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TH 'TTTUaffTIoif OF »f-rHODUCT 
iMM'^fMàMiùlm&i^miM i±tñj:M ñ) 

Summary of Ramort 

Tbt E.P.I.D.C.  tito it Chittagong, when completed, will c«aerl«« two stress» for 
th» production of TSP,vie eulphuric and phosphoric »eld,fro« sulphur snd phoaphmte 
rook.   Th« by-product gypsum has no sal« as plasterboard, nor «ay It ba convartad 
to ammonium aulphat« at Chittagong.   A« thadtspoaal araa 1« vary 11*1 t«d In sit«, 
th« only alternativ«, If no other use can be found for the gypeusuie to tranaport 
It fro« the alte, to be dumped, either at aea    by barge, or on waute land. 

A eeemnt grinding and blending plant 1« In the final stages of construction, 
very near to the TSP alte, to operate ualng Inserted cemsnt clinker.    Consider- 
atlon hae therefore been given to the eonveraion of the gypauai to sulphuric acid 
and cernant clinker using the Miiller-Kuhne process. 

The two licensors for the process were contacted and gave adequate cost and 
operation data for a study to be prepared and coated.    Hitachi-Zosen, who are 
currently constructing the sulphuric acid plant for the second TSP plant have 
prepared technical and coat data for their plant to convert gaa frosi the 
Muller-Kuhn« process in sufficient quantity to produce 475 MTPD sulphuric acid 
te 100JÍ HgSOJ. 

Process flow diacres» and a layout have been prepared for the scheme.    Coat 
comparieone have been made for the project considering it both as part of the 
overall Pakiatan economy, and as part of E.P.I.D.C.'s inveetment progressas.    In 
the former oaae, a shadow rate of exohange, and In the latter, a return on 
investment have bean calculated and preeented for a higher and a lower eulphur 
price. 

It la concluded that the acharne is teohnlcally viable.    Economic viability la 
related to the foreoaata of eulphur prioe durine the life of the plant.    The 
project would reeult in a reduction of the net outflow of foreign exchante even 
at the lowmet assumed eulphur prioe ($*0/MT).    The Rupee expenditure required 
to echlevm thia saving amy. however, be considered excessive.      A eignif iomnt 
improvement in the eoanomic poeitien of the project would result if means oauld 
be found for aohierinf a reduotien in the ompitml oast of the project, ar if mere 
of th« required equipment oould be produced in Rskistm». 
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TflUlsl • 

« PL4W1 if mwTAoma n 

Plant I    -     32,000 WPtk TIP 

Plant II   -   120,000 ftTPA T8P 

I 1.1 
Th« praaant TIP oeapl« of «Vt Pakistan Industrial Bsvolaaaant Oarparfttion 

((•.P.I.fi.C.) at Qaittafonc producás, a« an anoVpraduot, Tripl« Sup«r Phaaphat« 
(T») froa ia»ortod «ulphur and i«part«d phasphst« rook.     Thor« ar« two 
osaplat« TIP units of oapaeitiasi 

I 
! 

I 

Í 

I 

TIP unit inoludos Sulphuric Acid, Phosphor i o acid and TIP plant«, 
t«fO%kar with a«««oiatod off-sit« faciliti««. 

Ono «ulphuric aoid plant of 100 »PS oapaoity la ourrantly opszftting, and 
a further plant of 4OO HTPD oaaaoity for tho ••ootid TIP plant i« undor 
construct ion, and should b« ooaaiasianod in aid 1971. 

Twa phosphoric aoid plants will ovantually b« in operation, th««« trai 

(i)      iiuivalont to 10,670 »Pa. P20_, us in« th« fiorr-Olivor Singl« Tank 
PTOOM«.    (33,545 WPA HglO^)? 

i(ii)   Huivalsnt to 4)0,000 «PA PgOt, uolnf tho liman haai-hydrftta/ 
di-aydrat« proooa«. (118,4» tfPA IglO^). 

I 
I 
! 

r 

Tè« tat*! sulphur io aoid r«quir«a«nt« ar« th«r«for« 152,000 MTPA..      On an 
annual operating lift of 320 days, this aaaunta to 475 KTPB IglO^ (a« 100*). 

As a byproduct, gypsu» i« produo«d by th« phosphoric aoid plant«.     This nay 
bo diaoardad as a vast« «ith«r out to s«a, «hloh will b« oostly, ar aaroly 
fraapad on ono «id« of tho plant ara«.     Th« lattar «ill, af oaursa, muir« 
a lare« amount of ground in an ar«a wh«r« land is at a praaiua.     Th« ar«a 
at praaant allooatod on tho plant sits far this purpsso if tat*lly in*da%uato 
on a long tora basis. 
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- continued 

The objective of the study, therefore, is to determine ho* the by-product 
gypsum may best be used.      It is clear that a deoision vili 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 
continuously from the TSP fertilizer plant operations.     As the rate of 
production of gypsum from both plants when at full oapacity is approximately 
8^0 tons per day the problem of disposal becomes quite serious. 

Useful products from this gypsum are limited to about three 1 

(a) Production of Plasterboard 

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

(b) Production of tmiììW liiFlhVrf ftTti?i"r 

out by double decomposition of CaSO. and (NHJ2 CO. so 
roduced by reaction of gaseous ammonia and C(£ gae In a 

This is carried 
The latter is produced by reaction of gaseous —««»*. -1** v«2 
packed tower.      It requires an on-site ammonia plant for the C02 
this is not present at Chittagong, this will not be considered. 

solution. 

Since 

(c) Production of Sulphuric AoiA and Comont Clinker 

The third alternative is to make an 302 containing gas stream and Portland 
Cement Clinker UBing the well known Muller-Kuhne prooess.      In this process, 
the gypsum is roasted with additives in a rotary kiln.     The off-gas 
containing SOp is cleaned, the required oxygen is added as air, the mixed gas 
is then dried and passed to the existing sulphuric acid plant.      The solid 
residue íB unground Portland cement clinker, whioh 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 ourrently being oonstruoted some 600 metres 
distant from the existing TSP plants.      The existing sulphur io acid plant 
for T3P II may be modified at a cost of approximately Rs 4*310*000 to 
produoe the full quantity of HpSO, from the clean dry kiln gas.      The 
plant would show large savings inToreign exchange in that sulphur and oemont 
clinker imports would be markedly reduoed. 

Sinoe the overall efficienoy of the sulphur cycle is only about 90£, a 
proportion of the sulphuric acid would still have to be made from sulphur. 
This amy be aohieved by burning sulphur in the kiln along with oil (or gaa.) 

It is proposed that the sulphuric aoid plant for TSP I (100 WPD HgSOj be 
left unmodified, and that the new plant be sised at 475 XTPD HgSO., tftus 
satisfying the demand for RjSO. on the sito.      Ih this way a standby or 
immediate inoraase in oapaoxtySf 100 KFPD HgSO. is available. 
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laaphraya and (Haogov Limitad wish to oxproos thoir aparociation of tho 
holp and lnferaatian fivon te tho« in thoir work on tho projoot byi 

Tho Qovsrnsiont Projoot JUproaantatlvo in Rawalpindi, tho U.M.I.D.O. Projoot 
Managor and Co-ProJoct Manager, and U.M. I.D.O. Isporto; 

Tho Birootore and Sonior akooutivo (Planning) of W.P.I.D.C. hoaá offioo 
Dacoa, last Pakistan.     Tho Nanagor, load of Production and sonior otorff 
of tho TIP Paotory at Qhittagang.     Tho Nanagor of sVP.I.D.C. Branoh Offioo 
in Caittagang, aloe tho Doputy Dirootor Oonoral of tho Ooologioal Surroy 
of Pakistan - laotarn Division, 

[ 

I 
I 
r 
r 
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2.1 ìjgiUtll tf flMt 

Tht plant is looated at Chittegong, 
li tat« traft. 

fest Pakistan, in the Patanga Industrial 

It IB oennaotad to the railway network of Pakistan fastem Railways and. has 
its 01m jetty in Chittegong Bart, adjaoent to the plant, for the handling of 
raw mot «rials and finished produots. 

Tht TtP oomplex is situated adjaoant to othor I.P.I.D.C. projects i.e. grain 
silos and stool «ill.     A oenent grinding and blending plant is under 
oonstruetion approximately 600 aetres fron the TtP oomplwc (see paragraph 2.4). 

Pakistan lästern Refinery ie also lootted nearby. 

2.2 

Sulphur and rook phosphate are the sain ra« Materials for tht TSP plants. 
Sulphur is imported by the Trading Corporation of Pakistan normally under 
oesh-oum-bonus sohea«, but sometíaos under loans from various countries. 
iBok phosphate is imported frea Jordan, although the plant design was 
based on the use of Moro00© rook. 

2.3.1 

! 

r 

TSP plant number I was oomplotod In 1969» lata •marnate* for three or 
four weeks, but has had to shut down duo to oorrooion troublas in 
tao phosphoric acid section of the plant. 

k small quantity of sulphurio acid is, however, being aad« (1000 tons 
at a tin«, this being the oapaeity of the storage tank) and sold to 
the steel «ill and to private industry - e.g. tanneries. 

TtP plant number I is expeoted to bo baok an stream later this year - 
a« soon as the requisitioned replacement parts art available. 

TtP plant number IZ is at présent under oonstruotien and is expected 
to bo commies loned by mid 1971. 
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2.3.2 

A gypsua disposal MM of about 46,600 »   (11.5 toro«) is available 
on tho proaont sito.     Tili« i* largo onough to aouiwUito tho by-product 
«ypoun from TIP planto I and II at full output (at 2» dopth) for 
about 150 days only.     This aro» is shown on plot plan drawing nuabor 
I669-I5I-I. 

A spot analysis of tho by-product gypsus fro« tho TSP I plant gawst 

Oao 39.5 
0a»04 96.0T 
P2°5 1.3 

fvoo I3PO4 0.247 

v°4 
00g 

O.U 
0.08 

Wa datt> for fluorina 

falo analysis is g|£ roprosontatiTO sinos tho product at* boon «ashed 
by several rainfalls.      (Tho rook «as Jordan rook - 34*6? P20 , 
3.93 $ F, 0.06«; a). D 

2.3.3 

At prosont, 8 tubowolls oro installs*, of «hioh two «ivo solino «ator 
and aro thus unuoablt. Walla at Qaittagsng «*• noraaily 390*400 ft. 
dopth, and a eingls voll oan bo expected to (ivo 30,00C lgph. 

Tho oapaoity of tho tubo «oils will no« all bo usod «hon tho two 
TIP plants ars both in operation, but two «ors say bo installed. 
Aftor that a liait is rotjohod on tho riror front««*. 

liver «ator say bo taken fro« tho Karnaphuli rivsr during la« ««tor 
sinos it ta salins during high ««tor por loda.     Bonos oottláag and 
storage faeilitiee avo required. 
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2,3,4 *.«otrioal Power 

Power for the oomplex is provided by I.P.Ï.A.P.D.A. (Mat Pakistan 
Veter end Power Development Authority) but et preeent the supply is 
very unreliable - 3 or 4 breakdowns per day are not uncommon.  it 
la understood that this is due largely to overloaded transmission 
lines.  Plane are being considered, at long term, to install power 
generation equipment for the entire I.P.I.D.C. oomplex (inoluding the 
TSP complex) I.P.W.A.P.D.A. will not permit installation of private 
power supply sinoe they have considerable exoess oapaoity.  However, 
they are installing further loop lines to ensure reliability of supply. 

An emergenoy power supply of 900 iAYh is being installed to deal with (MI •niwxgwiiuji yawor Buyyxjr 91   yw  jma.  J. a uwxng «i»»e)*x»u \,v \xwm±  win. 
eeaantial power requirements for the TSP plants i.e. for moving the 
digestore. 

2.4 

Adjacent to the TSP factory site, B.P.I.S.C. are at present constructing 
a oement grinding and blending plant to produoe cement for use in Bust 
Pakistan. 

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

Cement clinker will initially be imported, but the pliait is conveniently 
situated to take oement clinker from the oement clink er/sulphurio acid 
plant described in this study. 

The oement plant has its own wharf up-atream of the TSP plant wharf, and 
is oapable of taking vessels of up to about 10,000 tons. 

The plant will have three storage siloa, each of 5,000 tona oapaoity for 
oement olinker and three ailoe of the ease aise for oement produot. 

I       The firat ahipmenta of oeaent olinker to the new plant are expected in 
1       Beoeaber 1970. 

I 
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1 3.1 Lio«nsor« 

(Four manufacturing compani«« lic«n«« know-how for their proo««««« using 
byproduct gypsum. 

The«e aret- 

I a)   Q»t«rreichische Stickstoff writ«.  (0.3.W. ) of LiM-Au«trla 

O.S.W.  license through four contractor«« 

M.W.  Kellog Company, New York. 
Fried, Krupp GmbH Chemieanlagenbau, Essen. 
V«r«inigt« 0«t«rr«ichische Ei««n und Stahlwerk« A.O. Line 
Engineering and Industrial Corporation,  S.A. Luxembourg. 

b) V.E.B. Ch«mi«w«rk Coawjg D.D.R. 
Th« proc««s is licensed through Simon Carv«« Ch«mio«l fttgin««ring Limited. 

c) Marchon  Division. Albright a WiUon Ltd. (UK ) 

Th« process is licensed through the Pow«r-Qas Corporation. 
d) Poll—* - Poland 

N.B.      The data used in this r«port have bean «upplied by O.S.W.  and Co»wig, 

3.2 Proo««« Scp«ri«nce   (fffif j Ç°JÏ«f) 

»)    O.S.W. 

The company has a cement/sulphuric acid plant at Linz in Au«tria.     Th«y 
hav« one kiln of approx 200 MTFD HgSO^ capacity, whioh was oon«truct«d in 
1953 to produc« »ulphuric acid and e«m«nt from mixed anhydrite.     O.S.W. 
have a phosphoric acid plant on the «am« «it«, so a aixtur« of anhydrit« 
and byproduct gypsum is normally used. 

Btperimental work on byproduct gypsum i« limit«d to run« of 7-10 days by 
th« iaok of f««d«tock, th« phosphoric acid capacity being inadequate to 
produce «uffici«nt gypsum to «atisfy th« «ulphuric acid n««d.      A number 
of th««« t««t« hav« b«en carried out, and to date son« 40,000 WT of 
byproduct gypsum have been processed. 

Fried. Krupp have be«n awarded a oontraot in South Afrioa for a plant 6f 
1000 «hort ton»/day H2SO4 from byproduot gypsum from Phalaborwa rook. 
Thi« plant is in two «tag««, the fir«t being 350 tona/aay.     A full atti« 
taat at Lins   wa« »uco«s«fully oarri«d out on byproduot gypsum shippad from 
th« South African «it«. 
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3.2 v^n^aa fgffifiyf - oontinued 

b)    Qeewig D.D.I. 

»•wig have four kilns with a total oapacity of 600 MFPD HpSO., built in 
1938, and a further four kilns built in 1955 of 680 HTPD ICsoJ total.     Ail 
kilns operate on mixed anhydrite.      During the period Maron 1§66 to 
December 1968, five full-soale experiments vera carried out using byproduct 
gypsum in place of the natural anhydrite.     As with 0.S.V., limitations of 
supply of the byproduct gypsum eventually terminated the individual test 
runs, but Ooswig were satisfied with the experience gained during these runs. 
The coment quality improved after eaoh run.    (Data on the cement produoed 
is given in Section 3.4)* 

Both licensors have devoted muoh time and effort to minimising the effeots 
of impurities, particularly P^O- and IVon ornant quality and the prooess. 
The effects of these are as follow« 1 

Hi 
This will stabilise the dioaloium silicate phase in the cement clinker to 
the detriment of trioaloium silioate.     Dioaloium silioate is slow setting 
whereas trioalcium silioate is fast, so the effect of PgOe will be to reduce 
tao early strength of the cement, which is the oharaotefiitio which 
determines the acceptability of the oeaent. 

I 
f The présenos of fluorine in the kiln can lower the melting points of the 

materials in the kiln and may oause ring formation.     Any fluorine whioh 
does pass to the converter will shorten the life of the S02 oxidation 

r catalyst, but may be easily removed.      In addition, the fluorine may oause 
L the protective ooating on the kiln briokwork to be eroded with consequent 

reduction in refractory life. 

[ Licensors experience of PgO. and F in the gypsum isi 

Q.t.W. P20c a maximum of 2.00 w/w. 

I Fa maximum of 0.150 «A* 

flfmwi»        P20. a maximum of 2,00 w/w. 

! F a maximum of 0.20 w/w. 

It is generally expected that an inorease in fluorine up ta 0.30 in 
gypsum will be permissible sino« muoh of the fluorine is ramarli during 
drying and oaloination. 
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Othor limitation« on inpuritio« inoludoi 

(i)     Alkali (M HagO è KgO)     l.% in oliakor (0.7-0,tJl in ft* nix) 

(ii)    Chlor in«    0.1 Jt in raw nix. 

3.4 ¡iMUËiLMÊàlii 

Th« ooaont olinktr produood «ill b« of adoquat« quality to us« for tho 
nanufactur« of ooaoat to BS 12 or oquiwalont (ASM CI5O1   SU STANDARD TOI 
103731    OoWlAS BUT STANDARD 1164). 

Th« arora«« ooapooition of th« ooaont «ill ho approximately M follow* I (i w/w) 

0*0            3i02           A1203           F*203            MflO           Alleili SOj 

63.85        21.08        5.79              •••#           2.47           1.4© 2.7 

It will, of ooursOfVAsy within fino Unit« du« to tho esaot ooapooition of 
th« food gyp«um tnd Additiv««. 

Tooto aarried out by O.t.ff. at Lino indicate that th« oonont quality is 
dependant upon th« PgO- oontont of tho olinkor. 

LO* 0.0«: 
0,10-0.1511 0.10-0.19)1 

3000-3200 

?J3. in olink«r 
F in clinker 
Specific Surfeo« 
(Heine, oa'/f) 

O.IO-O.15«: 

Bonding Itronfth (kg/on2) 
(to snr 1164) 
Aft«      3 Wo 

7 **/• 
2$ day« 

49 m 
to 

SO 60 
«9 TO 
89 99 

ONpraaaiTo |tr«nfth (kf/e* ) 
(to SOT II64) 
Aftor     3 4*7«                                        1)0                   200 220 

3» 320 
490 400 

7«o?o 290 
28 oar« m 

\ 

r 
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3,4 SKÊËBLÈiàUÎÛL - oaatinuod 

Oaaparing th« abavo with DUT 11 Ml 

ja£rjjfl$fcjÈjflfl£ 

UêMÈ. 

275 Bin 100 

375 «in 175 

•ad M 12 for Ordinary Portion! Ooaant, 

•in 275 

•in 375 

•in 154 kf/<*' 239 k«/oa' 

it iMojr bo soon that tho quality as rogaros oaaproeoivo strength is adoquato, 

liai lor ly, Ooowi* havo oarriod out dot orainat ions an ooaont praduood 
durltif thoir toat in 1967. tooulto of this osa as follawst (ftstod 
aooordinf to TOL 10573) 

à Iritish Portland 

202 365 507 
219 361 507 
202 343 524 
216 361 517 
25O 175 5«2 
202 

aant 

365 

taotad ta tao a« 

512 

10 Stan« 

203 332 412 
216 300 455 

Î 

It would appoar that tho bottor oxporionoo, in toaao of quantity af byproduct 
èTPoua proooosod io hold by 0.8.1.     Thoy baro oarriod out a nuafear af toot 
runo on thoir own byproduct orpoua, and also a full scala float toot an 
aatorial froa South Africa.     triai, Krupp havo abaainad a oantract to build 
a unit in South Africa uoinf tho O.l.ff. proooos, and thio should bo 
aaarating voll baforo tho plant praaaood far Oaittafana*,     faa benefit af 
tho saporlonoo obtainod at tho Krupp plant would than bo available ría 
tao lioensor, O.S.f. 
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Ooavif, «1 tha othar hand have praduoad exoollont quality ooaont during a 
rolatively short plant run.     They have eight kilna in operation against 
O.S.V.'a singla unit.     Thoy have, at present, hotter arpaxianoa on 
minimising tha affaot of fluorina in tha gyp«um, «¿though it is «xpaotad 
that O.S.!. vili at least mat oh this. 

It may thorafora ha soon that thara ia adequate oxparianoo and oonfiaanoe 
that tho sohaoe and proooae ia viable       It i«, however strongly raooaaondod 
that reliable goologioal survays ara oarriod out to datoraino tho orai lability 
and analysas of suitabla additives (olay * sand), and also that accurata 
analysas of byproduct gypsum ba nada. 

Tho only real problem facing tha projaot ia that of fluor ino disposai. 
This «ill ba rolooMd during oaloination and wot gas oloaning and «ill 
oppoar as a liquid affluant, roughly équivalant to tha fluorina oontont ef 
tho gypsum. 

Tho reminder of this report ia concerned with anftlysia of tho f inanoial 
and engineering viability of tho prepoeed s oh« 

I 
r 
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4.1 MêêL 

The following description applies in general detail to both the O.S.V. and 
Oaswig processes.      Sena dlffaranooa do appear between tho actual flow 
sohemes, but both follo« th« OMO principles. 

4.2 Procesa BoaoriPtion (Saa Flow Diagram Figa.  IV.4.I e«d IV.4.2). 

The process for manufactura of sulphuric acid and oomant clinker from gypsum 
is basad on the wall established KUler-KOhne prooass.      Wet gypsum filter 
oak« is dried and oalcined prior to passing to the grpsum silo. 

The additives, ooke, clay, sand (to provide carbon, aluminium, iron, and 
Bilica) are individually crushed as required, then dried and milled before 
paaaing to their respective ailos by ganged batoh weighers, and passed to 
the law Heal Mixer where thorough blending takes place.      The nixed meftl is 
then passed to the Raw Heal Silos prior to being fed to the Cement Kiln 
The kiln is inclined at a small angle to the horizontal,  thus aasiating the 
passage of material through it.      As the meal passes through the kiln,  it 
contacts hot gases from the combustion of oil and sulphur 

A sériée of reactions take placai   the net results beingi 

4 0afO4 • 2C 

CM * 30*30. 

CaS • 30*80^ + 2C02 

40*0 + 4S02 

1 

2 

0»0 • A1203 • Si02 • Fe203 »Portland Cement Clinker   3 

»•action 1 begins at approximately 700°C|    the produot calcina sulphide 
is an intermediate produot only Reaction 2 begins at approximately 90CTC. 

and Feo0, At temperatures up to 1400VC, the 0*0 reaots with Si Cu,  A120 
producing cement olinker.     The olinker leaves the kiln at tKa firing (low 
ondi and ia oooled by aaoondary air fed to the kiln in the Clinker Cooler. 

The tO» oontaining gas passes from the upper and of tho kiln to the first 
•tage 6f gas cleaning, in whioh the bulk of the dust is removed by oyclones, 
than by dry electroatatic preoipitation, and returned to the kiln. Tho gas 
ia than washed by water or very dilute sulphurio acid (approx. 1%) to rawove 
fluorine and to cool the gaa. The gas than passes through a further set of 
•leotroetatic preoipitatoro,and than to the existing modified sulphurio 
aoid plant. 
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4.2 Procaaa PaaoriPtion - oontinuad 

The gas ie dried using tha axiating Drying Tower, and baaitad by a new gas 
blower through a new Heat •cohanger in tha modified Bailer Syataai.      A 
stream of dry air from a new Drying Tower ie added and the mixture passed 
to the first bed of the existing oenverter.     A further stream of air and 
gap is added after each of tha first two bads, tha gas then being oooled 
in an existing air-oooled Heat Btohenger, before passing to the fourth bed 
of oatalyst.     The gas is than api it into two parta» one passing through 
a feed-water eoonomiser, the other through a food gas preheater. 

The mixed gas is than put to an Absorbing Tower and finally to etmeephere 
via a now Demister. 

The existing Sulphur Furnace ia oil fired to gire «uffioient ateta far 
use at present.      A new Heat afcchanger is positioned in tha flue gaa stream 
to act as a Start-up Heater for the Oenverter» 

4«3 lauiPnent layout (See Site Plan I669-15I-I) 

The équipaient has been laid out with the following objecte in «ind. 

1. To minimise modifications to the existing plant, keep cross-connection 
distanoes to a minimum, and take advantage of the existing roadways. 

2. To allow future extension of at least 100)1 on capacity, 

Oypaum will be transported aa a damp filter oake to the gjrpsua storage. 
there, it is dried and oaloined, and then paaaed to tha $gvmm s ilea.     The 
additives are individually reclaimed, dried, milled and put to their reapeotive 
silos prior to blending. 

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

Kiln off-gas passée to the purification plant where it is dedusted and washed. 
Separated dust ia returned to the kiln, whereae the aoid waahinga are 
dieoarded. 

Provision for future extension has been made by allowing for possible 
installation of third and fourth kilns alongside the first two.     The SOu - 
containing fea would be purified in • parallel plant to that far the f lrtt and 
second kilns, and than paaaed to a new oontaot plant for conversion and 
absorption.     This plant could be installed in the area Barked "Sulphurio 
aoid plant extension". 
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4.3 - oentinued 

should it be required to add sulphuric aoid oapaoity as a sulphur burning 
uniti then «««in adequate «pao« is available within the MM 

The proposed railway lin« «erring th« TtP plant bagging and leading area, 
a« «hewn en th« «it« plan drawing giren to HaO Liaited, «ill requite 
relocation.     This oeuld probably b« arranco* a« indicated in «it« plan 
dravinf I669-L51-I. 

••* »foot of Power Ikilurt 

Ari unfoitunat« f«atur« of th« Chittageng «ito i« th« frequency of power 
failure«.      It ia only n«o«a«ary to ensure that the kiln rotation i« 
maintained during th««« periodo, although effort» aust, of oouree, be 
aade to iaprove th« power «apply situation.      A «iapl« dieeel drive will 
be adequate for kiln safety. 

r 
1 

The oonsuaption« are baa«d on the production of 47$ KTPD «ulphurio aoid 
(ao 100«; HgSOj, of vhioh it i« aeeuaod that 4$ MrTB will be preduoed 
fro« eleaentat sulphur burnt in th« kiln. 

(1) laodetook« 

^product gyp«ua (a« OatOj.ZkjO) 

Clay 

Oak« 
land 
lulphur 

(2) militi«« 

sleotrio Bower 

feeling later (32*0-45*0 

Puoi Oil (»et Of. 9,900 •atlAc) 

(3) 

(4) 

^^v^öyt^pejs w    va> •e^BBei^«ro> 

Aoid Water (froa «at fea oloaaiaff) 

Pajr M E.IQ, {IWÇ 

I.T5 « 
O.224 KT 
0.082 m 
0.018 m 
0.0)2 m 

210 kWh 
100 i3 

O.J?   »f 

0.89 m 

0.2     •* 
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4.5 Contunation of Fttdttocki and UtllltUl - continue 

<5) Patdatack Antlyiti 

Tht oontunptlona In notion 4.5(1) abovt htvt bun oaloulatad on tht 
followlnt ooaqpoaltlona {% wt dry) 

âlMUI UBI SAH Cjfe 

sio2 0.10 91.66 67.67 6.9O 

A1a°3 0.10 3.56 24.41 4.40 

ft2o, 0.10 1.66 7.07 2.00 

CaO 41.40 0.6o 0.43 1.30 

MfO 0.12 0.10 0.00 0.40 

SO, 56.60 0.10 0.00 0.00 

c 0.00 0.00 0.00 85.00 

Ramaindtr 1.58 2.30 0.42 0.00 

P è P20. Sat Station 3.3. 

Variation on tht abovt antlyats will, of cours«, alttr tht ictutl outntitite 
of «ach Gonttitutnt, but not tht viability of tht tonta». 

Thii it producta by tht phoaphoric te id alanti at Chitttgoof.   It will 
txitt at t Mat filtar otta oontalnftng iapraalaattly 40* total HgO (both 
finti and fra«). 

infartad aa at prtatnt. ThU will bt 

¡SÈÈ. 

Thia will havt to bt ianortad.   Coa» fina« 
volati Ita will bt aéaauatt. 

S2H 

than 90 w/w 

Indioationt art that thia will bt avallatala in Mat Paklatan, in tht 
leoallty of Chlttagar«.   On tht anali of tita tnalyali in Saction 4.5 (5)* 
abtut 650,000 NI will bt raauirtd far 20 yaart eparatlon.   Tht actual 
quantity will.of oturtt, iipant upan tht analyaie. 
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•6 Avfl^b|llty of fa* Materas - continue 

Sand 

Again indication» art that this will be avallaci» in East Pakistan, in the 
locality of Chittagong.   On tha basis of tha analysis in Saction 4.5(5), 
about 60,000 MT will b« required for 20 yaars oparation.   Tha actual 
quantity will,  of coursa,dapand upon tha analysis. 

During tha HAG anginaers' visit to Eaat Pakistan, contact waa mad« with 
tha Geological Survey of Pakistan - Eastern Division, in Dacca »««king 
information on th« availability (r«s«rv«s) and analyais of sand and clay 
in tha locality and neighbouring areaa of Chittagong. 

In a lattar Ref No. 4643/P4I-IX(l4)/70 dated 9th May 1970 they replied 
aa follows,  - quote: 

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

The most promising deposit of clay la known aa Girujan clay.    Ita thickness 
is about II50 feet.    It is exposed all along the Eastern slope of the 
Chittagong anticline. 

Unconformably underlying the G i run J an Clay la the Tipam Sandstone with an 
approximate thickness of 1550 feet.    This bed is composed of massive and 
bedded yellowish brown fine to medium grained sandstones with irregular 
shale interbeddinga.    Sand is being quarried from this bed for use by 
various parties in Chittagong town. 

The Glrujan Clay and Tipam Sandatone formations will certainly meet the 
deaired reservas of 250,000 tons and 500,000 tona reapectively at any one 
spot selected by you for mining near Chittagong town. 

Two chemical analyses carried out by the Geological Survey Dacca,  of tha 
Clay samples callee ted from the site of the Cement Factory which waa to be 
built In Chittagong by the Eaat Pakiatan Industrial Development Corporation 
are aa followei- 

Í 

Í 
r 

FIO2 R2°3 F»2 0, CaCO, MgC0_ 

Sample No. 65 68.00 22.80 -   2.13 I.80 

Sample No. 66 59.48 24.80 4.60  3.92 2.20 

In oat» you ne*d any additional information platea let us know ani wa ehall 
endeavour to supply you the sane. 

Yours faithfully, 
(8. Tayyab All 

Deputy Director Oeneral) 
Oeologioal Survey of Pakiatan, 

Eastern Division, 
- and of quote". DACCA. " 
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4.6 Availability of Raw Mata rila - continuad 

It la raooMMndad that If tha projaot la to pro otad, a «urvay ba 
o arriad out In tha locality of Chittagong with tha ob J act of 
datarnining ava lability and analyaaa of thaa« raw ««tarlala.      It 
would than ba poaaibla to carry out mora acourata aatiaataa of tha 
raquiramants. 

Futi 

Fual oil for oonbuation In tha kilna la currantljr avallatola In 
adäquat« quantity fro« tha E.P.I.D.C. rafinary at Chlttageng. 

Thara ara a nunbar of aohaawa for pipelining natural gaa Into 
Chit taf on« and It la quita probabla that auoh a Una will ba in 
oparatlon at about tha tlaw of atart-up of tha projaot for 
oonvaralon of gypaum to aulphurlc aold.      Tha ant i cipa tad ooata 
of natural gaa ara 1- 

Ra   42.4 / 1000 H*5 

plus     na   14.1 / 1000 NR
5
    duty 

(Baaia 1   d« li varad alta at Chittagong) 

4.7 FroJaot Construction 

r 

It la aatUaitad that tha projact will taka 30 «ontha to laplaMnt fro« 
tha data of algnatur« of * contract for tha aupply of tha plant until 
initial atart-up.     Tha coaaslaaioning profra«na will raquira an additional 
aix «ontha.     A bar ohart program«« la attaohad on paga 4.9. 
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5*1     Qeaeral 

Tht econoaic analysis of tha projsct «ay be considered in two weyst- 

(i)      fro« tha viawpoint of tha Pakistan econoay as a whole, the 
objective of tht projact bainf to elininate foreign exchange 
axpanditure on sulphur and oeaent clinker.    Rupe« coats par U.S. JÍ 
saved have,  tharafora, baan calculated. 

(ii)    fro« tha viewpoint of IP IDC.    EPIDC's objective ehould be to 
obtain a reasonable return on their inveetaent. 

r 

As will be seen later in this section,  tha loaf tar« sulphur price is an 
important factor in tha analysis.    The prioe of aulphur at Chittegong was 
mioted by EPIDC staff in April 1970 as R«535/*Tt whioh is equivalsnt to 
¿57.8/KT (oaf).    Current  (July 1970) price in tha Oulf of Perico is down 
to about ¿27/MT, which would correspond to about JÍ45/MT (oàf Chittegong). 
The prob lesi of predicting lonf ter« prices is a vary coaplex one and 
UNIDO have cooaissiontd a study on this subject by the British Sulphur 
Corporation,  but this is not yet    released.    A lower level of 
JÄ40/MT was selected for study.    The figure, with which the analysis is 
concerned,  should be the aean level over the assuaed life of the project 
1974-1968.    During this period,  the prioe of sulphur is likely to undergo 
a nuaber of flue tu tat ions,  as it has over tha last 15 years,  and liai ta of 
jkO/WT and about ¿60/MT (oaf ohittsgong) seta realistic, with a probability 
of the average price being near to the lower figure. 

5.2     Capital Cost 

Capital cost estiaates for the gypsua conversion plant have been obtained 
froa Fried. Krupp Cheaieanlegenbau (O.S.W. process) «ad Siaon Carves 
(Coswig Process).    After adjustaent to a ooaparablt basis, thest figures 
are in agreeasnt within the accuracy of such budget estiaates and so tha 
«ean pries was used« 

The oost of aodifylng the sulphuric acid plant supplied with T3P II, to take 
the kiln gas and produce 47; MTPD of acid was quoted by Hitachi. 
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5.2       Casital Costi - continued 

Th««e oo«t data h«v« been aassa»l«d t« giva a total «stiaated ooat for the 
davelopaent a* fol low« 1- 

Foreign gxohang« Local 
(it mum)        (fifjuiiist 

Iguipaent, sparse, fraight and 
inaurano«, ««oalation 48.3 

Engineering and f«««f  supervision 
of construction and oosnUssioning 11.3 

Construction, oivile,  local supply, 
•«rvio««, fraifht, ««oalation 18.5 

»tort Duty tO.8 

5M 29.3 

Start up and Consultancy oosts 4.3 4.4 
Interest on F.I. loan during 
oonatruetion #.7 

TOTALS 

OVWALL TOTAL 

70.« 33.7 

issisi 
Working Capital 2.5 

No allowance hat boon «aid« for th« produotion lost during connection of th« 
n«v plant into th« «zi e ting uniti.    It would b« possible to inport 
phosphoric aoid to k««p th« two TSF planta running during thi« period.    In 
practio«, tiie oh»nge-ov«r period should b« relatively short aa th« new 
plant facilities would be built alongside th« running unit« and ready 
for connecting in. 

The capital ooat figure« quoted above cover all dlreot expenditure associated 
with the modification of the plant for uae of by-produot gypsum and for 
p*otuetlon of oanant olinker ami Its oonv«yano« to th« clinker grinding 
plant new under oonstmotion.     Th« work aovare* is as fallowst 

1. Oonatruetion of plant for th« produotion of SOg containing gas stressi 
and oanant ol inker fro« byproduot gypsu*. 

2, Nodlf lost ion of th« sulphuric sold plant (now being «r«ot«d for 
TSf II) to ue« th« SOp- containing gaaaa and proavo« 142,500 NTPA 
sulphurio sold. 
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5.2       Capital Coat» - continuad 

3. Proviaion of fypaum and othtr raw aatarial atoraa and handling 
faciliti««. 

4. Pac il it i •• for oonvayiag oaaant ollnkar to oaaant olinfctr grinding 
plant (now undar oonatruotion). 

5. Provision of intaroonnacting pipwork, ««rvioaa «to. 

6. Haw cooling towar facility for 2000 r/hr oooling «atar. 

7. Facility for dlapoaal of acid affluant fro» purification plant. 

Tht working oapltal coverà the provUion of raw wat «rial inventori»« and 
•tora«« capacity of caaant clinkar. 

5.3      Unit Coata 

In oonaldarlns tht two altavnatlva oaaaa,  i.a. far tha Pakistan «oonoaqr 
and for BPIDC, tha following unit ooata hav« baart uaad aa liatad in 
labia IV 5.1.    In tha ooat analyala all ooat figuras hav« b««n aaauaad 
constant at 1970 lavai«. 
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5-5     Unit Coiti - oontinuad 

Tabla IV, 5.1 » Unit Cotta 

Sulphur Ra 2T5.5/KT (oèf)   |57.8/*T 

Sulphur Na 190.9/*T (oftf)   $*o.o/*r 

Fual Oil Ha   80    /m (dallvarad aita) 

Coto Ha 129    /HT (oèf) 

Clintor Ha   68   /m (dallvarad alta) 

clay Ra   18    /m (dallvarad tita) 

Sani Ra   18   /WH (dallvarad alta) 

Fonar Ra     0.13/fcWh 

CoolInt »»tar Ra     O.O>0/*5 (olrculatad) 

Oypau» Dlapoaal Ha     5.0/m wat Sfpau» 

(by barga to aaa) 

Sulphur 

Sulphur 
Puai Oil 

coto 
Clintor 

CUy 

Fonar 

Coolini Matar 
dip— Dlapoaal 

(«y aar»a ta aw) 

Ra 555/HT (dallvarad alta) 

Ra yro/m (dallvarad aita) 

Ra 80/Hrr (dallvarad alta) 

Ra 250/KT (dallvarad aita) 
Ra 68/HT (dallvarad alta) 

Ra 18/KT (dallvarad alta) 

Ha lè/m (dallvarad alta) 

Ha 0.13/kWh 
Ra 0.030/%* (olrculatad) 

Ra    5.0/^rr wat 



•SfiUSLU 
UNIDC Vianna 
for PaJciatan 

HL 
Prt-InvtttMnt Studiti for Partilitar 

k Pttroohtoical Industritt - Final Raport 

VOIUM IV 

JaXtUa*« 
C.1669 

Jiiy 1970 

f 
I 
I 

5#3     tMit Cotta - oontinutd 

Tabla IV.5.2 

Httional Bat i a (i.t. no twttt) 

mm ?ffti - tifti f? ran fw 

r 

80 «3/toT H2804 

%%/WS H2SO4 

Cooling tfattr 2.40 

City 0.224«T^IT H2S04 4.03 
stud 0.018 m/m H2ao4 0.32 
Proottt Labour (tetra 90 MD) 2.30 
MaiattaaAoa (3.0£ PA of lnvtitntnt) 16.09 
Inaurato« {Q.-% PA of lnvtttattnt) 

- 26.75 x 142,500 

1.61 

36.75 

Tafclt IV.S.3 

tuaaa oottt - «Eton to oottt for troduction of tulal 

Cooiinf Wattr so «3^rr H28O4 2.40 
Clajr 

Prooott Laaour 

Fail 

80 « /IT HgSO. 2.4O 
0.224 MT/frT H2S04 4.03 
O.O18 iT/^TH2304 0.32 
0.082 WT/VT H2804 2O.5O 
(Bttra 50 Ml) 2.30 
(5.0JÍ PA of lnvtitatnt) 16.09 
(Cyß PA of invttttitnt) 1.61 

195 Wfe/teT R2804 25.35 
0.37 m/ws H2SO4 29. «0 

102.ao 
- 102.20 x 142,500 
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5-4       Iroiot of Project on Pakistan Economy 

In table IV.5.4» foreign exchange and rupee ooata of the project are 
calculated over a 15 y«er project life.    In this table,  all duties, taxes 
etc.,  payable in Pakistan,  are excluded.    Net foreign exchange savings 
are ooapared with rupee costs.    A foreign exchange loan over 10 years is 
charged with interest at 8$ and is repayable in equal installment«. 
Table IV.5«2 lists the costs of raw materials and utilities and iteas 
included under the heading "Rupee costs - extra to costs for production 
of sulphuric acid from sulphur.'* 

j Thus,   in the table IV.5«4t  the new project is considered as an extension 
to existing facilities.   The two cases of sulphur prioe of /Í57.8/ÍT and 

)faQ/W? are considered and the annual ratio of rupees expended/^ saved 
is calculated.   This ratio has also been estimated by taking the sua of 
the net present worths of the annual figurée for rupees expended and 
jpjs saved.    A discount rate of 10$ p.a. was used.    The resulting two 

, ratio figures of 6.53 (sulphur at JJ57.8) and 10.57   (sulphur at ^40) are 
considered to give the most reliable assessment of the project from the 
viewpoint of the Pakistan economy.    The conclusion drawn is that the 
project is acceptable 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 
costs for a single year of operation.    Net foreign exchange saved is 
calculated after allowing for 1 year's loan repayment and interest on the 
initial loan at a mean level of 5$.    Rupee coste include all normal running 
oostst  10$ annual depreciation but no interest on the rupee element.    On 
this basis,  the ratios arei- 

Rupeee expended/^ saved 7.18 (sulphur at ^57.8/taT) 
13.07 (eulphur at jko/th) 

5«5      Return to 

In table IV.5«5» the project is considered from the point of view of 
a?H>C*    The table includes aaving* in expenditure and ooets, all in rupees. 
The Foreign Ixohange loan repayable at 8$ over 10 years is included and 
the annual cash flow for EPIDC is calculated.   Table IV.5.3 liets the oost 
of raw materials and utilities and items inoluded under the heading 
"Rupee oost - extra oosts for production of sulphuric acid from sulphur**. 

The DCF rate of return on IT IDC's rupee investment has been calculated. 
A project life of 15 years is again assumed.   The DCF rate of return for 
»IDC is 22% (eulphur at ¿57.8/MT) but falls to % with sulphur et $40/WT. 
Similarly, at a sulphur price of about $y\/VR, the return to EPIDC becomes 
zero. 
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5.6 Potential Ua« of Natural Qaa 

As Indicated In Section 4.6,  It la anticipated that natural gas 
will become available by pipeline at Chittagong.      This la 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 place of      g 
fuel oil would reduoe the annual fuel costs by about Re 1.2 x 10 
(duty-free basis). 

This reduction in rupee cost would reduce the ratio of rupees 
expanded per $ saved to 6.0 (sulphur at $57.8/MT)  and 9.7 
(sulphur at $40/Kr).      The D.C P. rate of return to E.P.i.D.C 
is also calculated to be improved by about 2#. 

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

5.7 Üfou-Ujon 

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 feet that the estimated capital 
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)  byl5to20$, the economic 
position of the project would he markedly improved.      This is true 
for both the National and I.P.I.D.C. basis.     An alternative 
improvement from the National viewpoint would be an increase in 
proportion of the plant manufactured in Pakistan with corresponding 
reduction in the foreign exchange element of capital cost. 

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, 
whioh will require special considerations 

1)        The construction of the new facilities must be undertaken while the 
existing plants are In operation.     The contractor for the extensions 
will need to give special attention to the problems of connecting the 
new plant into existing equipment and to scheduling his work. 



C9 

I 
Í 
T 
r 
I 
I 
I 

í 
I 
[ 

I 
I 
I 
í 
F 
r 
!" 

Volume IV 
rnjmmn • ouwow ITI,     ^..^sag- 
UNIDO Vienna Pre-Investment Studio for Fertilizer C.I669 
f ?;  Pakistan * Petroehemioal Industries - Fimi Report July 1970 

5.7   Discussion - continued 

li)     Coke supplies are not available In Pakistan and the nee ••eery 
authoristtlons for its import will be required.     Coks specification 
must be prepared in collaboration with the prooess licensor. 

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

r iv)      In view of the smll extent of full-scale operating experience of the 
} use of byproduct gypsum it is important that proper trials sre carried 

out using the raw materials which will be used at Chittagong.      If 
inadequate supplies of byproduct gypsum are available at Chittagong.» 

i" then the tests could be made using gypsum produced fro« 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. 

v)       The long term supply of phosphate rock of the grade used for test 
purposes must be assured.      Phosphate rook type is known to influence 
design and operating conditions for the plant. 

i- 
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3KTI0U 6 

CQWCLU3I0NS 

6.1 Scheme Reooswndod 

In view of th« requirement« for sulphuric acid and o«m«nt clinker, and the 
availability of by-product gypsum at Chittagong.   it is recommended that the 
Müller-Kühne process is used for manufacture of sulphuric acid and cestent 
clinker from by-product gypsum. 

6.2 Technical Viability 

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?Oc 
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. 

6O Economic Viability 

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/HT-C ft P) appears to be high 
in view of the present trend towards lower price.      An alternative price 
of $40/foT CAP,  at th« lower «nd of th« range of probable future price, 
haß also be«n considered.     The project shows a net foreign exchange saving 
at both sulphur price levais.      At the higher price level, Rupee expenditure 
per $ savsd  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 return on E.P. I.D.C s investment 
over the 15 ysar period Is  only 5#.      The return to EPIDC falls to zero at 
a   sulphur price of $34/MT. 

6.4 General 

It is recommended that means of reducing th« capital oost of the projeot - 
both foreign exchange and Rupee - be investigated. 

In any complex project of this type the skills of management and operating 
staff during construction,  commissioning and subsequent operation are very 
important.     They oould be oritioal to the economic strength of this project. 
Emphasis must be laid on th« importano« of adequate training for management 
and operating personnel on comparable existing plant. 
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APP1DII I 

1. C. Jtnioi   tarSP Projeot 
Ornarti Surrey of tha Iti s tin« Situation in tho Petrooheaioal and 
Fertiliaer Ihdastrieo, and 

A Review of tho Raw Matar iole Availabilities and thair Prioaa in 
Pakistan May, 1967 

2. T. Jan'.Kiev8kii    UMDP Project Cfeeaioal Bigine«? 
General Survey of akisting Situation in regard to tha Manufacturar 
of oan-nado fibra« in Pakistan. 

March, 1968 

3. C. Janici    UWDP Project 
A Preliminary Study of Complex Fertilisers with Particular roforanoa 
to Pakistan. 

March, 1968 

4. T. Jenakievskis    UNDP Pro j act Chamioal ahgineer 
A Review of the Industrial Chamioal Ooaplax Study for lait Pattatavi 
ani a Proposed Pattern for a Petrooheaioal Ooaiplax. 

• April, 1968 

5. V. Tevetkevi    USTA akpert 
Qenaral Survey of agisting Situation and Proposal for the Plastico 
Production and Processing Induetriee in Pakistan to 1965« 

6. T. Janakiavakit    UNDP Project Cheaioal Engineer 
A Study of Peedstooke and Prooeaeee in tho Petraohaaioal Industry 
with a Review of the Position in Pakistan. 

January, 19*9 

7*    L. Koohetkovt    UNDP axpert 
Methodology avid Qenaral Survey of the langet ex» foreoaat far tho 
Production of Plastica and Synthetio Fibres anâ background of the 
Cheaioal Industry in Pakiatan abonsmy« 

February, 1969 
8.    Von Potan    FAO Consultant 

Pert il leer Marketing in Pakistan. 
October, 1966 

9*   *. Ananiai    FAO Agricultural Oradit Specialist 
Pointera for BLsouaeion of Oradit Preblaas oenneoted with Fartiliaara 
Proaetion In Pakistan 1968. 

(Superseded by »ef .13) 
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(a) Prslisinaxy »Valuation of tho Proopooto of Ooaplox and 
Compound Ooaplox and Ooapaund fort il i tor« in Pakistan. 

January» 1968 
(b) Projection of Fortiliior »utrionte RotMrsawnta of «set Pakistan 

for tho Portod 1970-196;. 
Paaruary, 1966 

(0)   Partiliaor Uso Potential in last Pakistan. 

11. latollo Instituto, Frankfurt/liUni   Report for OaTIBO 
•arkat Surray of Petrooheaioal Producto in Pakistan. 

January, 1969 

. 12. bnrastaent Advisory Oontro of Pakistani   Orrarwoent of Pakistan 
I Survay of Plaetioe Prooeaein« Qapacity in Pakistan. 

13. A. Ananiat   PAO Agricultural Crodit apooialiot 
Crodlt and fertilizar Promotion in Pakistan. 

May, 1969 

14* T. Janakiovakit   UTS? Project Chemical anfinsar 
A Study of Aromatica and Derivatives with a review of the position 
in Pakistan. 

15. L. KoohatkoYt    IBTOP ttpart 
Roonomioal Survey of Itiatinf Situation in tho lor Id's Patroohesuoal 
In dm try and Analysis of lost Pakistan Petrooheaioal Ooaplox. 

16. Raport of tho AJOC Paot-f indine Mission on Petraoheaioal Indu«trias 
in tho RCAFl Region.     Raport to Asian Industrial Development Oounoil. 

17. Ir. Andra« s. da sndradyi   PAO Oeneultejit 
Mothoda of Soil Analysis (Boil fertility and Sail Teatine Instituto 

f of «oat and last Pakistan). 
I Juno, 1969 

18. C. Jonloi   URDP Projeet Haaaflor 
f donerai Survey of World Proèaotion, Oanausf tlott, Int amati anal Trada 
1 and partilisara Roquiroaonte. 

1966 

19* Zindor International Ltd./rsohaooiats Ltdi   lam I ta Oororaaojit of 
Pakistan.     A Praliainary Puoi Study far Pakistan. 

1968 
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i 20.  Looetien and Iiweetaent in Nitrogenous Fertiliser Production in Vast 
Pakistan (Rotner Report).     B.R. Rotner Harvard University Advisory Servioe. 

* December, 1967 

21.  Fertilizer Policy in mast Pakistan.     Minutas of the Heating. 
I Director of Agriculture *Ast Pakistan devenaient. 

March,  1969 
22. Dr. J.a. Veraaatt    FAO Tea« Leader 

Teohnioal Reports en Fertiliser Trials (seat Pakistan) - Various Reports. 
I 
; 23. Two Reports aBSOt    Reso Pakistan Fertiliser Co. Ltd. 

(a) Crop Responses to Various Phosphat i c Fertiliser, Vest Pakistan. 
J Movano er, I966 

(b) Vest Pakistan Fertiliser Consumption Fareoaet. 
I November, I966 

24* tail Fertility Investigations in Pakistan, 
fir. J.O. Veraaatt    FAD Team Leader 

25.  toil Fertility Investigations in the Peshawar Ración, 
•on Peter FAO Consultant 

F.A.O.  1964 

F.A.O.  1964 

I 26. The Fertiliser Protrammo of the Oevernment of last Pakistan. 
* Planning A Development Sept. Rast Pakistan Government, 

27.  Fertilizer Requirements for Hat Pakistan (1970-1900). 
Dr. J.O. Veraaatt    FAO Team Leader I 

I 
Í 29. The Demand for Fertiliser in West Pakistan, Ififi£* 

Vaet Pakistan Agricultural Développent Corporation. 

28. Meet Pakistan Cheaioal Fertiliser Handling and Marketing Survey. 
U.S. Agency for International Development - Pakistan. 

Deoeaber, I968 

30. The Manufacture of Fertilisera in last Pakistan (3 valûmes) 

Tal. X       Survey of Demand ) *•* m«f   u 
fol. II      Ranufaoture af Iitro«et*eus Fertiliser. ) "" mm' 3X' 
•al. Ill    Ranufaoture af Phosphat io Fertiliser. 

Oaemoen Report to Industrial lamnacaaents Ltd. August, 1967 
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34* SoBinar on Petroleum.    Petroleum instituto of Pakistan. 
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35. mWyrlene and Polyethylene Plant for last Pakistan.   Mitsubishi. 
I Report to fest Pakistan Industrial Development Corporation. 

December, 1966 

36. Markst Survey and Feasibility Study for Karachi Petrooheaioftl Oomplox 
(FAUJl).    BilCUP A Ghoaioal Oonsultants (Pakistan) Ltd. loport to Pauji 
Foundation. 

37* Potroohomioal Investment in S.B. Asia - Pronoh Institute of Petrol. 137* Potroohomioal Investment in S.B. Asia - Pronoh Inst: 
V.l. Henny F. Vaohes    Institut Fronoais du Pétrole. 

Map, 1968 

I 38. Development of Petroohemioal Industry in Pakistan. 
* (2 volumes) Library.    Mosers. Imhausen. loport to Pakistan Qovernnont 

1964 

39* Development of Fertiliser Industry in Pakistan. 
Messrs.  Imhausen. loport to Pakistan Oovemment. 

I 40. PVC * PTA Fibre - »IDC/Stsiitomo.   loport to t» Pakistan fiso?. Devt.Owrp. 

October, 19*6 

I 41. PACE" LCD. leport-Nanufaoturo of Aorylio Fibre Iron - Pakistan. 
Cbomioal Oonsultants (Pak) Ltd. »sport to W. Pakistan Indi. Sort. Otrp. 

r 1968 

42* Fertiliser Trials in Panaro' Piolas by A. fetalst T.I. topartaont of 
Afrioulture foot Pakiaton Osvernmaat. 

r, im 
43. feat Pakistan Market Survey - MO Pakistan Fertiliser Oamnany Ltd. 

(, 1968 
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