G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/







FEASTBILITY BTUDY

POR

PHOSPHATE-BASED FERTILIZER PRODUCTYN

IN CYPRUE




FOREWORD

I T 19

i . Aw
; P Ay
i [TV AV
|
i
I C g e e Cor gy e e
; ST FORTILIZE

e ML Y
% d S et adhds

L PRRETY
v

P

CTION

o B Raarat ROt | -y
fe ¥ MM“/‘A Uiy %{}(;1‘

5O

RERTTCCIRCE I
FRRTILT

CUNE AL

AGRICULTURE

Lo bR

CTTON

LS ID

DERATIONE

ymm
s it »u

PLANT |

COPHATE - CALCULATTONS

SETATLS

PHOSPHATY
ALD GBI

ROCK HANTLING, STORANT
TING

TPHOBPHATE PRODUCTIO

ﬁ%:r OF BAGGING AND

SULFURIC ACT

Y MANUFACTURE FROM

FPOITES,

FOILO NS

AHCTLLARY SERVICES ALN

PYRITES

e R s SO, . 5.




10,

1l.

13.
14,

CONTENTS (Con't.)

TRIPLE SUPERPHOSPHATE MANUFACTURE

8,1 (GENERAL

8.2 PHOSPHORIC ACID PRODUCTION

8.3 TRIPLE SUPERPHOSPHATE PRODUCTION

SOLID AMMONIUM SULPATE MANUFACTURE

7.1 GENERAL

4.2 THE PROCESS

CALCULATIONS OF CAPITAL AND OPERATING COSTS

10,1 SINGLE SUPERPHOSPHATE ONLY

10,7 SINGLE SUPERPHOSPHATE

10,3 ORANULAR, MIXED FERTILIZER PRODUCTION

10.4 TRIPLE SUPERPHOSPHATE AS AN ALTERNATIVE TO
SINGLE SUPERPHOSPHATE

10,5 CRYSTALLINE AMMONIUM SULFATE MANUFACTURE

1.0 KFFECTS OF SMALLER PLANT CAPACITIES AND
LOWER OQUTPUTS ON COSTS

COMPARLSONS OF CAPITAL AND OPERATING COSTS

PRODUCT SELECTION AND PROJECT FEASIBILITY

FINANCIAL CONSIDERATIONS

OPTIMUM PLANT LOCATION

FIGURES
Chpe

Continsous process for the manufacture of normal *o
superphosphate

Typical ammonisted phosphate process flow diagram 4°




FPage
3. Flow dlagram of the contact sulphuric acld L
process
4. Manufacture of wet process phosphoric acid
5. Direct neutralisation x

Ammonium sulphate process

ANN
1. Basic economic data of Cyprus
2. Preliminary forecast of fertilizer consumption
3. Import of fertilizers
4, Analysis of pyrites

5. Map of Cyprus




Foreword

feaplbllity study for the production of fertilizeras,

eapecially phosphatlic fertilizers in Cyprus, 18 contained in

I
LR N

[

report,

Cyprus presently imports nitrogenous and phosphatic fertilizers
mostly in the form of ammonium sulphate and normal super-
phosphate involving a forelgn exchange expenditure of about
US$4L, 000,000 .00 per year, Pertilizer 18 vital to the ecoromy
of the country since agricultural products account
for 40 percent of 1te exports., To increase agricalt.iral

productivit,, fertillizer Is the most lmportant input.

This study shows that saving

effected 1t Cyprus puts up the manufacture
of singsle 8 perphosphate using: indigenous pyrites for sulphuric
acld production and using imported phosphate rock, Production

of syntihetlic ammonia 18 not recummended at this stage but

ceoald be taben up later., At this stage ammonlium sulphate and

ammoniated superphosphate could also be made using imported

ammonia.,

Ag the first step, it 1is recommended that actlon be taken
immediately to put up facilities to produce 15,000 metric tons

of P?@% annually in the form of normal superphosphate analyzing




percent P05, The quantity per year will be 75,0 tonnes

tonnes per day of siperphosphate containing 20U percent

This will req.ire & sulphurlc acid plant of 170 tonnes
per da, -unacit. or an ann.al capaclty of 30,000 tonnes. The

total capital cost will bte US$-.2 million and a workirg capltal

VOO, It has been calculated that superphosphate can
te produced (%axfmﬂﬁ at $2%.6 per tonne compared Lo oan imported
SE I

price of $30 per tonne or more.
The Cyprus Gorernment should ma.e

s g
B

r odecislon moon on thlg

project nad tne United Nations Industrial Development Organization

ing tender documente, analyses of tenders
and asslet in placing orders for plant and equipment 1if t:i.e

suverpment 8o desires,

s [ B
e LePREL Jouoht

Limassol as sccond cholce,



Introduction and Scope of Study

Folloving the letter of April 4th, 1966 from the Cyprus
Joverrment Planning Commission to Dr, E. €. Hald, UNDP
Resident Hepresentative in Cyprus, and the visit ot

Mr. K. P. KR, Menon of OSF0 (outlined in nis memo oi loth
Apri1l 1+60u) 1t was declded vy the CID and oti.er United
Nat ions sgencies to atudy tne Cyprus Guvermment's
supgestions for UN asslastance in industrial development,
using CID staff members and experts as well as outslde

experts accordiing to need.

Accordingly, the followiny visits to Cyprus were made:
oy o J B o

1. FPulp and raper i Mr, Sahlbery, June 160
-, Fertilizers t Eng. M, C, Verghese,

August 1 40

3. Saw Mill and Industrial
Eatate

ne

Messrs. B, Coggan and

8. Najundan, October 1460

The CID suggested to the Cyprus UGcvernment through the
Reaident Representative, Dr, Hgld, and they agreed that
UN make a feamibility study for production of fertilizers

in Cyprus, especially phosphatic fertilizers.

This study accordingly was commissioned by CID under the

SIS Programme.



2. Summary and Recommendations

2.1 Summary
The agricultural pattern and level in Cyprus, now
totally dependent on .mported fertilizers, 18 suf-
ficlent to support an economicelly feamible domestic
fertilizer project based on the production of 75,000
tons annually of single superphosphate using sulphuric
acld made from local pvrites and phosphate rock

imported from North Africa and posaibly Florids.

In addition, the domestic production of ammonium
Bulphate based on local pyrites and lmported ammonia,
to manufacture simultaneously a range ol granulated
N-P-0 (or N-P-K fertilizers using imported potash)

18 eccnomically feasivle,

Thie study substantially confirms an earlier UN report
regarding the feasibility of producing single super-
prhiosphate in Cyprus by taking advantage of Jocally
avallable pyrites, Hence, it was thought advisable
to pursue the feasibility of making ammonium sulfate
&8 well and this has also been found to be Justified,
The combined projects would yield savings in foreign
exchange amounting to about $2,500,00U annually at
current price levels and would employ some 55-100

people, with an annual local payroll of about $1,000,000,
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3.

Cyprust 1ts Economy aid Apriculture

;J

% [

Genercl

Cyprus 1is the third largest 1sland in the Mediterranean
and has an area of 3,972 square miles, t lles 44

r 1o~ gouth of Tiurkey, 530 miles east of Qreece, 60
miles west of Syria and 240 miles nortn of tae United
Arat Republic. Tue landscape 1is dominated Ly the
T™oodog Mountains in the southwest and tihe Kyrenia
raoe along the nortiaern coast, with the central

nlain of Mesaoria lyliny between these ranges. The
r1imate 18 beneflcierl; surmers are hot and dry, and
vinters are mild., Average annual temperature 1s

(9¥,, and average annuel rainfall is 1.4 inches,

althoaph periodis drourhts occur,

e present population ia about 600,000 and the annual
2 pog

Lrowtlh rate 12 approxinately 1.7 percent,

he Econonmy

Cyprus 18 predominantly an agricultural nation with
about half of the lator force occupled in rarming.
A.an'lavle aravle le.d 1s some 2,036 ag ore riles,
representing 2.2 acres per capita. utopper concentrates,
copper and iron pyrites are the principal mineral
products and these account for a significant percentage

of total exporte. Otiner exports include potatoes,

citrus fruits, reisins and carobs,




Following indapemdence, Cyprus remained in the Sterling Rloe
and jolped the Comsonweslth., It became s member of the

United Nations in 1960 and is also a member of the Imternational
Monetary Pund and the International Pank for Beconstiruction

and Development., The Cyprus pound is stable, even though
lmpcrts have been more than twice as mach as exports in recent
years., (A sound domestic manufacturing fertilizer propram will
be of great belp in reducing imports of fertilizer and food,
inereasing food exporte, and in minimizing this imbalance.)

In 196k, the aversge per-capita income was about © o{ 2 eI

annually (1 Cyprus pound » 1,000 mills = 3,0, $2.70),

The year 1965 was one of consiierable economic progress, rross
national product increassd by about 20 percent over 196L and
gross domestic product rose to Cf 130 millfon (! 264 million)
of which agriculture, forestry and fishing contributed 29 percent,
Imports accounted for "”1’ b mitlion (122 million) and exports
contributed only z::(f 2h million ($47 alllion) to give a trale

gap of (i:ﬁ 20 million (¢ milldon). ‘However, this was more
than offset by net invisible earnings of “’f 21 million (7,
million) due to~deswdsm military expeniitures and a net infl w

of miscellanecus capital of *‘f A milldon (22,5 alllion), This
resulted in a favorable balance of payments of about ii‘if 9 million

and Cyprus forelgn exvhange regerveg attained the lewel ¢

(Iff 6.8 milliom (711 milldon).




Wheat and barley production nearly doubled between 196L and 1965,
while exports of citrus fruits, potatoes, carrots, grapes and

olives increased substantlally.

Mining production of asbestos, chrome, cement COPPRr, Cuprous
concentrates, copper and iron pyrites incressel by 50 t 120

percent 1o s me cases. Mineral export earniyws in 1795 amounted

o ’g 9.2 million (1o million) compare! to 3‘ Tl omillion

20 million) dn 1974y tiis incresse was ifue to increase! tonna e,
n8 well as Nlooer sales prices., Minin- and minerals beneftetation
are the most important industrial operations and are currently
undertaken by tirec companies, whic' nmine and concentrate ¢ nror
and lron pyrites Por export., These cra, the Typrus Minin:
Corporation w' ich has £0 percent ~f thc business, the ‘ellenic
Company and the Limnl Company whieh have 25 percent and 15

percent respectively of the t tal mineral export trade.

Other industries include fruit cannin’, beer making an! fruit
Juice production, Two thermal power stations are in rperation;
one near larnaca of 70 '% capacity and another 90 % plant near
Limassol. A proected il refinery of 5,000 barrels par (ay

near lLarnaca 1o unler consideration by the Shell and bi)

il companies.




1.3 Apriculture
}e3.1l The Soil
All Cyprus soils are deficient in Nitrogen and Phosphorus;
hence, resular applications of fertilizers containing
these elements are essential for satisfactory crop

production,

At present, aloquate amcunts of Itassium occur in many
areas, except in Nlly or mountalin replons, In time
Potassium and secondary or mieronutrients will have +-
be added to other solls, to replace those elementes

removed by regular croppin .,

3.3.2 Crops
The 1965 erop pattern for Cyprus is shown on the

followin - Table (Table 3.3.2.1)




CROP

Vegetables
Citrus Pruite

Deelduous Feults

Oty FPrults
Almonis

Other Juts

Carenls
{agmes & Fodder

Induetrial

Arcemt ics

Cuyobs & Oives

Grapns

TOTAL

-

4
g

TABLE 3.3.2,1

1965 CROP PATTERN FOR CYPRUS

Do

129,505

590,000

625,995
195,000

105,420

l’m ’m
56,100
49,970

ks, 760,000

7,588,510

2,9%

37
63,300
125,000

SRR

697,622

223,764
335,90
46,870

7,407,5%
276,880

839,696

8,b31
3,510,600

2,290,000

24, 768k ,6h9

Datailed figures for 196% are gziven in Appendix 1. Crop

areas for the years 1960 to 196% are ahown in Appendix 2.




oy

Agrieultursl ani Food Nelanes

learly half of Cyprus is arable and under permansnt
cultivation., In 1964, arrieultves exports amounte! to
approximately “”‘:f?‘”%f million ({24 milifon) representi.;
45 percant of total exports. These exports consigted

ol oran-es and potat es (approximately f?lé million
{5 .0 mmum) e@ach . plus barley, lemons, arapefruit,

irapes, almonds, carrots, sarobs and wthers,

tiowever, food imports in 1964 amounted to C£7.5 million
($21 million) equivalent to 20 percent of the total,
Veretable olls from various furopesn countries, maize
from Roumanis, U.S.A. and Lebanon, and soybean moal from
Tarsel and Pelyium were typleal oxmmples. fenee , there
are opportunities foor forel; peaxehange Bavings to be

made by increased sgrigulturs) production with the help

of additional fertilizer applisations,




b, POWPTLIZER USE AND NEEDE

“.1 Cunsumption

At present; all fertilizer materials are imported, and recent

congumption 1 ures are glven helow:

TABLE L4.1,1

RTILIZER COUSUMPTION IN CYFRUG (MI OF MATERIAL)

Tyvpe of Fertilizer 1960 1K 190k

Ammonium Sulfate 72,158 25,%. 15,1335
Caleium Ammonium *itrate RN 17,45 11,260

fdngle Superphosphats
3, 140

L

Tyl fﬁlm i%um m"‘é ey :] ;3 ate
Ce e 3 3% 205
e ) 11,371 13,655 12,07

) 15,954
il ) 12,229 7,572 2,4k

T —

TOTAL f2,17h YO, Y5 7,990 0,657

In terms of primary nutrients, the 1¥2 to 195 usace was

ag follows:

TAMLE b,1.2 *

CYPRUS APPROXTMATL. PRIMARY LUTRIE!T CO SUMPTION FOR 1962 to 1965

IS 4 5 e v e K
102 1997 1904 1905
{400 10,500 5,000 7y T
Pa0, 9,100 11,300 7,100 9,400

~ 0 s 1 " 000 600 sy 5

TOTAL 17,590 22,700 15,700 17,300




Profectel  ogls

Aveordl o Lo e Food and Apricultursl Oranization of L Tnited
Cmtiong, the utilisetion »of fertiliszers per hecotare of arable

leod undey persanent crops ls comparable Lo that In U.0LAL,

{about LO vl rams of . ¢ E*‘:;I‘} per hectare) with the
areaptior o »otas,  Dowsver, this oompares unlavorably wit)
the use cs S some Uer omall countries and islands., ¥FAO
flures £ r 1790 to 1999, in terms of Ko of primary utrients

sey Lectore soa: Talwan A0 Unote !l Kinsdlm 360 Capan ¥ O
¥

and Tetherlais Lo,

Hieal rates of Tertilizer appllication are mich greater than actusl
wes o, not oonly in Typrus, bubt i omeny parts of the worll, based

s meronomie conslderatio

Heoommn led applicat! on rates for

Cyprus are clven in Appendix %, whle are 7 to 1 Cimes sobual

congumpt lon in some instances,  Twrl o the past few years,

fertiliver usass tas not owrown sLoadficantly, as seen in Table

h.1.2.  wmt, taking into account sevaral recent factors such as

the expansion of newly irrirsted land and an antleipated redustion

of nitrocen fertilizer prices (especlally urea) it is believed

that anwusl rovib-rates for nitroen and phosphorus primaey §
mutrients will 'e at least 5 percent and U percent respectively

surdin the next few vesrs, A probable reductlion in potash prices

should also induce siditional use and & rowt)h rate Cor %C‘i of 5

parcent anmislly will be sssused, On these bases, the pro seted

neade will be:




TAALE L4.2,1

PROJECTED PRIMARY NMUTRIENT NEEDE FOR
CYPRUS

1965 74700 9,400 200
1966 f,100 4,800 210
1967 8,500 10,200 220
1968 9,000 10,600 230

1969 9,400 11,000 240

1970 9 4 J00 11,400 250
1971 10,400 11,900 260




5. Domestic Fertilizer Production Considerations
5.1 General
It is evident from Tables 4,1.1, 4.1.2 and 4,2.1 that

current and future fertilizer needs in Cyprus are
relatively small. All requiremente are presently
imported and the possibillity of domestic production
must be carefully welghed in terms of feasibility
and effects on the economy of the country, Major

considerations are reviewed below.

5.2 Nitrogen Fertilizers

Virtually all nitrogen fertilizers in the world are

now made from ammonia, with the exception of amall
tonnages of Chilean sodium nitrate, A minimum
practical size of ammonia plant 18 considered to be
about 60 tone per day of ammonia {ﬂﬂﬁ) or 50 tons per
day of N, equivalent to 17,500 tons of N annually on
a 350 day-per-year basis, This capacity is still
greatly in excess of Cyprus needs, yet corresponding
manufacturing costs would be uneconomic by present
standards as present-day plante are mostly in the
1,000 ton per day category. (Feedstock for ammonia
production is preferably natural gas, followed by
petroleum refinery gas and/or naphtha). 8o far, no
commercial quantities of natural gas in Cyprus are

known, and although some petroleum refinery pas and




liquld feedstocks might eventually become avallable
from the envisaged refinery near Larnaca, it is
douhtful if ammonia produced from these sources or
from imported naphtha could ever compete with ammonia
goon to be avallable [rom large plants in North

Alrica, based on low-cost natural gas,




Heroe, proximity to large sources a,r mmmhly»pﬁm&
ammonia and derivatives such as urea and M ummm ghould
be more sdvantageous than small-scale domestlc produstion from
higher-cost feedstock, especially under anticipated conditioms
of plentiful supplies and reduced prices. For these reasons
domestic production of ammonia, ammonium nitrate wredl ures does
not appear to be Justified st the present time, and the comtimed
importation of such products 18 recommended. It should be
added that capital outlays for nitrogen fertilizer plants, even
of modest size, are in the 15 to 20 million dollar cablegory,
and domestic requirements do not justify expenditures of this
magnitude, A possible exsc, “lom is the production of ammonium
sulfate made from lmported ammonis and locxlly-nale snifuric

arid, which will be reviewed in s later seetion,

Phosphate Fertilizers

5.3.1 Ceneral
With the exception of special products such as bone menl
virtually all phosphate fertilizers are derived fyrom
phosphate rock., No commercial sources of phosphate rock
on Cyprus are known, but proximity to large deposits in
Moroecco, Algeria, Tunis, Egypt and Israel enable rook

tmports to be obtained at comvetitive -»i~~e,

Lo Py



5 « f“ o a

Ir, me eyl Lf t ese 5ty es

, manufacture of
phosphate fertilizers 1s also undertacen for both
domeatic and export purposes. This raises the

.

question whether--llie nitrogen materials--phosphate

fertilizesras shoould alao te 1

noprelerence 1o
domestic manufacture? However, to produce phosphate
Fertilizers fromn phospnate roci, t.e latter must be
Bolubllized and the usual agent il sullrurlc actd,
The availebility of ample Bupplies af cyrites in
Cyprus, therefore, emphasizes the pogsiiilities of
domestic phosphate production provided the scale of
operations and economics justify a ommercial

oparation,

Scale of Operations

The domestic P50, demand 18 relatively srall Ly modern

standards and ranges from about 10 to 1,000

metric tons between 1,00 to 1977; 1.e.,, 13 to 40U tons

per day ultimately, on a 3u0 cay-per-year basis,

This is equivalent to 200 tons per day of super-
phcsphate contalning 2 percent Pgm% or OO0 tons of
super containing lu percent F?ﬁg* (In U.,5.A, and

other countriee, ran, plants are ten to twenty times

this size in terms of P,0; output). As a result,
manufacturing costs can be expected to ‘te correspondingly

higher than for fertilizers made in large, modern



installations. One way of offsetting this dis-
advantage to some degree might be to make fertilizer
materials for export, in addition to domestic needs,
if advantageous price-levels could be attalned
and suitable mar<ets found and this possibility

w111 te examined in a sulsequent section,
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5.3.37 Possible Alternate Types of Phanephate Fertlliver

The following types of phosphate fertilizer are in

commercial use ranging from the oldest and simplest to

the most modern and complex:

Ground Phosphate Hock
single Superphosphate
Ampmeniated Jupsyphosphate
Triple Superphosphata (TSP)
armmondated TOP

ammemdum Phosphste
nitrophosphates

Caleium Metaphosphates
Potassium Metaphosphates

Ammonium Polyphosphates

0 .

a -

b -

0 .

6 -
11 to 18-
20 -
O -

1 -

W0 -

1504

b

{eal Anmw‘um

37

a LG

¢
K0/

&

i}l

31

C}

The most popular types throughout the world are singls

superphosphate, triple superphosphate, dimmmonium

phosphate (18-46<0) and various nitrophosphates. Where

amnonis 18 available, ammoniated superphosphates are often

produced, and potash is freguently added to make wide

ranges of low, or medium-analysis mixed and granulated

fartilizers. Ground rock is used on an appreciable scale

in loealities vhere soils are sufficlently scidic to

solubilize the phosphate (e.g., North-Central U.S.A.y,

Malaysia).
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Ovsolescence
For domestic production and use in Cyprus, careful

sove fttems Indlcates thne beat

conglderation ol
cnotce of fertilizers to be (1) the superphosphates
and (.) granulated mixtures based on superphosphates

nade with the ald of imported ammonia and/or nitrogen

anlta plus imported potash cording to need,




Another important factor is scceptability. Most farwmers
throughout the world are reluctant to use unfamiliay
fertilisers and since superphosphates are well-sstablished
in Cyprus, no market resistance should arise, From

Table 4,1.1 1t will be seen that both single and triple
superpiosphates sre used, whiesh hws ralsed the possibliiity
of producing higheanalysis triple superphosphate (0-45.0)
instead of the lower-analysis single superphosphate .

Accordingly, both types of produet will be compared , to

establish the preferred route,




r, PRINCIPAL PROCISE AND PLANT DETAILS

bl Sinpgle Superphosphate - Process “alculations

b1l ereral
Single or normal supsrphosphate s made by rogetin: srousd
phosphate rock with stron: sulfuric acid., Part of the
calefum in the rock {8 transformed into monocaleium
plivsphate and the remainder forms vypsws, Caleium
fluoride in the rock alsc reacts wit' the sulfuric seid to
form hylrogen fluoride, sme of which reacts with the
silica and water present to yiell hydroflucsilicts actd
ani hydrateq silica. The remainder LHECHPER &8 8 Ca8OUS
mixtures of 1F and ’Sw% whicn is usually scrubbed with
water befoure bein. relessed to the atmosphare., The

ampirical resctions are:

3 ‘;Tfm‘i{?@iz% }?3 ﬁmg 4 ﬁ“‘zzpszaf& . %{?M%‘z?m}“ ) 5 mu + PR (1)
Lip + £10, —p mvu mf?o (2)
3817, ¢ b0~ 510,.21L.0 + 2# €17, (3)
When suitable markets exist, the hydrofluosilicic aeid |

can be concentrated to a 10 percent solution by recyelin

the scrubber water and used to make detergents, insseticides

and ceramic mterials,
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(Equipment al so suitable for triple superphosphate if phosphoric acid
is wsed instead of sulfuric acid).
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Time wust be allowed for cleaning and repairs, and & 16-hour
operating day is often adopted. Om this basis, the hourly
production rate of the snvisaged plant at design capacity

womald e

% or 17.% metric toms per hour

Rav Material Aequirements
Phosphate Rock
The smount of phosphate rock required per ton of singls super-

phosphats depends on the grads or rock used. For example, if
it wew desired to make s product contalming 20 percent total
%ﬁls, this would be equivalent to (220k X 0.2) or Wl 1bs.
%05 per metric ton of single super. If the phosphate rock
of high-grade were used, say 7U BPL (Bone Phosplate of Lime)
containing about 3 percent ?205, the amount of roek needed
por tom of product would be:

%%E" or 1,350 lbs., say, allowing for a light loss in

grinding and processing. Proportionately greater amounts of
lower-grade rocks would be required.

Sulfuriec Acid

Bulfuric acid requirements vary somevhat, according to the
type and source of rock used, and usually range between 60 to
65 1bs. c* 100 percent Hy80,, per 100 lbs. of rock. On the
latter basis, the acid requirements for a 7Y% BPL rock would
thecrectically be:

1350 X 65 or 880 1lbs. 100% ﬂ?soh




Nater

The sulfuric acld {3 diluted to sbout 70 percent ¢oncentration
(approximately 55 4e) before use., O lba, or ° {mperial
gallons are theoreticslly reguired for this purpose pey

ton of product. The acid is 4luted befrnre bein- a ied to
the rook and mmch heat is evolved in this operatiom, which
is removad by cooling with cater in s special tvpe of hest
exphanger. The ammount of soolin water needed dependsg on
the design of the exchan sy and the (nlet water temperature,
but can rangs bebtween 1,000 and 2,000 gallons psr tom oF
mroduct ., Water used for Adllution purposes needs to be
relativaely pure and low in ehloriies, Niver water is
sultable for coolin, and even ses water can be emploved,
provided sultable materials of construction have heen

used in Tabricating the cooler.

Thuw , typleal rev materisl reguirements per metric ton ~f

#ingls superphosphats can be expressed approximately was:

uant Lty Ton per Ton
Phosphate Rock (say 74 BPL) 1,750 1bs. 1
Bulfuric Acid (100% H80, ) 0 Lbs, o
Process Water (for dilution and P40 1be, .17

reaction)




Annual Needs

4
[

a0 ey le o ey, oope te, the yearly rock needs
would therefore te approxirately:

)

TH,000 x U] or «+0,000 metric tc

T v yearly 1 ercent gulfuric acid needs would be:

STV S SRS or 30,000 metric tons

On the bvasts of “u. operat'ng days, toe theoretical
minimum deslgn rating of the sulfuric aciu plant
would Lnerelore uel

or 10U metric tons per 24 hours

v o8 oyl croootle oo ofbher Lses for 8 1r5uric
actd exist in Cyprus, as It 18 commonly regarded as
the backbone of most industrial and comnmerclal
operations, In many countries, the total usage 18
about twice the amount used to make lertilizers.

Bven in Cyprus, the pousibility of making ammonium
gulfate fertilizer {rom lmported ammonia exists

and perhaps alum {or water-treatment purposes as

well as other chemicals, Sulfur dioxiue for fumigants

and battery acids are other typlical examples,.

Therelore, it is8 recommended that the size of the
proposed sulfuric acid plant be finally chosen

after other potential needs in Cyprus have been




A o I I

examined. A larper production volume should result
in lower acld costs with benefits to all, In the
meant ime, calculations will be based on a daily
capacity of 110 metrl. tons to allov for small

loases and contlopencles,



7. PRINCIPAL DESIGH DETAILS

7.1 General

-

A complete Tertilizer plant based on single superphosphate usually

comtaing the 1llowing sections:

Section lumber tion
100 Phoaphate Rock Handling, Storasge snd Orinding
DO Supsrphosphate Mamilscture
300 Granulating and/or Bageing and Shipping
Lo Julfuric Acid Manufacture
18.8] Offelites, Ancillary Cervices and Bulldines

Bagic deelgn features of the warious sections in the envisgaged
plant will be on the following limes, It will be sssuwed at this
ptage , that the plant will be bullt adjacent to deep waler, io
minimize transportetion costs for phosphmte rock and smmonias,

ae wall sa any exporte that might later be developed. A further
gtudy will be necessary, howewer, to determine the optimae

location.

7.2 Section 100: Phosphate Rock Handling, Storage and Crinmding

Phosgphate Rock Handling and Storage

Ground phogphste rock s recelved vis comstal stesmers or ocean.
golng vessels in the 2,000 to 10,000 ton category sand unlosdsd
by grabe w:%:mwymrmamwtm gyrtem which transfers the

materinl to a steel-framed, asbestos covered storage bullding.




Bloce snowel waximas ?Wi}g needs at design capscity are 15,000
tons, corresponding tﬂc;’wmt 50,000 tons of rock per year, a
practical delivery schedule would be of the order of tes,¥,000-
ton cargoes each year. Therefore, a storage bullding having a

capacity of about 8,000 tons is required,

Phosphate rock is retrieved from the storage pile by » moblle,
front-end bucket lomder and dumped intc the boot of an elevator

vhich feeds the hopper of the rock-grinding mill.

Phoaphate Hook Orind ing

The rock is ground to a suitable fineness (about 709 through s
100-mesh Tyler screen) in a ring-roller mill fitted with an air
classifying system. Since the single superphosphate production
rate at design capacity is 17.3 metric tons per hour, this
corresponds to (17.3 X 0.59) or 0.2 metric tons of rock per
hour, for & lb-hour operating day. After grinding, the rock

is conveyed from the product cyclome to a ground rock storage
bin, ready for use in the superphosphate unit. A closed air-
system and bag filter ensures virtually dustless operation

to prevent pollution of the surrounding air.

. Bectiom 200: Single Superphosphate Production

Concentrated sulfuric acid is diluted with water in a cooler made
of graphite or other suitable material and stored in e small

holding-tank. The quantity of concentrated acid needed per hour
18 (17.3x 0.4  or "1 etrie t,on;:ﬁ,wr 16-hour operating day.

Phosphate rock is conveysd from the feed hopper vis a continuous



s

feed ing-welghing wechsnism and copbined with the correct ampount
of diluted moid in a continuous mixer and the resultins slurry
is slowly eomveyed through s tummel or "den” by weans of a

slettad belt,

while in the den, the slurry hardens and afte: sserging 1s
disintegrated by rotating cutber blades. The powdered material
ip comveyed to & storage bullding and 12 allowsd Lo cool and cure
for several wesks, Jduring which time some Tree-wmolisture is glwen
PP and the resction proceeds to mear-completion.  On the baals
of & B-day oparating week and a “ally ocutput of 275 metric tons,
a beweel curing snd storage capscity woul ' be egquivalent to

(275 X & £ &) or nearly 10,000 tons,

Fume Abatement snd Pluorine Recovery

Yapors from the mixer snd den are copweyed by a plastic duct and
fan system v a scrubblopy tower, ond washed with water before
beiny released to atmosphere, in srder to prevent pollution of

the surrarntine countryside by toxie fluorine compounds. Should
the plant be 1 oeated on Lidal water, the liguld efflusnt can most
provably be discharged directly to the ses or river, 17 the plant

were to be lucated inland, the scrubber effluent may have %o be

traated with lime before being sent to the sewer or a local streas,

by pecynling the scrubber water, it is usually posaible to build

up the concentration of hydrofluosilicic acid to at least 1%,




The hydrated silica present can be separated by clarification and
the liquor used to produce sodium or potassium fluosilicate, if
such produets can find local markets for pesticide, ceramic or

detergent menulaoture,




Section 300: Granulating and/or 'mgging and Shipping

Dagging and Shipping Only
After curing, the single superphosphate is recoverad from the

storage pile by a front-end loadsr and delivered to the hopper
of an elevator which conveys the msterial to s vibrating screcn.
Oversize is crushed in & small disintegrator and returned to
the feed hopper. Undersized superphosphate falls into the fsed
hopper of & bagging machine. Assuming BO-1b. paper or plastic
bags will be used, the maximum bagging rate will be:

275 tons X 2204 or 475 bags per hour
16 hours Bo

i.e., 8 bags per minute of screened,

run=-of=nile peoduet

Although one machine of appropriate design is fully capable of
this output, to avoid delays dus to occasional breakdown and
to provide flexibility regarding working ! ours, smaller bag
siges and the possibilit' of producing more than one product ,
two bagging machines of - |, 'Odbags per minute are
recommended, Preference is for valve-type plastic bags

which require no sewing and are dustless and rot-proof,

If sewvn paper bags wers to be used, then two suitable closing

machines would also be required,

A small storage space for new bags and a storage tullding or annex
for about 3 day's bagged production, i.e., large enough to hold
about 900 tons of bagged material, plus a truck-loading

conveyor and platform will complete the section.




Gramulated, Mixed Pertilizer Produstion

Modern fertilizer preference is for pranulsted mixtures which
are formulated to suit specific soils and crops, according to
vecommendations by qualified agronomists and the experience of
skilled farmers. GCramulated material is easier to store, ship
and apply; logses dus to dusting and windage are lower than
for powdered fertilirzer, and batter agronomic control can be
achisved. For these reasons, the production and use of
carelully formulated, granular NP and NaPe¥ fertilizers in
Cyprus is recommended as & superior alternative to O-p.0
screensd, run-of-pile single superphosphate applied alone, or
in confunction with separate nitrogen (and sometimes potassium)

materisls.

To maks gramilated fertiliszer, solid mmmonium sulfate {8 ground

to about 30 mesh (Tyler) and mixad with the appropriate weight

of singls superphosphate (and potash, if required). Smaller
plants use batch weighing and mixing; in larger ones, these
operations are often continuous. The mixture is conveyed to a
rotary drum and mixed with a little water, plus recycled fine
material. Under the proper operating conditions the damp mass
will be transformed into granules, which are dried and screened.
Undersized, fine material {s recycled to the gramulator; oversized

particles are crushed and recycled, Oramules within the

required sirze-range are conveyed to storage, for ultimate




Armmonium Sulfate Production in Situ

At this time, 1t 18 not possible to predict the various prades
1 fertilizer that will be msedad - this 1s the prororative of
the ‘ypruas seronomists and farmers. However, &8 s genoral pulde,
the 1965 average product analysis and product ratios, accoriing

to Tables .1.1 and L.1.7 were:

Nom or  7.5%% i
PO, e 9,L00 or 11.6%7 é
K P ; ety #8 E
KO = 200  or  0.2%

‘ %553

Thie corresponds to s typleal sverage product grede of 10=12-0,7%.
The corresponding Nutrient Fatio » 1:1.22:0.0%,
One or two mirxed fertilizers in current use include:

T=11=0

Fra i Bl
e preactical way of making largely watsr-goluble, low-ansalysls
gradas of this type iz to make ssmonium sulfate "in situ” by
amponiating sulfuric acid in the robtary greanulator. In this
method , sulffuric acid and aphydrous ammonis are introduced via
saperate dlstributor pipes mounted below the surfasce of the
movineg material in the drum., Water is added to assist
gramilation and to provids evaporative cooling. (In some cases,
part of the swmonistion end oooling by dilution can be undertaksn

in & pre-neutralizing vessel prior to addition of this solution

to the cranmulator, sccording to preferences and plant design.)
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Should some 80lid wemonlum s lfale be reguired for direct
application or for export, this can be mads in a separate unit,

&8 degepribad in feetion o7 is e :f"‘,'i SR

Bav Mptorial Recoulrements

If all the nitropen needs were o be furnished in the form of
in~situ ammonium sulfate, corregponding rev material requirements

can be approximately caleulated ss Follows:

Assume average ,'rede to be 10-12-1 durin: the next few years.
The maxdmmm Eﬂ‘.,,,*iif) capacity has previously been sgtablished as
15,000 tons per year. Hence, the corresponding meximem nitrogen
need will be 15,000 X 10/12 or 12,500 tons.

This is sgquivelent to:

12,300 or 60,000 tons par year of ammonium sulfate
(:;)0

In twrn, this would reguire:
60,000 X 34/132 or 15,500 tons of smmonia

and 60,000 X 98/132 or Lk,700 tons of 100} sulfuric acid

On & 300 day per opersatlo; year basis, this is equivalent to
51 tons of anhydrous smeonis per day and 149 tons of 1004
sulfuric seid per day st maximm plant output,

This extra sulfuric acid requiremsnt would increase maximmm total

needs to:




Metric Tons Per Day

For 8ingle Buperphosphate Produetion 140 tons
For Ammonium Sulfste Productiom 149 tons
259 tons

On the sssumption that a growing locel demsnd alresdy exists
for sulfuric acid in Cyprus, a 300 ton per day unit will be

used for cost caleulation purposes.

Ammonisted Superphosphate Manufacture
Bub ject to sgronomic suitability, it is possible to mdd nitrogen

to & superphosphate-type fertilizer by the direct absorption

of mmwonia., In this way, less sulfuric acid is needed, although
it must be mentioned that the water-solubility of the product
is reduced, as dicalcium phosphats is formed as a result of

sasoniation,

In prsctice, gasesous, anhydrous smeonisa is sived with cured
single superphosphate in the rotary drus-granulator. The gas
suters via sparger pipes located well helow the surface of the
rolling solids and quickly reacts with the superphosphate.

It is customary to smmoniate to the extent of about U 1be, of
amnonia per 22 lbs. of P O . Thus, one metric ton of single

25

superphosphats containing some LLO 1lbs. PZ?Q‘,% would need 50 1be.

of N}«Z,S for mmsoniation. On an annual basis, 75,000 tons of




single superphosphate would thus take up (Ig,éﬂfxﬁ X 80) or 2,730
tong of anbydrous smmonis. In turn, this mmw;;pmmn to
270 K W or 7,900 tons of 1004 KQ&%(}“
" or, about 2,600 tons of sulfur
or, approximately 6,500 tons of pyrites

~ontaining 40 percent sulfur

1t samonistion of single supsrphosphate on the abowe lines is
accaptabls to Cyprus sgronomists and farmers, it is recommended
thet this method be used, together with the slmultaneous
production of ammonimtion "in site”, as product costs will bas
correspondingly reduced. However, it is not recommended that

the proposed size of the sulfuric acid plant be reduced
sccordingly. The incremental capital cost saving would be small,
and countriss contemplating further industrial development such
as Cyprus sist bmve ample sulfurle acid capacity to meet their

groving nesds.




7.9 Sectiom LOO: Sulfuric Acid Manufecture from Pyrites

Genersl

In this procesgs, lron pyrites, Fell, ia roasted with aly to
produce gulfur dioxide and {ron oxide. The f‘ﬁ;é‘\",) 1 oxidired
to 80, and absorbed in water to form sulfuric acid. The

3
Feo,0 or "pyrites cinder” {g either sold for {ron ani steae)
£ £
manufacture , or stockplled for future use op Jdlscarded,
according to circumstances. For the snvisaged Cyprus project

it is proposed to stockpile the cinder for future purposes,

at & site adjacent to the fertilizer plant.

It will be aseumed that & sultable feed of pyrites will be
constantly avallable from local mines. Modarn pyrites roasters

and associsated gulfuric scld plants a-e flexible as regaris the
gradeo! rav materisl uwsed and can usually operste with ‘
copcentrations as im a8 3 to i percent. Hence, low-grade

ores can be used when locally obtainable, leaving the higher-

grade materiml for export, Of course, arsenic and other {mpurities
which act as catalyst poisone should be as low as possible.
ormally, mill Tconcentrates’ do not need to be ground, but run-
ofeline material ususlly needs sereening and erushing to be ) ow

6 mm (0 mesh, Tyler).

Minimim egerves of Pyrites Reguired

For single supsrphosphate manufacture oniy, anmal sulfuris acid
requirements aye 0000 otric tons, corresponding to about

10,000 tons of aulfur op 29,000 tong of pyrites concentratew

on & 40 nercent § basls, 17 the origtmw] ore were $0 eontain about

Iopereent 8, the annual need would be nearly ﬁ(),f"m“‘i‘s tomn, Dlnce a
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1% year life would normally be required, this would correspond

to & mindmm reserve of about 1 million metric tons.

To produce sufficlent sulfuric acid Tor the ammonlum gulfate
required as well, (assuming al)l the nitrogen requirements were
produced in this form) the calculations for Section 300 show
that the sdditional acll needed im in the ratio of 1L0:110 or
1.3%. Hence, an additional minimum reserve of 1.35 atllion tons
of pyrites would be required, t- make a total ~f about 2'
million tons of recoverable [0 ' A S m )

sguivalent.

Sulfurie Acid Production

Pyrites Romasting

T™wo principal types of equipment are used to roast pyrites (and
other sulfur-sontaining ores). These are:; the multiple-hearth
furnace and the fluldized-bed or "turbulent-layer’ furnace.

The former consists of severa!l elrcular beearths mounted vertically

above each other and provided with rotating arms or rabbles.

m ig fed Lo the top hearih and gredually descends to

successively lower beds; the sulfur is burnt to £0, and lron-
oxdde - rier 1s discharged from the lowest hearth, before

being quenched snd stockpliled. The sulfur-containing pases

paes to a waste-heat boller and scerabbing system prior 4o
oxidation, to remove dust and harmfol lmpurities. The cxldation
resction i exothermic and supplies sufficlent heat for roasting;
in fact, some furnaces include colls for cooling and stemm-

raising parposer.



The fluidized-bed furnace in its simplest form is a large
cylindrical chmsmber divided into upper and lower compartments

by a perforated plate throu:h which air is blown to fluidize

the charye and oxidize the sulfur present. Fresh pyrites is
continually added to the roasting material above the perforsted
plate, which {s often fitted with water colls for temperature-
regulation and steam-raisin  purposes. The hot, sulfur-containing
gmses pass via a waste-heat boiler to a cyclone to remove fine
einder, which is dlscharged to -ether with overflow material

feom the Fluldired bed,

Propoged Installatlon

For the envisaged installation in Cyprus, it is proposed that a
Fluldized=Bed type of roaster be used, because of more favorable
capital and operating cost consiierations. The “battery-limits”
unit will include an open-air storsacc pille area laryge enough to
accommodate a 0 day reguirement of pyrites concentrates, lL.e.,

g or  about L 000 tons, say.

The pyrites will be picked up bv & {ront-end loader and dumped in
the honper ©f an elevator which transfers the material to a hopper
mounted above a gcrev feeder, which conveys a controlls! quantity
of concentratc: {nto the roastin chamber. The hot-sulfur-
containin © vas passes to a waste=heat boller, as previously

mentioned, an' a cyclone unit for separation of fines, before




st

entering the scrubbing system. 7The hot calcine is quenched with
cold water in & large tank and later conveyed to a nearby

cinder stockplle.

The sulfur-containing gms leaving the roaster cyclone enters a
milti-stage electrostatic dust srecipitetor and then nasses
thragh & Tumidifying $ower and a packed cooline tower; both
irrigated with weak sulfuric actd., The npartinlly-cleaned gas
then passes to a seriss of wet alectrostatic precipitators ¢
remewe acld miet, before entering a dryines tower fed with & ¢
¥ sulfurie acid, to prevent subsequen

corroaion.,

500 Tonverslon o and wdration

7

The dry 5 5 pag 1 drawn throuh the preceding scrubbin. units
by & large blower, which gends {t under nosltive pressurs ¢

s converter-heat exchanyer aystem. Converters are Loweps
contalining sevoeral beds of vanalium pentoxile catalvet (olore

# ¥

T e homtesxehangers.  Tnocomding ras Ls firet brousht ot
the required temperature in one exchanyer by means of hot,
partially converte! gas, since the »xidation of o s U0 %
is stron ly exothermic, and then passed throuwh & similar sorier
of catalyst beds and exchanpers. AW {tional oxdlation alr is
drewn throwh a drving tower Yol with concentrate ® sulfuric

acld and alded to the vajor system as required, The alimpli{©l-d

reaction c&n be emplrically exnresgod »a-

mygm oo ~
e art ey + i Mﬂnﬁ.’

¥




After leavings the last converter/heat exchanger section, the
50 -containin- sas is eocled and aheorbed in recyeled

soncentrated sulfurie acid circulating in a packed tower, to

q4ve & econcentration of about 1.5 percent il

additional aci! is produced, it is adjusted to the desired
concentration by the adliition of weaber acld or water and
pumped to mild-steel storace tanks. Gases leaving the hydrator —
% -

80,, 80, and H. 80, mist,
£ % £

o i

ahaorber showld be virtusally fros from

in B wvelledraimed anl cperated nlant.



gection 500; Offsites, Ancillary Services and PBuildings

Ma dor of faltes and services that will be reeded include:
Maintanance Shop,
Laboratory,

Change Youss,
Cafeteris,

First Ald Room,

Fire Protection,
Offics,

Gatehouse 0 oot
Panoing

Substation,

Water upply oani Crent
Weiphbridgs,

Factory Roads (and Reilroad, )

Depending on the eventuml location, a dock and/or approsmch roads
(and possidbly a railroad from the nyrites sources) may also
mve Lo be constructed, but thess will not be included in the
project eapital-cost cmloulations, The layout of these offsites
will largely be determined by the local conditions of the plant

site, with particular esmphasis on minimm meterial-handling costs.

Preferred bulldings for fertilizer plants are steslsframd
structures protected by sciderssistant paint and covered with
corrugated ssbestos sheeting. Occasionally, reinforced concrete
is used, sccording to loeal conditions and costs. Modern
fartilizer factories are mostly bullt on standsrd chemical and

industrial plant principles and can be landacaped to harsonize




with the surrounding ares, thus bearing little resemblance to

the traditionally dirty installetions of former years.
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Jeneral

Appreciable quantities of triple superphosphate are pros
imported by Cyprus, bscause the higher P O conte 1t

g

Caproxdimataly o0 peo Fepdpht advantases
¥

compared o lmportsc sinls supsrphosphate which hes

mhort O pareent . (B TR # revies of L

BUTHIPT

mie mmralEoture fcwl s micos s Desy reue gt eo

v rative purieses

malte triple unerphosphate, phogphoric aclt s Cirst
nroduced by reacting croun! »oaphate rock wit' & mixture
of sulfuric acid and phosnhorie acid, followed by separating
v filtyation the gypsum produced, an: concentrating the

phosphoric acld solution fr m about 30 percent to 54 percant

The eoncentrated scld s then reacted with more

phosphate rock in & mixer and den similar to the units used
for sin le siperphosphate manufacture, and conveyed to a

surin and storage pille,

Moaprorie Acld Production

Micsphate rock containin /O to /6 GPL (32 to %5 percent
2%?};}} 18 sund to about 70 percent through 700 mesh (Tyler)
in a system similar to that described under Section 100 for
sin 1o superphosphate mamfacture and delivered by air-
conveyer or other means to a feed hopper. A closely-

controlled smount of round rock is continuously fed to s




mult L-compartmented tank in whieh 2 hot slurry of sulfurie
scld , phosphoric seld, rock and gypsum is olreulsted,
The rock reacts with the selds to form gypsum and

phosphorde acld in the following empirical manner:

+ lzfi-t;.*m:(tm.‘i?%fw + O

£

Caqn(POy,) (o YTO RSO + 10 K0 e 611,PO,

4

The slurry overflowing the reaction vessel ig filtersd on a
multl-stage, continous vacuuwn machine of the tiltin pan or
movin «belt type and washe ! with hot water by countare
current displacement., The Mirst filtrsate i produst-scid
containing 30 to 12 percent 2“"&(}%* the sescomd filtrate is
recyeled to the reaction vessel and helps to dlssolwe fregh
rocky the third flltrate is used to wash the pypsum filtey
cake in the second sts o, After thorowh washing, the
rypaum 1s dumped from the filter and usumlly slurried and
sunt to 8 waste pond., The produrt phosphoric acid s sube-
sequently concantrated in a vacuum evaporator to about Sh

percant }éﬂ?i‘:} snd stored in rubber-lined, stsel tanke.

5

Tripls Superphosphate Produection

To makes triple superphosphate, additiomal phosphate roek of
T to 76 3PL (3 to 35 percent PQ%) is ground to & finsness
of about 30 pereent throwh 200 mesh (Tyler) and reacted
with goncentrated phosphoric asid in & alxer and den similar
to that descrived in Seetiom 200 for single superphosphate
mrufacture. The product is disinteprated and stored in a

euring pile for several weeks, after which {t {s retrieved,




rulverized, bacged and shipped. Altermatively, it can be
used to make mixed fertilizera, in comjunctiom with othap
materials, sas is done with single supmrphosphate .

Howaver, the greater P’?% contant of triple anahles
correspondingly hi her-analysis products to be made.

The empirical reaction for triple superphosphate marufacture
im:

afmg( m}% + m%ﬁ% $ 10 s mz{h(p%)?m;?m
(Some fluorine-containin rases are also evolved, )

Moterial Regulrepents

WateProcess Phogohoric Acid

If 1t were required to produces the planned Typrus }’F’f&?}% need 8
(15,000 tons anmual plant capacity scon after 1971) in the
form »f L7 percent ﬁ*?ﬂ,% triple superphosphate, this would

correspond Lo

15,000 tone of P?% curresponds tor
15,000 or Lh,000 tons of 37 p O
{74 RPL) roek
On the assumption of & typical weight ratio of 1 ton triple
squals approximately:
LOT by weight of sacondary roek

604 by welght of Sl PO, mcid
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Then 1,500 toma of tripls corresponds to:
(71,500 X 0.6) or 19,000 tons of 544 acid
or 10,400 tons P O, in the form of
e
54/, P,0g acid
This woull require & wet-process phosphoric acid plant

having & capascity of:

W‘iﬁ‘s!i&z’?i“} oy 31,5 tons }f 0, ona 310 operating

day-por-vesr basis

(This s a very sma!l plant by today's standards and in
mogt cases would be consldered to be below the sconomic

glze-limit.)

Sulfuric Acld and Sulfur or Pyrites Pequirements

The arnusl sulfuric acid requirements (at 15,000 tons per

yeRr ‘P@fﬁ% cmpacity as triple superphosphate) corresponding

vf

3

to & need of 10470 tons of I’Mﬁm in the form of 54 PO,
wat-process acid can be found by assurin & typlcal 50

(1007) requirement of 2.75 tons per ton of P,0.

Henews , the annmusl “"% moed would be:
(10,400 ¥ 2.75) or 29,500 tons, wiich on & 130 operating-

day basis is: 208,500  or AT tons per day

130



This eorresponds to!
1) sulfur 1007
28,000 X 0.3% or 9,500 tons of S per vear
or 25.5 tons of S per opermtin day
or

2) pPrrites, LO' ¢

9, 500

21,000 tons per year

=1

e
oF
7 tong per day
(Actuml quantities would be sli htly higher because of

process losses and conversion factors below unity)

Secopdary Phosphmts Rock Needs

Since the desipn capmcity of the teiple superphosphate
plant would be 31,500 tons par year, 407 by wei ht would

be mecondary roek, or (31,500 X 0,4) = 13,000 tons, approx.

Total Phosphate Rock Needs (347 m% or 74 HPL basiz)
The total phogphate rock needs (before allowing for process
losses) would therefore be approximataly:

Wetric Tons

?MOM Roek
Yoy Phosphorie Acid
Produstion 10,500 31,000
As Secondary Rock 4,500 13,000

15,000 kil 000




9. SOLID AMMONTUM SULFATE MANUFACTURE

Previous caleulstions bave indicated that a sexisem need of
12,500 tons of Nitrogen will be required in the early, post-
1971 years, which corresponls to some 60,000 tons of

smmonium sulfate. In Section 7.4 of this Report, it was
suggested that this quantity could be made in situ, during
granulation, at minimum capital and operating cost, provided
no solid smmonium sulfate were nseded for separate appli-ation

PUTDOBSS,

Bhould it be desired to produce all the ammonium sulfate in
solid form, 60,000 tons anmual production would require
15,%00 tons of anhydrous smwails snd UL 700 tons of 100
percent sulfuric sacld, vhich on 8 130 dayeper-year tasis
(compared to an assumed 300 for the singls superphosphate
unit) amounts to:

182 metric tons per day of ammonium sulfate,

requiring approximately,

L7 metric tons per day of anhydrous ammonias,

135 metric tons per day of 1007 sulfuric acid

Bince process unlts of this type are normslly built in aises
of 50~ and 100-ton multiples, a 200 metric tom per day

aoniium sulfate installation would be specified.




j‘?‘u};w Procesas

Aphydrous ammonis and concentrated sulfuric acid are reacted
in & vacuum (or atmospheric) crystallization vessel
secording to the reaction:

(rHy, };g; o,

Most molern units are based on a continuous vecuum evaporator/
crystallizer specially designed to give close control over
supersaturation and hence, achieve good crystal formatiomn.
Yhe heat of reaction iz controlled by addition of water

to the system. Orystals of the cesired size are continuously
withdrawn from the evaporator/crystallizer and conveyed to

a centrifure for washing and dewntering. Final drying is
undertaken in & rotary-shell drier, prior to storapge,

basring an' shipping. The required vacuum is induced by
stoam jets, operated by surplus steam produced in the

ad fodindine sulfuric acdl unit,

necommended storage capacity for bulk and bagged material

would total about 3 weeks production, or 4,000 tons, say.
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10,

COBT CALCULATIONS AND COMPARIBCONE

10.1 DPases and Assumptions

Generel

fosts are in U.B. dollars.

Tonnsges are in Metrie Tons.

callons are in Tmperial Gallone

Coste are Por plants, erected, resady-to-run, in Cyprus.
Allowances for typlcal process conversion efficlencics

and lossas are ghown, wvhers significant.

feoncmlic and Financial

“apital costs and operating requiremsnts are based on
composite figures furnished by expesrienced mmjor contractors
in 1.8.4. and Furcops. Vor comparative purposss, the

following indirect cost ratios ars used throughout:

Cupervision and factory overhead - 100% of direct labor
Ma intenance - % cf plant cost
lepreciation - 10¢ of plant cost
51 of offsites cost
Interest - & of 504 of fixed capital
&1 of 1007 of working
capital -where applicable
Taxes (except income tax),

insurances, contingencies - W oof fixed capital




10.2 Single Supsrphosphate Manufacture Only

10.2.1 Pized Capital Costa

10.7.1.1 sulfuriec Acid Unit

My Laum aed

110 tons of 1007 Hmﬁﬂi per Ph-hour day,
CR

equivalent to 33,000 tons per year of

100 operating days (for superphosphate

only).

Allow %% for production losses and
contingencies, to give an approximate

Design “apacity of 170 metric tons per day.

Capital Tost

> @
S ————

Pyriteas lomating Unit k2o, 000
Contact Acid nit 70,000

1,260,000
Pyritas - Stormge, Tandling
at $5 par ton of storage
6,000 X 15 30,000
Sulfuriec Actd Storage
1,000 tons at 00 20,000

Sub Trtel T 7000




Sub Total (carried forward) 1,340,000

Land, Cite Preparation and

‘ontingenclies - say 107 of

“ub Total 134,000
Total Fized Tapital “ost C1,hTh 000

10.2.1.2 Single Superphosphate (nit

250 tone of sincle superphosphate par
16-hour operstins day, or 15.6 tons per
hour totalling 795,000 tons per year of

300 operating dave.

Allow 107 for production 1nsses and
contingencies, L glve ar approximate

Design Tapacity 7 17.7 tona per hour.

Capital ~‘ost

Single Cuperphosprate ''nit plus (PPgites

for entire factory




Unground Roek Btorsge

and Handling (8,000 tons

storage capacity) 139,000
Rock Crinding

(10 tons/hour) 105,000
Singls Superphosphate Unit

(17 tons/hour) A5, 000
Curing & Run-of=-Pils Storace

(10,000 tons capmeity) 128,000
Tmgging and Shipping

(75 BO-1b. bags/ hour) 6l 000

Offsites (for antire fmctory) 130,000

Larsd

(5 meres at $4,000/acre, say) 20,000
671,000

Contingencles 107 67,000
738,000

Stack-gas scrubbing is included, but

not fluorine-salt recovery.




-8 -

Total FPizxsd Capltal Cost

Sulfurie Aeid Unit $1, 474 000
Singls Superphosphmts Unit

and Offsites 738,000
$2,212,000

{f 0.79 mi11ion)

10.2.2 Working Capitai

10.7.2.1  Bulfuric Acid Mamufacture $

Faw Matearial
6,000 tons of stockpiled pyrites, equivalent
to L omonth's needs.  Assuwe 0-days oredit
given (at lemst). Then, working capital
and corrssponding interest should be zero,

O

Vork-in-Progress and Finished Product

lay's produstion of 'ﬁﬁ% or 1,000

#

tons at $17 per ton, say, plus

miscellanecus supplies 20,000

$20,000




Superphosphate Merufacture

Haw Materisl

Bulfurie Acid
Phosphate Rock (say 5,000

tons aversge at 15 per ton)

Works Ln- Progress

Rurmof-Pile Super (say
5,000 tons yearly sversge at

$20/ton)

Pinished Cools

60 days equivalent produetionm,
sold and avaiting payment on
60-day terms at $°5/ton cost,

say

If about ten, %5,000-ton monthly shipments of
rock were purchased anmmally and 30-day
credit given, the corresponding working

capital nesd and interest should be zero




Manufacturing Jost . 1 or e ,,

17.2.3.1 Sulfuric Actd (11D tons per day)

4 per ton of 1007 |

Raw Mater iale

Pyrites

tp absenca of a flrm guoted price,

a value M‘i* 3 or 8.4 per ton will

be used for an sssumed LOY ©

material. (7t would be expected

thmt lower greadas could be bought

gt & Adiscounted, pro-rats sulfur

content owing to thelr reduced

export appeal). Assume s 901 convarsion.
water at 85°F. (Imperial Tallons)

for pyrite and calcine slurry, QU0
gng purification, 3,000
aeid cooline,

process naeds

at $0.05 per 1,000 mallons, say

A% kwh./ton at $0.007/unit

Lavor

Assums direct labor retes to be

507 above current per-capits

average of about 250, L.e. $1,050 p.s.

h ghifte of % sen aach




Supervigion and Pactory Overhead

@ 1001 of direct labor, say
¥nintenance

# 5 of plant cost

@ 107 of plant ecost

Interest

on 504 of flwed capital at ¢/, say 1.2
On 1007 of working capital at A1,

say 0,013

Taxes, ‘naurances, Contingencissg

@ ¥ of fixed capital, say

Total Comt/Ton

HOTE: No eredits allowed for
poseible saiex of pyrites
dnder and hy-product steam

Single Supsrphosnhate Manufacture
{250 tons per day or 5,000 tons pear year)

Raw Materials ¢ per ton of Product

Phosphmte Roak

ox Cagablanca, say, delivered
Cyprus @ 216.15/ton b oupp,

0.71 X $16.5




Sulfuric Aeid £ per ton of Produet

ag captiva unit at cost
0.40 X $16.62 6.05
Utilities

Water

Process Lo mllons
Cooling , 2,000 /allons
Cerabt in

. 2,040 mallons

@ $0.05/1,000 say
Pover

21 kwh. per tom & t0.007

labor (direet)

? shifts of 4 men - process

= 8 x $10%0

75 4 000
2 shifts of © men - bagoing ard
shipping
Supervigion and Overhssd

(1007 of direct labor)

Maintenance
0 of planb-acst Vo O A\
&‘zgﬁ,m X3

100 ¥ 7%,000




Depres .mcion
@ 107 of plant cost

@ 5% of offsites
Interest
On 501 of fixad capital 6 &1
$738,000 X € x 1
2 100 75,000
On 100% of workin: eapital @ &1
78,000 100

Taxes, Insurances, Contingencies

@ ¥ of fLeed capital cost
8,000 X
75,000 X 100 0.30
19.9¢
Bags
28, BO-1b. hags per ton @ $0.20 ea. .60

Total Cost per ton, bagged $25,50




10.3 cranulated, mixed Fertilizer Production

10.%.1 mtaml

A8 indicated in Section 7.4, it 18 considered that a

fertilizer plant for Cyprus should not be restricted

to powdered, screensd, run-of-piles single superphosphate.
The aveilability of local pyrites and rising costs of
sulfur throughout the world, plus the current market
for mmmonium sulfate in Cyprus strongly favors the
manufacture of ammonium sulfate as well (not only for
domestic consumption but, later, for exports too).
This production can be sconomically undertaken in &
gramulation unit, whereby granulsr, smoothe Flowing
fertilizers containing sppropriate percentages of
nitrogen and phosphats are mde from run-of-pile
single superphosphats, sulfuric acld, and ammonis.
Potash can also be incorporsated in the granules,

sccopding to need, when desired.

The simultaneous production of ammonium sulfate during
granulation leads to considarable savings, as little
additional eguipment is needed. Purthermore, no
separate transportation and application of nitrogen
fertilizer and phosphate ferti{lizer has subsaquently

to be undartaken, which benefits the farwer. Another




mhjor advantage te that the ingtellation of & larger
slged sulfurile acid plant appreciably reduces the

coit of production, which, in turn, reduces the
menufscturing cost of gingle superphosphate and sseoniom
sulfate. In addition, the availability of attractively-
priced sulfuriec acid in Cyprus would undoubtedly promote

its use cuteide the fertiiizer industry.

Hagee , & survey of other sulfuric acld needs in “vprus
i recommended before the final plant size 18 salected.
n the mant ime, cost caleulations will be on the basis
of & 100 ton-per-day unit operating at 200 tons-per-day
capancity for 330 daye per year. Although the phosphate
fertilizer unit caleulations have been made on the hasis
of 300 operating days, dbecsuse of liksly ressonable
demande 1t la customary to opsrate gulfuric aclid plants
for at lsast 130 daye per vear. 7The extra production
ghould find & ready sale a8 acld or as apmonlum gulfate

in the export market.

10,37 fulfurie Acid Manufacturs ()

asia: 00 tons per day unit opersting at a rate of
250 tons/day of 1007, 1,80, for 330 days/year
(56,000 tons/vear ).
Trerating dats and costs as Tor the 110 tpd.

installation outlined in Bection 10.72.1.1,

pro-rated aceordingly.




Pieed Capltal Cost

Working Capitsl

Manufacturing Cost

Raw Materials

Pyrites as Tor L10 tpd. unit
Utilities

@ 0.9 of 110 tpd. unit

Labor (direct)

Personnel as Tor 110 tpd. unit

Supsrvision and Factory ‘verhead

porgonnel as for 110 tpd. unit
Maintenance

& of plant cost

Depreciation

107 of plant cost

Interest

SOL of fixed capital @ &

1007, of working capital @ 61

Taxes, Insurances, Comtingencies

@ ¥ of fixed capital

Total cost per ton 1001 H"’“%u

1.09
$15.21




Sulfuric Acid Manufacture (3)

fince it {s believed that s domestic market for
sulfuric acid already exists, or can be created
(a® well as an export market, since transportation
facilities are now available) it is of intersst to
calculate the manufacturing cost when a 300 topd,
capacity plant {8 operated at full capacity for 3850
dmys & year, as is customery, i.oe., at &n annual
output of 108,000 tons.

% mr tmz

Manufacturing Cost 1004 H 80

aw Materials 6,40

Utiiities 1.07
Labor (direet) 0.19
Bupervision and Overhssd 019
M {ntenance 1.3
Depracistion 0.8
Intarest 0.89

Taxes, Insurances, Contingencies 0.8

Total “ost per ton 1007 H .80, $13.89

The advantages of incressed production levels are thus

approciable, as summar ized below,




. T8 .

"ot per Metric Ton
‘maration of 1007 i fwg

PE——— b

Lo0 tpd . anit operating

at 110 tpd. for 3130 days 1642

W0 tpd. unit operating

at 260 tpd. for 310 days £15.21
{a reduction of

£1.41/ton over 1)

100 tpd. unit operating

at 300 tpd. for 3I5C days *113. 89
{n reduction of

£2.73/ton over 1)

Tor the following cnet calenlation purposes, a silfuric
acid cost of $15.21 will be used, as the extent of

1ocal and export acl) markets are not known at this stape.

10,34 ramilationg-Ammoniation Mixed Fertilizer Mermfacturs

rar cost and savings calculation purposes, a oroduction

lavel of 10,000 tons per anmum of nitrogen will be

used, equivalent to 10,000 or LA,000 tons approximately
0.71

Af spmonium sul fate,

v, allow for future expansion, however, the desirn output
of +he plant will be based on 12,500 tons of !, or

0,000 tons ~f ammonium sulfate.

agad on the various materials imported In recent years,
an equivalent mixed fertilizer has been shown 1in fection

7.4 o be 10-170=0.7%.  ance, the design capacity for




an ammoniation- ranulation unlt for 10,500 tons of

L2500 tone per yemr

moa V0 day per yvesr basia, this is equivale-t to

lmm“%’“ ar B17 tone per lav, t.e., 17.4 tons per
300

Peare on s 2uelour basts.  To allow for changeovers,

gt oppages and oleanin -, a 70 toneper-hour unit 111

ugad Cor calculation purposes.

Marmfaeturine Tost

Rasis: 125,000 tons per vear of prasulsted 10- 101

and similar mixtures eguivalent to L8 000 ton

year of amsorlor sulfate.

Fixed Capltal Tost

Amgnonisat {on=- ranulation it

Design basis - 20 metric tong per hour of granulated 10-12-¢
{or 1(=12-1)

law Materisl Ctorsge and andling

5
Sl

Single Duperphosphate - nil
Sulfuris Acid:
“ days supply at 150 tons/day max
w 2 000 tons © 400 per ton stored
Ao L4
12,500 tong of | per vear or 1%, 0070
tong of anhydrous smmonia, {.e., 1,570

tons per month. This would reguire a bulk,

refrigerated storags tank of about 7, %00




Ammonis: cont'd.
tong capacity, beged on monthly
delivaries from Alplers, Trinidad
or &lsewhars

2,500 tons & 1128 per ton capacity

Ammoniation- ranulation Unit 20 tph.

Taeludin pre-seutralizer, granulator,
drier, acreens, will, conveyors,
slavators, erected

uilding

100 feet X 60 feet @ '8 par squars foot

Nagring and Shipping

As for the gingle-supsrphosphate unit,

but operating on 7 ghifts included in the

gingle-gupayrphosphate unlt ecaleculations
Total additional capital cost rweded
to produce all the regu.red | in

the forea of in-gitu amsonium sulfate

(not including tie lar er silfuric acid unit)




Working Capital

Nww Materisls

Agmnonin
T average inventory of 2,000 tons,

half of wiieh is on 30-day credit. lssume
delivered price 1s $50/tomn - then working
capital {a 1,000 X 50 or $50,000

Sulfurie Acid
b} day's production needs ¢ $17/ton,

150 tons/day B X 150 X 17

Ammmonium Sulfate
In process and storace (a8 a component

of wmixed fertilizer) 14 day's production
@ $2%/ton 100 X 1k X %0

Ammmonivm Sulfate
(As a component of mixed fertilizer)

Sold on f0-day eredit, equal to £0

dey's production

Manvlfaeturing Cost
TIV Calculated in terms of Ammonium

Sulfate Production mly.

Hew Materials
Antgrdrous Ammonia 0 $90/ton delivered

3%/132 x 1.0 x $50

Sulfuric Acid from Captive Unit
98/132 ¥ 1,01 X $15.21
Utllities

Watar
88 and Misesllansous

1,000 gallons @ $0.0%

480,000
662 , 000

¢ ver ton of

dry produst




Pesrar

75 kwh./ton 40,007

Puel

R ———

#®

5 rallons Nunker ~/ton © 40,1

Tanor

e —

b osiifte of 1 men

Supervigion ard Factore Overhead

100" of direct la or

Mrintensace

A ——————

PO anmonta Btora e

313,000 ¢ .5
100 ¢ IR 000

ooof rematnder

P "

T ! S \{ 0
100 v it ,Fﬁf“}s

170 of Piged canital




Taxses, Trnsurances, Contingencles

@ 3 of flxed capital

(01,000 X 1 0.37
100 X T 606

Total manufactirine cost/ton bhulk roa 1k

£ inc “ogte {ad Shippin )

Same equipment will be used as for
hay in - sincle supsrpiosphate,
oparated 24 tong/day ad at a

Ploher rate

A ——

Toaddlt onal ahifte f 0 wen

O,

T T—

Ttal quivale t ot of a4 ccad

Ammonom “ulfate, made n-sity ag

o ulated mowed fert i lisay 15000




vaegfaeturine "ot of rawulsted Mixed Fertilizer

alline t o geparate ma ufacturi-o coste of sl le
aguparp ogplates and ammontum sulfate made in-situ,
v e ma ufmeturing cogt of an equivalent, rramdated,

ae ced 10=12-0 can be fad,

mevar, o8 cost reduction made possible Ly & lar-e
sulfuric meld plant must He take into gonglderetion,
Taum, by makin sulfuric acid as under Tase 2, for a
cogt of 15,21 instead of 217,/ 2, as urdar “ase 1,
v engt per ton of glovle supsyr becomes approx nately

$25.00 par ton, represe-tin~ & saving of 0.5 par ton,

T cost par ton of ‘he 10-12«0 can he caloulated as
follows:

L0000 tong slogle gupsyr O b5 00/ton = 41,770,000
L7, 000 tons ammonium sulfata @ $35/ton = 1. ‘m,w

$3,550, 000

cost /ton

- =12 B
or  $8H,Y

10.h  Triple Superp osphate !mrufact re As An Alternative to

Single Superphosplate

10,1 ‘eneral

Ta merafsoturing cost of tripls supere

phosphate made in Cyprus has Leen requested, to compare

wit: the cost of single smperphosphate. To produce




triple, piosphoric seid must first be mmde, and its
cost mst be found before the cost of the correspondi o

tripls superphosphate ¢s» be salculated.

The gsorresponding 7h Py phogphate rook reeds have

baen shown to bhe:

Mt rie Tons

O Roek
Por Prhopphorie
Acid Produetion 10,500 31,000
As Becondary Rock f«a!*ﬁm 13,000
15,000 Lk 000

The correspondins triple superpr osphate, LY PO
will b

1%‘{)00 = 31,300 tone anmually

f.e., 105 tons per dav, 00 day/ ear vasis, or z@a?;m

tons/towr 5 ¥ hours per da -,

10.4.2 Phosghorle Aeld«Manufeeturis  Cost

Capacity = 10,500 tons E‘ﬂg% per year or 315 tons/day

per canr of 300 operatine davs.




moital et of Tntlre et

et Tapital

noround Cooek Storace,  andlio ;
rioding - ae for sinele guper-
pho#phate under 10,2,1.9

Storage

rinding

Vet-Trocess Phosphorie Aeid Unit
15 tone P p%fﬂw irneluding evaporstor,

scid storage and wypsum disposal

Triple Duperphosphate init

5.5 toms/hour, 16 hours/day capacity

a8 for single-supsr unit

Curing and Muneof-Pile Storsre

5,000 tons capacity

Dag ing and Shippin
12% - B0 1b. bags per hour

Uffsites (for entire faetory)
Land O mores @ th,000/nere, say

Bub Total
Contingencies 107

Total Fixed Capital Cost

139,000

105,000

1,000,000

TG, 000

50, 000
130,000
2h 000
1,5%3,000

159,000
$1, 741,000




Capltal Cost Alloestad to Phogphorde Acld Produetiom

Approzimate annual rock reguirements .

Primery rock for acid = 31,000 tons or 0.7
Secondary rock Tor acidulation = 13,000 tons or 0.3
Trtal bl 000 toms or 1.0

tenes, flxed capital sllioecstion for phosphorie metd

plant will be taken as:

inppoursd Roek Storags, Handling, Orinding
0.7 X t2LL,000 or 170,000
Wat-Process Acid Unit 1007 oy 1, 006, 000
Offsites 0.7 X $130,000 or 91, 000
Land 0.7 X $24,000 or 17,000
1,277,000
Contingencies 107 127,000
Total Fized Cost, F’g% Plant 41,07 000
Working Capital
Raw Material
0.7 X $75,000 53,000 ,
Work in Proaress |
5 days produetion, approx,
7 $126 per ton P05 3L.5X 5 X $126 22,000

7%, 000




Mamufacturing Cost, 1 'ﬁ@gﬁ Phowphorie Acid
35 tons P,0s per day

faw Materials $ ton P0g

Phosphate Rock 7h pPL @ & 16,15
Allowing for 927 comversion
CA6,15 G !

Sulfuric Acid - 1004

Aswomm 2.0 toms per ton P?%

2»6 X &I&Jﬂ’* aﬂwk“
0.9

Utilities

Water - for process and steam
1,000 gals./ten & $0,20 0.2
- for cooliny and scrubbing
15,000 gals./ton ¢ $0.0% 0.7%

Powsr 230 kw./tom @ $0,007 1.60

Labor
Roak Handling, Grinding
TOL of § man, 2 shifts © $1,060/year

1050 x 6 0.60
0,500 tons

Acid plant and concentration

I men, 4 ahifts @ $1,0%0 1.20

10,500 tons




Supsrvision and Crparhmnl

1007 of direet labor
Malntanance
5 of plant cost

$1,06,000 X 5
160

R

Depreciation
107 of plant cost

tg,g&'x 156

5 of remainder

%i,m X %

Dy T 100

Interest

on 507 of fixed capital € &
03,000 X 6

z'ﬂ,% X 100

om 1007 of working capital & &

75,000 X 6

Taxss, [asurances, Contingencies

@ ¥ of eapital cost
ﬁm,h{w,m X3
, 500 X
Total Cost 5W/ P,0,

acid per ton ?‘2%

Af L P0 econtaining 547
24,

0.51

k.o

0.43

4,17

F123,86



10.5.3 Triple Supsrphosphate Manufmeturing Co#t | .r..ped

Taquivalant to 15,000 tons/year of Pp0, s
equivalent to 31,500 tonas of L1 TSP per year,
or 105 t-us/day, i.e., 13.2 tons/hour on an
fuhour dny basis.

Fleed “apital “ost

£(1,741,000 - 1,406,000)

Working Capital
As for singls superphosphate 75,000 plus
107, for axtrs value of the TSP

L0, 000 % 1,10

Mumulacturing Cost

aw Materials

0.0 tons S PO

20 acdd

5
0,6 X 172
0.4 tons roek ¢ $16,15/ton
eilitine
vater
Serubbing - 2,000 cal, ¢ $0,05/1,000
10 xwh, @ $0,007

Tabe

1 shift of 4 men « process

335,000

g/ ton TCP

k3.20

£ .48

0,10

0.07

0,13




- Ol =

Labor (eont'd.)
1 shift of £ men, bagging and shipping

Buparvision and Overhesd

1004 of direet labor
Maintenancs

5% of eapital cost

§§%‘ﬂ00 X ;

e X 100
Depreciation

107 of plant cost

Interest

Om 507 of fLed capital ¢ &

;;ﬁ,mo X 6
X 31,500 X 100

On 1007 of working capital @ &1

00,000 X

31,500 % 150

Taxes, Insursnces . Contingencies

¥, of fixed capital

3¥%§%OOOXX g

Total cost/ton TSP, bulk

20, A0-1b. bags/tom @ 50,20 each

Total cost/ton TSP, barged

0.1k

0.19

0.53

1.06

1.1%

$53.07

5,60




iy

Crystalline Ammonium Sulfate Manufacture

Production Requirements:  U4A,000 tons/year

of ammonium sulfate per 330 days, or 145

toms per day.

Plant Capacity

60,000 tons/year or 102 tons per day

Pixed Capital Cost $
Atmospheric saturator/crystallirzer,

centrifuge, drier and ancillary

equipment, plus bullding T 0
Sulfurie Acid Storags

As for 10.3.L Lo, 000
Ammonia Storage

As for 10.3.b4 313,000
Product Storage

5,000 tons @ 2 #q.ft./ton @ $8.0 30,000
Pagging and Shipping

As for 10.3.b &4, 000
Offsites

All allocated to the single superphosphate unit 0

1,217 ,000
Working Capital $
As for 10.3.h
Axmonia 50,000
Sulfuriec Acid 20,000

Imventory - about 1 momth's production, plus 2222000

2 month's production sold om 60-day credit terms
6h2 , 000




Mamufacturing Cost

Hew Materials

Ammonia @ $50 per ton
Sulfuric Acid @ $15.21/ton
Utilities
Water
Process 1,300 gallons © $0.20
Cooling 4,000 gallons @ $0,08
Power
70 kwh./ton @ $0,007
Stean
20 1bs./hr.
Pusl
3 gallons DBunker C fusl & $0,10
Labor (direct)
b ahifts of 2 man - process

B x $1,080

L4

Eupervision and Factory Overhead

1001 of direct labor
Kaintenance
. of mmsonia storage

% of remainder

000 X
gg m X 3&3

$ per tom
Apmcrn Lum Sulfate

13.20
1.0

0.26
0.20

0.4g

0.01

.30

0.18

0.29

mﬁw

0.9%



Depreciation
107 of fixed capital 2.%%

1,217,000 ¥
5,000 ¥ 100

Interest

O

50" of fized capital =~ '

1,217,000 ¥ ¢ -
LE000 v 2 7 100

1007 of working capital @ 67

G2 0N0 v 0.7
o000 100

Toxes, Insurances, Jomtineconcies

T of tixed ecanlial

1,217,000 07"
47,000 X 100

Total Manufacturin- Cost/ton, bulk $32.11

Cagcing and Chipping

Labor

O ————

1 shift of 7 men 0,1%

Hagn

i

28, 80-1b. bags/ton © 0,20 each 5.00

5.73

Total Cost of lagred "ryvestalline
Ammonium “ulfate 43R, 0l




10.6

ffects of Smaller Tlant “apacities and Lower ‘utputs
on osts

For comparative p.rposes, approximate capital and manufacturing
costs corresponding to 10,000 tons of ;?'*?«:;s% annually {instead
of 15,000 tons used in the previous caloulations ) have been
requested. Tt la stressed that 10,000 tons of ?*g% correspond
to current needs only and are inedequate to meet expanding
requiremsnts - in fact, by the time the plant was built, it
would be too small. VMoreover, mamulacturing costs would be

increased and most of the potentiaml ssvings would be lost.

At lower plant capacities and outiuts, rav material costs
remain the same (or increase slightly because of reduced
plant efficlencies). Mility costs normally increase. Tabor
coats in most cases rise in proportion to the reduction in
capacity over a wide range, as minimum numbers of men are
normally used and team gizes do not increase in proportion to
capacity. Working capital costa per ton may remain the same,
or increase because of the fixed sige of unit shipments, e,p,,
rock and ammonia. Fixed capital costs per Lon and other
corresponding charges also inerease, because plant costs are
not in direct proportion to capacity. For a reduction from
15,000 to 10,000 tons in anrmual capseity, l.e., to 0,47 of the
former, capital costs can be expected to be peducsd to abowot

0.8 of the largar sise and cost calculations will be made on

this basis, a.g.
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10.6.1 Sulfuric Acid Manufacture

110 X 0.67 or 75 tpd. capmeity

Haw Materials

Pyrites

1.19 1 1.1

Lador

0.%7 x 1.5
Supervision

1000 of direct labor
Maintenance

1.82 x 0,80
0*5?

Depreciation

3.6h ¥ 0,80
0.67

Interest

1.23 x 0.80

3]

Taxes, Insurances, Contingencies

1.20 x 0.80

Total Cost/Ton

Increase in cost = 18,85 . 16,62

- 2.2% oy 11*%




10.6.2 Single Superphosphate Mamufacture

75,000 X 0.67 or %0,000 tons per year $ per tom
Single Superphosphate

Raw Materials

Phosphists Hoek 10.10

Sulfuric Acid 0.40 x $18.8% 7.5%

Utilities

0.2% X 1.1 0.27

Labor

0.28 x 0.0 0,38

Supervision and Overhead

1001 of direct labor 0.38

Maintenance

0.h9 x % (Plant) 0.9

0.11 %X 1.0 (offsites) 0.11

Interest

Pixed capital 0,29 x g‘%’ 0.35%

Working capital O.M4 X 1.0 0.kb

Taxes, Insurances, Contingencies

0.30 x 0,80 O,ﬁ
5.5;
Total cost/ton, bulk 21.48%

21.45 ~ 19,96
Increase in cost = $1.49/ton
- 7.5




Ammonium Sulfate Manufacturs

(Tn situ as granuiated mized fertilizer

45,000 X 0.67 or 32,000 tons/year)

‘per ton equivalant,
80l1d ammonium sulfate

Naw Materisals

Ammon i

Sulfuric Acid  0.75 x $18.8s
Utilities

0.73 x 1.1

Labor

0.26 x 0,80

At

Suparvision and Overhead

1007 of direct labor
Vaintsnance

0.4% ¥ 0.f
6.57

Depreciation

1.2% ¥ 0,%
0.%7

Interest

Fixed capital 0.38 1 0,%
0.67

Warking capital

Taxes, Insurances, Contingencies

0.38 X 0.80
0.67 Total Cost/ton, bulk

Cost increase = $31.7% . 29,14

= $2.61 per tom or 9




e
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10.6.3 FPhosphoric Acid Manufacture

10,500 tons/year pgo’ X 0,67 =

7,000 tons or 23.h tons PQG,} per day

Raw Materisls

Phosphate Rock

Svlfurie Acid 2.6 X 213.52

Utilities
2.5% X 1.1
Labor

1.8 x 0.80

»

Maintenance
6.7 X 0,80
0.67

*

Depreciation
12,91 x 0.80
0.67

Interest
k.43 x 0.80
0.57

*

Taxes, Insurances, Contingencies

4.17 x 0.80
O'Bi

Total Cost/ton 9205

Cost increase = $142.88 . 133,86
- $9tm
-6,

$ per ton P 055

51.%0
5k, 50

2.81

0.27

8.00

15.5%0

5.30

3,00

$142.88

Cost per tom 541 P,0y aeid = $142.88 x 0.5k
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10.6.4 Triple Superphosphate Marmfmeture

31,500 tone/year X 0.67 =

21,200 tons/year

$ per _ton TSP

Paw Materials
Phosphate Rock 0.4 tona & $16.15 6.h5
Phosphorie Aeid 0.6 tons seld @ $77 k6 .20
Utiliting
$0.17 ¥ 1.1 0.19
Labor
0.27 X 0.80 0.32
Supervision and Overhead
1007 of direct labor 0.3%2
Maintenance
0.%53 x 0.80 0.63
Depreciation
1.06 x 0.8 1.27
Interest
1.48 x 0,80 1.77
Taxes, I nces, Cont ncies
0.3 X % 0.3

Total Cost/ton TSP bulk 57.%3

Cost increase = 57.53 - 53,67
= $3.86 per ton or 7,29
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11, Cmﬁﬁmﬁ (F CAPITAL AND OPERATINA CoETe
1.1 Sulfurie Actd

Came 1

120 tpd. unit opersting at 110 tpd. for 130 days/year

Pixed Cost £1,674 000
Working Capital § 20,000
Total Capital, 1007 Equity $1,594 000

Mamufacturing Cost, per ton 1007, 1423% $16.62

Case 2

300 tpd. unit cperating at 260 tpd. for 330 days/year
Figed Cost $3,000,000
Working Capital $ 55,000
Total Capital, 1001 Equity $3,058,000

Manufacturing Cost, par ton 1001 Hzﬁ(‘)h $15.21

Case

300 tpd. unit operating at 300 tpd. for 350 days/year
Fixed Cost $3,000,000
Working Capital $ 75,000
Total Capital, 1007 rquity $3,05%5,000

Marufacturing Cost, per ton 1007, 1,80, $13.89




11.2

1.3

(2)

o 0

Single Superphosphate
250 tpd. for 00 operating days/year, 16 hrs./day

Fixed Cost $738,000
Working Capital §§@,W
Total Capital Cost, 1004 nguity $1,288,000

Marufesturing Cost psr ton of Singles Superphosphate

For Case 1, 180, 19.96 25,56
For Case 2, 1,50, 19,40 25.00
For Case 13, Hy8y, 18,86 24 46

Ammonium Sulfate (LB, 000 tons/year)

Made "in situ’ as a granulated, mixzed fertilizer

with Case 2 acid

riewd ot $601 .00
Working Capital *26{)?,6*3(}
Total Capital Cost $1.263,000

Fquivalent Manufacturing Cost per ton Ammonium Sulfate

DBulk Dagred

29,14 35.00
Made as Adry, erystalline ammonium sulfate 217 v '
Fixed Cost $1,217,000 i
Working Capital $ 662,000
Total Capital Cost, 1007 bquity $1,779,000

Equivalent Manufscturing Cost par ton Ammonium Sulfate

Bulk Pagged
32.31 38,04




11.4 Triple Superphosphate

11,500 tons/year product containing &84 PQO%
{ name Pm% equivalent as the single supsrphosphats in 11.2)
Phogghoriec Acld sand TSP Unite:
Fixsd Cost 1,781,000
workin~ Capital ¢ 600,000
Total Capital Cost, 1004 tquity $2,3%1,000
Marufaeturin . Costs
1 ton P,0, as 5WY P,0, acid $133.5%
I tom TEP Pulk i, e

53,7 50,27

11.¢

Ammonisted Superplosphate

vy "fixin’ some of the mmmonia wit superphosphate, in place of
sulfuric aeid, some savings can be rade, at the expense of g
reduced ?"‘953 _ water golubility, At an oubtput of 15,000 tors t"?i}%
par year, t'is las been shown £t e sguivalent to 7,000 tons/vear
of ﬂz'&:(:h, which at $15.21/ton 1s $120,000 per annum, snce, the

savings/ton ~f sin-le super would te 120,000 or $1.70 per ton.

T 506

Marufacturin - Costs at & Lower Output Corresponding to 10,000
Tons PO, /Year

¥ P
Sulfurie Acid 1007 ai’? ’”@h W
Sinle Superphospiate, hulk 21.L5
Ammonium Culfate, "in situ” 31.7%
Thosphiorie Acid, 5L PQ{},{} par ton 1 P 26‘5 1h2, 70
Triple Cuperphosplste L p@% 57.5%



12.  PRODUCT SELECTION AND PROJECT FEASIBILITY

12.1 Produst Selection - General
Competitive Meterials and Prices

To measure the economic Teasibility of the project, the estimmted
manufacturing costs mast be compared with import prices for
corresponding materisls. Of ecourse, savings in forelgn exhange
and other considerations may alsc bde decisive factors in
assessing the vorth of the prolect.

12.2 single Superphosphate
An earlier U.N. study based on & visit to Cyprus in mid-1966
indicated a landed price of about 332 per ton at that time,

presumably for bagged, powdered mmterial.

For comparative purposes, the following Furopean prices at
that time wers listed:

{/tomn
OGranulated 157 P205 super, bagged, ex works, Creece 13,2
Powdered, 1% " ", bulk, Med., Fort, France 2.8
Powdered, 181 ° ", bulk, ex works, Holland 30.3
Powdered, 18 " ", bulk, ex works, GCermany 7/'66 35.4
Powdered, 18 " ", bulk, ex works, Germany 12/'66 37.6
Granulated, 18¢ " " , bagged, ex works, Grmy, 7/'66 40,00

Cranulated, 1857 " ", bagged, ex works, GCrmny, 12/'66 L2.LO



As can be seen, prices can vary appreciably according to time
of ysar, source, whether powdared or granular, and whether in
bulk or in bags. World demand and supply balances, as well as
sulfur and rock prices also affect superphosphate pricas,
making it difficult to select a trus mean figure. Hence, &
landed price of $32 per tom for powdered, bagged, 157 water
solubls; 201 total ?205 material will be used for comperative
cost-study purposes, even though this may well be conservative,
especially for future material. A corresponding sales price
for domestically-produced msterial will be used.

Profitability
1.

Manufacturing Cost = 25.%
Sales and Administration 1.00 say
26,56

Total Revenue: 75,000 X $32 = $2,400,000

Total Costs: 75,000 X $26.5=$1,990,000
Pre-tax Profit = {410,000




Total Fixed Capital

fulfurie Acid $1,4874 ,000

Eingle Supsr imit

plus Offsites 138,000
2,212,000

Profitability (Pre-tax)

(1) On Sales = 410,000
] ]

(2) om “quity (507 of Fixed Capital)

410,000

- 17.1%

- 3’?‘%
iym’w X Oo;

75,000 tons bagged single super/year in conjunction with

ammonium sulfate manufacture.

Manufecturing Cost
Sales and Administration

Total Revenue: 79,000 X $32.0
Total Costs: 75,000 X $26.10

Pre-tax Profit

Total Fixed Capital
Profitability (Pre-tax)

(1) m “ales = hga,:m -
» ¥

$/ton

25.00

_1.00 say

2600
$2,1400,000
$1,950,000

$ 450,000

$2,212,000

18,81

(2) om tquity (507 of rixed Capital) =

450,000 _
2,212,000 X 0.5

ko, 7
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12.4 148,000 tons equivalent, bagged emmonium sulfate produced

"in situ’ with grarilated single superphosphate.
Competitive Sales Prices

Ammoniom sulfate prices are traditionally subject to variation,
because of fluctuating world ¢onsumption and supply petterns.
For example, typical Furopean prices in September, 1966 were

quoted in the journal NITROGED as;

$ ton

217 N, delivered iarm, U.K. - 55.8
217 N, ex works, Vest Cermany 53.0 -
217 N, delivered farm, Holland h2.8 -
20/21", N, delivered farm, Ttaly - sk .4
20.9% N, delivered farm, Delzium h2.b -
Othear prices included:
July, 1966 714 to “ast Pakistan, f.o.b.

Furopean port - L7.46
July, 1966 44 to Fast Pakistan, f.o0.b.

Furopean port 38.37 -
Tuly, 1966 Aceepted bid to Pgypt,

Cand F, 235,000 tons 38.50

Aug., 1965 Accepted bid by Turkey from
Ttaly and Nitrex

200,000 tons @ $46.30, dagged ple lined jutes.



The bulk bids to Pakdstan and Egypt were considered by the
trades to be duw to an exceptionally larce svailability plus

& temporary prics waakress, and sot representative of rereral
price lavels, As ancther gulde, in 196k, scam |5, 5 tons

of wmmecnivm sulfats were imported into Cyprus, with a viloe

of $05%0,000, This is equivalent to 340.¢ per ton. Tecsuse of
rising world sulfur costs, sulfuric acid prices have since
risen about 107 in many areas. Accordingly, s conservative
increase of 5, on the 1964 smmonium sulfate price of $40.0/tom
will be mmde, to give a price of SL3.0 four basged, competitive
imports.

Taking $42.5 as a selling price, profits and profitability can
be oaloulsted:

$ per ton
Marufacturin: Cost, bagged 35.0
Sales and Administratiom 1.0
3.0
Total Sales Fevenuse L453,000 X $43.0 = 2,000,000

Total Mamsfwcturing Cost 48,000 X $30.0 = 1,730,000
Pre-tax Profit 330,000
Total Pioed Capital:
Sulfurie Acid Ixpansion $1,526,000
Ammoniation/Cranulation Unit 601,000

$2,127,000




Ma{{‘

e Ei@w

Profitability (Pre-tax)

(1) On sales « TM - 16,4
BRI g

(2) om mquity (501 of capital Comt) =
o0 -~ 31,00
¥ # x P
‘ranulated, Mixed Fertilisers
It should be borne in mind that the gramilated nixed fertilizer

produced by produeing smmonium sulfate "in situ” with rranmilated
supsrphosphate is worth appreelably more than the price of
run-of-plle single superphosphate and ammonium sulfate bousht
separately. This sxtra value eould be at least $5 per ton,

and 18 not included {n the preceding profit and profitability
caleulations. Perhaps these benefits could be passed on, without
extra charge, to the farmers in Cyprus, in the forw of better
fertilisers having lowver handlin- ecosts and other advantages,

Triple Superphosprate
The higher ch}s content of tripls superphosphate (U6 to L) offers
transportation savings over single superphosphate | 1/=207) per
unit of i’zag' but only vhen the distance is sppreciable., This

is because the cost of a unit of Pﬂ&'}’ in tripls costs more

than a wnit of ?205 in single superphosphate. In the preceding
caleulations, a ton of bulk triple eosts $53.67 or $1.12 per
unit, while a ton of bulk single-super costs $19.% or £1.0
per ton of ?,205. Fixed capital eosts were about $1,000,000

higher for triple manufacture owin- to the cost of the phosphorie

acld unit needed,




12,7

o L -

o

n ot'er parts of the worll, t'e portential transportation
advanta~es ~f tripls are not realized unless distances of
gaeral rundred miles are Invelesd,  lence, leportineg tripls
int- Cyprus, as 18 now done, ia likely to ive a lower
delivers! coat per ton of ?9{3%, but trucking a few miles from
n plant in “yprus to cutlyin- farmes is not likely to ‘ustify
usin tripla., 7Tt should be alled that no s -onomic advanta-es
f trinle superphosp ate over sinle-super ars known - in fast A
sinvle supsrphospiate i often superior, as the calcium sulfate
it eontairs helps to prevent daficisncies ~f caleium and sulfur
arisin - in the soll., Theref re, the manulacture of sinols

supsyp ompoate, and not triple supsrplosphate, ls recompended,

Crvatalline Ammonium Sulfate

Tndleated maoufecturing costs for ulk smmonium sulfate produced
in con unction with pranulate? sin le-guper, and as & separate
erys’ illine product are 20,14 an! 312,71 respectively.
Correspondin: capital ¢ osts are 01,000 and 11,217,000,
Moracver, the "in situ’ method produces a rance of ranulated,
mixed Pl or HePei fertilizers as wall, Tharefore, the
manufacturs of ammoniun sulfate hy the in-situ ramudation

method {8 recommended for Cvprus needs. (The production

of Ehs cry't;mmu O TR et e seenpd, LT ones
chy b PRI E AT P ‘*.j".) *




2.7 eduesd Seale of Marufacture

"he scalins=down of produetion facilities and outputs from s
casis of 19,000 tons/vear of %ﬁﬂ teo 10,000 tons would {ve,
in oreral, & capital copt mﬁxmﬁ«m of about 207, tut

would Ingrease manufacturin e sts t- levels whieh would
scarcel; ustify domestic pr «uetinn, Furthermore, these

utputs would not meet future reeds, Therefors, & minlme | ¢

=

level of 19,000 tons of i;*;,t“if‘crw par annus iz recompmendsd oo
[ |




13, FINA CIAL COUSTUETATIOND

13.1 Total Capital Cost

Raged on thw recommsnded processes and products indicated in
Section 12, the total eapital eost would be:

Totul Tixed Capital - includin . offsites

300 tpd., Culfuric Acid 'mit $£73,000,000
250 tpd. Singls Super nit (plus offsites) 738,000 '
(10 tpd., "Tn situ” Ammonivm Sulfate ) b
( ) 701,000
(LAD tpd. ‘ranulated Mixed Fertilizer init)
“quivalent to 10-12.0
TLUN3G,
13.2 Total Workin-: Capital
Pyrites on 30 to (0 day credit 0
Phosphate Roek 74,000
Sulfurie Actd 35,000 + 20,000 55,000
Ammonis 54, 000
Work-in-Pro ress and Customer Credits:
as Single Superphosphate I 75,000
as Ammonium Sulfate 502 , 000
‘ars (1 month's supply average) 10,000
1,307,000 \
13.3 Financing
Cost ealculations have heen male on tie basis of 507 equity '

financing of the capital cost, {.e., 4,339,000 or $2.2 million

approximately and borrowing the remainder at . These arran -ements




13.4

13.5

will =

are usually flaxivle and different sgquity ratios misht be
praferred, according to eventual cireumstances. The basic eost
data developed in this Study will anable recalculations to be

mals ansily, for different conditions.

Foreln Exehance Savings

Importation of 75,000 tons of sincle superphosphate and 17,000
tons of ammonium sulfate at current price lavels would eost
approximately 2,400,000 plus 42,000,000 or ¢4 LAHO,000 anmually.
(Importation of equivalent, ramlated mixed fertilizers would
cost considerably more.) Anmual purc ases of phosphate rock,

szmonia and baoss st current price levels would mmount to:

Phosphate Rock 75,000 tons X $10.7 £758,000
Amnonia LA, 000 toms X $13%.2 37,000
ags 123,000 X $5 f15,000

42,000,000

Henes, foreign sxchangs savings would be at least:
(84,460,000 « 2,006,000) or 42,454,000 annually

Possibls Savings on Bag Costs

‘ased on an assumed cost of 40,20 per bag, (vhieh may de
higher than & price whieh zan be eventually obtained) the
anrmal hea ecosts are appreciadls and mmount to $015,000,
S4nce Cyprus is a small {sland, {t should be pomeible to
introduce (1) direct bmlk delivery of fertilizers to many

points of use and (2) return and re-use the bags.




= 11

In tiis way, 1t siould be possinle ¢~ save about 507 of tie
annual ba costs, amounting to %2.5 per ton of fertiliger
or a total »f $300,000 savin-g in Corelm exclan e anmalle,
These savin s would also fncresse profitability to a

econgllerables de ree,

‘mployment of Local Labor

The approximate number of employess, including sift ~perators,

indirect workers and supervision, would amount to:

Sulfuric Acid Unit 30 man

“incle Cuperphosphats Unit 2% men

Armoniation- ‘ranulation tnit 1% men

Administration and SCales 15 men and women
75 people

This anrmual payroll represents about *1 million dollars in the
form of extra ‘obe and waces for people in “yprus, wit a
regultant benefit to t'e sconomy and an up radin: of lical

sxilis,




«11%.

There are certain overall considerations which influence
the location of a fertilizer projecti

1. Nearness to consuming areas

2, Avallability of electric povwer, water & fuel

3. Port facilities

4. Proximity to indigenous raw materials

5. Facility to import raw materials and machinery

6. Proximity to towns for housing personnel

7. Transport facilities

The possible locations which could be considered are:
1. Limassol

2. Larnaca
3. Pamagusta
4, Xeros

Of the above locations, the first three are on the
southern coast of the island and Xeros is on the northern

CORSL,

Nearness to consuming areas will not be a serious
consideration in Cyprus since it is a small island and
all the above locations are connected by good roads

and internal transport by trucks is a good possibility.

Availability of electric power, water and fuel is

important and as far as power and fuel are goncerned, a




south coast location 18 better. There is a 90 mega watt
power station near Limsssol and a /0 mega watt power
station near Larnaca, As regarde fuel, since the
refinery is coming near Larraca, this will be a better
location, The availability ol weter in all the above

locatlions have to be carefully studied,

Harbour facilities seem to Le better on the south coast.
Por the production of 15,000 tons Pg@g per year as single
superphosphate 50,000 tons per year of rock phosphate has
to te imported, Hence, any location selected should have
facilitlies for docking of ships whereby the rock can be
unloaded direct to the wharf, Purther, if in the future
ammonia 18 to Le imported for ammonium sulphate
manufacture or for mmmoniation, a south coast location is

better,

The most lmportant indigenous raw material is pyrites and
for a project to produce 15,000 tons of P20q as single
superphosphate 24,000 tons of pyrites per year will be
needed, The Xeros location 1s best from the nearness to
pyrites ;223;; as well as the main processing plant for
pyrites is also located there. 1If a southern coast
location is selected, pyrites will have to be transported

by trucks from the mines or the processing plants,

The facility to import raw materials and machinery 1is



«11%

better at the south coast location since phosphate rock
has to come from Jordan, U.A,R, or North Africa,

As regards housing of personnel, it is ass.med any of
the locations will be suitable.

Transport facilities to existing consuming centres for
fertilizer may not be a problem from any of the suggested

sites,

The most critical consideration for the final selection
of location should be the facilities for import of
phosphate rock. Purther, if ammonia production is
contemplated in the future, the raw material has to come
from the refinery, Therefore, the most suitable location
seens to be larnaca with Limassol as the second choice.
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