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INTRODUCTION

At the Second General Conference of UNIDO held at Lima in March 1975,
the Lima Declaration and Plan of Action on Tndustrial Development and Co-
operation was adopted, and subsequently endorsed by ithe General Assembly
at its seventh special session, In the Declaration, the role of industry
was re-asserted as a dyramic instrument of growth essential to the rapid
economic and social development of the developing countries, and a target
was set whereby the developing countries' share of world industrial product-
ion should be 1ncreased from its present level of 7 per cent to at least

25 per cent by the year 2000,

Of the priority sectors identified in the Lima Declaration, significant
emphasis was placed on the promotion of agro-based or agro-related industries
which beside: arresting rural exodus and stimulating food-proiuction activi-
ties, provide an incentive for the establishment of further natural resource-
based industries in the developing countries, Of the other basic industries
highlighted in the document adopted at the Conference, particular attention
was devoted to the development of the petrochemical industry as a means of

consolidating the economic indecpendence of the developing countries.

Among the mandates entrusted to UL1DO 1in the Lima Declaration and Plan
of Action was the recommendation that "in order to give concrete content to
the process of industrialization in the developing countries, studies must be
undertaken and specific measures formulated in different s .ctors of industry,
special attention being given to priority sectors'. The fertilizer industry,
which is one of the largest mamufacturing industries in the world, was selec-
ted as a subject for one of the first world-wide studies in view of its
vital importance to agricultural prcduction and industirial development in many
developing countries, rurther reasons for studying this sector were the need
for increased food for growing populatiuns and the abundant supply in many

deweloping countries of raw materials for fertilizer mamfacture,

The present study represents a concerted attempt to provide an overview
of the opportunities ior and constraints upon the development of the fertilizer
industry: an activity which is linkei to both the petro-chemical industry and
the agro-industrial sector. Through this study, the newly established Inter-
national Centre for Industrial Studies in UKID) is contributing to an under-
standing of the issues involved in this sector: project.ons provide an
indication of the magri.ude of growth in this sector, and in certain instances

they relate to the year 2000,

- i1l -



The study takes into consideration the opportunities open to developing
countries in their endeavour to increase their share in world industrial
production, and duly reflects the implications in terms of structural changes,
the resultant international division of labour and appreciable shifts in the
relative positions of the various fertilizer production capacilies in the
world. Moreover, despite the amount of data collected, the study is noi
intended as a mere compendium of statistics. The data have been gathered,
sometimes with difficulty owing to the nature of & predominantly privately
owned industry, to serve solely as .llustrative background material escential
to the clarification of the issuves discussed and to an understanaing of the

multifarious factors involved.

The purpose of the study is to identify the main opportunities for the
advancement of the fertilizer industry and to assess the potential contribu-
tion this sector could make to the attainment of the over-all industrial
production target set in the Lima Declaration. It has been prepared in the
light of cxperience in this sector. Inevitably, the study and its projec-
tions, as well as the methodology used to obtain such projections, will be

revised periodically in the light of changing circumstances,

The study which is intended as a decision-making tool for persons in-
volved in investing in the fertilizer industry is structured in such a way
that the component chapters treat the factors that cannot be ignored in any
meaningful discussion o the fertilizer industry and its significance for the

future of the developing countries.

Following A summary, the second charter provides a survey of the past,
present and future world fertilizer situation, followed by a chapter on
capital and operating cnsts of fertilizer manufacture. Primary raw materials
such as natural gas, naphtha, fuel oil, coal lignite, phosphate rock  sulphur
and potash materials, as well as organic materials, are the subject of the

fourth chapter.

The sut-equent three chapters are devoted to aralyses of fertilizer plant
location, marketing and distribution of fertilizers, and govermment fertilizer
policies, The final chapter treats certain policy proposals which could be
geen to contribute to the achievements of the industrial production target set
in the Lima Declaration. An analysis of manpower requirements and personnel

training is annexed to the study.

An initial attempt on the part of UNIDO to point up the implications of
the Lima Declaration and Plan of Action for the fertilizer industry, this study

is also oriented towards the system of contiming consultations called for in ‘
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the Lima Declaration with a view to facilitating the creation of new industrial
facilities in developing countries, The strict schedule established for the
initiation of these consultations has necessitated the early completion of

this study. It is a reference document presenting basic data on the ferti-
lizer industry, universal in its orientation and applicable to developed and
developing countries alike., 1Its basic objective is the development of
efficient fertilizer industries in an increasingly interdependent world,

The International Centre for Industrial Studies was assisted in the preparation
of this study by: R. Cook, M, Eid, R, Ewell, C., Middlebrooks, J. Robertson,
Davy Pacific Pty Ltd., International Fertilizer Development Center, and the
Tennessee Valley Authority,
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Chapter 1

WORLD FERTILIZER CONSUMPTION TO THE YEAR 2000: 4 SUMMARY

In the study, fertilizer consumption is projected for the period
1980-2000. The method used is a simple mathematical projection of past
trends using linear regression equations of the form rﬁ <A + BT. The
study also presents projections of fertilizer consumption in principal
regions of the world, as well as in 40 individual countries in Africa,

Asia and Latin America.

Figure 1 shows trends in fertilizer nutrient consumption from 1955
to 1974, with pro-ections to the year 2000, at which time world consvmption
will be 307 million tons as compared with 83.6 million tons in 1974 - a
3.7-fold increase. Assuming ar average nutrient content of 42 per cent
(N+P205 + K20), the gross weight of fertilizer consumed per annum would be
731 milion tons by the year 2000. Nutrient consumption in developing
countries is expected to increase from 19.3 million tons in 1974 to 110

million tons in 2000 - a 5.7-fold increase.

The above projections are based on historical patterns of fertilizer
consumption, not on estimates of food requirements: estimates based
strictly on the nutritional requirements of increasing populations would
probably be higher for most developing countries and lower for many
developed countries. Any forecast is subject to increasing uncertainties
a8 the forecast period is extended, hence no great accuracy can be claimed
for the present projections. They do, however, serve to indicate the

potential for expansion in the fertilizer industry up to the end of the
century.

The table on page 3 shows past and future consumption for individual
nutrients in both developed and developing countries.



Figure 1. World fertilizer consumption
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The table rchows that developing countries as a whole are expected to

maintain a nutrient ratio N:P205:K20 of approximately 4:2:1 throughout the
1974-2000 period, whereas the developed countries are expected to increase

the nitrogen component from a ratio of 1.,4:1.0:1.0 in 1974 to0 2.2:1.0:1,1

in 2000. Thus, the greater part of the growth will be in nitrogen fertilizers
in both groups. The world-wide nutrient ratios should not be assumed to

imply an opti um ratio for any individual country; country ratios should

and do vary widely according to the needs of their soils and crops.,

Developed countries Developing countries
Year N PO KO MK N PO KO o NKK
(millions of tons)
1974 27e3 18.9 18.1 64.3 11.4 5e3 2.6 19.3
1985 53.0 29.0 29.0 111.0 28.0 13,0 7.0 48.0
2000 101.0 46.0 50.0 197.0 64.0 30.0 16.0 110.0

Fertilizer production

Fertilizer production in developing countries has alvays lagged behind
actual consumption; in 1974, it was only 64 per cent of consumption, As a
result, developing countries as a group are net importers of fertilizers;
in 1974 net imports amounted to 7.7 million tons (nutrient basis). This
situation, combined with rapidly increasing needs, would seem to provide
developing countries with strong incentive to establish and expand fertilizer
production facilities. Many developing countries have an abundance of the
raw materials needed for nitrogen and phosphate fertilizer manufacture. In
this connexion, it should be noted, however, that potash production was not
considered since, strictly speaking, it is u« mining and beneficiation
industry, and very few developing countries have commercially exploitable

reserves of potash,

This study presents two alternative plans for world fertilizer
production, in which different assumptions are made about the location of
the new plants needed between 1980 and 2000. In Alternative A, it is



assumed that developing countries as a group would become self-sufficient
in the production of nitrogen and fertilizers by the year 2000. To achieve
this aim, 40 per cent of world nitrogen an! phosphate fertilizer production
would take place in these countries. In Alternative B, it is assumed that
50 per cent of world production of those nutrients would take place in the
developing countries. Since the developing countries themselves consume
only 40 per cent of world production, the latter alternative implies that
they would export 20 per cent of this production to developed countries,
Neither alternative assumes that each developing country in the group
would become a self-sufficient fertilizer producer. It is presumed thati
factories will be mainly located where economically viable combinations

of rau materials and markets (local and foreign) exist.

The production of nitrogen fertilizer is highly capital-intensive.
The ectimated capital cost of constructing the number of nitrogen and
phosphate fertilizer plants required during the period 1980-2000 is

summarized below:

Developing Developed
countries countries Total

(Billions of US dollars)

Alternative A 53 61 114
Alternative B 15 44 119

The difference between the two alternatives reflects the higher capital
cost and lower utilization of plants in developing ccuntries, The estimates
are based on 1975 prices and make no allowance for interest charges during
plant construction or for the cost of connecting the factory to road and
rail systems, and to water and power supplies. These items, which were
excluded because they vary so much from one projet¢t to another, would, on

an average, increase the costs given above by about 20 par cent.

Additional capital experditure would be required for mining and
refining raw materials, for transporting and distributing the products and
for creating the appropriate physical and technical infrastructure. It is
not possible to make a comparable estimate of this additional capital
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owing to the wide variations in the location and muality of ratu material
deposits and in the methods of product transport and disiribut on. However,
it is unlikely that it vill be less than t e manufacturirg capital, and it

could be appreciably greater.

At this juncture, it should also be pointed out that the .anner in
which the capital needed to aevelop the fertilizer industry is to be
obtained will be influenced by decicvions reached on the allocation of
productive capacities, including the location of plants, These factors
will have a decisive bearing upon the magnitude of financial assistance.
These endeavours to 1dentify an appropriate system of international financing
notwithstanding, large-scale investment in the fertilizer industry is being
effected at present in a variety of forms. ilowever, it should be emphasized
that both the magnitude and form of financial assistance t0 the development
of the fertilizer industry have to be seen in the context of the over-all
financial requirements of development in both the agricultural and industrial
sectors. In the light of the above, further in-depth study will have to
be undertaken at the appropriate time.

For the purposes of estimating the capital requirements, it was assumed
that the new plants would produce:
Ammonia
Urea
Diammonium (DAP)
Triple superphosphate (TSP)
Compound or complex fertilizers based on the above materials with
potash added as potassium chloride
While in certain cases other products might te more useful or economic,
their effect on the iotal capital required would be negligible. It was
assumed that all nitrogen tertilizers would be ammonia derivatives, with
only a small percentage (mainly ammonium sulphate) emanating as by-products
from other industries. All new ammonia plants were assumed to have a rated
capacity of 1,000 tons per day. Whereas larger or smaller plants might
be economically preferable in specific situations, the effect on total

capital requirements would be comparatively small.



It is estimated thut natural gas 1111l be the feedstock used in the
majority of nev ammonia plants (72 per cent in 1980-85 and 64 per cent
in 1990-2000). Naphtha i1l be used in some 5 per cent of neu nlants,
and heavy fuel oil in about 15 per cent. ¢Coal u1ll find application in
9 per cent in 1980-85 increasing tc 17 per cent 1n 1990-2000. The choice
of feedstock greatly affects the capital cost of ammonia rlants; at
present ccal-based plants cost nearly t.uice as much as tnose based on

natural gas.

It was assumed that in developed countries the amount of anhydrous
ammonia used directly as fertilizer would decrease from 15 to 10 per cent
and in developing countries it would increase from 2 to 8 per cent.
Ammonium sulphate and the nitrogen content of ammonium phosphate would
supply about 10 per cent of total nitrogen fertilizer., The remainder was
assumed to be urea or ammonium nitrate either straight or in compound
fertilizer;;.-l/ The cost calculations are based on urea, but ammonium
nitrate costs would not differ significantly. Underutilization of rated
capacity sharply increases production costs: the present average utili-
zation is estimated at abc .t 60 per cent in developing countries. For the
purposes of the report, houever, it is assumed that all plants established
after 1980 would on an average operate at 90 per cent of their rated capacity

3 to 4 years after start-ug.

All new phuspha'e plants were assumed to have a daily capacity of at
least 60C tons of P,0;.
preferable in many cases. 1t was assumed that the plants established after
1980 would produce DAP (80 per cent) and TSP (20 per cent). Though other

products might be more appropriate in certain cases, their effect on over-

Smaller or larger plants may be economically

all werld-wide costs would not be significant. It is recognized that there
will always be a place for single superphosphate and other low-analysis
products that have local agronomic application or that lend themselves to
the exploitation of local resources. The capital requirement for the

production of some of these processes 1s comparziively low, but the cost

1/ The term "compound fertilizers" is used here to include all
fertilizers containing wore than une c¢f the mujcr nutrienty, I, p205’ and
K0
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of transporting low-anal,sis products is higher per unit of plant nutrient.
Since it is not a manufactured product, ground phosphate rock was not
considered in this study. lowvever, if its direct application becomes

widespread, the need for chemically manufactured phosphates vill lecrease.

The demund for compound fertilizers uill increage in mocst countries;
by the year 2000 it is expected that 65 and 86 per cent of 1’205 will be
in this form in the developing and developed countries, respectively. The
cost of producing compound fertilizers was not taken into account except
where it represented a minor addition to the cost of granulating DAP. The
preparation of compound fertilizers by mixing, bulk blending, or granulation

in local plants was considered part of the distribution and marketing system.,

Raw materials

It is unlikely that development of the fertilizer industry from
1980-2000 will be seriously hampered by shortages of rav materials., Phosphate
rock, potash, coal, and, in the long term, sulphur are abundant. Natural
gas and, eapecially, crude petro'leum.are less plenti ful, However, if past
experience is any guide, further reserves will be discovered in due course,

It is estimated that in 1980, the demand for ammonia feedstock will constitute
only 3.5 per cent of totai gas production and less than 1 per cent of total
oil and coal production. This notwithstanding, these premium raw materials
can be expected to rise in price, thus leading to a significant shift in

some countries to coal as a raw material for ammonia towards the end of the

century.

It is difficult to assess the changes which may occur in the supply of
sulphur owing to the variety of forms in which it is produced and to the fact
that at present the ma jor reserves in coal and &psum are not economically
competitive. Moreover, an increased use of natural gas and petroleum products
coupled with improvement in environmental standards will lead to greater
elemental sulphur recovery, and to greater recovery of sulphur dioxide
produced in fuel combustion or smelting operations. For most of the period
under review, elemental sulphur will continue to be the major raw material
source, but it is possible that by the end of the period there will be a
swing towards other sources.
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Reserves of potash are ample, but most of them are located in the
developed countries. Therefore, pending the discovery and exploitation
of deposits in the developing countries, most of the developing countries

will have to import their potash requirements.

Phosphate rock is widely, albeit unevenly, distributed among developed
and developing countries, and serious shortages are not anticipated.
Indeed, in recent years, the rate of discovery has far exceeded that of
consumption. However, given the continuance of the present trend towards
lower rock grades, producers and consumers may well have tc exercise
greater sophistication in their evaluation, specification, grading, and

selection of this material.

Water is consumed in large cuantities in the manufacture of ferti-
lizere, °f N fertilizers in particular., Consumption can be reduced through
appropriate plant desigmn, but it will always be large. An adequate supply
of water is therefore an important, and maybe decisive, factor in the

location of fertilizer plants,

Organic fertiiizer materials

Organic materials aid chemical fertilizers play complementary roles.
Chemical fertilizers stimulate the production of organic materials, and
the return of waste organic materials supplements chemical fertilizers.
The total amount of organic wastes is very large, and their nutrient
content is thus impressive; in 1971, the estimated NFK content of organic
vastes in the developing countries was seven times that of chemical
fertilizers. Many of these "waste" materials are already being used as
fertilizers or for fuel and other purposes. However, those that are not
being used involve technical, economic, or social problems owing to their
bulk, low concentration of nutrient elements, or to the presence of

potentially harmful ingredients.

Organic materials, such as crop residues, help to improve soil
texture and moisture-retention cajacity. With increuased use of chemical
fertilizers and the resultant increased crop yields, more crop residues
are available for ploughing back into the soil.




More efficient use of organic wastes is desirable. In this con-
nexion, numerous studies are being undertaken, aimed at the recovery of
fertilizer and/or energy values, and at the disposal of pollutants,
Despite the value of these studies, the amounts of additional fertilizer
thus recovered are unlikely to contribute significatly to meeting future

fertilizer needs,

Market ing

The objectives of marketing fertilizers are to ensure that the right
fertilizer is at the isht place at the right time, and to demonstrate to

the farmer the benefits to be derived from its use.

In addition to factory storage facilities, regional and village
storage centres are essential to ensure prompt distribution in sufficient
quantity., Estimates must be made of feritilizer requirements in each area
in order that the local centres are adequately stocked in advance. Costs
should be minimized through appropriate utilization of available trans—
portation facilities, including waterways. Existing transportation networks
will need to be improved and extended in order to cope with the increased
flow of fertilizer to the farmers and that of agricultural produce “o the
markets. Mixing facilities might be provided at regional or district
distribution centres in order to ensure the supply of fertilizers appro-
priate to the regions and their crops. These facilities may range from
simple mixing and bulk blending to granulation processes, with the possi-
bility of adding secondary or micronutrients as required.

The capital requirements for marketing may be of a magnitude compar-
able to those of manufacture. These capital requirements would include
the cost of transportation as well as the erection of regiomal distribution
centres to be equipped with bulk blending or granulation, bagging and
storage facilities. The requirements also include district distribution
centres and working capital to cover the cost of material in storage and
loans.
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In any study of the fertilizer imdustrv, particular consideration
must be given to the socio-economic aspects of fertilizer use and the
way in which any constraints these impose can be overcome, Investment
in fertilizer production is to no avail as long as the farmer remains
unconvinced of the desirability and profitability of its use. Keluctance
to use fertilizers might be minimized in several ways: by lowering
fertilizer cost; by increasing fertilizer effectiveness; or by obviating

socio—cultural inhibitions,

Fertilizer costs should be reduced in the first instance by maxi-
mizing the efficiency of the manufacturing and marketing systems. Ferti-
lizer effectiveness may be raised through development of improved ferti-
lizer materials, improved placement and timing of application, more
effective water control and plant protection, as well as improvement of
plant varieties. Extensive effort will have to be made to convince the
farmer of the need for increased and more effective use of fertilizers,
while the return that he obtains for his produce can be increased by

improving the marketing and processing systems.

Even when farmers have been convinced of the profits to be gained
from increased fertilizer use, some .orm of credit will have to be made
available to permit them to buy it. Further encouragement might take tic
form of fertilizer, credit or crop subsidies, and tax concessions. As
comparatively few countries dispose of the resources needed to become
entirely self-sufficient, production and marketing on a regional basis

may well prove mutually beneficial.

Location of fertilizer plants

The main principles governing plant location as a means of mini-
mizing capital requirements as well as operating and distribution costs
are outlined. One of the principal objectives is to minimize the cost
of fertilizer delivered to the farmer. Other considerations, which may
affect plant location, include national security or self-sufficiency,
foreign exchange savings, and assistance to less developed regions; their
possible effect on fertilizer cost and, in turn, on food production,
should be taken into consideration.
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Planning and production within a regional context would permit a
more efficieat utilization of the individual countries' resources: be
they natural gas for ammonia production in one country, sulphur or
sulphuric acid in another, phosphate rock in a third, or even potash in
a fourth. Regional plant locations are cited and the substantial savings
in capital and operating costs to be derived therefrom are briefly
examined. Another regional solution might lie in an arrangement whereby
a number of countries develop at least enough indigenous production to
meet a percentage of their needs, while relying on imports from their
regional partners for the remainder. In this way, complementarity in
raw material use, fertilizer production and trade within a region would
be enhanced.

Environmental considerations

Fertilizer plants can cause pollution because many of the materials
they process or produce are harmful to animal and plant life or may
adversely affect the quality of the environment. Damage may occur through
the gaseous or liquid effluents which are continually discharged, through

occasional accidental leakage or through major accidents,

The prevention of leakage or major accidents depermds largely on
satisfactory equipment design, but it is primarily a matter of technically
qualified and alert plant management with particular and painstaking
attention to regular and reliable maintenance.

With regard to the control of effluents, stringent environmental
standards are mandatory in most developed countries. However, modern
fertilizer plants are usually designed to meet these standards under the
most unfavourable operating conditions. In normal operation, therefore,
effluent quality is better than that legally enforced. The additional
capital cost involved in attaining those standards is normally about
10 per cent of the total, and the capital costs cited in the report include
this extra capital,
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Ma.ngowe r

The projected development of the fertilizer industry will recuire
increased numbers oi engineers, scientists, management personnel,
marketing experts, mai.tenance and operating personnel, and other workers.
The estimated total number of additional workers recuired for the two

alternatives discussed earlier is shown below for tite period 1980-2000.

Alternative A Alternative B
Developing countries 209,000 298,000

The above estimate includes only those workers directly and
exclusively concerned with production and distribution. It does
not include workers in such areas as mining, beneficiation, and transport
of raw materials, nor does it include persons engaged in the sale of
fertilizers along with other farm supplies in such ancillary industries
as bag production, fertilizer application machinery, eocuipment manufacture,
and construction. In all probability, at least one million workers will
need some sort of training in fertilizer production or handling, not to
speak of the hundreds of millions of farmers using the fertilizers,
Manpower and training requirements will affect investment inputs and

the attainment of commonly agreed production goals.

Policies for fertilizer imdustry development

The successful expansion of the fertilizer industry in developing
countries at the rate visualized in either Altermative A or B is clearly
ocontingent upon relevant policies at the national and regional levels.

In this respect, the study suggests specific areas in which decision-
makers should elaborate policies on fertilizer production and distribution.
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The study discusses the implications of government policies with
regard to raw materials. Special reference is made to exploration
programmes, as well acs to reaearch and development programmes directed
towards defining optimum use of resources. Attention is also drawm to
the importance of pricing policies and price setting. Other raw material
policies desiribed relate to the utilization of indigenous raw materials
as well as to that of by-products. Policies related to fertilizer
production cover the rianning of new facilities for maximum efficiency
and economy, as well as the need to match production targetc with user

requirements.

With regard to marketing, transportation and distributior facilities
for fertilizer products, the critical relationship between food praiu-+:on
and fertilizer inputs may necessitate special policy measures. Policies
which have a bearing on marketing infrastructure, on the pattern of
fertilizer allocation as well as on research and extension services will

have tc be co-ordinated in the course of the sector's development.

Emphasis is also placed on policies aimed at increased fertilizer
use. In this connexion, the study examines the possibility of employing
direct or indirect subsidies, agricultural price support systems and

measures to increase agronomic response.

Human resource management will play a substantial role in the
development of the fertilizer industry. The study briefly examines the
development and acquisition of necessary skills as essential components

of national development programmes in the fertilizer industry.

New investment mechanisms and forms will be required to ensure that
the necessary ca~ital is available to meet projected outlays. The
utilization of capital should be in conformity with national and regional

objectives and compatible with their corresponding needs.
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Chapter 11

THE FERTILIZER INDUSTRY: PAST, PRESENT, FUTURE

In this chapter, an effort is made to project the world-wide growth
of fertilizer consumption to the year 2000. To this end, a certain
continuity between historical facts and their interrelationships, on the
one hand, and future events on tie other hand, is assumed. However, as
the plausibility of this assumption weakens with the length of the time-
range involved and as the present exercise covers nearly a quarter of a

century the results obtained must be regarded as being very approximate.

Nevertheless, the figures projected do provide an initial order of
magnitude that can be used to draw up a framework of possibilities upon
which a plan for the future development of the fertilizer industry can be

cast.

With the passage of time, more facts, and a knowledge of their
interrelationship, will undoubtedly become available, and predictive
capacity will improve accordingly, thus providing firmer grounds for

policy- and decision-making.

Growth of the industry

The fertilizer industry has been growing steadily and rapidly since
the beginning of the century, as shown by the following table.
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Production

Consumpt ionl’/

(Millions of tons of NPx)i/

1905 /06 2.0
1913/14 4.1
World War I
1919/20 3.7
1938/39 9.7
World War Il
1945/46 7.9
1949/50 14.1
1959/60 29.1
1969/70 66.2
1973/74 87.9
1974/75 91.8

1.9
3.9

35
9.3

1.5
13.6
27.8
62.9
83.6
81.7

Sources: Private estimates, and FAO Production Yearbook,

various issues.

y’l‘he conversion rate of NPK (nutrient basis) to finished

product is approximately 1:2.5.

that the 91.8 million tons of NPK produced in 1974/75 correspond

Which means, for instance,

roughly to 250 million tons of finished fertiliser.

y The difference beiween production and consumption figures is
largely atiributable to materials being in process of distritution,

and to losses.



Concomitant with the increase in quantity, chargres n quality have
also taken place. In the early years of the industry - from 1406 1o
1939 - much commercially produccd fertilizer was organic, largely in the
form of meat industry by-products (scrap meat, blood, bones). Gince 1945,
however, the bulk has come increasingly from mineral and synthetic pro-
ducts, until today, organic materials comprise an extremely small percen-

tage.

Since pruduction in 1946 was less than 10 per cent of today's, it
can be concluded that most of the present production capacity has been
built since World War II. The distribution of production between developed
and developing countries can be seen from Table 1 (page 30). At present,

the developing countries produce 15 per cent of the world's fertilizer output

(19 per cent nitrogen, 16 per cent phosphate and 4 per cent potash).

Past consumption

Statistical data on fertilizer consumption will be found in the tables
and graphs presented in pages 31 1o 76 of this chapter. Table 2 gives
data on the consumption of each nutrient from 1950 to 1975 in developing and
developed countries. In 1974, for example, the respective shares (given as

percentages) were:

N P2057 K20 NPK

Developed countries 70 78 87.5 17
Developing countries 30 22 12.5 23

Table 3} provides information on the consumption of 79 countries.

Again using 1974 as an example, the largest, in terms of total consump-

tion were:

NPK Millions of tons N Millions of tons

USA 1745 8.3
USSR 12.6 6.3
France 5.8 3.8
China 5.7 1.8
Poland 3.3 1.8
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Table 4 and Figure 2 show per capita consumption in 79 countries
in 1973/74. Consumption in Japan was relatively low, at 21 kg per
capita, while that in Cuba, at 30 kg, was the highest among the develop-
ing countries. China, at 6.8 kg per cepita, was a notably higher
consumer than India, at 4.7 kg. Table 4 also shows that 28 developing
countries used less than 9 kg per capita, which, in most cases, is far
too little to fertilize the crops needed to feed their populations adequately.
Exceptions to this are Argentina, Thailand and Burma, all of which have low
man/land ratios. Figure 4 shows selected countries in bar-chart form.
Denmark, at 147 kg, has had the highest per capita consumption in the world
for many years.

Table 5 shows fertilizer consumption per hectare of crop land in 79
countries in 1973/74, and Figure 5 skows that for selected countries in
bar-chart form. In considering the data given in Table 5, it must be
borne in mind that in a number of countries a certain amount of the fertilizer
is used on grassland (permanent pastures) for animal feeding, not on crop land.
This is the case in, for example, the Netherlands, Belgium, the Federal
Republic of Germany, France, Denmark, the United Kingdom, Australia and New
Zealand. Japan, at 434 kg, is the hignest in actual fertilizer consumption
per hectare on crop land. Table 5 also shows that 30 developing countries
were belew 20 kg in consumption per hectare, and 23 countries were below 10 kg -

which is virtually not using fertilizer at all.

Table 6 was compiled in order to show the largest producers, consumers,
surpluses and deficits of nitrogen, phosphate and potash fertilizers in the
world in 1973/74. The United States wasthe largest producer, as well as
consumer, of nitrogen and phosphate, and also the largest consumer of potash.
The USSR was the second-largest producer and consumer of nitrogen and phosphate,
and the largest producer of potash. Japan had the largest surplus of nitrogen,
the United States the largest surplus of phosphate, and Canada the largest
surplus of potash. In terms of deficits, China had the largest of nitrogen,
France the largest of phosphate, and the United States the largest of potash.

Only a few developing countries are listed among the largest producers,

but the number of those iisted as largest deficit countries is remarkable.

Figures 1, 2, 3 and 6 illustrate the trend of fertilizer consumption in
the period 1955 to 1974. Consumption has been steadily increasing throughout
the years, in both developed and developing countries.1

l/An exception was 1974/75 when, for the first tim . since 1945, consumption

declined. This phenomenon, however, was due to sudden share increase in the
prices of nutrients.
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As the fertilizer i.dustry is relatively youriz, in the rense that its
rapid post World War I1 growth has been accompanied by profound qualitative
transformations, some epistemological risks are incurred in considering its
historical growth as a continuum.g Actually, there is reason to believe
that a structural break took place in the early 1960's, as a result of the -

population explosion and resultant increased demand for food.

The rapid growth in world population in the 1950%s, compared with the

previous decades, is shown by the following data:

Population increcase (millions)

1920-30 200
193040 230
1940~50 216
1950-60 485

As a result of this dramatic growth in the 1950's, new pressures on
world food supplies and prices emerged at the beginning of the 1960's
(although at the time this was recognized only by a small number of economists
and demographers). The impact was delayed until the early 1960's because
1958 and 1960 saw the harvesting of an excellent grain crop.

Then, in 1961, the world grain crop was poor, a 2.9 per cent decline
from 1960, the largest percentage decline in modern history up to that time.
The decline, which was most felt in the United States, Canada, Europe and
Oceania, initiated a revolutionary change in the growth rate of world agri-~
culture, including fertilizer use and grain production, beginning first in
the developed countries in 1961-1962 and spreading to the developing countries
in 1962-1965. New processes and technology for large-scale fertilizer pro-
duction were successfully introduced, thus laying the foundations for the
development of the modern chemical fertilizer industry. The new pattern of

growth has continued up to the present time.

g/&he choice of a starting point or base year for extrapolations such as those
developed by the author is a crucial aspect of the projection preeess. UNIDO
hepes to conduct further study into possible underlying structural features

of world fertilizer consumption. Such study will shed additional light on

$he sensitivity of the projections to the choice of the base Year and the choice
of the time series to which the equations are fitted.
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Figure 6 shows that as far as world coasumption is concerned, nitrogen
has a much higher growth rait« than P205 or K20, both of which are running
parallel, Prior to 1955, the share of nitrogen was inferior to that of
either P205 or K2O. In developed countries, the nitrogen percentage has
been increasing steadily, from 30 per cent in 1955 to 46 per cent in 1975.
The nitrogen percentage in the developing countries has been relatively

constant, in the range of 53-63, but has now started to decline slowly.
(See Figures 7 and 8,)

The projection model

In order tc make a projection it is necessary to rely on an assumption
aboul the mechanism determining the value of the variable to be projected.
Formally, this assumption is represented by a model relating the variable

to be projected to a set of "explanatory variables".

To be acceptable, a projection model should (a) be based on a theoreti-
cally plausible assumption, and (b) this assumption should be in accordance

with the observable behaviour of the variables involved.

The assumption

The level of per capita agricultural output is a vital dimension of
world welfare. The application of fertilizer may be seen as a mechanism
whereby society defends this dimension against population pressure upon arable
land. Accordingly, the basic assumption of the model is that society will
somehow manage to mobilize enough resources to supply the agricultural sector
with the fertilizer needed to maintain at least a constant per capita agricul-

tural output.

The basic assumption may be expressed as follows:

- Agricultural output (Q) is assumed to be a function of two key
factors: the area of land under cultivation (A) and the

quantity of fertilizer used (F).

- When population (P) increases, the ratio P/A increases also,
because A is not significantly extensible. To maintain a
constant Q/P, Q must increase in the same proportion as P. An

increase in Q requires additional fertilizer per unit of land.
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But successive increases of fertilizer per unit of land
are bound to produce decreasing returns, which means

that the application of fertilizer in the same proportion
as the growth of population would not be enough to secure
a constant Q/P. The question then is to determine how
much additional fertilizer is necessary to provide the

required increase in Q.

As a teutative answer, it has been postulated that the condition to

maintain a relatively stable ratio of Q/P is that:

F~p L PR
P A A

The quantity of fertilizer applied to a constant area of land must
increase as the square of population in order to maintain a constant per

capita agricultural output.

Assuming that population grows linearly with time (T) (that is, at

a steadily decreasing rate) so that P = a + b T, leads to the expression
F ™~/ ‘a + b T)z
A

Admitting that A is a constant, and takiiz the square root of both

sides of the expression, the following appro ..nation is obtained:

VF- asnt
This expression has been adopted as the :rojection equation.

.
K
Py

Empirical test of the assumption Q
Before using the model, its analytical validity has to be confirmed.
This may be done by testing its performarcs with historical data inputs.

In such experiments, the coefficient of correlation, R, is a conventional
criterion used to judge performance. It should be remembered, however, that
R is a necessary, but not sufficient, condition to the determining of
wgoodness of fit".

é/ Ideally, of coux'ic, it is desirable to take into account demand aspects

(e.g. per capita income, amount of arable land or price elasticities). In
the author's opinion, the equations utilized here provide accurate indications
of future consumption patterns.



- 21 -

Bearing in mind the structural break that may have taken place in the
early 1960's (as discussed alove), the regressior equation has been fitted
to the total consumption data available for the period 1965-1974, The

following results emerge:

Time refime: 1975=1974 Correlation
T =0 At 1965 coeffizient

R
World VIPK = 6.49 + 0.297T 0.999
Developed countries VIPK = 6,04 + 0,2187 0,997
Developing countries VUPK = 2.42 + U,219T 0.939¢

In view of the high coelficients of correlation thus obtained, the model
may be considered valid. The predictive accuracy of the model has 1lso oneen
assessed by calculating confidence intervals for the predicted va.ues. The
results of this exercise arc shown in Table 21, ‘rom the fact that the con-
fidence limits are found to be (uite narrow, it may be concluded that the model
is accurate,

Projection results

In all, 123 projection equations, for nitrogen, phosphate and potash, have
been drawn for 41 countrins and groups of countries (Table 20). Th2ce hive b
used to extrapolate the value of each nutrient consumption for 1979/80, 1984/¢5,
1989/90 and 1999/2000,

The countries and ¢roup of countries have been divided into two citegories -
developed and developing = and the individual result: from each catepory totalled.

Projections for the entire world are in turn obtained bv adding the sub=totals for

A/
the two categories of countries.< In order to obtain figures for fertilizer con-

sumption per hectare and per capita, the tctil consumption figures have been divi-
ded into estimates of areas for future cultivation and estimates of future popula=-
tion.  The results are presented in Tables 7 - 18 and Figures 1, 2, 3, and 6,

The main findings are summarized in the following table,

ﬂ/Owing to the mon-linearity of the functional form used in the pro jection
model, projections obtained through using global figures differ from those
obtained through using national data. The iatter figures have been used in
this study.
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Projected total consumption of .y P O, K 0O

22

(Killions of ton:)

Developed Developing World
countries countries total
Nitrogen
1974 2743 11.3 38.6
1980 40.3 19.9 60,2
1985 52,7 28.5 81.2
1990 66.9 38.6 105.5
2000 100.6 63.6 16442
Phosphate
1974 18.9 53 24.2
1980 23.9 9.1 33.0
1985 28.7 13.3 42.0
1990 34.2 18.1 53
2000 46.2 30.4 76.6
gotash
1974 18.1 2.6 20.7
1980 23.6 4.6 28.2
1985 29.3 6.8 36.1
1990 35.8 9.3 45.0
2000 50.5 15.9 66.4
NPK
1974 64.3 19.2 83.5
1980 87.8 33.6 121.4
1985 110.7 48.6 159.3
1990 136.9 66.0 202.9
2000 197.3 109.9 307.2
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In meneral, the levels of projected consumption apperar to b frasible,
However, when attention is focused on the detailed results, come qualifica-
tion 1s reaquired, The projections for Wectern and kasterm Burope may
appear high when account is taken of the facts that fertilizer application
per hectare is already intensive in thess rerions and that the area under
cultivation is declining, Alro, due to lack of information, doubts may

arise concerning future consumption in China,

The projection results can be checked in part by comparins them with
results obtained elsewhere, The Tennessce Valley Authority (TVA), the
World Bank (IBRD) and the UNIDO/FAO/IBRD Working Group have all made
projections of expected nitrosen fertilizer consumption in 1979/80.2/

The TVA projections are fiven as a low-hirh ranee, The World Bank
and Working Group projections are based larmely on the TVA mid-point
projections, but with ad justments to reflect changes that have taken place
in the fertilizer situation in various resions since early 1974, None of
these organizations has made any projections bevond 1980/81, The details

of the comparison appear in Table 19, They are summarized below,

Comparison of nitrogen consumption projections, 1979-80

(Millions of tons)

TVA IBRD Working UNIDO

1974 1975 Group 1976 Projections 1976
Developed 36,60/40.70 37.6 37.36 40.71
countries
Developing 16.50/20.06 19.7 18.20 19.52
countries
World 53.10/60.76 57.3 55.56 60,23

5/"liorld. Pertilizer Market Review and Outlook™, National Fertilizer Development
Center, Tennessee Valley Authority, Muscle Shoals, Alabama, March 1974.
"Pertilizer Requirements of Developing Countries, Revised Outlook in 1975",
Report No. 830, IBRD, Washington, July 1975. Unpublished projections prepared
by the Centre d'Etudes de L'Azote (Zurich) for the UNIDO/FAO/World Bank Working
Group on Pertilizers, April 1974.
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Projected frrtilizer consumption per capita

Projected data for the developine countrier ic summarized as follows:

. a .
Connumgtlon Po 1;_19_t_1_qr1»-/ ansumghon_

(Millions of tons of NPK) Million= per capita (kf)
1960 3.4 2,039 1.6
1970 12,42 2,558 4.8
1980 13,67 3,229 10.4
1990 66. 1 4,023 16.4
2000 109.8 4,936 22.2

8/ Source: ESA/P/WP/56, 6 October 1975

The low fertilizer consumption per capita in the 1960's and early
1970's is a major reason why food supplier in many developine rountries
are so low, Fven in the year 2000, the projected averase fertilizer
consumption per capita in the developing countries (22 kx~) will only be
as high as it was in the developed countries in 1955 (21 kg).  Clearly,
the developing countries must use much more fertilizer; and, as far as
possible, they must manufacture it domestically, using their own raw

materials,

Projected fertilizer consumption per hectare

Projected data for the developing countries is summarized as followsi

Consumption Crop la.nd-a/ Consumption
(Millions of tons of NPK) (MiTlions of hectares) per hectare (kg)

1960 3,31 800 4.1
1970 12.42 810 15
1980 33,67 830 4
1990 66,1 850 78
2000 109.8 870 126

9-/ Sources: Private Estimates, and FAQ Production Yearbook, various issues,



The low consumption per hectare in the 1960's and early 1970%'s is
a major reason why most of the developins countries have had low yields
of frain and other acricultural products in those decades, compared to

the developrd countries,

Projected shares of nitroren, phosphate and potash fertilizers

The projected shares of nitrozmen, ohorphate and potash in fertilizer

consumption are illustrated sraphically in Figures 6, 7 and 8,

By 1980, accordings to the projections, nitroren wiil acecount for
50 per cent of total fertilizer consumed; P?O5 for 27 per cent; and
K2O for 2! per cent. In 2000, the fipures may be 55 per cent for nitrogen;

24 per cent for P?O and 2?1 per cent for K_O,

5 ?

Supply/consumption balance

From the above discussion, it will be clear that the methodolory applied
here does not distinfuish between demand and supply functions. The projected
quantities should, therefore, be considered as being influenced simultsnrously
by supply and demand, It is worthwhile, nevertheless, checking the projected
consumption figures against supply projections elaborated elsewhere, in order

to verify their feasibility.

"Supplies available"” fipgures for 1979/80, by ountry and region, have
been taken from the latest unpublished data compiled by the UNIDO/F‘AO/World
Bank Working Group on Fertilizers, supplemented by estimates of individual
countries from the Centre de 1'Etude de L'Azote (nitrogen), from ISMA, Ltd.
(P205) and from the International Potash Institute (x?o).

In the case of nitrogen fertilizer, the following factors were

considered:

1. Production in 1973/74;

2. Ammonia production capacity existing in 1973/74;

3. Ammonia capacity existing in 1973/74, but expected to be
taken out of production by 1979/80;

4. New ammonia capacity expected to be commissioned between
1973/4 and 1979/80;

5. Assumed operating rates (per cent utilization), plant by
plant, in 1979/80, including both old and new capacity;



6. Calculated ammonia production in 1979/80;

7. Deduction of nitrogen used for non-fertilizer purposes;

8. Es‘l_’.imates of ammonia used for direct application as fertilizer;

9. Estimates of process losses in converting ammonia to solid
fertilizers;

10, Estimates of apparent losses due to, inter alia, increases
in stocks, and transit and storage. (These losses are
usually taken as 5 per cent of production of solid fertilizer);

11, Final estimate of available supply of nitrogen fartilizer,

including ammonia for direct application.
In the case of phosphate fertilizer, the following factors were considered:

1. Production in 1973/74;

2. Productim capacity existing in 1973/74, including all
products and processes except ground phosphate rock;

3, Capacity existing in 1973/74, but expected to be taken
out of production py 1979/80;

4. New production capacity expected to be commissioned
between 1973/74 and 1979/80, including all processes
but principally those using phosphoric acid;

5. Assumed operating rates (per cent utilization), plant
by plant, in 1979/80, including both old and new capacity;

6. Calculated production of phosphoric acid and other phosphate
materials in 1979/80;

T. Deduction of phosphoric acid used for non-fertilizer purposes;

8. Estimates of process losses in converting phosphoric acid to
solid fertilizers;

9. Estimates of apparent losses due to, inter alia, increases
in stocks, and transit. (These losses are usually taken as
35 per cent of production of solid fertilizer);

10, Pinal eatimate of available supply of phosphate fertilizer,

Por potash fertilizer, the factors considered include the following:

1. Infommation on production capacities of old and new potash
mines and refineries;

2. Estimate of operating rates (per cent utilization) of mines
and refineries;



3.
4.
- 5.

A comparison between the supply fipures obtained using these factors

Estimate of potash used for non-fertilizer purposes;
Estimate of processing, storage and distribution losses;

Final entimate of available supply of potash fertilizer,

and procedures and the projected fipures for consumption in 1979/80 of
N, P?OS' K?O and NPK, is shown below.

Except for some discrepancies in

the recpective share of developed and developing countries in the cases

of potash and total fertilizers, the two projections give quite similar

results although they were obtained by radically different methods.

Supply Consum ption
(Working Group) UNIDC Projection

(Millions of tons)

4

Developed countries

Nitroren
Phosphate

Potash
NPK

Developing countries

Nitrogen
Phosphate

Potash
NPK

World

Nitrogen
Phosphate

Potash
NPK

41,67 40,27
26.29 23,92
30.41 23,63
98.37 87.82
17.19 19.96

9.04 9.13

1,04 4,58
27.76 33,67
58.86 60,23
35. 33 33,05
31,96 28,21
126,13 121,49

It would thus appear that as far as clobii liipr;ly is ~ciom':omocl. no_serious
imbalance is expected in 1980.
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At the rerional level the pictnre is somewhat different. Historically,
the developed countries as a aroup have been surplus producers of fertilizers
and therefore cxporters, while the developines countries ar a rroup have been
importers., Firure 9 i1llustrates this situation and shows tie evolution to
the year 1980, accordine to the projections of UNINO and of the iorkine
Groupe. A glance at Fifure 9 reveals that althourh the pact situation 15
not expected to alter fundamentally - at least not within the next 10 or

15 years - the deficit of the developing countries ‘s likely to decrearnc.

3% %

Notes on tables

The followins noter apply to Tables 7 — 21 in the paces that follow:

1. A1l data for years 1960 - 1974 have been obtained from FAO

Production Yearbooks.,

2. Demand for N, P?OS' K?O in 1980 — 2000 has been estimated by

projection of regression equations of the type

VN = A + BT, V'F;TS=A+B'I‘, \JK?O=A+BT

based on consumption data for 1965 - 1974.

3. "Supplies available" data for 1974 were calculated as production in
197",/74, multiplied by 0.95. Five per cent subtraction from
production to obtain "suypplies available” represents increases
in stocks, losses in transit and storage, and other losses between
production at the factory and delivery to the farm. However, the
5 per cent factor does not smclude process losmses in converting
ammonia to solid fertilizer: there losses are included in FAOQ's

production data.

4, "Supplies available" estimates for nitrogen fertilizer in 1980
sre From unpublished estimates compiled by the UNIDO/FAO/World Bank
Working Group on Pertilizer, supplemented by detailed data on

individual countries from the Cer.tre d'Etude de 1'Azote, Zurich.

5. "Supplies available" for phosphate fertilizer in 1980 are unpublished
estimates compiled by the Working Group, supplemented by detailed

data on individual countries from ISMA Ltd., Paris.,



"Supplies available" for potarh fertilizer in 1980 are from
unpublished erctimates compiled by the Working Group, supplemented

by detailed data on individual countrier from the Tnternational

Potash Institute, Berne,
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Table 1., World fertilizer production - historical data, 1950-75

(Millions of tons)

Developing countries Developed countries

N 5282 528 NPK N 2282 fgg NPK
1950 0.35 0.27 0.01 0.63 373 5.59  4.21 135
1951 0.43 0,34 0.02 0.79 4.25 5.93 4.94 151
1952 0.45 0.36 0,02 0.83 4.49 6,13  5.40 16,0
1953 0.51 0.37 nil 0.88 5,02 6,16 5.37 17.1
1954 0.59 0.417 0,01 1,01 5.59 6,60 6,32 18,5
1955 0.58 0.45 0,02 1,05 6,29 T.34 6.84 20.5
1956  0.59  0.54 0.04 1.17 6,94 T7.71 T7.14 21.8
1957 0.72 0.56 0.06 1.3 7.49 1.94 T.65 23.1
1958 0.77 0.60 0,09 1.46 8.24 8,20 T.66 24.1
1959 0,86 0.64 0,10 1,60 9.00 8,68 8.17 25.9
1960 0.93 0,72 0.12 1.717 9.43 9.24 8.61 27.3
1961 .04 0.79 0.14 1.97 10.37 9.56 8.68 28,6
1962 1.14 0,76 0.14 2.04 11,12 9.86 9.25 130.2
1963 1.43 0,85 0.16 2,44 12,2 10.5 9.69 32.4
1964 1.72 1,01 0,19 2.92 13.8 11,7 10,6 36,1
1965 2,02  1.15 0.30 3.47 15.4 12,7 1.8  39.9
1966 2.24 .30 0.39 3.93 17.7 14.2 13.4 45.3
1967 2.49 .48 0.38 4.35 19.8 15.3 14,1 49.2
1968 2.79 1.75 0.417  4.95 22,4 16,0 14.8 53.2
1969 3.44 2,01 0.43 5.88 24,9 16,3 15.4 56.6
1970 4.07 2.32 0.59 6.98 26,1 17.0 16,1 59.2
1971 4.59 2,59 1,00 8,18 28.3 18,2 16,9 63.4
1972 5.61 3,11 1,13 9.85 29.3 19.3 18,3 66.9
1973 6.61 3,54 1.22 11.4 31,2 20,1 19.0 70,3
1974 T.24 3,97 1.10 12,3 33,3 21,2 21,1 15.6
1975 7.99 4.22 1.25 13.5 34.3 21,5 22,5 178.3

Source: FAO Production Yearbook, (1950-1974). Data for 1975 from FAO:
"Monthly Bulletin of Agricultural Economics and Statistics", April issue.
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World fertilizer consumption - historical data, 1950-75

(Millions of tons)

Developing countries

Developed countriec

1950 0.56 0.36 0,09 1,01 1,19 5,41 4,04 12,6
1951 0,59 0.41 0,11 1,12 .73 5.8 4.43 14.0
1952 0,68 0.48 0.14 1,30 4,01 5.77 4.86 14,6
1953 0.87 0,51 0.15 1.5} 4,60 6,06 5,20 15.9
1954 0,96 0.60 0.19 1,75 5.16 6,51 5.48 17,2
1955 0.94 0.60 0.23 1,78 5.69 T.14 6,11 18,9
1956 1,24 0.66 0,27 2.17 5.82  7.45 6.51 19,8
1957 1.45 0.76 0,31 2,52 6,19 7.68 6.87 20.7
1958 1.58 0.83 0.35 2.76 6.69 7.87 7.08 21,6
1959 1,81 0.86 0.38 3,04 7.47 8.38  1.56 23.4
1960 1.95 0.94  0.42 3.31 7.80 8,90 7.83 24.5
1961 2,45 1.05 0.54 4.04 8.51 9,03 7.96 25.5
1962 2.49 1,10 0.54 4.12 9.15 9.5 8.15 26,8
1963 2,77 1.27 0.58 4.61 10,4 10,1 8.76 29.3
1964 3.33 1.4T 0.68 5.48 11,7 11,0 9.36 32.1
1965 131,65 1,58 0.73 5.95 12.8 12,2 10,3 35.3
1966 4.23 1,77 0.84 6,84 14,7 13,0 1.4 39,1
1967 5.33 2,11 1,00 8.44 16.5 13.9 12,0 42.5
1968 5.51 2.34 1,12 8.97 18,5 14.5 12.9 45.9
1969 6.80 2.81 1.34 11,0 19.7 15.2 13.4 48,3
1970 7.70 3.25 1.47 12.4 21,0 15,6 14,0 50.5
1971 877 351 1.80 14.1 23.0 16,3 149 54.2
1972 9.45 4.09 1.93 15.5 23.8 17,0 15.7 5645
1973 10,6 4.59 2.24 17.4 25.2 18.0 16,6 59.8
1974 1.4 5.3  2.61 19.3 27.3 18,9 18,1  64.3
1975 11.7 5.49  2.85 20.0 27.2  17.4 17.1 6.7

Source:

As for Table 1.
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Ef:}jliznr consumption, 197}[74

Tncludes all countries with vopulation of over 5 million in 1974,

Lictin® is in order of N P K consumption,

P?OS

K?O

NPK

(Thousands of tons of nutrients)

2.
3e
4.
e
6.

8.

9.

10,
11,
12.
13.
14.
15.
16,
7.
18.
19.
20,
21,
22,
23,
24,
25
26,
27
28,
29.
30,
3.
32,
33.
34.
35.
36.
1.
38,
39.
40,
41,
42.
43,

45.

United States
USSR

France

China

Poland

Germany (Ped.Rep.)

India
Japan
United Kincdom

Germany (Dem.Rep.)

Brazil

Spain
Australia
Czechoslovakia
Italy
Hungary
Canada
Romania
Korea (Rep.of)
Mexico
Denmark
Yugoslavia
Turkey

South Africa
Bulgaria
Netherlands
Sweden
Belprium
Indonesia
Egypt
Austria
Pakistan
Korea (DPR)
Greece
Colombia
Iran

Cuba
Malaysia
Portugal
Philippines
Algeria
Chile
Bangladesh
Vietnam (South)
Thailand

8,217
6,256
1,813
3,815
1,069
1,101
1,835
821
874
666
425
716
176
A48
672
493
498
420
411
531
365
368
430
231
328
197
263
165
350
380
132

4,600
2,699
2,147
1,390
847
917
634
791
478
A31
725
481
1,171
193
476
302
480
320
196
181
155
193
280
327
259
107
161
166
85

75
116
58
112
141
100
114
50

37

78

45

84
116
44

34

45

4,614
3,605
1,833
528
1,413
1,163
314
685
498
658
523
265
104
576
268
387
205
53
150
36
216
174
13
126
46
114
144
193
40

3

159
3

45
22
58
1
97
12
28
45
38
14
1M
18
40

17

491

12,560

5
5
3
3
2
2
1
1
1
1
1
1
1
1
1

813
v 133
1329
, 181
,783
v 299
,850
v 155
673
,462
451
»417
416
,202
,183
193
157

736
735
723
684
633
618
568
524
a15
458
407
403
397

395

312
292
217
262
248
236
216
189
177
162
155




Table 3o (continued)
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46, Suitzerland 42 52 54 148
47, Rhodesia 70 44 32 146
48, Morocco 67 45 25 137
49. Peru 81 9 8 98
50. Argentina 51 28 17 96
51. Sri Lanka 51 12 32 95
52. Venezuela 41 23 21 85
53, Sudan 70 - - 70
54, Vietnam (DR) 15 50 70
55. Burma 42 15 - 57
56. Ecuador 29 15 9 53
57. Guatemala 32 13 4 49
58. Kerwa 20 21 k) 44
59. Syria 33 8 2 43
60, Tunisia 19 18 6 43
61. Iraq 25 15 1 1
62. Afghanistan 30 7 - 37
63. Angola 12 8 8 28
64. Ethiopia 9 10 - 19
65. Tanzania 1" 53 k) 19
66, Cameroon 9.3 2.3 4.6 16
67, Mozambique 9.0 3.2 1.8 14
68. Nepal 900 4.4 0.6 14
69. Madagascar 50 3¢5 4.6 13
70. ngeria 407 de1 205 11
71 [ Mali 5.0 308 - 8.8
72. Saudi Arabia 4.0 1.2 302 804
73. BOllVla 4.8 200 103 801
74. U{_’,‘a'ﬁa 400 204 008 702
75. Zaire 3.2 1.6 1.8 606
76. Ghana 1.0 206 2¢1 507
T7. Cambodia 1.0 1.0 - 2.0
78. Upper Volta 0.4 0.1 0.1 0.6
79. Yemen (AR) 0.4 - - 0.4
Developed Countries 27,284 18,907 18,087 64,278
Developing Countries 11,373 5,346 2,613 19,332
World total 38,657 24,253 20,700 83,610

Source: FAO Production Yearbook, 1974

- —
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Table 4. PFertilizer consumption per capita, 12“[74

Includes all countries with population of over 5 million in 1974

(Kg of NPK/capita)

1.  Denmark 147 41. Guatemala 8.2
2. Hungary 14 42. Morocco 8.1
3. France M 43. Ecuador Te7
4. Australia 107 44. Tunisia T.7 -
5. Germany (Dem.Rep.) 102 45. Venezuela 71
6. Poland 99 46, Sri Lanka 6.9
7. Czechoslovakia 96 47. China 6.8
8. United States 82 48. Peru 6.6
9. Bulgaria 13 49. Syria 6.1
10. Sweden 69 50. Palistan 5.9
11. Austria 54 51. Philippines 5.5
12. Belgium 53 52. India 4.7
13. Canada 52 53. Angola 4.5
14. Germany (Fed.Rep.) 52 54. Sudan 4.0
15. USSR 50 55. Argentina 3.8
16. Netherlands 46 56. 1Iraq 3.8
17« Greece 44 57. Thailand 3.8
18. Spain 42 58. Indonesia 3.6
19. Romania 38 59, Kenya 3.4
20. Yugoslavia 35 60. Vietnam (DR) 3.0
21. United Kingdom 33 61. Bangladesh 2.5
22. Cuba 30 2. Cameroon 2.5
23. South Africa 29 63. Afghanistan 2.0
24. Portugal 28 64. Burma 1.9
5. Italy 26 65. Madagascar 1.7
26. Korea (DPR) 25 66. Mali 1.6
27. FKhodesia 24 67. Mozambique 1.6
28. Switzerland 23 68. Bolivia 1.5
29. Korec (Rep. of) 22 69. Tanzania 1.3
30. Malaysia 22 70. Nepal 1.1
31, Japan 21 T1. Saudi Arabia 1.0
32. Chile 19 72. ©tthiopia 0.7
33. Turkey 19 73. Uganda 0.7
34. Brazil 16 74. Ghana 0.6
35. Algeria 13 75. Cambodia 0.3
36. Mexico 13 76. Zaire 0.3
37. Colombia 12 T77. Nigeria 0.2
18. Egypt 12 78 Upper Volta 0.1
39. Iran 9.2 79. Yemen (AR) 0.1
40. Vietnam (South) 8.4 .

Developed Countries Average 58.3

Developing Countries Average 6.7 -

World Average 21.5

Source: Fertiliser consumption data from ductio
Population data from UN report, ESA/P/WP.56, 6 October 1975.
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Table 5. Fertilizer consumption per hectare,1973/74

Includes all countries with population of over 5 million in 1974

(kg of pr/hai‘/ )

Te Netherlands 141 a1, Australia 32
2. Belgium 628 42. Angola n

3.  Japan 434 43. Canada 27
4. Germany (Fed.Rep.) 394 44. Mexico 27

5 Switzerland 389 45. Indonesia 26
6. Germany (Dem.Hep.) 361 46. Kenya 26
7. Korea (Rep.of) 317 47.  Turkey 26
8. France 312 48, Pakistan 21
9. Denmark 276 49. Philippines 21
10. Czechoslovakia 267 50, Bangladesh 19
11. United Kingdom 258 5. Iran 18
12. Austria 252 52 Morocco 18
13. Poland 220 93. India 17
14. Hungary 216 54, Venezuela 16
5. Korea (DPR) 210 5. Ecuador 14
16. Sweden 188 56, Thailand "
17. Egypt 161 57. Sudan 9.8
18. Bulgaria 111 58, Saudi Arabia 9.6
19. Italy 116 59. Tunisia 9.5
20. Creece 109 60. Iraq 8.2
21. United States 92 61. Syria 7.3
22. Yugoslavia 9 62. Nepal T.1
23. Rhodesia 79 63. Mozambique 4.7
24. Cuba 11 64. Afghanistan 4.6
25. Romania 76 65. Madagascar 4.6
26, Malaysia 74 66. Argentina 3.7
27. Spain 70 67. Burma 3.0
28. Portugal 64 68. Bolivia 2.8
29. Colombia 62 69 Cameroon 2.2
30. USSR 54 70.  Ghana 2.2
31. South Africa 52 1. Uganda 1.5
32. Brazil 49 T2, Ethiopia 1.4
33, Vietnam (South) 49 73. Tanzania 1.2
34. Sri Lanka 48 74.  Cambodia 1.1
35. China 45 75 Zaire 0.9
36. Peru 3 76. Mali 0.8
37. Vietnam (DR) 35 177. Nigeria 0.5
38. (hile 33 18 Yemen (AR) 0.3
39. Guatemala 3 79 Upper Volta 0.1
40. Algeria 32

Developed Countries average 109
Developing Countiries average 22
World average 57

Source: FAQ Production Yearbook, 1974.

5/ Fertilizer consumption/hectare is usually calculated as fertilizer consumption/
arable land. Arable land is land used for annual and perennial crops and does not
include grasslands (pasture). Therefore, the above data are fictitious in ooun-
tries where a substantial percentage of fertilizer is used on grassland, such as
Netherlands, Belgium, Federal Republic of Germany, Switzerland, United Kingdom,
Denmark, Australia and some others. However, in Japan and South Korea almost all
the fertilizer is used on crops and very little on grassland, flowergardens,
lawns, etc.

- .
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Table 7. Past and expected future consumption of nitrogen fertilizer:

a ragional summary

(Millions of tons)

1960 1965 1970 1974 1980 1985 1990 2000

Developing countries

Asia® 1.3 2.4 5.8 8.4 153 22,0  29.9  49.5
China (0.6) (1.1) (2.7) (3.8) (6.6) (9.3) (12.4) (20.2)
India (0.2) (0.5) (1.4) (1.8) (3.6) (5.2) (7.2) (12.0)
Rest of Asia (0.5 (0.8) (1.7) (2+8) (5e1) (7.5) (10.3) (17.3)
Africa 0.2 0.5 0.7 1l 1.7 2.4 32 5.1
Latin America 0.4 0.7 1.2 1.8 2.9 4.1 5.5 9.0

Total 1.9 3.6 7.7 113 19.9 2.5 38.6 63.6

Developed countries

United States
245 4.2 6.8 8.3 1.6 14.6 18.0 25.8

Canada 0.1 0.2 0.3 0.5 0.7 0.9 1.1 T
Western Europe 3.0 4.3 6.0 T4 10.0 12.4 15.0 21.0
Eastern Europe 0.9 1.6 3.0 3.8 6.2 8.3 10.7 16.5
USSR 0.7 1.7 3.8 6.3 10.7 153 20.7 34.0
Japan 0.6 0.7 0.9 0.8 0.8 0.8 0.8 0.8
Oceania 0.0 0.1 0.2 0.2 0.3 0.4 0.6 0.8

Total 7.8 12.8 21,0 27.3 40.3 52.7 66.9 100.6

BMEXIR JWERT ®32JM Im=m ==== RTIJE= =Za= TRZT =

Total, World 9.7 16.4 28.7 38.6 60.2 81.2 105.5 164.2
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Table 8. Expected nitrogen fertilizer consumption:

. . a
countries and rgglons—/

(Thousands of tons)

1980 198 1990 2000

Developing countries .
Asia:g/
China 6,580 9,290 12,460 20,190
India 3,600 54240 7,190 12,020
Indonesia 595 900 1,270 2,190
Pakistan 790 1,190 1,680 24920
Bangladesh 215 300 410 665
Philippines 230 320 430 685
Thailand 125 180 245 400
Turkey 865 1,360 1,960 3,500
Iran 315 505 135 1,330
Korea (Rep.of) 620 820 1,050 1,580
Vietnam 21)}1) 150 185 220 300
Vietnam (South) 280 420 595 1,020
Korea (DPR) 400 560 145 1,200
Malaysia 150 215 290 470
Sri Lanka 64 72 80 99
Other countries 320 440 585 925
Total, Asia 15,4299 21,997 29,945 49,494
Africa
Egypt 460 550 650 865
South Africa 405 565 750 1,205
Sudan 125 175 240 395
Algeria 175 280 415 755
Morocco 125 185 225 440
Rhodesia 84 105 125 175
Other countries 385 550 145 1,22%
fotal, Africa 1,759 2,410 3,180 5,060
Latin America
Brazil 915 1,470 2,150 3,900
MNexico 835 1,120 1,440 2,210
Colombia c/ 190 270 365 595
Central America- 295 405 530 830

Argentina 80 110 140 215
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Table 8. (continued)

Latin America (cont'd)

1280 1285 1990 2000

Peru a 110 125 155
Venezuela 47 58 T1 100
Chile 14 95 120 170
Cuba 200 245 290 400
Dominican Rep. 63 105 145 250
Other countries 100 110 120 150

Total, Latin
America 2,901 4,098 59496 8,975

Total, Developing

countries 19,959 28,505 38,621 63,529

Developed countries
United States 11,570 14,590 17,970 25,770
Canada 655 870 1,120 1,710
Western Europe 10,010 12,380 15,000 21,000
Eastern Europe 6,180 8,290 10,700 16,470
USSR 10,730 15,320 20,740 34,020
Japan 800 800 800 800
Oceania 325 435 560 850

Total, Developed
countries 40,270 52,685 66,890 100,620

Total, World 60,229 81,190 105,511 164,149

s/
Countries listed by order of estimated population in the year 2000.

ty!:xchming Japan

2/Six countries
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Table 9. Supply/consump‘tion balance of nitrogen fertilizer:
a2 rerional summary
(illions of tons of nitroren)

Sunplies Surnlus (4
Consumption avaijlable Deficit (-~

1974 1980 1974 1980 1974 1980

Devel oping countries

Asia¥ 15.30  5.56  13.40 -2,90 -1.90
China (6.58) (2.59) (5.14) (=1.23) (-1.44)
India (3.60) (1.00) (3.34) (-0.83) (-0.26)
Rest of Asia (5.12) (1.97) (4092) (-0.84) (-0.20)
Africa 1,76  0.43 1.58 -0.68 +0,18
Latin America 2,90 0,88 2,21 0,92  =0,69

Total,developing
countries 19.96 6.37 17.19 =4.50 -2.77

Developed countries

United States 8.27 11.57 8.69 -1.56
Canada 0.50 0.65 0.75 +0.63
Western Europe 7.38 10,01 8,92 +0,68
Eastern Europe 3,03 6.18 4,17 +0,82
USSR 6.26 10.73 6.88 -0,47
Japan 0.82 0,80 2,05 +1441
Oceania 0,22 0.33 0,19 -0,11

Total, developed
countries 27.28 40,27 31,65 +1,40

Total, world 38.65  60.23 38,52 -1437

a/ Excluding Japan,
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Table 10. Supply/conf;umption balancc of nitrogren fertilizer:
countries and regsions af
lThousa.nds of tons’
Supplies Surplus (+
Consumption available Deficit (-

1974 1980 1974 1980 1974 1980

Asia?/
China 3,815 6,580 2,594 5,143 -1,221 -1,437
India 1,835 3,600 998 3,33 -837 -265
Indonesia 350 595 86 534 ~264 -61
Pakistan 342 790 285 114 -57 =716
Bangladesh 122 215 123 213 +1 -2
Philippines 146 230 50 90 -96 -140
Thailand 70 125 3 15 -62 -110
Turkey 430 865 128 360 -302 -505
Iran 177 315 136 431 ~4F  +116
Korea (Rep. of) 411 620 425 771 +14 4151
Vietnam (D.R.) 15 150 nil nil -15 -150
Vietnam (South) 110 280 nil nil -110 -280
Korea (DPR) 240 400 228 397 -12 -3
Malaysia 113 150 A4 50 -69 -100
Sri Lanka 51 64 nil 39 -51 =25
Other countries 228 320 456 1,304 +228 4984

Total, Asia 8,455 154299 5,561 13,396 -2,894 -1,903

Africa
Egypt 380 460 48 525 =332 465
South Africa 231 405 235 435 +4 430
Sudan 7 125 nil nil =70 -125
Algeria 93 175 49 210 -44 +35
Morocco 67 125 11 100 -56 =25
Rhodesia 70 84 57 70 -13  -14
Other countries 202 _ 38 2] 241 -175 =144

Total, Africa 1,113 1,759 421 1,581 -686 -178



Table 10. (continued)

Surplies Surplus (+
Consumption available Deficit (-

1974 1980 194 1980 1004 1080

Latin America

Brazil 425 915 157 482 -268 =433
lexico 531 835 357 924 =174 +91
Colombia 154 190 82 127 =712 -63
Central Americavg 200 295 32 67 =168 »230
Argentina 51 80 36 39 =15 -41
Peru 80 97 20 12 -60 =25
Venezuela 41 47 5 102 -36 +55
Chile 59 14 102 115 +43 41
Cuba 130 200 19 155 -111 =45
Dominican Republic 11 68 nil nil -41 ~-68
Other countries 92 __100 14 130 -18 +30
Total, Latin America 1,804 2,901 _884 25213 _-920 _-688

Total, developing
countries 11,372 19,959 6,872 17,190  -4,500 -2,769

Developed countries

United States 8,275 11,570 8,692 10,010 +417 -1,560
Canada 500 655 751 1,284 +251 4629
Western Europe 7,385 10,010 8,925 10,686 41,540 +676
Eastern Europe 3,830 6,180 4,166 7,002 +336 4822
USSR 6,255 10,730 6,878 10,253 +623 =477
Japan 820 800 2,052 2,212 41,232 41,412
Oceania 215 325 185 223 -30 -102

Total, developed

countries 215280 40,270 31,649 41,670 +4,369 +1,400

Total, world 38,652 60,229 38,521 58,860 ~131 -1,369

_a/ Countries listed by order of estimated population in the year 2000.

b/ Excluding Japan,

E/ Six countries.



- 45 -

Table 1%, Past and erpected consunmption of nihosphate fertilizers

a regional summary

(Millions of tons of qus)

1960 1965 1970 1974 1980 1935 1990 2000
Developins countrics
asia 0.5 0.9 1.9 3.2 5.5 8.1 11,2 18,9
China (0e2) (043) (Co7) (1e4) (2e2) (3.3) (445) (7.7)
India (0s1) (042) (0.4) (0.6) (13) (1.9) (2.6) (445)
Rest of Asia (0.2) (044) (0.8) (1e2) (2.0) (2.9) (4ei) (7.1)
Africa 0.2 0.2 0.5 0.7 1.1 1.6 2.0 32
Latin America 0,2 065 0.8 1,4 265 3.6 .4.9 Col
Total, developing
countries 0.9 1.6 30? 503 901 1303 1801 3004
Developed countries
United States 204 3.2 4.2 406 508 6.7 7.7 9.8
Canada 0.1 0.3 0.3 0.5 0.5 0.6 0.6 0.0
Western Europe 3¢5 443 52 9.9 Te4 86 10,0 12,9
Eastern Europe 0.8 l.4 2.1 2¢6 4.0 52 6.6 9.8
USSR 0.9 1,3 1,9 267 3.9 S5el 6.5 9T
Japan 0.5 0.5 0.7 0.8 009 1.1 1.3 1.6
Oceania 007 1,2 1,2 106 loi 104 . 112 1.6
Total, developed
countries 809 12,2 15o6 18.9 ?3.9 280'1 34:.2 46.2
Total, world 948 1348 18,8 24,2 33.0 42,0 52,3 76.6

a/ Excluding Japan.
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Table 12. Bxpected future concumption of phosphate fertilizer:
countrics and regdions a

By regression équations, based on 265-1215

(Thousends of tons of P(,,_OS)

1930 1985 1990 200

Ching, 2,200 3,270 4,540 7,720
India 1,270 1,900 2,640 2,520
Indonesia 150 245 355 640
Faziston 160 275 415 790
Banrladesh 36 130 180 310
Philipprines 11 100 130 190
Treiland o 140 190 320
Turkey 515 795 1,120 1,910
Tran 15 295 435 790
Korea (Rer. of) 220 260 310 420
Vietnam () 100 120 125 200
Vietnam (South) a2 49 56 11
Korea (bPR) 175 185 205 315
ilalaysia 59 21 130 230
Sri Lanka 26 41 60 105
Cther countries 150 195 255 389
Total, Aisia 54502 8,091 11,186 18,916

Africa

Eqgypt 66 16 87 110
South Africa 525 695 895 1,360
Sudan 5 6 7 10
Alreria 170 265 385 680
i.orocco 68 90 115 175
Rhodesia 63 84 110 165
Other countries 250 345 450 J15

Total, Africa 1,147 1,561 2,049 3,215
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Table 12. (continued)

1980 1935 1909 2000
i Latin America
> Brazil 1,470 2,290 3,280 5,82C
Jlexico 295 £10 545 879
) Colombia o0 110 130 170
Central .tmerica.gj 94 125 1¢0 24C
Argentina 61 56 11y 190 ‘
Peru 10 12 15 20
Venezuela 36 51 68 110 !
Chile 130 155 180 40
Cuba 150 185 20 300
Dominican Tep, 20 A 53 60
Other countrias 1oc 12 __150 215
Total, Latin America 2,478 33598 021 84260 b
Total, developing
countries 9,127 13,250 16,156 30, 391 |
Developed countries |
United States 5,780 6,690 7,670 9,820
Canada 490 565 645 815
Hestern Surope 74390 8,630 9,970 12,940
Eastern Burope 4,020 5,220 6,590 9,500
Uss: 3,940 5,130 6,480 9,65¢
Japen 940 1,100 1,270 1,640
Oceania 1,360 _1,£10 _1,470 _1,600 |
Total, developed |
countries 23,920 28,745 34,095 46,265
Total, world 33,047 41,995 52,251 76,656

y Countries listed in order of estimated populetion in the year 2000,
b/ Excluding Japan.
d/ Six countries.
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Toble 13, Suppl,y/consumgption balance of phosphate fertilizer:
a reqsional summary
(1'illions of tons of 1’205)

Supplies Surplus (+
Consumption available Deficit (-

1074 1980 1974 1980 194 1980

Developing countries -‘

asia®/ 24 5.50 2,17 5,02 -1.07 -0.48
China (1.39) (2.20) (1.25) (1.98) (—0.14),(-0.22)
India (0.64) (1.27) (0.31) (0.70) (-0.33) (=0.57)
Rest of Asia (1e21)  (2.03) (0.61) (2.34) (-0.60) (+0.31)
Africa 072 1.15 0,89 2,71 +0.17  +1.56
Latin America _1.30 2.48 0,71 1,31 -0.,68 -1.17

Total, developing

countries 5035 9.13 3.77 9.04 -1.58 -0,09

Developed countries

United States 4.60 5.78 5.71 7496 +1l.,11  +2,18
Canada 0.48 0.49 0.68 0.78 +0.21 +0,29
Western Europe 594 Te39 6.04 6.45 40,10 -0.94
Eastern Europe 2.78 4,02 2440 3.82 -0.38 -0.20
USSR 2,70 3.94 3.07 4.85 +0.37 +0.91
Japan 0.80 0.94 0.70 0.81 0,10 -0.13
Oceania 1,61 1,36 1,51 1,62 0,10 40,26

Total, developed

countries 18,91 2392 2012 26,29  #l2l 2.3

Total, world 24.26 33.05 23.89 35.33 0,37 +2.28

&/ Exclviing Japan,
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Table 14. Supply/consumption balance of phosphatc fertilizer:
countrics and regions a/
(Thousands of tons of P205)

Supplies Surplus (+
Concumption available Deficit (-

;4 1980 1974 1980 1914 1980

Asiab/

China 1,390 2,200 14249 1,982 -141  -218
India 635 1,270 309 705 =326 =565
Indonesia 85 150  nil 3 -85 =147
Pakistan 58 160 4 208 -54 448 ~
Bangladesh 44 86 nil 46 =44 =40
Philippines 45 11 38 70 -7 -7
Thailand 45 97  nil nil 45 97
Turkey 280 535 92 587 -188 452
Iran 114 185 70 249 ~44  +64
Korea (Rep. of) 196 220 151 395 -45 +375
{ Vietnam (DR) 50 t 100 48 129 -2 +29
Vietnam (South) 34 42  nil 120 -34  +78
Korea (DPR) : 112 145 104 142 -8 -3
Malaysia 37 59 23 6 -14 -53
Sri Lanka 12 26  nil 12 =12  -14
Other countries _103 150 18 369 =25 +2
[ Total, Asia 3,240 5,502 2,166 5,023 -1,074 -479
Africa
Egypt 15 66 11 91 +2 425
South Africa 327 525 329 831 +2  +306
Sudan nil 5 nil nil nil -5
. Algeria 84 170 69 354 =15 +184
Morocco 45 68 162 964 +117 4896
Rhodesia 4 63 42 54 -2 -9
° Other countries 14 250 214 414 +69 +164
Total, Africa 720 1,147 893 2,708 +173 +1,561




Table 14. (continued)

- 50 -

Supplies Surplus (+
Consumption available Deficit H
14 1980 1974 198 1974 1980
Latin America
Brazil 7125 1,470 330 592 -39%5 -878
Nexico 180 295 242 490 +62 4195
Colombia 100 92 T4 12 -26 -80
Central Americag/ 76 94 7 ~72 -87
Argentina 28 61 5 5 =23 -56
Peru 9 10 3 10 -6 nil
Venezuela 23 36 14 78 -9 +42
Chile 115 130 17 64 -98  -66
Cuba 50 150 10 34 -40 -116
Dominican Rep. 16 40 nil nil -16 -40
Other countries 65 100 -9 18 =56 __-82
Total, Latin America 1,387 2,478 708 14310 =619 -1,168
Total, developing
countries 51347 9,127 3,767 9,041 -1,580 -86
Developed countries
United States 1,600 5,780 5,714 7,964 +1,114 +2,184
Canada 480 490 684 784 +204 4294
Western Burope 54935 7,390 6,037 64448 +102 -942
Eastern Europe 2,785 4,020 2,404 3,825 -381 -195
USSR 2,700 3,940 3,073 4,845 +373 4905
Japan 79 940 698 807 97 -133
Oceania 1,615 1,360 1,511 1,617 -104 4251
Tojal, deyploped T
covhtiries 18,910 23,920 20,121 26,290 +1,211 +2,370
Total, world 24,257 33,047 23,888 35,331 ~369 +2,284

_./ Countries listed by order of estimated population in the year 2000.

b/ Exluding Japan,
o/ Six oountries.
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Past and expected consumption of potash fertilizer:

a regional summ
(Millions of tons of K20)

1960 1965 1970 1974 1980 1989 1990 2000
Developing countries
Agiaé'/ 0.1 0.3 0.6 1.4 245 3.8 5¢3 9.3
China (0.05) (0.1) (0.1) (0.5) (0.9) (1e4) (2.1) (3.7)
India (0.03) (0.06) (0.21) (0.31) (0.7) (1.0) (1.4) (2.4)
Rest of Acia (0e1) (0.1) (0.3) (0.6) (0.9) (1e4) (1.8) (3.2)
Africa 0.l 0.1 0.2 0.3 0.5 0.6 0.8 1.1
Latin America 02 03 06 09 L6 24 22 55
Total, developing
countries 0.4 0.7 1.4 2.6 4.6 6.8 9.3 1509
Developed countries
United States 1.9 2.6 3.6 4.6 549 Te2 8.7 11.9
Canada 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5
Western Europe 3.3 3.9 445 5¢4 6.4 Te5 8.7 1l.2
Eastern Europe 1.1 1.5 2.5 3.3 4.9 6.4 8.2 12.3
USSR 0.8 1.4 243 3.6 Sel 6.8 8.6 13,1
Ja.pa.n 0.5 0.6 007 007 007 0.7 007 0.8
Oceania Qo1 02 02 03 03 0 05 OF
Total, developed
countries 1.8 10, : 1400 1801 2206 220} :208 iOQ i
To‘tal, world 8.2 1°.0 1504 2007 2802 3601 45.1 6604

8/ Excluding Japan.
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Table 16. Expected future consumption of potash fertilizer:

. a
countries and regions -

By regression equations, based on 1965-74
(Thousands of tons of K20)

asia/
China 915 1,430 2,060 3,670
India 665 1,000 1,400 2,410
Indonesia 56 94 140 260
Pakistan 5 6 7 10

i Bangladesh 25 38 53 92
Philippines T4 100 130 205
Thailand 1 125 180 330
Turkey 10 62 88 155
Iran 5 6 7 10
Korea (Rep. of) 215 305 405 660
Vietnan (DR) 30 36 44 60 |
Vietnam (South) 2l 35 44 66
f Korea (DPR) 86 140 200 365

Malaysia 220 355 515 925
Sri Lanka 30 30 30 30
Other countries A __36 )] __46

Total, Asia 2,504 3,798 59342 9+294
Egypt 5 6 7 10
South Africa 160 195 235 325
Sudan 5 6 7 10
Algeria 54 76 100 165
Morocco 49 71 96 160
Rhodesia 40 50 60 84 )
Other countries 145 1% 245 _5

Total, Africa 458 594 750 1,119 ;




Table 16. (continued)

_5_5-

1930 198y %0 2000
Latin America
Brazil 1,060 1,650 2,370 4,190
Mexico 70 100 140 235
Colombia 60 o7 76 94
Central America 73 100 135 210
Argentina 17 22 29 a5
Peru 10 17 15 20
Venezuela 30 40 52 79
Chile 15 18 2 30
Cuba 175 215 255 250
Dominican Rep. 40 £9 58 80
Other countries _1J0 % 100 _140
Total, Latin America 1,620 2,358 33252 55413
Total, developing
countries 4,582 6,750 9,344 15,886
Developed countries
United States 5,900 7,210 8,650 11,930
Canada 265 315 370 500
Western Europe 6,460 74530 8,680 11,210
Bastern Europe 4,920 6,440 8,175 12,260
USSR 5,090 64750 8,640 13,130
Japan 665 685 710 150
Oceania 330 410 500 695
Total, developed
countries 23,630 29,340 352125 20,4175
Total, world 28,212 36,090 45,069 664361

g./ Countries listed by order of estimated population in the year 2000,
b/ Excluding Japan,

9/ Six countries.
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Table 17 Supply/consumption balance of potash fertilizer:
a remional summa |
(11i1Tions of tons of K,0) |

Supplics Surplus (+ °
Consumption available Deficit (-
1974 1930 1974 1920 1974 1980

Developin~ countries

noiad 1439 2,50  0.77 1.14 0,62 -1.36

China (053)  (0.92) (0.28) (0.30) (=0.25) (-0.62) ‘

India (0.31) (0.66) nil nil (-0.31) (-0.66) o

ltest of Asie (0.955)  (0.92) (0.49) (0.84) (-0.06) (-0.08)

Africa 0.32 0.46  0.25 0439 0,07  ~0.07 B |

Latin America 0,90 1,62 0,02 0,02 -0.88 -1,60 ‘
Total, developing ‘
countries 2,61 4,58 1,04 1.55 -1.57  -3403

Developed countries

United States 4,62 590 2423 2.7T1 -2.39 -3.19
b Canada 0.20 0.27 1,82 Te47 +4.62 47,20
llestern Burope 538 6.46 1497 6493 0,41  +0.47
Bastern Europe 3631 4.92 243 3.40 -0.88 -1.52
USSR 3.61 5.09 5462 9,90 42,01  +4.81
Japan 0.68 0.66 nil nil -0,68 0,66
Oceania 0.29 0.33 nil nil 0529 .33
[ Total, developed
oountries 18,09  23.63 20,07  30.41 +1,98 +6.18
Total, world 20,70 28,21 21,11 31,96 +0.41 43,75

g./ Excluding Janan,
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Table 18. Supplx@onswmtion balance of potash fertilizers
countries and re;"iong _:_,/
(Thousands of tons of F..0)

Suppliesn Surrlus (+
Consunyption available Deficit (-

1974 1280 1974 1950 191/ 19°0

hsio®/

China 530 915 285 296 =245 -619

India 315 665 - - =315 =665

Indonesia 40 56 - - -40 -56

Pakistan 3 5 - - -3 -5

Bangladesh 11 25 - - -11 -25

Philippines 45 14 - - -45 =14

Thailand 40 17 - - -40 =17

Turkey 13 40 - - -13 -40

Iran 1 5 - - -1 -5

Korea (Rep. of) 150 215 - - -150 -215

' Vietnam (DR) 32 30 - - -32 ~30

Vietnam (South) 18 27 - - -18 -0

Korea (DPR) 44 86 - - -44 -86

Malaysia 112 220 - - =112 =220

Sri Lanka 32 30 - - =32 =30

r Other countries 5 34 _489 _838 +464  +804

! Total, Asia 1,391 2,504 74 1,134 -G17 -1,370
Africa

Egypt 3 5 - - 305

South Afric. 126 160 - - "126  -160

Sudan - 5 - - - -5

Algeria 38 54 - - -38 ~54

: Morocco 25 49 - - -25 -49

Rhodesia 32 40 - - =32 -40

X Other countries 98 145 30 394 +192  $249

Total, Africa 322 458 50 394 =72 -64
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Table 13. (continued)

Supplies Surplus (4
available Deficit (-

1974 1980 1974 1930 1974 1930

Latin America

-

Brazi.b 523 1,060 - - -523 -1,060 .
llexico 36 70 - - =36 -70
Colombia 58 60 - - -58 -60
Central Arerica 55 B - - 55 =73
Arcentina 17 17 - - =17 -17
Peru 8 10 - - -8 -10
Venezuelz 21 30 - - =21 =30
Chile 14 15 18 24 +4 +9
Cuba 97 175 - - =97 =175
Dominican Rep., 21 40 - - =21 ~40
Other countries 22 10 _:__ = =922 =10
Total, Latin America 902 1,620 13 24 -884 -1,599

Total, developing
countries 2,615 4,582 1,042 1,552 -1,573 -3,030

Developed couniries .

United States 4,615 5,900 2,208 2,707 -2,387 -3,193
Canada 205 265 4,817 7,476 44,612 +7,211
Western Europe 54380 6,460 4,973 6,930 =407 +470
I Eastern Europe 3,310 4,920 2,427 3,400 -883 -1,520
USSR 3,605 5,090 5,624 9,900 42,019 +4,810
Japan 685 665 - - -685 -665
Oceania 290 330 - - =290 __ -330
Total, developed
countries 18,090 23,630 20,069 30,413 +1,979 +6,783
Total, world 20,705 28,212 21,111 31,965 +406 +3,753 .

;a/ Countries listed by order of estimated population in the year 2000.
y Excluding Japan,
gj Six countries,
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Table 12. Comparison of nitrogen cansumpiion projections

for 1 Q
(Millions of tons of nitrogen)

. TVA IBRD Joint work- Table 9
March July ing group this .
1974 1975 April 1976 report -

Developed market economies

North America 11,24-12.54 11.7 11.24 12,22
Hestern Hurope 9.22-9.74 10.0 9.47 10.44
Oceania 0422-0439 0.28 0.32
Japan 0.75-1.09 1.6 0.81 0.80
Israel 0404-0.05 0.04 0,04
South Africa 0e33-0.41 _0.42 _O_ﬁl
Total 21.80-24.22 23,3 22,26 24,23

Developing market economies

Africa 0.8 0,77 0.75

Near East 7452-9,21 } 9.3 8.53 8.74

Far East

Latin America 2085-3.29 _3.0 294 _2.90
Total, DGME 10. 37-12.50 13.1 12.24 12,39

Centrally planned economies

Eastern Europe and USSR 14,80-16,48 14.3 15,10 16,48
Asia 6.&-7156 606 5026 iol}
Tot:l 20.93-24.04 20.9 21,06 23.61
Developed regions 36.60-40.70 37.6 37.36 40,71
Developing regions 16,50-20,06 19,7 18,20 194,52
Total world 53¢10-60,76 513 55456 60.23

The prejeetions given iz table 9 have beem re- uped below to conform to

the regienal grouping wy TVA, IBRD and the UNIDO FAO/Horld Bank Working Grewp
on fertilizers.
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Table 20. Estimated regression equations, 1965-74

Ani;y
Yangladesh = 6.05 4 (0,5t
China Z35.41 + Si646e
India = 22.79 + 2.4817
Indonesia g = T7.68 + 1.117T
Pakistan = 8,62 + 1,297
Philippines ¥ = 6.88 + 0.5227
Thailand W = 4.64 + 0.439T
Turkey W= 7.19 + 1.4847
Iran W = 3.63 + 0.940T
Korea (Rep.of) VR = 13.80 + 0.743T
Vietnam 21)&) VN = 8.44 + 0.2547
Vietnam (South) N = 5.30 + 0.762T
Korea (DPR) YN = 9.06 + 0.731T
Malaysia W= 5.36 + 0.466T
Sri Lanka W = 6.50 + 0.098T
Other countries W = 8.50 + 0.626T

Total, Asia (Sum of above)

Africa
Egypt VN = 15.55 + 0.397T
South Africa ¥F = 9.12 4+ 0.731T
Sudan 0= 4.54 + 0.43]7
Algeria VN = 2.52 + 0,713T
Morococo W = 3.67 + 0.495T
Fhodesia W= 6.13 + 0.2047
Other countries YN = 8.08 + 0.7697

Total, Africa (Sum of above)

Latin America
Brasil W= 6.09 + 1.611T
Mexioo W= 15.23 + 0.9097
Colombia v/ VN =  5.81 + 0.5317T
Central America~ YN = 8.57 + 0.570T
Argentina YN = 4.63 + 0.2887
Peru NN = 7.84 + 0.1347
Veneszuela V¥ = 4.47 + 0.1597
Chile YN = 5.19 + 0.2277
Cuba W= 9.75 + 0.2937
Dominican Rep. W= 2,60 +0.377T
Other countries YW = 8.22 + 0.113T
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Table 20.(cont inued)

Nitrogen cont‘'d

Developed countries

United States
Canada
Western Europe

67.82 + 2.6497
13.77 + 0.7877T
66.41 + 2.243T

Eastern BEurope 41.29 + 2.487T

EEEE RRN

USSR 42.93 + 4.043T
Japan 28.28 (constant)
Oceania 9.74 + 0.555T7

osphate

1s1a”
China VT»Z,ES = 16,23 + 2.047T
India VFO, = 11.97 + 1.5787
Indonesia n‘p‘; = 2,56 + 0.651T
Pakistan VP0 = 1.12 + 0.771T
Bangladesh /P_26j = 3.03 + 0.415T
Philippines f@‘g = 5.00 + 0.2537
Thailand IF;US = 3.77 + 0.404T7
Turkey = T.62 + 1.031T
Iran =  2.80 + 0.722T

33

Korea (Rep. of) 10.49 + 0.285T

Vietnam (DR) ﬂ';U'S =  6.89 + 0.207T
Vietnam (South) ,’F;B = 5,05 + 0.096T
Korea (IPR) ﬂ',;g =  T7.86 + 0.284T
Malaysia J'F;G‘r’ = 2.06 + 0.373T
Sri Lanka f‘F;%‘g = 1.25 + 0.259T

Other countries 6.54 + 0.375T
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Table gg,( cont inued 2

Phosphate cont‘®d

Africa
Egypt S0 = 6.29 + 0.1227
South Africa (1§.t§'l = 12.43 + 0.698T
Sudan /PO = 1.55 + 0.046T
Algeria /'Pz'é = 3.34 + 0.650T
Morocco ‘I'P"l)5 = 4.60 + 0.245T
Rhodesia /'Pa'bs = 4.22 + 0.246T
Other conntriesflf@': = T.52 + 0.550T

Latin America
Brazil yﬁgﬁ = 9.85 + 1.8987
Mexico ﬂ2_°5 = 7.93 + 0.6187
Colombia gr1f1? = 6.96 + 0.175T
Central America—é':—g = 5.33 + 0.290T
Argentina nfofga 3.28 + 0.301T
Peru JP.0. * 2.17 + 0.066T
Venezuela /1522_5 = 2,62 + 0.226T
Chile ﬂ%s = 8.20 + 0.209T
Cuba VP05 = 8.44 + 0.254T
Dominican Rep. = 4.36 + 0.131T

32

Other countries

Developed countries

United 3tates
of America

Canada

Western Europe
Eastern Europe
USSR

Japan

Oceania

>
]

e
s
&e.
o

6.48 + 0.234T

58.75 + 1.153T
17.28 + 0.323T
65.09 + 1.391T
36.65 + 1.7817T
36.18 + 1.773T
23.39 + 0.4897
34.48 + 0.156T
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Table 20.(continued)
. Potash
Asia —/

. China VES = 17.50 + 1.516T
India fi;b' = 8.35 + 1.164T
Indonesia ff;é = 1,03 + 0.,432T
Pakistan nga = 1.55 + 0.046T
Bangladesh VKO = 1.53 + 0,231T
Philippines ﬁia = 4.29 + 0.2887
Thailand \ffz_(') = 1.78 + 0.468T
Turkey J’k’zﬁ = 1.83 + 0.302T
Iran ﬁz_o = 1.55 + 0.046T
Korea (Rep. of) ﬂ'(';o = 6430 + 0.555T
Vietnam (DR) VED = 3.78 + 0.,113T
Vietnam (South) KO = 3.07 + 0.144T
Korea (DPR) ﬁ('zLo = 1,95 + 0.490T
Malaysia VKO = 3.32 + 0.773T
Sri Lanka K0 = 5.48 (constant)
Other countries K20 = 5,06 + 0.049T

gr;os

Egpt K,0 = 1.55 + 0.046r
South Africa VX0 = 8.45 + 0.2757
Sudan fﬁiﬁ = 1.55 + 0.046T
Algeria ﬂ;ﬁ = 3.23 + 0.275T

. Morocoo VT;U = 2,86 + 0.2787
Rhodesia VD = 4.22 + 0.1427
Other countries U"R;B » 6.75 + 0.354T




Table 20, (cont inued)

Potash cont'd

Latin America

Brazil
Mexico
Colombia

Central America”

Argentina
Peru
Venezuela
Chile

Cuba

Dominican Rep.

Other countries

Developed couniries

United States
of America

Canada

Westiern Europe
Eastern Europe
USSR

Japan

Oceania

- 62 -

339379

-~
N

o

]

33999

§899347

8.37 + 1.611T
.10 * 0.350T
6.25 + 0.0987T
4.07 + 0.298T
2.12 + 0.131T
2.17 + 0.066T
3.00 + 0.168T
2.65 + 0.081T
9.12 + 0.274T
4.36 + 0.131T
5.78 + 0.173T
52.52 + 1.620T
11.63 + 0.306T
61.27 + 1.275T
39.65 + 2.031T
38.90 + 241627

24.66 + 0.0787T
12.06 + 0.410T

Excluding Japan

Six countries

dn
daT

Note: The coefficient T is a rough indication of the annual increase in
nitrogen demand in each country, but the exact calculation is as follows

= Annual increase in N demand = 2 AB + 2 Bz'I'
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Figuie 1, Past and expected future world fertilizer consumption
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Figure 4, Fertiliser consumption per capita (selected countries), 197 314
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Past and oxp:ctod future world oonlunp__on of N, PO, uli K0 fertilizer
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Figure 7.
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Pigure 8. Percentage of nitrogen in fertilizer: past and
expected future world consumption
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Figure 9. Imdigenous supply and consumption of fertiliser
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Pigure 10, Square root of past aml expected fwiure fertilizer consumption
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past aml expected future nitrogen consumption

Figure 11. Square root of
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Figure 12, Square root of past and expscted future nitrogen consumption:
Asian countries
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Chapter 111

FERTILIZiR MANUFACTURiG:  CAPITAL AND OPSRATING COUTS

Fertilizer industry

The fertiliser industry is important in itself, and to governments,
by virtue of iis relationshio to food production. The provision of
sufficient fertilizers is the most important single factor in improving
crop yields. Because of this close relationship, the assuranc- of an
adequate supply of fertilizers at reason~ble prices is of major concern
to all countries. The desire to have the maximum degree of control over
fertilizer supplies and prices naturally leads to efforts to achieve self-
sufficiency in fertilizer production. The achievement of this aim 1s,
however, modified or limited by material and economic factors. In order
to achieve complete self-sufficiency, a country would have to have in its
own territory all the basic raw materials; petr>leum or coal, phosphate
rock, sulphur and potash. Very few countries nare 1a tnils fortunate posi-
tion, and the great majority have to import one or more of these raw
materials. Complete self-sufficiency is, therefore, impracticabie for

most countries.

The attempt to achieve the maximum self-sufficiency within the
limitations set by indigenous raw materials will be self-defeating if
it leads to excessive fertilizer costs, since these would significantly
weaken the incentive to use fertilizer. The most reasonable solution may
often arise out of co-operative action between countries in a given region:
one country might contribute raw materials and the other markets, thereby
leading to an economically sound fertilizer industry, bolstered by a mutually
acceptable degree of interdependence in this and other industries. This theme
is developed in a later chapter (see Chapter V "The Location of Fertilizer
Plants"), and the various possibilities open to countries wishing to esta-

blish a fertilizer industry are discussed bLelow.

The fertilizer industry 1s one of the most rapidly growing major
industries. From 1950-1970, the capacity of the industry increased five-
fold, and at present its capacity is nearly doubling every ten years. It is
& science-based industry whose processes and products are subject to continual

technical change and development. It is a capital-intensive industry: a
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typical modern fertilizer plant entails a capital investment of $0.3 million
per person cmployed, and 50-60 per cent of the cost of production is due to
capital charges. Moreover, it requires scientifically educated and profession—
ally trained managrement as well as a skilled labour force. Economies of

scale are very important and the manufacturing units are large. It uses large
quantities of raw materials and makes large quantities of solid products, thus
calling for a reliable and efficient transport system. A typical modern fer-
tilizer plant produces 0.9 million tons of fertilizer a year and consumes
between 0.5-1.0 million tons of raw materials. It uses large amounts of

energy and water. A modern nitrogenous fertilizer plant uses 1,000 tons of

petroleum products, or more than 2,000 tons of coal and 19,000 tons of water

a day.

The fertilizer industry in developing countries

Owing to its high capital requirements, its re .arch and devclopment
demands, its need for trained and skilled management and labcur, as well as
the location of its markets, the fertilizer industry has become established
mainly in the developed countries, even though the raw materials required,
with the exception of potash, are widely distributed throughout the developing
countries. [Jowever, this situation is rapidly changing. In 1970, the
developing countiies buporied about )0 per oent of the fertilizer they used;
by 1975, this proportion had fallen to 3% per cent and, based on known plans
for further factorics, it is expected to fall to 15 per cent by 1980, and
probably to zero by 1985. By that year, according to the forecasts set out
in the previous chapter, the developing countries will have about 34 per cent

of the world market, rising to 40 ,er cent ly the year 2000.

Developing countries have some advantages and disadvantages in setting
up a fertilizer industry. Their major advantage is that they are better
endowed wi .h raw materials than many developed countries, particularly
those in Western Kurope. These raw materials are, of course, not evenly
distributed throughout the developing countries; however, as a group, the
developing countries have a large proportion of the world's reserves of
natural gas, petroleum and phosphate rock. They also have some supplies of
sulphur and potash, but these f. '1 well short of their requirements.l Another
advantage is ihat the developing countries have a large and rapidly growing

market,

l/The raw material situation is reviewed in detail in Chapter IV.
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The major disadvantages are those which have held buck the development
of the developing countrics' industrial structure in general: shortage of
capital; lack of trained and skilled manpower for the design, ercction and
operation ot factorieg; and an infrastructure which is often bar«ly adequate:

to the demands made of it.

It is generally necessary for developing countries to employ contract,rs
from developed countries to design and erect the factor: sy lnvolviag the
employment on site ~f large numbers of cxpatriate personnel, Furtiermore,
most of the equipment has to be made in developed countries and tr.nsported
long distances by sea and rail, Considerable costs may b incurred in
supplying the factory with water or electric power, in connecting it with
the road and rail systems, and in providing housing, meuical and otner facil-
ities for employeus. All these factors increase capit:l costs, and some
impose heavy demands in terms of foreign exchange. A tertilizer olant
erected in a developing country costs 29-35 per cent mor. than the same
plant in a developed country, and th. forei.m currcncy required is rarely
less that 40 per cent, and may be as high as 30 per cent, of the th: tot.l
capital cost,. During the operation of the plunts, intorruptions of the
water, power or raw material supplies may cause low utilicution: this has
a severe effect upon cousts in an industry whoere fixed anr.uil costs are often

60~70 per cent of the total production cost.

These disadvantages are decreasing as developing countries icquire
greater capital resources, obtain more trained manpower, ‘wnd strongthen their
infrastructures. Moreover these disadvantages have not prevented a rapid
increase in fertilizer plant capacity in developing cowitries, particularly

where cheap raw materials are available or the market is large.

Types of fertilizers

The fertilizer industry is concerned primarily with the supply of the
three basic plant nutrients ~ nitrogen (N), phosphorus (P) and potassium (K) -
in the form of a range of chemical products containing these elements. The
latter two are usually spoken of in terms of their oxides: phosphorus
pentoxide (P205) and potassium oxide (yzo). In 1975, about 40 million tons
N, 25 million tons l:’2O5 and 20 million tons K2O were supplied, of which the

developing countries consumed about 30, 25 and 15 per cent respectively.
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The basic nutrients may be supplied singly in fertilizers containing
only one nutrient ("straight" fertilizers), or in fertilizers containing
two or all three nutrients ("cumpound" or "complex" fertilizers). In 1975,
about 20 per cent N, 50 per cent P,‘,O,) and 80 per cent K2O were supplied in
compound fertilizers. Compounds are much more widely used in developed
than in developing countries. Their main advantage lies in a reduction
of the cost of putting the fertilizer on to the land, since two or more

nutrients are supplied i1n one application of fertilizer.

The supply of potash fertilizers differs from the supply of nitrogen
and phosphate fertilizers in that the basic raw material, potassium chloride
or sulphate, ic applied directly as a fertilizer or, more usually, is incor-
porated without further chemical processing into compound fertilizers. Thus,
there is no separate potash fertilizer industry; the incorporation of potash
into other fertilizers is a step in the manufacture of compound fertilizers,
in which the basic operation is the production of nitrosen or phosphate ferti-
lizers. For these reasons, the supply of potash is not considered in this
chapter. Potash 1s treated as a raw material and discussed in the following

chapter.,

Nitrogen fertilizers. Practically all nitrogen fertilizers are made from

ammonias the cost of ammoni~ marufacture accounts tor 60-T4 per cent of the
cost of the final fertilizer. The nitrogen needed from ammonia manufacture
comes from the air; its extraction from air and the provision of the hydrogen
needed are achieved by the use of various petroleum products (natural gas,
naphtha and fuel 0il) or coal. About one ton of petroleum products or two

and a half tons of coal are needed to make one ton of unmonia.

The hydrogen can be produced from water by the actiun of an electric
current. This method uses very large amounts of electric power, about
11,000 kiWwh per ton of ammonia compared with 50 kWh per ton by other processes;
it is economic only where large quantities of very cheap electric power are
available and cannot be put to better use. It merits consideration in con-
junction with large hydro-electric power schemes where the denand for power
is otherwise inadequate to justify development. It is not considered further

in this chapter.
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Ammonia can be used directly 1. the soil as a fertilizer, and the
quantity so used is increasing steadily. At present, the total wourld

consumption of nitrogen fertilizers 1s about 40 million tons, of which

approximately 6 million tons are applied as ammonia, mainly 1n geveloped

countries. At normial atmospheric temperature, ammonia exiusts as a gas;

when upplied as a fertilizer, 14 is hundled s a liquid under oresscure in
special container:, I' ¢ transport, storage and handling call for special
techniques and ecquipment, as well as the stringent observance of safety
precautions. It can be applied efficiently only in moist, non-stony soils.
Its use is thus limited, even though it 15 the cheapest form of nitrogen
fertilizer available. However, where exiensive areas of suitable soils are
locuted reasonably close to & supply of ammonia, its use should be investigated

tecause of 1ty cheapness,

By far the greater part of fertilizer nitrogen is applied ac solid
fertilizersy wbout 30 per cent as straight nitrogen fertilizers and 20 per cent
in compound fertilizors. The major traight nitrogen fertilizers are ammonium
sulphate, wmmonium nitrate, and ureca, their nitrogen content teing 21, 34 and

46 per cent respectively.

Por many yrars, ammonium .ulphate was the predominant nitrogen fertilizer,
but 1t has sinee been displaced by the more concentrated ammonium nitrate and
urca, and practically no new culphate plants are being built. sigmificant
quantities are still produced, partly as a by-product of caproluctam manufacture,

and partly from gas works ard coke ovens,

Ammonium nitrate 15 widely used in developed countries where, under
certain conditions, urea may be less effective, It initially gained ground
at the expense of sulphate, but is itself now beirg displaced to some extent
by the more concentrated urea. Ammonium nitrate has the advantage that it
can be economically made from imported ammonia alone. Urea, howrver, whose
manufacture also requires carbon dioxide, a by-product of ammonia manufacture,
can only be economically made on sites where ammonia is also manufactured. The
principal disadvantage of ammonium nitrate is that it requires strict attention
to cafety precautions during manufacture, storage, handling and transport. It
supports combustion and, given the right conditions, can act as an cxplosive.
Many million tons of ammonium nitrate are used annually as fertilizer. However,
ammonium nitrate does require more carc in handling than other fertilizers,

and i1t may be difficult to arrange its transport bty sea.
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Because of its high nitrogen concentration and its rclative ease of
handling, urea is becoming the predominant straight nitrogen fertilizer,
“It is particularly favoured in developing countries where its use is
especially suited to the agriculturial :wid climatic condition... Ry 1980,
developing countries will be usirg about six tons of urea to every ton of

ammonium nitrate; in developed <ountries, this ratio will be avout 1:1.

The production costs per ton of nitrosn are roughly the same for
the different straight nitrogen fertilizers because all ure made from
ammonia, the production cost of which accounts for two-thirds or more of
the fertilizer cost. tlowever, the tageing, transport, storage, handling
and application costs per ton of nitrogen fall sharply as the concentration
of nitrogen rises, and these costs constitute an important part of the
total cost of the fertilizer to the furmor, On» ton of urea contains as
much nitrogen as t.3 tons of ammonium niitrate or 2.7 tons of :ummonium
sulphate, una the costs from factory to farm are tyughly in this ratio. It
thus becomes apparent why sulphate hacs benn displaced and why the use of

urea is continually increasing.

Phosphate fertilizers. The principal phosphate fertilizers are single

superphosphate (SSP) containing 16~20 per cent PZO‘)’ triple superphosphate

TSP) containing 45-50 per cent, and ammonium phosphate (AP) containing
’

45~50 per ~ont 13205 and 10-18 per cent N.

The basic raw material from which ali these phosphate fertilizers are

made is phosphate rock, containing 30-3}7 per cent P At present, about

0.
40 per cent of world supplies come from the United thtes, 25 per cent from
North and West Airica, and 20 per cent from the USSR; the remaining 15 per cent
comes from a wide range of smaller suppliers. The on,) in phosphate rock is
only slightly soluble,and the rock is subjected to chemical processing to make
the !"‘205 soluble, and therefore more accessible to plants, Some phosphate

rock is used directly as a fertilizer, particularly on acid soils, in which
the PO, is more soluble; the amount so used constitutes at present about

275
8 per cent of total fertilizer P.0 It is by far the cheapest form of 13205

2°5°
available, Its effect is long- term rather than immediate because of its
lower solubility, but its continued application does build up in the soil a
rese~ve of phosphate which is available to plants., The P205 solubility of

different types of rock varies significantly, and the more "reactive” rocks

are the most suitable for direct application.
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Sulphur is another important raw material used in the manufacture of
phosphate fertilizers, It is used to make sulphuric acid, which is
rcacted with phosphate rock to give S5l or phosphoric acid, from which
TSP or AF is made, In recent years, stimulated by shortages and high
sulphur prices, nrocesses (nitrophosphate processes) have been developed
which do not require sulphur. At prescent, they do not account for a
major part of phosphate fertilizer production, but under certain conditions
they can be attraclive since they reduce the foreign exchange required for

the purchase of raw materials,

single superphosphate was the original phosphate fertilizer and, for
many years, the only phosphate fertilizer. Though it still supplies 25-30
per cent of phosphate fertilizers, it is being rapidly d splaced by the

more concentrated TSP and AP, and very fow new SSP plants are being built.

Its principal advantage is that the process and plant used to make it
are relatively simple and do not call tor many qualified persons. The
economies of scale are much less marked, and comparatively small plants are
economically feasible. SUP has the merit of containing sulphur in the form
of calcium sulphate (see "Other nutrients” below)., Its principal disadvan-
tage is its low concentration which leads to high bagging, storage, transport
and application costs. So far the advantages mentioned have not been enough

to outweigh these extra costs.

The more concentrated TSP and AP are made by a complex process involving
the manufacture of phosphoric acid and its reaction with additional phosphate
rock to make TSP, or with ammonia to make AP. Phosphoric acid hulds a position
in the manufacture of phosphate fertilizers analogous to that of ammonia in
the manufactur of nitrogen fertilizers, in that most phosphate fertilizers
are made from phosphoric acid, just as most nitrogen fertilizers are made
from ammonia. The difference is that 25-30 per cent of current phosphate
fertilizers, i.e. S5P, are made without using phosphoric acid, whereas only
1-2 per cent of nitrogen fertilizers are made without prior ammonia manufacture.
For new production, however, tne positions are closely equivalent; increases
in phosphate fertilizer production will come via phosphoric .cid, while in~

creases in nitrogen fertilizer come via ammonia.

One important difference tetween nitrogen and phosphate fertilizers is
that a much higher proportion of phosphate fertilizers are used as complex
fertilizers, in conjunction w:th nitrogen or potash, and a much smaller

proportion as straight fertilizer, Rather less than 20 per cent of nitrogen
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fertilizers are used as complex fertilizers as compared with over 90 per
cent of phosphate fertilizers. These complex fertilizers can be made
simply by mixing the solid fertilicers, such as urea and aunmoniwm
phosphates, in any roquired proportions to produce o tertilizer with o
nitrogen/phosphate ratio suited to a particular crop or soil.  hHowever,
the majority of complex fertilizers ar: made in the course of nhoiphate
fertilizer manufacture, by means of a ¢ranulating nrcocess i which ammonia
and/or nitrogen fertilizer solids or golutions, and potash are added to
phosphoric acid. This process is usually cheaper tian cimple mixing
because the mtrogen can often be added as ammonia, thus avoiding the
production of solid nitrogen fertilizer, The mixing process 1 normally
used for small- o medium-scal @ production, and the pranulating rrocess
for large-scale production. However, in some developed countrics where
ammonia, phosphoric acid and fertilizer solutions are readily available,

the granulatirng process is used for medium-scals: production.

Other nutrients. While the fertilizer industry 1s concerned primarily

with the supply of nitrogen, nhosphorus ard potassium, other pluit nutrients
may assumc considerable importance. Chict among these 1s sulphur, and of
lesser importance calcium, magnesium and a wide range of "micro-rnutrients",
such as zinc, copper and molybderium: «¢lements required in very small oncen-
trations, but whose absence or gradual removal from the soil may hive serious
effects upon plant grouth. The symptoms of micro—nutrient deficlency are in
general well known to agronomists and plant specialists. where the deficiency
of a particular element is established, it is usually practiciable to 1ncor-

porate it into normal fertilizers,

In recent years, much attention has been devoted to sulphur deficiency.
The growing importance of wmlphur deficiency is partly due to the gradual
replacement of the original forms of nitrogen and phosphate fertilizers,
ammonium sulphate and single superphosphate, which contain large quantities
of sulphur, by more concentrated fertilizers, such as urea and triple super-
phosphate or ammonium phosphates, which do not contain sulphur. In industrial-
ized countries, significant quantities of sulphur are supplied to the soil when
the sulphur dioxide produced by burning coal or fuel oil is washed out of the
air; however, this source of supply 13 generally insignificant 1in developing
countries. As crop yields and the concomitant sulphur removal from the soil
increases, sulphur deficiency may arise. In such circumstances, sulphur must
be returned to the soil in the form of elementary sulphur or calcium sulphate
(s by-product of phosphate fertilizer manufacture), or through the application

of such fertilizers as ammonium sulphate and single superphosphate, or
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of mixtures in which the latter are contained,

Technicul developnents

It was stated above th:t the fertilizer industry, being scicnce-hbused,
is subject 'o continual technicul change wnd dovelopment, both in 115 pro-
cesses and its productu. In the pact twenty years, the nitrogen fertuilizer
section of the indusiry has experione d major t-chnieal ond technoln.sical
change; phouohate firtilizer production has unocrszone si;mificant, but
much less revolutionary chargres, while some pereral trends e the 1nductry

have becen continued.

surveying the industry in the nid=1)T ', there are no clear indica-
tions of 1 similir extont of change aver the rext bwerty years.,  lewover,
the receiarch offort d:voted to the production and uee of fertilisers 15 50
creat that oveno thown at present  1Locems probatl.: that the period wili Le
one of grodual develow:nt wna not ol radical chanege 18 10 Lha ooty bhe
sosoibility  of magor chang: o nover o ruled out. For caanple, the
nitrogen fertilizer lidustry woul ™ b fusdanra b ly b Foetod 1f 10 wer
found possuible to produce 1 the Luoratory o varitety of wibrosen=tix g
symbiotic tacterium whicn could co—eriot an bhe oot area ot ceraal Crops,
similar to the genus ihil.obiw. which mukeos tbmosph oo miteo o avallaole to
legunminous plants. short of cuch revolutiornory chidge, LLoooas oroviable
that development will contiiuc i girections alroay t roqaaly maon ol out,
increasing nutrient conceontr.tion, lmoroving the ofticiency of fertilronr use,
widening the range of raw matorials aviilable, inproving process ctficiency,

and reducing costs.

The major changes in nitrogen fertilizer product ion over the past twenty
years have been the development of processes which have made availabi- + much
wider range of raw materials, and the increase in typical plant sizes from a
few hundred tons a day to a thousand or fifteen hundred tons a day, associ=ted

with a major reduction in capital costco.

Twenty years ago, nitrogen fertilizer plants were tied to locations close
to their raw materials: natural gas and coal (as coke). The developmant of
the naphtha reforming process aided by the fuel oil=oxygen gasitication process
brought a new flexibility into the location of plants, since it was uow pocsible
to bring the raw materials to the markets and build the plants there. More
recently, plants which gasify coal directly with oxygen have bteen commercially
proven. Although the technolosy has to be developed furth.r, it hus greatly
increaced the possiuvility of using an Lndigenous raw material, since coal

deposits are large and widely dispersed.
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Future developments in process design in cual-based processes
are probable, including the ability to predict more reliably the effect
of coal and ash types upon performnance, the development of pressure
gasificati n processes, and some reduction of the very high capital
costs, Over the next two decades, coal-based nrocesces should become .

more competitive.

Much work has been done on widening the range of hydrocarbons that
can be used in the naphtha reformins; procesy, but the resulls have been
meagre., However, the steadily increasing price of naphtha will give an
additional impetus to this work because if thic trend continues, the
naphtha process will soon be priced out of the market. A process per-
mitting the use of heavier hydrocartons for ammoria manufacture without

requiring oxygen would be an important breakthrough.

The large increase in f-rtiliz r plant capacities, with an associate
decrease in capital costs per unit of output, has been particularly marked
in ammonia plants, but it has also taken place in solid nitrogen fertilizer
plants and in phosphate plants. This har been brought about by engineering
developments which have made it possible to construct large "single-stream"
plants comprising a linked series of large single units inctead of a multipl.city
of smaller uaits. The great benefit of this change has been a marked de-
crease in fertilizer costs which unfortunately has been large!y masked by
inflation., Though this development hag brought sigmificant benefits to all
fertilizer users, it has not been without its disadvantages. One disadvantage
of particular importance to developing countries has been that the minimum
economic plant size has been greatly increased. Prior to this change, coun-
tries with a market for 0,000 tons of nitrogen a year could establish a
commercially viable plant. Today, a market of about 150,000 tons of nitrogen
a year would be about the minimum, Smaller plants are still being built, but
they normally require a protected market. The options open to countries
with smaller markets are discussed below (see "Manufacturing options") as are

the large modemn plants (see "Major fertilizer units").

It is improbable that plant sizes will increase further. Plants are
now so large that further increases in size bring relatively small gains, and
the excessive concentration of production in one factory can lead to serious

supply problems if the plant is out of operation for an extended period.

The devclopments in solid fertilizer production, both nitrogen and phos-
phate, have been much less spectacular than in ammonia production. Solids are

intractable materials to handle and process. Solid fertilizer plants,
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which of necessity deal with large quantities of solids as raw materials and/or
products, are less amenable to increase in unit sizes of equipment than ammonia
plants, which deal mainly with gases and liquids. Nevertheless, plant sizes

have increased significantly, as has the use of large single-stream plants, though

to a lesser extent.

The average nutrient concentration of solid fertilizers has also increased
steadily, the incentive being the large savings this brings in bagging, handling
and transport costs. Over the past decade, a marked feature has been the very
rapid growth in the production and use of urea, pa: ticularly in developing countries,
as well as a significant increase in the use of ammon:a as a fertilizer, mainly 1in
developed countries. The use of concentrated phosphate fertilizers, triple
superphosphate and ammonium phosphates has also increased appreciably, and even
more concentrated phosphates, ammonium polyphosphates containing 58 per cent

P_O_, have been introduced into the market,

25
The increasing use of urea and concenirated phosphates will continue. 7The
major question mark lies over the future of ammonia as a n.trogen fertilizer.
[t has gained wide popularity i1n the United States and in a few countries 1n
Western Europe, but 1t requires a technically complex delivery and application

system and 1s not applicable to all types of so1l.

Probably, the most significant development in phosphate fertilizer production
has been the commercial exploitation of nitrophosphate processes, which produce
an NP or NPK fertilizer by using nitr'c acid instead of sulphuric acid to dissolve
phosphate rock. They therefore differ from all other phosphate processes in not
requiring sulphur as a raw material. Established during a period of sulphur
shortage and consequently high prices, they have since lost ground once the
shortage passed some years ago. The saving of foreign exchange, otherwise used
to buy sulphur, may be a deciding factor in some situations; however, .t seems
improbable that nitrophosphate processes will be widely adopted, unless a long-

term sulphur shortage develops.

Another development which may prove highly significant lies in research
into the use of ground phosphate rock directly as a fertilizer, without processing.
Rock has always been used in this way, particularly in the centrally planned
economies in Europe, and at present about 6 million tona, equivalent to about 8
per cent of worl phosphate consumption, are used each year. The scientific work
being carried out into this use 18 directed towards demonstrating that, under
favourable conditions, the results are comparable with those obtained from super-
phosphates. It will also provide a basis for predicting what types of rock will

do well i1n what types of soil. A favourable outcome to this research would be of
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importance to developing countries because their soils are mostly acid, 1.e.

those solls 1n which rock phosphate does best.

Manufacturing options

The estimates of the total capital experditure r~quired to meet the
projected demand from 1980 to 2000 (see "Capital requirements for fertilizer
plant: 1980 - 20C0" below) are based upon the very large manufacturing units
now becoming widespread. These units produce about half a million tons of
fertilizer a yesar and cost hundreds of millions of dollars. These units are
the right choice for countries which have the raw materials or markets, the
qualified people, and the infrastiructure to support them, but they are not
the only possible form of fertilizer plant. Countries with smaller markeis or
without raw materials can enter the fertilizer industry in a number of ways
which require much less massive capital expenditure and fewer highly qualified
and trained people, but which encourage fertilizer consumption by ensuring local

interests a stake in the fertilizer industry.

Dagging and blending plants

When fertilizer demand reaches 50,000-100,000 tons a year, the
installation of a simple bagging plant is possible, whereby the fertilizer
18 1mported in bulk and bagged locally. At this scale of operation, bags
would have to be imported - unless the demands of local agriculture or
industry justify their manufacture - and the value added i1s small. However,
despite the comparatively small scale of operations, 1t may prove cheaper
to bag locally than at the fertilizer manufacturing plant for the following
reasons: bulk transport 1s cheaper than transport in bags, slmpier and cheaper

bagging equipment can be used, and local labour charges may be lower.

The more usual course 18 to set up a bagging and blending plant where
nitrogen, phosphate and potash fertilizers imported i1n bulk are mixed to
give multi-nutrient NP(K) fertilizers, and subsequently bagged. Imported straigit
fertilizers would also be bagged at the plant for the local market. A bagglng/
blending plant costs little more than a bagging plant: the value 1t adds to
the product is higher, the range of services it provides vader, Furthermore, it
calls for much greater involvement in the local fertilizer market. The plant
is very flexible and can produce a range of products, which would be otherwise
difficult or impracticable to import, to suit the needs of particular crops or
801ls and the preferences of local farmers. It needs a few knowledgeable
persons conirolling operations and sales and d:istribution, and unskilled
labour can be used for routine plant operation after comparatively little
training., At the same time, valuable know-how 18 acquired in fertilizer

handling, bagging, storage, marketing and distribution.
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The success of the blending side of the operations depsnds upon the
existence of a market for multi-nutrient fertilizers. If such a market
does not exist, i1t must be developed beforehand by importing NPK fertil.zers,
demonstrating their advantages and advising farmers on their handling and
application. This 1s the most important single factor, but others need
careful consideration. I[f fertilizer demand 1s concentrated in a particular
period, the capacity of the plant should be so chosen as be able to meet
demand during that period, because an increase in capacity entails relatively
little expenditure as long as storage capacity 1s not increased proportionately.
Furthermore, i1f possible, the plant should be located close to the point at
which the bulk fertilizers are off-loaded so that they can be transported
direct to the plant without intermediate storage. One very 1mportant factor
which has a decisive effect upon costs 1s the arrangement of the contracts for
bulk supplies. The size of consignment should be as low as 1s consistent
with reasonable prices because 1t directly determines the working capital
required, which can be much larger than the cost of the plant 1tself, For
example, 1f nitrogen, phosphate and potash fertilizers are imported 1in
10,000 ton lots, storage facilities must be provided for 30,000 tons of
raw materials. If, on an average, these are half-full and 1fy, 1n addition,
the average product stock 1s 2,500 tons, the working capital for 17 70 tons
would amount to $2.6 million (assuming an average price of $150 a ton) compared
with a plant cost of $0.5 to 1.0 million. If 5,000 ton lots could be obtained,
the working capital would fall to $1.3 million. Consequently, very careful
attention must be paid to the shipping arrangements for the raw materiais
and a thorough investigation made of the effect on over-all costs of the

variation of the delivered prices.

In summary, the costs of a bagglng/blendlng plant must be carefully
calculated and a market for multi-nutrient fertilizers establighed in
advance. In many countries, however, its establishment can significantly
reduce fertilizer costs, offer better serve to local farmers, create highly

desirable local employment and lead to the acquisition of valuable knou—how.2

g/ For detailed description and costs of bagging/blending plants, see
UNIDO publication Fertilizer Industry Series: Monograph No.8, A
Fertilizer Bulk Blending and Bagging Plant (1976).
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In addition to forming a starting point for a fertilizer industry with

relatively minor capital expenditure, bulk blending plants can aiso

perform a valuable function in a well established fertilizer industry.

In this situation they would draw their bulk supplies of single nutrient
fertilizers, such as urea and ammonium phosphates, from ex1sting large -
plants and supplement these with imported potash. With dependence on
imports thus greatly reduced, there 1s much greater freedom 1n the choice

of a location. Bulk blending plants can, and -~rould ba, placed close

to their markets; they also can develop a close and usaful relationship with
the local farming community. Because they draw most of their supplies

from a local factory, they can operate with much lower stocks, and their
working capital, which would otherwise comprise 50-7U per cent of their

total capital, is greatly reduced.

The great advantage of a bulk blending plant over a large NPK
factory is 1ts flexibility. In order to produce economically, a large
factory requires long production runs with the result that 1t can make
only a few grades. A bulk blending plan:, however, can produce 2 wide

range of grades to suit local crops and solls.

Single superphosphate plants

It was stated above that,although 1t still supplies about 25-30
per cent of the phosphate fertilizer market, SSP 1s being rapidly
displaced by more concentrated products, and that very few new plants
are being built. However, 1its role as a provider of sulphur (see "Other
nutrients" above) 1s likely to become increasingly important, and there
is still a place for SSP manufacture, mainly in countries where the demand
for phosphate fertilizer 18 fairly small (of the order of 20,000 tons a
year or less) or the needs of an area remote from larger plants have to

be met.

The process, which involves the manufacture of sulphuric acid from
sulphur, the treatment of phosphate rock with that acid, and the granulation
aqd bagging of the SSP thus produced, 1s more complex than that of a
b;gging/blendxng plant. However, the process 18 still relatively simple

and does not require highly skilled people. I[its great merit 1s that the o

economies of scale are¢ not large: a small plant producing some 50-100

tons a day can be a profitable enterprise and would cost $4~6 million.
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The disadvantage of SOP 1s 1ts low concentration, 16-20 per cent P205,

which makes 1ts transportation over long distances uneconomic. If a

plant 1s under consideration, 1i1ts size should be carefully determined

in terms of the area 1t can supply 1n competition with imported concentrated
phosphates. The plant should be situated close to 1ts market rather than at
the point of supply of phosphate rock and sulphur, since the produczt weighs

twice as mucl @ the rav materials used in its manufactu- .

An SSP plant cannot compete with a large plant making TSP or AP and,
1f demand 1s large enough, the latter type of plant should be selected.
However, many developing countries lack the demand to justify such a plant,

and an S3P plant should be seriously considered.

Very large fertilizer plants costing hundreds of millions of dollars
are being adopted throughout the world because they produce fertilizers
more cheaply than smaller plants. Where adequate raw materials or large
enough markets exist, very large plants arthe right choice from an
economic point of view. However, economics are not everything: such plants
make heavy demands upon a country's resources and their establishment may
place considerable strains on the social structure of the community 1in
which they are placed. The small unit, such as an SSP plant, can be much
more readi1ly i1ntegrated into a local community and can be a focus of

agricultural co-operation in that community.

Satellite plants

The next possibility after blendxng/bagging plants and SSP plants 1s
the eatablishment of medium—sized fertilizer plants based upon the 1import
of one or both of the fertilizer intermediates, ammonia and phosphoric acid.
It 1involves a major step in terms of capital cost and complexity of operations,
requires technically qualified people and makes heavier demands of the
country's infrastructure. It 18 a step taken in countries which do not have
the basic raw materials, yet have built up a significant fertilizer demand
of the order of 30,000~130,000 tons of nitrogen or phosphorous pentoxide
a year. Fertilizer demand of this magnitude does not justify the establishmant
of a large plant based on imported raw materials, but that of a "satellite"

plant using imported intermediates may be viable.
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Satellite plants have certain limitations. For nitrogen fertilizers,
1t is desirable to locate the plant within a few k1lometits of the point
at which the ammonia 1s off-loaded, so that 1t can be pumped directly from
the ship to plant storage. If the plant 1s too far away for pumping and
the ammonia has to be off-loaded 1into quayside storage prior to being
transported by rail to the plant, the additional costs usually make the
project unprofitable. This 18 also broadly true of the import of phosphoric

acid.

A further limitation on nitrogen fertilizer plants 1s that, 1f they are
to be profitable, ammonium nitrate, and not urea, must be maie. The manufacture
of urea requires supplies of both carbon dioxide and ammonia. Where ammonia 1S
being produced, this 18 no disadvantage because carbon dioxide is a by-product
of ammonia manufacture. However, 1f carbon dioxide has to be specially
manufactured, the costs of its manufacture would make the urea prohibitively
expensive. [n developing countries, where urea 1s often the preferred
fertilizer, this may prove a serious handicap. If local farmers have become
accustoned to urea, 1t may be difficult to persuade them to change to
ammonium nitrate. This resistance 1s not agronomically founded because
(except for rice grown under flooded conditi. .) ammonium ritrate 1s Just
as good a fertilizer as urea and, 1n some si1tuations, rather better. lts
disadvantages lie solely in 1its hazardous nature (see "Nitrogen fertilizers"
above) and 1n the greater cosis of 1ts storage, transport and application per
ton of nitrogen. If a decision 18 taken to build an ammonium nitrate plant,
preliminary market development should be undertaken some years before the
plant starts up, unless ammonium nitrate already has a significant share of

the mai‘ket .

rhosphate fertilizer manufactire 1s subject to no such limitations.
A satellite phosphate plant would make TSP or AP and could also make NPK
complexes. For TSP, 1t would be necessary to import some phosphate rock:
for AP and NPK, some ammonia, potash and possibly ammonium nitrate or urea
would have to be imported. If phosphate and nitrogen fertilizer plants were -
set up on the same site no imports, other than ammonia. phosphoric acid and
potash, would be necessary and the range of products that could be manufactured

economically would be greatly increased.
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A satellite plant making about 29%),0C0 tons of ammonium nitrate
(80-85,000 t N) a year would cost about $35-40 million, and a plant

making about 250,000 tons of AP (4%,u0 t N and 119,0¢' t P_(, )} a year
y)

would cost about $15-20 million. ‘he considerable dlfferince in cost
arises from the fact that the manufacture of AP from phosphoric acid

18 a relatively simple operation invclving the addition of ammoni. to
the acid, the evaporation of the AP solution and the granulation of the
solid. In ammonium nitrate manufacture a similar series of operations
18 carried out, but 1t 1s preceded by the manufacture of nitric acid

from imported ammonia.

The establishment of a satellite fertilizer plant represents a
major step forward in the fertilizer industry. Its added value 1s
considerable, and :t permits significant control of the supply and price
of fertilizers for the home market, at a cost much lower than that of
establishing a large a.mmoma/urea plant or a large phosphate plant. As
fertilizer demand increases, satellite plants can be readily integrated
into complete fertilizer plants using 1mported raw materials. The economice
of these plants need careful investigation in relation to the cost of importing
fertilizers, but they offer considerable advantages, not the least of

which 13 a guarantee of an adequate supply at a reasonably stable price.

Major fertilizer units

The major manufacturing units with a daily output of 1,000-1,5%) tons
of ammonia, 1,700-2,500 tons of urea or 1,000=1,50¢ tons of AP or TP,
which are now rapidly becorng standard throughout the world, are tne
outcome of technological changes which have taken place over the l-st

ten to fifteen yearc (see "Technical tevelopments" above).

These units are not without their disadvantages. Although they are
much cheaper than the previous generation of plants, they (particularly
ammonia plants) are technologically much more complex and require much
greater technical skill and training, in both management and operation.
Since single units of equipment are used, these plants are less reliable
than the previous generation of multi-stream plants, as many operators ’
have found to their cost. The older plants frequently operated at full
output for 340 days a year; in the new plants 300 days 1s normally
regarded as satisfactory. Furthermore, by virtue of 1ts size, one
single plant may supply a major part of a country's fertilizer requirements,
thus any prolonged failure of the plant may lead to serious fertilizer
supply problems. These disadvantages notwithstanding, major plants have

galned almost universal favour since they produce fertilizers more cheaply

than smaller or multi-stream plants.
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A contractor will supply a plant of any capacity required by the

client, but the practice of using standard sizes i1s growing rapidly.

For ammonia plants, the most frequent size 1s 1,000 tons a day, though
plants with daily outputs of 1,25 o: 1,9 tons are also used; for
phosphate plants the most frequent size 1s 4.)-6U0 tons a day. Clients
would be well advised to use a standard size of plant wherever possible,
because 1t reduces costs ani constiruction time. Contractors have standard
designs for the layout uf these plants as well as for the individual 1tems
of equipment, thus considerably reducing design charges. Furthermore,
since the equipment has already been tested 1n many plants and any design
weaknesses subsequently remed.ed, the client 1s in effect purchasing a
plant of proven design. These advantages are important and, under normal
circumstances, clients would be wel! advised to select the plant size

mest closely suited to their requirements.

In the estimates below, 1t 15 assumed that the forecast fertilizer
demand wi1ll be met by these major fertilizer units. As was stated earlier,
room st11l exists for smaller units, ranging from bagglng/blending plants
to satellite plants, but 1t remains true that an overwhelming share in

fertilizer production will be taken by these very large plants.

Capital and production ccsts

Capital costs

The most notable fact about capital costs is their very rapid rise in
recent years, which 1s still continuing. From 1972-1976, they have at
least doubled. This increase is due partly to general world-wide inflation,
and partly to a large fertilizer plant building programme which has led

to both shortages of equipment and late deliveries.

This situation has 1important consequences for capital cost estimates.
When considering any estimate, 1t 1s essential to bear in mind the date
of origin and to make appropriate allowances for subsequent rises in costs.
Furthermore, since 1t takes three to four years to build a plant, inflation
may result in actual costs 15-20 per cent higher than the original estimate.
(1t 1s for this reason that contractors usually insist on the inclusion of
a price escalation clause in their contractc.) Throughout this study, cost
figures are based on prices ruling in December 1975, and no allowances
have bteen made for inflation during plant construction. These assumptions
have been made because the data cover plants constructed over a twenty year

period, 1.e. 1980-2000, and 1t 18 not possible to predict inflation over so
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long a period. However, 1t 1s 1mportant t> remember that when any
specific plant 1s built, costs will be significantly higher than

the figures given in this chapter.

The major rise 1n capital costs also has important consequences
for the owners of fertilizer plants. Capital charges on new plants
account for half to three-quarters of the selling price of nitrogen
fertilizers, and efficient use of capital i1s therefore of primary
importance. By choosing a standard size and design of plant and
by avoiding delays in construction, the cost of the installed plant
18 kept to a minimum. Once the plant is in operation, no cother factor
has as much influence on costs as the loss of production caused by plant
shut-downs. In a coal-based ammonia plant, over 80 per cent of the
annual operation costs are fixed and do not vary with output. If the
plant operates for only 60 per cent of the designed period of time,
production costs rise by 50 per cent, and the plant may well bhe running

at a loss (see "Effect of output on production costs" below .

Another important consecuence of the rise in capital cost applies
to the owners of existing fertilizer planis. In due course when thes:
plants have to be replaced, they will have to be replaced at today's or
tomorrow's i1nflated capital coste. [t 1s 1mportant, therefore, that
depreciation charges on existing plants should be 1increased to cope with
the higher costs. Depreciation should be based on replacement capital

values, and not on historic costs.

Nitrogen fertilizer plants

The capital and production costs of ammonia and urea plants in
developing countries are shown in Table 1. The ammonia and urea plants
are matched in size, 1.e. all the ammonia produced 1s converted to urea.
The production costs have been set out so that adjustments can be made
for different feedstock prices or for different rates of depreciation

and profit.

It has been assumed that the solid fertilizer produced will be urea
since this 1s by far the most popular solid fertilizer in developing
countries. As far as costs are concerned, 1t makes no difference whether
the final product is urea or ammonium nitrate, since the capital and

production costs per ton of nitrogen are practically the same.
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In Table 12 particular attention should be paid to items (1), (11)

c
and (111) 1in footnote J. ltems (:1) and (111} were excluded because their
cost varies so widely from one project to another, They can increase the

fixed capital cost by as much as 40 per cent, but on an average the
additional cost 1s probably 2% 3U per cent. ‘'hese costs must be included

in any specific p~ro‘]ect estimate.

It should be noted that when these costs are included in the plant
capital, the depreciation and profit charges shown in the table should
also be i1ncreased by 25-30 per cent, corresponding to an increase of
£15-30 per ton of urea, depending upon the raw mater:al.

Choice of Meedstock. The table clearly shows why natural gas 1s always

used as feedstock when 1t 1s available: the capital and the production

costs are much lower than for any other feedstock,.

At the feedstock prices and capital charges used :in Table 1,
naphtha, fuel o1l, and coal do not differ significantly. Naphtha and
fuel o1l suffer in comparison with natural gas owing to their high
feedstock charges; coal has low [{eedstock charges, but very high capital
charges. Relatively 'arge changes in feedstock prices would have little
effect on the cost of urea produced from natural gas or coal, but a major

effect on that of urea produced from raphtha or fuel oil.

The choice between naphtha, fuel o1l and ceral 1s a difficult one.
Cozl 1is by far the most widely distribu‘ed feedstock and constitutes
about 90 per cent of world fuel resources. In the long term, therefore,
coal will doubtless become a major fewctock but at present, processes
using coal are much less widespread and consequently less technically

developed than processes usir  naphtha or fuel oil.

Processes using coal also face “he inherent difficulty that coal 1s
a much less standard product than naphtha or fuel o01l, and therefore have
to be designed to suit the particular grade of coal available to each
specific project. In Table 1 some allowance has been made for these
difficulties by taking 300 days full output for all processes except
coal, for which only 280 days have been allowed.

Countries with a market that will support several major nitrogen
fertilizer plants and with their own coal resources would be well advised
to consider seriously at least one coal-based plant. If the market
supports only one major plant, 1t would, under present circumstances, be safer

to use another feedstock.

3/ Numbered tables are at the end of the chapter.




For these countries whicn do not have i.digencus fuel resources, the
choice between naphtha and fnel co:l will depena on the view taken of the
probable future changes in their prices. waphtha has important chemical
uses for which 1t cannot uve replaced by fuel -:l, and i1ts price is becoming
increasingly tied to gasoline prices. HFMuel o:1 prices, on the other hand,
are more closely related to the prices of alternative tuels, such as natural

fas and ceal.

offect of output on production costs. It was stated earlier (see "Capital

costs" above) that no other factor has as much influence on costs as the full
utilization of the capacity of the plants. No plant can be expected to run
continuously for 36 days a year. 'The plant must be shut down occasicnally
for routine maintenance and on account of equipment failures. It 1s
customary to rate the capacity of 2 plant as equal to the designed daily
production for 330 days a year. Under favourable circumstances, this

output may be achieved: however, most plani operators find it difficult

to achieve 3 per cent of this target, i1.e. approximately 31 days a year.
These leve! .. of production {the "desien rate") are assumed 1n the costs set
out 1n Table 1, except for the cnsts shown for coal-based plants. The tabtle
below shows the serious increase in production costs which occur;when loss of

output exceeds this level.

kffect of output on urea costs

Feedstock Natural gas liaphtha Fuel 011

(8 per ton of urea)

Des1gn rateé/ 102 168 158

80 per cent of
design rate 121 190 182 103

60 per cent of
design rate 154 225 222 251

3/ Design rate = 300 days a year for natural gas, naphtha and fuel
o1l, and 28¢ days for coal.

A 20 per cent drop in output increases production costs by 1520 per
cent. The effect, 1n absolute terms, 18 naturally most severe in plani; with
high capital costs, such as coal-based plants. The figures above 1llustrate
the importance of assessing plant performance realistically when calculating

production costs,.
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Phosphate fertilizer plants

The capi*al and production costs of a large phosphate fertilizer
complex are given in Table 2. The complex comprises a sulphuric acid
plant with a daily output of 1,600 tons, a phosphoric acid plant with
a daily output of 600 tons P205, and a matching solid fertilizer plant
producing non-ammonium phosphate (MAP: 11 per cent N and 46 per cent

PZOS) or triple superphosphate (TSP: 46 per cent P205)' only one of

which 1s made at any given time. The solid fertilizer plant may produce

DAP for two or three months and then switch to TSP or MAF as required,

Table 2 shows that the ons-output 1s greater when making TSP than

when making DAF. When DAP 1s mads, ammonia 18§ added to phosphoric acid

to pro.uce ammonium phosphate, an NP fertilizer. The PZOS production

cannot be greater than the P205 in the acid. When TSP 18 made, the acid

18 added to phosphate rock, which i1tself contains P205, so that the

total P.O. output 1s increased; 1n the case shown in Table 2 this 1ncrease

25
1§ about 200 tons per day. 1t 1s for this reason that TSP has a much
lower production and capital cost per ton of P?U . The important figure

p)

1s the cost per t.m of nutrient, which 1s the same for both products.

Nitrogen and phosphate fertilizer costs

Having estimated the capital and operating costs for the production of
both nitrogen and phosphate fertilizers, 1t 18 1interesting, at this stage,
to compare them. The relevant data are set out below: the figures have

been rounded off.

Comparison of nitrogen and phosphate fertilizer costs in developing countries

Nitrogen fertilizers Phosphate fertilizers

Product Urea (46% N) TSP DAP
(46{5505) (187, N, 46% P,0;)

Output (tons nutrient/yr) 220,000-240,000 220,000-240,000

Raw materials Natural gac Naphtha Fuel oil Coal Sulphur and phosphate rock

Total capital DAP TIsp
cost (8/ton 750 840 930 1,230 545 570
nutrient/yr)

Production costa
(8/ton nutrient)

Raw materials
Processing costis
Capital charges

Total
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The most striking feature of the above comparison 18 the low cost
of* nitrogen fertilizers produced from natural gas; apart from this, the costs
of both nitrogen and phosphate fertilizers are comparable. 'lhis low cost is
primarily due to the current cheapness of natural gas in developing countries
and reflects one of their major advantages for nitrogen fertilizer production,
Some developing countries have a corresponding advantage in phosphate fertil:zer
prciuction, 1.e. the possession of indigenous supplies of prhosphate rock.
A country having rock available at $20 a tor, for instance, would have a
raw mater.al cost of $11', a ton of nutrient, and DAP and P costs of 3270 and

$280 a ton of nutrient respectively: a very large reduction.

A second striking featuie 1s the very high capital cost of coal-based

nitrogen fertilizer plants and the consequently high capital charges.

2 B

This notwitnstanding,coal is able to maintain a competitive position with
naphtha ana fuel o1l because 1t 1s so cheap. Ixperience i1n the desigm anu
operation of coal -based plants 1c limited, and as design developmente occur
and operating experience increases, 1t 1s probable that cosis will droo.
However, 1t 1s algo probable that, in the lon¢ term, coal will be used as a
raw material only by those countries which lacs natural gas and petroleum

deposits.

The table above also shows a marked difference in the cost structure
tor nitrogen and phosphate fertilizers. HKaw materials account for rather
more than half the cost of phoysphate fertilizers, whereas for nitrogen
fertilizers the proportion is generally much smaller, ranging from 1540
per cent. Kfficiency in the use of raw materials 1s, therefore, of major
importance 1n phosphate fertilizer production: plants must be designed
and operated with particular attention to the efficient use of raw materrals.
Jonversion costs are similar for both types of fertilizer and account for

about 20 ner cent of total costs.

The capital charges for phosphates are appreciably lower than those
for nitrogen fert:lizers, some c¢5 per cent of total costs as compared with
40~60 per cent. It follows from this that though obviously always
undesirable, logs of output does not have so drastic an effect upon
phosphate fertilizer costs as 1t has upon nitrogen fert:'izer costs. 1t
also follows that increasing plant sizes contributes less to cost reduction
in phosphate fertilizer production than in nitrogen fertilizer production,
1.6, the benefits of very large manufacturing units are less marked. In
planning a national fertilizer indusitry, therefore, phosphate ferti'izer

production can be economically justified at a lower level of demand than

would be requited for a nitrogen fertilizer plant. In regional or sub-




regional pianning, the desire for some deyrec of natuonal ceif-.ulticiency nan

ve met in phosrhate fertilizer prouction with less economic ligadvantase thne
n nitrogen ftertil.cer product . on.  ih.s Litference o the econom en of scile

(s reflectetr in practize.  vhe overwhelm.ong mooor . ot wemeeoy padacs Le o

vu 1t todav are large o.ts with o capacits olf i, ar 1y Long ooer i *
With ohosphate plants, *he ranse of ci1zes 5 much relert madly Gow prants

are cnaen sidler than the comples daaly cotoue 0 o .-,,}v oLt ate Lhis
chapler, ®
tomplex iertilizer '

.ne conts pavoen o Lable o ocover coe stroacht phosynate persco b ocer ol
andg one complex NiE tert.lozer (oAb, in practice, oot o oonr oent obf the
worla pnesvhate rertilizer conswmption o n e Porm of curnlex tertiliver,
contatuangr by Ly P or NPRoina wide varcety o natroent raboon ot
concentrit.Hns, Lhw piant used to make compdex eitalizers ou s La Lo
a DAP plan, but duviters on that the CAY soiataon s miXedd W.th armonian
nitrate Jr urea, «5 sol.ds or o0 solation, as Well o wetno aol ot ooTaaty,
before tne solid terior cer is produced,  Tne rotpoen rat.os car o readl!
altered vy vtjustine tne guantities of nitrocen tertilozer or o ok added to
tne DAP scouation.

‘he capital cost {per ton of il,’”‘)) of plants prodocing comolex
fertilizers .s the same as that f DAP pLants up o the poinl at wnich the
n.trogen tertilizer and potash are added, ‘hereifter tne cupiltal o3t tor
complex fertilizers 1s slightly higher owing Lo the yreater volume of o.i. .5
to be stored and oa,sred.  This adds about 1 =15 per cent to the cost of
DAP plant 1tself. Gince the DAP plant cost 1s only about 20 per ~ent ot the
total cap.tal cost of the whole unit, which comprises a sulphuric aciud plant, a
phosphoric acid plant and the LAP plant, tie cver-all increase 1s only ¢ to
per cent for roughly half the P.,(v‘) manufactured. In the calculation of

g
total capital requirements cited below, this slight increase has been neflected.
Capital requirements for fertilizer plants: 1980-2000
.
Selection of target production for developing countries
In thi1s section, estimates are presented of the total capital cost of the

new ferti)izer plants needed to meet the fertilizer demand forecast in Chapter Il

(see pagee ' and i),

Separate estimates are necessary for developing and deveioped countries.
It costs more to build a plant 1n a developing country than 1t does in a

developed country: the additional cost varies from countiry tc country, but
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on an average the cost in a develouping country is about 3 wrcent greater.
Moreover, under present conditions, the annual prctuction of . plant in a
developing country 1s usually less than that of a plant of the same s.ze
in a developed country, so that more plants are needed to reach a target

production.

These reasons notwithstanding, separate estimates are necessitated by
the very nature cf this study which arises out of the l:ma Declaration
adopted at the Second General Conference of UNIDO, in which 1t 15 stated
that "1in view of the low percentage share of the developing countries in
total world i1ndustrial production....their share should be in~reased to the
maximum possible extend and as far as possible to at least 29 per cent of

‘)
world 1ndustrial productiun by the year LA

In the light or this statement, and given the future consumptio.
estim.tes set out in Chapter 11 as well as ‘he nature of the fertilizer
industry, a reasonable and practicable target to set tor the developing
countries' shrare of production by the year 200, has to be decided upon.
It 18 obvious that at present, we can do no more than select a target
which, on the basis of the information available, does not appear
unreasonable. Forecasts extending up to the year 200U are uf necessity
very uncertain; they will require revision as time passets, and major
unforeseen technical changes may occur 'n both agriculture and fertilizer
use. Furthermore, 1t 1s difficult to formulate criteria by which the
practicability of a given target can be judged. (e otvious gulda 1s the
past history of the industry, and data relating to the develop:ins countries'
production of nitrogen and phosphate fertilizers are given below:

Fertilizer production in the developing countries
(Millions of tons of N and P205)

Production 1950 1959 196U 1965 1970 1975 1980 2000

Developing 0.62 1.03 1.65  3.17 6.39 12,21 (26.2) ”
countries

World 9.94  14.7 20,3 3.3 49.4 68.0 (94.2) (200)
Developing 6.2 7.1 8.1 10.1 12.9 18.0 (27.8) ”
countries

(per cent)

(Production figures based on data in Chapter [I: pp.”” and 7, and Table 1.

2/ Lima Declaration and Plan of Action on Industrial Development and
Co-operation, page 5, paragraph 28 (PI/38)
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The developing countries' production and their share of the world
ferti1lizer production have been rising continually over the past twenty-

five years, ana at an accelerated rate over the last ten or fifteen years.

At 18 per cent, tuaeir current share in world fertilizer production 1s already

well above their average share of / per cent in world industrial production,

and 1t 1s clear that 1t shoula be possible to achieve a target for the

ferti1lizer itndustry appreciably higher than the global target of 25 per cent.

Indeed the 1980 estimates, which are based on expanslon programmes already
1n hand, show that the 25 per cent share should be reached in the next few

years. ixxpansion at the rate envisaged for 1975 to 198¢) would result 1n a

production by 2000 of about 9 million tons of nutrients or about 35 per cent

of world production. It 1s too early to be certain that the 198 estimates
will prove correct, but 1if they are, it would seem that a target of 35 per

cent or more should be possible.

A special feature of the fertilizer industry is its direct connection

witn food supply. [If the develuping countries themselves do not produce

the fertiiizers they need, they will have to :mport them if their nutritional

standards are to be maintained. in this context, 1l 18 of interest to consider

the effect of various shares .n nitrogen and phosphate fertilizer production

upon the regquirements of toreign exchange for fertilizer supply. Ghown below

1S an approx.mate estimate of the position by the year Z00f, assuming the

current average price of 23y, per ten of nutrient:

<hare in fertilizer production and 1ts effect upon foreign
exchange requirements for fertilizer iumports, 200

Developing countries' share

in production (per cent) 2y 30 35 40 45 5)
Imports/exports (million

tOl’lS N a.rld P?“‘) 33.8 21.7 9.’{ -2-3 -14.4 ‘-25.6
Forei1gn exchange required

it 1s clear that targets of 2% or i) per cent are unacceptably low,
and that even at 35 per cent, :mport requirements would involve a heavy

drain on foreign exchange. A share of avout 40 per cent seems to be

the lowest reasonable target from the standpoint of foreign exchange savings.
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it would thus appear that, in the light of the developing countries'
production record and their need to conserve foreign exchange, a target of
about 40 per ceni, corresponding tc approximate over-all self-suff.ciency,
would be an obvious one to aim at., lHowever, 1t may be possible to achieve
st1ll more, and two targets have been selected tor further study: <he first
(Alternative A)is over-all selt-sufficiency of tne developing countr:es,
equivalent to approximately .’ per cent of world production; the second
(Alternative B) 1s a 50 per cent share in worla production, which would
require si1gnificant exports (about ¢ per cent of production! tu the
developed countries. It 1s evident that developed countries will import
fertilizers from developing countries only when .mportation ;s cheaper
than local manufacture, A detailed just:iiicat.on of a 5 per cent
target would call for a compar:son of manufacturing costs in specific
developing and developed countries. Uuch an analysis, however, would
be deviating from the main purpose ot this studv, and the case for
considering a 50 per cent target rests on the tact thal 1t 1s noet self-
evidently impracticable, an. that there is an a prior: case for exports
to the developed countries from some developing countries, suct. 1s Jorth

Africa for phosphates and the Middle zast for 1..trogen.

Basically, the success of any industrial enterprise aepends upon
men, money, and materials. As far as the latter are concerned, 1t s
shown 1n the following chapter that the developing zountries as a Jroup
have an adequate supply of raw materials for either a 4/ or % per cent
target. The position in respect of money 1s not so clear. Vable j of this
chapter shows a capital requirement for fertilizer plants in develoning
countries from 198(~2000 of approximately $5% billion for a 40 per cent
target, and $80 billion for a 50 per cent target. When account 1s taken
of raw material development and of the costs of fertilizer distribution,
the figures could well be $10C billion and $130 billion. It seems improbaole
that developing countries could meet these demands from their own resources

and some form of co-operative international financing will probably be needed.

The demand for trained and qual:fied people to operate, maintain and
manage the fertilizer plants and to "sell" the fertilizer to the farmer
may prove to be the limiting factor. These requirements are the subject of
the Annex to this study. The present expansion of the fertil:zer industiry 1in
developing countries 18 already placing a heavy strain on current resources:
this 18 shown, in some instances, by delays in plant construction and by
troubles in the operation of the plants. In the rush to get plants financed

and built, this problem runs the risk of being neglected, partly because
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tue need to buiid joiantc 1.0 U0 obrioun end 0 precuins, and partly becauce
investment in reop ie v dongs tern o Goe. net vaelu ecasiiy cuantifiable
rciuttce c-orirative lanned e{“ort 1n eduration wmd trarnine betueen

covernments and fertii.cer manufacturer: on nitionai ana resionsl scale

o oeogentl b, if estrer o dGoor 0 gor cent target 1o to Lo met.

capltal recuaremont

The recuit: ot toe naleulation. are cumrericed 1n Table r they are
~¢4 out in morr aetu.i for mitroren fortilizers in Tables 4 and '), and for
(nesphate fertilizcer an Pavle € Purthier detail: vith notec on the method
of calculation are civen in the Annex to this chapter. llowever, thliere are
t.o tej . 1n the cairulation gnich have a major effect upon the results and

hicn reoulre dirscu ..10n,.

T.¢ rirst step concernu the asowrptions made about plunt utilizati n.
The Jork t.at hac been done for the l.Hbu/l“AU/'le L,orkings barty on Fertili-
ser.. sho.. that nitrogen rfetilizer plants in the developing countries are
operatins at about 0O jer cent of deuigm capacity. By 1980, it is expected
that the C m llicn tons of mitrogen capiacity in tnese countries «.ill be
; ~oducin,” only 14 wnllion tons of nitroyen, If plant utilization could be
increased to 8H-9¢ per cont shich 1o normal 1n developed countries, the same
capacity would produce about 76 million tons of nitrogen. Thus, it 1s
obvious that the «. sumptions made about plant utilization nave a major effect
upon the ectimate of tne mne plant required to mi-et the increacing fertilizer

demand.

Developing countries fet less production from their plants for a number

of

reasont. First, numerous new plantc are being started up and they take

some year: to settle down to their design capacity. The high proportion of
neu plant, therefore, reduces the average utilization of existing capacity.

Secondly, the infrastructure 1n developing countries is less reliable; pover
supplies may fail or be cut off, and rau materials or essential spare parts

may not arrive on time. Thirdly, the skilled and experienced people needed
to manage, operate and repair the plants are 1n short supply. It is to be

expected that as time pasces, these causes of low output will become less

pressing and that plant utilization will steadily improve.

The following assumptions were made for the calculation of plant
capacity needed to meet the fertilizer demand in developing countries;
they leac to the per cent utilization figures given in Tables 4, 5 and 6:
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(a) Plant existing in 1980 achieves 60 per cent design output 1in 1980,
65 per cent 1in 1985, 70 per cent in 1990 and 75 per cent in 2000.
(Lower output 1s expected from plant exi1sting 1n 1980, because some
units will be old and others will have been built before the technology
was fully developed.

(b) New plant achieves 40U per cent design output i1n 1ts first year, 60
per cent in 1ts second, {0 per centin ts third, and 9u per cent
thereafter:

(c) Designed annual output 18 330 days at designed daily cutput.

The second important step in the calculation refers to the assessment
of "replacement capacity". Like motor cars, chemical plants do not last
forever. Over the years, and particularly in the closing stages of a plant's
life, maintenance coets rise and plant failures, leading to loss of production,
increase. %Xventually, a point 18 reached at which the sensible and economic

course 18 to scrap the plant and replace i1t with a new more modern plant.

The fertilizer industry is 1n a continual state of change brought about
by technical development; breakthroughs may render a plant uneconomic and
obsolete long before 1t has physically deteriorated to the point at which
1t requires replacement. Although breakihroughs are rare, processes, equipment
and control systems are being continually improved,and over the years this

has a cumulative effect upon the 1life of existing plants.

Due allowance has besn made 1in the calculations for the fact that
fertilizer plants have a limited life by adding to the estimate of the
plant required to meet increasing demand, an estimate of the existing
capacity which will have to be replaced. In making this assessment, i{ has
besn assumed that the life of a nitrogen fertilizer plant 1s 30 years, and
that of a phosphate fertilizer plant 25 years. (The shorter life cited for
phosphate plants reflects the more corrosive conditions 1in these plants

together with the wear and tear 1involved in pumping and handling slurries.)

FAO fertilizer production statistics show the production of nitrogen
and phosphate fertilizers year by year for both developing and developed
countries. In calculating the replacement capacity required from 1980—198‘4
for example, 1t was assumed that the increase in production in developing
countries from 1950-1955 for nitrogen fertilizers and from 1955-1960 for
phosphate fertilizers was obtained through a 60 per cent utilization of
additional plant. The capacity which requires replacement in 1980-1985 18,
therefore, equal to the increase 1in production for 1950-1955 divided by 0.6.
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The estimates set out in Table } show a total capital requirement
of approximately $120 billion for the period 1980~2000. The costs,
from which this total sum has been derived, are based upon December 1975
prices and exclude allowances for both inflation and 1interest charges
incurred during plant construction. If allowance were made for these
two 1tems, the total cost would rise by 20-25 per cent to $150-160 bill:ion.
If the capital to be invested in plant to supply the additional raw
materials as well as the capital required for the marketing and distribution
of the additional fertilizers were also to be added, the total capital
required would be at least double that needed for the fertilizer plants

themselves.



Tables1 - 6 of Chapter III

besin overleaf
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Pabie “apibal wnd preduct ior cocis of phosphate Tertilizers
in developine countries
DAD rse
Output
Product tons day~ 1,275 1,715
P20, tons,/day™ 587 789
Product tous ﬁyeaer 378,750 509, 350
/
p205 tons,’yezzrld) 174,200 234,330
Capital costs (Bm)
/
Fixed capital 115 115
/
Working capita.lg-’ 17 17
Total 132 12
§ per ton P205 758 568
Production costs ($/ton onk)
4
Raw materialsg/
Phosphate rock 168.0 171.0
Sul phur 51.5 38.5
Ammonia 75.0 -
294.5 209.5
/
Maintena.nceL 39.6 29.5
ﬁ//
Other operating costis 49.0 42.3
Depreciation (8 1/3 per cent) 55.0 40.9
Plant cost 438.1 322.2
Profit (10 per cent) 75.8 56.4
Total: § per ton F’2()5 514 379
$ per ton nutrient 369 379
$ per ton product 236 174
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Table 2. (cont'd)

2 DAP contains 1R per ceat I and 46 per cent V.0, .

13F eontains 46 per cent 2.0, .
Y !

= Anmual output = daily outpot x 230 x 0.9 - daily output o 297
I3
= Coats are for a developings ~ountry, on v "rreenficld' i o Lthey ape
based on December 197 prios and exolude inflation, interest churpes
during construction, rowd ud rail conncrtions, water supply to the
site, effluent dispocil ontaide the site houndary as well as Lonsing:
and amenities for employecs. They include o 7 mW power statior and
one monlh's storage capacity for rov materials and S0 daca? prosuct
storage 1in bulk
d’ . : e ,
= The magor item is credit for 45 days' cales at »lant cost
/
e’ .. . .
- This covers 3.305 tons rock (3?.] per cent T‘,,O(,) at ®" 4 ton, .
0.94 tons of sulphur for AP and 0.7 ton: for #5957 at " uh o ton,
and C.95 tons ammonia for DAP % ®150 4 ton. The assumption underl;yir., -
these prices is that all these raw materials are imported
/
f . , . .
= Maintenance includes materials and labour and is taken as G per cent
of fixed capital '
/

£ This includes utilities, bags at %06.. o ton of product, labour,
management, overheads, taxes and insurance, and sales expenses.
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Table 4. Nitrogen fertilizers - plant required and total capital cost:
1980-2000 (Alternative A)

(Except where ofherwise stated, all figures are in million

metric tons of nitrogen)

Developing countries Developed countries

1980 1985 1990 2000 1930 1985 1990 2000

Ammonia
Forecast demand 20.0 28.5 38.6 63.5 40.3 52.7 66.9 100.6
Production 18.6 29.4 41.8 69.0 43.7 57.2 71.2 108.1
Utilization
per cent 60.0 T71.0 177.5 83.0 80.0 86.0 88.0 88.0
Production
capucity 1.0 41.6 54.1 82.9 54.6 67.1 81.3 123.2
Increase in
capacity 10.6 12.5 28.8 12.5 14.2 41.9
Capacity replaced 0.4 0.6 55 3.0 3.8 19.4
Total new capacity 11.0 13.1 34.3 15.5 18.0 61.3
Plants
(1,000 t/day) 40 50 126 57 66 225
Cost: $ billion 4.4 5.7 14.5 4.7 5.7 18.9
Solid fertilizers

Production 16.6 24.9 4.1 1.1 31.9 43.1 54 .4 84.3
Utilization
per cent 6000 70.0 7600 \‘2.5 8000 8405 86-0 87.5
Production
capacity 27.7 35.9 44.7 65.7 39.9 51.0 62.6 96.5
Capacity
increase 8.2 8.8 21.0 11.1 11.6 33.9
Capacity replaced 0.3 0.5 4.9 2.2 2.8 14.2
Total new capacity 8.5 9.3 25.9 13.3 14.4 48.1
Urea plants
(1,720 t/day) 33 36 99 51 55 184

) Cost: $ billion 2.3 2.4 6.6 2.6 2.8 9.0

Notes: (1) Note 1 to Table 3 also applies to this Table.

(2) N production is higher than demand (in 1980 an allowance is made
for imports to developing countries) to cover increases in stocks,
and losses in the conversion of ammonia to solid fertilizers.

(3) The N production as urea is lower than it ic as ammonia because some
ammonia is used directly as a fertilizer; there are losses in
converting ammonia to urea; and some ammonia is used in making
ammonium phosphates.
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Table . Mitrogen fertilizers - plant required and total capital cost:

1980-2000 (Alternative B)

(Except where otherwise stated all figures are in million

metric tons of nitrogen)

Developing countries

Developed countries

-

7980 1985 1990 2000 1980 1985 1990 2000
Ammonia

Forecast demand 20.0 28.5 38.6 63.5 40.3 52.7 66.9 100.6
Exports/imports -2.8 - +5.0  +17.8 +1.4 - -5.0  =17.8
Production 18.6 30.9 47.3 88.6 43.7 55.7 65.7 88.6
Utilization per cent 60.0 71.0 77.5 83.0 80.0 86.0 89.0 89.0
Production capacity 31.0 43.7 61.7 106.3 54 .6 65.1 T3.7 99,2
Increase in capacity 12.7 17.5 45.1 10.5 8.6 25.5
Capacity replaced 0.4 0.6 5.5 3.0 3.E 19.4
Total new capacity 13.1 18.1 50.6 13.5 12.4 44.9
Plants (1,000 t/day) 48 67 186 50 46 165
Cost: § billion 5.4 1.9 22.5 4.1 3.8 13.4

Solid fertilizers

Production 16.6 26.4 38.4 70.6 31.9 41.6 50.13 68.8
Utilization per cent 60.0 69.9 76.5 82.5 80.0 85.0 87.5 89.0
Production capacity 27.7 38.0 50.2 85.5 39.2 49.0 56.8 7.2
Increase in capacity 10.3 12.2 35.3 9.1 7.8 20.4
Capacity replaced 0.3 0.9 4.9 2.2 2.8 14.2
Total new capacity 10.6 12.7 40.2 11.3 10.6 34.6

Urea plants (1,720 t/day) 40 49 154 43 41 132

Cost: § billion 2.8 3.4 10.4 2,2 2.0 6.2

w—

Notes: See Table 4.
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Table §. Phosphate fertilizers - plants required arnd total capital cost:
1‘3«’30—?()00
(. xcept where otherwise stated all fipures are i million metric
tous of P .C )
)

hevelopiry: countries Jeveloped countries
1980 1905 1996 2000 1000 190, 1990 2000
Alterrative A
torecast demona 9.1 13,3 15,7 30.4 3o NG Ml 4643
“.‘xnnr#n/imporfs =(e 1 +7.4

()00 13.3 1"7)0,-) 3(’.4 ‘U’o} :‘807 Mnl 4603

Stock/losses (%)) 0.9 0.7 0.9 1.5 13 L4 1.7 2.3
Production 9¢H 14,0 19,1 31.9 Ter 301 3508 4645
Utilization per cent HC > 76 83 30 3y a7 £7
Capacity 198 19.6 24,6 38,3 M.y ¥4 41,4 95.8 '
Increase in capacity .0 H.0 13,7 0.9 6.0 14.4
Replacement capacity 0.5 0.7 53 2ol 3.0 10.0
Total new capacity de3  HeT 19.0 3.0 9,8 75.C
Phesphate compl exes 1 oty 92 14 47 121
(600t/day)
Costs 3 billion 3.0 4.0 17,5 1.3 4.6 12,0

Alternative B

Forecast demond 9.1 13.3 18.2 30.4 23,9 207 Mel 4643
sxports/imporis -0, 1 -~  #.0 +8.0 #0.5 = =4.0 =8,0

-

9.0 13.3 22,2 3.4 2643 28,7 30.1 38,3

Losses/stocks (5.) 0.5 0.7 1.1 1.9 1.3 14 1.5 1.9

Production 9.9 14.0 23,3 40.3  27.5 0.1 31.6 40.7 '
. Utilization per cent 60 71.5 76.5 83,5 80 8r 87.5 87

Capacity 15.8 19.56 30,5 48.1  M.5% B4 6.1 46,2

Increase in capacity 3.3 10.9 17.6 0.9 0«7 101
) Replacement capacity 0.5 0.7 5.3 2¢1 3.8 10.6

Total new capacity 4.3 11,6 22,9 3.0 4.5 20.7

Phosphate complexes 21 5 111 14 22 100

(600t/day)
Cost: % billion 3.0 0.2 15.4 1.3 1.9 9.7

lioten: ee Table 3, notes 1 and 7
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inney to Chbapter Til

wSTLATION ¢ TOTAL CAPLI™AL COOT HOK v oRTILLZWR PLAITY

The method used to estimate the total canital costs for uitrocen
fertilizer supply (Alternative A) is set out in Annex Table 1 ard
explained in the notes whrich follow. The most important assumptions
are those made about per cent utilization and replacement capacity,
which were discussed under "Capital requirements",

For marny of the other adjustments made the data available are
inadequate or of uncertain value, and it has been necessary to
exercise considerable judgement., ‘Fortunately, in many cases the

effect upon the cost estimates is slight.

Ate N demand Chapter 11, pp. 70 and 7.

A?. Exports/imports The import of .# million tons of nitrogen by

developing countries in 1900 is taken from
Chapter 1I, Table 9., It is assumed that between
1985 and 1990 the developing countries as a
group will become self-sufficient,

M. m:groduct. N The UNINO/FAC/IBRD lorkirny: Group data show 197 3=
1974 capacities for by-product ammonia and ammonium,
sulphate of 6.9 per cent for developed countries
and 2.3 per cent [or developing countries. For
1980, figures f 9 per cent for developed countries
have been assumed with marginal increases there-
after.

A6. Losses This includes 9 per cent for stock increases and
handling losses, and 5 per cent for conversion
losses.

AB. Per cent
utilizaticn The 1980 figures are derived from UNIDO/FAO/IBRD

Working Group dat.a. Thereafter the following

assumptions are made:

1980 1985 1990 2000

Per cent utilization Developing countries 60 65 70 75

of 1980 capacity Developed countries 80 85 87.5 87.5

Year 1 2 3 4 et seq.
Start-up of Developing countries 40 60 80 90

new plant

Developed cou@tries 60 80 90 90

rs N




A1, Replacement
capacity

A13, Cost

Period

Natural gas
Naphtha
Fuel 0il
Coal

Ave $ per ton K

- 17 -

The over=all per cent utilizatiorn t'i,~urec “or
1975, 1000 ad 2000 are derived from these
assunptions, 100 per cent utilization corresponus
te 33C coperatins la s a year,

It would have been more lorical to deduct the
replarement capacity frcm the 19(( capacity ad add
it on to the new capacity, irn each period., As this
would have complicated the calculation corsiderably
a check was made, usir~ this method, for the 1990
2000 pericd, in which replacement capacity iv 'aree,
and it was found that the Jdifference wnac insignificant .
nevelopins countries (increase in production for
periods 3C years earlier) = 0.6
heveloped countries ( increase in production for
periods 30 years earlier) < 0.9
An assessment was made of the probable feedstock

supply for rew ammonia plants for the three periods

concerned. This is se+ out bclow,
1980=05 1985=90 199 0=2000
72 62 64
5e7 6 4 Percentage of new
. plants using stated
135 7 15 feedstock,
9 15 17
417 442 445

Using these figures and the capital cost data given in
Table 1 the weighted average cost per ton of nitrogen
was worked out for each period. It was assumed that
capital costs for developing countries are 30 per cent
greater than for developed countries, i.e. capital cost
for developed countries = developing countries 41,3 =
developing countries x 0.77.

Capital costs for replacement plants were assumed

to be 70 per cent of the cost of new plants.



.

Bhe

19,

B14.

B16.

Direct ammonia

Percentare of
solids used as

straights

N as ammonium

Bhogghafes

Straisht 1. to
c ounds

Reglacanem
ce_ngaci*x

Cost
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In 1971, approximately 17 per cent of the 23 million
tons of nitror-en consumed by the Jdeveloped countries
was as ammonia applied directly to the soil, mainly
in the thited States.e It has been assumed that this
percentare will fall to 10 per cernt by 2000, ard that
for the uevelopilns cowtries use of direct ammonia
will reach © per cent by 00,

The firures available to the U1 )(“/F‘AO/IBHI) Jorking
Uroup show that about OC per cent of the developed
countries' capacity and ¢ per cent of the developing
courtries' capacity in 19H¢C is for the manufacture of
straicht fertilizers. It has been assumed that by
2C00C these percentyres 1ll decrcase to 73 per cent
and £C per cent respectively., The effect of these

assumptions upnn the proportion of P used as

205
compouwnds has been checked assuming that the current
11:}5’,)05 ratio of about 1:1.7 remains unchanged. On

this baris the percerty-e of P,0. in compowuds in

devel opiryr countries increased f‘iom 30 per cent in
198C to %% per cent by 20CC, and in developed countries
from 50 per cent in 194 %o 73 per ceit by 1990 ad

56 per cent by 2(CO. The latter fisure seems high,

but it may well be that by 2€0C the 15:?205 ratio will
be ~reater than 1:1.7.

This fi/ure is derived I'rom thc assumptions about new
}’205 plants, that new P205 capacity will be 2?0 per cent
TSP, 30 per cent IIAP ( 11-46=0), and 50 per cent DAP
(18=46=0).

B) = B5 = BT - B8

B14 = AN xﬁ%:mmmw = A1 x 27.]
1960 ammonia capacity 31,0

Lev lleplacement
Developing 7260 188
counitries 3/ton li
Neveloped 206 144

countries
Replacement = liew x 0.7

heveloped countries = developiny countries = 1,3
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Phosphate capital estimates

The same method is used in these estimates. ior the calculatiorn. of the
number of nev plants required, a weichted averagce P‘,)O5 capacity per plant
has been calculated assumins 20 per cent TOP and 0 per cent !/ )AP, Based
on the figures for TGP and DAP in Table 2, the averare P’OH output per plant

is 207,0CC tons a year at 330 days operation a year.
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Chapter IV

RAW MATERIALS

Presented in this Chapter are estimates of the quantitiss of raw
materials required to meet forecast fertilizer consumption estimated in
Chapter 1T and for which c.-iwal cost estimates are given in Chapter III.
Also discussed is the availobiiity of these raw materials and their

sources of supply.

The raw materials are natural gas, naphtha, fuel oii and coal for
the manufacture of nitrogen fertilizers; phosphate rock and sulphur for
phosphate fertilizers; and potash for potash fertilizers. Natural gas,
naphtha, fuel oil, sulphur and potash are chemical substances or mivcures
of chemical substances to which a clearly definable specification can be
applied and which vary relatively little from place to place. Phosphate
rock and coal, on the other hand, are mined products to which a specifi-
cation can be applied only to a limited depree and which do vary signifi-
cantly from place to place. They contain constituents, other than phos-
phate and coal substance respectively, which can have important effects
upon the processes in which they are used to manufacture fertilizers. A
process may therefore be designed to use a particular phosphate rock or coal.
A change in the source of supply may adversely affect the process leading
to lower efficiency and/or to loss of output. It is therefore advisable,
with these raw materials, to arrange long-term supply contracts which
specify the source of supply. If a change in the source of supply becomes
necessary, careful and lengthy trials of alternative materials should be

made before fresh supply contracts are signed.

On the other hand, it is often desirable when constructing a plant
to build in sufficient flexibility to accept phosphate rock from a variety
of sources to take advantage of competitive situations or to provide for
the possibility that the supply from the intended source may be cut off
by hostility, strikes, or other unforeseen events. Also, plant design
should, as far as possible, allow for the variations in quality to which
both phosphate rock and coal are often subject, even when they are from the

same source.



Estimate of raw material requirements

Table 1 sets out an estimate of the raw materials required, divided
between developed and developing countries. This estimate is based upon
the same assumptions as were made in estiwétinﬁ capital costs in Chapter
ITT and also upon the raw material requirements used in the derivation of

the operating costs given in Tables 1 and 2 of Chapter IIT.

The estimates of ammonia feedstocks, natural gas, naphtha, fuel oil
and coal, taken together, sive a reasonable estimate of the total amount
of energy required for nitrogen fertilizer manufacture, but the estimates
of individual feedstock requirements, particularly for naphtha, fuel oil
and coul which together account tor 30-35 per cent of the energy require-
ment;, are subject to a large margin of error because they depend very
mu:h upon an individual assessment of the changes that are likely to take
place in the use of these feedstocks up to the year 2000. Because of these
uncertainties it has been assumed that the proportion of the total nitrogen
fertilizer feedsntock supplied by natural gas, naphtha, fuel oil ani coal
is the same in both developed and developing countries. The assumptions,

and the views underlying them, are set out in Note 1 to Table 1.

Availability and sources of raw materials

Information is given in this section on the amount, and geographical
distribution, of world reserves of fertilizer raw materials, and their
present production. Production rates are known with reasonable accuracy
but the same cannot be said of reserves. It is impossible to present more
than a rough estimate of the reserves of any mineral deposit, particularly
on a global scale, because of the difficulties involved. These fall into

two broad categories.

The first difficulty arises from lack of information. Large areas of
the globe either have not been surveyed at all or have been surveyed inade-
quately. Even when deposits are known to exist, information on their
quantity and quality varies greatly. Reasonably complete data are available
only for deposits being worked or for which concrete development plans exist,

and even in such cases the data may cover only the more easily worked and




accessible parts of the deposit. For deposits known to exist but not
being worked the information may be scanty. For example, deposits of
potash salts have recently been discovered in Thailand and reserves are
thought to be "very large indeed", but ro quantitative data are ava:lable.
The reason for this lack of data is simply that full exploration and
evaluation of a deposit is an expensive process and only undertaken when
commercial exploitation is probable. It is a commonplace of res rve
estimation that, in spite of high production rates, reserves remain
constant, or actually increase over qui‘e longs periods of time, because
new deporits are being discovered as fast as existing ones are being used

up'

Faced with this difficulty, some estimators confine themselves to
identified deposits for which reasonably adequate information is available.
Others include known but not fully explored deposits, and yet others add
a "contingency" for deposits not yet discovered but which may be reasonably,
because of known geological factors, presumed to exist (see Note 3} to

Table 2).

The second difficulty is that there is no agreed definition of reserves.

Some estimators include the total quantity existing in the deposit, whereas
others include only that amount which can be extracted by present mining
techniques. Others, again, include only the amount which can be economic -
ally extracted at the time of writing; this depends upon the cost of
mining and beneficiation in relation to market prices for the mineral. On
this basis, the proportion of a deposit included in reserves would vary

from one deposit to another and would also be affected by changes in market

prices or in mining and extraction costs.

With these widely varying concepts of what constitutes a reserve it is
not surprising that estimates of total reserves show very large differences,
for example, estimated world reserves of phosphate rock vary from 85,000
" million tons to 1,300,000 million tons. In comparing various estimates the
difficulties are compounded by the fact that the definition of reserves on
which the compilation is based is not always clearly stated.

It is clear therefore that the magnitude of national, and global,
reserves of fertilizer raw materials is not accurately known. The estimates

for crude petroleum and, to a lesser degree, natural gas are the most

reliable. Because of their importance much attention has been given to
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these materials and to the technology requirea for their estimation. The
estimates for the other raw materials are much less reliable, the one for
potash being probably the least uncertain of these because the rumber of
known deposits is relatively small and most of them have reen carefully
surveyed. The estimates for phosphate rock, uulphur and ceal have she
greatest margin of uncertainty. These materialc are widely listrinuted,
many deposits remain to be ditcovered, and it ic difficuit Lo obtair
representative samples from which the quality of the Jeporsit ean be assessed.
Fortunately, the estimates for potash, phosphate rock and coal chew that,
even when allowance is made for the inevitable iraccuracien, ;<lobal reserver
are more than adequate for the foreseeable future. Witk sulphur, tital
reserves are also ample but in time some shift rmay take place to raterials

not at present widely used.

Ammonia feedstocks

The feedstocks, natural gas, naphtha, fuel oil and coal, used for
ammonia manufacture differ from the other fertilizer raw materiaic,
phosphate rock, sulphur and potash, in that the latter fin: their major
use in the fertilize~ iniustry ...l t the use of thc former igc only a
small fraction of the total consumpticon. The marufacture of fertilizers
uses the following proportions of world productior of raw materiais: 85
per cent of phosphate rnck, 40 per cent of sulihur and 9, per cent of
potash compared with 3 per cent of natural gas, and abont 0.5 poer cent

of oil products and coal.

The development, structure and economics of the industries supplying
phosphate rock, sulphur and potash are therefore closely related to the
progress of the fertilizer industry. 1Indeed, there is at precent a arked
terdency for major phosphate rock producers to move irto the fertilizer
industry, converting a part of their production into fertilizers. Tr the
production of ammonia feedstocks no such close reiationship exists., i
particular, the prices paid by nitrogen fertilizer ranufacturers for their
ammonia feedstocks are determincd by their value for other uses - . . ac
fuels, in the chemical industry, or as constituerts of motor fuels - and

not by their relative suitability for ammonia manufacture.

Table 2 gives world reserves and arnual production of ammonia feedstocks
on a regional basis, for developing and developed countries. Table 3 lists

the major supplying countries with their reserves and current production.




The figures for reserves are only approximate. The rise in oil prices
has caused much more attenticn to be given to natural gas ard the ectimate
of reserves i increasing every year. The estimate of oil recerves is
more stable but even here sirnificant ctanes are occurring. According to
the International Petroleum Encyclopaedia, world reserves of crude oil
increased from #1 bi:lior to 76 billion tons during 1774 in spite of a

consumption of 2.t billion tons. Natural gas reserves increased from 6,000

billion m3 to 72,000 billion m3 with a consumption of 1,340 billion m}.

Estimate B (see Tables 2 and i) for coal reserves is speculative; the figure
is recorded to illustrate the masmitude of probable reserves as cumpared
with known reserves {estimate A, Tables 2 and 1),  Only about half the coal

reserves are recoverable by present mining techniques.

A comparison of coal reserves with production shows that reserves are
adequate for several hundred years even at much higher production rates.
With oil and natural mas the position is {ifferent, since current production
is a fraction of known reserves, particularly in the develaned  countries.
As far as distribution of reserves and production are concerned, developin,
countries have about 50 per cent of the reserves of natural gas, [) per cent
of the oil reserves and 33 per cent of the known coal reserves. They pro-
duce only 10 per cent of the natural gas and 25 per cent of the coal but 60
per cent of the oil. The estimated consumption of amm'nia feedstocks ir.
1980 will constitute about 3.5 per cent of current gas production, 0. per
cent of current crude oil production and less than 0.9 per cent of coal

production.

The conclusions to be drawn from Tables 2 and 3} are that ammonia feed-
stocks are widely distributed among both developed and developing countries,
that developing countries' reserves are much larger in relation to current
production rates than those of develop:d countries, that supplies of coal
are more than adequate, but that during the period 1980-2000 the hydrocarbon
feedstocks, though available in adequate quantities, are unlikely to become

less expensive.

Phosphate rock

Phosphate rock is, with the possible exception of coal, the most
variable of the raw materials used by the fertilizer industry. The deposits
from which it is obtained vary widely in their concentration of phosphate

and in the types and quantities of other associnted materials. The quality
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of pnosphate rock 1s usually defined 1n terms of ite P, 0, cortent, the

AN
concentration normally lyins between 8 ver cent and 38 per cert, lowever,
apart from the usefulrness in determinines transport uand handlirs cosis per
tor of P205, the P?Uj concentration 1¢ an inadeguate ~uide to the value, or
suitability for fertilizer marufecture, ¢t 4 particular crade or type of

rocx,

All phosphate rocks contain a rance of impurities which have adverse
effects upon their use in the {ertilizer 1ndustry, narticularly i+ the mariu-
facture of phospheric acid. ‘The moct important impuri tico are 1ron, aiu-
rinium, magresium, silica, luorine, chlourine, tarborates and orrmarys p
matter. TIron, aluminium and maem.e. un ¢1 cause troublesome sludre forer -
tiorn in phogohioric asid ana lower the yvieia of P Uy fiuorire leads Lo
severe iiqui:d and raseous effluent ¢ronlems; chiorine to serious corrosiorn,
and carbonates Lo excessive sulpharic aci @ consumption and, 1n conunctior

with organic matter, to foaming problems,

In addition to the average chemicai composition of a roci, i1ts physical
corndition, hardness, porosity, partirie size and other less tansible factors,
have a significant effect upon itc suitability for prosphoric acis manufac-

ture and upon the efficiency of the extraction of P“Oﬁ'
<

Therefore, while a complete chemical analysis of a reopresentative
sample of rock is a useful suide to its suitability for fertilizer manufac-
ture, and to the design of the plant in which 1t 15 to be used, it is only
a guide. When, in a new plant, it is proposei to use a rock which is exten-
sively used in fertilizer manufacture the experience of other use:s is
invaluable, but if there is little previous experience with the rock concerned,
extensive trials should be made before the plant design is decided. For the
same reasons, in an existing plant great care should be taken if a change 1in

rock supply is under consideration.

World production of phosphate rock, B5 per cent of which is used in
the fertilizer industry, has practically doubled over the past ter years and,
according to the estimates of Table 1, will increase a further two and a half
times between 1980 and 2000. This trend can be expected to continue as the
best quality deposits are gradually depleted and producers turn to lower

grade deposits leading to a reduction in the average P content - which

0
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thereby becomes increasingly valuable - of the marketed product and to an

increase in the impurities it contains.



Plants can ne leciened to cope with the probl ems caused by !ower
srades of rock, but capital costs and also operating costs and problems
ar« increased, Tt :eemz probable that as time passes fertilizer producers
will find it ..ccessary to exercice preater care and sophistication in
their selection of phosphate rock. Tt nay be that rock nroducer: will
al so become more specialized, producing a "premium" prade for existing
plants which carnot satisfactorily handle rocks with impurities above a
certain level, and a range of "normal" grades for plants specially designed

for rocke of a defined but hicrher range of impurities.

The production of phosphate rock in terms of its P2Ur) content is
given in Table 4 for individual countries an! for regions for the year
1974--1-’/ This Table shows that though phosphate rock deposits are widely
distributed - some 34 countries are producers - Western Europe and the Far
East are sh rt of indi~enous resources, and three countries, the United
States, the USSR and Morocco, account for 79 per cent of current production.
This pattern has not chanred sienificantly over the past ten years. From
1964 to 1)/3 inclusive world production practically doubled, but over the
ten years the United Statrs, the USSR and Morocco consistently supplied 79
to 80 per rent of total production. Over this period the USSR doubled its

praducti or and the lnited tates and Morocco increased theirs by about

.. 2f . ) .
two-thirds.~ Amons other producing countries major increases have taken

place in Jouth Africa, China, Togo and Senegal.

The three major supplyine countried share of world exports, at 75 per
cent, is the same as their share of production but the division between them
is very different. The United States and the USSH, with large domestic
ma ~kets, are much less dependent on exports than is Morocco. From 1964 to
1973 the United States exported 30 per cent of ite production, the USSR 27
per cent and Morocco 99 per cent.-}-/ The developing countries, as a group,
are responsible for over 60 per cernt of world exnorts, ralf of which come

from Morocco.

In 1974, according to FAO statistics, developing countries were respon—

sible for about 15 per cent of PQO fertilizer production and 20 per cent of

p)

l/ Data from International Superphosphate Manufacturers Association.

2/ Notholt, A.J.G., Industrial Minerals International Congress, London,
July 1974.

3/  Notholt, A.J.GC., Ibid.
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consumption compared with 49 per cent of rock production. By the year 2000,
according to Alternative A of Chapter ITT, they will have 40 per cent of
production and consumption and according to Alternative K, 40 per cent of

. consuriptior and nearly 50 per cent of production. As the rubreguent survey
of worla reserves shows, the ‘eveloping countries, ar a ¢reup, cheuld be
avle to meet these tarrets troem their own resources of jhoupe te rocd,

- Many devcloping countries, irnciudir,s Yoroccu, funisin, Alcerig, panish
sabara, Toco, Jordan, Syria, kopt, Peru ana brazil are frorensios produc-
tion or have plans for inrpe increases, ara bovs definite ploo o exact for
Angsola, seneral, Trag, volombia, Nexico and oths r";.ﬂ/ [ the avvelopod
courtriee the most symificsnt charee 1 provably the devel we 4 of the
lirey deporits in Gueer land, Aot adia whaet reccbes oo orepal production
iv L)iA 0 Some of the deponnto, per whaoh ploegoexyotog e e Lo
early stares of deve opuert, a.e a1 remote or o1 nouprbaeis oren hF
explortatic o ot tiese deposi b wi bl raice formdable procles of trargport
and intrastructure and costs are bound to e hicbe dhe rete of developnent ’
ot cuehk deposite 15 likeiy 1o e tiow ard will be deperdent upor the conree
of phuuphite rocr prices,

p

There i no arreed esticate of world reccrvee of ploophoty rocky di{-
ferent authoritien produce wi-dely difforin ectivates ra o tres o0, O
million s 4o Ty 300,000 il e tor: & A5 an iliastrative cxasple, to
irdicate the location and reiative camitude of phosphate rocrs depornits,
ir, Table ) in ;riven an estimate of a world total of about JeO, 000 willi

: ton:. The estimate of the requirements for the year 2000 siven ir Tabvle 1
corresponds to a total denmind for all purposes of about G millior tons a
year. It is obvious that ample rererver of rock erict.

The capital required to meet the torecast phosphate rock demands cannot
be assessed with any precision. The cost of any project depends upon the
depth at which the deposit is located, the quality of deposit, and the location

. of the site in relation to roads, railways, harbours, water and power supplies,
etc. Extensions of deposits already being worked will obviously cost much
less than the development of completely new deposits. Lehry Fives

-

Lehr, J.R., JAPCA Seminar, February 1976.

US Bureau of Mines Bulletin No. 667, p2 (1975).
FEmigh, G.D. Eng. and Min., J., April 1972.
Lehr, J.R., Ibid.

S
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illustrative costs in the United 3tates (Florida) of $15-20 per annum

per ton of rock compared with 3150 per annum per ton for the opening

up of the Queensland deposits. At an average capital cost of 380 per annum
per ton of rock or $250 per annum per ton of P?UU the total capital reavired
to meet the increased demand for rock from 1980 to 2000 is approximately

$10 billion. This is ro more than an order of masnitulde estimate.

Sulphur

Sulphur is various forms is widely distributed - it constitutes about
0.1 per cent of the earth's crust - but the foerms in which it occurs di ffer
greatly in their value as sources. It is found a5 elementary sulpbur, s
metal sulphides in coal and mineral orec, as smiphates, as hydrogen sulphide
in natural s, and as complex organic sulphur compounds 1n crude oil. All
these various deposits are uced as sources of sulphur but the most 1mportant

are elementary sulphur, rydrosen sulphide in natural ;an, and iron pyrites.

The ures of sulphur are as varied as its Scurcer but ahout HO-8, per
cent is used in the manufacture of sulphuric acid. About half of this acid
is used in fertilizer production, so that th. consumption of sulphur feor
fertilizers is about 40 per cent of the total. Sulphur is also used in
agriculture as a pesticide and, to a comparatively small extent, as a fer—
tilizer to overcome sulphur deficiency (see Chapter ITI, "Availability and
sources (£ raw materials" above). In this chapter we ar~ concerrcd with
sulphur solely as a raw material for the manufacture of the sulphuric acid
used in the production of phosphate fertilizers. However, if sulphur defi-
ciency were to become widespread, increasingly significant quantities would
be used to overcome it, though sulphur—containing materials at present

di scarded by the fertilizer industry could be used for this purpose.

An unusual and important feature of the sulphur industry is its rela-~
tion to the control of pollution. Probably the most common industrial
pollutant is sulphur dioxide, which is produced whenever coal or oil, and
sometimes natural gas, is burned and also in quite large quantities when
sulphide ores are Yroasted" for metal production. Increasingly strict and
widespread regulations limiting discharge to the atmosphere of gases con-
taining sulphur dioxide have led to the development of processes to convert
this sulphuric acid or to remove sulphur from fuels, particularly in the metallur-

gical industries where the effluent gases often have relatively high concentra-

tions of sulphur dioxide. However, by far the most important contribution to




sulphur production from these sources comes from the removal of hydrogen
sulphide from natural gas and its conversion to elementary sulphur. 1In
1974 this recovered sulphur amounted it~ 14 million tons, abouvt half the
world production of elementary sulphur and about 3O per cent of the pro—

duction of all forms of sulphur.

Sulphur is also recovered at refineries by processes which reduce the
sulphur content of fuel oils, and in many industrial processes using fuel

oil, e.g. in the manufacture of ammonia.

The production of so large a quantity of sulphur as a by-product® of
other industrial operations, and therefore at a rate which does not respond
to the demand for sulphur, requirer the production of sulphur from elementary
deposits and from pyrites to bear the load of all fluctuations in demand.

As shown below, this has led to a marked decrease in the pyrited share of the

sulphur market:

Production
(million tons of Percent of total production
sul phur)
Elementary sulphur Pyrites Other forms
Recovered Other
1960 22.)} 12 34 16 18
1974 51.6 28 34 22 16

There are a number of reasons why pyrites has lost favour as a source
of sulphur. Since it contains about 46 per cent sulphur, freight charges
are high; the capital costs of sulphuric acid plants using pyrites are much
higher than of plants using elementary sulphur; pyrites-burning sulphuric
acid plants have more troublesome pollution problems than sulphur-burning

plants, and the disposal of the iron oxide residues may also present problenms.

Table 4 shows the production of sulphur in nll forms, by countries and
regions, for 1974.y The developing countries have 12 per cent of world pro-
duction, totalling 6.3 million tons, as compared with an estimated 1980 demand

§/ British Sulphur Corporation, Statistical Supplement No. 12, November/
December 1975,
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of 6.5 million tons for fertilizer production (Table 1). This comparatively
low production reflects the paucity of elementary sulphur deposits in these
countries, with the notable exceptions of Mexico and Irag, ard also the
lack of demand. As the natural mas reserves of developing countries are
exsloited (see Table 2) and as increasing industrializatior raises demand,
their production of sulphur will undoubtedly increase. From 1971 to 1974
production in the Mi tile kast increased from O.t million to 1.4 million
tons per annum and it ic expected t¢ increase still further to about 3

0/

million tons per annum by 1940.

It is difficult to give a sisnificant ectinate of total world resources
of sulphur because of the wide variety of forms in which it occurs and
becaugse of wide differences in the extent and efficiency of extraction from
various materials. Total resources are probably about H00 Billion to )0
billion tons of which more than Y9 per cent is present in coal, oil shales
and gypsum, materials which do rot mare a girnificant contriobution to
present production. An ontimate is siven below of world sulphur resorvc_»:rl—(-)/

1
compared with the 1974 production:;—l/

World sulphur reserves and production

(millions of tons)

Identified Probable Total Produc tion

(1974)

Elementary: Evaporites 580 100 680 7 17.¢

Volcanic rocks 130 100 230 P
Natural gas 155 889 1,040 15,0
Petroleum 265 1,330 1,595
Pyrites 640 - > 640 11.0
Metallic sulphides 260 > 140 > 400 8.2
Subtotal 2,030 D 24555 > 4,585 51.8
Tar sands 50 » 1,800 > 1,80
Coal 20,000 200,000 220,000
0il shale - 280,000
Gypsum Vast
Total 22,000 >200,000 >500,000

Sulphur 116, 30.

Bixby, D.W., The Role of Phosphorous in Industry - Symposium at Muscle
Shoals, Alabama, United -tates October 1976, in the press.

£

British Sulphur Corporation, op.cit.




Accordings to Table 1, the concumption of sulphur for fertilizer
production will increase from 2% million to 5 million tons from
1980 to 2000, correspondins to a total concurption from 1990 to »00C of
approximately 900 mill:on tone, rather leco thon one f17th of the rencreve
at present being used,  From the Table 1t appear: thot recorves in natural
ras and petroleum are larger an relation to precent uce thun for other
reserves, althoush thome in pyrites are prebably under—-otimeted,  clertainly
an nereasine demand Tor natural casoand the epread of polivtion centrol
will lead to increacins production o reacvered sulphar,  vlerentary suLphur
from evaporites ant veloarmie rocks will beoavan lable for o longr tuine bu: it
15 probabice that rhortwyres of thov Torm of ~ulphar may Irod te hysher prioeo
and a movement to other source:, Ik fertil.oer industey should beavle to
obtain the sulphur 14 needs over the noyt tuonty=frve years bub re rvec at
present beins uscd would appear to hav o lumited life,

[t 15 not puusible to ertimate the cap.tal cxpenditure needed te mupply
the 900 million ton: =of sulphur remurrea by th Tertilizer industry from
1580 to 2000 becaus: (a) there 1o 2 wrge vary oty of  curces of ulphar,

(b) nearly 40 per cent of presont cupplies are a by-product of othor indu-trial
operationa; and (¢) there are nncertaintieos in the 87 nt sourees and
forms of sulphur over the noxt taenty fuove years,

However, there are partioilar cppcumstanc o ol the Sortilizer aindustry
which tnsulute 1% a-anat the poosaibly corioun offeats of a lone=term werli-
wide shortwre of ~ulphur, e incuatey o not d net corcumer o sulphur,
1t merely transform: sulphur :into caleium culphate,  'xoeph in the manufanture
of single superphocphate, whish will be a very smoll proportion of total
output by the year 2000, the sulphur consumed by the pho: phate fertiliaer
industry is discarded at phosphoric acid plants @ calcium sulphato in the
form of gypsum. This by-product gyprum i~ not, under present conditions,
an economic source of sulphur. However, proresses for sulphuric acud
manufacture which use naturally occurrin: calcium sulphate (as sypoum or
anhydrite) as a raw materiul, and wlch srojuce ~ement clinker ac a by-product,
have been operated for many yearc and the procest 1s well ertabls shed,  Mest
of these plants have been shut down and no new ones are beinyr built because
their high capital cost make: them uneconomis in compariton with ~nlphur-bumirg
sulphuric acid plants, By-proiuct gypsum 1o mor-~ f1fficult to une because it
contains P?OS' but the difficulties can be overcome, In the anlikely event of

a long-term world-wide shortase of sulphur, the fertilizer industry could resort

to 1ts gypsum dumps, though at considerable aaditional coct,
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Potash

Workable potash deposits are much more limited in their distribution
than the sources of other fertilizer raw materials, phosphate rock and sulphur,
Listed below are the twelve countries, nine of them developed countries, °
in which deposite are now being worked together with an FAO estimate of

recoverable reserves of potash:

Recoverable world reserves of potash

Millions of tons Per cent

of X0 of

Total
USSR eeescssoccccsssccsscsce 24,000 48.0
Canada eeeessosvsssssccccsns 18,000 36,0
GDR seooccsvscccscssccsscces 4,000 8.0
FRG sececossccscocccscacsssse 2,000 4.0
Israel/Jordan ceeeeesessssse 500 1.0
USA cevvcessssccssssssssccscs 300 0.6
France cececsscsccascscsscos 200 0.4
SPain eecvsscccssosceccccecs 80 -
CONEO eovsssscsscscccsncccss 10 -
Italy/Poland/Denmark eeeeoss 37 -
Developing countries ceceses 783 -
50,000 100,0

— —

This estimate covers deposits with widely varying characteristics and
takes rather a broad view of the technical possibilites of exploitation and
extraction,

Only a few developing countries have potash deposits, Deposits are
being worked in China, the Congo and Chile and plans for exploitation exist
in Jordan and Brazil (and also in Poland). Other deposits are kmown to exist
in Thailand/Laos and Ethiopia but neither the extent nor the feasibility of
exploitation have yet been determined with any accuracy. Preliminary -

indications are that the deposits in Tha1land/Laos may be very large indeed.

These deposits are very large when compared with the probable demand given

in Table 1, which is for about 1,000 million tons of potash from 1980 to 2000 and




consumption of 66 million tons in the year 2000, Thus, in twenty years

~urrent ly-known potash reserves would be reduced from 50,000 million tons to
49,000 million tons, It is clear that the estimated potash requirementc can
easily be met from known recerves, even 1f these have been considerably
over-estimated, without taking account of possible future developments,

e.g., 1n Thailand,

These reserves are located almost entirely i1n the developed countrie-
and 1t will therefore be necessary for developing countries to import most of
their potash from developed countries until 1985 or possibly 1990. Ther~after,
potash may become available i1n the developing countries, The explo:itation of
reserves, known or yot to be discovered, i1n developing countri- will depead
upon the comparative rousts of working thece rerources and upen the 1mporinnce
attached to the savimgs in foreign currevcy which accrue from the ase of
indigenous resources,

For the reasons stated in discussine the development of phosphate rock
deposits (see "Phosphate Rock' above), 1t is not possible te ertimate at all
accurately the costs of bringing new potash depos:ts inte use, In a
developed country costs would range from §8 350 to § 500 per annuwr per ton of
K2O. In a developing country they could be much hisher, depeniing upon the
location and quality of the deposit and 1ts distance from an adequate and
reliable transport system,

If we assume an averare capital cost of $ 500 per annum per ton of KO,
the total capital required to supply the additional potash required from )
1980 to 2000 is roughly $ 20 billion. This 18 no more than an ovder of
magnitude estimate,

Other raw materials

As noted in other chapters of this report, there is often a need for elements

other than N, P, and K. The other essential mineral elements are Ca, Mg, ana

S (sometimes called secondary elements) and the micron.trients Mc, Mn, Me,

B, Cu, Zn, and C1, In addition, other elements not classified ar esrsential

are economically useful in some cases to 1ncrease yields or improve the
nutritional quality of crops. It is beyond the scope of this chapter to
discuss the types, occurrences, and distribution of raw materials for supply.ng

these elements, However, their importance should be recognized for when one »f
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thece elements 1s deficient, the effect on crop production can be as
seriocus as the lack of one of the major eclementc,

Alco, various non-standard processes may require raw materials not
mentioned above, For instance, the well-known Rhenania phosphate process
requires sodium carbonate which may be obtained from the minerals trona or
natron or manufactured from salt, Fused caleium masmesium phosphate utilizes
the magnesium minerals such arc olivines, rerpentine or masnerite. Various
secondary sources of hydrocarbons may be used or considered for ammonia feed-
ctock, such as coke oven gas, refinery ta1l ¢as, liquefied petrol eum gas,
by-product hydrogen from electrolytic chlorine production, or products from

processing cil shale or o1l sands.
Water

The manufacture of fertilizers, particularly nitrogen fertilizers, uses
large quantities of water, In the manufacture of ammonia water is a raw
material in the strict sense of the word because 1t it the source of more than
half the hydrogen needed to make ammonia. This water is supplied to the
3

process ac steam and varier from 1.5 to } m’” per ton of ammonia, depending
upon the process used., However, most of the water needed is used as make-up
to cooling water systems. The total water requirements for an ammonla/urea
plant range from 20 to 35 m% per ton of urea, On a 1,000 tons per day
ammon1a/17?0 tons per day urea plant this corresponds to a water supply of
150 to 250 m/h.

These large quantitieu of water are not always readily available,
particularly in arid climatec. There are a number of ways in which this
quantity can be reduced and plant contractors can modify plant designs to
give minimum water consumption though this will usually i1nvolve some increase
in capital cost, Where it is avallable sea water can be used; air cooling
offers a prospect of substantial water savings; more efficient use of water
may be possible by pumping water from a "critical" cooler to one where higher
temperatures can be tolerated, and so on. However, when all practicable steps
have been taken, fertilizer plants will still be large consumers of water,

This may affect the decision about their location or may lead to higher costs,




- 137 -

Organic Fertilizers

An organic fertilizer is the product obtained by suitable processing
- either singly or more commonly as a mixture - of all kinds of organic waste
materials, which 1s applied to the soil to raise its productivity. The
organic waste materials which can be used for this purpose include municipal
garbage, consisting of domestic and commercial garbage and wastes from such
industries as food-processing, lumber mills, etc; night-soil; animal manure;
slaughter-house wastes; cewage sludge; and harvest residues,

Composting is the decomposition or stabilization of organic matter by
biological action in a controlled process as applied in sanitary disposal and
reclamation of organic waste materials, The final product is compost.

Bio-gas is methane gas produced by the fermentation in the absence of
air of organic waste materials, such as farmyard manure, straw, garbage,
and night-soil, and recovered for use as fuel for cooking, lighting,
refrigeration, and heating, and for other domestic or agricultural purposes,
such as providing power for small engines, The spent slurry can be reclaimed

for use as organic fertilizer,

Fertilizer potential of organic waste materials

In recent years, emphasis has been placed on the use of mineral
fertilizers because they have been found to produce quick and positive
results and because of their relative ease of handling and application.

Yet it is well known that organic fertilizers, obtained by processing organic
waste materials, play a vital role in the improvement of soil fertility,

In addition to the principal mutrients (nitrogen, phosphorus and potash),
organic fertilizers contain trace elements (micro-nutrients) essential for
optimum plant growth and resistance to plant diseases and parasites., Furthermore,
organic fertilizers provide the soil with humus, which erhances the efficiency
of mineral fertilizers, improves soil structure, increases water retention
and reduces soil erosion, The provision of humus is especially important
for intensely cultivated soils, soils in tropical areas, heavy clay soils,
loose sandy soils, and saline and alkaline soils.

Recently it has become evident that mineral fertilizers may prove too

expensive for a sizable proportion of farmers in developing countries which

are in dire need of increasing food production,
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Another fact that has emerged clearly is that, owing to population
increases and greater urbanization, the disposal of organic waste
materials has become an increasingly serious health and pollution
hazard., It is therefore important that developing countries should
consider launching a vigorous campaign for the reclamation of
organic wastes for use in agriculture, Table 6 gives an estimate
of the new capital investment needed for a plant, in a developing
country, to process 80,000 tons of city refuse a year to produce
50,000 tons of compost. It is assumed that refuse is delivered free
of charge to the plant.

The approximate annual availability of crop nutrients from
different organic wastes in developing countries has been estimated
for 1971, 1—2/ The totals for nitrogen, phosphorus and potash are
48, 16 and 39 million tons respectively, which calculated at 1973
world f.o.,b. prices for mineral fertilizers, represent a value of
over $ US 16 billion, Comparison may be made with 13,2 million tons,
which is the total amount of nutrients in mineral fertilizers used in
developing countries in 1970/71.

In estimating the amount of organic wastes available for use as
organic fertilizers two facts should be borne in mind: (a) there are
very real constraints to the use of organic fertilizers owing to their
excessive bulk and high costs of handling, processing and application;
and (b) the amount of organic wastes available in practice at a given
location may be considerably less than the theoretical figure owing to
the high costs of collection and transport, as well as existing practices
by farmers of recycling crop residues and using certain wastes, e.g. cow

dung, as fuel,

The present status of organic fertilizer usage in developing countries

FAO estimates that the present contribution by organic wastes for -
fertilizers is probably about 10 per cent of all fertilizers and that
there is probably the potential to raise this to about 25 per cent.

12/ MO Soil Bulletin No. 27 MI/F.6588/E/2.75/1/1500, page 356




- 139 -

Traditionally, China and India are among the world leaders in the
use of organic fertilizers, Along with the rapid expansion of its in-
organic fertilizer production, China is increasing the use of organic
fertilizers, The importance Chinese agronomists attach to organic

fertilizers is 1llustrated by the following two developments:

(a.) Humatic fertilizer is a compound organic fertilizer made

from peat, brown coal, lignite and similar materials together with
other organic substances and can be mixed with ammonium or potash
salts, Technical details are not yet fully available but it is
believed that the equipment needed is relatively simple and that

the processing cost is reasonably low. An additional advantage is
that of using raw materials that are locally available in significant
quantities in most provinces of China. China has considerably
increased its production of humatic fertilizer in the first half

of 1975, which suggests a plamned annual production of several
million tons;

(b) An increasing emphasis is being given to the utilizatior of
human and animal wastes which remained at the top of the list of
organic fertilizers in China's Agricultural Development Programme,
Despite her own vast population, it has been reported that China
began this year to award large contracts to Hong Kong for night-soil.
The increased use of green manure and urban refuse has also been
mentioned in Chinese agricultural journals., It has been reported
that some half a million bio-gas plants have been installed within
the last year and that the economy of these plants depends upon the

successful reclamation of the spent slurry for organic fertilizer,

In India, a programme of compost production from both rural and
urban wastes was launched in 1945 and has been making good progress.
More and more villages have pits for cattle manure, night-soil and
domestic refuse, and many farms practice composting of farmyard manure
and crop residues., The programme also covers utilization of sewage through
sewage irrigation and sludge fertilization, It is estimated that about
40-50 per cent of animal wastes and other farm residues are currently
utilized as organic fertilizers., Probably the same proportion of urban

refuse is being composted but a considerably smaller fraction (about
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5 per cent) of the night-soil is being used to produce organic fertilizers.
It is estimated that the use of sewage irrigation has led to increases in
crop yields ranging from 30-50 per cent or more, as compared with
irrigation by ordinary water,

There has recently been a revival of interest in urban refuse
composting by mechanized plants in both developed and developing countries.
The general opinion is that the chut-down of plants in countries such
as the United States and Japan is largely attributable to the unnecessarily
sophisticated equipment and processes used, and to the lack of attention
to market development for the compost.

Many developing countries are finding an economic solution to rapidly

increasing urban refuse problems through the establishment of compost plants,

With careful planning and organization, and the use of simple processing
techniques and equipment, municipal refuse can be transformed into

a source of valuable fertilizer to market gardeners in the vicinity,
Although urban refuse composting can meet only a small portion of a
country's fertilizer needs, in many cases it may provide the only
fertilizer readily available since developing countries have lower

labour costs, and their urban refuse contains a far higher percentage of
organic matter than i1s the case in industrialized countries, the urban
refuse compost plant can, for certain cities, provide the most profitable
method of urban waste disposal and utilization. The costs for the
nutrient value of the compost gained can be one half of the equivalent
foreign exchange value of imported chemical fertilizers, Burundi, Guinea,
Morocco, and the Peoplet's Republic of Yemen are planning and developing

urban compost programmes,

Conclusions, possibilities and constraints

Despite the obvious value of organic fertilizers, only certain
developing countries have utilized their potential to some degree. Among
the reasons are:

(a) Lack of extension work on the proper utilization of organic

wastes as fertilizers;

(b) Lack of appreciation of the value of organic fertilizers to

soil fertility and wndue emphasis on short-term economic
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gains realizable through the use of mineral fertilizers;

Lack of interest by municipal authorities to make the extra

capital outlay needed for the reclamation of refuse and sewage;
(d) Lack of adequate infrastructure for the collection, distribution

and sale of such high bulk, low unit value materials as organic

fertilizers;

(e) Lack of interest by agricultural research institutions in the

promotion of organic fertilizers.,

It is believed that the reclamation of rural and urban wastes for
use in agriculture can be done in an economic and sanitary manner

through proper planning and choice of process and equipment.

Bio~gas production from suitable organic wastes can also be economically
viable, provided the spent slurry is reclaimed for use as organic fertilizer,

preferably in an integrated farming system.
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1. Ammonia feedstocks. 7The table below gives the assumed percentage
of ammonia production from the different feedstocks.
Natural gas Napht ha Fuel o1l Coal
1980 (A 15 7 De
1984 T 1 8.5 6.9
1990 0Y.4 12 10
2000 8 9.5 12 10,5

The table reflects the view that naphtha will become too expensive
a material for ammonia production, that first fuel oil will replace

naphtha, and from 1990 coal will begin to take an increasing share,

Prom 1980 onwards, it has been assumed tlat new nitrogen fertilizer
plants will have their own power generation plant {ueled by natural
gas 1n plants using this feedstock tut by coal in other plants, The
use of coal in naphiha and fuel o1l plants accounts for about 20 per
cent of the total coal consumption. The quality of coal assumed for
both power and ammonia production is relatively low grade, with a
calorific value of ,.00 k cal/kg.

Phosphate rock, This 18 equal to P,)OL‘ production plus an allowance

of 8 per cent for conversion losses, vit shou:d be acted that in
Chapter 11, forecasts of Pv,Ol‘ demand are onased on the FAO consumption
data. These data ex-lude grOtxnd phospnate rock which has, tor a nuwnber
of years, accounted feor about 7 per cent of total F,0, consumption, If
congumpt ion continues at this rate the estimates of\ réck consumption

would therefore be about 7 per cent low,

Sulphur. The consumption for M/DAP 18 taken as 0,9/ tons/ton P,OL’ and
for SSP and TSP 0,70 tons/ton P,,O‘), and zero for ritrophosphate (N’!‘P).

For 1980 it is assumed that production is 4% per cent M/DAP, 46 per cent
SSP/TSP and 8 per cent NTP. FKrom 1980 onwards 1t 1s assumed that produciion
is 80 per cent M/DAP and 20 per cent TSP,

This is equal to the potash demand plus an allowance of % per ceat tor

stock increase and handling losses,
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Notes

Sources. Data for natural gas and crude petroleum are from the
lnternational Petroleum Encyclopaedia 197Y pp. 296-7. Reserves

are as at | January 1974 and production i1s for 1974. Data for coal
are from the United Nations Statistical Yearbook for 1974. Production
18 for 1972,

1t shounld be noted that for natural gas and crude petroleum the
reserves and production are i1n the same units, For coal, the
reserves are 1n billion tons and production in million tons,

The figures for coal are for "black" coal only. Reserves A refer
to measured and explored deposits and Reserves B to Reserves A plus
known but not fully explored deposits, plus estimated probable
deposits. About half of Reserves A, and presumably also of Reserves

B, are extractable by current mining tecnniques,

For brown coal and lignite world Reserves A are 340 billion tons,
Reserves B 2,630 billion tons and 1973 production was 829 million
tons, The USSR, the United States, FRG and GDR accourt for 70 per
cent of Reserves A, 90 per cent of Reserves B and 6% per cent of
production,

Country classification: the FAO regional classification 18 used.

Africas All countries on the continent of Africa except
South Africa, Egypt, Libya and Sudan, but including
the off-shore island countries

La.1n America: All countries in Central and South America including

the West Indies

Near East: Middle East states plus Afghanistan, Cyprus, Egypt,

Lebanon, Sudan and Turkey
Far East: Other Asiatic states but excluding centrally pla'd economies
Centrally

planned Asia:! China, DPR Korea, Mongolia, DR Vietnam

Western Burope: 1ncludes Yugoslavia

Other developed
countries: larael, Japan, South Africa
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Reserves and production of ammonia feedstocks, by countries

Natural gas Crude petrele m Coal
Production Reserves Praduction Reserves Production (A) Reserves (R)
(millionm3) (billionm‘) {(million {million ‘million tons) (billion tonr
tons) tons’
Developing countries .
Venezuela 41,200 1,72C 150 2,030
Iran 25,600 9, 150 300 8,730
Mexico 19,400 430 30 1,840 4 5 12
Argentina 7,900 210 >0 100
Chile 6,000 80
(‘hina 5, 300 710 60 3, 380 430 300 1,010
Indonesia 4,600 430 70 2,030
Bolivia 4,300 310
Pakistan 4,000 450
Traq 3, 700 180 90 4,740
Colombia 3,000 110 1 4
Afghanistan 2,600 100
Peru 2,100 140
Nigeria 1,700 1,270 10 2,%30
Kuwait 1,400 910 130 9,850
Libya 1,200 750 70 3, 600
Algeria 600 6,500 50 1,040
Abu Dhabi - 5,660 70 4,060
Saudi Arabia - 1,560 420 22,260
Malaysia 140 620 1 340
Bangladesh - 280
Qatar 50 230 ! 810
Neutral Zone 20 2,340
Cman 15 810
India 80 20 80
Korea (D.P.R.) 30
South Korea, Rep. of 14 1 2
Developed countries
United States 633,000 6,700 430 4,600 530 320 2,280
USSR 261,000 3,000 450 11,300 460 170 3,400
Canada 95, 000 1,600 80 960 17 9 100
Netherlands 81,000 2,700
United Kingdom 14, 200 1,400 2,130 130 100 130
Romania 26, 500 60 15 230 7 1 7
F. R. Germany 19,100 330 100 44 230
Italy 16, 200 340
France 8,600 160 26 1 1
Poland 5,000 60 160 32 46
Hungary 4,600 85 *
Ausiralia 4,500 i,080 19 390 55 26 110
Japan 2,700 50 22 1 7
Austria 2,500 30
Norway - T00 - 1,000
S. Africa 60 24 44
Czechoslovakia 28 6 12
Spain 10 1 2
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Phosphate rock, sulphur and potash production

Phosphate rock (1974)

(thousands of tonms)

Sulphur (1974)

(thousands of tons)

Potash {1

(thousands of tonms)

) POy _Lof Z of k0 Zof
total total total
United States 12,500 35 United States 12.200 24 USSR T, 700 32
USSR 7,830 22 USSR 8,500 16 Canada 5,450 23
Mdrocco 6,350 18 Canada 7,800 15 German D.R. 3,000 12.5
Tunisia 1,140 3 Poland 4,300 8 United States 2, 300 9
Togo 90 2.5 Japan 2,800 5.5 F.R. Germany 2,200 9
China 900 2.5 Mexico 2,400 4.5 France 1,900 8
Nauru 890 2.5 France 2,100 4 Israel 600 2.5
Spanish Sahara 860 2.5 F.R. Germany 1,400 2.5 Spain 450 2
Senegal 670 2 Spain 1,300 2.5 China 300 1.25 |
Christouis Is. 640 2 Ttaly 800 1.5 Congo 290 1.75
Jordan 520 1.5 Iraq T00 1.5 Italy 150 0.5
South Africa 460 1.3 Iran 600 1 Chile 20
Vietnam D.R. 420 1.2 Finland 500 1
Germany D.R. 400 0.8
Norway 300 0.5
South Africa 300 0.5
Australia 300 0.5
Others 1,610 4.6 Others 5,000 10
TOTAL 35,700 51,800 24, 360
Regions
Africa 10, 200 300 290
Latin America 210 2,910 20
Near East 860 1,440
Far East 100 270
CP Asia 1,440 1,390 300
Others 1,750 -
Total g;‘i’:; 14,600 41% 6,300 124 610 (2.55)
North America 12,500 20, 000 T, 750
Western Europe 20 7, 600 4,700
CP Europe 7,830 14,500 10, 700
Oceania - 300 -
Others 760 3,100 600
Total devel” 21,100 59% 45,500 88% 23,750  (97.9)
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Table 5. World phosphate rock reserves

(Millions of metric tons)

Identified® liypothetical® Total .
Rock P505 Rock Po0g Rock P,0s
United States 11,640 3,490 37,500 9,520 29,140 13,010
Latin America 730 220 | 2,670 710 3,400 930
Africa 26,800 8,050 81,900 21,800 108,700 29,850
West Asia 1,000 300 6,500 1,670 7,500 1,970
Asia (other) 3,060 920 9,460 2,500 12,520 3,420 .
Australia 1,530 460 10,700 2,750 12,230 3,210
Pacific Islands 45 14 80 23 130 40

44,810 13,450 148,810 38,970 193,620 52,420

a/ 1ldentified - Specific identified deposits

p/ Hypothetical - Undiscovered deposits, geologically predictable as
existing within known districts.

Source: Chemical Economics Handbook (Dec. 1975) based upon U.S. Ceological
Survey Professional Paper 820, U.S. Dept. of Interior 1973 pp.515-525.
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Table 6. Cost estimate of a compost plant to produce 50,000 tons/annum
of compost from 80,000 tons of city refuse

(Thousands of US dollars)

1075 costs
Capital costs
Machinery 250.0
Trancportation, installation, fabrication of
. ancillary equipment and purchase of spares 125.0
Total machinery 375.0
Civil construction 250.0
Internal transport é0.0
Total capital costs 5.0
Fized costs
Capital debt service (principal and interest)
Machinery 77.0-%//
Civil construction 29.40/
Internal transport 10,6~
Total capital service 117.0
Maintenance and repairs 51,/
Machinery 56.37/
Civil construction ?'SF/
Internal transport 8.0~
Total maintenance and repairs 6.8
Salaries and wages 60.0
Total fixed costs ?43.8
Anmual average variable costs
Utilities 10.0
Fuel and lubricants 75.0
Administration 5.0_,
Total variable costs 90.
Total fixed and variable costs 3133.8
/
Total production cost per ton of compost 6.68E

Amortized at 10 per cent anmal interest over 7 years

Amortized at 10 per cent anmual interest over 20 years

Amortized at 10 per cent annual interest over 5 years

Estimated at 15 per cent annually of machinery capital cost installed
Estimated at 1 per cent anmally of civil construction capital cost
Estimated at 20 per cent anmually of transport capital cost

Based on 80,000 metric tons/annum of refuse processed and 1975 unit costs
for electricity, petroleum products, and other supplies

Based on 50,000 metric tons/annum of compost production with N,P?O,5 and
K20 content of 1.12, 1.02 and 0.81 per cent.

g Rlelelle




Annex to Chapter IV

WORLD TRADIS IN FERTILIZLRS
AND THEIR RAW MA1T EHU\LS.‘>—v

The pattern of trade in fertilizer raw materials, 1ntermediates
and products 18 changing, When single superphosphate (SSP), containing
15-70 per rent P[>O‘ y was the principal phosphate fertilizer 1t was
cheaper to tra.nspo;'t phosphate rock, containing "A- per cent P,,Oﬁ,
than 55P. Now that 5SP 18 being displaced by more concentrated products,
~ontaining about '.0 per cent PO, this 18 no longer true and there 1s
an increasing tendency for phosphate rock producers to convert the rock

to finished products. There i1s also a steadlly developing trade 1n

intermediate products such as ammonia and phosphoric acaid,

From 1450 to 1971 most developing countries increased fertilizer
consumption rapidly, the small ones mainly through imports, the large ones
partly through increased domestic production and partly through imports.

But there also emerged net fertilizer-exporting developing countries,

At present (data relate to 1573/71), atout 'O per cent of world
production of nitrogen fertilizers enters international trade; f{o-
phosphatic fertilizers the proportion 1s .bout 17 per cent, but for
potash fertilizers it 1s as much as about ' per cent, These differences

largely reflect various technical and economic conditions.

Pattern of world trade 1n fertilizers and fertilizer materials

In 1973/14, developing countries (the UNCTAD definition excludes
centrally planned economies (CPE) 1n addition to Asia, Turkey and South
Africa, but 1ncludes Israel and Yugoslavia) accounted for about 8.5 per

cent of world fertilizer production while their consumpt 1on reached

l/ Summary of a preliminary report prepared by ihe secretariat of UNCTAD
on the trade implications of a restructuring of the world fertilizer
industry, in compliance with resolutions adopted at the UNIDO Lima

Conference in March 1975 and at the fourth session of the UNCTAD
conference in May 1976.




about 19 per cent of that total., Taken together the developing

countries imported about *," million tons (nutmem content) corresponding
to an import value of perhaps 3800 million at 19/2 prn‘es.-)-/ The developing
countries are, on the other hand, not exporters of phosphate rock,

ln Table | the 1974 world pattern is shown 1n Annex Table 1.

Annex Table 1, Worid exports of phosphate rock, 1974

(M11lions of tons)

Australia Western PFastern Developing:
Canada kurope turope countries
Japan

hina Worid

United States 0.8
USSR
Developing countries

Pacific Islands

North Africa

Others

World

Source: Phosphorous and potassium, No. 8”, March-April 1975,
No direct information used,
_a_/ Including 0.9 mi1llion tons exported from North Vietnam.
E/ Including 0.8 m1llion tons from other exporters not listed and with unknown
destinations.
Hence, developing countries {(including the Pacific Islands) arcounted
in 1974 for 64 per cent of world exports of phosphate rock and tor 14
per cent of world imports, Intra-trade accounted for about ) per .ent
of their total imports, a proportion which should increase with the

opening of the Suez Canal, For example, a fertilizer plant 1in iran,

originally scheduled to operate on North African rock, switched to

Florida rock after the closure of the Canal.

2/ Prices of internationally traded fertilizers more than doubled between
1973 and 1974.




. S .

The i1nternaticnal trade classifications (S11¢ and HYTN) attempt to
show trade in fertilizers according to their chemical composition, but
irrespective of the nutrient content and also of the degree of processing.
However, internationally traded marufactured fertiliz:rs are eilther
vpure” (containing only one of the three major nutriets, for example,
urea, superphosphates or muriate of potash), or complex (produced by
a process of chem:ical reaction), or mixed (from a mechanical mizing
procedure), Hence, the ordinary trade statistics rannot show fertiiizer
trade for the thrce nutrients separately. The FAO statistics show
total exports and imports of 1ndividual countries in temms of N, Pj05
and K?O. As the pruduction and consumption projections are expressed
in nutrient content 1t 1s desirable to show the reographical pattern
of world fertilizer trade also 1n terms of nutrients, Such trade data
are not avallable to WNCTAD, Using the FAO data (1n terms of nutrient
content) on total cxports and imports and availavle trade statistice
expressed 1n values, the very crude geographical pattern of world trade
1n manufactured nitrogcen and phosphate fertilizers, shown in Annex Talle 2,

can be established for 1971,

Althougsh, unavoidably, many of the entries in this Table are
lnaccurate, 1t does indicate the obroad peographical pattern of world
trade 1n nitrogen and phosphate fertilizers (nutrient content) in 1973,
The rough estimates in the Table 1ndicate that 1n developing countries,
In Western lnrope and 1n bBastern lurope (proupings consisting of a large
number of, or economically integrated, countries) intra-trade accounts
for more than 50 per cent of total exports of nitrogen and phosphate
fertilizers, In the other three grouplngs (consxitlng of a small mumber
of countries) intra-trade obviously plays a much smaller role., In relation
to total imports, intra-trade accounted for 67 per cent or more in North
America, Western burope and kastern lsurope but only about 195 per cent 1in

developing countries.

In 1973, OECD countries' exports of fertilizers amounted to about
$°.1 billion, of which $0.8 billion, or 38 per cent was to developing

countries (excluding China). A fairly large proportion of fertilizer

exports to developing countries occurred under various aid schemes.
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Annex Table 2, Geographical pattern of world trade in nitrogen

and phosphate fertilizers, 1973

(Thousands of tons of nutrient content)

Developing North Western Other kastern Asian World
Export to America Burope developed Europe CPE
. from count rxese/ countries
Developing * »
countries /10 60 190 20 2310 120 1,30
North America 2,090 100 240 120 - 30 1,180
Western Burope 1,300 180 2,900 20 70 180 4,6,0
Other DMEC 800 20 - 50 - 710 1,480
* * »*
Lastern Europe 60 - 210 - 520 200 99(}y
* *
Asian CPE 50 - - - - 100 150/
World 5,010 960‘-1/ 3.‘)402/ 210 820 1,40 11,880

Sources: FAO Monthly Bulletin of Agricultural Economics and Stauvistics,
March 1976, for the world totals (average of 1972/71 and 1971/74
data expressed in nutrient content); trade statistics for 1973
of developed market economy countries and of 50 developing

countries for the geographical trade pattern (value data used).
No direct i1nformation used.
3/ UNCTAD definition

B/ The source gives 1,530,000 tons exportsg. This figure cannot be reconciled
with other data in the table, unless ..B intra-trade of Eastern Furope is
increased, as it would raise the total imports into Eastern Europe above
the figure given 1in the table which agrees with the FAO data.

E/ According to FAO, only about 10,000 tons.
2/ According to FAO, about 1,250,000 tons,
2/ According to FAO, about 3,290,000 tons.

Only about 7 per cent of the developed countries' total imports of

fertilizers in 1973 originated in developing countries. North America i
took small amounts from Mexico, Trinidad, Chile and Israel; Japan took

even less (from Israel and Chile); while imports into Western Europe were

fairly significant, and were supplied largely by Israel (potash), Tunisia ‘

(phosphate), Yugoslavia (nitrogen and mixed), Lebanon (mixed), Congo (potash)
and Senegal (phosphate).
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Intra-trade among developing countries. Trade statistics for 1973

are available 1n full commodity and geographical breakdown for 50
developing countries and are summarized in Annex Table 3. These countries
accounted 1n 1973/74 for about 90 per cent of total fertilizer exporis
from all develcping countries (UNCTAD definition) in terms of nutrient
content and for about 7% per cent of total fertilizer imports of

developing countries,

Amnex Table 3, Trade of 50 developing countries in manufactured
fertilizers (SITC Y,61), 1973

(M11lions of dollarst 1imports c.,1.f. exports f.o.b.)

Countries of origin

for imports and of
destination for exports kxporis

Y0 developing countrleeg/ 92,7
Other developing countries 36.6

Developed market
economy countries 77.2

Centrally planned economies 57.8
Unspecified 2.6

Total 868.7 266.9

5/ Trade flows reported by both importer and exporter totalled
$42.4 million when the smaller of the two values was used,

The statistics clearly demonstrate the limitations of using ordinary
trade statistics for only one year to arrive at a trade network. There
are major discrepancies between Kuwait's export figures and the recorded
imports from Kuwait, and Singapore appears as a major importer and exporter

of tertilizers when the figures represent mainly trans-shipments,

The intra~trade in fertilizers (SITC 961) among the 50 countries 1in
1973 is shown in aggregate form in Table 4. The major individual flows

in the intra-trade of %0 developing countries in 1973 were?
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Kuwalt exports to India, Sudan, Pakistan and [ndonesial Venezuela
and Tunisia exports to Brazil, Pakistan and Yugoslaviaj Singapore

exports (re-exports) to Malaysia; Malaysia exports to Thailand.

In 1973/71 there were »1 developing countries without any form of
chemical fertilizer production, % countries exported nitrogen
ferti1lizers, 17 exported phosphates and ! exported potash. Kuwait
accounted for almost 4 per cent of the total nitrogen exports of
680,000 tons and five other countries for a further A0 per cent,

Of phospnates, Tunisia and Morocco accounted for "0 per cent of thne 4
total of 500,000 tons of P?OU and a further 40 countries for an

additional 0O per cent,

Of the ) nitrogen exporters only 1 had a net export, and for

phosphates, 10 out of 17 had a net export.

Fertilizer prices

The prices of internationally traded fertilizers and fertilizer
materials had been relatively stable for many years up to 1973, During
this period of ample supplies, spot prices were frequently lower than
prices quoted under long-term arrangements. However, 1n the course of
1973, fertilizer prices tended to increase as a result of general boom
conditions and strong inflationary pressures, The increases in the posted
price of crude petroleum imposed by OPEC in October and December 1973 -
directly affecting the cost of nitrogen fertilizer production - were
accompanied by a trebling of the export price of Moroccan plosphate rock
on 1 January 1974 (announced 1n November 1973%), followed by a further
%0 per cent rise on 1 July 19745 but on 1 Jamuary 1976 export prices

were reduced by about 30 per cent,

Typical export prices of nitrogen fertilizers about quadrupled
between June 1973 and the second half of 1974 when they peaked. In
1975, prices dropped by some 40 to %0 per cent, Export prices of
phosphate fertilizers followed a similar course: triple superphosphate
export price for spot sales (leading exporters) increased from about SlOO/ton
mid-1973 to a peak approaching $400/ton by the end of 1974, but fell by
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about 50 per cent by mid-197%. Potash prices did not change so
dramatically; as previously shown such fertilizers are largely produced

and consumed 1in industria. - ountries,

Figure 1 ghows the movement of world prices for the major finished

fertilizers from 199 to 1974,

Trade policy aspects

As previously shown, developing countries have so far not been major
exporters of fertilizers to the developed countries accounting, in 1971,
for about 7 per cent of total imports of fertilizers (SITC 961} 1into

developed market economy countries,

Tariffs. Present trade in fertilizers 18 not significantly aftected by
tariffs or other cbstacles, In most developed countries fertiliazers,

whether crude or manufactured, are treated more as a raw material than
as a manufactured produrt, which i1s 1n line with their character ot an

essential input in agriculture, In the UNCTAD 1nventory of non-tariff

barriers imposed by developed market economy countries to restrict importis

of fertilizers there 1s only one entry, for Ireland, relating to super-

phosphates, j/

The tariff regimes in !apan, the United States and the Economic

Community of Europe are shown in Table .

The European Economic Commumity has applied the highest number of
tariffs to fertilizer products. Benefits under the Generalised System
of Preferences (GSP) generally reduce these tariffs to zero with ceilings
applied as required. Countries associated with the EKC, and eligible
for special preferences, may ship fe -tilizers at very low tariffs (the
highest being % per cent) but without cerlings. Fert.lizer quotas in the
EEC 1n 1974 and 197) were not attained, thus any fertilizers sent by

developing countries entered duty-free,

Yy See TD/B/C.2/115/Rev.1 (29 April 1974), page 88, Inventory of non-tariff
barriers, including quantitative restrictions applied 1n developed
market economy countries to products of particular export interest to
developing countries,
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Figure 1. kxport prices for some major fertilizer
materials, 1965 - 1976

($US/ton)
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Note: The double lines indicate the price range for each product.

Source: World Bank, 1965 to October 1975 and November 1975 to
March 1976, based on information obtained from various
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Export cartels, In order to keep prices artifically high or to divide

weak markets, restrictive business practices in the form of export
cartels have existed in the past among producers of all three major
types of fertilizer: phosphates, potash and nitrogen, However, the
effectiveness of such cartels has been minimal and experience during

the 19608 shows that 1n a weak market natural tendencies to compete
continue to coexist with cartels., During this period, evidence of
antitrust cases i1n the Unmited States against phosphate rock producers
who had formed a Webb-Pomerene association (as allowed under US law)

for the purpose of exporting to outside parties revolved around price
fixing for sales under United States AlD-financed commodity purchases,
Court cases during this period estatlished, however, that such purchases
must be treated as domestic sales and are ‘herefore not subject to
antitrust exemptions on price 1‘1xmg.i/ Despite the existence of such
an asgociation, prices were unstable throughout the period and only

A4 per cent of all exports of phosphate fertilizers were sold by
associated companies, In the case of potash, exports by members of

the Potash Lxport Association, Inc, accounted for only about 2?4 per cent

of total United States exporis,

In burope a potash export cartel was organized with the German producers
exempted from the German cartel law prohibition and the Krench producers
under government control. There appeared to be at the time (1960s) some
agreement between the two, Still, the export cartel tried mainly to
control the European market facing competition from kastern Luropean and

North American producers,

The case of nitrogen fertilizers 18 somewhat difierent, Some members
of the European i1ndustry organized Nitrex AG, a Swiss comp'ny recognized
a8 the export cartel of these uropean producers, The cartel was organized
to cope with North American and Japanese competition, It was, however,
probably involved 1n some international price fixing with Japanese producers

(but probably not North American ones since no export association exists

ﬁ/ A good description of these 1s offered in UNCTAD document TD/B/390,
Rustrictive Business Practicest Studies on the United Kingdom of Great
Britain and Northern Ireland, the United States of America, and Japan,
United Nations, 1973, pp. 79-83.
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among United States producers). The only evidence of this was provided

in testimony before the United States Senate Subcommittee on Antitrust

and Monopoly of the Committee on the Judiciary. Some superficial

evidence of price fixing on bids for AID-financed purchases of fcrtilizers
from non-united States producers in both Europe and Japan was at that

t ime presented i/

The most important point to be made 18 that with the aevelopment in
the developing countries of new sources of fertilizer production, price
control will increasingly reflect the political objectives of their
governments rather than the objectives of any privately organized
export cartel. Thus, 1n the case of phosphate rock, the Norih American
export price 18 significantly lower than the Moroccan one (833 to $48).
In the case of nitrogen fertilizers any privately sponsored expori cartel
in the past was ineffective (judging by the movement shown in prices).
With the deve.opment of the vast new fertilizer potential in the Middle
East, control ¢f the world market price will no longer be in the hands
of producers in developed countries with the sole possible exception of
those producing potash fertilizers, It 1s unlikely, however, that they
will be able to organize into any reasonably effective cartel under the

present set of rules regulating such activities,

Other exporti restrictions, In developing countries fertilizer plants are

being constructed partly to replace imports and partly to provide the

country with a source of export earnings. Given the large size of a

modern fertilizer plant, many such plants being built in developing countries
will temporarily have exportable surpluses before domestic demand catches

up. In the event that restrictive clauses are imposed as a condition

for the transfer of technology, then the plant will be forced to operate

at low capacity utilization and high unit costs, Little information

on restrictive clauses is available but there appears to be no record

of restrictions being imposed on the export of excess supplies,

2/ See testimony by Robert O. Link an officia’ of the United States
Department of Agriculture, reported in TD/B/390, page 82.
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Foreign assistance 1in the form of fertilizers - the case for untying

foreign aid, Fertilizers have traditionally been one of the most
important components of direct foreign assistance offered by development
market economy countries to the developing countries, In the future
fertilizers, possibly provided by producers in o1l rich or phosphate
rich developing countries, will play an increasingly vital role 1n the
development efforts of these countries, The ability of developing
country producers to supply developing country users at reasonable
prices will depend upon these producers finding adequate financing

for their poorer customers. [inancial assistance provided by the

. . ¢
developed countries, 1f untied, 1s one potential source,—

In 1973, foreign-assistance financed fertilizer purchases of
developing countries accounted for at most 2% per cent of Lheir total
fertilizer imports. Member ccuntries of the Dcvelopment Assistance
Committee (DAC) of the OKCD provided about #1590 million worth of
fertilizers in that year. In 1974, the volume of their gifts remained

about the same but the value more than doubled (8370 million),

Future pattern of world fertilizer trade

In an earlier chapter of the present report are presented two
alternatives for the growth of the nitrogen and phosphate industry
in developing countries. In the first, "Alternative A", the developing
countries as a group are self-sufficient 1n these nutrients by the year
2000, In the second, "Alternative B", they have sufficient production
capacity to maintain an export surplus to developed countries equal to

20 per cent of their production.

Before ommenting further on the dramatic restructuring of the world
nitrogen and phosphate fertilizer industry as outlined in the report, it

is necessary to corside: potash fertilizers, According to the UNIDO

é/ OPEC countries have pledged $800 million to a special fund designed to
aid the developing countries., Of this sum, $400 million is pledged to
the International Fund for Agricultural Development (IFAD), Of the
other 8400 million, $200 million will be used for balance of payments
support for the most seriously affected developing countries without
"strings or conditions" attached. It could presumably be used for
purchases of fertilizers from developed country, and also developing
country, producers,
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projections, developing countries (UNCTAD definition but excluding
Yugoslavia) would 1n the year 2000 consume 11,4 million tons (nutrient
content) of potash fertilizers whereas their production possibilities

are limited.

No informatlion ex1sts on the future production of potash fertilizers
in developing countries, For the sake of argument 1t 1s assumed here
that this production will reach 3 million tons (nutrient content) 1in

the year 2000, compared with O,/u million tons 1in 1974.

The arbitrary (but by no means pessimistic) assumption that developing
countries will be able to produce just 3 million tons (nutrient content)
of potash fertilizers by the year 2000 leaves an import surplus of 8.4
million tons.l/ According to Alternative A this amount bLecomes the net
fertilizer 1mports 1nto developing countries 1n that year; according to
Alternative B this amount red ces the net exports of developing countries
of 4.1 million tons (relating to nitrogen and phosphate fertilizers) to

15.7 million tons for the three major nutrients taken together,

So far there has only been talk of apgrerated net trading positions,
As far as can be judged, the countries in North Africa rich 1n phosphate
rock are likely to become major exporters of phosphate fertilizers (whether
intermedlate, phosphoric acid or finished) and the countries 1n the Middle
kast ricn i1n hydrocarbons will become major exporters of nitrogen fertilizers

(whether intermediate, anhydrous ammonia, or finished),

The Near Bast 1s already a net exporter of nitrogen fertilizers and
also of potash fertilizer (Israel, but Jordan 1s also expected to become
a producer and exporter of potash fertilizers) and North Africa 1s
already a net exporter of phosphrate fertilizers, In addition, new trade
flows are likely to grow between developing countries 1in finished
fertilizers, A great many developing countries without abundant resources
of crude fertilizer materials are too small to support a fertilizer
industry for their domestic market; regional co-operation and specialization

is the answer to this problem.

l/ It should be noted that the prob»able import surpluses of China and Yugoslavia
are excluded from this total,
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If developing countries succeed in achieving self-sufficiency in
nitrogen and phosphate fertilizers by the year 2000 then, at the same
time, the developed corntries will lose their export surpluses, In
1973, the United States and Japan accounted for 61 per cent of the value
of exports of nitrogen and phosphate ferti1li1zers from developed market
economy countries (excluding Austria, Australia, New Zealand and South
Africa) to developing countries (excluding China but including Yugoslavia),
In that year, as much as 80 per cent of United States fertilizer exports
(excluding potash) went to developing countries; for Japan the share
was 51 per cent (most of the remainder going to China) and for the
Federal Republic of Germany, 38 per cent, In other major exporting
countries (the Netherlands, Belgium-Luxembourg, Canada, Norway, France
ard ltaly) the proportion exported to developing countries was much

lower, an average of 21 per cent,



Chapter V

THE LOCATION OF FERTILIZER PLANTS

The selection of a site for a fertilizer factory has a significant
effect upon the cost of the fertilizers the plant produces., It affects the
cost of building the factory, thc cost of opcratirg it, and the cost of
supplying the fertilizers to the farmer. It is necessary to identify the
costs which are affected by plant location anl to maks a quantitative
estimate of them in order to establish at which site minimum costs
will be obtained. This process of site selection is important. If the
peoples of the world are to be adequately fed there will have to be a
massive increase 1n the consumption of fertilizers. Any increase in costs
caused by the uneconomic location of fertilizer plants will restrict the
increase 1in fertilizer consumption, leading to lower food production and

higher 7ood costs.

However important the economic factors arc, it must be recopgnized
that other factors have to be taken into account, wrich on occasion may
not lead to the choice of a minimum—cost site. The interagtion of politics
and economics is a familiar feature of our developing industrial society.
Covernments, with a paramount responsibility for the welfare of their
people, have found it both necessary and desirable to restrict the free
play of economic forces, and this applies to the selection of industrial

sites as well as to other aspecis of economic life,

Nat ionally Govermments may, by direction or by various foris of
financial incentive, endeavour to limit industrial development in
overcrowded areas and encourage it in underdeveloped or "depressed" areas.
Internationally Governments may, for reasons of national self-sufficiency,
decide to build their own fertilizer plants, even though this may increase

the cost of fertilizers to the farmer.

The right of Govermments to take such action cannot be gainsaid.
However, it is important that the economic consequences of such decisions
should be known beforehand, so that a decision can be reached in the light

of all the relevant facts. Fortunately, on the international scene




the development of many regional and economic groups or associations is

leading to an increased awareness of the advantages of international
co-operation and regional planning. This is particularly important to the
development of the fertilizer industry where, owing to the economies of large-
scaie operia*ion, the uneven distribution of raw materials, and the very

high capital costs, the ten-fits of international co-operation and the

pcnalties of independent action are considerable,

Apart from the action Governments take to modify or restrict the
influence of economic factors, it should be noted that the way in which
these economic factors are tiaken into account will vary according to the nature

of the decision-—m.aking body.

A private commercial organization Wwill select a site to give minimum
cost, using in 1ts calculations, for example, the market values of the
various factors, transport costus, wage rates, interest rates,and foreign
exchange rates, The final decision will of course be affected by any financial
incentives that Government may offer to encourage the establishment of the
factory in region A rather than region Bj however, the important point is that
the choice between different sites is made to maximize profits using the

market values of the various cost components,

It may well be, however, that market values do not accurately represent
the real value or cost of the various goods or services used, and that the
minimun cost derived thercfrom does not represent the optimum use of national
resources. The wage structure may not reflect the real value to the nation
of different kinds of skill and experiencej the prices of different forms of
transport may not correspond to their true costs; current interest rates may
not reflect the true value of capitalj and the official exchange rates may
not be a satisfactory indicator of the value of foreign exchange. A governmental
planning organization, which is concerned with the optimum allocation of
national resources, may therefore replace market prices by rather different
prices("shadow" prices) which are a better index of the value of the resources

used.




This technique of appraisal, often known as "social cost~benefit
analysis", is too specialized and complex to be pursued further here,
However, it should te noted that the conventional calculation of minimum
cost based upon market p/r'ice:s does not necessarily lead to the (timum use

. 1
of national resources, =

In selecting a site, a reasonable balance should be struck between
economic and social or political factors. A private commercial orgunization
will naturally attach greatect weight to the ~conomic factors, and may pay
insufficient regurd to social factors., If o Government wishes to ensure
that these factors receive duc weight, it must cxercise some form of control,
either directly through a "licence to build” or indirectly tnrougslh viirious
forms of financial incentive or penalty. With o governmental ormnivation,
on the other hand, the danger 1i: that the cconomic factors may be unider-—
emphasized sine such organizations are frequently free from the ultimate
financial accountability to which private commercial organizations are

subject,

In the subsequent sections of this chapter factors affecting location
are identified and discussed, first at national level and then at regional
level. At the national Level, the discussion is primarily concermed with
an evaluation of the economic factors involved; on proceeding to the
regional level, the interplay of economic and political forces assumes greater
significance. Finally, the possibilities and advantages of regional co-operation
are presented for five regions: Central America and the Caribtean; West Africa;

b East Afriea; West Asia; and South-East Asia.

Principles of factory location

Factors involved

It was stated above that site selection affects the cost of both building
and operating the factory, as well as the cost of supplying the fertilizer to the

farmer: it affects capital costs, production costs, and distribution costs.

1/ Guidelines for Project Evaluation. UNIDO 1972. ID/SEf.A/2
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The factors which cause these effects are:

- Transport: availability and cost, raw materials and markets

- Utilitiess availability and cost of electric power and water

- Effluent disposal ¢
{ -  Nature of site

- Labour

- Infrastructure: housing, roads, railways, etc.,

Other classifications are possible. Many authorities list separately
the location of raw materials and that of murkets, which are covered above
under "transport". The availability of transport, clectric power, water,
and effluent disposal systems could legitimately be included in infrastructure;

they are listed separately avove owing to their importance.

Capital costs

A distinction has to be drawn between the effect of these factors
on capital costs and their effect on production and distribution costse.
The latter sosts enter directly into the selling price of the fertilizer,

whereas capital costs enter only indirectly and to an extent determined

by company policy. At the low capital charges (18 1/3 per cent) used in Tables 1
and 2 of Chapter III, the difference in capital costs from one site to

another could easily lead to & - 4 per cent aifference in the cest of nitro-
¢genous fertilizers, and 1, - 2 per cent in the cost of phosphatic fertilizers,
At more normal capital charges 5 - 30 per cent, the cost differences would

be } = 5 per cent and ¢ - 3 per cent respectively. These differences are

significant and emphasise the need for careful site selection.

The factors which affect capital co.ts are: the choice between a new
and a developed site; the cost of making road and rail connections to the
sitej the availability and reliability of power and water supplies and effluent
disposal systems; the cost of transporting equipment to the site; and the

suitability of the site for building operations.

The choice between a developed site and a new site is one which arises
more frequently in developed than in developing countries. However, when it
does arise, very thorough investigation is necessary because such features -

as the availability of road and rail connections, the existence of internal




- 10Y -

roads, offices, workshops, and the presence of water and power supplies

mcke a developed site much cheaper. It is unlikely that a developed site

will be in the ideal position with respect to raw material supplies and markets.
However, sioc the capital costs of a developed site can be as much as 20 per
cent lower than those of a new site, considerable extra transport costscan

be borne.

A large fertilizer factory will produce up to 0.9 million tons of
fertilizers a year and will bring in 0.9 - 1.0 million tons of raw materials.
It must therefore have good road and rail connections to an adequate and
reliable rail and road network. The cost of connecting the factory to such
networks will depend on the distance of the site from the network and the
nature of the ground to be traversed. This cost can be quite large, ard it is
usually necessary to select a site not more than a few kilometres from the

nearest adequate road or railway.

Reliable power and water supplies are cssential to the satisfactory
operation of a fertilizer factory. A large factory will have a power demand
of 10 = 20 mW. This can be obtained from an outside supplier or generated
in the factory. The trend in developing countries is for power to be generated
on site, thus making the factory independent of outside supplies. Although
this will increase capital costs, it will normally have little effect on
total production costs because it is usually possible to generate power
at a cost comparable with that of outside supplies. Independent generation
is almost always preferable where a long supply line would have to be
installed. The availability or lack of external power supplies is not usual ly

a major determining factor in the selection of a site.

The supply of water is a different matter. Fertilizer factories
are large consumers of water (see under "Water", Chapter IV) and it is
essential that they be located reasonably close to water supplies of satisfactory
quality. The ideal site would be near to a river, where w.ter can be pumped
through coolers back to the river, thus saving the cost of cooling towers.
Such sites ere rarely available: more usually, water is taken from public

supplies or specially pumped from nearby rivers or lakes. Occasionally,

supplies may be obtained from wells sunk on site.




The disposal of gaseous, liquid, or solid wastes may present

difficult problems and, in extreme cases, rule out certain sites altogether.
Gaseous effluents can usually be made innocuous by suitable treatment;
however, if particularly stringent standards are applied in populaied areas,
capital costs will be increased. Liquid e¢ffluents are more difficult, and
often more expensive, to handle since ultimately they must be discharged
into a large body of water. The cost of treatment before discharge depends
upon the concentration of pollutants and the ratio of the volume discharged

to the volume of the recipient water. On some sites, the discharge ¢f liquid

effluents may not be permitted. In such a situation, the plant must be so
designed that liguid effluents are reduced to a minimum prior to their
disposal on site or purification and recycling, with consequent increases

in capital costs. 30lid wastes are usually disposed of mor: easily, as long
as adequate dumping grounds are availabie, preferably on site. Solid wastes
are not normally produced on nitrogenous fertilizer plants, except when coal
is used as & raw material. A large coal-based plant would produce 100,000 -
250,000 tons of ash a year, the quantity depending on the ash content of the
coal, Phosphate fertilizer factories produc: large amounts of by-product
&ypsum, about twc tons for every ton of concertrated phosphate fertilizer.

A large factory would, therefore, produce about one million tons a year. This
is normally transported as slurry to the dumping ground, which must be close
at hand, whereafter the water is drained off and recirculated. Special
precautions may be required to prevent the contamination of adjacent land
by fluorides. Phosphate factories, therefore, require large dumpirng grounds
on or close to the factory site, and which are free from objection on

environmental grounds.

The cost of transporting equipment to the site may be a significant

item in total capital costs. In developing countries, 80 per cent or more

of the equipment will come from overseas and the cost of moving it to

a site remote from the port of entry may be appreciable. If there is a limitation
on the size of individual items that can be shipped by rail or road, it may
‘prove necessary to transport major veasels in two parts and to weld them

together on site, or to use two amaller vessels in place of one large one,

These expedients increasecapital costs.
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The qualities of a pood building site are obvious. It should be level,
have good load=bearing properties and be free from abnormal occurences,
such as floods, earth tremors or very high winds. The disadvantages most
commonly cxperienced are the necessity tor levelling, btack-filling or

- .1ng, and the obstruction of access by major roads or railways.

In summary and assuming that a developed site is not available, the
ideal minimum—cost site is close to eoxisting rnad and rail systems,
as well as to water supplies; it is not subject t» unusually stringent
effluent standards; it has reasonable facilities for the disposal of liquid
and solid wastesj it does not entail excessive equipment transport costs;
it is level and has good load-bearing properties. Such a site will not often
be found; usually it is necessary to strike a balance between various
advantages and disadvantages which, in oraer to compare different sites,

should be set out in terms of the extra capital costs entailed.

Production and distribution costs

The most important factor is transport costs. Other factors are important:
the cost of road and rail connections; the strength or weakness of ihe
infrastructure; the problems of effluent disposal; and the availability of
water. However. under normal circumstances, nonehas so decisive an influence
as transport cosir. A large modern factory will produce 0.5 million tons of
fertilizer a year and consume O.5-1.0 million tons of raw materials.

Transport costs are therefore a major item in fertilizer costs. Differences
in transport costs between one site and another frequently outweigh all
other cost differences, and the location of a fertilizer factory is often deter-

mined by transport costs.

The ease with which raw materials can be transported and stored varies
according to the nature of the raw material. Solids, such as phosphate rock,
sulphur or coal, can be transported in standard rail or road vehicles and
present no problems. Liquids, such 3 napim, fuel oil or ammonia, require
special vehicles which are used exclusively for one material, and specially
designed storage tanks are needed. Gases, such as natural gas, can be
transported only by pipeline and their storage is not normally economic.
Water is also transported by pipelime, but is relatively easily stored.
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In this discussion, the term "transport costs" is given a wide interpretation.
It covers the cost of operating a natural gas, oil or water pipe-line
as well as of effluent or waste removal: all the costs of transporting
raw materials and supplies from their point of origin to the site, and of moving
products and by-products from the site to their point of consumption or

disposal.

In discussing the influence of transport costs on location, some

authorities g/ have placed much emphasis on the "weight ratio” of the processg

the weight of raw materials used per ton of product. It is argued that if the

ratio is greater than unity, the plant should be located close to the source

or port of entry of the raw materials. If the ratio is less than unity,

the plar should be located close to its murkets. The greater the deviation from
unity, the more important it is that the plant should be close to its raw
materials (ratio>» 1) or its markets (ratio < 1). Weight ratios from some

typical products and processes are given below:

Weight ratios for typical products and processes

Raw materials

Products

Naphtha Fuel oil Coals Phosphate

rock/sulphur

Urea 0.9 0.6 1.9
Amnm. nitrate 0.4 0.45 1.4 |
Amn. sulphate 0.5 0.55 1.1 ‘
Amm. phosphate 2.2, |
Triple superphos. 1.9
Single superphos. 0.8

The table clearly shows why coal-based nitrogenous fertilizer plants
are located close to the coalfield. It also explains the growing tendency .

2/ UNIDO Fertilizer Manual, Chapter XVII, page 174 (1967).
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among phosphate rock producers to engage in the manufactur of concentrated
phosphate fertilizers. The table also shows why this development did

not take place until processes and markets for concentrated phosphates

had been established: with single superphosphate, the lLalance is

slightly in favour of locating plants close to their markets,

The table also suggests that oil-based nitrogenous fertilizer plants
should be close to their markets. This implication should be treated with
reserve for two reasons. First, if coal were used on thess plants for
power and steam generation, the weight ratioc would be much nearer unity.
Secondly, the weight ratio contains a fundamerital weakness as .
index of transport costs, since it assumes that transport costs per
ton-mile are the same for all materials: this is certainly not true.
Transport naphthaor fuel oil by road or rail requires special tank
wagons which must be used exclusively for this -affic, making return loads
imppssible. Bagged fertilizers, and porsibly tulk fertilizers as well, can
be carried in general-purpose wagons for which return loads may be available.
Consequently, the road or rail transport costs per ton-mile for naphina
and fuel oil are much higher than for fertilizers. It may be possible
to reduce the cost of transporting naphtha or fuel oil by using a
pipeline. The cost and feasibility of a pip:line depends upon the naphtha
or fuel oil consumption and the nature of the ground to be traversed.

For large factories, pipeline transport may be cheaper, it is certainly

much more convenient,

The weight-ratio principle could be more appropriately expreesed as
the following transport-cost-ratio principles "If the cost per mile of
bringing to the factory the raw materials and supplies needed to make
one ton of product is greater than the cost per mile of delivering one ton
of product to the market, the factory should be located close to its raw
materials, If it is less, the factory should be located close to its

market."

The only way to compare transport costs for different sites is to obtain
quotations for the different classes of traffic and the various methods
of transport, including, where relevant, the cost of transporting gas, oil
and water by pipeline, on the basis of which total transport charges
can be estimated. The weight-ratio is a useful gemeral guide, particularly when

raw materials and products fall intothe same transport category; however,
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it is no substitute for a detailed cost comparison for specific sites.

The influence of power and water supplies as well as of effluen*
or waste disposal has been considered above (see "Capital costs") and
little remains to be added. In deciding whether, on a particular site,
to generate power or to rely on external supplies, the probable frequency
of power failures and the frequency and magnitude of voltage surges should
be determined from past records. In respect of water supplies, the
quality of available supplies should be considered, since this determines
the cost of treatment both for boiler—feed and cool ing water. Attention
should #lso be paid to the seasonal variations in the flow of water
sources or effluent recipients since these may limit the water supply

or the permissible quantity of effluent.

The fertilizer industry 1s capital-intensive rather than labour-
intensive; labour and management costs rarely amount to more than
10 per cent of production costs. However, the cost of labour is not a
valid indication of its importance. Output lost due to operating faults
or unsatisfactory maintenance may seriously increase costs and make
production targets unattainable. In most developing countries and on
most sites, extensive labour training is necessary, both before and after
the start—up of the factory. The availability of skilled people may
vary from site to site, but it is improbable that the cost of training will
differ markedly from one site to another. The same cannot be said of
housing costs. In remote areas, it may be necessary to provide a
complete housing estate with shops and recreation facilities, and the

capital and maintenance costs may be considerable.

Various items normally covered by the term "infrastructure" have
already been touched upon above: the road and rail system, the existence
and reliability of powsr and water supplies, the availability of
labour, and housing. In its broadest sense, the term is used to denote the
non-productive capital equipment and services that are available to maintain
the life of a community. It covers transport and communications, power
and water supplies, waste disposal, housing, shopping and other commercial
and recreational facilities, educational institutions etc. From the point
of view of selecting a site for a major industrial enterprise, infrastructure

is important for both strictly practical and also more general reasons.
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and continuous operation of the factory. I'romn. «oilvery o oo b oL iy
vy

importance in the comtruction of the factory. ' iayn 1w b Jelivery of oqain-

ment to the site may we'll iead to very costly il 1 thoe comnletion ol

construction.
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with only oro fom of truorort woni'wie to b roal o pe choeeeon oy ot e
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with uncertain tranoport tocibiti o e e OV g 1 Ly et by
providing mor . storags ciparity for roth raw mol o oul A o o daots thar
would be nornaliy requircd, Uris is wosically o oo oof o s ue wody

as in all inourance prool-mu, b catls for a car- a0 v v Pty

assessment of risce and promous .

The presencs of w developed ind:strial and comnorci o comrm.rn.ly Wwith.on
reasonable distance of the site i o dictinct oivanta,~ . 14 wil! be 4
source of labour and of mar, of the miscelaneous osupniles and services
which the factory requires, thus helping to intcgrate the factory into the
life of the local community. Perhaps the most important advantage, however,
is that it enables factory employees to live a much fuller and more varied
social life than they could as members of an isoluted factory community.
This leade to a socially healthier community, which, in the long term, is

more efficient.

The influence of the local infrastructure on the selection of a
site is not readily quantifiable. However, it is important and may on
occasion be decisive, usually owing to the lack of adequate transport.
The following quotation from a publication issued as early as 1969 under-

scores the importance of an adequate infrastructure.
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"In developing countries the lack of suitable infrastructure lies
at the root of delays in implementing projects. Farmers in a certain
area may be taught how to increase crop yielda substantially by the use
of fertilizer only to find at harvest time that crops cannot be moved
fast enough to the market because of inadequate roads or freight facilities.
It does not suffice, therefore, to import machinery and up-to-date processes

1f the supporting intfrastructure is lacking.

It would seem desirable to relate the growth of industrialization to
the growth of infrastructure. In some developing countries a single
superphosphate plant may bLe all the industrialization that the infrastructure
can support. In others the infrastructure may be advanced enough to support a

modern ammonia plant."

The process of site selection

The amount of time and effort required to select a4 site obviously depends
on the number of sites chosen for detailed comparison. This is much less than
might at first be expected since the choice of sites is usually quite

restricted.

If a factory nas to compete with other manufacturers or imports, the
areas in wrich it can operate economically mas be few and fairly clearly
defined. The factory must be reasonably close to its raw materials and/or
its markets - a coalfield several hundred miles from a large fertilizer
market is not likely to be a suitable source of raw material for fertilizer
manufacture. For reasons of national policy, Government may specify the area
in which the plant must be built. It must be within reasonable distance of
an adequate water supply and close to a road and/or rail system, and the cost of
connecting it to that system must not be excessive. The site itself must be
suitable for building operations. Factors such as these usually determine the
area in which the factory can be built and reduce the number of possible
sites to two or three. Only when this process of elimination has been

completed, can the detailed comparison of sites begin.

}/ Factors Inhibiting the Indigenous Growth of the Fertilizer Industry
in Developing Countries, page 9, UNIDO 1969 ID/13.
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It is useful to distinguish three stages in this process. In the
first stage, competition, the location of markets and raw materials, and
i government policy combine to detine the general area. In the second stage,
the need for a site close to water supplies and to a satisfactory transport
system, and which is also suitabl. for building, leads to the identification
. of two or three sites in the general area selected in the first stage. In the
third stage, a detailed cost comparison of the sites 1s made to enable

the cheapest and most suitable site to be identified.

The first stage 1s general, whereas the second and third stages are
specific. The initial stage takes the form of a general survey which
can be carried out from an office desk, provided that the necessary information

is available. The subsequent stages require detailed investigation and

analysis, and mich field work is involved. The distinction between the first
and second stages is most relevant in complex situations where considerable

competition and well-established fertilizer industry aiready exist.

Factory location and fertilizer industry planning

The technical and economic factors governing location were discussed
above in general terms, basically in the context of deciding the location
of a single fertilizer factory. If the context is widened to cover the
planning of the fertilizer industry as a whole, including the posribilities
and risks of international and regional co-operation, the foregoing discussion
is still relevant because the basic economic factors affecting location still
apply, while fresh possibilities are introduced and important non-economic
considerations arise. The questions of location in this wider context are
considered below. Such consideration is important because, if a reasonable
degree of international or regional co-operation car be achieved, large

savings in both capital and production costs are possible.

In recent years the rate of growth of the fertilizer industry in developing
countries has markedly increased. From 1965 - 1970, the annual production of
. fertilizer nutrients in these countries increased Uy 3.5 million tons,
from 17970 - 1975 by 6.5 million tons, and from 1975 - 1980 it is expected
to increase by more than 14 million tons (Chapter II, Tables 1 and 7).
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Initially, this expansion was undertaken in order to reduce the large
experditure of foreign currency on fertilizer imports, to use indigenous

raw materials, and to develop an industrial structure. In the early 1970's
considerable impetus was given to this expansion by the serious instability of
the world fertilizer market. In mid-1972, urea was available on world

markets at an fodvprice of $95 a ton. By the end of 1974, this price had

risen to about $3,0 a ton, and supplies were difficult to obtain. Similar
price rises were experienced for phosphate fertilizers in 1975. Prices have
now fallen to more reasonable levels, but the bitter experience of many
developing countries over this period has strengthened their determination

to obtain much more control over the availability and price of fertilizers
through the development of their own fertilizer indust ies. It is probable
that the main cause of the instability of the world fertilizer market, which
is common to other world market commodities, is a lack of balance between
supply and demand. When supply exceeds demand, prices are low and the return
@ capitalis imsufficient to encourage investment. In due course dumand,

which increases at about 7 per cent a year, catches up with, and surpasses,
supply. Prices ris: sharply and investment is encouraged. In about three
years, the new capacity comes on stream, supply is in excess of demand, and the

cycle begins again.

Decreasing the dependence of developing countries on the world market
will obvious'y mitigate the effects this cycle has on their economies.
However, a numbe: of developing countries lack either the market or the raw
materials to justify the establishment of a viable fertilizer industry, and
they must continue to rely on outside sources for their fertilizers. For
those countries which have the market but lack the raw materials, the goal
of national self-sufficiency in production would, in some cases, be
prohibitively expensive. It is also likely to lead to a world surplus of
production capacity which in turn would depress fertilizer prices, thus

perpetuating the instability of the world market and preventing the rational

development of the fertilizer industry.
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Regional planning

If the fertilizer market is to be stabilized and the rational and
economic development of the fertilizer industry is to be secured between
developed and developing countries as well as among the developing countries
themselves, some international co-operation in the establishment and location
of fertilizer factories is essential: fertilizer planning on an international
scale is required. The difficulties of obtaining at a global level the
co~operation which planning requires are formidable, but at the regional

or subregional level, the possibilities are real and the rewards considerable.

The aims of fertilizer industry planning are to effect a more rational
distribution of manufacturing capacity, thereby providing an assured
supply of fertilizers at minimum cost, and contributing stable prices,
and to locate manufacturing capacity as widely as possible consistent

with these aims,

The savings which it secures are obtained Y maximum expyloitation of
the economies of scale: by establishing a limited number of large plants
in optimum locations rather than numerous smaller plants in each country
involved, and ty locating the plants so as to minimize total transport crsts
for raw materials and products. The potential benefits of co-operation are
obvious, but quantitative data are hard to come by. A recent study conducted
by the International Fertilizer Development Centre (IFDC) ,in co-operation
with the World Bark,of the benefits of co-operation among the ASEAN nations
(Indonesia, Malaysia, the Philippines, Singapore and Thailand) ir particularly
interesting. In the study estimates are made of the capital, production and
transport costs of supplying the fertilizer requirements of the ASEAN group
up to 1985, and various assumptions are made about the extent of ¢« —operation

among the member countries.

The extent of co—operation affects the number, size and location of the
plants needed to meet the demand envisaged in 1985, In the first case
(X in the table below), it is assumed that no constraints are placed on the
size or location of plants by considerations of national self-sufficiency.
. Moreover, the number, size and location are fixed to given minimum total
production cost for the area as a whole. In the second case (7 in the table

below), it is assumed that each country in the group requires that manufacturing

4/ The Potential for Regional Co-operation in Fertilizer — the ASEAN Group.
International Fertilizer Development Centre. January 1976.




capacity for at least 75 per cent of its nitrogen fertilizer consumption

be located in its own territory. This will, of course, increase production costs
and fertilizer prices for the area as a whole. In the third case

(2 in the table below) it is assumed that there is no co-operation in fertilizer
manufacture and that each country produces in its own territory all the

nitrogen and phosphate fertilizers that it consumes. This naturaliy gives

the maximum production cost for the area. In each case totul annual production

is the same: “.24 million tons W, 0.(9 million tonsg P ,0‘) and O.49 miliion tons K2O.

Iffect of regional co- peration on capital and production costs

Case Capital - Annual production and transport cousts
Millions US$ (1975 basis)
Capital Domestic Sea

chunges  Imports rw mat. Operating f¥rans. Total

&/ 1440 200 193 68 202 30 693
v/ 1515 213 251 64 213 22 763
2/ 1950 216 285 54 217 18 790

Source: [xtracted from IFDC report "The Potential for Regional Co=operation in
Fertilizer - the ASEAN Group, Table 2.
g/ Plant location selected to give minimum cost;

9/ Bach country produces at least 75 per cent of its N fertilizer
requirements;

g/ Each country produces all its own N and P205 fertilizer
requirements.

It is obvious that the financial benefits of co—operation are considerable.
If the two extreme cases are considered, X with complete co-operation and Z with
no co-operation, case X reduces capital costs by $110 million, approximately
7 per cent, and the savings in total operating and transport costs are

$100 million a year,. approximately 13 per cent. Even the limited extent of




co-operation in case Y, with a minimum of 7% per cent self-gutficiomcy in

nitrggen fertilizers, saves $§75 million (5 per cent) in capital and $70 million

* a year (10 per cent) in production costs. A r:ccution of 10 = 13 per cont 1n
the delivered cost of fertilizer iu equivalent to $20 = 2% a toan of urea., Thic
is a major saving and will !nad to » pgreater use of fartilizers in the r. 7106,
' with a consequent increase in crop yields,

It should bte not:d that these benefits are obtainsd 1n i e . not
particularly well endowed with row materiazls. The rogron har adeacte supploe
of nutural gas for nitrogen fertilizors, but Lractically oo b sphate i,
at present, no potash. [r better enlowed regirons, cven sreater swvines should

be possible. This IFDC . ‘udy 1o importint and ecncouragmieg, bubl 4 15 ot
desirable that similar Studies be undertoarsen for ovher regiot .o that o
reliable body of datia on the concrete advant yes of international co-operation

can be made availabl-,

Co-operation al ithic level hags, of cour:c, other advant isen. [t achilieveg
I ' ' t]

a significant expansion of intra=regional trade. It will encourase the

flow into the region of private and institutional capital for fertili-er
manifacture, thus simplifying the tack of financing fertilizer

expansion. Plants established under co-operntive planned development may all
be publicly-owned, but this is not an ecssential part of the scheme,
Intergovernmental agreswents on raw material sup;lies and fertilizer sales
as well as the requisite freedom of intru-regional trade in fertilizers wil)
give private capital an assurance which is often lacking. Interna®ional
co~operation will also strengthen bargaining capacity in the acquisition of
foreign technology. If it is associated with the establishment of a regional
information research and training centre, it will provide a valuablu service
to the region. This will lead to more informed action on fertiliz:r problen:
and,in due course, provide that body of trained and experienced people

which is essential to industrial and agricultural development.

However, it is probable that the most important advantage, second only
to the financial benefits, is the experience of corporate planning which
regional co-—operation provides, Furthermore, institutions are set up through

which international co-operatior can be deveioped and its problems hammered
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out in open discussion. Once experience has been gained, a working method
developed and a co=operative gpirit established, co-operation will be

facilitated in other industries of common interest.

The financial advantages of international or intra-regional co-operation
ar« large, and the less tangible benefits also considerables However,
co=-operation on these scales presentc problems which have to be considered
in any realistic asscssment. It requires joint agreement on plant location,
based on economic criteria, with the implicd willi.g.ess to depend on
regional rather than national production facilities for a large part of
national requirements. It calls for joint evaluation of national and regional
demand since tertilizeor factorie: are plunned to meet demand some ten years
hences If the estimales are too high, production costs will increase unless
additional cxport market: can be found. Free trade in fertilizer raw
materials and products would be required, 1f the most economic locations are
to be selacted. Regional co-operation implies agreement on the sharing and
timing of cach country®s contribution to the investment, as well as on long-
term supply contructs for stated amounts of fertilizers at agreed prices. These
contracts would have to include provisions for price reviews in order to meet
changes in raw matcrial and other costsy and penalty clauses would be needed
in the event of failure to supply or accept supplies when available, Co-operation

would also be required in shipping uud/ur intermal transport arrangements,

Provisiion for the review of contractual arrangements pertaining to such
matters as financing, product sharing, product prices, free trade and shipping,
is essential, if the agreements are to cope with changing economic conditions
and unforeseen circumstances. The purpose of these agreements is to secure an
equitable sharing of the responsibilities and benefits of regional co-operation:

changing circumstances, however, may make an equitable agreement inequitable.

The essential factors are the will to co=operate and the desire for
justice. Given these factors, the stresses to which the agreements may be
subjected as a result of low world fertilizer prices or failure of regional
supply, for example, can be overcome, If the will to co-operate is weak or
if one party decides to pursue a temporary national advantage, no agreement

will survive.

2/ Regional Co-operation in Chemical Fertilizer, UNIDO/ESCAP, February 1976.
DF/CFPD/ 3
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The principal risks that Governments face in entering into regional
co-operation agroements ire that changes in Governments or political systems
in the region may lead to a repudiation of the a reementn. If the agreements
are clearly beneficial to all signatorics and if they are flexible cnough
to meet genuine difficulties this risk is apnreciably reduced. The riske
obviously incrcase as the number of participant countries increases,
though the effects of individual repudiution are diminished. It 1s for this
reason that large-scale internationinl agrecments are so difficult to conclud:.
If the mutual trust and confidence which are needed for regional wgreements are
lacking, the possibility of bi=lateral or tri-lateral co-opcretion should
be explored. It is improbable that this will yield ac great benefits as
regional co-operation, but they may still be considerable and tho risks

are greatly reduced.

However, there is clear cvidence on the international scone thut developing
countries arc beginning to appreciate the advantages of increased co-operation
among themselves, not only with respect to the deliberations and operations
of international institutions, but also in their relations and negotistions
with developed countries. If this co-operation can be developed to a point
at which regional planning of the fertilizer industry becomes a practical
proposition, a significant step forward will have been taken towards ensuring

an adequate supply of food for the world's growing population.

Analysis of five regions

Five regional groupings were selected to illustrate the possibilities for
regional co-operation in the production and distribution of fertilizers.

Data on population, fertilizer comsumption, fertilizer production and
occurrence of fertilizer raw materials in the five regions are given in

Tables 1 -~ 5,

South~East Asia. The region includes ten countries in the triangle: Burma -

Indonesia ~ the Philippines.

Population 1975 347.6 million

Population 2000 634.8 million
(thousand tons)

1973/14 N P205 K20
Fertilizer consumption 496 227 222
Fertilizer production 245 115 nil
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The region has good supplies of natural gas and oil refinery products
in several countries for the production of nitrogen fertilizer. The only
phosphate rock reserves are in Vietnamj the only source of sulphur is from
copper smelters in the Philippinesj and the large reserves of potash in

Thailand and Laos have never been developed.

Clearly, the production of all three nutrients can be developed further
in the region despite the uncertainty of phosphate rock supplies from Vietram.
The supply of sulphur in the Philippines is probably not large enough to

permit self-sufficiency in phosphate fertilizer in the region.

An import. nt study on this region entitled "The Pctential of Regional
Co~operation in Fertilizer - The ASEAN Group", was published by the
International Fertilizer Development Center in January 1976. The report however,
includes only five Asian countries: Indonesia, Malaysia, the Philippines, Singapore
and Thailand. The analysis gives a distart>d picture of economic relationships
of the fertilizer sector in South-East Asia since it fails to cons-.der

Brunei, Burmmu, Cambodia, Laos and, in particular, Vietnam.

West Asia. The region comprises 16 countiries in the triangles Turkey - Iran -

Yemen.

Population 1975 120.5 million
Population 2000 239.7 million

(thousand tons)
1913/14 NOR% KO0
Fertilizer consumption 760 465 44
PFertilizer production TH 253 515

The region has adequate reserves of all raw materials needed to meet

all its fertilizer needs for many years.

In 1973/74 the region was approximately balanced in nitrogen fertilizer
but new capacity under construction in Iran, Iraq, Qater, Syria and Turkey
will make the region a surplus nitrogen producer in the near future, Additional
nitrogen capacity is also being planned in Bahrain, Kuwait, Oman, Saudi Arabia
and the United Arab Emirates.



R J

Phosphate fertilizer capacity should be expanded to meet the region's
needs. Potash concumption i, very small, but will undoubtedly increase in the
future. In the meuntime, surplus potash will be exported to Hurope, Africa
and South-last Asia.

West Africa. The region comprises 26 countries extending from Mauritania
to Angola on the west coast of Africa. Zambia is included in both the
West Africa and lkast Africa regions since it has railway connections with

both coasts,.
Population 1975 165.9 million
Population 2000 338.2 million
(thousand tons)
19723 ﬂ] N P2957 K2O
Fertilizer consumption 84 56 55
Pertilizer production 18 27 263

The region has all raw materials, except sulphur, needed to meet its
fertilizer needs. Sulphur could be supplied by developing further the cogpper
smelters in Zatre and Bambia, and possibly oy ' :'~2cting sulphur from natural

gas in Angola, Gabon and Nigeria.

Consumption of all nutrients was far below that required ‘v provide adequate
food for 166 million people in 1975, and fertilizer consumption wil! [ave to
increase greatly during the next decades in order to feed 338 million peop:
in the year 2000.

An excellent opportunity exists for a large nitrogen fertilizer plant
located in Nigeria, Gabon or Angola to supply the entire Wer slcan region.
Phosphate fertiliszer production should be expanded in Senegu. and initiated
in other courtries with phosphate rock reserves, even if only single

superphosphate is produced for local consumption.

Potash production in the Republic of Congo would be enough to meet the
region?s needs for many years, were it not for the fact that most of it is
current ly exported to Europe.



East Africa.
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The region comprises 13 independent states and one dependency

(Réunion) extending from Ethiopia to Mozambique on the east coast of Africa.

Population 1975
Population 2000

Fertilizer consumption

Fertilizer production

114.0 million
239.1 million
(thousand tons)
R d
) P295 K20
180 113 69
14 60 nil

The region has little natural gas (only in Mozambique, as yet undeveloped),

but the numerous oil refineries could supply naphtha or fuel oil as feedstock

for the production of nitrogen fertilizer. Furthermpre, coal is available

in Rhodesia and Zambia.

The only regional source of phosphate rock is in Uganda, but this might

not be enough to meet the region's entire phosphate fertilizer requirements,

even if transportation problems could be overcome. Moreover, the region has

no sulphur supplies. The only regional source of potash,which has never

been developed, is in Ethiopia.

Central America/ Caribbean regior. The region comprises 20 independent

countries and siz dependencies

in Central America, the northern sector of

South America and the Caribbean. Mexico has not been included in this region

because its large nitrogen fertilizer production will be almost entirely

consuned on the domestic market, although phosphoric acid will remain a surplus

product and thus be exported.

Population 1975
Population 2000

1913/14
Pertilizer consumption
Pertilizer production

87.9 million
162.2 million

(thousand tons)

N quj K20
613 243 2N
221 108 nil
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The region is well-supplied with natural gas and oil refinery products
as feedstocks for nitrogen fertilizer productiom. Production should be
expanded so that the region becomes self-sufficient in nitrogen fertilizer,

which could also be exported from Venezuela, and Trinidad and Tobago.

The region does not have adequate phosphate rock nor sulphur to meet
the region's phosphate fertilizer needs. Nevertheless, phosphate fertilizer
preduction should be expanded to meet a larger share of the region's needs
by’ importing phosphate rock from the United States and/or West Africa,
and sulphur from the United States and/or Mexico. The region has no potash

regerves and will have to continue to import potash.
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Chapter VI

MARKETING AND DISTRIBUTION

watroduction

FElsewhere in this study, the following estimates are given of expected

world fertilizer consumption (in millions of tons of NPK):

1980 2000

Developing countries 34 110
Developed countries 88 197
122 307

Attention is also focused on the magnitqu of the effort involved in
building and financing the new fertilizer plants that will be needed io
provide for this massive increase, and in supplying the raw materials which !

it will consume.

Production is only part of the story, however; the other part is
marketing and distribution. There is no point in producing fertilizer unless
the farmer believes that it is in his interest to use it and unless it can
reach him in the form in which he wants it and at the time he needs it. This
chapter, therefore, is written from the point of view of the main end consumer -

the farmer.

In developing countries, most of the effort devoted to the fertilizer
industry has gone into production; but over the next 25 yecars more attention
and effort will have to be given to marketing. Bridging the gap between
fertilizer production and consumption is a complex operation requiring the co-

ordination of many skills and resources.

Persuading the farmer who does not use fertilizer to start using it, and
the farmer who does use it to increase his consumption, will be more difficult
than producing the fertilizer. Production has problems in training and
management, but its major problems are technical. Marketing, on the other hand,
though it has an important am basic requirement for technical services, is
about people ~ of improving and developing practices which are often woven into

a socinl fabric. The natural aptitudes and training needed by people working

in marketing are therefore different from those needed for production.
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A fair indication of the task confronting marketing and distritution
organizations can be cbtained by takirg 197 conrumption as the starting
point and comparing it with the fipures for 2000. It cuan be inferred from
recent appraisals by both FAO and the World Bank that facilities in some
countries - particularly extension services, transport and norts - are al eady

being strained to the limit of their capacity.

Milliuns »f tons of nutrients (i, P“Qﬁf Kgo)

Concumption Fxpected Por cent
1974 consumption 1increase
2000
Developing countries 19 110 550
Developed countries 64 197 320
83 307

The tonnage to be handled by the distribution organization is obtained
by converting these figures into millions of tons of solid fertilizer.
Assuming an average content of 40 per cent in 1974 and 45 par cent in 2000,

the following comparison is obtained:

1974 2000

(Millions of tons of solid fertilizer)
Developing countries 48 244
Developed countries 160 437
208 681

In the developing countries by the year 2000 therefore, capacity for
storing and transporting to the farmer an additional 196 million tons of

fertilizer per year must be provided - four times the present capacity.

The agricultural system

In considering the role of marketing and distribution in agriculture,
it is useful to see it as part of an "agricultural system" comprising the
fertilizer factory, fertilizer storage and transport, the farm, crop transport
and storage, and crop marketing. A diagrammatic representation of the agri-

cultural system is set out on the next page.
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The diagram is simplified by the omission of the many different agencies
which play some part in the working of the system; there is no reference, for
example, to differing forms @d ownership of transport, to co-operatives,

private dealers or commission agents.

The purpose of the diagram is to illustrate the interdependence of various
principal components of the system and their reliance on efficient transport
and storage. The farmer and fertilizer factory depend totally on each other;
so also dv the farmer and the consumer through the crop marketing system. They
are linked by transport and storage. If any part of the system performs in-
adequately or breaks dowr,it is impossible for the other parts to operate

efficiently.

In spite of their interdependence, the parts of the system are often
discussed in isolation, as if they were in watertight compartments, unconnected

with, or uninfluenced by, any other part. This results in poor decisions, poor

performance and high costs.

A particular exaaple of the dangers of this approach is to consider the
task of fertilizer marketing and distribution to be completed when the fertilizer

is applied to the crop. The diagram makes it clear:there must be a continuing

interest beyond this for two reasons.

First, experience shows that one ton of fertilizer efficiently used will
produce five to ten tons of crops. The additional 196 million tons a year of
fertilizer which it is forecast will be used on farms in developing countries by

2000 (compared with 1974 ) will need storage for up to ten times this amount of
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crops. This tonnage will have to move over the same roads, in the same
transport network and be stored in the same stores as the fertilizer. Plans
for fertilizer movement must therefore avoid competition for facilities. The
load which the crop places on the transport system and its significance for
fertilizer movement is indicated by the heavy dark line 1in the upper right-

haad corner of tue diagram.

Second, the crop marketing system must dispose of the crop at a rrice
which enables the farmer to pay for his fertilizer and other inputs and to
improve his standard of livinge The dotted line in the top left-hand cormer
of the diagram represents the flow of money from the crop marketing system
into the agricultural system, which closes the circuit and enables the system
to continue in operation. If the famrer is dissatisfied, this will be
reflected in his fertilizer usej the fertilizer marketing systen will be

the first to receive this message and will influence estimates of cemand.

It is obvious that though all parts of the system are interdependent,
the farmer pliys the key role. He is the real risk-taker; he is the real
productive element in the system; all the others are ancillary to him and
are dependent on the results of his labour, his skill and his experience. In
this context, it is immaterial whether he owns the land, rents it, or is

simply employed as a managerj i all depends on him.

The role of marketing in the agricultural system is to create some of the
conditions the farmer needs for developing his skills and improving his perfor-
mance. These conditions are to have the right fertilizer available when
wanted at the lowest cost possible and to ensure that it is used at the best
time with maximum effect. The third requirement, receiving a good crop price,

is outside the immediate role of marketing.

The farmer

The mechanisms of an agricul‘ural system have been discussed and the point
has been made that the farmer contributes the creative element without which

nothing can be achieved.

It cannot be said too often or emphasized too strongly that the key to
success is the farmer's skill in getting the lamd to yield its harvest. This
skill can be improved by training, and the harvest can be increased by the
skill being employed in better and more remunerative farming systems. It is
the function of extension services (discussed below) to ensure that the farmer
receives this knowledgs. Ueping the help from this service, the farmer is the
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one whose decisions will determine how good or how bad the harvest wili

be in any particular circumstarices. From his experience, the farmer will
decide how and when to till the goil, when to sow and fertilize, what pre-
cautions to take, and whon, against weather, pests, disease and tinally,
when to harvest. all through the period of preparation to harvesty he is
balancing one set of variables against another, trying to optimive the
results, hoping that be has calculated correctly the risks he must runy in

brief that his judgement and i1nvestment decisions are sound.

Not only has the farmer to trust hic judeement; so has everyone 2lso
involved in the agricultural system and the crop marketing systam, incluliag
the consumer. Thic puts a great responsibility on the farmer. Why should
he accept this responsibility, and what is likoly to persuade him to take
the extra risks involved in greater fertilioor expenditure? It 15 nosuible
that one factor which is relevant is a4 desire to get the land to yield a
richer harvest in response to his skills; he is anxious to use hit creative
talent better. Before he will take the cxtra risksohe must be contident

that:

(a) The proposcd modifications to the farming system and the method

of introducing them are sound;

(b) He has or will readily acquire the farming skills needed to

operate the modified system effectively;

(c) He himself will benefit as a result.

Sufficient is now known about how to introduce change and the importance
of participation that it should not be too difficult to ensure that the
farmer assesses the first two items favourably. The third, over which he
has only partial control - he can control cost but not revenue - introduces

uncertainty. This is the '"make=-or-break" point of the agricultural system.

The money for which the crop is exchanged comes from the consumer, i.e.
if it is a food crop for home consumption -the general population. The price
paid by the consumer for food must cover the costs of transport, storage,
handling, interest, preserving, treatment, preparation and packing, together
with the cost of suchservices as wholesaling and retailing and what is paid to

the farmer for his crop.

From the revenue he receives for his crop the farmer has to pay his costs =
fertilizer, rent, other purchased inputs - repay loans and make any other out-

goings. At the end of the operation, he keeps what is left as recompense for
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his efforts and for investment next season. The farmer is literally
the residuary legatee of the system. If he does not have enough left,
his incentive to invest wanes, with the result that both fertilizer use and

crop output fall,

Various studies have suggested the significance of the value/cost re-
lationship in the farmer's decision first to use fertilizer and then to
determine how much to use. The ratio. relates the value of the resulting
crop increase to the cost of the fertilizer input. It also shows some
correlation with fertilizer use. When the ratio falls, particularly to or
below 2:1, a drop in fertilizer consumption is often recorded. The dis-
advantage of this ratio is that it can only be constructed after the event,
when the farmer has bought and used his fertilizer and harvested and sold

his crop.

Two factors much more to the fore in the farmer's mind when deciding
on fertilizer use are his estimate of his cash flow position and his view
of the crop prices he is likely to obtain. On average, the cost of fertilizers
represents 10-15 per cenl{ of the total cost of farm inputs, although it can rise
to as high as 40 per cent. Among traditional famrmers, 1n particular, it can be
a very much higher percentage, possibly in excess of 90 per cent, of cash out-
goings. If the previous season's ope.ation has resulted in a reduced cash
flow, maintaining his fertilizer investment means taking the considerable
risk that the next season will produce better resuits. If he considers the
risk too great he will reduce his investment by (a) reducing his total expen-
diture on fertilizers; or (b) spending the same sum of money, but concentrating

on buying N in preference to P and/or K.

Either way, crop output is reduced, although in the short term the secor-
courese of action is less severe in effect. (It is a policy which has oon~
siderable long-term risks.) A reduction in crcp output is the raverse of what
is being sought, but to avoid it the farmer must have confidence that he will

receive what he considers an adequate retum. on his investment.

Government policy on food prices is the most important single factor in
determining whether the famer will have sufficient confidence to make the
agricultural systea work well.
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Marketing

Four basic functions are involved in agricultural marketing:

(a) Extension services. This covers tne development, transmission and
application of farming and agronomic knowledge.
It provides the technical and innovative input
to farming.

(b) Distribution. This covers the handling, storage and transport
of fertilizers and other supplies from the factory
to the famm,

(¢) Financial services. These provide credit and other recessary finance,

(a) Selling. This means promoting efficient use of fertilicers
among dealers ar.d famers,

Whilst it is convenient to consider marketing in termg of these four
functions, 1t 1s important to remember that i1t 18 their combined and co-
operative action which provides i(he farmer with the services he needs and

that in practice t*ere is considerable overlapping,

Marketing is an optimizing operation that makes use of sonhisticated
mathematical techniques to ensure that "least" cost solutione are found for
the operations involved. This is particulariy true of distribution in which
various possibilities regarding size and location of stores, and the routes
and forms of transport must be considered.

A basic requirement of any marketing system is flexibility. Perhaps
the one thing that can always be relied upon is the intervention of some
unexpected or unforeseen factor: the fertilizer factory breaks down,
droughts or fleuds reduce crop yields, or a bridge is destroyed by floods.

The system must be capable of adjusting itself quickly to a new situation.
It must also be responsive to the gradual changes which occur, and be able to

expand and to adapt to a continually changing and developing environment.

Ixtension services

Properly managed, farming is a highly productive, stable, capital-
intensive industiry - but one with an important element of risk attached
due to weather. Investment in farming is long-term; farming systems take time
to develop and modify. To encourage this investment, a reasonable assurance of
an acceptable return over a certain period is needed. The function of the



extension service is to collaborate with the farmer in applying technical

knowledge in the field, and in trying out nev methods with the aim of
improving agricultural productivity. The receptiveness of the farmer

to the assistance which the extension service can provide depends directly
upon the degree to which he is involved and participating in the development

vork. Three broad stages of farming development, in the context of fertilizer

use, can be recognized:

(a) Little or no use. When traditional farming methods, which tend to be

poor and inefficient, predominate. This is often

found in the more remote areas of a country;

(b) Some use. When the fertilizer message has begun to get

across to some farmers;

(c) Considerable use. This is often associated with non-food crops,

but also with food crops grown near an urban

population.

Each of these groups recuires a different approach by the extension service,
though this is more a matter of emphasis than of content. The basic plan is
the same for all groups, but the immediate possibilities and method of approach
will depend upon the farmer's own knowledge and background.

The first job of the extension service is to draw up a plan for the
particular area, which should ideally be par. of a national plan aimed at
meeting needs and, if possible, providing also for exporis in a form commanding
higher rather than lower international prices. This process of preparing
a comprehensive and integrated programme of crop improvement is one in which
the farmers themselves must be involved. The aim is to make them feel that
it is their plan. Even the subsistence farmer has much experience to
contribute to the development of an improved system and, apart from the value
of his local knowledge, gaining his co-operation is the first and most obvious

step in winning acceptance for the plan.

Obtaining the data required for the plan is likely to involve investigation
at both national and local levels, An assessment of national potential is
a long-term, in-depth exercise requiring considerable experimental work. It
is necessary for building up the extension services' bank of farming knowledge,
covering many disciplines, upon which to draw in composing local plans. Another

important purpose which this long-term survey serves is to identify the constraints

upon expansion and to estimate what their removal might be worth in terms of



additional output.

The o~sessment of local potential is obviously more detailed and takes
into account such ciements as the ability of ihe farmer, the need for soil
rehabilitation, water maragume:t, land tenure and ccop rotation. When
it comes to composing the improved fa=m system, the aim 1s to create
confidence in the mird of the farmer that nc* only is the system improved,
but he has the farming skills needad to operate it suecessfully. To
accomplish the latter, a simple farming routine has to be established.
This has then to be put on record so that the farmer can readily refer to
it. Literature is not the best method; radio and tapes are far more effective

means of communication. Finally, some specific person should be available

tc whom the farmer (or the village) can refer problems. These are principally

administrative matters; efficiently orgenised, they add much to the effective-
aess of an extension service, They also permit better use to be made of the

technical skills of the service.

In putting the plan intoaction the learning process must start gently,
alterations and modifications emerging gradually from what is already known
and being practised. 1n the shorter term, therefore, ithe early work of
extension is likely to be concerned with improving the efficiency of what is
already being done. This may mean that a considerable degree of farming skill
must be developed before advanced techniques of crop production are introduced
into the system. If an attempt is made to introduce improvements more
quickly than the farmer can handle them, the result is likely to be less, and
not more, production. The farmer must be encouraged to graduate steadily into
the use of, for example, high-yielding varieties of grain. Only where soil
fertility levels are at least modest, do differences in yield between new and
old varieties become significant and justify the additional imput cost.

The role of the extension service, therefore, is to prepare u comprehensive
and integrated programme of crop improvement with the help and involvement of
the farmer. Extension services in developing countries, however, are, for the
most part, ineffective. Parts of the service may be provided “w government
departments and experimental statioms, universities, and the fertilizer industry;
but these activities are rarely comprehensive, and they lack cohesion. An
effective extension service is expensive because highly skilled staff are needed




and their efforts take time to show results. Neverthelese, without it,

the required increase in fertilizer use and crop output will not come about.

Distribution

"Distribution” is the word normally used to describe the rcle played by
transport, storage and handling. In recent years, however, th: term
"logistics" has been introduced; this reference to a military operation
emphasizes the fact that meticulous study and planning are a vital first
step, while in the execution of the plans, flexibility and imagination are
essential for success. The objective is to get the fertiiizer to the farmer

when he has most need of it.

The role of distribution can be represented diagrammatically, as shown

in the accompanying chart (which is simplified by excluding any reference tc

imports). Figures for plant nutrients (N, P,0. and K,0) cannot readily be

used in discussing distribution, because it is the tonnage of product - not
nutrient - to be moved which is relevant in this context. A product containing,
say, 23 per cent N requires twice as mucn storage, twice the time to move a
given tonnage of nitrogen, compared with urea (46 per cent N), using the same
handling and loading equipment. Using the most concentrated solid fertilizers
generally available, product tonnage is at least double the nutrient tonnage.

To be economic, fertilizer production must continue throughout the
twelve months of the year. As with production, an economic and efficient
transport operation depends upon a steady load. When there are two or three
crops in a year, together with top dressing of some of them, the fertilizer
demand may be sufficiently steady to cause few problems. However, other
farming patterns may necessitate the accumulation of stocks in preparation for
sowing seasons, Simple mathematical techniques should then be applied in

planning despatch programmes.

Of equal importance to the supply of fertilizer to the farmer is the
transporting of the crop to a "crop marketing system" which will convey it
to the consumer. Details of such systems would not be relevant to the present
study. What is important, however, is for the interchange between the agri-
cultural marketing system and the crop marketing system to be effective and
efficiently organized. There is no greater incentive-destroyer for a farmer
than finding that his harvest is either not wanted or cannot be moved. The
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In the accompanying discussion it is assumed that:

(s) The farmer has means of moving the fertilizer from the village
store and holding it on his farm - the same applying to his
Crop.

(8) Pactory storage is required for production purposes and
cannot be made available to the distribution network.
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proper use of fertilizer results in crop tonnages of from five to ten times
the quantity of fertilizer used; this, moreover, arrives in a week or two
at harvest and has to last until the next harvest of that particular crop.
This poses considerable distribution probiems of its own, and these must be

solved if the agricultural system is to work efficiently.

The transport and storapge of crops and fertilizer can present opposite
problems. Harvest produces a large crop tonnage quickly, which has to be
dispersed in the ensuing months; at sowing time, the fertilizer accumulated
over possibly several months is used in a few weeks. At the centre of this
transformation is the farmer whose skill brings it about and who has (a) to
rely on others to supply him with the fertilizer when he can accept it and
(b) to dispose properly of his harvest. The significance of this to the
distribution function is the importance of precise timing and the double
load placed upon the .ommunications network, i.e. that of getting fertilizer
to the farm, and later the crop from it. Moreover, some storage capacity,
particularly that closest to the farmer, has to be used for both crop and

fertilizer.

The diagram shows that the simplest arrangement is for the fertil.zer
to go direct from the factory to the farm, there to be stored until used.
However, this is possible only to a limited extent; the greater part of
the tonnage must use a more circuitous route. Only with a well developed
farming system is it likely that a farmer can accept his fertilizer in the
quantity and at the time most suitable for despatch from the factory.
Moreover, apart from any question of crop and fertilizer competing for the
same storage and transport facilities, the farming system itself imposes
constraints., The farmer has to prepare his land, sow hiz crops, tend them
and finally reap and store the harvest. All these operations must comply
with an exacting time-table; it is a strict discipline. Ancillary tasks
must be fitted into this time in such a way as to avoid interfering with the
critical path. There are times, therefore, when the farmer is not interested
in collecting or receiving his fertilizer. National a.nd/or regional storage
must therefore be available to ensure steady despatch from the factory and to
enable individual load sizes to be ad justed to the capacity of the roads.

It is important that, if at all possible, fertilizer be put into storage
only once between factory and farm: handling is costly and damages bags.
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Moreover, a system which moves fertilizer through several stores on
its way from factory to farmer incurs additiomal overhead expenses and
may well give poorer service because of the more complicated administrative

work involved.

Having mentioned the particular characteristics of the farwing system
which must be reflected in the distribution network, the size of theﬁ operation
may beat be illustrated by some figures. Assuming that a fertilizer factory
produces 0.5 million tons per year, properly used, this will yield 2.5-5.0
million tons of crop per year; on average, 1,370 tons of fertilizer and
3,425-6,850 tons of crop must be trwnsported every day of the year - a
formidable task, particularly as every single ton must be stored for a
longer or shorter period. ' 1

The extension services will provide information about farming systems
and how they are expected to develop in various parts of the country. From
this, crop and fertilizer estimates over a number of years can be derived,

detailing in particular:

(a) The crop tonnage likely to be produced, when it will be ready to be
transported, and the point to which it should be transported;

(vb) The fertiliser tonnage required, its analyses, and where and when
it will be used;

(c) The farming time-table to which the distribution pattern must

conform.

The next step is fieldwork - a survey on the ground of communications.
The carrying capacity of roads, railways, rivers and seaways must be assecsed
to find out what tonnage of grain can be moved out of a particular area and
the tonnage of fertiligzer that can be moved in. Examples of the kind of
information needed are:

(a) The quality of the roads and the nature of the terrain;

(b) The speed and density of existing traffic;

(¢) Bottlenecks existing in towns and villages or at crossroads;
(d) The influence of weather on particular routes;

(e) Estimates of travelling times between points;
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(f) Maximum size vehicles which can use various routes;

(g) Fuel requirements en route.

This information is primarily concerned with road transport; similar
data might be required for railways, rivers, canals or seaways. Particularly
important for both rail and sea transport ic the capacity of the loading amd
off-loading facilities available, An importaunt characteristic of both these
methods of transport when used in an agricultural system is that every ton
they carry must also be carried by road, certainly after unloading and often

prior to loading, both of which operations incur handling costs.

Prom the data collected a "model" of the network is prepared, including

information on all known constraints. An essential constituent of this

model is data on the input of fertilizer rav materials. Information

concerning handling facilities at docks, and access to the factory and

communications network is therefore required. The model should be a

permanent central feature of the distribviion operation and be regularly up-

dated and consulted. Various mathematical techniques#fsuch as Operational .
Research, Network Analysis and Lincar Programming,can then be applizd to

determining "least cost" solutions that will meet the farmer's expected needs.

In complex systems, analysis of the data for current operations and future

planning may require a computer programme, More simple systems, however,

may best be performed manually.
To the government, the model will indicate:

(a) Whether 0.5 million tons a year of fertilizer can be delivered to
farms and v ether the resulting crop can be collected and delivered
into the crop marketing system. If the full quantities cannot be
moved, it shows how much can be, from where and to what destination.
Improvements which ought to be made to the communications network are
shown with precision; for example, which bridges need widening or
strengthening, which stretches of road need up-grading, the possibility
. of extending a railway system, what ports or docks needs improving.
Equally important, it provides the time-scale against which improvements,
alterations and additions are likely to be needed.

(b) The investment needed for conveying and storing the tonnage. Every
ton moduced has to be carried and stored and handled, sometimes more
than once. This requires trucks, rail wagons and locomotives, in
addition to storage places whic.. have to be provided specifically

1/ Possible use of such techniques are treated in a thesis prepared by Santo-Wod
Park, Graduate Uchool, University of lMinnesota, 1379
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for the operation. (This is not because special equipment
is needed, but no country can make its existing ecuipment
expand to accommodate the additional load,)

(¢) vhere best to site the fertilizer factory in relation to the
communications network, The location of the factory can
significantly influence the transport operations both in certainty
and cost, If it should be 1n a dock area for example, unexpected
and unscheduled delays can occur which will make it difficult to
work to a plan a.nd/or require more vehicles to carry a given

tonnage.

The distribution operator is given information which will heip him tn

determine:

(a) The scope of the primary and secondary transport systems, with the

number and optimum capacity of the vehicles required for them;

the routes to be followed; the aliocation of tonnage over various
modes of transport availabie (road, rail, water); when the traffic
should move and at what rate; and how long the various Jjourney s
should take.

(b) The best points ot which to locate the stcrage and what tonnage
should be stored at each point. The plan for putting inte, and

taking out of, each store can alszc be prepared.

(c) The amount of fuel rcuuired for the vehicles in the network, where
supplies are besi located and the delivery system needed to ensure
that supplies are always available. Maintenance and breakdown
facilities have to be located properly to ensure maximum availability

of vehicles,

(d) The number of extra vehicles to be provided to cover for those

under maintenance or broken down.

(e) The size of the organizntion for running the distribution network,
and how it should be disposed.,

(f) How the network should develop to maintain the service as the

agricultural system itself expands.
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Efficiently prepared, and in good time, the modei will provide a
valuable tool to decision-making, Reference has been made to the
model giving a "least-cost" answer in optimizing the variables incorporated
in it., There may be other matters to be considered before a decision is
reached. These may move the model away from the "least-cost" pattern;
the extent of this movement represents the coe o»f introducing the new

factors thus helping to decide between what is desirable and what is possible.

In the agricultural system, timing is varamount and virtually ir lexible.
Everything is geared to the sowing and harvesting of the crop. VWorking
efficiently to a well conceived plan is absolutely necessary if success is
to be achieved, The plan must be prepared and communicated well in advance
so that thuse wiio have to operate it can make adecuate preparations. Experience
shows that there are more failures involved in getting the fertilizer to the
farmer than in shipping the crop away from him, There are no shades of srey
in this operation; the fertilizer is available on the farm when it is needed,
or it is not. If it is, the organization works; if it is not, the

organization fails.

The organization of the distribution system obviously varies from one
country to another. Also, within countries there is often more than one
system. The general pattern is for the fertilizer producer or importing
agency to sell to a wholesaler who may Je a co-operativ. there are several
different types), state—controlled distributor, private wholesaler, or
some combination of these. In turn, he wholesaler sells to the retailer,
who makes the final sale to the farmer. As might be exrected, because he
is the contact with the farmer, there are many differeat kinds of retail-
operator/village-dealer: rural and local co-operatives; commission agents;
and crop-processing companies or federations, such as the sugar factories in
Iran or the Coffee Growers' Federation in Colombia. This is the most
important and influential part of the system. There is an sstablished

relationship between the retailer and his farmer customers.

Fertilizers are only one part, sometimes a very small part, of the
retailer's business, Like the farmer, the retailer must be taught how
significant they are for the growth of his business and the services which,
1in comsequence, he should be able to provide the farmer. These include being
able to advise on the correct fertilizer to use, and when and in what quantity
it should be used.
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Distribution costs can represent a significant proportion of the price
the farmer pays for his fertilizer. The following table compares the
order of margins in Europe with those in some developing countries (as a

percentage of retail price):

Europe Developing countries
Total margin 10 - 20 20 - 40
Transport margin 4 -1 6 - 15
Wholesale margin 2-~-5 14 - 25
Retail margin 4 -8

The nearly doubled level of the margins may be due in part to lack of
infrastructure, but the variation in the figures for individual countries
indicates that there is scope for improving operations in developing
countries. A report from a West African country highlights a number of

problems that are common to many other countries. For example:

- Fertilizers arriving late in the wrong quantities and to the wrong

specifications;

Insufficient and poor quality storage;

Poor planning, resulting in double hand;ing and storage and

unnecessary iransport;

Inadequate distribution arrangements between district depots and
villages;

- Unreliable stock records and confusion in issuing and accounting
procedures,

These problems are within the power of management to solve by better
estimating, planning, administration and supervision, and could save up to
half the differences in margins.

Time plays a decisive role in determining investment in vehicles. For
example, the movement of 1,370 tons per day of fertilizer by road in 20-ton
tn_wks will require 69 trucks for each day. If the distribution network model
shows that the average turnround time should be 4 days, 276 trucks will be
required for the traffic (ignoring maintenance time and brestdowns). If for
any reason the turnround time slips to 5 days, an additional 69 vehicles will



- 210 -

be required to move the same tonnage or, what is more likely, because it
takes time to ebtain vehigles,the carrying capacity of the network falls
by 20 per cent.

Finally, a physical check should be applied to the efficiency of the
distribution network. Just as in a fertilizer factory a balance is
struck between the raw materials going in and the products produced to
ensure that there are no grossinefficiencies in the processes, so it is with
distribution. The tonnage accepted for delivery has to be compared with
vhat is actually delivered, Fertilizer is too valuable to be lost or

wasted by careless transport, handling or storage.

Credit

The total amount of credit required in the system over-all depends on -
the cropping pattern, but even in favourable circumstances it can be as
high as the production cost plus transport and storage for six months.
Using the estimates given earlier in this study for a natural gas feedstock
in a plant producing 0.5 million tons of urea, the full costs for six months
are nearly Y17 million., Adding a distribution margin of 25 per cent of retail
price of i i, per ton gives a total credit recuirement of approximately

$ 3. million.

Working capital may come from several sources in addition to financial
institutions, For example, the rau material supplier may give the
fertilizer manufacturer 60 or 90 days' credit; in turn, the manufacturer
may give credit to the wholesalers/retailers (though this is normally restricted
to a month or 6 weeks), and they may then help the farmer. In many countries,
fertilizer and crop pricing systems offer incentives to the farmer to buy
and pay for his fertilizer early and to sell or receive payment for his crop
late, which means that the farmer himself provides a significant part of

the vorking capita’ in the system.

Such arrangements may be suited to the more successful farmers in well
developed agricultural systems, but they are not relevant to the traditional

farmers in most countries, who, from their own resources, rannot pay for the

fertilizers they need to initiate a more productive system; it usually takes .
some years of intensive effort and help to break out of the "treadmill"
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operation in which they are confined, During this time, they need credit
to bridge the gap between applying the fertilizer and harvesting the crop.
It is estimated that in many countries of Latin America and Asia some 70-80

per cent of all fertilizer sales are made on a credit basis,

Providing credit to small farmerc, and in particular ensuring its
repayment, 15 a major problem for developing countries,. Where an integrated
production/procexsing scheme exists, such as those for sugar, cotton and
tobacco, the problem is less serious, as the processing company can underwrite
the loan. Similarly, where a farmer buys fertilizer and sells his crop
through a co-operative society, it i - possible to offset expenditure against ‘

subsecuent income.

A considerable part of the problem is the immensity of tue administrative
system required to receive applications for credit, approve them, make the
credit available, account for its use, and ultimately ensure repayment and
close the transaction. Probably the simplest and most effective way is to
inject the credit through the retailer, who knows his farmers and can
accurately judge the risks amd be able to safeguard his loan fairly
easily. The vuy by which institutional credit can be made available to the

retailer reauires further and urgent investi,-ation.

A principal difficulty will be to ensure that the credit 1s used for the
stated purpose. Unless it is linked directly with the work of the extension
services and promotion in developing more productive farming, the loan may not

yield the results expected.

Generally speaking, the supply of credit to wholesalers and retailers is
a relatively smaller problem provided their reputation is good. Fertilizers
are rarely their main business, sometimes they represent only a small part of

turnover, therefore there is other income and assets available for collateral.

There is a subsidiary matter of some importance to which thought should
also be given. It is a characteristic of the agricultural system that
intermittent revenue is allied to continuous expenditure. This can present
a serious problem for a farmer - that of efficiently controlling his finances
so that he has sufficient to invest in the next production cycle. Training
the farmer to programme and control his cash flow is an important task in the

establishment of an efficient farming system.
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The loans so far discussed are basically short-term. They provide
the farmer with the working capital needed to establish his farm as a going
concern. However, as the agricultural system develops, the farmer will need
larger, long-term loans to increase his fixed capital assets such as buildings,
machinery and reservoirs. When the farmer is secure and wcll established,
these loans will normally be available from banks and other financial
institutions, but there uill be cases, particularly where the farm 1s at
an early stage of development and the farmer cannot establish his credit -
worthiness when help from some person such as the sales representative or

retailer in close touch with the local situation would be valuable.

Selling
Selling is the marketing function which promotes the efficient use

of fertilizers by the farmer. When the extension services have developed
a comprehensive programme of crop improvement through fertilizer use, it
is the responsibility of the sales representative to establish and
maintain regular contact with the farming community in hic district. This
work is ecsential in order that the efforts of the extension services will
not be dissipated, rather that the results become widely knovm and applied;

in this way, the use of fertilizer will become steadily more 2ffective.

The sales representative has to forge a link between the farmer and the
other parts of the agricultural system; he must be able to present the point
of view of each to the other. It is obviously difficult for one person to
maintain close personal contact with a'l the farmers in his district; he
needs help and the most readily available source is the retailer.

An established relationship exists between the retailer and his farmer
customers. The sales representative must seek to build on this by
widening the scope of the retailer's knowledge and activity. This means,

inter alia, the organization of training sessions and courses.

Whenever possible, the sales representative should be employed by the
fertilizer manufacturer, because this ensures a clear and direct channel
of communication between producer and consumer. In many countries, however,
the organisation of fertiliser marketing makes this impractical; in such cases,
the responsibility for providing this essential service falls upon the
wholesaler.
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A model marketing system

In a number of countries, such as India, Iran and Banglade¢ sh, fertilizer
marketing is carried out separately by a state-controlled body. Some
aspects of marketing are thus improved, compared with a more fragmented
arrangesent, but communication between marketing and production is sometimes
difficult, resulting in fertilizer being delivered to the farmer at greater
cost than need be.

A model marketing organization might be represented as follows:

Marketing manager

|
| L

Selling Transport and Administration
storage
I L
Extension District
service managers

The movement and stiorage of, say, a half million tons of fertilizer
a year must be centrally planned by the transport and storage department,
in co-operation with the district sales organization which knows vhere,
when and in what quantities the fertilizer will be used. A programme of
despatch to district stores is prepared, taking into account the various
factors which affect movement. The warehousing techniques and staffing
of the stores is the responsibility of the central depariment; +the day-
to-day rumning of the store is a district responsibility.

The rumming and major maintenance of the trucks serving the district
depots, amd liaison with the railway authority - if there are rail decspatches
- are also cemtral planning responsibilities.

The (small) planning section of the transport and storage department works
out the operation in detail, month by month, so that the whole organization
knows when every ton of fertilizer will be moved, and its destination, when
sales are estimated to be made, and where. A programme, to be regularly
monitored, is prepared for each fertilizer year in advance. In the
programme preparation, mathematical techniques are used as appropriate
to obtain the "least cost™ solution within the known constraints.
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The administration section (also small) is responsible for the
preparation of invoices, th.e keeping of physical and financial records,

and the preparation and supervision of budgets.

The work of the extension services is organized by the selling manager;

the work of the sales representative is organized on a district basis.

The World Bank Consultative Grour on Food Production and Investment
in Developing Countries gives the following specification for a model

dictrict :—1/

1t covers 6,400 sq. km and has 80 retailers, each with 1,200 farmer
customers. No farmer is more than 5 km from a retailer. There
are 10 sales representatives, and a Field Technical Service Depart-
ment with soil-testing facilities, Some 35,000 tons per year

of fertilizer are sold in bags. The store is capable of holding
10,500 tons. The retailers provide additional storage and

transport from the district store.

There is one item in this specification about which another view
may be preferable, namely the assumption that transporti from the area
store onvards will be provided by the buyer. Such an arrangement
sacrifices valuable control of the operation at a critical point, Dealers
(and farmers) have other interests besides fertilizer - such as moving
grain and other produce, and collecting pesticides or other farm inputs. If
left to their own devices they may well leave the collection of fertilizers
to the last moment and then find that they cannot handle the quantity. Some
transport, sufficient perhaps to move half the tonnage, will enable adequate

control to be maintained.

1/ Document F, Dec. 2, 1975, ref. FP1/76/1-1
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With this qualification, a suitable district organization uvould be:

District manager

! T ]
SJies Transport and Field Administration
r:presentatives (10) storage services

Dealers (80)
Farmers( 100,000)

If a bulk-blending unit is available (and thic is desirable), it will
be located in the store and operated by the stores supervisor, vho may therefore

need additional training.

The district manager is responsible for the efficient mana.ement of
his territory and the achievement of a specified performance by the use
of resources allocated to him. They must be precicely defined in three
annual budgets covering manpouer, capital expenditure and operating
expenditure receipts. These budgets are presented to,and acreed by, the
marketing manager. The res;onsibility of the district team must be clear

and precise; it must feel itself part of the district.

To market 0.5 million tons per year recuires about 16 districts of the
size defined, A sales manager could not reasonably control 16 district
managers, but another level of control would not be desirable. Two
possibilities exist: the fir:t is that the individual district is too small
(vhere farming is reasonably developed this might be so, but not where much
basic promotion work is needed); the second is to nominate three district
manager - as senior district managers, who, in addition to their owm operations,

would hav ' field supervision for four (or five) more districts.

The successful .orking of the organization depends, as has been
indicated, on the co-operation the sales representatives develop with their

retailers and the farmers. The availability and amount of storage, and

the delivery programmes for both fertilize