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Introduction
The basic conditions for the development of a modern chemical industry,

and ir particular of a fertilizer industry, in a developing couniry are:

a) The availability of sufficient quantities of raw materials

b) Sufficient manpower with advanced technological training

c) Canital

Before and eapecially after thc ustablirhment of tue state of Israel
gubstantial quantities of potash, phosphate rock and limited quantities

of patural gms have been found in the country. These raw materials
in conjunction with the gases of the petroleum refineries justified the
establirtment of an extensive fertilizer industry and the manufacture of basic

products essential to the country's development.

Whereas the mt%\_&i gag and refinery gases are sufficient for the
pro‘uction of nitrogen fortiligers to cover the local consumption, the waters
of the Dead 3ea and the large phosphate deposits in the Negev were found to
contain millions of tons of potash, phosphate rock and other essential minerals
(sagnesium, bromine, and sodium chioride) warranting their exploitation not
alone for local consumption but for export purposes as well,

The majority of the working staff employed in Israel 's developing
fertiligser industry have been trained in local and foreign institutions, and
the rest are imnigrants also trained in the field.

The development projacts of Isrsel's fertilizer industry required nmillions
of pounds which could not bo raised from privete sources in view of the
special cenditions prevailing immedistely after the establishment of the
State. The erection of these devalojment projscts theraofov: depended on
sdequate govermment financing.
The Jtate's development policy in this respect Wl directed towsrds the
sanious development of the c~oumtry 's potesh and phosphate deposits, 11 wam
contenplated thet in sddition to mupslying the needs of the lecal narket these
industriss would carry out ewtansive enports of potash, phosphate rock and
other sssentisl minerals.

The following tatle gives ¥he deta showing the share of mining and Qerry-
ing ir the .otal indu 7trisl praduction.
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TABLF. I,

The share of mining and auarrying industry in total Israel industrial production

as percentage of:

1966 107 1368 1)6)
Total industry 100, 0 100, 0 100.0 100.0
Mining and quarry.ug 2.0 2o 2.2 2,0

1. The Fxisting Fertilizer Industry

The development of this industry in Israel in fact goes back as far ae
1929 when Mr. Novomeisky, a mining engineer, cbtained a concession for the
utiligation of the natural resources of the Dead Sea and the Palestine Potash
Gompany Ltd. was set up. The main object of this company wuas to extract
potesh and other minersls from the Dead Sea.

After the ecstabliehment of the first potash works at the Lorthern end of
the Dead Sea, in Kalia, the Palestine Potash Company Ltd, was able as early
as 1731 to produce the first batches of potassium chloride at a concentration
of 60-62 per c-nt KO which werc fully exported to the United dtates,

NDuring the Second World Var the Palestine Potash Company Ltd. covered
half of the total potash comsumption of Oreat Britein and its various Dominions.
Pive yoars after the erection of Northern Tead Sea Works a second plant was
erected in Sedom, at the Southern cnd of the Dead 3ea.

Pertilizers & Chemicals Ltd. was founded in 1746 in order to establish
a potaseium sulphate plant based orn the reaction of potassium chloride with
sulphuric scid. This plant was to bc located in the iriustrial zone of Haifa,
near the refineries and the port. DPotassium sulphate was greatly in demand
at that time as the most highly rated fertilizer. Thanks to Haifa's convenient
location at that time the projected output could be entirely exported to
countries growing orops which are senmitive to chlorine, such as tobacoo,
citrus fruit and the like. Together with this potassium sulphate plant
Pertiliser and Chemicals Ltd. set up the first sulphuric acid plent in Haifa.

After the omtablishment of the State of Imsrael in 1948 the population
was multipliod threefold Means had to be found to provide this axpanded
population with food and other basic necessities. It thus became the main
duty of the fertiltser industry to provide the basic matcrials for the

development of Israel's agriculture to grow tne necessary cmount of food and




livestock, and Fertilizers and Chemicals L*i. adjuetet their programme accordingly.

_In 1950 the Covernment of Tarael approved ‘te expansicr. programme of the
Company's Heifa plant, providing for the erestin ~f new plapte for the
production of other essential tasic fartilizers for far iovelopment and mineral
additives for animal feed. For the realizaticn of thesa projects the
Government joined with a group of priube irveelors te¢ supply the necesaary

capital by the acquisition of sheres and the grant of leane.

By that time geological research had eetablished tlie presence of ample
high quality phosphate rock deposits in Israel and sufficient data were
available to justify the establishment of u plant for their comnercial exploita-
tion and industricl processing. These deposits were founa in various sites

in the Negev, In the vicinity of Hamakhtesh Haggadol (the large Center) they
were found sufficiently close to the surface to be axploited by open mining.

At the present the phosphate reserves of the Negev ere eatimated at hundreds

of millions of tons.

At the end of 1951 Fertilizers and Chemicale carried out successful
exploitation tests in the Oron region. Congequently under the joint ownership
of the State of Israesl and Fertilizers & Chemicals Ltd., Negev Phosphates Ltd.
was established for the mining and industirial processing of these deposits,

At this stage it became clear that like most phosphate rock all over the world
the Oron depoeits had to be suitably enriched before they could be placed on
the ma.rket. With the aid of local scientists appropriate enrichment methods

were worked out and means were found to increase the P205 content of the
phosphate deposits,

Negev Phosphates Ltd. then began to erect a new plant in Oron for the
mining, processing and enrichment of phosphate rock. During the first year

of its existence, in 1952/53, it was able to produce the first 16,500 t~ns

of ground phaophate rock containing 21-22 per cent FZQS which could all be

taken up and processed by Pertilizers & Chemicals lLtd. in Haifa.

Upon the discovery of these phosphate deposits in the Negev, Pertilisers

& Chemicals Ltd. in Haifa started to erect a new superphosphate plant fod by
granulated Oron phosphates, and within three years it made Israel totally

independent of imported phosphorus fertilizers,

At this stage the Haeifa Works also started supplying pouliry farmers

with defluorinated enriched superphosphate as & mineral feed additive providing




phosphorus and calcium,

Before the outbreak of Isruel'e War of Liberation the sountry's potash
output stood at about 100,000 tons produced in both potash work:s - 1in Sedom
erd in Kelia, During the War the Kalia Jorks wus destroyed and bacame occupied
Jordanian territory., The Southern Wcvks, however, rema‘ned in Israeli hands,
but could not be operated vn i 175 for lack of suitelle access roads, In
1952 the Government of Israel set up the Dead Sea Works, replacing and
succeeding the Palestine Potesh Co,, Ltd., with a view to developing the
resources of the Dead Sea. This required the buiiding of new access roads,
the restoration of the evaporation pans and the reconstruction of the production
plants.

The first stage of development was completed in 1956, A new production
plant with an output capacity of 200,000 tons per year was put into operation,
In order to expand production beyond these limits funuazmental changes in the
layout of the evaporation pans were required. The solution arrived at was
cut off the southern part of the Dead Sea by & dyke &nd turn it into one large
evaporation pan,

1964 sow the completion of a modern potassium chloride plant with an
output capacity of 400,000 tons per year, With the completion of & third vnit,
total capacity reached 800,000 m,t. in 1967,

When all the dovelopment projects are completed the Dead Sea Works Ltd.
will be able to produce 1,200,000 tons of potassium chloride, some 10-15,000
tons of bromine and bromides, ani considerable quantities of magnesium and
sodium chloriue. The bulk of these p.oducts is destineu for export.

TABLE 1I.
Production of Posassium Chloride in Israel (in '000 tons x2o)

1954/55 15
1959/60 ' 114
1964/65 , 320
1968/69 344
1969/70 437

In the extraction of potash from the Dead Sea a method specifically
adapted to local conditions is ueed. The Dead Sea is ¢ closed inland lake
with a salt concentration of up to 27-30 per cemt. It lies at the lowest point
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of altitude in the entire world, % 9 netere telou sca lovel, o an araid
zone where annual precipitatinons 4o rot cxeeed HC mr,  The vearly temperaturcs

arc: very high, and evapor#tion .s considerabtle.

The mineral content of the Dead Sea 13 oftinated at 43 millicon tone, as

follows;
Magnesiam nlorico £2 million tons
Sodium chloride 12
taleium chloride 6
Potassium chloride 4

Bromides (waimly magnesium bromides) 1

Putagh production is thus buscd on the soler evaporation of cea water,
The potessium chloride concentratiorn is thus rzised from 1,2 per cont in the
brine to 21 per cent in thae karnellite, which is the raw meterial used by
the potash planis,.

The potash is ther extracted from the karnellite by two alternmative
methods, & cold and hot lecach procces.

The only difference between the hot and cold process ic that instead of
by floatation the potash is extracted from the sylvinite by means of a hot
satureted sodium chloride solution not saturatced with potessius chloride,
The resultant saturated povassium chloride solution is cooled gradually when
the potassium chloride forme chrystals of any desired size up to 2 mm,

In 1956 Fertilizers & Chemicals Lid. startcd operating an anhydrous ammonia
plant followed by ammonium sulphaic and nitric zcid plants, The raw matcriais
for anhydrous ammonia productior werr the affluenis of thc Haifa petroleum
refineries and later on alsc heavy tuel oil. These plants helped to provide
local agriculture with its full requiremenis of the three chief nutrient
clements - nitrogen, phosphorus and potassium. Thiéiécﬁaatig production thus
also relieved the need for nitrogen fertiliser imports from abroad. A new
80,000 m, t,/year ammonia plant and 30,000 m,t. urca plant have started to

operate in 1971,

Ramifiod research oarried out by the ampany's own toom helped to introduce
liquid ammonia as & nitrogen gertilizer for mcet field orope in Israel, replac-

ing solid ammonium sulphate,

Thus some of the coet of the unit nitrogen supplied to the farmer was




tonsideridly roduccd, and tho fapel, currency formerly spent on buyine sulphur

from abrooa could be s:vod,

Fte Dampan: Ye opescareh teon Cleo curccoded Jdeveloping new processes
for the utilizution of the bveproducts of 1is basie production plants. A4s
& rosult © plont for ‘b production of feed grade dicaloiam phosphate was get
upy mainly using the hydroshioric aecid ~btained in the proauction of potassium
sulphate,  Thiz made Isra l's farmers independent of the supply of non-standard

bonomeal as o source of phosphorus and caleiun for their entire livestocks

Bearing in mind the weeds of Irracl's agriculture, the next development
stage coneistod of the crection of 1iquid fertilizer plants at the Haife Works,
which werc thus ir a position to supply locally manufactured hydrous ammonia,
liquid ammonium nitrat. and thrce types of composite liquid fertilizers, In
addition a granulation plant was sct up for the granuletion of both single
and enriched superphosphates and the production of granulated ammonium calcium
nitrate and other granulated composite fertilizers.

At present the Haifa Works moduces most of the fertilizers required by
local farmore, and is able to export surpluses.

ev nhosphotes

It was nocessary to find means and waye for enriching the Oron phésphate
depositc in order to improve thoir quality by reising their P205 contents,
By mechanical enrichment alone, the phomphatc rock could be brought up to
29-30 per cent P?OS' but with the establishment of ¢ floatation and drying
plant in 1360 the PEOS contents could be increased to 30-31 per cent., In the
same year the company's team succoeded in developing & new cconomical enrichment
process based on calcinaticn, whereby the I-‘?O'5 suntente could be raised to
34-36 per cents The calcinated phosphate rock now produced at Oron is of
superior quality, particularly suited for the production of triple superphosphate.
S8ince it contains but few waste materials and no organic matter the sulphurio

acid consumption in the production of phosphoric acid is particularly low,

The output c¢f the Oron Works has scared from the experimental production
of 16,500 tons non-enriched phosphato rock in 1952/53 to about 400,000 tons
of enriched material by 1965 and 1,000,000 m,t. in 1970,

For the implemontation of future development plans Foertilizers & Chemicals
ltd, and Negov Phosphate Ltd. wcre in 1963 merged into one company now
operating under name of Chemicals and Phoaphetes Ltd,
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TABLE III,

Phosphate Rock Production in Israel (in '000 metric tons)

1955 T2
1956 116
1957 152
1958 210
1959 205
1960 22

1965 400
1966 750
1967 1,000
1970 1,000

The seond development stage of Israsel's fertilizer industry aimed mainly
towards tho upgrading of its basic raw materials and replace the export of
raWw materiale by more sophisticated products, Isracl is not at the final stages
of two of the first production units in this development scheme. Both projects
employ new processes which were invented and developed by IMI Leboratories Ltd.,

Isracl.

Ared Chemical Industries

A chemical complex for ihe production of phosphoric acid. The phosphate
rock is reacted with hydrochloric acid produced from Dead Sca magnesium chloride. .
The product is 69 per oent PO, phosphoric acid, which can be upgraded easily
and be used for various application other than fertilizer, such as foed, phos-
phates and detergents etc,

Prosent installed production capacity is 166,000 m.t. P205' The compeny
is one of thc pioneers in internatioral trade in phosphoric acid. The greater
part of the produce will bec exported as phosphoric acid to be further processed
to fertilisers in the importing countries. The acid will be used specially
in the production of high mutrient containing fertilizer, liquid fortilizer
and P oontaining minerals for animal feed. The company has built an intensive

storago, handling and transportation system to carry éut the export programme,
Heifa Chemicals ltd. - .

Haifa Chemicals came recently into full production producing potassium
nitrete and phosphoric acid, Annual capacity is 100,000 m.t. of potassium
nitrate (13-44-0) and 16,000 m.t. PO of very high grade phosphoric acid.
Production is via prccesses developed by INI. It is the first generation
of highly sophisticated products to be produced in Israel.
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The two production lines described above represent the trend of

development of the Israecli fertilizer industry. Possessing raw materials,

technological know-how and trained manpower on one hand, and @ very small
market on tho other hond forced the fortilizer authoritics to adjust the productio
and products to meet the standsrd of internatioral tradc, so that the industry :
will be able to sell profitebly in the international market and also will :

benefit from the inflow of hard currency.

Isracl Mining Industries Ltd.

Side by side with the research units, operated by thesc commercial firms,

& special research unit was sot up in 1351 to develop suitable methods for
the efficient utilization of Isrcel's mineral resources. This research unit

row goes under the name of Isrzel Mining Industries Ltd. Its work is

financed by government funds end royalties collected for processes successfilly
developed by its staff.

This oompany engages in thc following fields of research:

1. Procosses for the production of concentrated fertilizers
2, Hydro-metallurgical prooccsscs

3. Minoral enrichment

4, Petrochemicals and fine chemicals,

The company at present holds 30 basic pavents, the most outstanding of
which aret

a) The production of concentrated (60-70 per cent) PZO phosphoric
acid, with the aid of hydrocchloric acid, 5

b) The production of potassium nitrate

¢) The purification of phosphoric acid produced by the wet procees

d) The production of monopotassium phosphate from potassium chloride
and phosphoric acid,

mtghgg & Chgic&l &velom ent Counéil

In Israel the Fertilizer & Chomical Development Council was set up os
a joint institution of government and industry to collec! end propagtte
data and information on all matiers relating to production, utilisation and
marksting of fertilizers in Israel and abroad, The fertilizer & Chemicel
Development Council ie in charge of Israel's contribution to the Preedom from
Hunger Campaign of FAO and collaborates with other international organisatioms
active in this field. It orgonizee internaional courges in soil fertility




and fertilizer use and supplies matcerial information and publications to all

interested parties,

Ierael Chemicals Ltd. (I.C.L.)

With the growth of the fertilizor industry znd scale of activities of
each of the lical companies in the hcne market as well .s in the cxport trade
of fertilizer, companies which are owned mainly by the government were organized
under a central holding company which coordinatcs the activities, decides

tho development policy and encouragos resecarch and development,




TABLE IV,

® ISRAEL: FERTILIZERS - 14 137 10a1 uaTh

Installed capacity rnitrogen undor jrodustions

Ammonia (N)

Urea (matcricl)

Inptalled capacity of phosphatos (i,)‘é"»’;j)

a) Phosphoric acid
there of (Hel rout)
b) running in stoges (Hel rout)

Installed copecity potash (Kgﬁ)

a) Under production
b) Planned

a) Ammonium sulphate

b) Celciwm ammonium nitrate
¢) Urea

d4) Aquecous ammonia

o) Other liquid fertilisers

f) Superphosphete (single) 14.5-17% PO (powdered)
g) Enpichod superphosphate 21-221 Pa%
B) Potassium sulphate 48-50% K0
t) Mariatc of potossium 60628 K0
j) Mixed fertiliserst
Granulateds 15-15<0
12=12<0
0-9=27
Liquids 12,5«12.5-0
8-24-0

Potass ium nitrate

1) 4/70
(tons/year)
50, 000

57,030

35,000
16,000
166,000

. 600,000
240,000

100,000 (13-0-44)

66,100
12,000
6,500
19,500
3,200
54500
53,80C
1,200
14,000

bz

3,400
2,000
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doW moterianls used

n) Ges from oil refineries fro N production
v)  Phosphate rock frem Oron for phosphatic fertilizers

c Dead Sea brine for potassium fertilizers

Processes adc ted and designed oy:

a) Phosphates - mainly Hcl pfocess, and at o lesser extent Kuhlmann process

b) Potassium

Production 1%69/7¢ in tons
a) Nitrogen (N) 28,000
b) Phosphatic fertilizers (PQOS) 17,000
e}  Phosphate rock (P?O5) 1,000,000
d) FPotessic fertilizers (R?O) 437,000

Consumption, 196 0

a) Nitrogen (N) \ 28,000
b) Phosphatic fertilisers (9205) 14,000
¢) Potassic fertilisers K,0 9,500

e) Nitrogen (N) - imports 3,000
b) Phosphate rock (9295) exports 700,000
c) Potamsic fertiligers (Kzo) ~ exports 435,000

Consumption of plant nutrients in Isreel totalled 51,500 m.t. in 1969/70,
This quantity is more than double the consumption figure of 1953/54. It represents
an average oonsumption growth rate of 9.5 per cent.

Total consumption during this period had ¢ general upward trend, although
annual ohanges fluctuated substantially, Thie pattern of consumption is theé
outoome of the difforent consumption trands of the three major nutrients. One
can also see that over the last fifteen years the annual rate of increase has
declined, |

Consumption of nitrogen increased continuously at an average annual rate of
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i 7 per cent, The growth was faster ir the earl: sixties. Tt was excentionally

high in 1)(7/7% probably sales 1o the West Hank were nesudeds

Phosphosus
Consumption of P.0. decreased durins the sixtiec. [lr recent years it
[N
fluctuated around 17,000 m.t. per arrum.
Pottasium

]

fonsumption of potash was siuble and low durl ¢ 135 /94 = L) 4y Bime

1964/65 consumption of potash has been frowing at a very fast rate., Totasi ie

still used to a much leaser extent as comparei with nitrorsen and rhoaphorus,

TARBLE V.,

Consumption of plant nutrient '000 m,t,

1953/4 1359/60  1963/4 1364/5 1966/1 1967/8 1368/, 9/10
N 10,7 16.) 21.1 22,8 21,8 8.5 21 2
1’205 7.5 14.6 10,2 11,3} 11.2 11,8 2.3 14
K0 B 22 2.5 3.0 1s8 6.4 ba6 5
Total: 20.5 33.7 330 1.1 40,8 A6, 7 45,7 51.5

TABLE VI.

Annual change in consumption £

1953/4 1253/60 12623 164 1364/5 125/6 1365/1 1261/8 1968/3 A0 §
N - 5 11 12 & 5 315 -8 4
POy - 9% -20 13 11 6 -7 S 4 14
Kp i -4 9 .4 20 17 o1 148
Total - 64 -2 2 10 9 1 1 -2 1

Consunption of fertiligers by kind of fertilizers

Straight fertilisers dominate fertilizer application ir Israel. Use of
compound wae introduced at the beginning of this decade. /nnual consumption ie
small, and fluctuates around £ per cent of the total nutrient consumption. ..lmost
8ll cospounds are NP compounds,
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Pommumotion of fertiiiser J86 5.79 kg, tunee 8 175559 sed 1140 ke/dunenm
in 196R/0 5. Thie Level of conmumption 8 much lower tasm that prevelling in
sariculture of minilar desrse of sdvemcmsent in Sther countries,

The most mipnificant single fartsr in the intessificstion of locel agriculturs
was ‘he empammion of area under irrismetion. &ll other factors undoubtedly
contriduted tv incremmed fertiliser commumptios, but to & mualler oxtent &
compared with irrigstion.

Pollovwing are the estimated fertiiiser consumption data in irrigated and
BoB-irrigeted oropet




¥rom the above figures 1t 1 Hhwious that muln consumstion of fertilizers
1n by 1rripated crops which in Lo '//:3”' took in {2 per ~ent of the total consumed,
Conmumpt lon of fertilizer per dunam of irrigated crops in A, times higher than
! p &

non~-1rrigeted crops,
NP ratio

Hitroger 15 the dominany nutrient in fertilizer consumption. TIts share of
total consumption grew from 52.1 per cent in 1953/4 to 51.3 per cent in 1)$39/70,
During this period ite annual average increase was 6 nper ~ent. ]t was higher

in the earlier years of this period.

Con~umption of P reached ils peak in 199/ and since then has been on .
downward trend. lctual consumption in recent years was more or less stable, but
consumption per dunam continued tc decrrase, In 1993/4 P contributed 37 per cent
of total fertilizer consumption, while in 1963/70 its contribution was only

27 per cent,

Annual consumption of potash wes almost the same until 1963/4. 1n 1964/5
its consumption started to rise and since then has been increasing at a high
rate. In 1963/70 potash constituted 18,1 ner cent of total rutrient consumption.

In dry farming, fertiliszetion based on N and F fertilizerm only, plus minor
quantities of potash in unirrigated cotton, Only 30 per cent of the nitrogen
is used on non-irrigated crops.

The actual ¥PX application depends primarily on the crops, intensification
of its cultivation and type of soil, Total consumption as well as NPK ratio
differs greetly from one crop to the other,

Fertilization is practised in many crops. Consumption of Il is distributed
more evenly and on a greater numbe: of crops as compared with the application
of phosphorus and potassium,

The foreseen development of the fertiliger industry will increase the number
of fertilisers produced in Israel. This will undoubtedly increase the pressure
on the local market and change the present types of fortilizers being used. The
expansion of cover:d crops will orests a market for special compound fertiligers.
When the oxpansion of the local fertilizer production materializes, the share of
the local market as part of the total output and aalés’uill decrease, and ite
effect on fertilizer coBpanics will become of less importance,

s
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Considering land being farmed, crops cultivated, availability of irrigation

water and level of Areb agriculture, we find that doubling of the present level

of fertilizer consumption is the upper limit of development which can be expected
during the next few years. 48 unknown factors outweigh the known ones, thesc

areas were not included in our calculeations and forecasts,
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