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1- INTRODUCTION

1t has been one of the anxieties of the contemporary
world to question about its ability to produce and distribute
enough food at reasonable prices to meet the increasing demands

of growing populations and rising incomes.

The world's ability to supply food depends on: (1)
availability and use of land and other natural resources; (2)
technology for raising yields and increasing the efficiency of
crop and livestock production; (3) weather; and (4) incentive

to producers.

Although the world as a whole is clearly not
running out of land, thare are serious problems about its
availability and suitability for agriculture, especially among
some of the developing countries. Development in the past half
a century, however, has demonstrated that, as an input to
agricultural production land became less important, as people
learn about and can afford other means of increasing output.
This tendency has become more prominint as the costs o’

expanding tand use rise in relation to other inputs.

The major problem facing many of the developing
countries is rot in the limitation of land, but in that their
land produces comparatively little because of low yieids.
Therefore, yield increasing technigues must be the primary

source of growth in food production.

Fertilizer use is a key factor in yield increase,.
aithough it must be accompanied with improved varieties of
seeds, improved cultivation practices and tetter management of

water, if it is to have much impact on yields.
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Taking, as an example, the perfoirmance of three
major developing countries, China, India and Pakistan, during
the decade of 70, the impact of fertilizer usc cn cereals

production becomes evident, (Table 1)

Since production of food in the coming decades has
been a chief concern for most of the developing ccuntries where
high growth rate of population is bound to exert pressure cn
the demand of food, fertilizer must play a major role in their

food production.

To supply the ever increasing need of fertilizer in
the developing countries, there are only two means available to
those who have still not engaged in the process of production
of fertilizers. Either they start structuring the process of
fertilizer supply by internal production, or they must continue
on their dependence of importation. Experience of the past two
decades has shown that fertilizer has become an issue too vital
to the security and progress of most countries to depend
heavily on volatile fertilizer markets of the world. In the long
run.developing countries must also reach their own decision
vhether to use their available resources to obtain food through
internal production, or to make better use of their resources in
other ways than food production and resort themselves to import
food, thus dispensing with the use of fertilizer altogether,
Under prevalent conditions, some OPES countries seem to be opting
for this type of economi~s development. By a large mejority,
however, developing countries must opt for higher productivity
through fertilizer use. It is also to their interest that thney
search for a more economical, reliable and long-ranged means of

fertilizer supply by internal production.
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: | TABLE 1

= ~ INFLUENCE OF FERTILIZER USE ON
CEREALS PRODUCTION

_ COUNTRY 1970 1980 DIFFERENCE
CHINA
g Cultivated Area (1000 ha) 88,198 102,624 + 16 %
& vield (kg/ha) 2,379 2,760 + 16 %
- product;onilooo T cereals) 209.839 283,277 + 35 %
- Fertilizer use (kg NPK/ha)* 42.4 128.9 + 204 %
= INDIA
Cultivated area ) 100,308 104,509 + L3
Yield 1,108 1,386 + 25 %
Production ' 111,147 144,879 + 30 %
3 Fertilizer use 11,4 27.6 + 142, %
PAKISTAN
Cultivated area 9,673 10,897 + 13 3
Yield 1,206 1,587 + 32 %
Production 11,668 17,296 + L8 %
Fertilizer use 16.8 51.9 + 209 2
UsA
Cultivated area 77,369 91,291 + 18 32
Yield 3,159 3,404 + 13 %
3 Production 244,393 310,765 + 27 %
g Fertilizer use 80.0 110.6 + 38 %
i

.

* kg NPK per hectare of arable land anc¢ permanent crop:-
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The fertilizer industry of the world has developed,
during the past half a century, into a highly diversified but
interwoven complex. On the whole, it can be broken down into
two categories of industrial activities: the fertilizer raw
materials and intermediates manufacturers, and the fertilizer
product processing and marketing organizations. A new-comer is
always initiated into the industry through the latter, and many
other established industries, such as the chemical industry and
the petroleum industry, diversified themselves into the
tertilizer industry through the former. Generally, the latter
would naturally grow into the former as their volume of market

expands into 3 higher level.

Whichever the stage of advancement the industry
finds itself in, its manufacturing plants must be dimensioned in
accordance to thé demand of its market. The ﬁodern fertilizer
complexes of the.developed countries did not reach their current
dimensions until volumes of their markets reached corresponding
levels. Even then, throughout the past decades, there had been
occasions in which a great number of those plants have had to be

kept idle whenever there were upsets in the market.

To achiave some measure of suff ziency in fertilizer
supply, mos:t developing countries, except for a few major ones
such as China, India, Brazil, and Pakistan which already possess
a substantial foundation in fertilizer nroduction, will have to
go through some fundamental develiopment in the fertilizer
industry in the coming decades. Like all those countries,
daveloped or developing, which had been through this process,
ferzilizer industry desigr.ed for internai consumption always

started with comnaratively small scale manufactrrin lancts, in
y g
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the range cf what is now called mini-fertilizer plants. The
empioyment of mini-fertilizer plants as an instrument of
fertilizer supply in the developing countries in the coming
decades, therefore, must be treated as a natural phenomenon in

the process of economic development.

Based on this premise, UNJDO has decided to develop
the project of Mini-Fertilizer Plants for Developing Countries,
with the purpose of identifying precisely what these
mini-fertilizer plants are, and of finding out how they can be
built economically. In order to be able to build mini-fertilizer
plants economically, two conditions are important. First, there
should be a ready market for these plants in sufficient numbers
to warrant the effort of some measure of standardization, so as
to eliminate some repetitive expenditures such as engineering
costs. Second, only in sufficient numbers of each type of plants
can high costs of supplying machinery and equipment on a

Yone-of-a-kind' basis can be aveocided.

As a part of the UNIDO Mini~Fertilizer Plants for
Developing Countries Project, this study is elaborated in an
effort to evaluate the magnitude of the potential market for
mini-fertilizer plants in the developing countries in the coming

two decades.

In the evaluation of the market for mini-fertilizer
plants, projections of fertilizer consumption in each developing
country in the decades of 80 and 90 are made, following the
trend of the 70's. The estimated requirement of fertilizers over
and above their existing production capacity can be obtained
either by building produvction plants, or by importation from
other producer countries, naturally with the expenditure of

foreign exchange.

Under normal conditions, no developing country can
sustain a long ranged policy of dependence on imported fertilizer.
Therefore, there is a high degree of possibility that at least a

part of the estimated number of mini-fertilizer plants required
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by developing countries in the coming two decades will come to
be built. Eventually, as the fertilizer market of a country
reaches high leveis, the factor of economy of scale of new
fertilizer plants will come into play. The dimensions of the
mini-fertilizer plants, as they are conceived presently, may
then become uneconomical. Even then, many factor§ such as
logistics may come into play so that mini-fertilizer plants will

still have their place under those conditions.

Identification of markets for these mini-fertilizer
plants does not necessarily mean that they will be built. Many
other conditions than purely economic ones will have to be
involved before concrete measures can proceed. Nevertheless, the
magnitude of the task is clearly .dentified in this study. It is
believed that the consumation, even if partially, of some of
these measures will go a long way toward improving productivity
in food production of some developing countries in particular and
help accelerate economic developrient of those countries in

general.

In the elaboration of this study, data base are

obtained from the following organizations:

1. FAQ,Food and Agriculture Organization of the

United Nations, Rome.

2. ERS, Economic Recearch Service, United States

Department of Agricul ture, Washington DC.

3. IFDC, l!nternaticnal Fertilizer Development

Center, Myscle Shoals, USA.
L. TVA, Tennessee Valley Authority Nationa!

Fertilizer Development Center, Muscle Shcals,

USA.
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§. IFA, International Fertilizer Industry

Association Limited, Paris.

6. Bureau of Mines, United States Department of the

Interior, Washington DC.

Some relevant information are also obtained from
various publicatinns among which special mention should te made
to '"The Future Ammonia Business 'prepared by Chem Systems

Iinternaticnal Ltd. in 1980.




2. EVOLUTION OF FERTILIZER CONSUMPTION AND SUFPLY
IN DEVELOPING COUNTRIES '

2.1, PATTERN OF FeERTILIZER CONSUMPTION
2,1,1., WORLD CONSUMPTION OF FERTILIZER NUTRIENTS
The historical record of the consumption of

fertilizer nutrients from 1350 to 1580, and projections to 2000

made therefrom, is shown in Table 1 and Figura 1.

TABLE-1

WCRLD FERTILIZER CONSUMPTION (IX10% TONS NUTRIENTS)

-\
un
[«5]

\D \O \D 0D
~ o,
o o

o
(=]

DEVSLOP!NG COUNTRIES DEVELOPED COUNTRIES WORLD
:L Pzas Ky 0 NPK :i_ Pz°s X, 0 NP K _i. Pz°5 K0 NPK
0.56 0.36 0.09 1.0} 3.19  5.4%7 4.04 12.50 3.75 5.77 4.13 13.65
j.95 9.2 0.42 3.3 7.30 8.99 7.83 24.50 9.35 9.84 3.25 28.04
7.70 3.2 1.47 12.%40 21.00 15.60 14.20 503.30 28.70 23.30 15.47 47.47
22.55 3.19  3.48 34.29 34.65 22.89 1%.97 77.50 57.20 31.08 23.45 11173

On 2xaminaction of these daza, it is5 evident that.

ercencage-wise, the gap is diminisning between cnnsumption of
? q !

far~ilizer autri2ntas of %he develoced and the deveioping countries.

la zarms of volumes, nowever, the difference is substantial. For
exampie, the diffarance of consumotion in 1980 between developed

M . . - o} .
and deveioning countries was 43.3 x 107 zons nutrients, oc more :han

———
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FIGURE 2
EVOLUTION OF NUTRIEMTES RATIO
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_consumption from 1980 to 2000 may reach 58 million tons in

100 x 106 tons of fertilizer products. On the other hand, looking

into the future, the developing countries increase in fertilizer

nutrients, or almost 150 million tons of fertilizer products. This

is an. indication of the magnitude of the task to supply the

"developing countries with this substantial additional volume of ,

fertilizers per year at the end of this century. (5ee 3.1.)

2.1.2. EVOLUTION OF NUTRIENT RATIC

The nutrient ratio (N : PZO5 : KZO) in the
fertilizers consumed in the developed and developing countries
(Figure 2) show a preponderance of nitrogenous fertilizer
consumption in both group of countries, with the developing
countries demonstrating an exaggeratedly high index of 6 : 2 : 1I.
This should not to be taken as an agronomically founded practice.
This distorted ratio is resul ted because very littie potash " is
being used, and in many case, not enough phosphorous is being
applied. Nitrogen is the nutrient which will bring in an
immediate response in productivity. Therefore, it is always the
first element to be used in introducing fertilizers to a farmer.
Nevertheless, it clearly points to the fact that nitrogen will
continue w.be the predominant fertilizer nutrient in consumptinan,

and therefore the main activity of the fertilizer industry.

2.2. EvoLuTioN OF SuppLy OF FERTILIZERS

2.2.1, EVOLUTION OF PRODUCT MIX

During the past 30 years, product-mixe;in the major
fertilizer consuming countries have undergone significant changes.
In general, the trend has manifested itself toward several
directions. First, there is a general upgrading in nutrient
content of the intermediates expecially the binaries and of

~ompound fertilizer products. Second, the-e has been a movement
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toward liquids or suspensions which, on a large scale, bring
down transportation and application costs, besides obtainingother

related benefits.

The actual product-mix used in 3 country or a region
depends not so much on the demand pattern as on the supply
structure, For a country which possesses the capability to supply
a major portion of its consumption by internal production, it can
exert a certain degree of control over its product-mix. For those
countries. which still depend, to some degree, on the importation
of fertilizer materials, there is little control over their
product-mix because international trade in fertilizer material

tends to be confined to several s%tandard items.

Table 2 demonstrates several examples of fertilizer
product-mix which was prevaleut in 1980. In general, a product-mix
is the result of evolution over a long period of time. There s
always a historical background which influences its development.
Therefore, change in a major component'Bf an existing product-mix,
either in its consumption or in its production, usuaily comes
siowly. For the same reason, once 3 product is introduced into a
product-mix, it tendo to stay, even though it may not be so

adequate ecoaomically or agronomically.

This phenomenon makes it difficul . developing
~ountry to choose its slternatives in starting .vocess of
internal production of fertilizers. For a market which has been
using imported trigle superphosphate in its product-mix, for
example, it may seem retrogressive to enter into the production
of single superphosphate. On the other hand, the production of
triple superphosphate requires the use of phosphoric acid, the
manufacturing of which may not be feasible for some one who has
not been through the stage manufacturing single superphosphate.
Furthermore, single superphosphate is intrinsically a be:ter
fertilizer because of its sulfur content and higher calcium
level. Commercially, however, these ad ditional values are not
recognized and therefore not paid for. On the contrary, single
superphosphate is sometimes penalized commercially for its low

P.0. content.

2°5




COMERCIAL PRODUCT-MIX OF THE WORLD

—‘-—_-u._xmm‘uu—nun“-——un. s . RGNttt SRR 2t b AR . O e
- - 11 -
TABLE 2

o TYPE OF FERTILIZER -GRADE
NITROGEN FERTILIZERS
Conventionatl: Ammonia, anhydrous 82-0-0
Ammonium Sulfate 20-0-0
Ammonium Nitrate 33-0-0
Urea 45-0-0
Non-Co nventional: Agua ammonia 15/72¢-0-0
Ammonium bicarbonate 17-0-0
Ammonium chloride 25-0-0
PHOSPHATE FERTILIZERS
Conventional: Single superphosphate (SSP) 0-18/20-0
Enriched superphosphate 0-25/30-0
Triple superphosphate (TSP) 0-46-0
Binary intermeidates: Diammonium phosphate (DAP) 18-L46-0
Monoammonium phosphate (MAP) 11-54-0

Non-conventional:

Nitrophosphates

Ammoniated SSP

Ammoniated TSP

Basic slag

Fused calcium magn

Ground reactive na
phosphates**®

Partial acidulatio

POTASSIUM FERTILIZERS

Conventional:

Nutriate of potash

20-20-0 etc.

L-16-0
6-38-0
0-10/20-0
esium phosphate* 0-17-0
tural
0-30-0

n phosphate*** 0-30/15/10C-0

0-0-60

Comercial

namqs:

E 4

Thermophosphate

***Kotka phosphate

**Hyperphaosphate




TABLE 2

TYPICAL FERTILIZER PRODUCT-MIX CF SOME DEVELOPED

AND DEVELOPING COUNTRIES (1980)

CoOUNRTRY BANGLADESN BRAZIL CHINA M. CERmANY INDIA MALAYSIA | PAXISTAN UsSa
1. nn(t'nﬂu :::‘nuzns 266.7 783.% 1g.581.5] 1.568.0 { 3.529.7 129.% 878.3 10,692.1
R Straight Ritrogen
Nigraeos, Calcivm and 163 702 L3 72 L 38 9 LR
mon §
Aasoalum ulyete 2k 2 L3 | 33 53 22 12
Uras bR S 282 LTI 792 528 70 L 38 3
Asmonium $icarbonats s
Anhydrons semoniy sz
R solutlions { 153 172
Other straight N ! 52 LR § L3 132
t.1. Compound Nitrogen _ i
W Compouds 32 262 5% L 3 23 12 [ 3
NPT Compounds 53 b1 4 63 302 13
Other cowounds H 3 . 82
TOTAL ¥ 100 % 100 § 106 3| loox o2 | o0t 100 X 100 %
2. PWOSPHATE FERTILIZERS 118.9 1,676.2 1,9692.6 §37.§ 1.090.9 118.8 253.6 A, 25.8
(108 Trlﬂs)
2.1. Straight Phosphats
Msic Slag 162 0.1 2
Single superphosphete 163 802 162 83 (R}
Triple Superphosphate 92 3193 A2 [ 4 22 .72
Ground Rock Phosphate 72 22 52
Other Straight Phosphate 203 L3 0.3 8%
1.2 Compournd Phosphats
WP Compounds 13 3t 133 83 63 9 3 33.92
PX Compounds 63
NPE Compownds 73 s R3 P 153 12 55.0 3
TOTAL '1°§ 100 2 100 3% 100 3 10¢ ¢ 160 3 180 3 100 2 190 %
3. POTASSIUM FERTILIZERS 22. 1.085.0 206.8 | 1,188 617.6 184.0 i0.] $.659.5
(10} T 250 - -
3.1. Scraigne Potash .
Potassium Chloride L3 I %1 100 302 93 ne ” 2 50.0 3
Others 12 A2 1S 53 2.0t
J.2. Convound Putagh
PR, WK, WPL Compounds 72 22 66 2 Wy 912 8.3 ¢
T0TAL :10 100 2 100 1 190 100 72 100 2 100 2 100 ¢ 100 2

ot e - t—————




By the same token, urea has tecome by far the
predominant nitrogen fertilizer of the developing couniries.
The production of urea, however, requires higher investment as
well as higher production cost. The use of ammonium bicarbonate
may not appeal to some one who has been used to urea. The
introduction of ammonium bicarbonate as a new ingredient into
an existing product-mix has never been tried before. It is
conceivable that there will be resistence on the part of the

farmer, unless there is substantial reduction ¢f cost to him,

2.2.2. EVOLUTION OF THE NITROGEN FERTILIZER INDUSTRY

All nitrogen fertilizers originate from synthetic
anhydrous ammonia. Since fertilizer production accounts for the
major part of ammonia produced, the nitrogen fertilizer
industry and the synthetic ammonia industry are almost
synonymous. Table 3 shows the end uses of al! ammonia produced

in major regions of the werld.

TABLE 3

CONSUMPTION OF AMMONIA BY END use (1977)
(103 T N)

REGION FERTILIZER TECHNICAL TOTAL
. PRODUCTION USES
North America 10,910 3,130 14,040
iatin America 1,320 150 1,470
West Europe 9,435 2,380 11,815
East Surope 15,293 1,537 16,830
Japan 1,399 1,116 2,545
China 5,227 50 5,277
Rest of Pacific 1,844 - 1,844
Indian Sub Continent 2,500 - 2,500
Middle East ) 950 - 950

Africa 700 160 860




The synthet:rc ammonia industry, whroughoul ine
decades, has evolved from small scale units ianto 1000 T NH3/D
unit following one determining parameters: market of ammonia.
Even though most of the new ammonia plants implanted during the
past decade nave been large sized units, there is 3 state of
cc-existence of the small and medium sized plants with the
large ones. Table 4 shows existing capacities of ammonia units

in the major regions of the world.

TABLE 4
EXISTING AMMONIA PLANTS
(1877)

REGION 250-500 100-2540 16-100  TOTAL TOTAL CAPACITY
103 TN/A 103 TN/A 103 TN/A NUMBER 103 TN/A
North America 25 31 4g 101 15,950
Latin America S 4 16 25 2,733
West Europe 24 23 36 83 14,516
East Europe 24 67 47 138 21,578
Japan 6 7 38 22 3,67
China (1280) 13 8 1,400 1,420 12,000
Rest of Pacific 0 8 20 28 1,840
Indian Sub Continent 2 16 13 31 4,138
Middle Zast 2 5 6 14 2,012
Africa 1 4 5 10 778
TOTAL : 102 174 1537 1872 79,226

Analyzing the existing ammonia capacity of the
world, an overwhelming number falls under the "mini-fertilizer
plant" categoryv. Most of these plants had been built in the
decades of 50 and 60, before the advent of centrifugal
comgressores. Tne group with the hignest capacity, fast EZurope,

includes 13,000 x 102 TN/A capacity of USSR. All of them are

planned . economy countries.
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of world capacity, USSR with 16.4 2, China with 15 %. These
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three countries altogether account for 50 3 of total world

ammonia capacity.

Although anhydrous liquid ammonia can be used |
directly as nitrogen fertilizer, as 4 million tons per year of ;
it is being so used in the U.S.P., most of it is transformed
into fertilizers through downstream processing units. Since the
emergence of urea as a major nitrogen fertilizer for the
developing countries, many newly built ammonia plants are
provided with a downstream urea plant. For those whose main
nitrogen fertilizer contains nitrates, Europe for example, a
nart of the ammonia produced is converted into nitric acid.

For those who produce ammonium phosphates, especially DAP,
ammonia is used directlhy in the neutralization-granulation

systems.

‘China has beer the only country to use ammonia
in a'non-COnventional form as nitrog~n fertilizer. Since early
60's, a majcr pcrtionof its ammonia production is converted
into ammonium bicarbonate. Substantial quantit.es of agua

ammonia is also produced 3nd used in direct application.

2.2,3, EVOLUTION OF THE PHOSPHATE FERTILIZER INDUSTRY

Prior to the decade of 50, single superphosphate
had been the principa! phosphate fertilizer of the world. With
the advent of concentrated phosphate fertilizers such as triple
superphosphate and diammonium phosphate, single superphosphate
has become a secondary phosphate fertilizer in most of the
developed countries. Nevertheless, substantial quantities are
still being produced in many countries where single
superphosphate remains to be their prime phosphate fertilizer.
Tabie 5 shows the single superphosphate production of several
countries and its nercentage weight in their total phosphate

production.

’




TABLE 5
PRINCIPAL SINGLE SUPERPHOSPHATE PRODUCERS

OF THE worLD (1980)

COUNTRY S'NGLIER(S)SSE:?'TZSSPHATE 3 TOTAL P,0,
PRODUCTION
/AP0, T/A-SSP
China 1,280, 000 6,400,000 68 %
Australia 919, 0u0 4, 600,000 100 3
Poland 555,000 2,780,000 60 %
New Zealand 410,000 2, 050, 000 100 2
 U.S.A. 348,000 1,740,000 b g
Brazil 240, 06O 1,200,000 19 3
india 168,000 340, 000 22 %
Hungary “156,000 : 780,000 63 2
Italy 142,000 710,000 ' 23 %
Spain 102,000 510,000 21 %

Most of the producers of single superphosphate
possess captive source of sulfuric acid and bought phosphate
rock. Production units capacity vary from i0 to 50 t/Wr or
50,000 to 250,000 T/A.

The production of concentrated phosphates reguires
phosphoric acid. Phosphoric acid, therefore, became the
principal raw material of phosphate fertilizer peoduction. Wet
process phosphoric acid units have developed from small
operations of 10~-50 T/D on

1000 T/D P205

in the decade of 40, to zrains of

5
capacity.

Large scale phosphoric acid plants tend to be
located near the pnosphate rock mines. Tnere are cases where
phosphoric acid plants were built near the source of sulfuric
acid. The majority of pnospnoric acid, plants, however, are

integrated into downstream fertilizer complexes. There are
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instances where phosphoric acid plants are built exclusively
for international trade, hence in deep water ports. Table 6
shows existing phosphoris acid plant capacity in major

regions of the world.

TABLE 6
EXISTING PHOSPHORIC ACID PROBUCTION CAPACiTY (1982)
(1000 ToNs P,0c PER ANNUM)

REGION UNITS > 100 UNITS < 100 - TOTAL CAPACITY
North America : L3 18 11,220
Latin America 6 10 1,500
West Europe 14 Lg §,360
East Europe 33 17 6,600
Oceania 0 7 290
North West Africa 12 6 2,640
Rest of Africa 4 10 1,070
Near East 6 9 1,600
South Asia 2 14 796
South East Asia 3 24 1,300
TOTAL 123 164 31,370

In terms of volume, the most important concentrated
phosphate ferti'lizer produced in the world is ammonium
phosphate, mostly diammonium phosphate. High concentration both
in N and P205

absence of acidity and hydroscopicity have made it into the

contents, ease in handling and transport, and

second most important fertilizer product in the international
trade; urea being the first. In 1980, 8.7 million tons of urea
and 5.6 million tons of ammonium phosphate had been exported
from various producer countries of the world. Table 7 shows the

quantity.: of dmmonium phosphate production in various countries.




TABLE 7

PRODUCTION OF AMMONIUM PHCSPHATE
(vear 1980 IN TONS P,0¢)

COUNTRY PRODUCTION EXPORTS
U.S.A, 5,007,000 2,095,000
Poland 313,000 -
Korea, Rep. 306,000 273,000
Brazil 284,000 -
India 154,000 ‘ -
Morocco 90,000 38,000
Netherlando 84,000 34,000
Belgium 48,000 -
ilran . Lée, 000 -
Mexico 32,000 2,300
Portugal 15,000 -

2.2.4, EVOLUTION OF POTASH FERTILIZER INDUSTRY

There is practically only one commercial potash
fertilizer in the world, muriate of potash, and six countries
supply @3 % of world consumption. For this reason, muriate of
potash is the highest volume fertilizer in the international

trade. 0f a total of 23.8 million tons per year of potash (KZO)

produced in the world, 15.66 millions K,0 as muriate of potash
L

enter into the export :market. This is 26.1 million tons of
product.

Unlike nitrogen and phosphat€ fertilizers, muriate
of potash cannot bSe produced from other feedstock than
sylvinite, carnallite and relatad minarals. This is the reason
why production is limited to only six countries. Table 3 shows

the principal producers of the world.
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TABLE &
PRODUCTION OF MURIATE OF POTASH
(1980)

COUNTRY KZO KCL

T/A T/A
Canada 7,063,000 11,770,000
USSR 6,635,000 11,060,000
Germany East 3,395,000 5,660,000
Germany, West 2,137,000 3,562,000
France 1,915,000 3,192,000
USA 1,700,000 2,830,000

2.2.5. EVOLUTION OF FERTILIZER PROCESSING INDUSTRY

The industrial pattern around which the fertilizer
raw materials and intermediates are processed into fertilizer
products in a country depends on the state of its agricultural

development and its system of marketing of fertilizers.

In most planned economy countries where fertilizer
production and distribution are not conducted under the same
organization, fertilizer industry, as such, isresponsible only
for the production of intermediates, and a limited number of
formulated compound fertilizers. Generally, on the farm ievel,
the end user of fertilizers in these countries have little

influence over the fertilizer it receives. The industry, on

the other hand,

and marketing.

would not be responsible for the distribution

of its products, which can be complex and labour

intensive, if not so capital intensive as manufacturing. The

fertilizer indu

production of a

stry, therefore, confines itself to the

relatively simpl'e produc:-mix. The processing




of intermediates into final fertilizer products is likely to

be a3 simple operation in these countr.es.

In a market economy country, the fertilizer induscry
usuaily covers a_complete range of activities, from the
production of raw materials to the manufacturing of intermediates;
from the processing of intermediates into final fertilizer
products; and from the distribution to the application of
fertilizers. on the farms. Depending on the size and Iogisiics
of the market, a fertilizer industry can participate in one or

more or all of the activities.

The development of the fertilizer processing sector
of the industry has been centered around two operations,
formulation of compound fertilizers and physical conditioning
of the final products. This operation can be made in one unit
or in several separated units. In the case of availability of
all the intermediate compounds, such as superphosphates,
ammonium phosphates and potash, already in their final form,
powdered or granulated, this operation is simplified into
formulation by bulk blending and bagging in blending machine.
Since a great majority of modern fertilizers is sold in the
granulated form, a granulation unit is essential in most
ferti) zer plants. With the presence of a granulation unit in a
fertilizer plant, it pecomes possible to producce either
granulated intermediate compounds or granulated compound
fertilizers of var.ous kinds of formulation. The general trend
in the industry is to use the granulation unit not only as
an instrument for formulation and granulation, but also to
produce in the granuilation unit all the nutrients in the final
form from hasic raw materials, namely ammonia, sulfuric acid
and phosphoric acid,and muriate of potash. In other words,
whereas a granulation unit originally started as a physical
operation of Fformulation and granulation of solid interﬁediate
fartilizer conpounds, it has since become a combined chemical

and physical processing unit.
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Together with either a buik blending or a3 granulation
unit, there are some necessary auxiliary installations which
require substantial investments. Bulk storage facility is one of
the more important of sxhinstallations. Since fertilizer is only
applied during a short period of the year, and since no
production and processing unit can be dimensioned to attend
ohly to fertilizer market demand of that short period, ample
storage space must be available not only for the intermeidates
or raw- materijals to be processed, but also for final products.
In the case of the fertilizer industry in the market economy
countries, the storage capacity of the final products. is

usually extended to the farm gate.




3, POTENTIAL DEMAND AND SUPPLY OF FERTILIZERS
IN DEVELOPING COUNTRIES

3.1. ProJecTioN oF FerTiLIZER DeEmAND IN DeveLopiNG COUNTRIES

The potential demand of fertilizer in a country
depends on many factors. The most important one is its
historical trend of fertilizer use. The adoption of fertilizer
use in agriculture, the availability -of fertilizers to the farmer
and the capability of the farmer to use fertilizer are
evolutionary processes which tend to be gradual. These
processes, however, can be hastened or retarded by the
influence of manY economical and pelitical factors. Therefore,
projection of potential fertilizers demand can be a complex

exercise with haphazard results.

Since the purpose of this study is confined to the
evaluation of the magnitude of market for fertilizer production
plants which could be required, to mect the fertilizers demand
of the developing countries in the coming two decades, it s
thcught sufficient to estimate the future demand by following
the trend of fertilizer consumption of the past decade with a

normal growth rate for the coming decades.

3,1.1., DEVELOPING COUNTRIES STUDIED

Countries projected in this study are selected by
economic regions with no other criterion than that their real
and potential volume of fertilizer consumption could reach such
a level as to warrant the effort of some form of internal

production.
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North West Africa: Algeria, Morocco, Tunisia

[}
- West Africa : Ghana, lvory Coast, Liberia, Nigeria, Sene- !
- gal, Sierra Leone
- Central Africa : Angola, Cameroon *

East Africa : Ethiopia, Kenya, Madagascar, Malawi, Mauri-
tius, Mozanbique, Zimbabwe, Tanzania, Zam-

bia

LATIN AMERICA

Central Amasrica : Costa Rica, El Salvador, Guatemala, Hondu-

ras, México, Nicaragua, Panama.
Caribbean : : Cuba,. Dominican Republic
South America : Argentina, Bolivia, Brazil, Chile, Columbia,

Ecuador, Paraguay, Peru, Uruguay, Venezue-

la

NEAR EAST

Near East Africa : Egypt, Lybia, Sudan
Near East Asia : Cyprus, lran, lraq, Jordan, Lebanon, Saudi

Arabia, Syria, Turkey

FAR EAST

South Asia : Bangladesh, India, Pakistan, Sri Lanka




East and south
East Asia : Burma, China, Indcnesia, Korea DPR, Korea

Republic, Malaysia, Philippines, Thailand

3,1.2. PROJECTION OF CONSUMPTION OF FERTILIZERS IN DEVELOPING
COUNTRIES

Table 9 shows the poteatial fartilizer consumption in
the developing countries analyzed in this study. The projesctions
are based on the consumption figures of 1971 to 1980 published
in the "FAO Ferfilizer Year Book', of 1980. The annual growth
rates emploryed in this evaluation follow the general trend of
the developing countries predicted by ?AO'S “"AGRICULTURE: TOWARD
2000". However, some adjustment in the rates is made in
projecting each country's future consumpticn, instead of using a
uniform rate. For example,_for countries which had been through
a §2e;¢d of sustained‘high growth, evidently the future rate
could noc be the same as those whicih have recently entered into

fertilizer usage.

For the purpose of estimating potential. fertilizer
production facilities requirement in the coming decades, it
would be wuseful to analyze individually the magnitude of
consumption of each country. This magnitude of ccnsumption would
have a direct bearinc on the dimensicn of ite production plants.
Table 10 is an analysis of the number of c0untries'in several

orders of magnitude.
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JABLE 9 - A
PROJECTION OF FERTILIZER CONSUMPTION IN DEVELOPING COUNTRIES
(1000 T/A OF NUTRIENTS) )

1588 1990 .2000
COUNTRY n P0g] K40 NPK " 0| kg0 | wex ~ Pog ] k0 | wex
sERICA
N.¥. Africa
Algeria 6] 85.5] 27.5 176 132 165, 5% 352 266 333 1R R 7:2
Korocco 102] 79.5] a8 212¢ 204 159 89 Ls52. k10 320 180 e
Tunisia 28.9| 30.8 3.9 63.7] s7.81 61.7 8 127 116 123 16 205
V. Africa - N .
Ghana 8.0 5.7 .61 18.3] 16.0] 11.5 9.2 136.6 32 23 18 73
ivory Coast 12.8 6.1} 1881 37.4] 2s5.7| 12.3) 3s.8] 74.8F st.e] 246 73.6{ V4.6
. Literia 2.3 1.2 1.2 L7 &7 1.3 1.3 9.4 5.4 5.7 a.7) 1900
Nigeris &1.0] 35.0] 17.% 113 122 70 15 227 20k 139 67 853
Senagal 7.9] 1.8 7.9] 29.3} s5.8] 27.0] 1s5.8] s8.6} 31.5) sh.o| 31.5 117
Slerra Leone 1.4 1.0 6.3 2.7 3.1 2.3{., o.8 6.2 6.0 5.6 1.8 1s.1
C. Africs .
Angola 18.1 2.1 2.1 6] 2010 8.3 §.3] 28.7} ko.2 8.6 8.6] 57.4
Cameroon 12.0 s.7] 11.3] 29.0] av.of w1.3| 22.7| s8.1 ) kB.e] 22.9| hs.h{ 6.0
E. Africa
Ethiopia 28.41 53.6 ol 82.0| s6.7]107.2 of163.9 13 214 0 327
Kenyas 20.8] )8.0 7.8 A6.2| bu.8¢ 36.0f 15.3( S2.7 1.8} 72.2; 2r.elits.0
Madsgascar 3.7 0.9 3.7 8.4 7.5 1.9 7.6 16.8 1:.0 3.7 15.0 11.7
Ralawl 15.6 h.S 3.5) 23.0f 30.0 3.0 7.0} %6.0] 60.0{ 18.0| ik.0] 92.0
Mauritlus- 9.6 2.680 te.71 26.7f 19.2 .0} 29.5| S$3.5{ 30.0 9.6 47.0] 106.6
Mozanbique 1.4 3.1 4.2) 28.5] 22.8 6.3 B.A; 57.0) as5.6) 12.%} 16.8} 1140
Zimdabwe s9.20 318.2] 28.¢ 126 | 88.8% s7.%| 42.8]189.0 133 86 64 283
Tanzanis 21.$ 5.4 1.81 31c.7| 47.0] 10.8 1.6 61.0] 9k.0} 21.6 7.1 113
Zambis k3.51 15.3 & 1| 62.9{ 87.0( 308.6 9.2 127 174 61 16 25!
TQTAL AFRiCR §27.1{ 407.5[ 207.7 [ t, 449 | 1,025 730.6 01.8]2,233] 2,000 1,556 769 ] 4,386
LATIN AMERICA
C. Amerlca
Costa Rica s1.6] 13.s] 28.6] 83.7 €s.6] 21.6] ns.8]134.0, o06.6] 3..6| ¥3.3})212.5
€1 Saivador 52.5| 18.8 6.3 77.6| 84.0 30.0] to.of12x.0)t3u.4] s8.0f 16.0} 198.0
Custenals 58.8| 28.8] 20.6) 307.9] 94.2] &s5.8]| 33.0]172.6)151.0] 7r2.6| s52.8 276.4
Monduras 10.4 3.2 6.1 19.7{ 16.6 5.2 9.8 31.6] 26.6 g8.1] 15.7] 0.6
Rexico 853.6 | 265.9 63.0 11,183 ] 1,366 826§ 100 [ 1,992 ] 2,186 680 1621 3,028
Nicarasgus 16.12 15.9 12.8 sk.9 1 h2.0] 25.% 0.6 87.9 67.2 40.7 21.8§131.7
Pansms 12.2 6.8l via| 3 .6} ve.s) te.af 18.3] w8.7 ] 31.0] t17.0} 29.0f 77-9
Caridbbasn .
Cubs jo0 7 160 532 u80 s 356 250 768 183 wiof i.36!
Dominican Rap. 35.7 18.2 20.6 Jh.5 57 29 33 119 9) Y3 53 190
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TABLE ' 9-3

PROJECTION OF FERTILIZER CONSWMPTION [N DEVELOPING COUNTRIES
(1600 1/a of NUTRIENTS)

f98e 19%¢ 2000
COUNTRY )
Yol P% g0 wex b Pi3g| xpo | wex rao] xgo | wex
S. Amgrics
Argentine 59.51 59.5p 10.8f 129,91 9s.3] gsy| 7.3 207.9 152 152 8 332
Soilvis V.31 2.5y a8l soaf ar| ale 1.2]  9.8] 7.8] re.a) 2.4 re.s
trazil 803} t.yaof v.nnzf 3.6n1) tisen| torea) 1 7sof s.830] 2,080 w.wcof 2.850] 3,330
Chile 55.1 72.0 13.6f 14g.7 8.0 115,y 21.71 224.7] vha.0] 184.0] 34.7{ 358.7
Coluapis 175.0( 8661 21.5f 3h1.1f 280.3( vys.af r30.u] sec.8] 448.0] 217.0] 209.0] 840
Ecusdos Y51 320 2n.6f vraast rveal szial 3usf 161.0| 120.0] B3.0f s5.% 2s8.%
Paraguay 1.2 0.9 1.8 3.6 .3 .8 3.4 7.3 5.9 3.7 6.1 .7
Pers 88.61 159} Bof nizal ac) reisl ywia| isiie] 2z6.7] wees| 22.7] 2s6.2
Uruguay 5] 73.6 ho91102.8) 32031 ag.s 6.8 133.8] M.6f 1280 8.3} 17309
| Venszuela o7l 69.3) 5234 216.2} 183, 2| “xe .o 105.0] w32.0] 300.0 220.0] 166.0] 688.0
TOTAL LATIN AneERICA}) 2,747 2,573 1,637 6,927 1 & a8 A7 q 2.6atfti.390 | 7,082 6,560 v.220 {17,856
NEAR EAST A ;
Near East Africa .
tgype Sth2prer.a) 8.ab 2kl 2y 3] veaial 13| ess.s| 1.3ve] 260 21.6( 1,599
Lydis 20.61 33.1 se-81 et se.al 2.3 vos.3| sz.elizz.ef  w.sf 21s.6
Near .tost Asla ) )
Cyprus 13.1 12.3 2.2y 27.61 22,2 1e.> 3.5 &&.2 33.6 5.5 5.6 70.7
fraa 6.4y 1580 ull IRLLELE IR ) I RSP S of se9.0] 78s] ses 5| 1,295
frae 77.61 26.3f 2.6 1065t tes 0t ea 5| e sl aia.ed 3iel| vee 10| a2
Jordsn e B B L B N N T I I T I
Lesanaa 1751 25,21 6.k} ae0t o 3eir spa| 2.8 98.2] 70.0]1900.8| 25.6] 206.4
Sandl Arakia 13.2 h.9 0 18.1 el .3 . 35.7 52.0 19.% - 7.4
Syria 7510 MLRL 2.6 1220 152y epe s.t1) 243.9) 300.0 ] 177.6] 10.2] 487.8
Turkey 73| _620 27( 15061 1 2az - -y Wi ] 2,400 2,021 01,7458 70} 3.856
DOTAc meam easT  d1aB3tfd.osof 52l z.e8a| drs ges 90 4,983 4,293 (3,016 1s¢|8,272
FAR EAST ’
South Asia
Bangladesn 2844 1187 25,4 398.3) 123 2 e~ s0.9) 7971 ] 1,018 W1 o2 | 1, g0
india 30580 1,082  556) 5,138 3. 2as eis s8g] 8.221 | 5. 066 | 2,666 1,422 13,156
Fasistan 837.8 243,51 a3 109001 3aa e g 13.3] 1,783 2,060 | 623,60 21.3) 2,789
Sri Lonka 8361 37.1) 2s.sfr62a) rar 8.z s7.0( 259.0{ 229.a) 9ex.0) si.2| 4i%.3
East and S.£. Asis
Suras 2ol 312l ysfresaaf e r s 7.0l 218 117 ‘o1 Nl ous
Chine 191651 1.206 | 90.8 112,162 [rai2s s ges 182 38,225 |19,923 | 6,100 363 p6.337
{ndonesia 650.51 1sh.2] 93.0f 8s8.4) cirzas T2 : 186 [ 1,797 | 2,600 620 370 | 3,590
Kores OPR sshoo) 1308l a3l 7| vva, g vrol 1.097 | 1.oe ] 2s7l ves|i1.ses
‘ Kores Rep. 450.6) 221.5( 195.3( 367 .1 s te el 3129 ‘.3-” 'l,ls‘l <67 vas | 2,220
: Maiaysia 145,01 10A.3{ 218.0[ 467.3( o> =~ srros ! 236.0( o3u.0 ] veu.0333.0 98.0] 1,495
] Phillippines 0.0 s2.2) s9.8 ch.:‘ s3a Se.z t1z.0l s80.a] 610,00 126.0] 180.0] s74.0
- - - ]
The!land il 1288 1971 0LE ]l tee = 2 5.0 662,00 6903 ) se.a] isa ]y
IO0TAL FAR EAST (17,175 4,157 1 1,409 12,755,255 ~ sz )z 22 35 900 o220 2. 8u | 4, on0 B, 7us
i
AL COUMTRIESSTUOITD [22,260 5,,;5541 J.Jaaln !ls,'r. ~ . os1s :S 555 lsu. 515 Is3.z200 J23.763 | 2,193 Be. 259 i
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TABLE 10
NUMBER OF DEVELOPING COUNTRIES IN VARIOUS VOLUMES OF
FERTILIZER CONSUMPTION

1980 15990 2000
X Ta0 RN TR0 NPEOON 70 NPE
CONSUMPTION T/Y 37 37 21 26 29 17 17 2] 5
< 50,000
50,000-100,000 ] 10 9 11 12 9 9 8 6

0
100,000-500, 000 8 10 10 15 16 21 20 23 28
500,000-1,000,000 6 ] 6 4 0 6 4 6 6
1,000, 000-5, 000, 000 1 3 4 5 4 5 9 2 13
> 5,000,000 1 0 2 - 2 0 3 2 1 3

In 1980, the countries which consumed less than
100,000 T/A of either N or PZOS’

countries studied. The number would reduce to 35 in N and 41 in

numbered 47 in a total of 62

qu5 in 1990. It would further reduce to 26 in N and 11 in P205
in 2000.

On the other hand, according to the 1980 FAO
FERTILIZER YEARBOOK, the 26 Developed Market Economy Countries
consumed, in 1980, the following tonnage of fertilizer

nutrientes:

22.644 x 108
PO 14.249 x )06 T

106 T

X

,0  12.779

NPK Lg.672 x 106 T




»

The fact that, in 1980, 49.672 miilion tons NPK was
consumed in 26 Developed Market Economy Countries and 33.815
millions tons of NPK was consumed in 62 Developing Countries
analyzed in this study, shows that there must be some
fundamental differences in the pattern of supply of fertilizers
in these two systems. !n other words, the size of the
manufacturing plants to produce almost 100 million tons of -
fertilizers in 26 countries could not have been the same as N
those used to produce 70 million tons of fertilizers in 62

countries.

3.2, ProuecTioN oF FerTiLIZER SuppLy IN DEVELOPING COUNTRIES

There are only twe means of supplying a country with -

fertilizers: internal production or importation.

Internal production of fertilizers, in a generél sense,
means the transformation of basic raw materials; i.e. <carbon
or hydrocarbon feedstocks, phosphate rock, sulfur, and potash,
into nitro-gen, phosphate and potash fertiiizers. |f these basic
raw materials are not availaole in a country and are imported
as raw materials for internal transformation into fertilizers,
the products are still considered as internal producticn. It is
the general tendency to try *o use as much as pcssidble locally
available raw materials, even if they are of lower grades cr
are more expensive. 3y internal production, however, 3 country
needs inveszing in production facilities so that locally

manufactured products can substituce for importation.

If, for many reasons, internal production is not
available, fertilizer supply can only be obtained by importation
from producer countries, with the expenditure of foraign
exchange. Even then, fertilizer processing and marketing
facilities must be availabie for formulation and distribution ¥
fertilizer products. !nvestments for these facilities, although

much lower than production plants, can still be substantial.




3.2.1., ALTERNATIVE 1: SUPPLY BY INTERNAL PRODUCTION

Table 11 shows existing production capacity of
fertilizers of each country in 1980, and additional capacities
necessary between the decades of 1980-1990 and 1990-2000 to
meet the demands projected in Table 9. Since muriate of potash
is produced only in a limited number of countries, Znd majority
of countries studied need importation for their KZO supply,

production of this nutrient is not considered in this study.

From these estimations, it can be seen that even
though the 62 countries in this study already possess 18.8
millions per annum of nitrogen fertilizer production capacity
in 1980, in order to meet demand, they need to build new nitrogen
capacities of 15.68 million tons per annum between 1980 and 1990,
and another 18.7 million tons per annum between 1990 and 2000.
They possess 7.6 million tons per annum PZOS capacity in 1980;
but they need new PZOS capacities of 7.3 million tons per annum
between 1980 and 1930 and 9.2 million tons per annum between
1990 and 2000, if they should opt for internal production to

meet their own demands.

3,2.2, ALTERNATIVE I1: SUPPLY BY IMPORTATION

In the case of not being able to build more production
capacity than they possess in 1980, these countries can only
resort to importation for their fertilizer requirements, Table
12 is an estimation of each country's NPK importation requirements
in 1980,1900 and 2000, and the cost in foreign exchange at
the price level of 1980. (N and P205 at $5 per 10 kg unit;

Ky0 at $2.5 per 10 kg unit).




TABLE I - A
ALTERNATIVE | - SUPPLY 3Y INTERKAL PRODUCTION:

PROJECTION OF ADDITIONAL PRODUCTION CAPACITIES
FOR FERTILIZERS IN DECADES 20 ann 0
(1000 T/A OF NUTRIENTS)

1980-1290 1990-2000
COUNTRY % ’zos X ’155
1980 ADDITI ON 1980 ADDITION 1990 ADDITION 1890 ADOITION -
AFRICA
MY Africa
Algeria 32 100 63 102 132 137 16§ 172
Rorocco 36.3 163.7 127 - ] 200 200 160 160
Tunisia N7 i Mk 0 s8 62 (31 ]
¥. Africa
Ghana [} 16 0 1 16 16 . i 12
ivory Coast 0 26 0 12 26 26 12 12
Liberlas [} -] [} 0 [} 0 1] [}
Nigeria [} 122 §.2 ¢8 U 122 122 70 7¢
" senegal 0 Ve 15 T3 16 17 27
Siarra Laone 0 0 ] L] e 0 0
C. Africa
Angolia 1} 20 0 0 20 20 0 10
Cameroon 0 24 o | 18 4 24 n 1
E. Africs
Ethiopla [} 56 0 107 56 s7 107 107
_ Kenys 0 Y] ) Y Y 80 Y] Y
Madagascar 0 0 ] 0 0 H [ [
nalawl 0 30 ] 9 3o 30 9 9
Mauritius 8.6 10.4 0 ) 19 1 ] 9
HMazanbique ? 16 ] 6 13 23 6 6
Iimbabwe 72 17 w2 15 89 L2 57 29
Tanzania bl e,k J.h LY} W7 1" [
lambis 6.5 a1 3 30 87 37 30 30
TO_TLL__A'FI_IC_A_ _2_1_‘ A __7_L6 k21 10085 277 1119 AR
LATIN AMERICA
C. Americs .
Costa Rica k0 27 0 22 67 ko 22 '3
E1 Saslvador 3] 69 L] 2 3k 50 0 18
Guatemals ¢ 94 5 ‘o 94 57 113 28
Handuras ] 17 ] s R 10 s 3
Hexico 793 613 250 180 1)6é 3)4 k30 250
Xicarsgua 3 9 0 25 L2 28 25 s
Panams ] 20 3 1t 20 1 11 [
Carlbbean
Cubs (R 368 14 101 uBo. 290 e 38
Sominican Rep. ] 37 9 29 13, 36 29 17

RS TR rreey
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TABLE I1 -3
ALTERMATIVE I - SUPPLY BY INTERNAL PRODUCTION

PROJECTION OF ADDITIONAL PRODUCTION CAPACITIES
FOR FERTILIZERS In DECapes 80 anp 90
(1000 7/a OF NUTRIENTS)

1980-199%0 1990-2000
COUNTRY ] PO ] ?,0
1960 ADOITION 1930 ADDITION 1590 ADDITION | .- 1990 ADDITION
S. Americs
Argentina 25 70 ] 95 §7 95 95 55
Soiilvia 0 ] [} -] [ ] [ [} [}
srazil 185 915 1620 1130 1300 890 2750 1650
Chile 100 o] 30 8s 100 A0 115§ 25
Columbia 60 220 50 . 8s 280 168 138 82
fcasdor 74 7 AS 75 113 52 n
Paraguay ] 0 0 0 0 0 -]
Perv .7 [1.] 1 25 142 8S 26 15
Uruguasy e 32 20 15 32 20 95 29
Venezuela thsg LT 23 1s 189 1 138 82
TOTAL LATIN AMERICA 1709 2730 2024 2096 ALk39 2678 118 2357
MEAR EAST '
Near East Africa
teypt hao 423 93 %9 823 §97 162 100
Lybia 0 &) €6 .l M 66 66
Sudan -] 0 -] 0 0 [] 0
Nesr East Asla )
Cyprvs 0 pal 0 20 21 13 20 12
Iran 7" . k22 30 186 493 296 316 ise
Irsq 385 o o s3 355 0 53 s2
Jordan 0 ] 0 (] ] (] 0 ]
tebsnon ] 35 103 e 35 3s 103 o
Saudl Arabis ] -] 0 0 ] 0 0 -]
Syria 13 137 ] 89 150 150 89 89
Turkay h63 800 355 748 1263 758 1103 918
TOTAL NEAR EAST 1304 1879 581 1331 3343 1790 1912 1827
FAR AST
Soutn Asia
tangladesh 160 350 33 204 s16 510 237 238
Indis 216k 1500 859 807 5666 koo 1666 1000
Pakistan 581 759 58 332 13460 8ol 399 233
Sri Lanks [ 143 0 $3 143 36 59 1S
£. ¢ SE Asls ’
Surms 60 88 9 63 148 89 63 38
Chins 10286 3945 2384 1428 14231 §692 3812 2288
Indonesia 982 320 220 90 1300 1300 310 310
Koras OPR §53 222 127 56 2758 311 133 74
Korea Rep. 700 20 LLE 0 720 k33 bk 65
Raleysla 35 255§ 27 18} 290 174 208 128
fhilippines $0 334 37 47 184 226 L1 50
Thalland 0 46 3? 220 346 164 257 287
TOTAL FAR EAST . 18571 10782 L2768 31487 25843 13289 776) k713
ALL COUMTRIES STUDIED 18800 16680 7617 7235 JL6k0 18734 1k932 9212




TABLE 12 - A

ALTERNATIVE 11 - SUPPLY BY IMPORTATION
PROJECTION GF TONNAGE AND FOREIGN EXCHANGE SXPENDITURE
(TonnaGE IN 1000 NPx T/a; £xXPENDITURE IN us$ 1000/4)

1980 1993 2000
COUNTRY
TONNA GE |EXPENDITURE | TONNAGE | EXPEMDITURE | TOMNAGE | EXPENDITURE
AFMICA
dW. Africa
Al,urla 188,4 84,500 285 113,750 501 222,750
Moroceo 76.3 28,150 250 102,500 550 230,000
Tunisia T 28,9 13,475 T 65.9 30,975 132 61,3950
u. Africs
Chana 25.6 3,150 : 37 16,250 73 32,000
ivory Coast Wk, 0 16,150 75 28,250 150 56,500
Liberia 6.7 2,058 5.2 &, 025 18.5 8,000
Nigeria 176.7 80,000 227 104,750 454 209,500
Senagal 18 7.250 32 12,000 (1} 24,000
5iarra Lecne 2.5 1,128 6.5 2,500 12.1 . 5.675
C. africa )
Angels 16.6 7,250 28.6 13,300 48.6 26,450
Camaroon 21 13,250 57 - 23,000 11k 56,000
E. Africa
ithiopia . 60 30,000 166 83,000 330 . 168,000
Kenya 60 27,750 | 92 42,000 184 84,000
Madagascar 6.3 . 3,700 17 6,625 34 13,250
Aalawi 38.5 18,375 L6 21,2590 92 a2, 500
Mauritius 17.4 5,300 Lk 1h,750 n . 26,750
nozanbique 21.8 10,300 30.4 13,100 ° 56.8 28,200
Zambabwe 84 21,450 134.8 7,200 230 30,000
Tanzania 20 9,17% 8.6 23,400 1.2 53.3)00
lambia 8.3 31,750 125.8 60,350 254 121,500
TOTAL AFRICA 980 833,500 1,768 763.875 3.483 1.553.425
LATIN ARERICA
C. America
Costa Rlica 60.4 23,080 9.3 35,950 173,3 68,1258
El Saivador 69.6 15,300 ' 106 §0,500 180 86,000
} Guatemala : 92 &1,000 167 85,209 268 121,750
! Honduras 30.3 13,300 31.6 13,350 $0.6 21,378
l Maxlco - - - - - -
! Hicarague 64.2 19,300 87 38.500 N 59.560
] Pansas 30.6 1,600 49.6 20,000 77 31,250
! Coribbean
‘ Cube Wik 160,300 683 277.500 1,197 ¥96,000
Jominican Rap. 36.7 37,250 i1e $1,250 190 81,750
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TABLE 12 - B

CALTERNATIVE 1 - SUPPLY BY IMPORTATION
PROJECTION OF TONNAGE AND FOREIGN EXCHMANGE EXPENDITURE

(TONNAGE IN 1000 Nex/A; expenDITURE IN us$ 1000/a)

1984 - 1980 2000
- COUNTRY
: TONNAGE EXPEND!TURE] TONNAGE JEXPENDITURE | " TONNAGE |EXPENDITURE
S, Amerlica
Argentina 88 41,500 177 84,250 303 144,500
solfvia S.h 2, k00 9.3 5,100 19.8 9,300
srazil 2,200 770,000 3,300 1,300,008 7,000 1,800,000
Chile 112 51,759 137 63,000 259 120,000
Columbis © 196 £3,000 11 185.000 760 327,000
Ecusdor 8 38, 00¢ 154 68,250 - 251 11,750
Paraguay 6.3 2,800 7.3 3,000 15 €,000
Peru 88.3 20,150 _lo7.8 s0, 400 215.7 102,180
Vrugusy $9.3 28,600 8874 82,600 136.3 $3.325
Yenezuela ~ o8.1 36,000 26¢ 106,300 519 218,000
TOTAL LATIN AMERICA 1,768 | 1,426,330 6,220 2,480,150 11,738 4,886,000
NEAR EAST )
X3ar East Afrlca
Egvpt i8.5 7,400 -496.5 244,900 1,108 548,900
Lybia 77.7 38,200 109.3 54,075 218.6 108,150
Sudan . 30.4 k0,000 180 60,600 328 1ES,560
Near East Asla
Cyprus 25.2 | - 12,050 b4, 2 23,230 78.7 33,950
iran 302 121,000 700 350,000 1,h00 594,000
Iraq 25.98 12,300 57.9 27,625 s 25.000
Jordan 13.4 6,350 21,0 9,750 a2 19,500
Lebancn 2.6 9,150 47,8 20,700 5.6 41,400
'Soudl Arabia - - - - - -
Syris 113.§ 56.125 233 115,250 77 235,000
Tu-key 923 kh7.000 1,972 975,000 3,039 1,500,000
TOTAL NEAR £AST 1,600 779.57S 3,842 1,898,530 6,978 3,295,900
FAR EAST
Soush Asla
dang: adesh 277 131,800 604 289,130 1, b0t 675.200
indls 2,759 1,180,000 £,198 2,375,800 16,129 4,708,500
Pakictan 712 380,000 1,104 s48,830 2,150 1,069,500
Sr) Lanks 150 66,250 259 115,250 bk 184,250
€. & ST Asla
Surma $3.5% 25,878 158 77,450 289 141,750
{ China . - - - - .
indonesla 308 112,675 696 301,500 2,390 1,102,500
Kores OPR - - - - - -
Korea Rep. 170 k2,500 312 78,000 hoe 124,790
Philippines 320 140,100 493 218,500 817 373,500
Thalland 318 150,750 625 297,7%0 1,285 613,000
TOTAL FAR_EAST . s, 068 2,196,650 9, kb L,302.210 19,194 8,992,950
:EL COUNTRIES STUDIED 11,396 | 4,836,055 21,257 o, bbb, 765 h1,590 18,728,275




O0n examining Table 12, it can be se;n that impurtation
of the 62 countries would have doubled every ten years, if no
attempt is made to produce fertilizers iaternally. If this should
happen, there couid well be further aggravation of the situation
for themselves because buying such large quantities of fartilizers
from producer countries would surely cause escalation of prices.

Evidently, what il probably happen would not be
the whole of either of the two alternatives. The option for
internal production relysathe influence of many other factors
the most important of which must always be thé political onz.
Even if the a'ternative of internal production is chosen and
implanted, it will not eliminate totally fcreign exchange
expenditures. For most countries, the importation of phosphate
rock, sulfur, potash, and even some Fbrm of carbon or hydrocarbon
feedstocks will continue tc be necessary. !t would, however,
diminish substantially the total requirement of foreign
exchange. What is more important, it would contribute positively
to the general economy of the country by providing employments,
by paying for local goods and services, and by generating many

other benefitg to the society as a whole.

o ———a——r
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4, MARKET FOR MINI-FERTILIZER PLANTS IN DEVELOPING COUNTRIES

4,1, Scope oOF MINI-FERTILIZER PLANTS

Mini-fertilizer plants can be defined as a2 group of
fertilizer manufacturing and processing units which are
adaptable to the conditions and dimensions of developing

fertilizer markets.

Most of the developed countries had been through the
stage of employment of mini-fertilizer plants thirty or forty
year ago. Even to-day, some of those installations co-exist with
the madern large scale plants. The fact that more than 13 million
tons of single superphosphate is still being made in the
developed countries in 1980 testifies to the continued usefulness
of mini~fertilizer plants even in developed countries. For
agronomical, economical and logistical reasons, there is no
complete substitution of mini-fertilizer plants by macro-fertilizer

plants under some special circumstances.

Several developing countries, notably China, India and
Brazil, have reached a substantial level of fertilizer
production by the employment of mini-fertilizer plants during
the past two decades. A'l of them have now passed the marketl
dimension of that can better be attended by mini~fertilizer
plants. Nevertheless, those mini-fertilizer plant are, and will
be for many years to come, the basis of their fertilizer
industry. China, for example, has been concentrating on the
building of 1Q00 T/D ammonia plants. But those 1400 existing
mini-ammonia plants are still the backbone of their N

production. Through expansion and improvement of these plants




will come a major part of additional capacity ‘of the future.

In the coming two decades, when most of those
developing countries which consumed less than 500,0G0 tons
nutrients per annum start the process of developing internal
fertilizer production capacities, mini-fertilizer plants would
be used, in the majority of cases, as the principal instrument
for this purpose. In due course of time, these mini-fertilizer
plants will have outrun their usefulness as they laid the
foundation of the developing fertilizer industry in those
countries. But they will continue to play their role, just as
they are playing now in the developed countries, and in the more

advanced of the developing countries.

In order to confine the scope of mini-fertilizer
plants to the essential parameters which a developing fertilizer
industry must have from the beginning, three groups of plants

and installations are identified.

4,1.1. NITROGEN FERTILIZER PLANTS

Nitrogen fertilizers being the highest volume
fertilizer nutrient consumed in the developing conntries,
nitrogen fertilizer production plants are undoubtedly the most
important of all mini-fertilizer plants. Nitrogen fertilizer
plants consist of two compconerts: the svnthetic ammonia unit

and the nitrogen fertilizer production unit.

For the purpose of meeting nitrogen fertilizar
demands of various dimensions of developing fertilizer markets,
ammonia synthesis plants of 50, 100 and 200 tcocns ammonia per
day capacities are chosen in this study. This does not prevent
any intermediary capacity plant being considered in a particular
case. It is thought, however, that if mini-fertilizer plants in
large numbers are to bring any benefit to the fertilizer

industry of the devzloping countries in terms of cost of
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implantation, they must be standardized. A survey of small
ammonia synthesis plants which hac¢ been built durirg the past

two decades indicates that they fall into these three dimensions.

As a rule, ammonia synthesis jlant in a developing
country is accompanied by a downstream nitrogen fertilizer
plant. Although there are many options in the final product to
be obtained from ammonia, there is a preference for urea because
of its high concentration and ease of handling and transportatior
However, during the last twenty years, ammonium bicarbonate has
developed in China as an important nitrogen fertilizer.
Experience 'in China has demonstrated that lower investment and
production costs in the manufacturing of ammonium bicarbonate
seem to compensate for its low concentration. In this study,
ammonia plants of 200 T NHB/day can have the option of being
coupled with either an urea plant or an ammonium bicarbonate
plant. The smaller ammonia plants, of 50 to 100 T NH3/day, are
adapted with ammonium bicarbonate units. This does not

preclude any other type of nitrogen fertilizer from being
considered. For a country which contemplates the production of
nitrogen fertilizers, ammonia plant is the fundamental, the

other secondary.

4,1.2. PHOSPHATE FERTILIZER PLANTS

In spite of the fac: that concentrated phosphate

fertilizers such as TSP and DAP have already become standard
fertilizer inputs in many developing ceuntries which have heen
depending on importation as their source of fertilizer supply,

single superphosphate would still be the phosphate fertilizer
to be produced at the initial stage of a country's attempt at

internal producction.

The production of single superpnospphate in 2
developing country usually requires the manufacturing of

eulfuric acid. Three scaies of sulfuric acid plants, 50, 100

and 200 zons per cay of 28 % or 94 % sulfuric 2acid, coupled




with superphosphate piant of up to 5G0 T/Cay capacity zonsist

of the mini-phosphate fertilizer plants considered in this

study. Otner more concentrated fertilizers, such a§ concentrated
superphosphites and ammonium phosphates, require the use of

phosphoric acid. Phosphoric acid can be produced in small units.

But for the purpose of phosphate fertilizer production in most i
developing countries, it is doubtitful whether it is advisadle

to go into concentrated fertilizer manufacture at the initial

stage of the process of development of the fertilizer industry.

4,1,3, INSTALLATIONS FOR FERTILIZER PROCESSING AND MARKETING |

In most of planned economy countries, the fertilizer
industry is not necessarily inQolved in the formulation, and
marketing of fertilizer produczs.vln most of the market economy
countries, however, installations and facilities to elaborate
the final products, to store'réw materials.and finished or
semi-finished products, and to distribute the final products to
the farm gate, ére integrated parts of the industry. There are
no standardized processes, equipment, or installations. They
¢an be very simple hand operated bSulk blending machines. They
can also he very complicated and sophisticated granulation
plants. The in-plant storage space can be simple covered sheds;
they can also "be mechanically operated bulk storages of up te !
100,000 ton capacity. Fertilizer being a seasonal commodity,
final products in the marketing pipeline in preparation for
peak season delivery can be as much as one third of the annual
output. Therefore, infrastructure for marketing purposes can be

extensive and also capital intensive.

When a fertilizer oberation reaches a c%rtain
throughput, these installations become a necessary part of the
whole plant. Fcr the purpose of this study, a3 group of
installations which can blend, granulate and handle 100,000 tons
nroduct per vear for marketing is considered as a basic unict.

The granulation installaci.n can also be considered as an
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anticipated investment for its future utilization as binary and
compound fertilizer production unit. Coupled with this
processing unit, storage facilities for processing and
marketing purposes are corsidered as auxiliary installations in

the some integrated unit.

4,2, PoTENTIAL MARKET FOR MINI-FERTILIZER PLANTS

in the previous chapter (3.2.1. Table 11) an

estimation was made as to the additional fertilizer production
capacity which a country would need to be iwnplanted during the
periods of 1980-1590 and 1990-2000, if it were to opt for internal
production to meet the expanded demand of fertilizers. An
estimation of the number of each type and size of mini-fertilizer
plants which wouid be need=d to enable each country to provide
that additional fertilizer procuction capacity will indicate the

potential market dimension of those mini-fertilizer plants.

Table 13 shows the result of such an estimation.
During the decade of 80, and 90, if all these 62 countries
studied here are to produce internally the additional nitrogen
and phosphate fertilizer requirements, they need to build the

following plants:




TABLE 13 - A

MARKET POTENTIAL OF RINI-FERTILIZER PLANTS IN
THE DEVELOPING COUNTRIES

1980-1990

1990-2000

N-FERT 11 1 ZEK
MINI-PLANTS

P-FERTILIZER
MIMI-PLANTS

PROCESSING

-

56T/011007/0422
N N
b T

ot/0| Satsclroor/0|20G6T/0
R:SQL

K] st 0.‘ Mzsoh

MARKETING
FACILITIES

N-FERTILIZER
MINI“PLANTS

P-FEATILIZER
NING-PLANTS

PROCESS ING

507/0f100T/04200T/0
L{ NM. N
N B b}

501/
HISOH

0{100T/0°2007/0
M58, |M,50
et 2774

°
MARKETING
FACILITIES

AFRICA

NM. Africa
Algeria
Rorocco
Tunisis

I V. Africa
Chane
lvory Coast
Literia
Nigeris
Sanegasl
Siarra Leone
C. Africa

Angola
Camaroon

€. Africa

Ethiopis
fanya
Aadagescar
Malawut
lau;itlu;
Mozanbique
limbabwe
Tanzania

Lambis
TOTAL AFRICA

LATIN AMERICA
C. Amarica
Costa Rica
E1 Saivador
Gurtemala
Honduras
Mexico *
Hicarsgus
fansse

Caridbasn
Cubs *
Daminlcan Rep.

|
[
|
lo
I

[T

~n o~

.

~

‘l‘

.

Iﬂ oo~

[

* NMceds few macro-fertiliior

nlants.
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. TABLE 13 - 8
:: MARKET POTENTIAL OF MIN[-FERTILIZER PLANTS [N
THE DEVELOPING COUNTRIES '
z 1980~19%0 1998-2000
il e e R e
- CoTRY MARKETING RARKETING
z : SO0T/D{100T/70f 260T/0f 50T/0{ 16GT/0 2007 /0 FACILITIES| 50T/D mmJ 20070} SOT/0] 100T/04 200T/0 | FACILITIE
- . Wy 1 NNy g RSO, Ry 50, IM.S0, My | MMy oy 58, LPELH LPELY
- S. America
z Argentina b 4 3 A s
solivia
- brazil® 3 *s 10 *18
- Chlle 1 $ ¢ 3 2
tolombia 10 3 3 ‘
- Ecuador & s 2 2 A 2
" Paraguay
=z Peru 2 2 Y [y 2 A
Uruguay . 2 ) 2 1
= Venezv:la 2 8 8 & s &
= Torac warin anerical 2 ( 12 b 33 2 ) v s 32 _al s ] 2] _a) e 26
NEAR EAST
Near East Af}la
- tgvpc * . s, ) . 6 ¢
Lybia 2 ' » 2 5 .
Sudan
T Near £33t Asla
- Cyprus b3 b3 1 2
iran * ° *
lraq * d [ Y hd [ &
} Jordan
: Labanon 2 2
; - Saudi Arabdia .
S Syria * . 6 é . ¢ ¢
| Turkey * . *
- torauwes st | of 2| 4| _of 208} 20 | oy 2} 2} e} 2} 20 10
: FAR SAST
S. Asia
Sangladesh * 16 12 12 M 14 ih
india * . . s ’ . 2%
Pekistan * 20 20 20 . 1e "
i Sel Lanka L [ [ 3 ) 3
- £. & 3C. Asia
: orma 3 ' 8 ‘ . ‘
China * . . . ’
o Indonesia 10 6 13 10 3 18
- Yores 0PN ‘ 12 5
Kores Rep.”* . .
Malaysia 10 10 ¢ 3 2
Philippines 12 3 6 [ 6 6
Theiland i 1 T4 0 e e
zoweemost  j_of o feo | o} @} ce ) ons | e oogs | _of e 71| M
: ALL COUMTRIES STUDIED 12 ] 18 i55 e Tk 163 3 12 26 126 16 12 ] 160 58
-ouwme T Y oaw oo ——e -ow -ee -y eonw - - e ) >ne - o

* Neods new macro-fertilizer plants




1980%1390 1990-2000
NITROGEN FERTILIZER PLANTS
50 T/0 NH3 plants 5 6
50 TN/D N plants 5 6
160 T/D NH3 plants 14 13
80 TN/D N plants 14 13
200 T/90 NH3 plants 79 60
160 TN/D N plants 76 . 60
TOTAL NH3 + N plants 193 158
PHOSPHATE FERTILIZER PLANTS
50 T/D H,S0y plants 7 8
120 T/D SSP plants 7 8
100 T/D H,50, plants 7 9
250 T/D SSP plants 7 S
200 T7/0 HZSOM plants ' 84 80
500 T/D SSP plants _ 84 80
TOTAL H,50, + SSP plants 196 194
PROCESSING PLANTS 109 129
STORAGES ETC 109 129

The task of building such a large number of
mini-fertilizer plants in 20 years may seem formidable. Lnoking
at the experience of China, however, it wou'd seem to be highly
feasible. Between 13538 and 1930, China built 1400 syathetic
ammonia plants ranging from 50 to 1000 T/0 NH3 in capacity. They
also built 700 phosphate fertilizer plants, mostly single
superphosphate plants provided with captive sulfuric acid
production. Suilding 177 ammonia plants, 174 nitrogen fertilizer
plants, 195 sulfuric acid plants, and 135 suberphosphate plants,
in twenty vear should not be aninsurmontable task, considering
that many countries nave already acquired the experience and

sossess the capacity to realize such an undertaking.
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Fertilizer processing plants and storage facilities
are not fertilizer production units. But they are
essential components of the fertilizer sector. The estimated
number of installations which may be necessary in the developing
countries in decades 80 and 90 is only meant as an indication
that such substantial investments are necessary in parallel
with the fertilizer production plants. To demonstrate that such
a task is not without precedent, it can be mentioned that in
the U.S.A. 120 granulation plants of 20-~50 T/Hr capacity had
been built in the decades of 50 and 60 for processing
intermediate raw materials into compound fertilizers. There are
in the U.S.A. over 2000 fertilizer distribution operations,
each having a yearly delivery volume of 5000 to 10.000 tons
products. In these distribution centers, bulk blending machines
and storage capacities of 2000 to 3000 tons of raw materials

and intermediates are usually provided.

To build this number of plants and installations

would probably require the investment of the following sums:

1980-1990 1990-2000

(s 1x10%) (s 1x10%)
N - Fertilizer Plants * 5,090 4,015
P - Fertilizer Plants * 1,855 1,815
Processing + Marketing 1,090 1,290
TOTAL 8,035 7,120

* Battery limit costs

These estimations are limited to the potential market
of mini-fertilizers plants. There are many developing countries
where davelopment of the fertilizer industry has advanced,
volumewise, to such a stage that mini-fertilizer plants would
no longer be economically viable, principally for reasons of
economy of scale. China and India are two of the more prominent
examples in this respect. Eventually, most of the developing
countries would find themselves in this situation. Before that

situation arises, however, mini-fertilizer plants will be




»

playing their role as the mare vizble cource of fertilizers for
the developing countries. Also, once implanted, they will keep

on their usefulness for a long time to come.

4,3, FACTORS FAVOURING THE IMPLANTATION OF MINI-FERTILIZER PLANTS

4,3,1, FERTILIZER MARKET SIZE AND DENSITY Vs
FERTILIZER PLANT CAPACITY

It is a generally accepted premise that 3 basic
fertilizer raw material plant should try to take advantage of
the economy of scale. This premise‘may not be valid or practical
under the conditions of many developing countries. In the first
place the dimension of the fertilizer market in most developing
areas would rarely be sufficient for large sized plants. In
the second place, the low density of the fertilizer macket in
most deQefoping countries usually favour decentralization with
several smaller sized production plants, instead of councentrated

production in one large sized plants.

0f the 62 developing countries studied, only 16
exceeded annual consumption of 100,000 tons N in 1980. 14
exceeded 100,000 t/a in PZOS' If no production facilities
exicted before in those countries, two 200 t/d NH3 plants and
three 200 t/d stoh plants, together with equivalent N and PZOS
fertilizer plants, will provide 100,000 t/a of N and an equal
amount of PZOS' This demonstrates that, at this stage uf
development, mini-fertilizers plants, as conceived in this
project, are better suited to the nea ds of the developing

countries,
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4,3,2. LOGISTICS OF FERTILIZERS

There are two logistical systems involved in the
process of supplying fertilizers to tBe farn gate, beginning
from the source of basic raw materials. First, by the nature of
highhconcentrated occurances in widely spreaded out geographical
locations of basic fertilizer raw materials, which include
carbon, hydrecarbon, phosphate rock, sulfur and potash, a
logistical system has heen structured to collect and move
these industrial inputs from the points of occurance to the
points of industrialization. Because of large volume, low per
unit value, comparative insensibility of these materials to
atmospheric exposure, and ready susceptibility to mechanical
handling, this part of logistical expenditure per unit is

usually very low.

From the point of industrialization of fertilizers to
the farm gaté or into the soil, the logistics involved is quite
different from the former one. Firstly, there is a substantial
reduction in order of magnitude. Whereas the movement to the
point of industrialization is usually accomplished in hundreds
and thousands of tons; that coming out from thi: point would be
in carloads or truckloads. The added value of this material,
now in the form of products, wouid be more sensitive to
atmospheric conditions, to handling and to loss. Logistical
problems are further compounded by the seasonal nature of
fertilizer marketing. Since fertilizer is actually applied on
the soil in a period of about 100 days per year, this high
concentration of demand influences profoundly the logistics
system. Logically, the most economical system would be to load
fertilizer products at the point of production, and discharge
directly at the point of application. An overwhelmingly  ltarge
percentage of fertil.zer consumption in developing countries
being in bags, this direct loading and discharging, if
practised, would bring an appreciaole economy in overall cost.

Practically, however, only a fraction of fertilizer delivery
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,
zan ba made during this short period of appolication. For reasons
cof spreading out the period of delivery, and of greater
assurance to the farmer to have fertilizers on hand at moment of
application, fertilizers usuaily go through several stages of
transport and handling before application. In 2 country of less
developed infrastructure, this operation can increase the

overall cost considerably.

This clear division of logistical structure in the
fertilizer sector of the economic system of a country at the
point of industrialization usually favour the iocalization of
industries, at points as near as possible to the final points
of consumption. To less developed areas, this favours the
installation of mini-fertilizer plants in greater numbers;each
to serve a limited market area, instead of one large scale

plant to serve a widely spreaded out market.

During the last two decades, there has been a
tendency in some raw material producing areas to capitilize on
this structure of the fertilizer sector by up-grading their raw
materials in large scale, taking advantage of economy of scale,
and sending the up-graded raw materials, mostly anhydrous
liquid ammonia and phosphoric acid, to many points of
industrialization by a new large volume and low cost logistical
systems, the tankers. This system, while quite responsive to a
rapidly expanding and large volume fFertilizer market, may not be
the solution, in long range terms, fcr many deveioping ccuntries.
Firstly, wupgrading must mean, in the end, higher cost. Secondly,
the employment of big volume tankers does not necessarily mean
an overali lowering of logistical cost up to the point of
industrialization. The infrastructures to handle, move, and store
ammonia, either under pressure or at low temperature, and
merchant phosphoric acid, in acid proof agitated tanks, are so
sophisticated and capital intensive that few emerging fertilizer
market could cope with in the initial phase of their attempt to

supply their fertilizer requirements by internal production.
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4,3,3, SAVINGS IN FOREIGN ENCHANGE

Rare is the country, developed or developing, which
possesses raw materials for all three macronutrients. Complete
self-sufficiency in fertilizer production, therefore, is not
easily achieved. For many of the develcping countries which do
not possess any basic fertilizer raw materials, it is some times
thought that it might be more ecoromical to import fertilizer
products, instead of importing raw materials and have them

converted into products internally.

lrrespective of the final cost to the farmer of the
imported "or internally produced fertilizer products, the.
difference in foreign exchange content of the two alone would
usvally favour decision for the latter. Except for a few of
the OPEC countries, unfavourable balance of payment has
always been a problem in most developing countries. Lowering
of foreigﬁ exchange requirement for importation is always

desirable.

Take phosphate fertilizer {for example. The final
phosphate fertilizers imported by developing countries in 1980
averaged $ § per ufit PZOS of 10 kg, or § 500 por ton of PZOS'
Phosphate rock averaged $ | per unit of P205 FOB and about
$ 1,8 per unit C & F to most countries. This does not mean a
reduction of P205 fertilizer cost to the consumer of these
countries. It is of importance to those countries, however,
that on this account,the foreign exchange requirement can be
reduced 60 % by importing only raw materials to be processed

into fertilizers.
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4,3,4, INTERNAL ECONOMIC GAINS

It has been the general tendency in most countries io
produce internally, whenever possible, some of the primary
inputs to its economy. It is observed that internal fertilizers
production is practically universal in the major food producing
countries. Not only a- large portion of foreign exchaage is
saved, in the case of importation of fertilizer raw materials
being inevitable, but also the rest of the cost of industrializati:
and marketing is spent internaliy. This expenditure will generate
a whole se-ries of benefits which would be added to the general

economy of the country.

4.4, CONSTRAINTS FOR THE IMPLANTATION OF MINI-FERTILIZER PLANTS

4.4,1, TECHNICAL AND ECONOMIC TRAINTS

Production of fertilizers in a country usually starts
when the economic development of that ccuntry has reached such
a level that there is no problem of basic industrial
infrastructure. Otherwise, some other more urgent priorities
must be met first before production of agricultural inputs 1ike

fertilizer can be considered.

In practice, if this minimum level of development does
not exist,there will not be sufficient technical capability to
enter into a more advanced or sophisticated industrial activity
like that of fertilizer production. 0f course many constraints
of this nature can be overcome during a short period of time if
there is enough urgency and incentiva for the conuntry to do so.

Then thnere would pbe trade-off of rime gain with added coust.
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4,4,2, FINANCIAL CONSTRAINTS

In a market economy, tne fertilizer industry is
usually in the hands of the private sector. That being so,
financing of a comparatively capital intensive investment as
the fertilizer industry is usually difficult, unless there is
intervention by the government. The difficulty is further
compounded by the high level working capital requirements of
the industry because of the seasonal nature of the fertilizer
market. Again, this type of problem can either be solved
through interference of the government, or at the expense of

thefinal cost of products.

4,4,3, POLITICAL CONSTRAINTS

In the final analysis, all economic activities, no
matter what political system it may be, are subject to the
direct influence of political will. Increasing food production
is one of the basic economic priorities of most countries,
especially the developing countries. Only political will,
however, can channel resources for its realization. Fertilizer
production being one of the more important instruments for
increasing food production, whether the supply of fertilizers
will be obtained from building of adeguate numbers of fertilizer
plants, or by direct importation of fertilizer products, is

mainly a political decision.

This political influence on the economic sector in
any country can be made through various means. In food
production, for example, incentives through floor prices,
through subsidies, or through fiscal compensation mechanisms
have been used in many countries as means to increase

production. In fertilizer production, subsidies in the price c¢f




»
fertilizers, low interest financing of investments, and
management of importation through custom tariffs have been

used in many countries to encourage the implantation of industry.

As examples, the cases of China and 8razil can be
cited as illustrative, if not typical. In China, it was decided
by the government in 1958 that fertilizer plants be built to
provide fertilizers for increasing agricultural productivity and
expanding food production. Twenty two years later, in 1580,
China possesses 1400 nitrogen fertilizer plants and 700
phosphate fertilizer plants, a great number of which could be
classified as mini-fertilizer plants. China through this policy,
became the third producer of fertilizer of the world and is

practically self-sufficient in fertilizer requirement.

In 8razil, an inﬁentive policy in agriculture was
formed and conducted from 1965 to subsidize the purchase of
agricultural inputs, such as fertilizer. As a consequence, it
launched the continued high growth rate of fertilizer consumption
in Brazil for 15 years. Coupled with a policy of promoting
indigenous production of fertilizers through fiscal incentives
and tariff manipulation, Brazil is well on the way to
self-sufficiency in fertilizers. Unlike China, Brazil's
fertilizer industry being mostly in the hands of rhe private
sector, its development has been concentrating in the areas of
processing and marketing, with the result that dependence on
imported ammonia and phosphoric acid will persist for some time
to come. Eventually, dependence on these raw materials will
diminish. Meanwhile, foreign 2xchange requirement for the
importation of raw material has already been reduced to 503% of
what would have been necessary if B8razil had not made the effort

to develop its fertilizer industry.
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5. CONSIDERATIONS ON THE FEASIBILITY OF IMPLANTING
MINI-FERTILIZER PLANTS IN DEVELOPING COUNTRIES

fFrom data and projections derived and analyzed in this
study, conclusions could be reached that: substantial quantities
of fertilizers will be required to help increase food production
in the developing countries in the coming decades; for those
countries which have not, so far, developed adquately their
fertilizer producrion capacity,building up new fertilizer
production capacity seems to be the only alternative available
for them; and mini-fertilizer plants would fit into their

requirements at this stage of development.

When translating these generalities into specifics, it
will become apparent that no two conditions are completely
identical., What may have been viable for one country or one
determined area of one country may not be so for another one.
Since it is the purpose of this project to identify, to specify,
to inform and in the end to help some of the developing countries,
should they need it, tc engagge in the process of implantation of
mini~-fertilizer plants, it seems fit to define here some of the
common parameters which would make the mini-fertilizer plants in
general more feasible under diversas conditions of the developing

countries who intend to build them.

5.1, TecHnicaL CONSIDERATIONS

5.1.1. PRODUCT-MIX

It is a generally recognized phenomenon that fertilizers
came into being through the capability of the chemical industry to

produce, and not through delibrate design from agronomical
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requirements. A market, especiaiiy a deveiop:
market,accepts what is available, not what might be better for
their agronomical needs. What is more, once a product is
introduced and accepted in a market, it will be cifficult to
change into another one even though the other may be superior

agronomically.

it is the general tendency for a new-comer in the
fertilizer industry to start with an '"advanced' produc-mix.
However, in determining a product-mix for production in a
developing country, which has already been using imported
“"advanced'” high concentration fertilizers, it may be helpful to
point out how those fertilizers came into being. For example,
high concentration fertilizers such as triple superphosphate and
diammonium phasphate had become a necessity when the application
rate of fertilizers increased so much that logistics alone would
make low concentration fertilizers economically at a disavantage.
The average fertilizer application rate in developed countries
was abont 127 kg NPK or 280 kg fertilizers per annum per hectare
of arable land and permanent crops; whereas the average in '
developing countries was 31 kg NPK or not more than 80 kg
fertilizers of the same concentration. Thus, it would seem to be
more logical if low concentration fertilizers like ammonium
bicarbonate and single superphosphate be considered as a basic
product-mix for production in a developing country where

fertilizer use is scili in its initiel stage.

tt is recognized that, in a market economy, decisions
of this kind is usually made by the marketing sector ¢i the
industry. Rarely would a vender opt for a simpler but adequate
product, if he is used to a higher value up-graded but more
expensive product. 0On the other hand, even if the decision is to
be a technical one, it may be difficult to arrive at an
agreement between the chemical and the agronomical. This will
perhaps be the key decision for the implantation of mini-fercilizer
plants when 3 developing country szarts the process of internal

fercilizer production. |t also promises to be a difficult one.




5.1.2. TECHNOLOGY

There has not been any basic breakthrough in fertilizer
process technology during the past half a century. There have,
however, been many refinements and innovations. There are several
notable landmarks in technology improvement. The doubl'e contact
and double absorption in contact suifuric acid process; the use
of centrifugal compr-essor in large synthetic ammonia units; the
integrated neutralization and granulation of ammcnium phosphate

are some of those key improvements.

Since all mainstream fertilizer processes follow
identical basic flowsheets, differences in a vast number of
technologies are mostly of a physical nature such 3as temperature,
pressure, catalyst composition and physical state, and means of

flow and transference of materials.

Choice of technology for the mini-fertilize< plants
destined for developing countries is, at best, a haphazard
undertaking, in view of the wide variety of availability of raw
materials, and the diversfty of environment in each countr:,. There
are, however, a number of guidelines which can be followed in

such a task.

First of all, any chosen technology to be used in a
developing environment must be tried and proven Furthermore,
what is tried and true inone group of countries does not
automatically become the same in another. In the evaluation of
techhicalfea-sibi!i:y of a process in a developing country, it
is important that every aspect of the deveioping country's
existing technical and economic environments, such as
infrastructure, availability and quality of technical personnel,

pe taxen into consideration,

Simplicity in zonstruction as well as cperation is a
soint not we!! appreciaced >y manv people in the fertilizer
industry. Sophissticazion is usua'iy adesignea f2r enlarged scale,

economy of labour and improvemen: of quality. Since none of




rheca factors is particularly relevant in the mini-fertilizer
plants dealt with here, simplicity should be emphasized whenever
possible. .

'

Energy conservation is important in fertilizer plants,
especially syntheric ammonia plants. However, energy conservation
measures must be compatible with the additional investments
involved to get a optimum benefit. In phosphate fertilizer
production plants, the heats of reactiorn of the chamical
processes, be it the formation ¢f monocalcium phosphate in the
superphosphate process, be it the formation of ammonium
phosphates, should be made use of rationally to obtain finished

products without using additional external hezat.

Adherance to the norms practiced in the developed
countries should be reexamined to correspond to the interests of
the developing countries. In many cases, those norms exist for
commercial reasons to protect the vested interests of the
industry. For example, if a local phosphate rock cannot be
up-graded without excessive investment and high loss of PZOS during
the process of beneficiation, a lower grade of superphosphate
than the accepted norm in developed countries should be allowed

10 be produced and marketed.

5.2. Economic CONSIDERATIONS

5.2.1, STANDARDIZATION OF OF MINI-FERTILIZER PLANTS

One of the basic concepts of this project is to try to
help developing ccuntries who need building mini-fertilizer
plants to obtain an economy in unit cost of the plants by the
large number of plants to be implanted, as a trade-off for
economy of scaie. This purpose can only be achieved by

standardization.
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Standardization begins with a freezing of process and
design, continues in a modular construction of interchangeable
and multipliable units and ends up with flexibility and
adaptability to local conditions. Standardization e’'iminates
repetitive engineering expenses and avoids "one-of-a-kind"

construction of machinery and equipment.

Standardization usually shortens substantially the
lead time by eliminating many time-consuming steps in the process

of implantation.

5.2.2. EconoMy IN INVESTMENT AND LoweriNeg CosT OoF PRODUCTION

Capital for investment is usually a scarce commodity in
a developing country. Therefore a better allocation of available
resources should be aimed at in implanting mini-fertilizer plants
in developing countries. S mplicity in basic engineering,
stand/.rdization of battery limit supply, rationalization and
economy in off-site construction, and readiness to accept labour
intensive processing instead of capital intensive labour saving
installations would go a long way to reduce investment cost as
well as operational cost. Not enough attention is usually paid
to the fact that when a substantial part of the investment is

borrowed capital, financial cost can be a heavy burden.

s

5.2.3, TowARD RATIONALIZATION OF CRITERIA IN FEASIBILITY
' STUDIES FOR THE IMPLANTATION OF MINI-FSRTILIZER
PLANT IN DeveLopine COUNTRIES

When decision for the implantation of a project is not
taken politically, an economic decision is usually reached basing
on a feasibility study. Feasibility studies have become so
standardized and parameters so narrowly limited that they may not

attend to the need of viewing toward a broader horigon in

"




eco>nomic decisions in a developing country. Under the conditinns
of the market economy developed countries, the feasibiiity of an
enterprise depends strictly on its ability to generate profit, in
competition with other enterprises of the same nature under the
~same conditions. In a developing country, benefit and cost
relationship should be broadened to cover a wider horizon of the
economy. For example, if 3 local raw material is of a lower grade
and unit cost is higher than imported, a narrow criterion would
probably veto its employment. 8ut the employment of the local
material would generate economic benefits related to its spere

of influence so that overall benefits to the economy will be

positive.

Another example could be cited in the case of low
concentration fertilizers. It is generally claimed that the
inert material in the low concentration fertilizer means higher
transport cost per unit of nutrient applied tc the soil. But
that extra freight is not lost in the overall economy. It
generates -benefits in the transport sector and contributes to the

economy in general’

Lastly, foreign exchange expenditure has rarely been
an issue in feasibility studies in developed countries. In a
developing country, balance of payment can be a very serious
problem. Therefore, if foreign exchange expenditure cannot be
totally avoided for the importation of fertilizers, at least the
saving of a part of foreign exchange should be tried. This can

only be achieved by investing in intarnal fertilizer production.

—aagn.
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[ SUMMARY OF VITAL STATISTICS;
FERTILIZER TEMAND AND SUPPLY PROJECTIONS;
MINI-FERTILI7ER PLANTS REQUIREMENT AND INVESTMENT
ESTIMATIONS;OF 62 DEVELOPING COUNTRIES
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