i
" styrene :
i
I
I
|
I
i
|
|
i
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SECTION 6

DEVELOPMENT PLAN POR THE INDUSTRY
6.1 Development Programme

In this Section, we present our recommended plan for the overall development
of the synthetic fibres, aromatics petrochemicals, and synthetic rubber industries.

The plan is based on the analysis of marketa, production capacitiea, and pro-
cessing schemes in the preceding seotions 2, 3 and 4 of this Volume.

Acocording to the plan, production of monomers for 15,000 MPPA each of Nylon 6
and polyester fibres would start in 1976. The plan also includes production of
o-xylene, and from it, phthalic anhydride, mainly to supply a plant to make
16,000 MIPA of dioctylphthalate, which we propose (in Volume II of this Report)
should be included in the second phase of the EPIDC petrochemical complex at
Ashugan).

A butadiene extraction unit would start up also in 1976, fed with the mixed
Cy4 hydrocarbon stream which will be available from the Fauji ethylene complex at
Karachi. The extracted butadiene, plus imported styrene, would be used to make
SBR rubber in a plant of 10,000 MI'PA capacity.

The viability of domestic production of the fibre monomers on the proposed
scale is marginal. A further economic assessment on the basis of competitive
Quotations both for the plants and the alternative supply of the monomers on cone
tract, is desirable, It may then be found that it would be better to postpone the
production of the monomers for a few years, until the market demand would support
larger monomer capacities - equivalent to 25 to 30,000 MTPA of eaeh fibre. In that
case, the fibres would continue to be made from imported monomers until about 1960,
Meanwhile, BTX production would be set up to meet the remaining requirements of
Pakistan along the lines proposed in Scheme C in Section 4 of this Volume.

The future develorment of the nylon and polyester fibres market is difficult
to forecast with precision, The timing of the large part of the programme wh ch is
linked to these fibres, including the terephthalic acid, caprolactam, and BTX plants,
nay need to be ad!usted as the developing pattern of market requirements becomes clear,

In Table TII 6.1, the construction programme for the plan 1s set out together
with an estimate of the capital Iinvestment for each phase,

The investment figures Include nsllowance for all expenses needed Lo cet up
production except working cepltal, h.using estates, and lard. ‘o the feorefgn exchange
element of 'battery limitls' cust of the Individual plants, as given in Sections
and 4, were added the estimated cost of:

local currency element of 'battery limits' cost
offsites and utility plants

site development .
start-up expenses, consultancy, and training
duty

interest on loans during construction period,
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TABLE III.6.1
CONSTRUCTION PROGRANE
nvestaent in 105 Rs.
Product SOERSEL  Pesdstock  Total B R

st Pakistan hi
art-up in /13:-

Polyester fidre 3,000 Polywmer ohip &0 2
Start-up in 1974/75;.

(Bensene 20,000 (Reformate +

(Other aromatics 110,000 (Pyrolysis » 24
(Casoline

(Polyester fidre expand to 5,000 (Terephthalic

(Polysster ohip (Aeid + Ethylene 100 56
(Glycol

Nylon 6 fibre 6,000 Caprolactam 110 63

Start-up in 19761«

p=Xylene 9,300 Arcmatiocs 25 15
o=Xylene 8,720 Aromatice 3 2
Terepthalic Acid 13,500 p=Xylene 120 T4
Oleum 20,200 Sulphur 14 8
Caprolactan 15,000 (Benzene, Oleum, 144 88
(!ll}
Start-up in 19301«
Polyester fibre expand to 12,000 gmmmmu 40 24
Acld
Nylon 6 fidbre expand to 12,000 Caprolactas 70 131
Pakist Chite
art-up in 't
Nylon 6 fibre 3,000 Caprolactes 66 8
Polyester fidre 2,000 Polymer ohip &0 2

Start-up in 1980;-

Nylon 6 fibre expand to 6,000 Caprolactas 87
Polyester fibre expand to 5, 500 Terephthalic Acid 79

&3

!
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6.2 Future Technological Developments

Nylon and polyester are expected to dominate the world market for synthetic
fibres for many years to come. Other polymers, including some new to the mar-
‘Ket, will no doubt take a larger share than at present, but the physical properties
and versatility of nylon and polyester are good enough to meet most forseeable needs.
Their leading position, therefore, seems reasonably secure. As noted in the
introduction to this volume, polyester seems set to overtake nylon within a few
years. However, antistatic properties and increased moisture absorption will
be sought increasingly for some applications, and such properties are likely to be
provided most easily by modified nylon polymers.

It is in the series of operations by which the polymers are made into textiles
that the greatest changes will be seen. Already in Eurépe, various types of
texturised yarns and high speed knitting have replaced spun yarns and weaving
opsrations in some parts of the textiles market.

In the technology of BTX production processes, useful developments will be
seen which will provide a more versatile range of chemical and physical operations,
and slightly improved economics. Only moderate cost reduction is expected in
terephthalic acid production. There 1s greater scope for cost reduction in
caprolactam production, and some improved process might well become commercial
within the next 5 to 10 years featuring lower quantities of ancillary raw materials
and ty-product than the current commercial processes.

The above considerations tend to confirm the choice of nylon and polyester
as synthetic fibres to be produced in Pakistan. The rapid changes taking
place in synthetic fibre textile technology point to the need for careful analysis
of end-product markets when deciding what types of spinning and textile machinery
to buy,
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SECTION 7
CONCLUSIONS

1, The production of nylon and polyester fibres in Pakistan at low costs would
be an important contribution to the development of export business in tex-
tile goods. A study of export markets for such goods should be undertaken.

2. Nylon 6 fibre should be produced from caprolactam feedstock, in plants

of at least 3,000 MTPA capacity, with provision for increase of capacity
to at least 6,000 MTPA. There should be one such plant in East Pakistan
and not more than two in West Pakistan.

3. Polyester fibre should be produced in plants of at least 2,500 MTPA capa-
eity, with provision for increase of capacity in steps of at least 2,500
MTPA. One such plant 1is proposed for each wing. It will be beneficial
to concentrate polymerisation capacity initially at the fibre plant in the
West: this first unit would also produce polymer chip for the spinning
plant in the East, and for export of polymer chip to Iran and Turkey.
Polymerisation capacity of 5,500 MTPA would be installed later at the

fibre plant in East Pakistan, as the market demand approached this capacity.

4, It is recommended that polyester fibre production be based on terephthalic
acid feedstock.

The most attractive form of longer term development of the industry would
be the construction of a major complex for the extraction of aromatics and
production of fibre monomers. The minimum economic capacity is equivalent
to 15,000 MTPA of each fibre,

6. Caprolactam and terephthalic acid must be imported up to about 1976. ' They
should then be manufactured in plants of capacity equivalent to 15,000

MTPA of each fibre, located adjacent to a BTX plant which would supply
them with benzene and p-xylene respectively, '

7. The Pakistan requirements for aromatics hydraocuarbons, including the benzene
and pe-xylene feedstocks for caprolactam and terephthalic acid can be produced
most economically by physical separation processes from a mixed feed of
pyrolysis gasoline plus catalytic reformate, and iri close association with
refinery operations. In principle, such production could be undertaken

in association with the refinery at Chittageng or with the two refineries

at Karachi, but there are cost advantages favouring the Karachi location.

8. A phthalic anhydride plant should also be included in the aromatics com-
plex. The feedstock would be o-xylene and the product would be for
shipment to East Pakistan where a dioctylphthalate plant of 16,000 MTPA
capacity is proposed.

9. It is also proposed that an SBR synthetic rubber plant of 10,000 MTPA
capacity be set up at Karachl to start up in 1976, fed with butadiene
extracted from the Faujl cracker Cu hydrocarbon by-product.

-~» G OGN TN G TN TP P TP ey e o 09D 2 4 o =
w



l Appendix I
HUMPHREYS & GLASGOW LTD, Page 1
UNIDO Vienna Pro=Investment Studies for Mertiliser C.1669
for Pakistan & Petrochemical Industries - Pinal Report July 1970
fViv 100994
BIBLIOGRAPHY

oo

1. C. Jemics UNDP Projeoct Meanager
General Survey of the Existing Situation in the Petrochemiocal and
Pertiliser Indystries, and

A Review of the Raw Materials Availabilities and their Prices in
Pakistan Nay, 1967

2, T. Janakievekis UNDP Project Chemiocal Thgineer
General Survey of Ixisting Situation in regard to the Manufacturer
of man-made fibres in Pakistan.
March, 1968

3. Ce. Jenics UNDP Project Manager
A Preliminary Study of Complex Fertilisers with Particular reference
to Pakistan.
March, 1968

4. T. Janakievekis UNDP Project Chemiocal Whrgineer
A Review of the Industrial Chemiocal Complex Study for Emst Pakistan
and a Proposed Pattern for a Petrochemiocal Oomplex.
A' April, 1968

5. V. Tevetkovs URTA Expert
Oeneral Survey of Ixisting Situation and Proposal for the Plastiocs
Production and Processing Industries in Pakistan to 1985.

6. T. Janakievakis UNDP Project Chemioal IEngineer
A Study of Feedstocks and Processes in the Petrochemiocal Industry
with a Review of the Position in Pakistan,

January, 1969

7. L. Kochetkovs UNDP Expert
Methodology and General Survey of the long-tera foreoast for the
Production of Plastics and Synthetic Fibres and background of the
Chemical Industry in Pakistan Toonomy.

8. Von Peters FAO Consultant
Pertilizer Marketing in Pakistan.
October, 1968

9. A. Ananias FAO Agricultural Credit Specialist
Pointers for Discussion of Credit Problems connected with Fertilisers
Promotion in Pakistan 1968.

(Superseded by Ref.13)

Y GINY G GEN) GEN) IND GED N0 amy ey GNP OB D OB B



e

HUMPHREYS & GLASGOW LTD.

I UNIDO Vienna Pre=Investment Studies for Pertiliser C.1669

Appendix I
Page 2

for Pakistan & Petrochemioal Industries - Final Report July 1970

10.

11.

12,

13.

14,

15,

16.

17.

18.

19.

i

J.G. Vernaats FAO Team leader

(a) Preliminary Wraluation of the Prospects of Oomplex and
Compound Complex and Compound Fertilisers in Fakistan.
JOnuAry, 1968
(v) Projection of Fertiliser Nutrients Requirements of West Pakistan
for ths Period 1970-1985,

February, 1968
(¢) Pertiliser Uss Potential in Bast Pakistan.
March, 1968
Batells Institute, Frankfurt/Mains Report for UNIDO
Market Survey of Petrochemical Products in Pakistan.
January, 1969

Investment Advisory Centre of Pakistant (overnaent of Pakistan
Survey of Plastics Processing Capacity in Pakistan.

Ae Ananiat FAO Agricultursl Credit Specialist
Credit and Fertilizer Promotion in Pakistan.

May, 1969

T. Janakievekis UNDP Project Chemioal Engineer
A Btudy of Aromatics and Derivatives with a review of the position
in Pakistan,

L. Kochetkovs UNDP Expert
Eeononical Survey of Ekisting Situation in the World's Petrochemioal
Industry and Analysis of West Pakistan Petrochemical Complex.

Report of the AJDC Pect=finding Mission on Petrochemical Industries
in the BCAFE Region. Report to Asian Industrial Development Council.

Dr. Andrew 8. de Bndredys FAO Consultant
Nethods of S0il Analysis (Soil Fertility and Soil Testing Institute
of VWest and Bast Pakistan).

June, 1969

Ce Jonict UNDP Project Nanager
General Survey of World Production, Consumption, International Trade
and Pertilizers Requirements.

Zindsr International Ltd./Technoorsts Ltds Report to Govermment of
Pakistan. A Preliminary Fuel Study for Pakistam.

1968

P
f



' : Appendix I
MUNPHASYS & GLASGOW LTD. - e
UNIDO Vienna Pre=Investment Studies for Pertiliser €.1669
for Pakietan & Petrochemical Industries - Final Report July 1970

'r———__——'-—'—'-—_———'

20, looation and Investment in Nitrogenous Fertilizer Production in West
Pakistan (Rotner Report). ER. Rotner Harvard University Advisory Service.

Decenber, 1967
21, Fertilizer Policy in East Pakistan. Minutes of the Meeting.
Director of Agrioulture Emst Pakistan Government.
22, Dr. J.G. Vermaats FAO Team Leader
Technioal Reports on Fertilizer Trials (st Pakistan) - Various Reports.
23. Two Reports EB30:1 Weso Pakistan Fertilizer Co. Ltd.
(a) Crop Responses to Various Phosphatic Fertilizer, West Pakistan,
November, 1966
(b) West Pakistan Fertilizer Oonsumption Forecast.
Kovember, 1966
24, %01l Fertility Investigations in Pakistan.

Dr. J«G., Vermaats FAD Team Leader
F.A.0. 1964

S0il Fertility Investigations in the Peshawar Region.
Von Peter FAO Oonsultant

FeAo0, 1964

26, The Pertiligzer Programme of the Qovernment of Emst Pakistan.
Planning & Development Dept. East Pakistan Government.

27. Fertilizer Requirements for Wet Pakistan (1970=-1980).
Dr. J.G., Vermaats FAO Team Leader

28, VWest Pakistan Chemical Fertilizer Handling and Marketing Survey.
U.8. Agency for International Development - Pakistan.

29, The Demand for Fertilizer in West Pakistan, WPADC.
West Pakistan Agricultural Development Corporation.
B Deoember, 1968

30. The Manufacture of Fertilizers in Mast Pakistan (3 volumes)

Vol. I Survey of Demand
Vol. II  Nanufacture of Nitrogenous Fertiliser, ; See Ref. 31,
Vol. III Manufacture of Fhosphatic Pertiliser.

tt t td.
Chemoon Report to Industrial Msnagements Ltd Agust, 1967

— eameg M) Gamy Wewp GEED GD GID GEP I ED GO G GO G G &
S
[ ]



NN WY ) GE) GED GNP GEP GE e GED GED GED N o o G G

MNUMPMAEYS & GLASGOW LTD, Page 4

UNIDO Vienna Pre=Investment Studies for Fertiliser Ce 1669
for Pakistan & Petrochenical Industries = Final Report July 1970

il.

32.

33.

4.

35.

36.

1.

38,

39.

Nev Issue of (30)
Vol. I and II only.
Boonomic and Technical Wvaluation of Oversess Shipment and Utilisation

of Bemental Phosphorous for Pertiliser Production. Tennessee Valley
Aathority. Published Report.

January, 1968
The Dle of Ixtension in the Distribution of PFertilisers.
Dr. J.G. Vermaat. FAO Team Leader
Seninar on Petroleum. Petroleum Institute of Rakistam.
September, 1968

BMhylene and Polyethylene Plant for Ihst Pakistan. MNitsubishi.
Report to st Pakistan Industrial Development Oorporation.
December, 1966

Market Survey and Feasibility Study for Karechi Petrochemiocal Complex
(FAUJI). BBICUP & Chemical Consultents (Pakistan) Ltd. Report to Feuji
Poundation.

Petrochemioal Investment in S.B. Asia = Fremch Institute of Petrol.
V.B, Henny F. Vachex Institut Francais du Petrole.
May, 1968

Development of Petrochemioal Industry in Pakistan.
(2 volumes) Library. MNessrs. Imhausen, Report to Pakistan Government )
1964

Development of Fertilizer Industry in Pakistan.
Nessres. Imhausen. Report to Pakistan Qovernment.

PVC & PVA Fibre - WPIDC/Sumitomo. Report to B. Pakistan Indl. Devt.Oorp.
October, 1966
PACN R.C.D. Report-Manufacture of Acorylic Fibre Iren « Pakistan.

Chemioal Consultants (Pak) Ltd. Report to W. Pakistan Indl. Devt. Oorp. "
19

Pertiliser Trials in Famers' Fields by A. Wahnad T.I. Departaent of
Agrioulture West Pakistan Jovernment.
November, 1965

Bt Pakistan Market Survey - IBSO Pekisten Fertiliser Osmpany Ltd.
August, 1968



|
\ Appandix 1

,M&———-——-———-&-——

URIDO Viemna Pre=Investnent Studies for Fertiliser C.1669
for Pakistan & Petrochemical Industries = Final Report July 1970
L w
‘ 44. Proposal of Peasibility Pattern of Petrochemioal Oomplex Industry in
Pakistan. Vol III. T, Janakievski. UKIDO Project Chemical Wgineer
J\m., 1969

P

45A. Investment Study. st Pakistan Petrochemioal Coemplex bdased on Natural
Gans. Austrian Petrochemiocal Oonsultents. Report to East Pakistan

Ind. Devt. Corp.
September,1969

453, Symopsis of Dooument 45.

51, West Pakistan. Comments on the fertiliser progremme during the feurth
five year plan. Dr. M. Neumann WNIDO Project Nanager
Mgust, 1969

52. The Oonsumption and preduction of fertilizers in Bst Pakistan
during the fourth five year plan. Dr. J.G. Vermaat FAO Team Leader

September, 1969

S4., Paper presented in Teheran on the fertiliser industry in Pakistan
(including pesticides) Expert from Pakistan Gevernement.
Octeber, 1969








