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Foreword

The International Symposinm on Industrial Development, convened
by UNIDO in Athens in 1967, was the first major international mecting
devoted exclusively to the problems of industrialization of the develop-
ing countries. It followed a series of regional syinposia on problems of
industrialization held in {'airo. Manila and Santiago in 1965--1966
under the sponsorship of UNTDO and the United Nations regional
economic commissions, and a similar symposium held in Kuwait in 1466
under the sponsorship of UNIDO and the Government of Kuwait.

The Athens Symposimn was attended by some 600 delegates from
78 countries and by representatives of various United Nations bodies,
international organizations and other interested institutions in the
public and private sectors. It provided a forum for discussion and
exchange of views on the problems and prospects of the developing
countries which are engaged in promoting aceelerated indnstrial develop-
ment.

The Symposinm devoted special attention to possibilities for inter-
national action and for co-operative efforts among the developing coun-
tries themselves. and explored the scope, means and channels for such
efforts.

Studies and papers on a wide range of problems relating to indus-
trialization were presented to the Symposinm —by the UNIDO secretariat
and by participating Governments, international organizations and
observers. An official report, adopted at the Symposium. has heen pub-
lished by UNIDO.! Based on this documentation and the discussions
in the meeting, the present series of monographs is devoted to the 21 main
issues which comprised the agenda of the Symposium. Each monograph
includes a chapter on the issnes presented, the discussion of the issues,

! Report of the Internativnal Symposium on Industrial Development, Athens
1967 (ID/11) (United Nations publication, Sales No. 69. I1. B. 7).




and the recommendations approved by the Symposium. Some of the
monographs deal with specific indnstrial sectors; some with matters of
general industrial poliey: and others with varions aspeets of intep-
national economic co-operation. An effort has beont made to make the
monographs comprehensive and self-contained. while the VATIONs eco-
nomic. technological and instit nt:onal aspects of the subjeet matter are
treated within the context of the conditions generally prevailing in the
developing comtries.

Sinee econoniie, teehmological and institntional aspeets are desceribed
with particular reference to the necds of the developing countries. it is
felt that the wmonographs will make a distinet contribution in their
respective arcas. They are intended as a4 sonree of general iformation
and reference for persons and institutions in developing eonntries con-
cerncd with problems of indnstrialization. and particularly with proh-
lems and issues of international co operation in the field of industriadiza-
tion. With this in view it was considered that an unduly detailed teehnical
presentation should be avoided while at the same time cnongh sub-
stantive material should he offered to he of value to the prospective
reader. For a more elaborate treatment of the subjeet. the reader is
referred to the selected hist of doenments and publications auncxed to
cach monegraph.

The annexes also contain information on the areas in which UNIDO
can provide technical assistance to the developing countries on request;
a selected list of major UNTDO projeots in the respective tields; and a
list of micetings recently organized by the United Nations.

It is hoped that the monographs will be particularly useful to Gov-
ernments i connexion with the technical assistanee activities of UNIDO
and other United Nations hodics in the ficld of industrial development.

This monograph was prepared by the secretariat of UNIDO.
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EXPLANATORY NOTES

Billion refers to thousand million.

Dollar ($) refers to US dollar unless otherwise indicated.
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One mill equals $0.001.

Ton refers to metric ton (1,000 kg) unless otherwise indicated.

The following abbreviations are used in this monograph :

AID United States Agency for International Development
ECAFE Economic Commission for Asia and the Far East

FAO Food and Agriculture Organization

GATT General Agreement on Tariffs and Trade

IBRD International Bank for Reconstruction and Development
TVA United States Tennessee Valley Authority

UNCTAD  United Nations Conference on Trade and Development
UNDP United Nations Development Programme

UNIDO United Nations Industrial Development Organization
WHO World Health Organization







INTRODUCTION

The fertilizer industry holds a unique position in developing coun-
tries becanse it is linked both with agricultural development and
industrialization. Many developing countries have serions food shortages
and most of them obtain very low vields from agnenlture. Since fertilizers
aie the key to inereasing agrienttural production, their importanee to
developing eountries is evident, Experience in many developed countries
ax wellas tiell trials condueted by the Food and Agrienlture Organiza-
tion (FAO) in developing countries have shown that the apphieation of
one ton of fertilizor can increase the vield of food grains by five to
ten tons,

The economie growth of many developing eonntries is being retarded
becanse food prodnetion has failed to keep pace with the growth of
poprlation. The problem is aggravated by the fact that areas deficient
in food are the very areas with the highest population growth rates.
Targets for food produetion should take into acconnt not only the need
to meet the preseut low levels of consumption but also the need to raise
nutritional standards: as ineome levels in developing eonntries rise.
the per capita demand for food also rises. Thus in many  developing
countries the annnal food demand s increasing even faster than the
antnal population growth would lead one to expeet.

Many conntries with insnfficient agricultural production have little
unused land on which to grow additional food. Developing countries
that <o have nnused land often do not have the resources to bring it

ito prodietion fast enough to keep up with the increasing demand
for food.

Thus, food needs over the next decade will have to be met largely
by inereased production from land at preseut under cultivation. This
means that agricultural production must increase more rapidly than at
any time in history. If the world population doubles between now and
the end of the century the production of food must be doubled long
before that iu order to avert famine; this fact was brought out by the
FAO Third World Food Survey, which also stresses that the developing

e
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FERTILIZER INDUSNTRY

regions. particularly the Far East. must increase their food snpply at a
much faster rate than the world as a whole,

Five inputs are necessary tooinereas: agricultuyal prodnetivity
fertilizer. improved seed varenies, water
Of these. fertilizer is probably the miost muportant. in reeent vears some
devoluping countries have hoeog w nlc'l.\
which reqpure more fertizer than the

- pesticides and farm machinery,

asing amproved seed varieties,
mdigenons varieties,
o the carly stages of agrienltiural desel

uent. the transition from
traditional methods towards

ew teehnology s frequently slow and
diffiendt to achieye. Poorly cducated farmers with limite

d resources
are understandably hesitant to change

ther traditional wayvs, A decisive
factor in oveccomimg this nertia 1= to per
more methods that can be earried ont casty and produee visible results
quickly. The nae of fertilizers is sneh a nethod.

siade farmers to accept one or

Althoueh aurienlture ix jts

proccipal enstomer, the fertilizer mdustry
has links with manyv othee il

mstries. The ol and natural gas industries
supply hydrocarhons as raw  materials to the fertilizer indnstry. The
mining industry <upplies phosphate rock. potash minerals aned sulphur,
The ammonia produeed by the fertilizer mdustry has many industrial
applications. Ammonmm nitrate s used as an
particmdarly in coal minine. rea
plastics. Phosphorie acid ha- many
18 nsed as afiveprooting agent

indnstrial explosive,
15 used in making nrea-formaldehyde
indnstrial nses. Amnionium phosphate

Ammoniam chloride, which is important
m the manntacture of dry batteries.

produets m w process used in
developing countries tor
ehemical industry.

anel soda ash are made as joint
several Asian countries. Thus in many
tilizers provide the nueleus for a broadly-based

Chapter 1 gives some sta!istieal evidence of the
world production and consimption of fertilizers. Produetion i develop-
Ing countries is Increasing nore rapidly than in the developed ones, but
estimmates show (hat even by 1976 the developing countries will produce
only 14 per cent of the world's supply of nitrogen fertilizers. 10 per cent
of phosphates and 5 per cent of potassinm, which will he madequate to
supply: their needs. Production in the developed countries. on the other
hand, is greatly in exeess of their requirements, There have been great
changes in the relative demand for different types of fertilizers, Before
1955, nitrogen fertilizers were the least nsed; since 1966, they have
become the most popular. During recent years there has also been a
1s given showing desirable targets
ries in relation to population.

great growth in

switch to liquid fertilizers. A table
for fertilizer use in developing count

W
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Chapter 2 analyses some of the government policies affecting the
growth of a fertilizer industry. They include the tmposition of heavy
duties on imports of equipment, spare parts and raw matervials, and
severe limitations on the repatriation of profits by forcign investors,
Some form of insurance is reguired against capital losses by investors
as well as safficient controb over managerial policy to ensure that the
plant is being cfficiently operated. The industey needs atilities at fixed
tariffs on which it eaa reiv. It will be necessary to subsidize fertilizers in
some way to make their nse viable, Credit facilities mnst be inade
available to farmers. and an active sales promotion of tertilizers, inchiding
free technical advice, mnst he carried on,

Chapter 3 deseribes the manufacture of nitrogen fertilizers, which
15 now mostly based on the use of anhydrons ammonia. The main source
tor ammonia is natural gas. which is processed in large single-strean
plants using centrifugal compressors, The price of feedstock and the size
of plant are the factors determining the price of ammonia. which has
been nearly halved by the nse of the new technolooy,

Greater v-e of natural gas resourees in the Middle Fast. North Africa
and elsewhere and the building of new ammonia plants have introduced
new trudling patterns, Lavee plants for producing ammonia and solid
derivatives, principally for export. are being constrneted in some of those
gas-rich areas. This has been made possible by recent improvements in
methods of bulk transport for refrigerated ammonia and natnral gas for
which the necessary inance and technology were provided under various
international and bilateral programmes,

Chapter 4 deals with phosphates. for which phosphate rock is the
essential raw material. It is a bulky material because the hest grades
contain only 15 per cent phosphorus. A more cconomic modern procedure
I8 to transport the intermediate material, clemental phosphoris, after
the roek has been processed in large-scale plants near the mine. Two
commercial processes for the manufacture of pitiosphoric acid are com-
monly used: the wet process. nsing sulphnrie acid, and the thermal pro-
cess. using an eleetric furnace. There is also a new process nsing hydro-
chloric acid. The critical factor in the wet process is the cost of sulphur;
world prodnetion of sulphur was madeqnate in 1967, but according to
recent estintates there will be sufficient supplies by 1969/1970. Sonre
tables are incinded showing the eomparative costs of the two processes.
The madern trend is towards higher-analysis products. which are often
used in mixed fertilizers. A description is given of the four processes of
manufacturing nitrophosphates.
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Chapter 5 describes potash fertilizers. There are considerable potash

reserves. mostly in developed conntries. Potash fertilizers are now the

least used of the three types. Potassinm ehloride acconnts for 94 per eent

of the supply and ix mosthy nsed in bulk blending. It ta%es from three to
six years to huild a potash complex, which presents scriomns engmeering
problems. Tts operation requires considerable equipment and 2 s<killed
labor foree. Diftienltios of this sort have del

aved the exploitation of
mines in FKthiopia,

Chaptsr i ennmerates the technieal issnes to he

aced when a fertilizer
mdustry i< to e estabhished, Few

comntrics have the rance of raw
materials requived 1o prodnee all three types of fertibizer, I
possible. however, to import highly concentrated intermediaten
ammonia and pliosphorns. which <honuld be

IS How
- sueh as
nsed e preference to low-
grade local materials, Descloped countries L e Hovurishing fertilizer
industries based oy tperted anaterials,

The industry ninst be planmed
as an integrated whole to provide the multinutrients that st local

agricultural conditions, It iy be fonnd economie to huild Farge plants.

but the foremaost need is to TTINT

ing skilled managemcnt, The possibility of setting up fertilizer indust ries
on a regional basis should he explored.

il nse of existing capacny by employ-

Chaptcr 7 deals with the linancing of fertilizer

project<. It s sially
possible to tind capital for well

oneeived projects, although even here
there are often <erions diffienltios, There is little foeal private capital
available in developing conntries: the tant sonrees of private capital
are foreign companies and private development corporations. Public
financing may come fron the national Government, which can provide
funds for the site and construetion of the plant

or from foreign Govern-
ments. which

can gnarantee suppliers” eredits or grant

loans. usnally
I non-convertible curreney, A\

ssistance can also be obtahned from mter-
national organizations like 1he International Bank for Reconstruction
and Developiment (IBRD); IBRD has recently hecone interested i
furthering fertilizer projects. H other somees fail. there is the possibility
of assistance from the United States Ageney for International Develop-
ment (AID) or other ageneies from countries witl market -oriented

ccononites as well as conntries wiih centrally planned econoniies,

Chapter § discisses the jssies presented at the International Sym-
postum on Industrial Development. the disenssion of the issues, and the
recommendations approved, Chapter 9 de:
to the fertilizer industey from the
ald programmes,

s with assistance available
United Nations and from bilateral

T S e
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Chapter 1

TRENDS IN
THE WORLD FERTILIZER INDUSTRY

GENERAL REVIEW OF CONSUMPTION AND PRODUCTION TRENDS

Nince 1905, the growth of world prodnction and consimiption of chemical
fertilizers has been speetacular. World consumption increased from about
2 million tons in 1905 to 48 million tous in 1966, 1967, Except for the
war periods. 1911 1918 and 1940 1945, preduetion and consumption
have doubled or tripled in cach deeade. as shown i table 1.

A number of factors point to a continiing inerease in the world use
of tertilizers. 1n the next fifteen vears there will he 1.5 billion more
people in the world to feed. At the same time, living standards ave rising
i developed and developiug eomtries alike. portending improved diets.
Under these circumstanees it is evident that all Governments give a
higher priority to agrienltirre, requiring more intensive agricultire and
greater use of fertilizer, Farmers will draw inercasing protit from their
imvestment in fertilizer. the eost of which will decline in relation to that

TaBLE 1 TRENDS IN WORLD FERTILIZER CONSUMPTION

(rillion tons)

Nitrogen (N ) Phosphates (P,0,)  Potash (R,0) Total
1905/ 1906 0.366 1.047 0.515 1.928
1913 1914 0.702 2,137 1.022 3.861

Decline during First World Wayr
1919/1920 .757 1.729 1.070 3.556
1935 1939 2.670 3.637 2.904 9.211
Decline during Second Worid War

1946/1947 2.568 4.368 2,677 9.613
1960/1961 10.200 9.845 8.465 28.510
1965,1966 17.390 14.525 12,120 44.035
1966/1967 19.820 15.500 12.940 48.260
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of machinery, land and labour. At the same time it will be generally
realized that man must stop taking more nutrients out of the soil than
he is putting back into it if j 18 not to beconie completely depleted.

Chauges in consnuption pattern

The three main notrients in chemical fertilizers are nitrogen (N),
phosphorns (,0,) and potash (K,0). Their relative nse has changed in
recent vears. Table 1 shows that nitrogen was the least used of the three
in 19461947, whereas in L1966/ 1967 it was already forging far ahead of
phosphorus and potash. This trend will probably continne. Before 1960,
most fertilizers were solids of relatively low nutrient content, and some
of the fertilizers were produecd as by-produets from other industries,
Until the late 10504 ammoninm snlphate was the principal nitrogen
fertilizer, and normal (single) snperphosphate, the principal phosphate
tertilizer. They generally contained 20 per cent or less of plant food,
Most produets, with the exception of some of the nitrophesphates pro-
duced in Western Enrope, were pulverized and of low nntrient content,
Very little was shipped overseas.

Chuniges in production

The world picture has changed rapidly in the last five years, and
even niore rapid changes are expected in the next five vears. Low-analysis
materials are heing replaced by higher-analysis materials. Ammonium
snlphate and sodium nitrate are tosing ground to ammoninin nitrate
and urea and. in some areas, to anhydrous ammonia and nitrogen
solutions, Nornal (single) superphosphate ig being replaced partly by
concentrated (triple) superphosphate and to a greater extent by high-
analysis complex fortilizers of the nitrophosphate op ammonium phos-
phate type. Anhydrous ammonia has beeome the basic building block
for nitrogen fertitizers while wet procesy phosphorice acid iy becoming
the major sonrce of Phosphate fertilizers. Luttle change has taken place
in the processing of potash, and potassinm ehloride has remained the
prineipal type of potash fertilizer, Table 2 gives projections of production
and consumption of fertitizers fop 1970/1971 and 1975/1976.

Table 2 shows clearly the higher growth rate in the developing ag
compared with the developed conntries, Even in 1975/1976, however,
production in the developing countries will still represent only 14 per
cent of the total world production of nitrogen, 10 per cent of the world
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I

TABLE 2: EstiMATED PRODUCTION AND CONSUMPTION
OF FERTILIZERS By REG0ON, 197071971 axp 1975/1976

(thonsand tons of nutrients)

Developed Developing Worida
areas areas total
Projection for 197011971
Production...... ... . . 63,300 3,800 69,100
Consunption ...... .. . . . 56,000 9,500 65,500
Surplus/(l)v-fi(-it) ............. 7,300 (3,700) 3,600
Projection for 197511974
Production...... ... . . . 88,500 10,700 49,200
Consumption ... .. . . . 79,000 16,150 95.150
Surplus/(Defieit ) e, 9,500 {3,450) 4,050

2 Excluding China {mainland), North Korea and North Viet-Nam,

production of phosphate and 5 per cent of the world production of potash.
In that year the develcped countries will still be surplus producers of
all three nutrients, while the developing areas will have larger deficits
of all three than they have now.

These conclusions are based on a graphical analysis of past trends
of production and consumption. There should be ample world capacity
to produce the quantities of plant nutrients shown in table 2. The T/nited

TABLE 3: [ST\MATED WORLD FERTILIZER CAPACITY
COMPARED WITH PRODUCTION, 1970/1971

(thousand tons)

Fertilizer Production Capacitya
N 30,400 43,000
Pz()_., 20,700 28,000
K,0 18,000 26,000

Toral 69,100 97,000

RN

2 Excluding China (mainland).

States Tennessee Valley Authority (TVA) in its report Estimated World
Fertilizer Production Capacity as Related to Future Needst gives capacities
for 1970 as shown in table 3. The estimates of capacity reported by TVA

' For full refereice see annex 3 under “‘Gther sources’’,
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represent only a statement of intentions for 1970 by Governments and
industrial firms, so that these capacities may or may not actually come
into existence.

TABLE 4: 1975 TARGETS FOR YERTILIZER CONSUMPTION 1N
DEVELOPING COUNTRIES COMPARED WITH ACTUAL 1966/1967 coNsuMPTION

Fertilizer consumption
Probable {tons)

population, e —_— R —

~
1975 Suggested minimum

(millions ) targets for 1975 In 1966/1967

Na P,Op N P,0,
India............ .. .. 609 6,090,000 3,045,000 830,200 274,600
Pakistan.......... ... 138 1,380,000 690,000 170,000 30,500
Indonesia .......... .. 134 1,340,000 670,000 110,000 5,500
Brazil ............. .. 113 1,130,000 565,000 71,200 91.600
Nigeria .............. 81 810,000 405,000 4,600 1,800
Mexico ............. . 58 580,000 290,000 320,000 97,100
Philippines . ........ .. 46 460,000 230,000 65,000 41,200
Turkey .............. 42 420,000 210,000 95,900 90,700
Thailand ........... . . 42 420,000 210,000 36,000 17,800
United Arab Republic . 40 400,000 200,000 250,000 55,000
South Korea ......... 36 360,000 180,000 239,700 124,800
Burma ......... ... . 31 310,000 155,000 6,000 1,000
Iran........ .. .. .. ... 30 300,000 150,000 30,000 15,000
Argentina ............ 27 270,000 135,000 30,000 12,000

Ethiopia ............. 26 260,000 130,000 n.a.c n.a.
Colombia ........... . 24 240,000 120,000 45,000 51,800
South Africa ......... 24 240,000 120,000 108,000 215,000
Republic of Viet-Nam . 22 220,000 110,000 45,200 24,700

Afghanistan ........ . 20 200,000 100,000 n.a. n.a.
Congo (Dem. Rep. of) . 19 190,000 95,000 1,300 400
Morocco ........... . . 19 190,000 95,000 25,300 19,900
Algeria ............. . 17 176,000 85,000 20,300 15,900
Sudan ............... 17 170,000 85,000 40,000 700
Ceylon .......... .... 18 160,000 80,000 45,000 1,000
Peru ......... .. . ... 16 160,000 80,000 80,000 16,000
Malaysia ............. 156 150,000 756,000 43,500 8,500
China {Taiwan) . ...... 15 150,000 75,000 155,300 36,800
Venezuela ............ 13 130,000 65,000 31,000 10,000

United Republic of

Tanzania ........ .. 13 130,000 65,000 5,000 1,300

2 Calculated on basis of 10 kg per capita.
b Caloulated on basis of 5§ kg per capita,
¢ Not available.

\




]
!

TRENDS IN THE WORLD FERTILIZER INDUSTRY ]

—————ee I ——— e e

FERTILIZER TARGETS FOR DEV ELOPING COUNTRIES

It is important that developing countries set definite and increasing
targets for fertilizer consunmption, for it js demonstrable that higher
fertilizer use results in higher production. A given quantity of fertilizer
will yield, within limits, a certain amount of additional food or other
agricultural product more or legs independently of the area on which
the fertilizer is used. From the standpoint of economic planning, per
capita fertilizer consumption jg therefore a very significant factor. The
low per capita fertilizer consumption in Africa, Asia and Latin America,
for example, is clearly correlated with the low nutritional levels and the
low rate of agricultural and cconomic development in those areas,

It is therefore suggested that all developing countries should begin
to plan now for the following per capita fertilizer consumption by 1975:
10 kilograms N, 5 kilograms P,0,, and 2.5 kilograms K,0. These are, of
course, very rough minimum targets, which would have to be modified
considerably for individual countries depending on types of crops, rainfall,
soil analysis etc. Table 4 shows the suggested targets for all the develop-
ing countries with a population of over 13 million in 1975, excluding
China (mainland), North Korea, and North Viet-Nam.




Chapter 2

FACTORS THAT INHIBIT THE DEVELOPMENT
OF A FERTILIZER INDUSTRY

An analysis of fertilizer use in developing countries indicates that
75 per cent of these countries fall into the category of very low con-
sumers (0 to 5 kg per capilu): 10 per cent into the category of low con-
sumers (6 to 10 kg per capita); 10 per cent into the category of moderate
consumers (11 to 25 kg per capita); and only 2 per eent into the category of
high consumers (26 to 50 kg per capita). Seventy per cent of the developed
countries fall into the categories of moderate or high consumers.

The conclusion may clearly ke drawn that most of the developing
countries have not yet begun to use fertilizer in amounts approaching
either the level of the developed countries or the level that they should
reach merely to produce the food and other agrieultural products needed
for both domestic consnmption and export.

Sinee sufficient quantities and tvpes of fertilizer are available on
the world market, an v devel ping country with sufficient foreign exchange
can mmport fertilizers for its needs. In some instances fertilizers may be
delivered to a developing country at a lower price than the price would
be if the same fertilizer were produced within the country. However,
even when this is the easc. many of the developing countries decide to
establish their own fertilizer industry to eonserve foreign exchange
or to be independent of foreign supplies.

There are many prerequisites for the successful establishment of a
fertilizer industry in a developing country. The industry is capital-
intensive: it requires a considerable amount of local capital for domestic
expenditure as well as foreign exchange to import machinery and equip-
ment. “Know-how” must be acquired. There must be a readily available
source of adequate and inexpensive raw materials, sufficient utilities
and adequate storage and distribution facilities. Personnel must be
available to be trained as operatives and maintenance workers and for
marketing and managerial positions. Finally, there must be an assured
local market or assured markets for exports.

10
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In developing countries the lack of suitable infrastructure is
frequently at the root of delays in implementing large-scale industrial
projects. For example, the Government whose policy encourages an
increase in crop vields through the use of fertilizer moy find at harvest
time that crops cannot be moved fast enough to the market because of
inadequate roads or freight handling facilitios, It has by now become
axiomatic that it is not sufficient to import machinery and yse up-to-
date processes if the necessary supporting infrastructnre is lacking.

If a country inports fertilizer in the initial phases of itg development
in order to build np an agricultural market, while it uses its capital
resources to create an infrastructure until such time as the market and
the infrastructure can support a fertilizer plant of economje size, a fer-
tilizer project has a good chance of success. Investors can under certain
conditions Lelp in the development of essential transport and distribu-
tion facilities. In most instances, however, it may be in the best interest
of the eountry asa whole for the Government itself to undertake this work.

Some developing countries with a large domestic consumption and
others with abundant and cheap natural resources have planned sharp
increases in fertilizer production. Their targets for 1970, 1975 and 1980
will be difficult to attain unless the factors that impede the development
of the industry are identified and national and international action is
taken to remove them in time.

FiscaL poLioy

Imports and import duties

Many developing countries have hampered the establishment of an
indigenous fertilizer industry by levying heavy import duties (ranging
as arule from 10 te 30 per cent) on the cost, insurance and freight (c.i.f.)
value of equipment imported for the industry, even when the equipment
is financed by a loan. In effect, this means that the developing country is
siphoning off part of the loan given for purchase of equipment into its
internal revenues.

materials available within the developing country. When this occurs in
the public sector, the cost of production goes up; when it happens in the
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private sector not only does the cost of prodaction go up but the induce-
ment for future investment is correspondingly reduced.

In fact, in some countrics a paradoxical sitnation exists in which
imported fertilizers and food grains ave free of import duty. while the
equipment and machinery imported to produce fertilizers and increase
food grain production are subject to import duties.

Taxes and excise duties

Many developing countries are now adopting the policy of exempting
certain important categories of plant and equipment in addition to
materials and finished products from both customs and excise duties and
saies and other taxes. Tn the past sueh levies created an atmosphere of
uncertainty which was nnfavourable to investment. For example, in a
developing country with  large number of well established fertilizer
plants a contract had been drawn up for naphtha to be delivered at a
certain price from an oil refinery, and more than ten miles of pipeline
had been laid to transport it. The production eost of fertilizers had been
worked out on the basis of the delivered cost of the raw material. When
the plant started production. the local state government imposed a
10 per cent sales tax on naphtha. Although this sales tax could be
absorbed without difficulty, plans for cexpanding produetion based on
the use of naphtha were subsequently dropped.

Finally. in many developing countries the tariffs for the industrial
use of power, water and other utilities are unreasonably high. (‘oncessions
granted for the industrial use of utilities represent an added attraction
for investors in developing countrics. In one case, the price of electricity
for a new fertilizer plant became subject to a surcharge, although the rate
had been negotiated at the planning stage. Uncertainties about taxation
and prices are bound to limit the expansion of the fertilizer industry,
and will in the long run produce an unfavourable atmosphere for indus-
trialization in general.

INCENTIVES FOR FOREIGN INVESTORS

Experience indicates that lack of capital—foreign capital in parti-
cular, but also domestic capital-—is the basic factor limiting the establish-
ment and expansion of the fertilizer industry in developing countries.
This problem is further discussed in chapter 7.
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Developed countries canmot be expected to put their resources into
projects in regions lacking a favourable investment climate. Returns on
investment shonld whenever possible be at least equal to that available
in the developed countries It is also of primary importance that the
producer be allowed to exercise a high degree of control for some
time over the marketing of the products. While the risk factor is

present in any investment, every attempt should be made to keep it to
& minimnm.

The developed countries have demonstrated that they are willing
to undertake assistance programmes. The developing countries should do
everyvthing possible to encourage them to do so. Many Governments
understand that their policies must be clearly geared to assisting industry
if fertilizer projects are to be quickly carried ont either in the public or
private sector or when the Government is executing a project in collabo-
ration with private firms. A dif ficulty with joint sponsorship is that the
Government sometimes takes too long to issue necessary permits or letters
of intent, or to decide on its share of participation or its managerial or
marketing responsibilities.

When foreign investors from countrics with a market economy are
involved, a realistic attitude must be taken towards the repatriation of
profits to repayv the investment ; when a favourable climate for invest-
ment exists, however, outside investors are as a rule willing to use much
of their protits to expand their plants. It is therefore in the interest of
developing countries to make their policies relating to foreign private
investment as attractive as possible.

Until such time as trained and experienced personnel can be
recruited. local and foreign investors will expect firm assurance that they
will have some control over the staff; ng of a new plant in order to ensure
successful operation. In this connexion, it may be noted that many
developing countries have issued regulations that interfere unduly with
management and thus with the scope of operations. Private investors
in developed countries are usually unwilling to participate in loans to
developing countries that have a reputation for interference.

In bilateral and multilateral assistance projects, particularly those
with capital participation, the investment is guaranteed by the
recipient (Government. Of course, the greatest assurance is the policy
pursued by the Government and its past performance. Mutual under-

standing and adjustments are necessary to make capital participation
suceessful.
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CREDIT. PRICING AND SALES

In many developiug conntries. one of the major factors retarding
the growth of fertilizer cousmnption is that ecredit facilities for the
farmers are inadeguate and that it takes too long to obtain credit. This
is not so much becanse the anthorities concerned fail to appreciate the
problem but rather hevanse the problens is complex and funds are scarce.
The resonrees of the fertihzer producers and traders themselves are
inadequate. For tnancial and adninistrative reasons. the comnercial,
private and state banks bareiy toneh the problem.

Asavnle the fertiizer indu-try is withing to co-operate by extending
credit to farmeis, but at the <ame time it looks to the Government to
put into operation a realistic poliey: whereby eredit is made available at
& reasonable rate of interest and i a manner that snits the agricultural
cvcle.

As with any commodity, there must be an incentive to sell fertilizers,
Restrictions on protits may rednee the incentive of the dealer to try to
sell more.

If the farmer must travel a fong distance to obtain his fertilizer, he
may decide it s not worth the effort. Depots anid warehonses must be
established so that the farmer is never more than a few hours’ travelling
distance from the nearest supply point.

In many developing countries, mnainly as a resnlt of government
effort. progress has been made throngh co-operatives and other institu-
tious. Credit facilities in somne conntries are also extended to the farmers
through eertain government departments.

Sales promotion and pricing

Experience in countries using large amounts of fertilizer has shown
that the services offered by the sellers of fertilizer are often as important
a8 the price of fertibizer in lmcreasing sales.

Anintegrated sales promotion programme that includes distribntion,
sales, servicing and consnnier education must be evolved. Besides guaran-
teeing fair prices. credit facilities must be extended in eertain cases to
dealers who can in turn pass on the credit to the farmers. Free technical
serviee, which includes soil analysis, prescribing doses of fertilizers to be
applied and advice on farm management problems relating to seed,
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pesticides, drainage, irrigation ete.. shonld also be provided to the
farmer.

Fertilizers must he treated as a capital input in the agricultural
economy. The prices paid for fertilizer an those obtained for farm
prodiice must have a relationship to cach other whicl allows the farmer
to make an incrcasing profit as he uses increasing amonnts of fortilizer.
up to the point of diminishing returns, In some developing conutries,
this ean only be ensured when the Government sets the prices hoth for
fertilizer and for farm produce.

In xome developing countries that hive sithsidized fertilizer prices,
the nse of fertilizer has risen as a consequence. hn other countries, the
same effect has been achieved by giving the farmer a bonus for crop
production beyond a stated tonnage. This level conld be reached only
by using more fertilizer. Even in developed countries like the United
States where there iy no subsidy for fertilizer, the Government maintains
a fixed minimum price for agricultural products, which guarantees the
farmer a certain price for his produce regardless of the market price,
On the other hand, countries like Austratia and the United Kingdom
provide price subsidics on certain classes of fertilizers that meet govern-
ment specifications. Apparently, price support at some stage is necessary
if farmers are to be stimulated to increase their productivity.




NITROGEN FERTILIZERS

(FENERAL REVIEW OF CONSUMPTION AND PRODUCTION

Before 1954, nitrogen was the least used of the three plant nutrients,
but since then its use has increased very rapidly. The production of nitro-
gen i1s not only the fastest growing but also the most rapidiv changing
sector of the fertilizer indnstry.,

Unlike the phosphate and potash fertilizer industries. where there are
relatively few products produced. the nitrogen industry is eharacterized
by a wide range of products varving in their content of nitrogen from
T per cent in the case of monoammoninm phosphate to 82 per cent for
the inereasingly used wodern synthetie, anhydrous ammonia. Before
the Seeond World War. most nitrogen fertilizers were natural products.
such as Chilean nitrate (sodinm nitrate with a 16 per cent nitregen
eontent) and coke-oven ammonia. Sinee then the switch to the prodnetion
of synthetic anmonia has been so marked ¢ hat by 1964 synthetic ammonia
accounted for nearly 94 per cent of the world ammonia market. Among
the nitrogen fertilizers most widely used at present are ammonium nitrate
(35 per cent nitrogen content). avhydrous ammonia, and nrea (46 per
cent nitrogen content). It will be noted that these are all high-analysis
nutricnts.

World production of nitrogen totalled 6.37 million tons in 1955,
By 1965, this had almost tripled to 16.63 wmillion tons an annual
compound growth rate ot over 10 per cent.

In 1955, Western Furope and North America were the only major
areas prodneing nitrogen fertilizers. Since that time. Eastern Europe
has increased production nutil it now accounts for 20 per cent of world
production. These three developed areas eontributed 84 per cent of the
world prodnction of nitrogen in 1965.

World production of nitrogen fertilizers is expected to reach 30.4
million tons by 1970/1971, and 46.6 million tons by 1975/1976. Of these
world totals, the developing countries are expected to account for 3.4
and 6.6 million tons, respectively (compared with some 1.5 million tons

16
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in 1965). Production is thus expected to grow at a faster rate in the
developing than in the developed countries, but the output of the
developing countries would still represent less than 15 per cent of world
production in 1975/1976.

FEEDSTOCKS FOR NITROGEN FERTILIZERS

Ammonia is produced by combining under high pressure and
temperature 3 volumes of hydrogen with 1 volume of nitrogen, by the
use of a catalyst. Nitrogen is obtained from the air. The early technology
of ammonia production emploved only refinery or coke-oven gas to
supply hvdrogen. With present-day technology. however. almost anv
econonmical supply of hvdrogen, as from electrolysis of water or from
solild . liguid or gascous hydrocarbons. can bhe used for ammonia pro-
duetion,

Natural gas las become an important source of hydrogen for
ammonia production, and many areas, both developed and developing,
have large supplies of this feedstock. In some cases, but not all. natural
gas I associated with crude oil produetion. (‘oal once was an important
source of hydrogen in developed countries, but it has been largely super-

seded by natural gas where adequate supplies exist.

Countries with oil refincries can use by product tail gas or naphtha
tor ammonia production. Those with no suitable local feedstock can
import naphtha or liquetied natural gas. Thus in the future raw materials
for nitrogen fertilizer production should not limit the location of plants
or their anticipated production levels.

Stnce most nitrogen fertilizers are based on anhydrous ammonia
made from natnral gas or liquid hydrocarbons, raw material availability,
on the basis of eurrent ammonia, technolgy. must be examined in terms
of these feedstocks. since it may be assnmed that ample atmospheric
nitrogen will always be available.

Based on the total world agricultural and industrial needs for
Ammonia. the annual nitrogen requirements will be about 125 million
tons by 1985, On the assumption that half of this amount is made from
hatural gas and half from liquid hydrocarbons, this total corresponds to
about 2 per cent of the present known riatural gas reserves and a negligible
pProportion of proved world petrolcum reserves. Thus no raw material
shortage for nitrogen fertilizers is forescen, even without taking into
consideration the enormous reserves of coal, lignite and oil shale.
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Effect of type and price of feedstock on the cost of ammonia

The choice of raw materials for nitrogen production depends upon
price and availability. In many developing conntries. raw materials like
naphtha and fuel oil are available at reasonable prices from refineries
because they are not in great demand owing to the searcit vy of motor
vehicles and the low level of industrialization. In developed countries,
the situation is just the veverse. Naphtha is much in demand heeause it
is a valuable vaw material for petrochemieal production.

The type of feedstock affeets both the plant cost and the prodnetion
cost of ammonia (becanse solids or heavy fuels require more complex
gasitication and purification equipment). The effeet on production cost
18 shown in table 5. The composite data are for plants cuploving electric-
driven prime movers with capacities of 365 tons per day and for a power
cost of 7 mills ($0.007) per kWh.

These figures are intended to show comparative costs only. Actual

costs depend on investment costs, plant location, accounting procedures,
taxes and various other local factors.

TABLES: E¥FECT OF FEEDSTOCK TYPE AND PRICE ON
THE COST OF AMMONIA

Production price of feedstock per maliion Beu,

Type of feedatock hsgher heat value
0.10 0.20 0.30 0.40 0.50
Awmmaniia cost per ton ($)

Reformer hydrogen................. 22.0 24.2 26.7 29.7 32.5
Natural BB ... e e e, 25.8 29.7 34.1 JR.D 42.3
Naphtha ........................ .. 28.6 33.0 37.5 41.7 43.2
Heavyoil ......................... 33.0 37.4 41.7 47.3 51.7
Coal ............. ... ... ... ... ... 38.5 44.0 49.5 55.0 60.0

TREND TOWARDS LARGE-SCALE AMMONIA PRODUCTION U NITS

As rcgards nitrogen fertilizers, the most important advances have
been made in the production of ammonia, though there have also been
important process improvements in the production of nitric acid and
area. The “new technology” for the production of ammonia is one of the
most striking teclinological changes in recent years. It is the culmination
of a series of developments from the hydrocarbon feedstock to ammonia
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NITROGEN FERTILIZERS 19

synthesis. The essence of the new technology is the concept of large
capacity, single-stream plauts equipped with centrifugal compressors.

During the period 1967--1970. 35 new farge ammonia plants will
be bnilt in the United States, 22 in Western Europe. 9 in Southeast Asia
and 6 i Latin Ameriea. “Large” plants are detined as single-stream
plants producing 600 short tons? a day or more of ammonia.

The trend towards coustruction of such large units is largely confined
to organizations and companies in the industrialized part of the world
that have had experience cither with smaller amwmonia plants or with
lavge petrochemical plants and have abundant capital resources at their
disposal. The necessary infrastructure and services also exist in indus-
trialized countries,

For the operation of such large single-stream plants, both the
operating and the maintenance departments must have at least a hard
core of able and well trained men. A well manued repair shop is essential
for maintenance work and repairs during sche luled shutdowns, as well
as very detailed sets of instrictions and checks tor the operation and the
coutrol of the plant. Experience in the operation and maintenance of
the critical and nost susceptible parts of the equipment is vital.

Several years of experience in constructing and operating a small
plant will make it easier to construet, operate and maintain a single-
stream ammonia plant producing 600 to 1,500 tons per day. But special-
ized knowledge of water-pnrification systems, reforming furnaces, heat
exchangers and centrifiigal compressors will also be necessary. Because
of the know-how required, the construction and operatic., of large-scale
ammonia plants in developing countries will present problems that
should be taken into account during the planning stage.

Eftect of plant size on ammonia cost

The capital cost of large plants that produce between 600 and 1,500
tons daily using centrifugal compressors is nearly 50 per cent less than
it would be for plants of the same size using the old technology. Capital
cost reduction of this magnitude is very rare in industry, and all producers
of ammonia have begun to consider building the new large plants.

The relative amumonia production costs using reciprocating com-
pressors or steam-turbine-driven compressors under United States

* Oue short ton equals 2,000 11,
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NITROGEN FERTILIZERS 21

conditions based on natural gas at $0.20 per million Btu would be
approximately as given in table 6.

Many large ammonia plants employing centrifugal compressors are
in operation now, and most of them arc designed for use of natural gas
as the feedstock. When the new plants are in ful| operation and all
modifications have been ecompleted, the actual capital and operating
costs will probably differ somewhat from the estimated data given in
table 6. Therefore, direct comparison between tables 5 and 6 cannot be
made. The comparative data in each tahle will. however, provide useful
guidelines when ammonia projects arc under construction.

Capital and financing charges are generally on the increase. The
installation costs vary appreciably fromn country to country so that to
cite investment costs for anv given plant may be misleading. Fstimates
should be obtained from experienced contractors.

(osts of production can be eonsiderably reduced by increasing plant
capacity and finding low-cost, feedstocks. For example, the cost of manu-
facturing ammoniun nitrate can be cut by a third if plant eapacity is
increased from 200 to 1,000 tons per day. Similarly, assuming that other
costs remain constant, the cost of manufacturing will be doubled if the
price of ammonia increases from $20 to $80 per ton. Plant sizes have
increased several fold in recent years, and the installation of big plants
in places such as Alaska, Algeria, the ( ‘aribbean, Iran and Saudi Arabia
i8 evidence of the locational pull towards economically priced feedstocks
and ammonia. It is also clear that the reduction in the costs of production
becomes progressively smaller as plants get larger; hence, there are
economic limits beyond which the slight additional cost savings may be
outweighed by risks and other factors,

Shipment of ammonia

In the past few years, United States producers have gained much
experience in shipping anhydrous ammonia in refrigerated barges and
ocean-going vessels. Bulk ammonia is now being transported from the
Caribbean to distant points in Canada, Finland, Great Britain and the
United States. In some cages, such shipments have replaced obsolete plants
orarc taking the place of projected installations in the recipient countries.
The 8pecial-purpose tankers can also carry other cargoes such as lique-

fied petroleum gas (LPG) or various petrochemicals. More ships of this
type are being built.
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The availability of such transport creates new opportnnities for
many developing countries. For example. those with natural gas aund
other low-cost feedstock sources within access of the coast may be in a
position to produce and sell liquid ammonia. At the same time, developing
comtries with no low-cost feedstock sources and/or with insufficient
markets to support a large. cconomieally sized ammonia plant can
purchase low-cost ammonia transported by refrigerated tankers. This
arrangement also helps to build up regional and interregional trade
between developmng areas.

Although each ease must be evalnated separately, an example is
quoted where ammonia produced from a large unit at $21 per ton could
be shipped 5.000 miles for about $16 per ton (based on $10 freight costs
and $6 terminal charges), bringing the total cost to $37 per ton. Compar-
able production costs from a smaller naphtha-based plant would be
about $46 pcr ton. which makes the imported animonia distinctly
cheaper. In addition, the capital saved by not building the smaller
ammonia plant could be used to benefit the developing countries in
other ways. An end-product plant employing indigenous expertise may
be built using imported ammonia and phosphoric acid, and later primary
smmouia and phosphoric acid facilities may be added.
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Chapter 4

PHOSPHATE FERTILIZERS

PRODUOTION OF RAW MATERIALS

Phosphate rock

Phosphate rock is the essential raw material for the manufacture of
phosphate fertilizers. It occurs in either igneous or sedimentary deposits
in many parts of the world, but it is commercially exploited in relatively
few. The composition, structure and accessibility of the deposits vary
considerably. Many deposits are nnsuitable for commercial exploitation,

For most fertilizer processes, which are based on acidulation, the ore
mist have a very low content of common impurities. particularly iron
and aluminium. The physical structure of the ore affeets the cost of
grinding, the ease with which it Hows through process equipment and
the rate of the chemical reaction. Even the richest phosphate rock
contains no more than 15 per cent phosphorus; thus. the econouics of
transport are often a deeisive factor in determining commercial possibil-
ities, Gienerally speaking, although very low-grade deposits are exploited
by certain countries for internal nse, the growing use throughout the
world of more highly coneentrated fertilizers means that the higher
grades are increasingly required. 1t is possible to “‘beneficiate” the crude
ore by means of fHlotation and caleination, but the eost of such upgrading
must then be taken into aecount,

Output of phosphate rock in 1966/1967 rcached a new peak of 60.6
willion tons, 11 per cent higher than in the previous year. World supplies
of phosphate rock coutinue to be in excess of demand. Production has
started at El-Hasa (Jordan), while deposits in Australia, Peru and the
Spanish Sahara are not expected to contribute to world supply until after

1970. There will be 10 shortage of this raw materia] in the world in the
near future,

In fact, indicated reserves exceed 46,000 million tons—enough to
last over 400 years at the 1971 rate of use. Of this total, over half
{24,000 million tons) is in Africa; 13,500 million tons are in North

23
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America and 7.500 million tons in Kastern Europe. Deposits in other
areas are small.

There is extensive world trade in phosphate rock. since many conn-
tries have no known usable deposits. Nearly half of the phosphate rock
produced enters into world trade. with Enrope (exeluding the USSR) being
the largest market. Furopean imports totalled abonut 16 million tons in
1965, Anstralia, India and Japan are the lirgest importe: s outside Furope.

Althongh the mdnstrial ases of phosphorns are inereasing and its
importance m agricultral erop produetion and hnman nntrition is well
known. there ix a tendeney in many developing conntries to reduee the
use of phosphorns (P,0,) relative to nitrogen. This may be harmless in
soils rich in phosphorns. bt in others the continued nse of nitrogen
without P,0; will soon exhaust the supply of phosphorns in the soil
and disastrons erop failires may ecnsne. The world consumption of
nitrogen (N). phosphorus (P ,0,) and potassium (K ,0) in 1966 was in the
ratio of 1 to 0.8 to 0.7.

Production capacity

The estimated capacity of the world phosphate industry is expected
to mcrease to 33.5 million tous in 1971. This figure includes an assimed
USSR capacity of 3.6 million tons of P,0; and an arbitrary allowance for
China (mainland). It does not include phosphate roek used direetly on
the soil after being tinely gronnd but without being chemically processed.

In 1965, 5.8 million tons of gronnd phosphate rock were nsed, which
is the equivalent of abont 1.8 million tons of P04 FAO tignres for PO,
consumption showed an average annual inerease of 6.6 per cent over the
period 1964--1967. with consumption reaching 15.5 million toas by
1967. Tt is estimated that consumption will rise in the developed eonn-
tries to 17.5 million tons in 1971 and to 23 million in 1976. Corresponding
figures for the developing conntries will be 2.8 tons in 1971 and 4.6 million
tous in 1976,

Actnal world production in 1965 and 1967 and estimated capaeity
in i971 are shown in table 7.

The growth rate of the world phosphate fertilizer industry in recent
years has been abont 12 per cent per year. As with the nitrogen fertilizers,
the estimates show that the developed countries will have a greater
production capacity than they need to cover their consumption. The
developing countries, however, will have a deficit even though their
production capacity is rising steadily.
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TAsLE 7: PHosPHATE PRODUCTION 1N 1965 axp 1967
AND ESTIMATED CAPACITY IN 1971

(million tons of P,0),)

Estimated capacsty for

Region Aetual production fertilizer and sndusirial
uses
19653 1967 1971
Mrica ..o 0.30 0.55 1.71
Winb T 1.02 1.29 3.61

Furope

Kastern© ... . 2.81 3.17 5.94
Western ..o 4.34 4.9 7.72
Latin Ameriea ... 7 0.18 0.21 2.31
North Ameriea ..., 4.02 3.14 10.29
Oceania .00 T 1.13 1.2 1.91
ToraL 13.80 16.54 33.49

Possible fortilizer production capacity < 0.90 . 0854 <. 25.62

! Fertilizer yoar ended 30 June 1945,

Including an allowance for Ching (mainland),
¢ Including the USSR,

Assuming 90 pPer cent production and 85 per cent of phosphate used for fertilizser.
NoURCE: United States Tennegse Valley Authority sSUrvey 1965,

Sulphur

Sulphur, while not considered j primary plant nutrient, is closely
associated with fertilizer production in that sulphuric acid acidulation
of phosphate rock forms the basis of today’s phosphate industry. The
receut rapid expansion in the phosphate industry caused an equally
rapid rse in the demand for sulphur. As a result, sulphur prices rose
and supplies were short iy many areas of the world. Thig touched off
tworld-wide expansion of sulphur produetion and large-scale explora-
tion for new supplies, leading to some sources that could not have beer
tdeveloped cconomically at the loy, or price levels. In fact, estimates show
that, althougl consumption outstripped production in 1967, production
should again exceed cousumption by 1971,

Flemental sulphur production using the
from sour gases is located primarily in Nort
the major expansion of sulphur capacity

Nubstautial increages in recovered sulphur are expected in Asia as the
tountries of the Near Kagt develop their sour gas sources. Little expansion

in the production of other forms of sulphur appears likely except in
North America.

Frasch method and recovery
h America and Europe, and
will occur in these regions.

q*
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The alternative sources for elemental (Frasch) sulphur are pyrites
and gvpsum. During the last few years, owing to the shortage and high
price of elemental sulphur. developing countries have been exploring
alternative sonrces and nivestigating fertihizer prodiiction processes that
reduce the nse of sulphur. <neh as the nitrie acrd process dhisenssed carlier.

Economie pressure will favour inercased use of pyrites and other
forms of sulphur and of fertilizer processes that do not vequire sulphur,

PHOSPHATE VERTILIZER CONSIMPTION

Major phosphate fertihzers inelnde normal (single) superphosphate
(16 to 20 per cent P,0,). basie slag (16 per cent P,0O ). and coneentrated
(triple) superphosphate (32 to 46 per cent PP,0,). The other major sources
of P,0; are complex fertilizers containing varions amounts of nitrogen
and phosphate. and. in many cases, potash. These products inelude
ammoniim phosphates (64 per cent P00 and other materials made
by ammoniating phosphorie acid, and nitrophosphates (40 per eent P,0,).
which is produced by aerdilatimg phosphate roek with nitrie acid,

Normal (single) snperphosphate

In North America and Western Europe, the produetion of normal
superphosphate has not inereased sinee 1960, In 1965, world prodnction
of normal superphosphate  actually  decrcased. North America and
Western Enrope have excess capacity to produce this material. However,
many of the plants are over ten vears old. and some have becn con-
verted to produce complex fertilizers. Higher analysis prodiets are
replacing normal superpliosphate, which is expected to have ouly
30 per cent of the market by 1971

As the trend towards higher analysis materials eontinues, normal
superphosphate will continme to lose ground, perhaps even faster than
indicated by the estimates of capacity in 1971 shown in table 8.

Basic slag

Basic slag is a by-product of steel production, and thus its production
growth rate is determined by the growth of the parent industry. It is a
major phosphate fertilizer in Kurope, but little is produced in other
regions. Basic slag was seccond only to normal superphosphate as a
Phosphatc fertilizer as recently as 1955, Its production has increased
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very slowly, however, and its share of the market decreases each vear.
By 1971, basie slag shonld account for only 6 per cent of all pPhosphates.

Coneentrated superphosphate

The futnre growth of coneentrated superphosphate js uncertain.
Althongh it is the most concentrated straight phosphate prodnced
connercially it is equatled i phosphate coutent by some of the ammo-
ninm phosphates. This tends to put coneentrated superphosphate at
some disadvantage as regards transportation and handling costs. sinee
ammonmum phosphates also contain nitrogen.

Asmallexpansion in concentrated snperphosphate capacity is expect-
ed in North Ameriea and Western Enrope, Africa, Asia, Kastern Knrope
and Latin Ameriea are scheduling relatively large increases in capacity,
Since both concentrated superphosphate and ammoninm phosphates are
baxedt on phosphorie acid and conversion of plant facilities from con-
centrated superphosphate to diammonium phosphate is in some cases
teehnically and economically feasible, it ig expected that some con-
centrated superphosphate capacity will be converted to the production
of complex fertilizers of the ammoniura phosphate type.

Complex fertilizers

The major change in the phosphate indnstry in the last ten years
has been the shift from acidulation of phosphate roek with sulphuric
acid to the production of phosphoric acid from sulphuric acid and phos-
Phate roek and the use of this produet as the major building block for
concentrated phosphate fertilizers. A the demand for higher-analysis
materials increases, the nse of phosphoric acid and the finished fertilizer
materials that can he produced from it will increage in importance.

The phosphate fertilizor industry is expected to change rapidly in
the next ten years. Complex fertilizers based oy phosphoric acid will
probably continue to replace the lower-analysis products, perhaps at a
nore rapid rate than indicated by the estimates of future capacity.

Highor-analysis produets

There is a strong trend in the world towards high-analysis phosphate
fertilizers. The developing countries, should, whenever possible, adopt this
trend because it reduces the bagging, transport and storage costs per
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unit of P,0,. In 1955, the lower-analysis materials, normal (single) super-
phosphates and basic slag, represented about 81 per cent of the world's
phosphate fertilizers. By 1165, these products constitnted only 58 per cent
of the total. Between 1953 and 1965, the increase m normal SUPeT-
phasphate production was approximately 20 per cent. whercas produe:
tion of concentrated superphosphate nearly doabled and productian of
complex. or multinutrient . feetilizers (namly anmonim phosphate and
nitrophasphate) quadvupled. Fabie 5 shows the estimated chistribntion in
1971 of phasphate fertilizer capaeity amony nujor types of prodnets.

The most popular of the concentrated fortilizers are coneent rated
superphosphate and ammoninm phosphate. Both are mainly manufac-
tured from wet process phosphorie acid. which in turn requires sulphur,

TasLE 8. WaRLD2 CAPACITY FOR PRODI'OTION
OF MAJGR TYPES OF PHOSPUATE FERTILIZER

as per cent of estimated 197 1 totad world production of all phosphate fertilizera

Percentage

Fertilizers of world P 0, capacity

Normal superplosplate o000 30.2
Concentrated superphosplate 0 Ce 18.9
Compiex fertilizerst J0.0
Basic slag .. ... ... e e 5.7
Other and unspecified phosphate tertilizorse . . 15.2

Torar gsTIMATED 1971 PRODUCTION, ALL TYPEN 100.0

1 Excluding USSR and China trnaimlandy.

b Includes ammonnin phosphate, 20 por cont ; latrophosphates, 6 per cent; and unspecified
types of complex fortilizers, 4 per cont

¢ Includes phosphoric acid, for whieh no specific outlet hag been determinedd,

Increased use of multinutrient fertilizers

Farmers in developed countries increasingly tend to use phosphate
in the form of multinutrient fertilizers rather than as a single nutricnt.
In developing cauntries. the farmer has to be educated to this approach.
Some developing canutries preseribe certain mixtures containing different
N, P and K combinations, taking into account the analysis of soil and
type of crops to he grown. Mixtures were formerly made using straight
fertilizers, such as superphosphate. ammonium sulphate and potassium
chloi. e. Often these ingredients were manufactured by different

Yy
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companies and dispatched to a mixing plant where they were mixed and
sometimes granulated. Such nixing and grannlation entail additional
expense. The modern practice js fo manufactnre mixed fertilizers in
mtegrated plants. A< o result nned fertilizers are not necessarily more
expensive than strareht fertilizer < an may even be cheaper, Developing
comntries shonld adopt the wtegrated approach so that the farmer
receives ina single bag all the nntrients needed for the particnlar crop
ider partiotar soil conditions. This iso saves the farmer time and labony,

MA\'I'F:\(‘TI'RI\H PROCESSES I'OR PHOSPHATE FERTILIZERS

Trend towards large-seale produetion units

There is a gencral trend in the phosphate fertilizer indnstry towards
large-seale production nnits. which has resulted in & snbstantia) reduction
I cost per nnit of ontpnt. Whereas ten vears a4g0 & wet-process phos-
phorie acid plant producitg 200 tons of I’,04 per day was regarded as
a large plint, present plants are in operation capable of produeing 600
tons per day in a single train of reactors. filter and evaporator. Nitro-
phosphate plants capable of producing 1.500 tons per day are today
part of a complex producing ammonia, nitric acid and straight nitrogen
fertihzers. Eleetrie furnace phosphorus wits of 50,000 kW capacity can

produee 75 tons of phosphorns per day, whieh is equivalent 1o 175 tons
of P,0,.

Developing conntries with large iuternal consumption should take
advantage of the cconomies of scale in production. Where internal con-
sumption s small, several countrices in a region could co-operate to
achieve these ceonomies, Increasing the scale of operation, however,
should always he welghed against the cost of distributior, of the product
over wider market areas. There ape also advantages in loca ting production
facilities at the phosphate mine, since higl:-analysis phosphate fertilizers
weigh less than the rock from which they are made.

Manutaeture of Phosphorie acid

There are two basic methods in commercial use for the production
of phosphoric acid —the wet process, usually using sulphuric acid, and
the electro-thermal process. It is estimated that the world capacity for
production of wet-process phosphoric acid (64 per cent P,0,) will
increase from 5.4 million tons P,O4 in 1965 to 14.7 million tons P,0O,
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in 1971, Thermal-process capacity is expected to inerease also. Becanse
of the higher purity of thermal acid, it is nsed extensively in the produe-
tion of phosphates for detergents and other high-valne products. Thns
only 19 per cent of the thevmal acid prodoced b the Uniied States was
used for fertilizers. as compared with 93 per cent of the wet process
acid. Much of the wet process acid is nsed G the manntacture of triple
superphosphate ond ammoninm phosphate. Howev o in recent vears
wet-process phosphorie acid fias hecome & more arketable commodity
beeawse the quality of the acid has been mnproved so that its hinidling

and transport are less difticnlt

The hydrochlorie acid process for making phosphoric acid is attract-
ing attention. and small plants based on this process have been built
where hyvdrochloric acid = in soeplus, Hydrochlorie acid is nsed instead
of sulphivrie acid to dissolve the phosphate rock. and the phosphorie acid
formed ix separated from the caleivm ehloride by using an organie
solvent. preferably normal bhntanol or woamyl aleohol. The solvent is
separiated from the acid and reeveled to the process. This process was
developed by the 1sracl Mining Industries. A similar process was devel-
oped by the Dow Chemieal Company. nsing tributvl phosphate as the
solvent, Whether this process is cconomic depends on the cost of hydro-
ehlorie acid. In the United States it is obviously uneconomic heecanse
hydrochlorie acid costs around $570 per ton, and nearly 2 tons of ¢hlorine
are requircd tonake a ton of PLO,. But where cheap by-prodnet hiydro-
ehloric acid ix available. the process has advantages.

In view of the high eost of sulphur and the world shortage. the
production of thermal acid in places where low-cost clectricity is available
has become important. Tables 9 and 10 show capital costs and prodnction
costs of thermal-process and wet-process phosphoric acid at a hypo-
thetical plant in Florida. Sinilar cost data would apply to plants in
Morocco, the United Arab Repnblic or other areas having phosphate
rock and low-cost clectric power.

The capacity of the plants is assumed to be 544 tons of P,04 per
day, or about 185,000 per year. The wet-process plant consists of facilities
for receiving and storing molten sulphur, producing sulphuric acid,
producing phosphoric acid in a single train extraction-filtration unit, and
concentrating the acid to 54 per cent P,0,. Supporting facilities include
rock grinding, gypsum disposal, plaut utility systems, maintenance shop,
laboratory, office and anxiliary facilitics. No facilities are provided for
clarifying the acid, which would be needed if the acid were to be trans-
ported.
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The thermal plant consists of three 45.000 kW furnaces together
with charge preparation cquipment and auxiliary facilities comparable
with those in the wet-process plant. It is assumed that all of the plios-
phorus will be converted o phosphoric acid at the plant. although it is
more likely that the elemental phosphorus would he shipped to market
areas for conversion to fertilizers. Three phosphorie acid unit s canable of

TaBLE 9:
IB5.000 voNs or PO, prr viak
(thovsand dolicirs)

(‘AI‘ITAL COSTS OF PlLANT PRODUCING

Thermol-proc,ss
acel plant

Battery-limits plant .......... 22,260
Other equipment and site ... 4.343
Engincering ... T 5,320

3,192

ToraL “351 l;')i

Wet-process
acid plant

9,429
3.100
2,506
1.504

16,339

TasLE 10
185.000 Toxs oF P,0; PER vEAR
(dollars per ton of P,0,)

EstTimiren propverion COSTS AT PLANT PRODUCING

Wet-process
acid plant
Sulphur 37.04
Phosphate rocka ..., [T 21.69
Phosphate matrixb ..., 7 e —
Coke ..o . -
Electricity ... ... .. . . .0 Cees 2.17
Otheritems ........ ... . . .. .. cene 4.50
Nalaries and WHEZeS ..., Crereia 4.02
Maintenanece ......... ... ... . e .. 5.37
Depreeintion over 15 Years ........, v 5.06
ToTAL DIRECT cosTS 80.75
Overhead o000 4.96
Taxes and surance ..., 1.79
Credit for salo of by-products......... . ... —_
(GRAND TOTAL 87.50

Thermal-process
acid plant

13.64
2.88
11.02
17.643
6.75
6.20
7.96
12.60

18.68

7.17
3.79

3 Dry, unealeined, 31, per cent PO, rock.
b Undried phosphato matrix, 24 per cent of Py0, serves as a source of gilica.
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producing acid of any desired strength, including superphosphoric acid
containing np to 80 per cent P,0,, are included in the estimate.

Tt will be scen from table 10 that the estimated costs for phosphorie
acid from the two proeesses are about the same—%84.13 per ton of POy
by the therma! process and $87.50 per ton by the wet process. using a
cost of $42 per ton of sulphnr delivered.

Ammonium polyphosphate

Reaction of ammonia with superphosphoric acid yields a mixture of
ammonium ortho-phosphate and pyro-phosphate, which is commonly
called ammonium  polyphosphate. Triammonium pyro-phosphate,
(NH ),HP,0;] is the principal polyphosphate, althongh other pyro-
phosphates and tripolvphosphates are likely to be present.

The only known large-scale produetion of solid ammonium poly-
phosphate is in the plant operated by the United States Tennessee
Valley Authority. The grade of the TVA product is 15—80—0. It is
made by reaction of thermal superphosphoric acid with anhydrous
ammonia under high pressure and temperature (3 atm and 210 °C).
The product is discharged from the reactor as a fluid melt and is granu-
lated in a pugmill. Since no moisture is present, drying is unnecessary.
The pugmill prodict is cooled and screened : the oversize js erushed, and
fines wre recveled.

Ammonium polyphosphate of 12-—60 —0 grade has heen made
experimentally from wet-process phosphoric acid. As in the case of
ammonium ortho-phosphates, the polyphosphate may be combined
with urea, ammonium nitrate, or ammonium sulphate, and potash salts
may be added to make a variety of multinutrient fertilizers.

Ammonium polyphosphate solutions are produced by several firms
in the United States and Europe by ammoniation of superphosphoric
acid and concurrent addition of water. The solutions are used in the
preparation of liquid mixed fertilizers.

Nitrophosphate

If phosphate rock is acidulated with nitric acid, the product will
contain calcium nitrate and monocalcium and dicalcium phosphates.
The hygroscopicity of calcium nitrate precludes general acceptance of
this product. Nitric acid serves two purposes: it makes the phosphate
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soluble and it provides nitrogei as a plant nutrient. In, the Odda process.
the caleinm nitrate is removed by filtration. The caleium nitrate may
be nsed as such or converte d to ammonium nitrate. Oflier varnants of
this process are attracting considerable attention hecause they do not
regiuire sulphur. Processes using sulphuric acid or phosphoric acid in
conjunction with nitric acid and those nsing ammonium sulphate or
carbon dioxide addition have also become attractive. The refative costy
of the two nitrophosphate processes  the Odda process and the phos-
phonitric process -and of the two processes bhased on ammoninm phos-
phate were compared by making cotimates of the production costs in
hyvpothetical plants sitnated in southeastern Tnited States near Memphis,
Tennessee,

The cost study compared the estimated wholesale price {production
costs plus return on investment and sales expensce) of the following
granular fertilizers containing nitregen and P,O; in 1:1 ratio:

(¢) Odda Smeltwerke process - -nitrophosphate

(b) Mixed acid nitrophosphate with nitric ane phosphoric acid ;
(¢) Ammonjum phosphate nitrate

(@) Urea ammonium phosphate.

The study shows that the wholesale price of the Odda product is
the lowest. It gives nitrophosphate at §114 per ton, as compared with
$i28 per ton for urea ammonium sulphate, $133 per ton for nitrosulphate
by the phosphonitric process, and $135 per ton for ammonjum phosphate
nitrate. The economic advantage of the Odda process is due mainly to
the savings in the cost of raw materials and intermediates. Unlike the
other processes, the Odda process does not require sulphur but the dis-
posal of the resulting calcium nitrate presents difticnlties. Several new
processes have been developed recently to make higher percentages of
water-soluble P,0, by the nitric acid acidulation of phosphate rock such
as the chemo-project—Kallinbach. N orsk Hydrc and Dutch State Mines.

('osTS OF TRANSPORTING PHOSPHORUS

A major advantage of the thermal process is the high concentration
of the intermediate product, elemental phosphorus. Phosphorus is
readily transported in mild stee} tank cars, and shipment by river barges
r seagoing vessels is feasible. A consignment of 1 ton of elemental
phosphorus would supply the same amount of P;0, as about 7.5 tons
of phosphate rock plus 2.2 ‘ons of sulphur for use in the wet process.
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One ton of elemental pliosphorus is equivalent to the phosphorus content
of 5 tons of triple superphosphate or diammoniwmn phosphate derived
from wet-process acid. Thus, when the market is far front the phosphate
rock mine. a substantialsaving in transport costs e be niade by shipping
elemeutal phosphorus to the market area for conversion to fertilizer,

Althongh the estimate for the hypothetical thermal plant in Florida,
mentioned above assuinies that all of the elemental phosphorns is con
verted to phosphoric acid on sitel it is el move likely that most or all
of the phosphorus wonkd be caon<igned to one or more conversion plants
located in market arcas. If the Florida plant ouly prodneed elemental
phosphorus and did not convert it the investnient wonld he reduced by
abont $5 mitlion. to 830 mithion. and the production cost would he about
$178 per ton of phosphorns. which is equivalent to $78 per ton of i,0;.
(See tables 9 il o))

In markets where the transport cost of phosphate rock is 815 per
ton, the coxt of transporting elemental phosphorus would be about
$6.60 per ton of P00, as compared with $32.60 per ton of P,0; from
phosphate roek. Under these conditions the thermal process would have
a clear advantage when a 20 per cent return on investment is included,
as shown in the following tabulation.

TasLE 11 CoST OF PRODUCING ONE TON OF P,05 a3
AMMONIUM PHOSPHATE FROM IMPORTED ELEMENTAL PHOSPHORUS COMPARED
WITH COST OF INDIGENOUS MANUFACTURE BY THE WET PROCESS

Cost per ton

Process of PO,
)
Thermal proceas
Cost of elemental phosphorus (3 mills per kWh). . ... e e 78.00
Return on investment (20 per cent/yr on $30 million) .............. 32.40
Transportation of phosphorus . ...................... e 6.60

Couversion to fertilizer . ...... .. ........... e e e 10.00

Wet process

Return on investment (20 per cent/yr on $16.5 million) ............. 17.84
Conversion to fertilizer ......... ... .. ... ... 00 iuiii i 8.00
Transportation of fertilizer . ................... et e, 32.60
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In the above comparison it is assumed that the fertilizer product is
antunonium phosphate and that the cost of ammonia in the market area
is the same as at the phosphate mine, so no allowance is made for the
cost of transporting the nitrogen content of annnonium phosphate.

TasLr 12: CosT 0F PRODUCTION OF ONE TON or PO, AS pHosPiIORIC ACID

IN INDIA FROM IMPORTED ELEMENTAL PHOSPHORUS AS COMPARED TO TNE COST

I RECETVANG THE P,O¢ 1IN THE FORM O F SUPERPINOSPHORIC ACID MANU FACTURED
BY TNE WET PROCESS

Cost per ton

Process of PO,
(s)
Thermal process
Cost of elemental phosphorus (3 mills per kWh) ... .00 78.00
Retiirn on investment (20 per cent/yr on 830 million) ............ .. 32.40
Freight to India (0.44 ton at SISy 7.92
Conversion to phosphorie acid in Indin ..., .. ... 10.00

IWet process

Cost of wot-process ncid (meliding $38.50 for sulphur) ... . . ... .. 87.50
Conversion to superphosphoric acid ....... .. 0 0 8.00
Return on investment (20 per cent/yr on 818 million) ............. . 19.40
Freight to India (1.39 tons ] 20.90

ToTaL 1 358()*

Another possibility is to ship elemental phosphorus overseas to
make fertilizers locallv in developing countries. Ocean transport costs
for shipment of fertilizer from the United States to India are in the range
of $12 to %15 per ton. Thus. shipment of triple superphosphate costs
826 to 833 per ton of P,0;. Ocean freight rates for elemental phosphorus
arce uot available: at an assumed cost of $18 per ton, however, the freight
charge per ton of P,0¢ equivalent would be 88, and the savings as
compared with shipping triple superphosphate would be $18 to $25
per ton of P,0,,.

Comparison of the cost of shipping elemental phosphorus to India
with the cost of shipping phosphate rock and sulphur is more difficult,
as rock and sulphur are not commonly shipped there from the United
States. However, recent prices of phosphate rock and sulphur delivered
at ports in India were $23 and $60 per ton, respectively. Thus, the raw
materials for making wet-process phosphoric acid in India would cost
3133 per ton of P,0,. The cost, including allowance for a 20 per cent
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return on investment, of elemental phosphorus delivered in India from
the hypothetical Florida plant with 3 mills per kWh is calculated to
be less.

It Las been proposed that wet-process phosphorie acid be con-
centrated to superphosphorie acid for shipment to India or other develop-
ing countries. A rough comparison gives shipping elemental phosphorus
to India a cost advantage over wet-process superphosphorie acid.

The conclusion may be drawn that where cleetricity is available at
or ncar 3 mills per kWi and sulphur costs are as high as $3%.50 per ton,
the thermal method should be considered for phosphate fertilizer pro-
duction. The usefulness of thermal acid for industrial phosphates weighs
in its favour. as well as the fact that the process can use low-grade rock,
the product can be used to make unusually high grade fertilizers. and
savings on transport can be realized by shipping elemental phosphorus.




Chapter 5

POTASH FERTILIZERS

PropUCTION OF POTASH
Potash reserves

Potash is an important commodity today. Some 90 to 95 per cent of the
world preduction of potassinm salts is nsed as fertilizers. However, potash
was not used as a commercial fertilizer in large quantities until early in
the twentieth eentury. Its primary industrial use before then was in dyeing
and tanning and the manufactiure of glass, fireworks, explosives, soap
and other chemical produets,

Although there are many potash-bearing minerals, most of the world's
Kinown reserves are in sylvite, cavnallite, kainite, langbeinite. nitre anc
polvhalite. Most potash is prodneed from sylvite and carnallite

Germany controlled the worled production of potash from the 1860s
until the early 19305, when demand stimulated the development in the
United States of the Carlshad deposits in New Mexico. Prodnetion rose
i the Carlshad distriet to meet the mereased demand during and after
the Second World War, World demand has increased sinee the middle
11405 by 8 per eent per year.

The growiug demand for potash on the world market has stinmlated
the development of the Saskatehewan deposits in Canada. At the present
tine, three companies are producing potash there, and five other com-
panies are developing properties. Several other major companies are
waking feasibility studies,

Potash is being recovered in over 140 operations i the world,

meluding both brine and miuing operatious. Currently fourteen other
leposits are being developed.

Potash production from deposits in Eastern and Westery Lurope
and in North America will reach almost 27 million tons by 1971, Known
reserves total wearly 83.000 million tons, They are sitnated mainly in
developed areas: three quarters of the reserves are in Yurope. Some
developing countries. however, may become major producers.

37
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The world potash fertilizer industry

The growtll in the prodnetion of potash fertilizers has been slower
than that of uitrogen fertilizers and abont the same as that of phosphate
fertilizers. Potash is the least nsed of the three primary plant nutrients
contained in fertilizers. This ix partly beeause many soils contain relatively
high amounts of K,0. which have not been depleted by erop production.,
As erop production inercases. however. it is expected that greater amonnts
of potash will be used and potash consuinption will equal phosphate
consumption.

Ninee 1955, potash prodnetion has inereased at a compound rate
of 6.2 per ceut per vear, The inerease in 1965 alone exceeded 1 million
tons asseveral lurge Canadian mines came into prodnetion. World potash
prodhuction in 1967 was 14.526 niithon tons of K,0. Prodnetion is forecast
to risc in the developed countries to 17.3 million tons by 1971 and to
23.5 million tons by 1976, I the developing conntries, produetion is
forecast to vise to 700 thousand tons by 1970 and to 1.2 million by 1976,
As with nitrogen and phosphate fertilizers, this gives a deticit conipared
with estimated consumption, whieh is pnt at 1.5 and 2.55 million tons,
respectively.

Althongh potash reserves have been found in all arcas of the world
with the exception of Oceania, production has been contined to a
relatively few comntries in Fastern and Western Enrope and North
America. Israel recently began production of potash, and Chile and Peru
are producing potash from their gnano deposits,

Production ix divided faurly equally among Eastern Enrope. Western
Europe and North America. with Western Enrope leading by a small
margin. Figires indicate. however, that by 1971, North America will be
the major producer with 40 per cent of the total. Kastern Enrope will then
contribute 30 per cent of world produetion and Wescern Eurcpe 22 per eent.

New prodnction nnits are being planned in several African and
Latin American eonutries. and Israel is planning to double its output
in the next few years. However, the production from these sonrces
continues to be only a small part of total world production.

PoTASH FERTILIZER CONS UMPTION

Potassium chloride (muriate of potash) is by far the most widely
used of the relatively few types of potash fertilizer. Another potash
fertilizer ix potassinm sulphate. one of the least hygroscopic of the
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common fertilizers. It is preferred for tobacco, potatoes, citrus and some
other erops sensitive to chloride, Potassium sulphate accounts for only
about 8 per cent of total potash consumption, and its share of the market
will continne to decline.

Another non-hygroscopie, non-chloride form s potassinm nitrate
(saltpetre, nitre). The technieal grade (99 per cent) is used in explosives
and the 95 per cent material (13 per cent N, 44 per eent K,0) is usually
described as fertilizer grade. Limited supplies and high unit costs have
largcly restricted its use to spectalized mixtares or direct. soil applieation,
and its consnmption is not expected to rise muclr.

Experts in the United States are becoming interested in water-soluble
potassium metaphosphate. Semi-commercial quantities of the teehnical
grade material (57 per cent P,04, 37 per cent K 20) are being produced
in Scotland, and some is reportedly being made in Tsrael.

During the past few years, the general trend has been towards
producing more concentrated fertilizers of all types. Sixty per cent
muriate, for example, has been steadily gaining ground over the tradi-
tional 20 to 45 per cent concentrations.

Most, of the potash produced today is incorporated into mixed or
complex fertilizers before applicatior: to the soil.

Bulk DLlending—the physical mixing of straight fertilizers—has
helped to boost the demand for granulated, concentrated fertilizers,
(Granulation minimizes the segregation of the constituents, reduces
caking and dusting and facilitates the distribution of the nutrients in the
soil.) Owing to the increase in bulk blending, a coarser form of potassium
chloride is now in greater demand.

World potash consumption in 1967 was about 13 million tons, an
increase of 7 per cent compared with 1966. An average annual increase
of about 6.3 per cent is expected up to and mmcluding 1980,

DEVELOPME NT OF A POTASH COMYrLEX

Costs of manufacturing potash are directly related to grade, depth
of mine and capacity. If the other costs to be borne by a producer in
a developing country are considered as part of manufacturing costs, then
mannfacturing costs are also directly related to investments in distribut-
ing facilities (railroads, roads, port facilities), housing, schools and
hospitals, snd basic utilities (water, power, fuel).
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Mining costs per ton of finished product vary according to the ore
content. Obviously a high-grade ore containing little waste, such as salt,
is much more productive per ton mined than one of low grade. For
example. in Canada (Saskatchewan), the ore contains 26 to 28 per cent
K,0, whereas some of the low-grade Carlsbad ores contain only 12 to
4 percent K,0. Fora given tonnage of potash, this means that a Canadian
produeer has to mine less than half the amount of ore mined by a Curls-
bad producer.

Refinery costs also vary according to the grade of ore. although not
nearly so nich as mining eosts sinee the separation and disposal of waste
occur early in the circuit and from then on costs are similar regardless of
grade. Mining costs rise as the depth of the mine inereases. This is due
to three factors: a deeper shaft is @ more costly investment hoisting
costs are proportional to distance lifted; and undergronnd recovery
(amount of ore removed per nnit of penetration) is inversely proportional
to depth. Shaft costs are also affected by the geological formations thirough
which a shaft is sunk. Deptli is not the only factor inflnencing cost. In
Canada, a shaft isx over 3.100 feet deep and costs (fully eqnipped)
approximately $10 million. This is nearly 6.5 times as much as in Carlsbad
and reflects not only (he depth bat the treacherous geclogical formations
that st be traversed to reach the Canadian ore.

Economics of scale are also important. A high-eapacity rining
operation invariably has lower unit costs than a low-capacity one. This
is particularly trne of operations with high fixed investment and operating
costs. In the refinery. staff are necded to man certain controls regardless
of the volume processed. In (‘anada. a conventional mining operation
will have $20 million invested in shafts alone. If to this are added under-
gronnd equipment, a retinery, and office and laboratories all built to
withstand the severe (‘anadian winters, the investment will be of the
order of 850 per ton annually.

Construction costs at the world’s potash mines may vary from $30
per ton of annnal capacity to as much as $70 per ton. Moreover, construc-
tion costs have been risiug by 5 to 6 per cent per annum over the last
five years. and similar increases are probably to be expected in the future.

In developing countries, where labonr is readily available at a very
low cost, a producer vill tind it more advantageous to hire many men
than to invest in complicated equipnient that is difficult to operate and
may exceed the capabilitics of the local labour force. In this case, unit
costs will net change munch with volnme. However, the labour available
18 unskilled and inexperienced, and this means that extensive training
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programmes have to be undertaken. Even though Canada is a developed
country, the rural location of some of the potash mines has made it
neeessary to institute highly organized training Programmes to teach
farmers to operate mining and refining equipment.

The development of potash deposits from discovery to actual pro-
duction has, in some instances, taken several decades. depending on the
market prospects. The actual construction of mine and plant facilities
has taken from three to six years, depending on the particular deposit.
To be economically feasible, a potash operation should have adequate
reserves to sustain operations for 25 to 50 years and must produce a
fairly high tonnage. This in turn demands an adequate power supply
to operate the underground equipment, refinery and other equipment;
an adequate water supply for plant processing, brine make-up, dissolving
and flotation; a source of natural gas or fuel-oil for the power plant and
prodnetion of steam: a reliable supplier of repair parts and supplies or
the equivalent in plant inventory; and a labour foree, In developing
countries, the complieations are agg ‘avated by laek of industrialization,
fransport, competent kabour, utilities, honsing, foreign cxchange, and
sometimes rigid government regnlations.

An example of the difficultjes developing countries face may be seen
i Kthiopia, which has within its borders a very large deposit of potash,
The results of early investigations were not sufficiently enconraging to
attract potential producers, and to date the deposit is still not being
exploited. The factors that discouraged early investigators inclide:

Remote location: extensive development of roads, port facilities
and sources of energy is required ;

Climatic conditions : severe surface temperatures in excess of 130°F
make operations difficult and expensive ;

Lack of water: a considerable quantity of water is required for
processing potash to modern standards of quality ;

Lack of skilled labour: personnel must be brought in and housing
facilitie - built;

Ore quality: although of high potash content, it contains impurities
that make processing complex and expensive.

In evaluating the Ethiopian project, geologists and mining engineers
investigated water sources, mining conditions, native customs and site
ocations, port requirements, transport facilities, living conditions, avail-
ability of equipment and other factors. An economic study was made, the
attitude of the Government and the tax position were determined, and
capital requirements worked out, Some day this deposit will undoubtedly

1%
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be commercially mined. There is a natural market for this raw material
that is large enough to make the operation economic in spite of the
high costs.

Unfortunately, most of the world’s largest producing deposits of
potash are located 200 to 1.000 miles from the sea and are serviced by
complex transport svstems. 'The transport of bulk products has received
increasing consideration during the last five vears. Companies entering
bulk markets, such as phosphate rock. potash, sulphur and others, will
find that much time and money have been expended on developing the
lowest possible distribution costs. The first step is to decide on the
cheapest form of transport to the port, where adeqnate loading facilities
must be available. Choosing a vessel of the right size is also important ;
larger vesscls offer lower freight rates, but there may be dif fieulties about
discharging bulk carriers in the ports of developing conntries.

Specialized bulk carriers are desirable, thongh over-specialization
may make it difficult to obtain retnrn cargoes. The delays in shipping,
however, have been eased by the increase in shipments of dry solids,
which rose from about 300 million tons in 1950 to over 700 million tons
in 1965,




Chapter 6

ECONOMIC ISSUES TO BE FACED
IN DEVELOPING A FERTILIZER INDUSTRY

As a general rule, four distinet and progressive stepe may be seen in
the development of a country’s fertilizer ind ustry :

Imports of food to stave off famine while fertilizers are being intro-
duced and demonstrated to create a inarket ;

Imports of finished fertilizers to meet growing demand until a
domestic industry is Justitied ;

Building of local production facilitics with the aid of inported
know-how ;

Self-sufticicnicy of production and operation. with imports limited
to raw materials not available locally.

The first stage at best is a short-run solution to supplying food ueeds.
Developed regions cannot be expected to produce and furnish in excess
of their own needs the quantities needed to meet very largc demands in
developing areas. In fact. if such a practice is continued it can lead to
even greater food problems.

The developed countries should not continue to supply all the finished
fertilizer products necded by the developing countries. This would
require the ontlay of large amounts of foreign exchange that the develop-
ing countries do not possess. The developing countries should be encour-
aged to use their own resources, both human and material, whenever
this can be economically justified.

The step-by -step development of the fertilizer industry will vary
from country to country. Each country mnst attempt, however, to
achieve the most officient nse of all its available resources,

The developed countries can help the developing countries by invest-
ing capital and turnishing technical know-how. The developed countries
have considerable experience in constructing, operating, managing and
maintaining fertilizer plants. They can also assist with the development
of efticient distribition and marketing systems.

43
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PHASING IN A DOMESTIC FERTILIZER INDUSTRY
Correct selection of imported fertilizers

Use of itnported fertilizers to ereate a warket is a necessary prelude
to establiching an indigenons iertilizer industry. Careful consideration
should be given to the kind of fertilizers imported with respeet to
cost. suitability and compatibility with future development plans.
When a fertilizer industry is being planned, imported waterials should
be similar to those that will later be produced. Irports of mixed
fertilizers or the use of imported straight fertilizers in a wixing plant
should be considered.

Use of indizenous raw materials

The usual raw materials required for a fertilizer industry are:

Natural gas or naphtha (from indigenous oil refineries), coal and
lignite ;

Phosphate rock;

Potash minerals;

Sulphur.

Many developing eonuntries have one of these raw materials; some
have two; very few have three; ana none, with the possible exception of
Peru. has all four, in contrast to the Soviet Union and the United States,
which have all four raw materials in abundance. Such information as is
available indicates that China (mainland) may also have the four required
materials but only in limited gnantities.

All countries naturally wish to make use of whatever indigenous raw
materiale they have. However. insistence on using indigenous raw materi-
als of unsuitable guality or excessive cost, such as low-grade, high-cost
phosphate rock that cannot be beneficiated at a reasonable price, is a
poor policy. Snch a policy leads to the excessive cost of phosphate ferti-
lizer, and this will discourage its use and retard agricultnral development.
The result may be more Jamaging to the country’s economy Uhan
importing fer tilizers or raw materials. Developing countiies should search
diligently for raw materials, but they should carefully evaluate the
economics of using them.
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Use of imported intermediates

When domestic raw materials are iuferior in quality or overpriced,
the importation of fertilizer intermediates such as ammonia, phosphoric
acid and elemental phosphorus should be eonsidered. Relevant factors
in this connexion are:

A drop in the price of liquid ammonia in many areas as a result
of the new low-cost ammonia technology;

Availability of liquid ammonia in shipload quantities from various
SOUTCes

Avaiiability of liquefied natural gas and liquetied petrolenm gas in
shipload quantities;

Availability of phospheric acid in shipload quantities:

Future availability of clemental phosphorns and superphosphoric
acid in shipload quantities;

New. improved processes for the preduction of nitrophosphate
fertilizers.

These possibilitics may prove attractive in some eases and should
be evaluated ecarefully. For example, Achorn and Walkup® found in 1966
that the developing countries could import urea-ammonia solution and
process it into complex fertilizer at a saving of from $0.92 to $5.31 per
ton of product compared with making the same grades of complex ferti-
lizer by using imported anhydrons ammonia and solid urea.

Similarly, if a country already has a nitrogen industry, imports of
phosphoric aeid to make ammonium phesphate fertilizers should be
considered. Another possibility is to import bulk triple superphosphate
(non-granular) for use in producing a mixed fertilizer by ammoniation-
granulation teehniques.

Imports of intermediate materials by the developing countries may
prove to be a major step towards establishing a domestic fertilizer
industry. Plants processing interniediate materials into finished products
do not require as large an investment as plants produeing the basic raw
materials. Savings may be realized through purchasing the intermediates
from countries with lower production costs than would be possible in a
country in which production is on a small scale. Savings in transpors
costs are possible by importing high-analysis intermcdiates rather than
finished products with relatively low plant nutrient content. Flexibility
and the ability to meet changing demand are, however, maintained.

3 For full reference see annex 3 under ‘*‘Other sources’".
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The experieuce of the developed countries has shown that it is best
to import only the necessary raw materials, provided that the demand is
snfficient to support an ceonomie seale of operation. Kxamples of eoun-
tries that have bnilt up a large phosphate mdnstry based mainly or
entircly on imported raw materials are Anstralia, Belginm. (hina ('Tai-
wan), the Federal Repnblie of Germany, Japan. the Netherlands, New
Zealand and the United Kingdom. Many other conntries nport. their
phosphate rock bhut nse indigenons supplics of sulphine or pyrites. Several
countries make extensive use of nitrophiosphate processes reqniring no
sulphur.

The examples mentioned above indicate that lack of indigenons raw
materials does not preclude the establishment of a flourishing phosphate
mdustry. In fact, some of the conntries export a substantial amount of
fertilizers containing phosphates.

Advantages of loitg-terim eontraets

Another aspeet of the importation of fertilizers, fertilizer raw
materials or intermediates by many developing countries is that pur-
chases are effected on a spot tender basis. Generally, such tender offers
coincide with the period during which the manufactnre of fertilizers is
most intensive for interual use in developed eountries, which themselves
also bid on these tenders. Consequently, many of the bids are nndnly
high because the supplhiers are not interested in taking on additional
business at the time of the tender ofter. Therefore., if developing countries
entered into long-term contraets for fertilizers and fertilizer raw materials
and intermediates, they might be able to get better terms and assure
themselves of steady supplies for a reasonable period in the future.

ECONOMIC USE OF PLANT

Plant size

Statistics given in chapter 3 showed that plant size and the cost of
natural gas have a decisive influence on the cost of manufacturing
ammonia. As a result of these economic factors, there is a tendency to
favour very large ammonia plants producing between 1,000 and 2,000
tons daily and which are built near gas fields or seaports. Ammonia (and
derivatives) made under these conditions can frequently be transported
in special ships and delivered to consumer points thousands of miles
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distant at prices competitive with. or lower than. mtrogen fertilizer made
ocally in a small or medinm sized plant using relatively high cost feed-
~tocks. Therefore every possibility of making nitrogen fertilizers st be
cuefnlly exammed on its werits. As previonsiy explamed i chapter 3,
the large-seale plants are so new that there is relatively little experience
in operating thenr. Farthermore. highly skilled personnel s required.

Full utuization of existing capacities

One of the most serious problems of developing countries is their
failure to operate fertilizer plants at a 'evel near their rated capacity.
The economie success of modern fertilizer plants nsnally depends on
sustained operation at or near capacity. Kach plant has a “break even”
operating rate. helow whieh the operation s nneconomie. The hreak -
even rate may vary considerably from one plant to another. hut 7o per
cent may he a typreal valne. Maodern plants should be capabls of an
outpnt of at least 90 per cent of rated capacity. even with allowanee for
maintenance work and oceastonal iajor repatrs [ fact 1t s not nnusual
to-achieve a susiamed outpnt ahove rated capacity. Many developing
conntries are operating thei fertilizer plants at onby 50 to 60 per cent of
vapacity. even when higher ontput s urgenthy needed and fertilizer s
mported to make up the deficit.

The reasons for this poor record mehide shortages of raw materials.
nadequate storage and transport. lack of operating or maintenance
skills, and difticulties in obtaming spare parts and other maintenance
supplies. Most of these difficultios could be overcome if e Government
of the eonntey concerned wonld assigiea hign prierity to acleving maxi-
nm production in existing facilitios, In many countries the supply of
fertihizer s so vital to the country's economy that top priority would he
tnlly justified. "I'iere is a vegrettable tenderey to attach more importance
toestablishing new plants than to making the hest nse of CNISting ones,

Training of operatmg and mamtenance personnel for a plant s a
difficult problem. Most construction firmms provide a start np serviee.
hut this is often inadeqgnate for thorough traming. simce these tirms lack
the personnel to train the plant operators sutficiently to ensarve sustained,
full-capacity operation. Good resnlts hayve been achieved by employing
4 supervision team from an experieneed operating firm for one or two vears,

Short-sighted pohicies of restricting imports of raw materisls. spare.
barts, or services of foreign technologists may be responsible for many
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of the poor records of performance. Complicated, time-consuming proce-
dures for obtaining approval for imports may be as damaging as outright
prohibition. Heavy taxes on imports may also be a handicap. These
questions have already heen discnssed in chapter 2.

Marketable hy-produets

Any marketable by-product. such as flnosilicic acid produced dnring
the manufacture of superphosphate or phosphoric acid. helps to lower
the cost of the main product. Another example is by-prodnet gypsum
from the wet-process mannfaeture of phosphorie acid. which can be
used in the mannfacture of wall plaster and huilding produets. In other
cases. gvpsinm is nsed as a fertilizer for groundnuts, It can also be used
as a raw material for a process combining the manufacture of snlphuric
acid and cement.

ORGANIZED PLANN ING AND REGIONAL CO-OPERATION

Planning for loeal fertilizer needs

Developing countries often establish a nitrogen fertilizer industry
first. followed by a phosphate fertilizer industry and finally, a mixed
fertilizer industry. This sequence has some disadvantages. since it is
likely to make installation of the total industry more expensive, and it
makes it more diffienlt to give the farmer the balanced fertilizer that
he needs. It would he hetter to begin by providing the farmer with the
grades of fertilizer he needs rather than setting up separate industries.
In conutries where farmers are well edneated and where there are many
well trained agricultuval advisers and ample facilities for soil analysis,
the farmer can make wise nse of straight fertilizers. Even so, farmers
often prefer multinutricnt fertilizers. In developing eountries farmers
are often illiterate. well trained advisers are few, and soil-analysis
laboratories may be lacking. In such cases it wonld seem best to provide
farmers with mixed fertilizers compounded on the basis of the best

information available for the crops and soil of the area and with due
regard to cost.

If farmers are supplied with straight nitrogen fertilizers, the results
may be good for a few years, but the phosphorus content of the soil is
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hikely soon to become depleted. The farmers will thent be disappointed in
the results of nsing fertilizer,

When nitrogen and  phosphate  fertilizer facilities are planned
separately. probleis may arise that could be avoided by an integrated
approach. For instance, if urea is chosen for nitrogen fertilizer and super-
phosphate for phosphate fertilizer. an at tempt to mix the two materials
will result in a wet, sticky, unusable mixture, Also, money may be wasted
tm granulating two materials in sepurate plants when the two eould he
combined and gramilated in a single plant.

I'xamples of inadequate projeet planning

The planning of a fertilizer industry is a complicated problem that
each eountry must solve for itself. A matter of primary importance is the
cost of the finished fertilizers delivered to the farmer. The actual manu-
factueing costs often wre no more than half of the final cost. Handling,
hagging, transport, storage and  distrihution eosts make up a large
percentage of the final cost. For these reasons. a thorongh economie
evahration nsnally favours high-analysis produets, althongh there are
exceptions. When the nature of the crops and soily is such that snlphur
i~ needed in fertilizer, some compromise must be reached bet ween
~tfphur content and the concentration of the primary nntrients.

New fertilizer projects require expertise of a high order from the
vonception of a project to the start-up phases. Many projeets have been
located near the sourees of raw materials but the markets have proved to
he too far away for the ready disposal of the produects. Other projects
have been located in arcas where all eonditions were desirable exeept for
1 cood sonree of process water, Sonetimes Governments of developing
countries have wanted a project in a speaal area in order to initiate
mdustrialization in that area with 1o regard to the availability of markets,
utilities or manpower,

The success of a projert depends npon mutnal agreement between
the Government of the ceveloping country and the planning group
responsible for the project. Experts eoming from des eloping countries
themselves would probably be valuable in ensuring this.

Many developing countries do not realize that they pay too hiigh a
price for projects if they insist on overly rigid turn-key contracts. The
more rigid the turn-key contract, the higher the contingency fee that a
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contractor includes in his bid to ensure that he will be able to gnarantee
performance.

The net result is to limit the amount of fertilizer available to the
farmer and to increase the cost of the fertilizer that is prodnced. A country
with a good record i making full use of the facilities it has will mspire
confidence in ivestors when wew plants are needed. Conversely, where
previously financial aid or investment has been poorly utilized, there is
little reason to suppose that more capital will be forthcoming.

Linkage with other indnstrial seetors

Inter- and intra-industry linkage offers developing countries advan-
tages over the unassociated industrial operations of many older econ-
omies. When *he indnstrial fiamework of a developing eountry is
heing planued. opportinities for such linkage niay arise. This is particu-
larly true for the fertilizer and certain other heavy chemical industries.
For example. docks. roads, plant sites, housing can m many cases be
shared and perhaps construeted simultaneonsly, with substantial savings
i capital and operating costs.

Sometimes one produet is needed by several industries. as. for exam-
ple. sulphnric acid for fertilizers, steel piekling and chemical manu-
facture; or oxvgen for steelmaking. for gasilication of feedstocks to
make ammonia syuthesis gas and for production of chemieals. Qil
refining may yield gases and liquid hvdrocarbons, like naphtha. used for
ammonia prodnetion, while antmoninm nitrate made from the ammonia
can find use as a fertilizer and as an industrial explosive. Opportunities
also exist for sharing ntilitics. water treatment. waste gas and effluent
disposal,

Possibilities of regional eo-operation

Not all eountries should aim at cstablishing a full-fledged fertilizer
industry. Many countries are too small or lack the agricultural potential
to furnish a market for a fertilizer plant of an economie size. In such casex
regional planning can be helpful. For instance, a country with low cost
natural gas could produce ammonia for itself and other countries of the
region. Another country may have phosphate rock. a third may have
sulphur or low-cost eleetric power, and a fourth may have potash.
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Careful planning is needea to determine where production facilities
should be located and what products or raw materials should be shipped.

Sunple cconomies dietate that if Conntry A has phosphate rock and
Comtry B har cheap natnrad gas, it will be mutially advantageons 1o
fave Conntry A manafactine phosphate fortilizers for itsolf and for
Country Beowhile Conntey B omanufactores ammonia and or nitrogen
tertilizers for itself and Comntry A With the wider market. tach conntry
s build plants that take advantage of cconomies of s ‘e, if eacl,
comntry ansisted oo having both a nittogen and « phosphate plant the
vesult might be the failure of both projects in hoth conntries.

The advantages of regional plaiming and co-operation are not con-
ied to small conntries. Adjacent portions of targe eountries may benefit
tlzo. For mstance, the northwestern part of the United States and the
~onthwestern part of Canada constitute a region in which phosphate
rock. potash and finished fertitizers move treely across the border, with
substantial advantages to both countries.




Chapter 7

VINANCING OF FERTILIZER PROJECTS
IN DEVELOPING COUNTRIES

The finaucing of large-scale projects in developing countries is always
a difficult problem. Y=t. a viable fertilizer project will as a rule be able
to attract the necessary capital from private or goverument sources of
financing.

PRIVATE ¥INANCING

Unfortunately. savings are limited in most developing countries,
and local individuals or companies ean rarely be counted on to be a
significaut source of investiment capital. For example. in developed coun-
tuies the consumers of feriilizers are a potential source of private capital,
but this ix not the case in most developing countries becanse farmers and
even co-operatives simply do not have sufficient savings. Local producers
of eqi.ipment. if indeed there are anv. do not have the means to assist
the financing of equipment purchases even over short periods. Outside
finaneing is. thercfore. needed for fertilizer projeets in most developing
countries. The prineipal sources of forcign exchange capital in the past
have been (‘zechoslovakia. the Federal Republie of Germany, Frauce,
Italy, Japau, the United Kingdom. the Union of Soviet Socialist Repub-
lics and the United States.

The most prolitic source of foreign exchange eqnity capital in the
years ahead will niost likely be foreign private firms. A significant recent
development has been the broadening of the extended risk guarantee
prograinmie of the United States Agency for International Development
(AID) so as to permit United States peusion funds, life insurance com-
panies and other types of institutional investors to participate in projects
abroad ; previously this was not possible.

The public sale of shares or stock is another potential source of
private capital for financing new 1. rtilizer plants. dowever, most develop-
ing countries do uot have efficiently functioning stock markets, and

52
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public stock issues may therefore frequently be a difficult way to raise
additional capital.

Private development corporations, of which there are a large number,
are another potential sonree of finaneing. Many development corperations
have been organized in recent years with funds from government sources,
usually from developed conntries. Although some of these development
corporations charge high rates of interest. they do offer a source of
capital as well as a source of project analysis, which can be helpful in
raising additional capital.

Suppliers of equipinent represent another important private source
of capital, and credits from suppliers can be very important in the
financing of new fertilizer plants. However. virtnally all such credits
are related to government programmes: fow suppliers are prepared to
rrange private financing without some government guarantee. In many
cases, after a supplier in a developed comtry has obtained a firm financial
commitinent from a private bank in his country to permit him to extend
credit for a project in a particular developing country, the Government
of the developed country has withheld its guarantee and the transaction
has fallen through.

The lack of private capital as an investment source for new fertilizer
plants in developing countries is not surprising, since fertilizer projects
must compete with many other industrial projects for investment funds.
The relative risks of these competing projects are weighed by hivestors
as are also the repayment terms and protits. Private capital may find
that profits are frequently lower from such projects than in developed
countries.

Developing countries wanting to create or expand fertilizer industries
may be weli advised to make their policy on foreign private investment,
as attractive as local conditions and their particular economic, social and
political philosophies permit.

GOVERNMENT FINANCING

As a rule local government sources of capital are available for the
construction of fertilizer plants, particularly as far as local currelcy
components are concerned. The foreign exchange component will in most
instances be much more difficult for a developing country to supply from
its own resources. Yet some Governments in developing cour:tries have put
up the entire foreign exchange and local currency components for the
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building of fertilizer plants, a clear indication of the high priority given
to these projects. Fertilizer projects are often financed and owned jointly
by Government and private industry

Loans by foreign Governments are another important source of
capital for the fertilizer industry in developing countries. Most of these
loans are won-convertible, however. and this ix a isadvantage because
of the length of time it may take to get certain cquipment from a parti-
cular conntry or hecaunse such equipment mey cost more in one country
than in another. Sometimes too, the lender will not permit the design
to be prepared and the engineering to be done in the developing country
even though it has adequate design and engineering facilitios.

Another source of government capital is inter-governmental financing
such as is made available by the World Bank Group, whieh includes the
International Bank for Reconstruction and Development (IBRD), or
World Bank, and its affiliates, the International Finance Corporation
(IFC) and the International Development Association (IDA). There are
also regional development banks. Perhaps the most eneouraging sign
for potential manufacturers of fertilizers has been the great interest in
the fertilizer industry shown by IBRD in recent years. IBRD is now
actively considering a wide range of fertilizer projects. IBRD loans may
be granted to a Government, to an antonomous government agency, or
to private corporations. However, its loans cover only the foreign
exchange needs of a project.

Lastly, an important source of funds for project loans is the United
States Ageney for International Development (AID). However, AID will
not compete with private capital. In turning to AID, the investor must
convince AID that he has tried without success all other sources, such
as IBRD and the Export-Import, Bank or, if the investment is to be
made in Latin America, the Inter-American Development Bank. Before
AID will assist it must be satisfied that moncy cannot be raised from
other sources. The terms of assistance from AID are generous but are
generally geared to conditions in the recipient countries so as to avoid
upsetting the domestic money market.




Chapter 8

THE INTERNATIONAL SYMPOSIUM
ON INDUSTRIAL DEVELOPMENT:
ISSUES, DISCUSSION AND RECOMMENDATIONS

The issues, the discussion and the recommendations approved by the
Symposium are presented in this chapter.

THE 1SSUES?

Acceleration of the economic growth of many developing countries is
being retarded because of the failure of food production to keep pace with
the increased growth of population. Five important agricultural inputs are
necessary to increase agricultural productivity : fertilizer, improved seed
varieties, water, pesticides and farm machinery. Of these, fertilizer is
probably the most vital input. Some countries, such as the United States
and Japan, have estimated that approximately one half of the increasc
in agricultural yields they have attained can be attributed to greater use
of fertilizers. Experience in many developing countries, as well as field
trials conducted by the Food and Agrieulture Organization (FAO) under
the Freedom-from-Hunger Campaign has shown that an application of
one ton of fertilizer can increase the yield of food grains by five to ten tons.

The fertilizer industry provides the nucleus in many developing
countries for a broad-based cliemical industry. To illustrate, the production
of acids such as sulphuric, nitric and phosphoric acid, is an integral part
of the fertilizer industry. These acids are used by and are the starting
materials for diversified chemical production. Synthetic ammonia, one
of the largest single chemicals in the world from which almost all of the
nitrogen fertilizers are made, is the backbone of a large variety of chemical
products. Chemical fertilizers derived from ammonia, such as urea,
ammonium sulphate, ammonium nitrate and ammonium phosphate, in
addition to being used as fertilizers, are used in many industries, e.g.,
plastics, explosives, food industries and pesticides. They have linkages
also to steel, heavy chemicals and petrochemical industries.

* From Issues for Discussion : Fertilizers, Pesticides and Insecticides Industry,

1967, ID/Conf. 1/A. 8 (mimeo.).
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The issuer presented to the Inicrnational Symposium had previously
been raised and discussed by four regional symposia on industrial develop-
ment. held in 19656 and 1966:

Symposinm on Industrial Development i Africa (1CA) tamo, 1966,
(IDCONF. 'RR. 1 — E/CN. 14,347)

Asian Conferenee on Industrialization  (ECAFE), Manila, 1965
(ID/CONF. I'R.R. 2 KON THTT9):

Symposinm on Industrial Development i Latin Amerie.. Santiago.
1966 (1D/CONF /R R.3 -~ K/CN12/755/Rev. 1)

Symposium on Industrial Development in the Arab States, Kuwait,
1966. (1D;CONF. I/RR. 4 — E/C. 5/135/Add. 4).

Disparities in production and consumption levels: world fertilizer programme

Total world produetion of fertilizers (N + P,04 4+ K,0) in 1965/1966 is
estimated at about 48.1 million tons. tf this, the developing countries
[Asia (inclnding Africa and mainland China) and South America] produced
only 5.67 million tons. This means that the developing countries produced
only 11.8 per eent of world production. If mainland China, North Korea
and North Viet-Nam are cxeluded, the production of N+ P,0,+ K,0 in
developing regions was 3.72 million tons, while eonsumption totalled
4.43 million tons. In 1966/1967. consumption in these arcas is expected
to amount to 6.15 million tons. By 1970/1971. it ix estimated that they
will need an additional five million tous of N 4+ P,0, 4 K,t) to inercase
agricultural production by 10 per cent

Current trends indicate that fertilizer produetion will run ahead of
consumption in advanced conntries, while it will lag considerably behind
consumption in developing countrics. The latter countries experience
serious foreign exclhange diffieultics in covering their deficits by imports.
Foreign exehange shortages also hamper their attempts to build plants
for domestic production, even when other tactors favour such a course of
action.

To increase their fertilizer production capacity, the developing coun-
tries could revise their fiscal policies affecting the fertilizer industry. Inter-
national financial organizations could also revise their policies and treat
fertilizer projects as “‘infrastructure” investment and extend capital to
build fertilizer plants on a “‘soft-credit” basis. Since irrigation projects
and dams are treated in this category, it can be argued that the full effect
of such projects 1s not attained without matching the input of fertilizer
to the soil. In this connexion, a suggestion is made for the establishment
of a “world fertilizer development programme”’, taking into account the
full needs of the developing countries and setting national and regional
targets.
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Economies of scale and new technologies

New technology in ammonia prodiction is reducing capital and pro-
duction costs. There is a tendency for large single-stream plants to be
located close to cheap natural gas and to transport ammonia to their
markets. Siniilarly. in phosphate production. the tendency is to produce
phosphoric acid or highly concentrated phosphate (I,0) and ship it out.
[n the case of patash produetion. it hasto be i loeations where potash exists.

It is adrisable, therefore. that stadies be condneted to aseertain the
operating expericnee of the “new breed” ammonia plants based on the
new technology. for transfer to developing conntries. Countries possessing
natural gas and oil resonrees may give a high priority to the utilization
of their natural and financial resources for the manufactine of nitrogen
fertilizers.

Countries which have a deficit in fertilizers and do not possess natural
gas may consider investing in fertilizer production facilities in arcas rich
in natural gas. They may thus give serious consideration to regional co-
operation. Attention may also be drawn to the possibilities of importing
liquid ammonia or phosphoric acid for conversion to solids as alternatives
to producing ammonia at high cost or to importing phosphate rock and
sulphur.

Sulphur shortage

An associated problem is the world-wide shortage and the correspond-
ingly high price of sulphur. Phosphate (P,04) production using sulphuric
acid is being carried out in many developing areas. Consideration should
also be given to:

(a) Production of sulphuric acid from raw materials other than
sulphur;

(b) The use of ammonia and other liquid fertilizers dircetly on the soil;

(¢) Reducing or avoiding the use of :ulphur in fertilizer production;

(d) The recovery of sulphur from ‘“‘sour’’ gases.

Alternative sourccs of sulphur and potash could also be developed with
pilot installations.

Pesticides and insecticides

At present, the developing countries have to import more than 80 per
oent of their requirements of insecticides and pesticides from developed
countries, but there is a need for the developing countries to establish
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facilities for their manufacture. Some of the required concentrations in
terms of active ingredients in insecticides and pesticides arc quite low
so that imports of ready-to-use materials involve heavy freight on inert
produets that conld be found locally or brought in from a nearby source
and blended at a formulation plant. Establishment of such formulation
plants may be the first step towards eomplete manufactire by developing
coantrics of their inseetiei le and pesticide requirements. The manmifacture
of the active ingredients themselves may be a praetical proposition in

certain developing countries,

THE DISCUSSION

In view of the serious food situation in many developing countries,
the view expressed by the Symposium was that the development of the
fertilizer. pesticides and insecticides industries had become urgent and
vital.

There was general agreement that in intensive agriculture, although
many inpuis were necessary. such as tertilizers, pesticides, better seeds.
water and farm machinery. the most noteworthy results were to be
achieved through the use of fertilizers. The importance of fiscal policies,
infrastructure (transportation and storage capacity), professional train-
ing, cdueation of farmers and other prerequisites for the development of
the fertilizer and pesticides industries was recognized. Generally speak-
ing, it was concluded that the nse and production of fertilizers must be
considered as essential factors in a comprehensive agricultural promo-
tion plan.

It was also pointed out that the installation and operation of a
fertilizer plant was perhaps the easiest part of the whole network.
Marketing. efticient distribution, the organization of farmers’ credit and
the education of the farmer for the rational use of fertilizers, presented
more complicated problems. In that context, the need was stressed for
thorough agro-cconomie feasibility studies to be made in advance before
planning and implementing any project.

It was felt that throughout the world there was a serious imbalance
in regard to the production. availability and consumption of fertilizers
as between the developing and the industrialized countries, and that the
correction of this imbalance was perhaps the most urgent task for the
developing countries to undertake in solving their food problem.

In view of the shortage of foreign exchange in the developing
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conntries and their real need for fertilizers over the medium term. the
Symposium ¢ nsidered that inports alone were not enough to eorrect the
imbalance and that the countries in question must set up and develop
fertilizer indnstries on their own solo with the backing of the developed
comntries ad with help from mternational organizations

Stress was laid on the need for regnb. adeguate data on the present
and future consumption. production aud capacity of fertilizer plants and
the desirability for mformation to he made available on the ineasnres
taken to adjust production to regnirements.

The neeessity for effective co operation and co-ordination between
the varions agencies of the Umted Nations family, especially hetween
UNIDO and FAO. i studying the fertilizer sector and helping developing
countries to promote the nse of fertihizers and to implement fertilizer
projects was brought out during the discussions.

The Svmposium also considered it necessary. in so far ax it has not
already been done. to determine for any given conntry or region the nost
suitable tvpes of fertilizer. bearing i nnnd soil conditions and crops
now grown or to be grown. The role of FAO i this area was well known;
UNIDO should handle questions relating to the prodnetion of fertilizers
in close ¢o-operation with the United Nations regional ceonomie
COMMISSIONS.

The World Food Program i its tmn might provide {ood for the
workers during the construetion and erection of fertihzer plants.

It was noted that UNDIP, with the co operation of UNIDO, wag at
present eonsidering many pilot projeets m the fertilizer and pesticides
sphere. Prelimimary studies carried out by UNDDP and UNIDO on the
problem of the gradual backward mtegration in the fertilizer mdustry
have shown that in an African conmntry not possessing the raw materials
required, an N P K plant could nevertheless be built at a reasonable
cost. Many delegates stressed the importance of demonstration and pilot
projects to he set up m certain arear of developing countries.

Regarding teechnologies. the Symposium was mformed that one
country which had started with plants for the electrolysis of water and
for coal gasifieation was now basing its output maimnly on gas and petro-
lenm prodnets, nsing the reforming process. Approximately 80 per cent
of its production of 1.2 million tons of nitrogen was produeed in this wayv.

With regard to end products, while many countries hegan by prodne-
ing ammonium sulphate and superphosphate, the tendeney now was to
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preduce high-analysis products such as urea, triple superphosphate,
diammonium phosphate and high-grade naltinutrient fertilizers.

Oun the question of the substitution of raw materials and manufactur-
ing processes. the disenssion bronght ont the need for adopting processes
which reduice or avoid the use of sulphur. In view of the world shortage
of sulphur and its high prices. alternative raw materials for the production
of sulphuric acid, such as sulphnr-containing ores, gy psum and anhydrites,
should be thoroughly investigated Ly developing countries. The use of
ground rock phosphate directly in the soil and the use of caleined
phosphates should likewise be investigated to determine their effective-
ness. Processes using hydrochloric or nitrie acid or carbon dioxide for
the extraction of P,0;, instead of sulphuric acid secemed also to indicate
a solution.

Developing and developed countries must give high priority to the
development of new sulphur resources, and especially to the recovery of
sulphur from sour gases and petroleuin products. It was proposed that
a world study be made of short- and medium-term demand, supply
and prices of sulphur.

Grave concern was expressed about under-utilization of existing
productive capacities in developing countries. Tt was pointed out that
this was mainly due to non-availability of sulphur, spare parts, suitable
markets and skilled personnel, and it was recommended that studies
be undertaken to determine the causes of this under-utilization of exist-
ing capacity and suggestions made for remedial measures.

Stress was laid on the importance of regional and interregional
co-operation for the developnient of the fertilizer industry. Aia example
was cited in the KCAFE region, where there were countries with large
available resources of gas and oil but only small markets, while neigh-
bouring countries had large populations and market potentialities but
lacked cheap and abundant raw materials. Efforts were now being made
to bring these countries together so that the former could develop a
basic chemical and fertilizer industry and supply intermediate products
like ammonia and phosphorie acid to the latter for conversion into
fertilizers.

Attention was drawn to the importance of the manufacture and use
of liquid fertilizers. According to some, the use of high-analysis liquid
fertilizers and anhydrous ammonia vould enable farmers to obtain the
fertilizer elements at the lowest cost. At the same time, since the use of
liquid fertilizers implied storage and distribution arrangements and
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special facilities for their nse, it would be necessary to set up demonstra-
tion projects in that field in developing countries. Several areas of the
mnderdeveloped world scemed to he strategically suited tor snch pilot
nstallations.

The discussions bronght ont the importance of the mannfaet ure and
nse of pesticides to reduee food losses, and also of other anxilinry chemicals
empioyed in agriculture, such as growth-control agents, A demonstration
project in the production of DDT (dichloro-diphenyl-trichloro ethane)
and BHC" (benzene hexachloride) in a developing commtry was quoted as
an instance of the interest displayct in the problem by UNDP and
UNIDO. Reference was made to the irradiation of cercals as a means of
preventing insect damage. Although this method had heen approved and
put into practice by one industrial country, the first pilot plant set up in
a developing eountry had given rise to a number of problems to which
solutions were being sought. It was felt that this method of cereal corn-
servation had a promising future.

REcoMMEN DATIONS APPROVED®

(1) In order to establish national development programmes for the fert.-
lizer and pesticides industry, those responsible for these seetors at
the national and international levels must possess np-to-date informa-
tion about the world market and trends in the fertilizer industry.
Yor this purposc, it is desirable that UNIDO take action :

(@) To improve and extend the coilection, distribution and ntilization
of statistics concerning produetion and existing or planaed
produetive capacity ;

() To organize an efficicnt system for the exchange of information
between developing and devecloped conntries concerning their
respective needs and possibilities;

(¢) To provide opportunities for those concerned with the develop-
ment of these industries to meet at regional or world sectoral
symposia to compare their programmes for possibilities of
co-ordination.

(2) In order to guide further developments in the fertilizer industry,
UNIDO should endeavour to draw up a strategy on a world seale
for the production and nse of fertilizers based on the food and agri-

cultural requirements in accordance with the recommendations made
by FAO and WHO in this field.

$ From Report of the International Sympostum on Industrial Development,
Athens, 1967 (ID/11) (United Nations publication, Sales No.: 69.I1. B. 7).




3)

(4)

(6)
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In view of the magnitude of the capital investment requiired in the
fertilizer imdnstry and the consequient necd to make the hest possible
use of available eapital:

() Thorough and exhanstive techuo-ccononiie s undies shonld  be
carried out betore any funds are vested. UNTDOL npon request,

shonbd assist w. carevimg out these studies ws appropriate.,

(b) Every adyvantage must be taken of ccononnes of seale and all the
pertinent conclustons st be drawn, espeaally m so far as
regional co-operation s concerned. UNTDO e co-operation with
the relevant ceonomie conmmissions, shonld assist and proinote
activities m this held:

(¢} A ligh rate of ntihzation oi productive capacity s desirable.
A study shonld be made by UNITDO of the canses of the under-
ntihzation which is too often a feature of developing countries,
and of the means of correcting 1t

() A study shonld he made by UNIDO of the eanses of the wide
differences in total eapital costs of fertihizer projects bet ween
developed and developing conntries:

(¢) The World Bank and other appropriate mternational mstitutions
should consider the possibility of treatmg the tertihizer industry.
from the evedit standpoint . as mfrastrueture on a par with projects
snch as nrigation and transportation UNTDO shonld take follow -
up action tor the implementation of this recommendation with
the World Bank

Regional, and indeed imterregional . co-operation s even more neces-
sary in the fertilizer industry than elsew hereand shonkd be enconraged
by all means. H s partienlarly  feasible hetween  countries
producing intermediate products (anmmonia. phosphoric acid. ete)
cheaply and countries which consimie large quantitier of fo rtilizers

The role of mincral raw materials is deeisive It is therefore Neeessary

(@) To continue and extend geological surveys of sulphurons material,
phosphate rock and potash deposits

(b) To follow closely mevements o the suiphur market 2.4 nake a
careful study of the short- and medium-term trends af that
market ;

(¢) To study the ceonomic possibilities of any techniques caleulated
to reduce the eonsumption of sulphnr,

UNIDO should undertake, assist or pronmote these aetivitios

Fqually important is the training of farm and factory workers and
the task of accustoming them to the new products and methods.
It is therefore desirable:
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(@) To continne and expand training programmes:

() To install pilot plants and equipment, particularly for the
production and application of hquid fertilizers, pesticides and
formulation plants for pesticides and growth-control AYCnty,

UNIDO. UNDP and other appropriate bodies shonld assist and pro-
mote such activities

it s recogmized that there may be many obstacles to {he exteinsion
of the fertilizer and pesticides mduxtry i developing countries snch
as customs and tiscal pohicies lack of qualificd staff. insufficient
markets and inadequate infrastrnctures UN{DO shonld eo-operate
with UNCTAD. GATT and other appropriate organizations for
svstematie stndies of these obstacles

In o far as the above mentioned actis it jos studies and measures fafl
within the responsibility of international organizations

(@) Tt is essential thai these bodies should work in elose co-operation

and co-ordinate their activities in accordance with their respective
technical and regional spheres of competence. Sinee fertilizers
are of miportanee to both agriculture and industrey it is partien-
Lrely important that UNTDO s activities in regard to this indnstry
and the mdustrial prodnetion of fertilizers should be condneted
Al co-operation with FAO. UNDP and other appropriate
mternational bodies:

I o dess essential that full, effective and svatematie nse should
be made of all projects and studies carried out at present or in
the recent past so that the appropriate conelusions niay be drawn
and dnplicaiion avoided. UNIDO should consider this guestion
and issue an annial “Iigest” of all the papers issued, work
carried out and developments in the fertilizer sector by all
United Nations agencies and other international organizations.




Chapter 9

UNITED NATIONS AND OTHER ACTION
TO PROMOTE THE FERTILIZER INDUSTRY
IN DEVELOPING COUNTRIES

Through various forms of international co-operation a great deal of
work has been done to promote the fertilizer indnstry in developing
countries. This chapter on United Nations action to promote chemical
fertilizers gives some examples of specific activiiies concerned with the
establishment of new industries in developing countries, and also with
problems of rationalization and extension of existing industries. A few
examples of bilateral assistance from developed to developing countries
are also given.

UNITED NATIONS ACTION

The work involves the continuing review of approved and newly
developed technological processes and their economic application in
specific industrial branches and provision of support to technical assist-
ance activities in developing countries. To this end, seminars, expert
group meetings and study groups are organized to disseminate techno-
logical information on industries of particular iraportance to the develop-
ing countries, manuals and reports are prepared on industrial technology
and processes as well as industrial branch reports for the use of developing
countries.

The programme of UNIDO for the development of the fertilizer
industry is financed under various United Nations operational pro-
grammes in which UNIDO participates. These are: the Regular Pro-
gramme of technical assistance devoted to industry and financed from
the United Nations budget (RP); the Special Fund component of the
United Nations Development Programme (UNDP/SF); and the Technical
Assistance component of the United Nations Development Programme
(UNDP/TA). UNIDO receives, in addition, voluntary contributions from
Governments for the financing of the Special Industrial Services pro-
gramme (SIS), a programme limited largely to urgent short-term missions.

64




UN AND OTHER ACTYON TO PROMOTE FERTILIZER INDUSTRY 65

Some projects may also be financed from funds in trust, deposited by
Governments for specific projects, or other direct voluntary contributions.
In all these programmes assistance is given only at the request of the
Government concerned.

In addition to helping solve technical and managerial problems
of existing industrial enterprises and advising on the establishment of
new industries, UNIDO missions have been sent to:

Bolivia, for a fertilizer project study;

The Democratic Republic of the Congo, on a fact-finding :mission
to investigate into the possible UNIDO assistance in fertilizers ;
Indonesia, to advise the (lovernment on existir g fertilizer projects;
Iran, to assist with chlorine-based and phosphorus-based pesticides ;
Jordan, to prepare a fertilizer industry feasibility study;
Madagascar, to investigate the market for nitrogen fertilizers
(particularly urea);

Rwanda, to initiate a project for the extraction of methane dis-
solved in the waters of Lake Kivu for fertilizer production;

Syria, to analyse tenders for a fertilizer project;

Togo, to discuss with the Government, the proposed demonstration
plant for the production of phosphatic fertilizers.

Exploratory field missions have also been carried out in Peru and
Yugoslavia. Assistance has been given to many countries in production
and in improvement and maintenance techniques in petrochemical and
fertilizer industries.

UNIDO has served as executing agency for UNDP in implementing
the following Special Fund projects:

The first phase of the Special Fund project in Algeria, dealing with
industrial and marketing surveys on petroleum derivatives and
natural gas was completed in February 1968,

A second phase of the Special Fund project, ‘“Centre {or Industrial
and Technological Studies” in Algeria, has been initiated to provide
further assistance to the Government in its efforts towards the most
efficient utilization of the natural hydrocarbon resources.

A Special Fund project is in operation in Pakistan, on pre-invest-
ment studies for the promotion of fertilizers and petrochemical
industries.

A Special Fund project has been initiated in Rwanda for a pilot
plant for pyrethrum processing and for stimulation of industriali-
zation.
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Work is under way to implement a demonstration pesticides plant
project in the United Arab Republic for the production of DDT,
liquid bromine etc.

UNDP has recently sanctioned a project in Togo for the production
of single superphosphate.

Supporting activities

To facilitate operational activities, a variety of supporting activities
are undertaken, directed mainly towards the transfer and adaptation
of modern production technology for use in developing countries. Such
transfers and adaptations are carried out by the organization of seminars.
symposia and expert group meetings, surveys and studies and the publica-
tion of documents.

Meetings

During 1968, expert group meetings were held in Vienna on various
topics connected with the fertilizer industry. One such meeting brought
experts together from fertilizer deficit countries and consultants from
fertilizer-surplus countries, during which the following topics were dis-
cussed: availability of capital for purchase of plant and know-how:
supply problems of raw materials; inadequacies; internal policies; cost
of production and pricing policies; inadequate project planning and
execution; and lack of effective regional co-operation. A list of meetings
on the fertilizer industry is presented in annex 2.

Surveys and studies

Surveys and studies are undertaken by UNIDO to bring to the
attention of developing countries new technologies and processes and
also to identify the problems facing the industry in developing coun-
tries and to suggest solutions. The surveys and studies undertaken so far
include: a compilation or directory of fertilizer production facilities; a
critical study of various nitrophosphate processes; and a study of the
utilization of by-product gypsum for the production of sulphuric acid.

Publications

The most useful surveys and studies are published. A list of UNIDO
publications on the fertilizer industry is attached as annex 3.
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BILATERAL ASSISTANCE

The following are some examples of bilateral assistance from the
developed to the developing countries:

Austria

In co-operation with commercial firms, the Austrian Government
has organized a large-scale insects and weeds destruction action in Tunisia
in the years 1966—1968. The goal of this development programme is not
only to increase agricultural production per hectare in Tunisia, but also
to train experts to carry out agricultural flights, as this is an important
development in the fight against weeds, insects etc.

Czechoslovakia

Technical assistance is provided by experts in the manufacture of
nitrogenous fertilizers, phosphatic fertilizers and mixed fertilizers.
Assistance is given in the preparation of feasibility studies, investment
studies, projects, studies dealing with optimal capacity units etc.,
especially relating to the production of ammonia, nitric acid, urea and
mixed fertilizers.

France

French technical and economic assistance relating to fertilizers has
been directed to French-speaking African countries including Madagascar.
It included promotion of use of fertilizers, agricultural extension work
and supply of credit for agricultural development. It has been estimated
that ahout 25 per cent of the activities of the specialized institutes was
concentrated on solving the problems relating to the use of mineral
fertilizers. The technical assistance, both direct and indirect, included
employment of more than 300 experts in the countries concerned. The
French Government and French private capital have financed market and
feasibility stulies leading to the establishing of two local fertilizer
industries, one in the Ivory Coast and one in Senegal.

The Netherlands

In 1966, the Government of the Netherlands financed a feasibility
study on the industrialization possibilities in the fertilizer sector in
Indonesia. In 1968, an expert was placed at the disposal of the Indonesian
Government for 18 months.
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Sweden

Within the Swedish programme for assistance to developing countries
bilateral or multilateral support has been given for increasing the agri-
cultural production and the nutrition value of food products. During the
next years it is proposed to extend assistance, which has hitherto been
limited to shipments of fertilizers.

United Kingdom

The United Kingdom has sent a technical expert in mechanical
composting to India and other experts to Jordan, Pakistan and Venezuela
to conduct feasibility studies on various aspects of the fertilizer industry.
It has also made grants or loans relating to the purchase of fertilizers or
manufacturing ¢quipment to Ceylon, India, Lesotho, Malawi, Pakistan
and the Windward Islands.

United States

At the end of the fertilizer year 1967, there were 1,385 US technicians
working in the food and agriculture field around the world. Probably no
more than ‘welve to fifteen of these were devoting full time to fertilizers,
although many of the technicians spent a cousiderable part of their tiine
on them. To provide technical experts for fertilizers, the Agency for
International Development maintains a general agreement with the
National Fertilizer Development Center of the Tennessee Valley Authority
(TVA) to second staff members for various duties. Work conducted under
this agreement includes inter alia training, special studies, provision of
technical teams, and maintenance of a working technical library. A
contract with North Carolina State University provides assistance to
Latin America for soil testing which is closely associated with the use of
fertilizers. During 1968 AID approved a number of projects both for
loans and for private investment guarantees.




Annex 1

UNIDO ASSISTANCE TO THE FERTILIZER INDUSTRY

A. AREAS RELATING TO THE DEVELOPMENT OF THE FERTILIZER INDUSTRIES
| IN wHICH UNIDO 18 1N A pPosITION TO PROVIDE TECHNICAL ASSISTANCE

Over-all planning for the fertilizer and pesticides industries;

Feasibility and pre-investment studies:

Preparation of tender documents, enalysis of bids and drawing up
of contracts, supervision of constriiction, erection, start-up and
operation of plant;

Establishment of pilot and denionstration plants;

Assistance to existing plants

Projection and cvalnation of projects;

Location studies:

Choice of suitable raw materials;

Improvement of production technology and evaluation of alternative
technical processes:

Reduction of the use of sulphur in fertilizer production ;

Procurement of know-how and techniques;

Taking steps to transfer technologies from developed to developing
countries

Training in operation, maintenance and management

Marketing and distribution :

Evolution of policies for regional and interregional co-operation ;

Updating of statistics regarding tertilizer production capacities;

Procurement of financial assistance.

B. SkLECTED MAJOR TECHNICAL ASSISTANCE PROJECTS

The projects listed below relate to the activities of the United Nations
Industrial Development Organization sinoe its establishment in 1967. The list
excludes projects carried out under the predecessor organizations of UNIDO
(the former Division of Industrial Development up to 1062 and the Centre for
Industrial Development up to 1967). Since the projects are listed for illustrative
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purposes, the names of countries have been omitted. The respective pro-
grammes under which the projects are implemented are shown as-:

SIS Special Industrial Services of UNIDO

UNDP/TA  United Nations Developmient Programme,
Teehnical Assistance Component

UNDP/SF  United Nations DPevelopment Programme,
Special Fund Component

RP Regular Programme

(1) Projects implemented or under implementation by UNIDO in areas related
to the development of fertilizer industries

AFRICA

Urea and ammonium sulphate complex (SIS)

Exploratory mission for proposed ammonia and urea project (SIS)

Economics of snlphurie acid production from gypsum (SI8)

Study on bromine recovery and utilization (SIS)

Industrial and marketing surveys on petroleum derivatives and
natnral gas (phase 1), Centre for Industrial and  Technological
Studies (phase 2) (UNDP/SK)

Pilot plant for industrialization and pyrethrom production
(UNDP/SF)

Demonstration plant for the production of phosphatic fertilizers and
the complementary activities in fertilizer use and promotion
(UNDP/SF)

Fertilizer prodnetion and marketing (RP)

Production of organic fertilizens (SIN)

Nitrogen fertilizers production and export possibilities (SIS)

Use of methane gax (SIS)

Ammonia and wrea fertilizer plant specifications (SIS)

Fertilizer industry; investment and market arrangement (SIS)

Urea and ammonium silphate project preparation (SIS)

Study on chlorine utilization for DDT manufacture (SIS)

Demonstration pesticides production plant based on chlorine and
bromine resources (UN DP/SF)

THE AMERICAS

Formulation of pro jects for the produetion of nitrogen,
phosphate and potash fertilizers (UNDP/TA)
Organic materials and compost fermentation for fertilizgers
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ANIA AND THE FAR EANT

Fellowships in fertilizer industry (UNDP/TA)

Pre-investment studics for the promotion of the
fertilizer and petroelicniieal mdustries (UNDP/SF)

Problems of superphosphate plant operation (S18)

ELROPE AN THE MIDDLE EANT

Centre for Indnstrial Development (UNDP/SF)

Exploratory mission for assistance to fortilizer projects under
construction and proposed urea and triple
superphosphate projects (SI8)

Fellowships in fertilizer industry (U'N DP/TA)

Natural gas development (R1?)

Possibilities of further assistance to the
fertilizer indnstry (SIS)

Evaluation of tenders for a triple phosphate project (SIS)

Nitrogen fertilizer project (S1S)

Study of fertilizer requirements and nrea production (SIS)

(2)  Projects in preparation or under diseussion with (fovernments in areas related
to the development of fertilizo v industries

AFRI€ A

Exploitation of methanc gas (UNDDP/SF)
Demonstration plant for the produetion of

phosphate fertilizers (UNDP/SF)
Industrial and marketing survevs for fertilizers (UNDP/SF)
Study on the production of feed phosphates and

urea-based cattle feed (UNDP/TA)
Proteinous food based on petrolenm feed stocks (UNDP/TA)
vevelopment of the fertilizer industry (UNDP/TA)
Fertilizers, pesticides and petrochemicals industries (UN DP/TA)
In-plant training group in fertilizer indust ries (RP)

THE AMERICAS

Pilot project for the production, storage and

application of liquid fertilizers (UN DP/SF)
Study on feed phosphates and synthetic cattle feed (UNDP/TA)
Fertilizer, pesticides and petrochemicals industries (UN DP/TA)
In-plant training group in fertilizer industries (RP)
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ABIA AND THE FAR EAST

Pilot projects for the production and application of ammoniated
superphosphate and pesticiucs using excess chlorine (UNDP/SF)

Pilot plants for the recovery of suiphur from natural gas and
crude oil (UNDP/SF)

Assistance in the preparation of feasibility studies for
establishing a single superphosphate industry (UN DP/TA)

Petrochenical and fertilizer project (UNDP/TA)

Assistance to a urca fertilizer project (UNDP/TA)

Assistance in preventive and cirrent maintenance of existing
fertilizer plants (UNDP/TA)

Assistance in the establishment and operation of bulk blending
fertilizer plant using solids and liquids (UNDP/TA)

In-plant training group in fertilizer industries (RP)

EUROPE AND THE MIDDLE EAST

Assistance in the production of potash (UNDP/TA)

Studies on the recovery of sulphur from high sulphurous
crude oils (UNDDP/TA)

In-plant training group in fertilizer industries (RP)




Annex 2

SEMINARS, MEETINGS AND WORKING GROUPS
ORGANIZED BY UNIDO OR BY THE UNITED NATIONS
PRIOR TO THE INCEPTION OF UNIDO

. Meeting of Ad Hoc Expert Group
on Fertilizer Production

. First Interregional Seminar on the

Production of Fertilizers

. Mceting of the Ad Hoc Expert
Group from Fertilizer-Deficit
Countries

. Meetings for the Promotion and
Development of Fertilizer and
Pesticide Industries

Africa
Asia
Latin America

. Second Interregional Seminar on
the Production of Fertilizers

* Proposed.

Location

UN Headquarters,

New York
Kiev

Vienna

Rabat
Tehran

Rio de Janeiro

Kiev
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Date
December 1966

September 1965

May 1968

October 1969
October 1969
September 1970*

4th quarter 1971




Annex 3

SBELECTED LIST OF DOCUMENTS AND PUBLICATIONS ON
THE FERTILIZER INDUSTRY

UNITED NATIONS

CENTRE For INDUSTRIAL DEVELOPMENT (PREDECESSOR oF UNIDO)

Report of the Interregional Seminar on the Production of Fertilizers, Kiev, 1965,
1966, ST/TAD/SER. (/78 (Sales No. 66.11.B.7).

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

Fertslizer Manual 1967 ST/ICID/S (Nales No. 671 [.B.1).

Fertilizer Production. Technology and U se: Papers Presented at the United
Nations Interregional Seminar on the Production of Fertilizers, Kier. 1965,
1968, 1D/2 (Sales No 68 [[ B 1)

Report of the Ad Hoce Krpert Group on Fertilizer Production in Six Selected
Countries with Good Natural Gias Resources, New York. 1966. 19469, ID/5
(Sales No. 69.11.B.5)

Factors Inhibiting the 1 ndigenous Growth of the Fertilizer | ndusiry in Developing

Countries; Report of the Ad Hoc Group of Experts from Fertilizer Deficst Coun-
tries, Vienna, 1968, 1969, 1D/13 (Sales No. 69.11.B.21).

Sectoral Studies: Fertilizer Industry. 1967, ID/CONF. 1/38 (mimeo.).
Trends and Prospects of World Fertilizer Production Capacity as Related to

Future Needs, by D. L. McCune and E. A Harre, 1967, ID/CONF. 1/B.22
(mimeo. ).
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SELECTED LINT OF DOCUMENTS AND PUBLICATIONS 8

Fertilizer Industry Series:

Chemical Fertilizer Projects: Their Creation. Evaluation and Establishment,
by C.J. Pratt, HD/SER F/1 (Sales No. 68.H.B.17).

Guide to Budding an Ammonia Fertilizer ( ‘omplex. by J A Finneran and
P.J. Masur. 1D/SER F/2 (Sales No 69 11 B )]

The Reduction of Sulphur Needs o Fertili oo Manafacture. by € ). Pratt,
ID/SER. Fi3 (Sales No 69 11 13 26)

The Ammonium Chloride and Sodo Ash Pual Moy ufacturing Process in Japan,
by Shozabuio Seki. TD/SER F 4 (Sales No 69 11 B 26

New Process for the Production of Phosphatic Fertilizer Using Hydrochlorie
Acid, by Y. Araten and R Brosh. 1969, 1D/SER 25 (Sales No. 69.11.B.23).

EcoNoM1C COMMISSION FOR AFRICA

Investigation on Fertilizer and Chemical 1ndustries in Fast Africa, 15 July 1965,
E/CN. 14/INR/83 (mimeo.).

EcoNoumic COMMISSION FOR ASIA AND THE FaAR East

Report of the Conference on the Development of Fertilizer Industry in Asia
snd the Far East (Bombay, 1963), 1963, k/CN. 11/18. NR/51 (mimeo.)

Foop aND AGRICULTURE ORGANIZATION

Fertilizers: An Annual Review of World Production, Consumption and Trade,
vols. 1946 to 1967 (Sales publications).

OTHER BOURCES

Achorn, F. W.and H.G. Walkup, (‘ost Comparison of Ocean Shspment of
Anhydrous Ammonsa and Solid 1'req vs. Shipment of Urea- Ammonia Solution,
Tennessee Valley Authority, Muscle Shoals, Ala., 1966,

Douglas, J. R., Jr., 1’8 Fertilizer Industries: Opportunity in Fulfilling World
Fertilizer Needs, presented at the Annual Meeting of the National Fertilizer
Solutions Association, Miami Beach, Fla., 1966.
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Fisher, C. C.. Capital Sources for Fertilizer Plant Construction, presented at the
Annual Seminar of the Fertilizer Association of India, 19686,

McCune, D. L.. T F. Hignett and J. R. Douglas, Jr., Estimated World Ferti-
lizer Production Capacity as Related to Future Needs, Tennessee Valley Author-
ity, Muscle Shoals. Ala., 1966,
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UNIDO MONOGRAPHS ON INDUSTRIALIZATION OF DEVELOPING COUNTRIES;
PROBLEMS AND PROSPECTS

No. 1, Non-ferrous metals industry No. 11. Small-scalo Industry

No. 2, Construetion Industry

No. 8. Building materials industry
No. 4. Engineeriag lndustry

No. 6. Iron and steel industry

No. 6. Fertilizer industry

No. 7. Textile industry

No. 8. Chemlcs! industry

No. 9. Food-processing Industry
No. 10, Industrial rescarch

No. 12, Standardisation

Ko. 18. Industrial information

No. 14. Manpower for industry

No. 15, Administrative machinery

No. 18. Domestie and external financing

No. 17, Industrial planning

No. 18. Reglonal co-operation in industry

No. 19, Promotion of export-oriented Industries
No. 20, General issues of industrial policy

No. 21, Technlcal co-operation In Industry

HOW TO OBTAIN

Section, New York or Geneva.

Unlted Nations publications may be obtained from bookstores and distributors
throughout the world. Consult your bookstore or write to: Uniied Nations, Sales

COMMENT SE PROCURER LES PUBLICATIONS DES NATIONS UNIES

Les publications des Nations Unies sont en vente dans les librairles ef les agences

dépositalres du monde entier. informez-vous auprés de votre librairie oy adressez-
vous &: Nations Unles, Section des ventes, New York oy Gendve,

COMO CONSEGUIR PUBLICACIONES DE LAS NACIONES UNIDAS

Las publicaciones de las Naciones Unidas esién en venta en librerlas y casas
distribuidoras en todas partes del mundo. Consulte a su librero o dirfjase a:
Naciones Unidas, Seccién de Ventas, Nueva York o Ginebra,

UNITED NATIONS PUBLICATIONS

Printed in Austeta

Prices $U.8. 0.50 United Nations publicstion
currencies)

(oe equivalent in othes

€9-3111—Janvary 1970—¢,300

Sales No.: E. 69. I1. B. 39, Vol. 8
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