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The E.P.1.D.C. site at Chittagong, when completed, will comprise two streams for
the production of TSP,via sulphuric and phosphoric acid,from sulphur and phosphate
rock. The by-product gypsum has no sale as plasterboard, nor may it be converted
to ammonium sulphate at Chittagong. As the disposal sres is very limited in sise,
the only alternative, if no other use can be found for the gypsum, is to transport
it from the site, to be dumped, either at sea by barge, or on waste lsnd.

A cement grinding end blending plent is in the final stages of construction,
very near to the TSP site, to operate using imported cement clinker. Consider-
stion has therefore been given to the conversion of the gypsum to sulphuric acid
and cement clinker using the Miller-Kihne process.

The two licensors for the process were contacted and gave adequate cost and
operation data for a study to be prepared and costed. Hitachi-Zosen, who are
currently constructing the sulphuric acid plant for the second TSP plant have
prepared technical and cost data for their plant to convert gas from the
Miller-Kiihne process in sufficient quantity to produce 475 MTPD sulphuric acid
(as 100% 32304).

Process flow diagrams and a layout have been prepared for the scheme. Cost
comparisons have been made for the project conaidering it both as part of the
overall Pakistan economy, and as part of E.P,I,D.C.'s investment programme. In
the former case, s shadow rate of exchange, and in the latter, a return on
investment have been calculated and presented for a higher and a lower sulphur
price.

It is concluded that the scheme is teochnically viable. Economic viability is
relsted to the forecasta of sulphur price during the life of the plant. The
project would result in a reduction of the net outflow of foreign exchange even
at the lowes* assumed sulphur price ($40/MT). The Rupee expenditure required

to achieve this saving may, however, be considered exceasive. A signifiocant
improvement in the economic position of the project would result if means oould
be found for achieving & reductien in the oapital ocest of the project, or if mere
of the required equipment ocould be produced in Pakistam.
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1.1 Rirstuetios

The preaent TSP complex of Bast Mkistan Industrial Develepment Corperetion
ilP.I.D.C.) at Chittagong produces, &s an end-preduct, Triple Super Fhosphate
TSP) from imported sulphur and imported phesphate rock. There are two
ocomplete TSP units of capacities:

Plant I - 32,000 NTPA TSP
Plant II - 120,000 NTPA TSP

Saoh TSP unit includes Sulphuric Acid, Phespheric acid and TSP plante,
tognther vith asseciated off-site facilities,

o mm— —— a—— A—

One sulphuric acid plent of 100 NTPD oapacity is ocurrently eperating, and
a further plant of 400 NTPD cepacity for the secend TSP plant is under
oenstruoction, and should be commissiened in mid 1971.

Twe phosphoric acid plants will eventually be in operetien, these are:

(1) Wuivelent to 10,670 NTPA P2°5' using the Derr=Oliver Single Tank
Proceas. (33'3‘5 WIPA HQIO‘).

(i1) Muivalent to 40,000 MTPA P,O_, using the Nissan hemi=hydrete/
di-hydrate procees. (118,485 frPs 1,80,).

T™he total sulphuric acid requirements are therefere 152,000 NTPA. On an
ennual opereting life of 320 days, this ameunte to 475 NTPD K,80, (as 100%).

As & byproduct, gpeum is preduced by the phesphoric scid plants. This may
be disoarded as & wvaste either out te sea, which will be ocestly, or merely
amped on one eide of the plant area. The latter will, of osurse, require
s large amount of ground in an ares where land is at s premium. The ares
at present allooated on the plant site for thie purpese if totally inadequate
on & long term basis.
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1.1 W- continued

The objective of the study, therefore, is to determine how the by=product
gypeum may best be used. It is clear that a decision will then have to

be taken either to implement a scheme such as that proposed in this study,
or to make alternative provision for disposal of the gypsum being produced
oontinuously from the TSP fertilizer plant operations. As the rate of
production of gypsum from both plants when at full oapacity is approximately
850 tons per day the problem of disposal becomes quite serious.

£

Useful products from this gypsum are limited to about three:
(a) ti f Plaste

There is no sale at all in Emet Pakistan for this material.

(v) Exeduction of Ammoniun Bulshate Pertiliser

Tis is carried out by double decomposition of CaSO, and (1!!14)2 €O, solution,
The latter is produced by reaction of gaseous monia and CO, gme }n [
packed tower. It requires an on-site ammonia plant for the CO,. Since
this is not present at Chittagong, this will not be oconsidered.

(c) Preduction of Salphuric Aoid spd Qement Clinker

The third alternative is to make an S0, containing ges stream and Portlend
Cement Clinker using the well known Miller-Kihne process. In this process,
the gypsum is roasted with additives in a rotary kiln, The off-gas
oontaining 80, is cleaned, the required oxygen is added as air, the mixed ges
is then dried and passed to the existing sulphuric acid plent. The solid
residue is unground Portland cement clinker,which will be passed to a

cement grinding and blending plant.

The third of the alternatives is ideally suited for Chittagong. A cement
grinding and blending plant is currently being oonstructed some 600 metres
distent from the existing TSP plents. The existing sulphuric acid plant
for TSP II may be modified at & cost of approximately Rs 4,310,000 to
produce the full quantity of so4 from the clean dry kiln gas. The

plant would show large savings in foreign exch@nge in thet sulphur and cement
clinker imports would be markedly reduced.

Since the overall efficiency of the sulphur oycle is only about 90%, o
proportion of the sulphuric acid would still have to be made from sulphur.
This may be achieved by buming sulphur in the kiln along with oil (or ges.)

It is proposed that the sulphurio scid plant for TSP I (100 MI'PD H,S50 ) be
left unmodified, and thit the new plant be sized at 475 NTPD H,%0,, thus
satisfying the demand for 53304 on the site. In this way a 8 maby or
immediate increase in ocapacity of 100 MTPD 32804 is available.
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2.1 Jgontion oL PAagt
T™e plent is looated at Chittagong, st Pakistan, in the Petenga Industrial
Btate ares.

It is oonneoted to the reilway netwerk of Pakistan Thstern Milways and has

its om jetty in Chittagong Port, adjecent to the plent, for the handling of
revw materials and finished preoduots.

The TSP oomplex is situsted adjacent to other B P.I.D.C. projects i.e. grein
silos and steel mill., A cement grinding end blending plant is under
oonetruction approximately 600 metres from the TSP ocomplex (see paragreph 2.4).

Pakisten Eastern Refinery is also loosted nearby.

2.2 by Materiale

Sulphur and rock phosphate are the main rew materials fer the TSP plants.
Sulphur is imported by the Treding Cerporetion of Pakisten nermally under
oashecum=bonus scheme, but sometimes under leéms from varieus oountries.
Mok phosphate is imported from Jordan, althoeugh the plent design was
besed on the use of Norocoo rook.

2.3 Rksting FAant and Pacilities

2.3.1 Genered

TSP plant number I was cempleted in 1969, his epereted for three or
four weeks, but has had to shut down due te corresien treubles in
the phésphotric acid sectien of the plant.

A small quantity of sulphuric soid is, however, being sade (1000 tens
at & time, this being the capacity of the storage tank) and sold te
the steel nill and to private industry - e.g. tenneries.

TSP plant number I is expected to be back on stream later this year =
a8 s00n as the requisitioned replacement parts are aveilable.

TSP plant number II is at present under oenstructien and is expeoted
%0 be commissioned by mid 1971.
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2.3.2 Qyupaul Riapeshl Ares

A @peum disposal ares of sbeut 46,600 n2 (11.5 acres) is aveilable

on the present site. This ie large eneugh to acosmmsdate the by-product
@peun from TSP plants I emd II at full output (at 2a depth) for

522;: 150 days only. This area is shown on plot plan drewing number

1 151=l,

A spot analysis of the by=preduct gypsum frem the TSP I plant gawe:

Cal 3905 ‘ '/'
MO‘ 96.07
P205 1.3
free lsPO‘ 0.247
lle‘ 0.11

00, 0.08

No date fer fluerine.

!

|

I

|

I

!

: W aorerel raincalb. T (Tue reck vem Jordam reck = 30.68 B0y
|
|
l
I
!
|
J

3.93 % I, 0.06% C1). 2’5’
2.3.3 Wiak = (beelda)

At present, 8 tubewells are installed, of whioch twe give saline water
and are thus unusable. Vells at Chittageng are normally 350=400 ft,
depth, and a single well oan be expected to give 30,00C igph.

The oapacity of the tube wells will new all be used vhem the twe
TSP plants are both in eperatien, but twe mere may be installed.
After that & limit is reached on the river frentage.

River water may be taken frem the Kaswmephuli river during lew water

eince it is saline during high water perieda. HNenoe settling amd
storage facilities are required.

5
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2.3.4 Ractrioal Fever

Power for the oomplex is provided by B.P.W.A.P.D.A. (Mmst Pakisten
Vater and Fower Development Authority) but at present the supply is
very unreliable ~ 3 or 4 breakdowns per day are not uncommon. It

is understood that this is due largely to overloaded transmission
lines. Plans are being considered, at long term, to instell power
generation equipment for the entire B.P.I.D.C. ocomplex (including the
TSP complex) B.P.W.A.P.D.A. will not permit installation of private
power supply since they have considereble excess oapacity. However,
they are installing further loop lines t0 ensure reliability of supply.

An emergency power supply of 900 h is being installed to deal with
essential pover requirements for the T3P plants i.e. for moving the
digestors.

2.4 onan’ Paotemr

Adjacent to the TS8P factory site, B.P.I.D.,C. are at present oonstructing
e cement grinding and blending plant to produce cement for use in Wst
P*iBtm.

m— ) [ ] [ ] [ ] —— L 0

. The plant will ultimately be able to produce 300,000 tons per year of
‘ cement, but at the first stage will only be capable of producing half this
ocapacity.

) Cement clinker will initislly be imported, but the plamt is conveniently
, situated to take cement clinker from the cement clinker/sulphuric acid
Plant desoribed in this study.

The cement plant has its own wharf up-stream of the TBP plant wharf, and
is oapable of taking vessels of up teo abeut 10,000 tons.

The plant will have three storege siles, sach of 5,000 tons oapacity for
cement clinker and three silos of the same sise for oement preduct.

The firat shipments of cement olinker te the new plant are expeoted in
Deoember 1970.

ey ) G EEN s ey
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3.1 Licensors

Four manufacturing companies license know-how for their processes using
byproduct gypsum.

These ares-
a) Osterreichische Stickstoffwerke, (O0,8.W -
0.S.W. license through four contractors:

M.W. Kellog Company, New York.

Fried, Krupp GmbH Chemieanlagenbau, Essen.

Vereinigte Osterreichische Eisen und Stahlwerke A.G. Linz
Bngineering and Industrial Corporation, S.A. Luxembourg.

b) V,E,B. Chemjiewerk Coswig D.D.R.
The process is licensed through Simon Carves Chemical Engineering Limited.

¢) Marchon Division, Albright & Wilson Ltd. (U.K )

The process is licensed through the Power-Gas Corporation,
d) Polimex = Poland
N.B. The data used in this report have been supplied by O.S.W, and Coswig.

3.2 Progess Bxperience (GOV & Comnig)

a)

h— m — _ [ ) [ %

]

0.8, W.

The company has a cement/sulphuric acid plant at Linz in Austria. They
have one kiln of approx 200 MI'PD H,S0, capacity, which was constructed in
1953 to produce sulphuric acid and cement from mixed anhydrite. 0.38.W.

have a phosphoric acid plant on the same site, so a mixture of anhydrite

and byproduct gypsum is normally used.

Experimental work on byproduct gypsum is limited to runs of T-10 days by
the lack of feedstock, the phosphdiric acid oapacity being inadequate to
produce sufficient gypsum to satisfy the sulphuric acid need. A number
of these tests have been carried out, and to date some 40,000 MI' of
byproduct gypsum have been processed.

Pried. Krupp have been awarded a contract in South Africa for a plant of
1000 short tons/day Ho304 from byproduct gypsum from Phalaborwa rock.

This plant is in two stages, the first being 350 tons/day. A full sedle
test at Linz was successfully carried out on byproduct gypsum shipped from
the South Afrioan site.

-—— oD GED ) EEN e
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3+2 Process Jgperjenge - oontinued
») Gamuig DR

Oeswig have four kilns with & tetal oapacity of 800 NTPD 804, built in
1938, and & further four kilns built in 1955 of 680 MTPD H.SO, total. All
kilns operate on mixed anhydrite. During the period hrcg 1966 to

December 1968, five fullesocsle experiments were oarried out using bypreduct
&ypsum in place of the natursl anhydrite. As with 0.S.¥, limitations of
supply of the byproduct gypsum eventually terminated the individual test
runs, but Coswig were satisfied with the experience gained during these runs.
The cement quality improved after each run. (Date on the cement produced

is given in Section 3.4).

Seneral Ikperignce

Both licensors have devoted much time and effort to minimising the effects
of impurities, particularly P,0. and Myon cement quality and the process.
The effects of these are as fgl ovwss

P2°§

This will stabilise the dioalcium silioate phase in the cement oclinker to
the detriment of trioalcium silioste. Diosloium siliocate is slow setting
vwhereas tricalcium silioate is fast, so the effect of P,0. will be to reduce
the early strength of the cement, whioch is the oharectefiStic which
determines the acoeptability of the cement,

L

The presence of fluorine in the kiln oan lover the melting points of the
materiale in the kiln and may osuse ring formation. Any fluerine whioh
does pass to the oconverter will shorten the life of the SO, oxidation
cetalyst, but may be easily removed. In addition, the fluorine may osuse
the protective ocoating on the kiln briokwork to be eroded with oonsequent
reduction in refrectory life.

Licengors experience of P205 and F in the gypsum is:

Qldls P05 & maximum of 2.0% w/v,
F & maximum of 0.15% w/w.

[V e Py0; & maximum of 2,08 w/v,
Fa maximum of 002’ 'ho
It is generelly expected that an incremse in fluerine up te 0.3% in

@Psun will be permissidle sinoe much of the fluerine is remeved during
drying and oaloination.
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3.3 general IRReIAsce - oontinued

Other limitations on impurities inocludes
(1) Alkali (as Na 0 & K0) 1.5 in olinker (0.7-0.0% in rew mix)
(i1) Chlorine 0.1% in rew mix.

34 Qmmt ualll

The cement clinker produced will be of adequate quality to use fer the
manufacture of cement to BS 12 or equivalent (ASTM C150; DIR STANDARD TGL
10573¢ GERMAN DIN STANDARD 1164).

The average composition of the cement will be appreximetely as fellowss (% w/w)
a0 8i 02 A1203 !'0203 Ng© Alkali SC)3
63.8% 21.08 5.T9 2.06 2.47 1.40 2.7

It will, of oourse,vary within fine limits due te the exeot ocempesition eof
the feod gypsum and additives.

depandent upen the on5 oentent of the olinker.

P,0. in oclinker 2.08 1.08 0.0%
rzgi clinker 0.10=0.15%¢ 0.10«0,15¢ 0,100,194
pecific Jurface

(Reine, omc/g) 3000=-3200

Dending Strength (n/mz)
(te DIN 1164)
After ) days

7 days

20 days

Osmpressive Strength (hc/uz)
(te DIN 1164)

After 3 days 190
7 dagn z
28 days

888
S 2
38

320

131

l Tests oarried out by O.8.¥. at Lins indioate that the cement quality is

P
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3.4 Coneal Quality - oemtinued
Oomparing the abeve with DIN 1164

Samath clase Samaiseaive Strwsth (ke/sn”)
Liag 28 908
215 min 100 min 275
s min 175 min 375
and M 12 for Ordinary Pertland Osment,
2 2
min 154 kg/om 239 kg/om

it may be seen that the quality as regards compressive strength is adequats.
Similarly, Ooswig have oarried out determinations en cement preduced

during their test in 1967. Results of this ase & follews: (Tested
acoerding to TAL 10573

idan Idan 2 L

202 365 507
219 361 507
202 YY) 524
216 36 517
250 Y4 582
202 368 532

A Iritish Pertiamnd oement tested te the stme Standard gave

203} 332 432
216 300 455

3.5 amaliaiens GmesIning frecess RKiua.

It wuld appear that the better experience, in temms of quantity ef Wypreduct
@Psun processed is held by 0.8.W. They have carried eut & number of test
runs on their own bypreduct gypsum, and alse & full scsle plant test en
material from South Afrios. Mried, Krupp heve odbtained & oentrect to build
& unit in Seuth Afrios using the O0.8.¥W. precess, and this sheuld bde
operating vell before the plant prepesed for Chittageng. The bemefit of

the experience obtained at the Krupp plant would then be available vie

the lioemsor, 0.8.V,

vy GIN) AN I GED G D & A U e G aan .
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3.5 Sancluaions (Rnosrning Irecsss RiAlug - oontinued

Coswig, on the other hand have preduced excellent quality cement during &
relatively short plant run. They heve eight kilns in eperation aghinst
0.8.¥.'s single unit. They hawe, &t present, better experience on
minimising the effect of fluorine in the gypsum, 8lthough it is expected
that 0.!0'0 will at least matoh this.

It may therefore be seen that there is adequate experience and oenfidence

that the scheme and precess is viable. It ie, however strengly recommended
that reliable geologioal surveys are oarried out to determine the eveilebility
and analyses of suiteble additives (clay & sand), end also that socurete
anblyses of bypreduct gypsum be made,

The only real problem facing the preject is that ef fluerine diepesal.
This vill be released during ocalcinstion and wet ghs clesning and will
eppear 8s & liquid effluent, reughly equivelent to the fluerine oentent of
the @psum.

The reminder of this repert is oencermed with andlysis of the finaneial
end engineering viability of the prepesed scheme.

— eaup GO GO G GO G & & @ & = @& & -
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4.1

4.2

SKIICH 4
IECEIGAL TROJICT ATA

Jsnsial

The following desoriptien applies in generel detail to beth the 0.5.W. and
(oswig processes. Some differences do appear between the actual flow
sohemes, but both follow the same principles.

Process Rescriptiop (See Flow Disgrem Figs. IV.4.1 and IV.4.2).

The process for manufacture of sulphurio acid and cement clinker from gypsum
is based on the well established Miller=Kfihne process. Wet gypsum filter
oake is dried and calcined prior to passing to the gypsum silo.

The additives, ooke, clay, sand (to provide ocarbon, aluminium, iren, and
silioa) are individuslly crushed as required, then dried and milled before
passing to their respective silos by ganged batoh weighers, and passed to
the Jaw Meal Mixer where thorough blending takes place. The mixed meal is
then pessed to the Raw Neal Silos prior to being fed to the Cement Kiln.
The kiln is inclined at a small angle to the horizontal, thue assisting the
passage of material through it. As the meal passes through the kiln, it
contacts hot gases from the combustion of o0il and sulphur

A series of reactions take places the net results beings

4 Mo4 + 2C -ﬁ a8 + BMO‘ + 2002 sressseseence 1
u+3u0‘ -—-‘4QO+4802 eravietccs e e 2
0o «+ u2°3 + 3102 + F.2°3 ——’P‘rtlﬂ‘ld Coment ClinkeT csevvcoveers 3

Reaotion 1 begine at approximately 700°Cs; the preduct osloium sulphide

is en intermediste preduct only. Reaction 2 begins at approximately 900°C,
At temperatures up to 1400°C, the OaO reacts with 83i0,, Al,0,, and Fe,0
preducing cement clinker. The olinker leeves the kiln at tio firing (iwor)
end, and is oooled by ssoondary air fed to the kiln in the Clinker Cooler.

The oontaining ges rasses from the upper end of the kiln to the first
stage @8s ocleaning, in which the bulk of the dust is remwoved by oyoclones,
then by dry electrestatic precipitation, and returned to the kiln. The ams
is then washed by weter or very dilute sulphuric acid (approx. 1%) to remeve
fluerine and to 00el the gas. The gas then passes through a further set of
eleotroatatic precipitaters,and then to the existing medified sulphurio

aoid plant.



Velume IV
M
UNIDO Vienna Pre=Investment Studies for Fertiliser C.1669
for Pakistan & Petrochemiosl Industries - Final Report July 1970

.{"

4

4.2 Erocess Descriktion - oontinued

The gas is dried using the existing Drying Tewer, and beested by & new gas
blower through & nev Heat Exchanger in the medified Beiler fystem. A
stream of dry air from & new Drying Tower is added and the mixture passed
to the first bed of the existing oonverter. A further stream of air and
ges is added after each of the first two beds, the gas then being ooeled
in an existing eir-cooled Heat Exchanger, before passing to the fourth bed
of catalyst. The gas is then split into twe parts, one passing through
a feed=water esoconomiser, the other threugh a feed gas preheater.

The mixed gas is then put to an Abserbing Tower and finally to atmesphere
via & new Demister.

The existing Sulphur Furnace is 0il fired te give sufficient steam for
use at present, A new Heat Exohanger is pesitiened in the flue ghs stream
to act as a Start-up Heater for the OConverter.

4.3 Buipment Jayout (See Site Plan 1669=151-1)
The equipment has been laid out with the follewing ebjects in mind.

1. To minimise modifications t0 the existing plant, keep oress=connection

. distances to & minimum, and take advantage of the existing readways.
2, To allow future extension of at lesst 100% on ocapacity.

Gypsum will be transported as & damp filter oake to the grpsum storege. Frem
there, it is dried and caloined, and then passed to the gpsum siles. The
additives are individually reclaimed, dried, milled and put te their respective
silos prior to blending.

Cement clinker is stored under a simple reof at the firing end of the kiln
and then transported by conveyer to the existing cement grinding/blending
plant.

Kiln off=gas passes to the purifiocation plant where it is dedusted and washed.
Separsted dust is returned to the kiln, whereas the acid washings are
dironrded.

Provision for future extension has been made by allewing for possible
installation of third and fourth kilns alengside the first twe. The -
oontaining gas weuld be purified in a parellel plant to that fer the first amd
seoond kilns, and then passed to & new osntact plant for cenversien and
absorption. This plant ocould be installed in the ares marked "Sulphurio

acid plant extension",
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4.3 DuARamL JAKRMS, - oentinued

Sheuld it be required t¢ add sulphuric acid capacity as @ sulphur dbuming
unit, then again adequate space is eveilable within the same ares.

The preposed railvwey line serving the TSP plant bagging and leeding ares,
as shown on the site plan drewing given to HAG Limited, will requipe
relooation. This oould proebably be arrenged as indiocated in site plan
dreving 1669-151=1,

4.4 Kgact o Pover Pailuze

An unfortunate feature of the Chittageng site is the frequency of pewer
failures. It is only necessary to ensure that the kiln retation is
maintained during these periods, although efforts must, of oeurse, be
mede to improve the power supply situstion. A simple diesel drive will
be adequate for kiln safety.

4.5 Qmampiien of Fesdstoks snd Utilitise

The oonsumptions are based on the preduction of 475 WTPD sulpburic scid
(as 100% &s&). of vhioh it is @ssumed that 45 NTPD will be preduced
t

- aGN) O GED A GO G @ 6 & & a G o —

SR,

from elem sulphur burmmt in the kiln.
(1) resdatocks
Nyproduct grpsum (ee ouo‘.zl,o) 1.75 wm
Qay 0,224 NP
Ooke 0.082 W
fand 0,018 Wt
Sulphur 0,032 Wt
(2) Utidities
Beotric Pewer 210
Oseling Waser (32°0-43%0) 100
el 0il (Net OV. 9,900 Bedl /xg) 0.1 ®
() aaadita
Osment Clinker 0.5 W
(4) Ethumia
Acid Water (frem vet ge olemming) o2 W
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4.5 Consummtdion of Fesdatooks and Utillitiep - continued

(5) Fssdatook Analyses

The consumptions in Section 4.5(1) above have been calculated on the
following compositions (§ wt dry)

Qmse  Sad 0 G (ke

810, 0.10 91.66 67.67 6.90
A120.3 0,10 3.%6 24,41 4.40
Fe 0, 0.10 1.68 7.07 2,00
Ce0 41,40 0.60 O.43 1.3%0
MgO 0,12 0.10 0,00 0.40
80, 56,60 0.10 0.00 0,00
c , 0.00 0.00 0.00 85.00
Remainder 1.58 2,%0 0,42 0,00
F& 9205 See 3ection 3.3.

Variation on the above analyses will, of course. alter the actual auantities
of each coratituent, but not the viability of the scheme.

4.6 Avallebility of Raw Metarials

R-aredic’ OXREUS

[ This is produced by tne phoepheric acid plents at Chittagemg. It will
oxist as & wet filter cake containing appreximately 40S total H,0 (both
fized and free).

PO
This will be imperted as at present.
Soka

| This will have to be imported. Cobe fines containing net mere then % w/w
| volatiles will be adequate.

Shax

" Indications ere that this will be availeble in Best Pekisten, in the
looality of Chittagong. Onm the basis of the anslysis in Sectien 4.5 (5),

’ ebeut 650,000 MT will be required for 20 years operation. The actual

J quantity will,ef courss, depend upon the amalysis.
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4.6 Availability of Rgw Materisls - continued
Sapd

Again indications are that this will be available in East Pakistan, in the
locality of Chittagong. On the basis of the analysis in Section 4.5(5),
about 60,000 MT will be required for 20 years operation. The actual
quantity will, of course,depend upon the analysis.

During the H& engineers' visit to East Pakistan, contact was made with
the Geologicsl Survey of Pakistan - Eastern Division, in Dacca seeking
information on the availability (reserves) and analysis of sand and clay
in the locslity and neighbouring areas of Chittagong.

In a letter Ref No. 4643/P&I-IX(14)/70 dated 9th May 1970 they replied
as follows, - quote:

"A serutiny of various reports of the Chittagong town and the adjacent
areas indicates that there are fairly large deposits of clays and sandes
in the proximity of Chittagong town.

The most promising deposit of clay is known as Girujan clay. Its thickness
iz about 1150 feet. It is exposed all along the Eastern slope of the
Chittagong anticline.

Unconformably underlying the Girunjan Clsy is the Tipam Sandstone with an
approximate thickness of 1530 feet. This bed is composed of messive and
bedded yellowish brown fine to medium grained sandstones with irregular
shale interbeddings. Sand is being quarried from this bed for use by
various parties in Chittagong town.

|

fum——y

The Girujan Clay and Tipam Sandstone formations will certainly meet the
desired reserves of 250,000 tons and 500,000 tons respectively at any one
spot selected by you for mining near Chittagong town.

e |

Two chemical analyses csrried out by the Geological Survey Dacca, of the
Clay samples cellected from the site of the Cement Factory which was to be

built in Chittagong by the East Pakistan Industrial Development Corporation
are ss follows: -

-

£40 R,0, Fe, 0, CaCO, MgCO
2 23 7723 > 3

Sample No. 65 68,00 22.80 - 2,13 1.80
Sample No. 66 59.48 24,80 4,60 3.92 2,20

In case you need any edditional information please let us know and we shall
endeavour to supply you the same.
Yours faithfully,

(8. Tayyadb Ali
Deputy Director General)
Jeoclogical Survey of Pakistan,
Kastern Division,
- end of quote”. DACCA. "
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4.6 Avatlebility of Rew Materials - continued

It is recommended that if the project ie to prooeed, a survey be
carried out in the locality; of Chittagong with the object of
determining ava lability and analyses of these raw materials. It
would then be possible to carry out more accurate sstimates of the
requirements.

Dl

Puel oil for combustion in the kilns is currently available in
adequate quantity from the E.P.I.D.C. refinery at Chittagong.

There are a number of schemes for pipelining natural gas into
Chittagong and it is quite probable that such a line will be in
operation at about the time of start-up of the project for
conversion of gypsum to sulphuric acid. T™he anticipated costs
of natural gas are :-

Rs 42.4 / 1000 Ne’
plus Rs 14.1 /1000 Ne® duty

- (Basis : delivered site at Chittagong)
. 4.7 t tryot

g It is estimated that the project will take 30 months to implement from

: the date of eignature of a contract for the supply of the plant until
initial start-up. The commissioning programme will require an additional

[ six monthe. A bar chart programme is attached on page 4.9,
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M

morion 2
ECONOMIC ANALYSIS OF PROJECT

5.1 genarel

The economic analysis of the project may be considered in two waysi-

(i) from the viewpoint of the Pakistan economy as a whole, the
objective of the project being to eliminate foreign exchange
expenditure on sulphur and cement clinker. Rupese costs per U,S, ﬂ
saved have, therefore, been calculated.

(i) from the viewpoint of EPIDC. EPIDC's objective should be to
obtain a reascnable return on their investaent.

At will be seen later in this section, the long term sulphur prioe is an
important factor in the analysis. The price of sulphur at Chittagong was
oted by EPIDC staff in April 1970 as Re535/MT, which is equivalent to
;;7.8/“‘ Sc&f). Current (July 1970) price in the Qulf of Wexico i down
to about $27/MT, which would correspond to about 45/MT (c&f Chittagong).

The problem of predicting long term prices is a very complex one and

UNIDO have commissioned a study on this subject by the British Sulphur
Corporation, but this is not yet released. A lower level of

‘40/!'!‘ was selected for study. The figure, with which the analysis is
concerned, should be the mean level over the assumed life of the project
1974-1988, During this periocd, the price of sulphur is likely to undergo

a number of fluctutations, as it has over the last 15 years, and limite of
J40/MT and about H60/MT (ca&f Chittagong) seem realistic, with a probability
of the average price being near to the lower figure.

[ 5.2 capitgl Cowt

Capital cost estimates for the gypsum conversion plant have been obtained
I from Fried. Krupp Chemieanlagendbau (0.3.W. process) and Simon Carves
i (Coswig Process). After adjustment to a comparable basis, these figures
are in agreement within the acocuracy of such budget estimates and so the
nean price was used.

The cost of modifying the sulphuric acid plant supplied with TSP II, t0 take
the kiln gas and produce 475 NTPD of acid was quoted by Hitaohi.
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5.2

SaRAiAl Copts - oontinued

These cost data have been assembled to give a total estimated cost for the
developaent as follows-

Foreign Bxchange Local
(Be_Milliop)
Equipment, spares, freight and
insuraace, sscalation 48.3 -
Engineering and fees, supervision
of comstruction and commissioning 1.3 -
Construction, oivils, local supply,
servioces, freight, escalation 18.5
Import Duty 10.8
59.6 29.3
Start up and Consul tancy ocosts 4.3 4.4
Interest on F.k. loan during
oconstruction 6.7 -
TOTALS — ———
700‘ 3307
OVERALL TOTAL m
Working Capital 2.5

No allowance has been made for the production lost during conneotion of the
new plant into the existing units, It would be possible $o import
phosphoric acid t0 keep the two TS plants running during this period. In
practice, the change-over period should be relatively short as the new
plant fhcilities would be built alongside the running units and reasdy

for connecting in,

The capital cost figires quoted above cover all direct expenditure associated
with the modification of the plant for use of by-product gypsum and for
production of cement clinker and its conveyance to the clinker grinding
plant now under oconstruction.  The work covered is as follows:

1. | Matéuotion of plant for the production of 302 containing gas stream
and cemnt clinker from byproduct gypsum.

2. Modification of the sulphuric acid plant (new being erected for
TSP II) to use the 30,- centaining gases and preduce 142,500 MTPA
sulphuric acid.
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5.2

5.3

Capitel Costs - odntinued

bR

4.

5.
6.
T

Provision of gypsum and other rew material stores and handling
facilities.

Facilities for conveying cement oclinker to cement clinker grinding
plant (now under construction).

Provision of interconnecting pipework, services etc.
New cooling tower facility for 2000 s /hr cooling water.

Facility for disposal of acid effluent from purifiocation plant.

The working capital covers the provision of rew material inventories and
storage ocapacity of cement clinker.

Unit Costs

In considering the two altesrmdtive ocases, i.e¢. for the Pakistan economy
and for EPIDC, the following unit costs have been used as listed in
Table IV 5.1. 1In the cost analysis all cost figures have been assumed
constant at 1970 levels.
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| 5> unitcus - continue
Takls 1V.5.] - Unit Costs

i Por Pacistan Eocoomy
: Sulphur e 275.5/MT (o&f) #57.8/MT
Il Sulphur Re 190.9/MT (o&f) §kO.O/MT
Fuel 011 Re 80 MT (delivered site)
‘ Coke Rs 129 /MT (oaf)
Clinker Re 68 /T (delivered site)
,l Clay Rs 18 /T (delivered site)
‘ Sand Rs 18 /T (delivered site)
). Power Rs 0.13/kwh
| Cooling Water Re 0.0%0/m° (circulated)
. Gypsum Disposal Rs 5.0/MT wet gypeum
" (by barge to ses)
ﬂ Per RRIC
Sulphur Rs 535/MT (delivered site)
' Sulphur Re J70/MT (delivered site)
Mel 011 Re 80MT (delivered site)
' Cos Re 250/MT (delivered site)
Clinker Re 68/MT (delivered eite)
' Clay Re 18/ (delivered site)
Send Rs 18/MT (delivered site)
' Power Re 0.1%kwh
: Cooling Water RAe 0.0%/n° (oirculated)
Gypoum Disposal Re S5.0/MT wet gypeum
' (vy Sange %o sea)




Volume IV

- m ) m in P: x5
} UNIDC Vienna Pre-Investment Studies for Pertiliser C.1669
for Pakistan & Petrochemical Industries - Final Report July 1970

=00 ——

5.3  URis Coptp - ocontinued

) Iakle 1V.2:2
L Uational Basis (i-e. no teges)
Bunse costs - extra to gosts for areducticn of sulaharic aeid fros mulsbur
[ Rs Ho804
Cooling Water 80 -3/I'r H,80, 2.40
] Clay 0.224MT/MT H,80, 4,03
Sand 0.018 NT/MT H,90, 0.32
l Procees Labour (Bxtra 50 men) 2.30
Raintenanoe (3.0% PA of investment) 16.09
i Insurence (0.3 PA of investment) "1.61
¥*.75
| « 26.75 x 1423500
| B IR N
IRIRC Maais (is0, vith Sasss)
Cooling Water 8 l3m H,80, 2.40
T Clay 0.224 NT/MT H,80, 4.03
. Send 0.018 WT/MT H,%0, 0.32
I Colse 0.082 NTMT H,%0, 20,.%
Process Lebour (xsra 50 aen) 2.30
z Naintengnoe (3.0% PA of investment) 16.09
‘ Insurance (0.7 PA of investment) 1.61
Nel 0.37 NT/MT H,%0, 29.60
102,30
= 102,20 x 142

zsoo

g O URF R
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5e4 Impact of Project on Pakistqn Foonomy

In table IV.5.4, foreign exchange and rupee costs of the project are
calculated over a 15 year project life. In this table, all duties, taxes

l etc., payable in Pakistan, are excluded. Nst forsign exchange savings
are compared with rupee costs. A forsign sxchange loan over 10 years is
charged with interest at 8¢ and is repayable in equal installments.

' Table IV.5.2 lists the costs of raw materials and utilities and items
included under the heading "Rupee costs - extira to costs for production
of sulphuric acid from sulphur.”

} Thus, in the table IV.5.4, the new project is oonsidered as an extension
to existing facilities. The two cases of sulphur price of ﬂ57.8/l'1‘ and
$40/MT are considered and the annual ratio of rupees expended/f saved

’ is calculated. This ratio has also bsen estimated by taking the sum of

- the net present worths of the annual figures for rupees expended and
fs saved. A discount rate of 10% p.a. was used. The resulting two

N ratio figures of 6,53 (sulphur at #57.8) and 10.57 (sulphur at $40) are

. considered to give the moet reliable assessment of the project from the
viewpoint of the Pakistan economy. The conclusion drawn is that the
project is goceptable at the higher level of sulphur cost, but not
&t the lower level.

Finally, the ratio was again calculated on a basis frequently adopted

in Pakistan. This ratio is based on foreign exchange savings and rupee
coets for a single year of operaticn. Nst foreign exchange saved is
calculated after allowing for 1 year's loan repayment and interest on the
initial loan atamean level of 5¢. Rupee costs include all norsal running
costs, 10% annual depreciation but no intersst on the rupee element. On
this basis, the ratios are;-

Rupees expended/f saved 7.18 (sulphur at £57.8/MT)
13.07 (sulphur at $40/MT)

5.5 Beturm to BPIDC

In table IV.5.5, the project is considered from ths pcint of view of
FEPIDC. The table includes savings in expenditure and costs, all in rupees.
The Foreign Exchange loan repayable at 8 over 10 years is included and
the annual cash flow for EPIDC is calculated. Table IV.5.3 lists ths cost
of raw materials and utilities and items included under the heading

"Rupee cost - extira costs for produotion of sulphuric acid from sulphur®.

The DCF rate of return on EPIDC's rupee investment has been caloulated.

A project lifs of 15 ysars is again assumed. The DCF rate of return for
EPIDC is 22% (sulphur at #57.8/MT) but falls to 5% with sulphur &t $40/MT.
Similarly, at a sulphur price of about $34/MI, the return to EPIDC becomes
zsro.
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5.6 Potential Use of Natural Gas

As indicated in Section 4.6, it is anticipated that natural gas
will become available by pipeline at Chittagong. This is a
cheaper fuel supply than the fuel oil assumed in the analysis

of Sections 5.4 and 5.5. The use of natural gas in plaoce of 6
fuel oil would reduce the annual fuel costs by about Rs 1.2 x 10
(duty-free basis).

This reduction in rupee cost would reduce the ratio of rupees
expended per $ saved to 6.0 (sulphur at $57.8/MT) and 9.7
(sulphur at $40/MT), The D.C F, rate of returm to E.P.1.D.C
is also calculated to be improved by about 2%.

Thus the use of natural gas has a beneficial effect on the overall
economics of the process.

5.7 Rigougsjon

The overall economic viability of the project must be viewed as
marginal. Apart from the question of sulphur price forecasts,
the major problem lies in the feot that the estimated oapital

cost of the project is high in relation to foreign exchange
saved. If means can be found of reducing the project cost (both
foreign exchange and Rupee elements) by 15to20%, the economic
position of the project would be markedly improved. This is true
for both the National and B P.I.D.C. basis. An alternative
improvement from the National viewpoint would be an inoreese in
proportion of the plant manufactured in Pakistan with corresponding
reduction in the foreign exchange element of capital ocost.

This project assessment has been concerned only with the effect on the
Pakistan economy and EPIDC financial position of the extension. The
detailed analysis of the viability of the complete site including both
TSP plants and cement grinding plant will be possible when the units
which are now under construction have been commissioned and operating
performance is known. If these proJects prove highly profitable then
the lower DCF return on the gypsum conversion scheme may appear acceptable
in view of the foreign exchange saving obtained.

Finally, attention should be focussed on a number of aspects of this project,
which will require special consideration:

i) The oonstruction of the new facilities must be undertaken while the
existing plants are in operation. The contreotor for the extensions
will need to give special attention to the problems of oonneoting the
new plant into existing equipment and to scheduling his work.

ey W) ) GED GED GED E) G 4TI A G 4 &



Pre-Investment Studies for Fertilizer C.1669
f-r Fakistan & Petrochemical Industries - Final Report July 1970

5.7 Discussion - continued

11) Coke supplies are not available in Pakistan and the necessary
authorisations for its import will be required. Coke specification
must be prepared in collaboration with the process licensor.

111) The supply to the plant of sand and clay available in East Pakistan
must be assured and specifications prepared.

iv) In view of the small extent of full-scale operating experience of the
use of byproduct gypsum it is important that proper trials are carried
out using the raw materials which will be used at Chittagong. If
inadequate supplies of byproduct gypsum are available at Chittagong,
then the tests could be made using gypsum produced from the same
phosphate rock in a similar design of phosphoric acid plant.

Samples of local clay and sand should be made available for testing
and these tests must include analysis of cement properties.

-

The long term supply ofphosphate rock of the grade used for test
purposes must be assured. Phosphate rock type is known to influence
design and operating conditions for the plant.
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SECTION ©
CONCLUSTO

6.1 Scheme Recosmend ed

In view of the requirements for sulphuric acid and cement clinker, and the
availability of by-product gypsum at Chittagong, it is recommended that the
Mliller-Klhne process is used for manufacture of sulphuric acid and cement
clinker from by-product gypsum.

6.2 Technical Viabil ity

6.3

6.4

The process has been operating for short periods with considerable success
in both Austria and East Germany, the runs being terminated by lack of
feedstock only. A contract has been placed for a plant in South Africa
of comparable capacity to that for Chittagong. By the time that the
Chittagong plant would be started, considerable operating experience would
have been obtained from the South African plant. The quality of cement
produced from the process meets all specifications for a normal Portland
cement. The use of the Nissan phosphoric acid process enables the P.0
content of the blended gypsum to be below a level where it has adverse
effects on the setting time of the cement. Calcination of the gypsum
removes sufficient fluorine to reduce its content to an acceptable level.

Economic Viabil ity

Economic viability has been assessed on both a National and E.P.I.D.C.basis.
This assessment indicates that the viability of the scheme is very sensitive
to sulphur prices. The E.P.I.D.C. price ($57.8/MT-C & F) appears to be high
in view of the present trend towards lower price. An alternative price

of $40/MT C & F, at the lower end of the range of probable future price,

has also been considered. The project shows a net foreign exchange saving
at both sulphur price levels. At the higher price level, Rupee expenditure
per $ saved 6.53 is reasonable. There is also a DCF rate of return of 22%
to E,P.I.D.C. on the project at the higher level.

At the lower price of sulphur, however, the much higher rupee cost per dollar
saved is likely to be unacceptable and DCF returm on E,P.1.D.C's investment
over the 15 year period is only K. The return to EPIDC falls to zero at

a sulphur price of $34/MT.

General

It is recommended that means of reducing the capital cost of the project -
both foreign exchange and Rupee - be investigated.

In any complex projeot of this type the skills of management and operating
staff during construction, ocommissioning and subsequent operation are very
important. They oould be oritical to the soonomic strength of this project.
Bephasis must be laid on the importance of adequate training for management
and operating personnsl on comparable existing plant.
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