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1 - I N T R O D U C T I O N

It 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 (1») 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 prominr, nt as the costs o' 

expanding land use rise in relation to other inputs.

The major problem facing many of the developing 

countries is r.ot in the limitation of land, but in that their 

land produces comparatively little because of low yields. 

Therefore, yield increasing techniques must be the primary 

source of growth in food production.

Fertilizer use is a key factor in yield increase,, 

although it must be accompanied with improved varieties of 

seeds, improved cultivation practices and better management of 

w a t e r , if it is to have much impact on fields.



Taking, as an example, the performance of three 

major developing countries, China, India and Pakistan, during 

the decade of 7 0 , the Impact of fertilizer use 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 countries where 

high growth rate of population is bound to exert pressure on 

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 

r u n .deve 1oping countries must also reach their own decision 

whether 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 OPEC countries seem to be opting 

for this type of economic development. By a large mejority, 

however, developing countries must opt for higher productivity 

through fertilizer use. It is also to their interest that they 

search for a more economical, reliable and long-ranged means of 

fertilizer supply by internal production.



T A B L E  i

INFLUENCE OF FERTILIZER USE ON 
CEREALS PRODUCTION

COUNTRY 1970 1980 DIFFERENCE

CHINA

Cultivated Area ( 10 00 ha) 8 8 , 1 9 8 l02,624 + 1 6 %
Yield (kg/ha) 2,379 2 , 7 6 0 + 1 6 %
Product ion *0 000 T cereals) 203-839 283,277 + 35 %
Fert i1 izer use (kg NPK/ha)* k 2 .k 128.9 + 2 0k %

INDIA

Cultivated area 1 0 0 , 3 0 8 l 0k,509 + k %
Yi eld 1 ,1 08 1 . 3 8 6 + 25 %
Product ion 111,1*7 1 k k ,87 9 + 30 %
Fert i1i zer use 1 1 .k 2 7 - 6 + 1 k2 .%

PAKI STAN

Cultivated area 9.673 10,897 13 %
Yield 1 , 2 0 6 1,587 + 32 %
Product ion 1 1 , 6 6 8 17,296 + k8 %
Fertilizer use 1 6 . 8 51 -9 + 209 %

USA

Cultivated area 77.369 91,291 1 8 %
Yield 3,159 3 ,k0k + 13 %
Production 2kk ,393 310,765 27 %
Fertilizer use 8 0 . 0 1 1 0 . 6 + 38 t

kg NPK per hectare of arable land and 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 

fertilizer industry through the former. Generally, the latter 

would naturally grow into the former as their volume of market 

expands into a higher level.

Whichever the stage of advancement the industry 

finds itself in, its manufacturing plants must be dimensioned in 

accordance to the demand of its market. The modern 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 achieve some measure of s u f f ’tiency in fertilizer 

supply, most developing countries, except for a few major ones 

such as Chin3 , India, Brazil, and Pakistan which already possess 

a substantial foundation in fertilizer production, will have to 

go through some fundamental development in the fertilizer 

industry in the coming decades. Like all those countries, 

developed or dev eloping, which had been through this process, 

fertilizer industry aesig'.ed for internal consumption always 

started with comparatively small scale manufactcring planes, in
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the range cf what is now called mini-f e r t i 11zer plants. The 

emDloyment of m 1ni-ferti1 izer 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, UNIDO has decided to develop 

the project of Mini-Fertilizer Plants for Developing Countries, 

with the purpose of identifying precisely what these 

m i n i “f er t i 1 izer plants are, and of finding out how they can be 

built economically. In order to be able to build mini-ferti 1 izer 

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 

"one-of-a-kind" basis can be avoided.

As a part of the UNIDO M i n i - F e r t i 1 izer Plants for 

Developing Countries Project, this study is elaborated in an 

effort to evaluate the magnitude of the potential market for 

mini-ferti1 izer plants in the developing countries in the coming 

two decades.

In the evaluation of the market for m i n i-f e r t i1 izer 

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 

e i t her by bu i 1 d i ng production 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, ther.e is a high degree of possibility that at least a 

part of the estimated number of m i n i-f e r t i 1 izer 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 o f  economy of scale of new 

fertilizer plants will come into play. The dimensions of the 

mi ni-ferti 1 izer plants, as they are conceived presently, may 

then become uneconomical. Even then, many factors such as 

logistics may come into play so that m i n i - f e r t i 1 izer plants will 

still have their place under those conditions.

Identification of markets for these m i n i -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 identified 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 economio development of those countries in 

ge neral.

In the elaboration of this study, data base are 

obtained from the following organizations :

1. FA0,Food and Agriculture Organization of the 

United Nations, Rome.

2. ERS, Economic Recearch Service, United States 

Department of Agriculture, Washington DC.

3- IFDC, International Fertilizer Development 

Center, Muscle Shoals, USA.

k . TVA, Tennessee Valley Authority National

Fertilizer Development Center, Muscle Shoals, 

USA.
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5* IFA, Inter nationa1 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 publications among which special mention should be made 

to "The Future Ammonia Business "prepared by Chem Systems 

International Ltd. in 1980.



2, EVOLUTION OF FERTILIZER CONSUMPTION AND SUPPLY 
IN DEVEL0PIN6'COUNTRIES'

2.1. Pattern of Fertilizer Consumption

2.1.1. WORLD CONSUMPTION OF FERTILIZER NUTRIENTS

The historical record of the consumption of 

fertilizer nutrients from 1950 to 1980, and projections to 2000 

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

T A B L E- 1
WORLD FERTILIZER CONSUMPTION (IX106 TONS NUTRIENTS)

DEVS'..OPING COUN'TR 1 ES DEVELOPED COUN TR 1 ss WORLD

N ?j S k2 o N P K N P2°5 V N P X N K,0 NPK

1950 0.5? 0. jo 0.09 1 .01 3.19 5-Vi V  0** 12.50 3.75 5.11 V13 13.65

I960 1 -95 3-5** 0.42 3-31 7.30 8.90 7.33 2 k . 50 9.95 3.5k 3.25 28.01*
1970 7-70 3.29 1 . V 12.1*0 21 . 00 1 5.60 1V30 50.50 28.70 23.30 1 5-kl 51 -kl
1 980 22.35 3.19 3.^8 3V20 3V65 22.39 19-97 •77.50 57.20 31.08 1 5 . kS 111.73

On exam 1nation 0 f these oat 3  ( i * is ev i d en t that.

percin:age-wIse, the gap is diminishing between consumption of 

fertilizer nutrientes of the developed and the developing countries. 

In terms of volumes, however, the difference is substantial. For 

example, the difference of consumotion in I5 8 O between developed 

and developing countries was 1*3-3 x 10 tons nutrients,oc more than
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F I G U R E  2

EVOLUTION OF NUTRIENTES RATIO

DEVELOPED COUNTRIES DEVELOPING COUNTRIES
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100 x 10^ tons of fertilizer products. On the other hand, looking 

into the future, the developing countries increase in fertilizer 

consumption from 1980 to 2000 may reach 58 million tons in 

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. (See 3 - I - )

2>1.2. EVOLUTION OF NUTRIENT RATIO.

The nutrient ratio (N : ^2^5 * KjO) ‘n 

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 : 'L : 1 .
This should not to be taken as an a gronomica11y founded practice. 

This distorted ratio is resulted because very little 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 

conti nue to.be the predominant fertilizer nutrient in consumption, 

and therefore the main activity of the fertilizer industry.

2,2. Ev o l u t i o n of Supply of Fertilizers

2.2.1, e v o l u t i o n of p r o d u c t m i x

During the past 30 years, product-mixes 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 rntermediates expecially the binaries and of 

compound 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 o b t a iningother 

related benefits.

The actual product-mix used in a 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 standard items.

Table 2 demonstrates several examples of fertilizer 

product-mix which was prevalent in 1980. In general, a product-mix 

is the result of evolution over a long period of time. There is 

always a historical background which influences its development. 

Therefore, change in a major component of an existing product-mix, 

either in its consumption or in its production, u s u a 11 y comes 

slowly. For the same, reason, once a product is introduced into a 

product-mix, it tendo to stay, even though it may not be so 

adequate economically or agronom ica 1 Iy.

This phenomenon makes it difficul . developing

country to choose its alternatives in starting ^rocess of

internal production of fertilizers. For a market which has been 

using imported triple s u p e r p h o s p h a t e  in i:s product-mix, for 

examp le, 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 sup e rpho sphate is intrinsically a better 

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 

supe rphosphate is sometimes penalized commercially for its low 

content.
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T A B L E  2

COMERCIAL PRODUCT-MIX OF THE WORLD

TYPE OF FERTILIZER GRADE

NITROGEN FERTILIZERS 

Conventional: Ammonia, anhydrous 8 2 - 0 - 0
Ammonium Sulfate 2 0 - 0 - 0
Ammonium Nitrate 3 3 - 0 - 0
Urea 45-0-0

Non-Co nventiona! : Agua ammonia 1 5/ 2 0 - 0 - 0
Ammonium bicarbonate

O001

Ammonium chloride 2 5 - 0 - 0

PHOSPHATE F E R T I L ¡Z ERS

Conventional: Single superphosphate (SSP) 0-18/20-0

Enriched superphosphate O-2 5 /3 O-O

Triple superphosphate (TSP)

O1\D-3*10

Binary intermeidates: D i ammon i um phosphate (DAP) 18-46-0

Monoammonium phosphate (MAP) 11-54-0

N i t rophospha te s 2 0 -2 0 - 0  etc.

Non-conventiona 1 : Ammonia ted SSP 4-16-0

Ammoniated TSP 6 -3 8 - 0
Basic slag 0- 10/ 2 0 - 0
Fused calcium magnesium phosphate* 0 — i 7 — 0

Ground reactive natural 

phosphates** 0-30-0

Partial acidulation phosphate* ** 0-30/15/10-0

POTASSIUM FERTILIZERS

Conventional: Nutriate of potash 0-0-60

Comercial names: * Thermophosphate **Hyperphosphate

***Kotka phosphate



T A B L E  2

1

TYPICAL FERTILIZER PRODUCT-,'«.!X CF SOfi DEVELOPED 
AND DEVELOPING COUNTRIES (1980)

C l l l l T I T U N C L A 0 C S M B A A Z I L C H IN A tf. CCJMAMY I N D I A  j M A L A Y S IA P A K IS T A N U S A

i .  a i n o c u  r u m i z n i
( 1 0 *  TO )

2 4 4 .7 TgJ.* 1 0 .5 5 1 .5 1 .5 5 8 .0 3 .5 2 5 .7 1 3 5 .8 8 7 5 -3 1 0 .4 5 2 .1

1 . 1 .  S t r a i g h t  O lt r o g a n

CaIcIun 14  t 7 0  2 8 2 7  2 - 8 2 5  2
w m o n ltK

t a m l a  n i M t t * 2 *  2 8 2 3 2 5 2 2 2 2  2

0r u 5 7  2 28 2 <•0 2 7 5  2 52 2 7 0  2 8 2

t a r n l i a  l l c a r h o n a t a <■0 2

A n h ^ r d n l  a « m h 3 5  2

■ s a l a t  Io n * 15  2 1 7  2

O th a r  s t r a i g h t  ■ 5 2 1 2 8 2 1 2

1 . 1 .  Compound M t r o g t n

HP Caopourfft J t 2<i 2 5 2 8 2 2 2 15  2 4  2

U P S  Cangeunds 5 2 20 2 5 2 30 2 1 2

O th a r  co np oundt 5 2 * 18  2

T O T A L  ■ 100 2 t o o  2 100 2 10 0  X to o  X 10 0  2 100 2 10 0  2

2.  phosphate r u r n i z m ns.s 1 ,6 7 8 * 2 1 .5 5 2 .4 8 3 7 .5 1 .0 5 0  . 5 1 1 8 .8 2 8 3 .4 8 .5 2 5 .8

( 1 0 *  T P j O j )

2 . 1 .  S i r e l p h t  P t o * p M t o

O a s lc  S la g 1( 2 0.1 2

S l « i f ! «  * u p « r p h p *p h o to 18  2 80 2 14  2 8 2 0 .8  2

T r i p l e  S v p e r p M p I v c * 55 2 39 2 8 2 1 2 2 2 5 - 7  2

C ro vA tf Hack Photpfco to 7  2 2 £ 57 2

O th e r  S t r a i g h t  P h o s p h a ta 20 2 8 2 0 . 3  2

2 .2  CoapowftO P h o t p M t o

HP Coagounds 1 X 3 1 2 13 2 88 2 4 2 91 2 3 3 .5  2

PK Coaoounds 28 2

MFC C « ^ O W A 4 l 7  2 37 2- 73  2 35 2 1 2 5 5 .0  2

T O T A L Pj Oj too : 10 0  % too : 108 2 100 2 100 £ 10 0  £ 10 0  2

J .  POTASSI1P1 « P T I L I U W  
( 1 0 *  T  t j O )

1 .3 8 5 .0 2 5 5 .8 l . iw .l 617.6 1 * 6 . 0 1 0 .1 LiSJLi

3 . 1 .  S t r a i g h t  P o ta a h •
P e ta a a iu a  C M o r l d a S3 t « 4  2 100 £ 30 2 55 : 7 1  2 51 2 5 0 .0  2

O th e r s 2 2 * 2 1 2 5 2 2 . 0  1

J . 2 .  C a n a d a "* P o ta s h

P * ,  a t ,  aw r w e m u o d s 7 X : x 44 2 2U x 9 2 8 8 .3  2

T O T A L  ^ 0 IS O  2 to o  7 to o  7 100 / 1 00 1 i 00 X 100 x 19 0  2
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By the same token, urea has become by far the 

predominant nitrogen fertilizer of the developing countries.

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 cf 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 all ammonia produced 

in major regions of the world.

T A B L E  3

CONSUMPTION OF AMMONIA BY END USE (1977)
CIO3 T N)

REGION FERTIL 1 ZER 
PRODUCT 1 ON

T E C H N 1 CAL 
USES

TOTAL

North America 1 0 , 9 1 0 3,130 \ k , 0 k 0

Latin Amer ica 1,320 150 1 ,U70

West Europe 9,I*35 2 , 3 8 0 11,815

East Europe 15,293 1 ,537 16,830

Japan 1,399 1,116 2,5^5

C h i na 5,227 50 5,277

Rest of Pacific 1 , 8 ^ - 1 , 8 H

Indian Sub Continent 2,500 - 2 , 5 0 0

Middle Ea st 950 - 950

Af r i ca 7 00 1 60 860



15

The synthetic ammonia industry, throuynuui the 

decades, has evolved from small scale units into 1000 T NH^/D 

unit following one determining parameters: market of ammonia. 

Even though most of the new ammonia plants implanted during the 

past decade have been large sized units, there is a state of 

co-existence of the small and medium sized plants with the 

large ones. Table k shows existing capacities of ammonia units 

in the major regions of the world.

T A B L E  4

EXISTING AMMONIA PLANTS

(1977)

REG 1 ON 250-500 
iq3 TN/A

100-250 
103 TN/A

10-100 
103 TN/A

TOTAL
NUMBER

TOTAL CAPACITY 
103 TN/A

North America 25 31 kS 101 15,950

Latin America 5 k 16 25 2,733

West Europe 2k 23 36 83 U.516

East Europe 2k 67 kl 138 21,578

Japan 6 7 9 22 3,671

China (1980) 13 8 1 .liOO M 20 12,000
Rest of Pacific 0 8 20 28 1,81*0

Indian Sub Continent 2 16 13 31 M 3 3

Middle East 2 6 6 ]k 2,012
Africa 1 k 5 10 778

TOTAL 102 11k 1597 1872 79,226

A n a 1yz i ng the existing a mmo n i a ca pac i ty of the

world, an overwhel ming number falls under the "min i -f e r t i 1 i z e r
plant" category. Most of these plan t s had been bu iIt in the

decades of 50 a nd 60, before the advent of centrif uga 1
comer es sor es . The group with the hi gnest capacity, East Europe,

includes 1 3 , 0 0 0 x IQ3 TN/A c opacity of USSR. Ail 0 f them are

planned .economy countries.
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USA 1 e a d ç in with 17.7 î

of world capacity, USSR with 16 .A ?, China with 15 These 

three countries altogether account for 50 % of total world 

a Timon i a capacity.

Although anhydrous liquid ammonia can be used 

directly as nitrogen fertilizer, as k million tons per year of 

it is being so used in the U.S.A., 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 

part of the ammonia produced is converted into nitric acid.

For those who produce ammonium phosphates, especially DAP, 

ammonia is used directly in the neutra 1 izationrgranuI ation 
systems.

China has beer: the only country to use ammonia 

in a non-conventio n a 1 form as nitrogen fertilizer. Since early 

6 0 's, a majcr pcrtionof its ammonia production is converted 

into ammonium bicarbonate. Substantial quantities of ague 

ammonia is also produced and used in direct application.

2,2,3. EVOLUTION OF THE PHOSPHATE FERTILIZER INDUSTRY

Prior to the decade of 50, single superphosphate 

had been the principal 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 percentage weight in their total phosphate 

production.



T A B L E  5

PRINCIPAL SINGLE SUPERPHOSPHATE PRODUCERS 

OF THE WORLD (1980)

COUNTRY SINGLE SUPERPHOSPHATE % TOTAL P-0,
PRODUCTION *

PRODUCTION

t /a -p2 o5 T/A-SSP

China 1,280,000 6,400,000 68 %

Austra1ia 919,000 4,600,000 100 %

Poland 555,000 2,780,000 60 %

New Zealand 410,000 2,050,000 100 %

U.S.A. 348,000 1,740,000 4 %

Brazi1 240,000 1,200,000 19 %

India 168,000 340,000 22 i

Hungary *156,000 780,000 69 %

Italy 142,000 71 0 ,0 0 0 23 *

Spain 102,000 510,000 21 %

Host of the producers of single superphosphate 

possess captive source of sulfuric acid and bought phosphate 

rock. Production units capacity vary from 10 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 peoauction. We 

process phosphoric acid units have developed from sma l 1 
o p e r a t i o n s  o f  10-50 T/D P.,0^ in the decade of 40, to trains of 

1000 T/D P ̂  0 ̂  capacity.

Large scale phosphoric acid plants tend to be 

located near the phosphate rock mines. There are cases where 

phosphoric acid plants were built near the source of sulfuri 

acid. The majority of phosphoric 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 phosphor is acid plant capacity in major 

regions of the world.

T A B L E  6

EXISTING PHOSPHORIC ACID PRODUCTION CAPACITY (1982)

( 1 0 0 0 TONS p2°5 PER ANNUM)

REGION UNITS > 1 00 UNITS < 100 • TOTAL CAPACITY

—  North Amer ica *3 18 11,220

Latin Amer ica 6 i 0 1,500
West Europe 11* 1*9 1*,360

East Europe 33 17 8,600
Oceania 0 7 290
North West Afr ica 12 6 2,61*0

Rest of Africa 1* 1 0 1,070
Near East 6 9 1 ,600
S 0 u t h A s i a 2 11* 790
South East Asia 3 2k 1,300

TOTAL 123 1 61* 31,370

In terms of volume, the most important concentrated 

phosphate fertilizer produced in the world is ammonium 

phosphate, mostly diammonium phosphate. High concentration both 

in N and cont ents * ease in handling and transport, and

absence of acidity and hyd r oscop i c i t y have made it into the 

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 ¿mmonium phosphate production in various countries.

i
t



TABLE 7
PRODUCTION OF AMMONIUM PHOSPHATE 

(YEAR 1980 IN TONS P2°5)

COUNTRY PRODUCTION EXPORTS

U.S.A. 5,007,000 2,095,000
Poland 313,000 -

Korea, Rep. 3 06,000 273,000

Braz i 1 281), 000 -

India 1 51», ooo -

Morocco 90,000 38,000
Net her 1ando 81), 000 3*>, o oo
3e 1g i urn 1)8, 000 -

Iran 1)6, 000 -

Mexico 32,000 2,300

Portugal 15,ooo -

2,2,A, EVOLUTION OF POTASH FERTILIZER INDUSTRY

There Is practically only one commercial potash 

fertilizer in the world, muriate of potash, and six countries 

supply 23 % of world consumption. For this reason, muriate of 

potash is the highest volume fertilizer in the international 

trade. Of a total of 23.8 million tons per year of potash (K^O) 

produced in the world, 15*66 millions K 2 0 es muriate of potash 

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

prod uct .

Unlike nitrogen and phosphate fertilizers, muriate 

of potash cannot be produced from other feedstock than 

sylvinite, carnallite and related minerals. 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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T A B L E  8
PRODUCTION OF MURIATE OF POTASH

(1980)

COUNTRY

OCM
*

KCL

T/A T/A

Canada 7 ,0 6 3 , 0 0 0 11,770,000

USSR 6,63 5, 000 1 1 ,0 6 0 , 0 0 0
Germany East 3 ,395 , 0 0 0 5,660,000

Germany, West 2 ,1 3 7 , 0 0 0 3 ,5 6 2 , 0 0 0
France 1,9 1 5 , 0 0 0 3,192,000

USA 1 ,7 0 0 , 0 0 0 2 ,8 3 0 , 0 0 0

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 level, 

the end user of fertilizers in these countries have little 

influence over the fertilizer It receives. The industry, on 

the other hand, would not be responsible for the distribution 

and marketing of its products, which can be complex and labour 

intensive, if not so capital intensive as manufacturing. The 

fertilizer industry, therefore, confines itself to the 

production of a relatively simple p r o d u c :- m i x . The processing
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of intermediates into final fertilizer products is likely to 

be a simple operation in these countr.es.

In a market economy country, the fertilizer industry 

usually 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 

f erti’izers- on the farms. Depending on the size and logistics 

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 

ferti1 zer plants. With the presence of a granulation unit in a 

fertilizer plant, it becomes 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 tne granulation unit all the nutrients in the final 

form from basic raw materials, namely ammonia, sulfuric acid 

and phosphoric a c i d ^ n d  muriate of potash. In other words, 

whereas a granulation unit originally started as a physical 

operation of formulation and granulation of solid intermediate 

fertilizer compounds, it has since become a combined chemical 

and physical processing unit.

&
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Together with either a bulk blending or a granulation 

unit, there arc sone necessary auxiliary installations which 

require substantial investments. Bulk storage facility is one of 

the more i mpor tan t of such i ns ta 1 1 a t i on s . Since fertilizer is only 

applied during a short period of the year, and since no 

production and processing unit can be dimensioned to attend 

only to fertilizer market demand of that short period, ample 

storage space must be available not only for the interme¡dates 

or raw materials 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 Demand 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 a v a i 1 a b i 1 ity 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 political 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 meet the fertilizers demand 

of the developing countries in the coming two decades, it is 

thought sufficient to estimate the future demand by following 

the trend of fertilizer consumption of the past decade with a 

normal grov/th 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 

product ion.

d
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AFRICA

North West Africa: Algeria, Morocco, Tunisia

West Af r ica : Ghana, Ivory Coast, Liberia, Nigeria 

gal, Sierra Leone

, Sene-

Central Africa : Angola, Cameroon

East Af r ica Ethiopia, Kenya, Madagascar, Malawi, 

tius, Mozanbique, Zimbabwe, Tanzania 

bia

Ha u r i - 

, Zam-

LATIN AMERICA

C en tra 1 Amer i ca : Costa Rica, El Salvador, Guatemala, 
» •

ras, Mexico, Nicaragua, Panama.

Hondu -

Car i bbean : Cuba ,. Dorn i n i can Republic

South America : Argentina, Bolivia, Brazil, Chile, Columbia, 

Ecuador, Paraguay, Peru , Uruguay, Venezue- 

1 a

NEAR EAST

Nea r East Africa : Egypt, Lybia, Sudan

Near East Asia : Cyprus, Iran, Iraq, Jordan, Lebanon, 

Arabia, Syria, Turkey

Saudi

FAR EAST

South Asia : Bangladesh, India, Pakistan, Sri Lanka
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East and south

East Asia : 8urma, China, Indonesia, Korea DPR, Korea

Republic, Malaysia, Philippines, Thailand

3.1.2. PROJECTION OF CONSUMPTION OF FERTILIZERS IN DEVELOPING 
COUNTRIES

Table 9 shows the potentia 1 fertilizer consumption in

the developing countries analyzed in this study. The projections

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 FAO'S "AGRICULTURE: TOWARD

2000". However, some adjustment in the rates is made in

projecting each country's future consumption, instead of using a

uniform rate. For example, for countries which had been through 
■v

a period of sustained high groujth, evidently the future rate 

could noc be the same as those which have recently entered into 

f ert i 1 Izer usage.

For the purpose of estimating potential, fertilizer 

production facilities requirement in the coming decades, it 

would be useful to analyze individually the magnitude of 

consumption of each country. This magnitude of consumption would 

have a direct bearinr on the dimension of ite production plants. 

Table 10 is an analysis of the number of countries in several 

orders of magnitude.
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TABLE 9 - A
PROJECTION Or FERTILIZER CONSUMPTION IN DEVELOPING COUNTRIES

(1000 t/a of nutrients)

r -  ■

C O U N T R Y

i s s o 1 3 3  0 . 2 0 0 0

N
V s

A , 0 N M K N
V s V HPK N

V s V HP*

- • M U C A

.  ♦ N . V .  A f r i c a

r-' A l g e r  l a ( 6 8 5 .  5 2 7 . 5 1 7 6 1 3 2 1 6 5 . 5 5 3 5 2 2 6 6 3 3 3 1 1 1 7 : 2

M o r o c c o 1 0 2 7 3 . 5 * * . 8 2 2 6 2 0 * 1 59 8 3 * 5 2 - * 1  0 3 2 0 1 8 0 3 i  e

T w n l ( l a 2 S . S 3 0 . 8 3 . 3 6 3 . 7 5 7 . 8 6 1  . 7 8 1 2 7 1 1 6 1 2 3 1 6 2 3 5

W .  A f r i c a

S h a n a 8 . 0 5 . 7 * . 6 1 8 . 3 1 6 . 0 1 1 - 5 3 - 2 3 6 . 6 3 2 2 3 1 8 7 3

i v o r y  C o a s t 1 2 . 8 5 .  1 1 8 . * 3 7 - * 2 5 . 7 1 2 . 3 3 *  - 8 7 * . 8 S 1 - * 2 * . 6 7 3 - 6 1 * . 6

. L i b e r i a 2 . J 1 . 2 1 . 2 * . 7 * . 7 2 . 3 2 . 3 9 . * 3 . * * . 7 * . 7 1 3 . 0

* - N i g e r  l a i l  . 0 3 5 - 0 1 7 - * 1 1 3 1 2 2 7 0 . 3 5 2 2 7 2 * * 1 3 9 6 7 * 5 3

S e n a g a I 7 . S 1 3 - 5 7 . 3 2 3 . 3 1 5 . 8 2 7 . 0 1 5 . 8 5 8 . 6 3 1 . 5 S * . 0 3 1 - 5 1 1 7

S i e r r a  L e o n e 1 . * 1 . 0 0 . 3 2 . 7 3 - 1 2 . 3 „  0 . 8 6 . 2 6 .  0 * . 6 1 . 5 I O .  1

' r C .  A f r i c a

A n g o l a I t ) .  1 2 .  1 2 . 1 1 * . * 2 0 . 1 * . 3 * . 3 2 8 . 7 * 0 . 2 8 . 6 8 . 6 5 7 - *

C a m e r o o n 1 2 . 0 5 - 7 1 1 . 3 2 3 - 0 2 *  .  0 1 1  . 3 2 2 . 7 S 8 . 1 * 8 . 0 2 2 . 3 * 5 . * 1 1 6 . 0

E .  A f r i c a

E t h i o p i a 2 8 . A 5 3 - 5 0 ' 8 2 . 0 5 6 . 7 1 0 7 . 2 0 1 6 3 . 3 1 1 3 2 1 * a 3 2 7

K e n y a 2 0 . * 1 8 . 0 7 . 8 * 6 . 2 *  U .  8 3 6 .  0 1 5 - 3 S Î . 7 3 1 . 6 7 2 - 0 3 1 . 8 1 * 5 . 0

M a d a g a s c a r 3 -  7 0 . 3 3 - 7 8 . * 7 . 5 1 . 9 7 - 5 1 6 . 8 I . . 0 3 - 7 1 5 - 0 3 3 . 7

M a l a w i 1 5 - 0 * . 5 3 5 2 3 - 0 3 0 . 0 3 . 0 7 . 0 * 6 .  0 6 0 . 0 1 8 . 0 l * . 0 9 2 . 0

M a u r i t i u s * J . 6 2 . * 1 *  . 7 2 6 . 7 1 3 . 2 * .  0 2 9 . 5 S 3 . 5 3 0  .  0 3 . 6 * 7 . 0 1 0 6 . 6

r~ M o t a n b  i q u e I I . * 3 . 1 * . 2 2 8 . 5 2 2 . 8 6 - 3 8 . * 5 7 . 0 * 5 . 6 1 2 . * 1 6 . 8 I I  *  .  0

Z  i s i b a b w e 5 3 . 2 3 8 . 2 2 8 . 5 1 2 6 8 8 . 8 5 7 . * ( * : . ft 1 8 3 - 0 1 3 3 8 6 6 * 2 8 3

T a m a n  i a 2 3 . 5 5 . * 1 . 8 3 C .  7 * 7 . 0 1 0 . 8 3 . 6 6 1  . * 3 * . o 2 1 . 6 7 - 2 1 2 3

* 3 - 5 1 5 - 3 k. 1 6 2 . 9 8 7 . 0 3 0 . 6 9 . 2 1 2 7 1 7 * 61 1 6 2 5 1

- - T O T A L  A f « I C « 5 2 7 . 1 * 0 7 . 5 2 0 7  - 7 1 . 1 * 9 1 .  02 5 7 9 0 . 6 * 0 1 . 8 2 . 2 3 3 2 .  0 0 0 1 I 5 5 6 7 6 3 * . 3 8 6

L A T I N  A M E R I C A

C .  A m e r i c a

C o t t a  R i c a * 1 . 6 1 3 . 5 2 8 . 6 8 3 - 7 6 6 .  6 2 1 . 6 * 5 - 8 1 3 * . 0 0 6 . 6 3 - 6 7 3 - 3 2 1 2 . 5

E l  S a l v a d o r 5 2 . 5 1 8 . 8 6 . 3 7 7 - 6 8 *  . 0 3 0 . 0 1 0 . 0 1 2 *  .  0 1 3 * . * * 8 . 0 1 6 . 0 1 9 8 . 0

C o a t e o a l a 5 8 . 8 2 8 . * 2 0 .  6 1 0 7 . 3 3 *  * 2 * 5 . * 3 3 .  0 1 7 2 . 6 1 5 1 - 0 7 2 .  Ù 5 2 . 8 2 7 6 . *

H o n d u r a s 1 0 . * 3 . 2 6 .  1 1 9 - 7 1 6 . 6 5 . 2 3 . 8 3 1 . 6 2 6 . 6 8 . 3 1 5 . 7 5 0 - 6

M a x  i c o 8 5 3  . i 2 6 5 - 3 63 • 0 1 , 1 8 3 1 . 3 6 6 * 2 5 01 1 , 9 3 2 2 , 1 8 6 6 8 0 1 6 2 3 . 0 2 8

N t c a r a g o a 2 5 . 2 1 5 . 3 i 2 .  a 5 *  - 3 * 2 . 0 2 5 . * 2 0 . 5 8 7 . 9 6 7 - 2 * 0 . 7 2 3 - 8 1 3 1  - 7

A j n a n a 1 2 . 2 6 . 8 i i . i ) 3 • * 1 3 5 1 0 . 3 1 8 . 3 * 8 . 7 3 1 - 0 1 7 . 0 2 5 . 0 7 7 - 0

C a r I b b a a n

C u b a 3 0 0 7 2 1 60 53 2 * 8 0 M S 3 56 8 5 0 7  68 1 8 3 * 1  0 1 . 3 6 1

D o n  i n 1 c a n  p . 3 5 . 7 1 8 . 2 2 0 . 6 7 * .  5 57 2 9 33 1 1 9 91 * 6 53 1 9 0

à
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TABLE. 9-3
PROJECTION OF FERTILIZER CONSUMPTION IN DEVELOPING COUNTRIES

(1000 t/a of nutrunts)

C O U N T A T

198# 1550 2000

t t
V s V J  N P A a

V s V * P K a
V s - V N F K

S .  U « r l c i S
*

A r g a n t l n a s s . s 53-5 0.8 12d  a 2> » J 55.3 17.3 207.9 152 152 28 332
l o l  1*1 a 1.3 2.  5 0.8 2*7 6.5 1 .2 3.8 7.6 10.0 2.6 19.8
I r a z  11 80S 1.720 1,112 3.661 1 .300 2.750 1 .78 0 S .830 2.080 6.600 2.850 9.330
C h i l e S S .  1 72.0 13.6 1* 0.7 88.0 115.3 21 .7 226.7 160.0 186.0 36.7 J S 8.7
C a l v a t i j 175.0 86.6 81.5 3* 1.1 .280.2 I J S .6 130.6 5* 5.8 668.0 217.0 209.0 866.0
U g « 4e i * 6.5 32.6 2!  .6 110.5 7A  a 4 52.3 36-6 161.0 120.0 83.0 55.6 258.6
P a r a g u a y 1 .2 0*3 l  . $ 1 L 5 1.8 3-  1 7.3 6.9 3.7 6.1 16.7
P a r u 88.6 15.  J 8.5 113.6 16.7 25.5 16.2 181 .6 226.7 60.8 22.7 290.2
U r u g u a y 26.5 73.6 f c .  9 |  Q3. 9 } * . «  I 95.  5 6.6 133- 8' 61.6 126.0 8.3 173.9
V a n a z u a l a 9*.7 « 3-3 52.3 216.2 I S * .  ; . 38.3 1 05.  0 * 32-  0 300.0 22 0.0 166.0 688.0
T O T A L  L A T I N  a m E A I C A 2. 7*7 2.573 1.637 6.527 6.  6*7 6.271 2.661 11. 39* 7,082 6.560 6.220 17.856

N C A A  C A S T *

N a a r  C a s t  A # r  ¡ c a

C g y p t 516.2 101 .1 8.6 62 6.7 * 23,  8 3 62.0 13.5 998.5 1,316 260 21.6 1.599
L y b l a 20. ( 33.1 1.1 56.8 * 1. * i t .  0 2-3 109-3 82.0 132.0 6.6 2t S .6

N a a r  C a s t  A s i a

C y p r u s I S .  I 12.3 2.2 27 . A 15.7 3.5 66 .2 33-6 11.5 5.6 70.71 r a n 266.6 158.0 - 606.-6 * 53.  t 5 ’ 6.  s 0 809 -  0 78 5 506 9 1.2951 r a g 77.6 26.3 2.6 1 06 .  C I  (  J  k  * 52 i e  1 212. ? 310 1 05 10 *25
J o r d a n 6.6 6.6 1 . _ i 1 Q  , 3 *.2 3.2 21 .6 18.6 18.6 6. * * 3.2
L a b a n o a 17.5 25.2 6.6 * 5-1 J 5.2 52.6 12.8 98.2 70.0 1 00.8 25.6 206.6
S a n d l  A r :  i 13.2 6.5 o i  f t  1 • A s  Z 5.7 - 35-7 52.  0 19.6 • 71-6
S y r i a 75.1 66.  6 2.6 t J *  0

S i  . i 5.  1 2* 3-9 300.0 177.6 10.2 * 87-8
T u r k a y 73* 6*0 27 1 50.6 _ uu 1. 7*5 70 3.856*  -
T O T A L  N C A A  C A S T 1 .«3 1 1.090 55 3 9*4 90 6.963 6.993 3.  116 I S * 5,272

F A A  C A S T

S o u t h  A s i a

l a n g 1a d a s h 2 56.6 118.7 25. 1* .  8
s : % . * 50.9 797 -1 1,018 *75 1 02 1.593

k n d  I a 3.561 1.06 2 556 5.138 5-  » ♦ * 389 3,221 9.  066 2 a  666 1 .  622 13. 15*
P a k  1 s t a n 837.8 2* 3.5 8.3 i .  090

' ¿ « . j 13.3 i  .763 2, 1*6 623.6 21.3 2. 78J
S r i  L a n k a 8J .6 37.  i 5 182. ) .  .  a

57.0 259-0 229-0 9* .  0 91.0 61 6.  j

C a s t  a n d  S . C .  A s i a

l u r a a 76.0 31.7 3.5 105.2 *4 * *7 -  * 7.0 218.6 237 ! 01 11 3*9
C h i n a 0.  1 65 1 .506 50.8 12.162 4,  ^  '

'  f '2 182 18.225 19.923 6,  1 00 363 26.337
I n d o n e s i a 650.5 1 5* . ; 3?  -  o 8* 8.6 5 •• I 186 1 .797 2,600 620 370 3,590
K o r a a  O P A 556.0 130.  • 3*  .  3 T i k ^  ? -

"• • a . 1 1 3 l  .  077 1.  086 257 165 1 . S 08
K o r a a  A a p . 650.6 221.5 | « 5.3 287 I ■ » « .

*■  -• 512.0 1 .367 1. 15* 567 69» 2.220
H a  f a y s  l a 165.  0 1 0*  .. 0 218.0 *87. 7 . . .

*.  c  5 .  r 93 6.  0 666.0 333 •  0 698.0 1 ,695
J h i J J a p J n a # 260.  o 52.2 89.8 382 - 7 9 *

J *  ,  * 112.0 580.3 610.0 l ’ 6.0 180.0 976 .  0
T h a i  l a n d ' 73.2 12S .6 2?.7 371.5 *  * * ____________

59.0 . 1.522■  , 630.  3
T O T A L  C A N  C A S T  I 7.175 A ,  l 77 1,809 a 2 .  7 ^  i

.  *6-  « 2.622 35.900 59.221 1 2 . 68* 6,  06 0 55.765
A l ' .  C O u x T k  i  C 5 s r u o i r o  . 22.260 8,216 1 3.308 3.  S I S  ! ’1 - 5. 5S 5 56.515 53. 2? ! 23.763 9.  133 36.253



T A B L E  10

NUMBER OF DEVELOPING COUNTRIES IN VARIOUS VOLUMES OF 

FERTILIZER CONSUMPTION

1 980 1390 2000

N P2 05 NPK N P£ 05 NPK N P2 05 NPK

CONSUMPTION T/Y 
< 5 0 , 0 0 0

37 37 21 2k 29 17 17 21 5

5 0 , 0 0 0- 1 0 0, 000 1 0 1 0 9 1 1 12 9 9 8 6
1 0 0,0 0 0-5 0 0 , 0 0 0 8 1 0 1 0 15 16 21 20 23 28
5 0 0 ,0 0 0- 1,0 0 0 , 0 0 0 6 1 6 k 0 6 k 6 6

1,000,000-5,000,000 1 3 k 5 k 5 9 2 13

> 5 , 0 0 0 , 0 0 0 1 0 2 2 0 3 2 1 3

In 1 9 8 0 , the countr i es which consumed less tnan

100,000 T/A of either N 0 r
P2°5'

numbered k l  in a total of 62

countries studied. The number would reduce to 35 in N and k 1 in 

in 1 990. It would further reduce to 26 in N and 11 in P2 0^ 

in 2000.

On the other hand, according to the 19S 0 FAO 

FERTILIZER YEARBOOK, the 26 Developed Market Economy Countries

consumed, i n 1 980, the f0 11ow ii ng tonnage of fertilizer

nu tr i en tes :

N 2 2 , 6 k k  x 1 O6 T

P 2°5 Ik . 2 k S  x 1 06 T

k 2 o 12.779 x 1 O6 T

A 9 . 6 7  2 x 1 06NPK T
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The fact that, in 1980, i*9-672 million 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. In 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 

those used to produce 70 million tons of fertilizers in 62 

countr i e s .

3,2, Projection of Fertilizer Supply in Developing Countries

There are only two means of supplying a country with 

fertilizers: internal production or importation.

Internal production of fertilizers, in a general 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 fertilizers. If these basic 

raw materials are not available in a country and are imported 

as raw materials for internal transformation into fertilizers, 

the products are still considered as internal production. It is 

the general tendency to try to use as much as possible locally 

available raw materials, even if they are of lower grades cr 

are more expensive. 3y internal production, however, a country 

needs investing in production facilities so that local'ly 

manufactured products can substitute 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 foreign 

exchange. Even then, fertilizer processing and marketing 

facilities must be available for formulation and distribution cf 

fertilizer products. Investments for these facilities, although 

much lower than production plants, can still be substantial.
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3.2,1. ALTERNATIVE I: SUPPLY BY INTERNAL PRODUCTION

Table 11 shows existing production capacity of 

fertilizers of each country in 19 8 0, 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, and majority 

of countries studied need importation for their Y.  ̂0 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 198 0 and 1990, 

and another 18-7 million tons per annum between 1990 and 2000. 

They possess 7-6 million tons per annum P ^ 0^ capacity in 1980; 

but they need new °f 7-3 million tons per annum

between 19 8 0 and 1990 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 II: SUPPLY BY IMPORTATION

In the case of not being able to build more production 

capacity than they possess in I 9 8 0, 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 1 9 8 0 . (N and P 2 ® c, at $5 Per ^  kg u n 't 1 

K^O at $2.5 per 'O kg unit).
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TABLE II - A
ALTERNATIVE I - SUPPLY 3Y INTERNAL PRODUCTION:

PROJECTION OF ADDITIONAL. PRODUCTION CAPACITIES 
FOR FERTILIZERS IN DECADES 80 ANN 90

(IQÛQ t/a  of n u t r i e n t s)

1 3 8 0 - 1 5 5 0 1 3 5 0 - 2 0 0 0

C O U N T R Y

i?ao
1

A D O I T I O N
P 2

1 530
°5

a o d e t i o n

N

î ®90 A 0 0 I T I O N

P 0V
1 5 9 0 A D O I T I O N

A F R I C A

n v  A f r i c a

A l g a r  ¡ a 3 1 1 0 0 63 1 02 1 3 2 1 3 7 1 6 5 1 7 2

M o r o c c o 3 4 - 3 1 4 3 . 7 1 7 7 0 2 0 0 2 0 0 1 6 0 1 6 0

T t t d i t i l 4 7 1 1 6 1 4 0 58 6 2 4 1 4 0

W.  A f r i c a

S h a n a 0 1 4 0 1 1 1 6 1 6 1 1 1 2

I v o r y  C o a s t 0 2 4 0 1 2 2 b 2 6 1 2 1 2

L i  b a r  i a 0 0 0 0 0 0 0 0

N  t g a r 1 a 0 1 2 2 5 • 2 6 8  . 1 2 2 1 2 2 7 0 7 0

S a n a g a l 0 1 4 2 5 2 1 6 1 6 2 7 2 7

S i e r r a  L a o n a 0 0 0 0 3 0 0 0

C .  A f r i c a

A n g o l a a 2 0 0 0 2 0 2 0 0 1 0

C a a a r o o n o 2 4 0 1 1 2 4 2 4 1 1 1 1

£ .  A f r i c a

E t h i o p i a s 5 4 0 1 0 7 56 5 7 1 0 7 1 0 7

R a n - y a 0 4 0 0 4 0 4 0 4 0 4 0 6 0

H a d a g a  t e a r 0 0 0 a 0 15 0 0

H a  l a w ! 0 3 0 0 5 3 0 3 0 9 9

H a u r  i c i m s 8 . 4 1 0 . 4 0 5 1 5 1 1 5 5

M0 2 J f t b t q g t 7 1 4 0 6 2 3 2 3 6 6

Z  t a b a b w a 7 2 1 7 4 2 1 5 8 5 4 4 5 7 2 9

T a n z a n i a 4 . 1 4 1 * .  k 1 . 4 4 7 4 7 1 1 1 1

l a o b i a 6 . 5 3 1 3 3 0 87 87 30 3 0

T O T A L  A F R I C A 2 1 4 ! * ? 0 7 3 6 4 2 3 1 00S 5 7 7 13 39 7 t 5

L A T I N  A M E R I C A

C .  A * a r ! c a

C o s t a  t i c a 4 0 27 0 2 2 47 1*0 2 2 ' 3

£ 1  S a 1 v a d o r 15 4 5 Jl 2 6 3 6 s o 0 1 8

C u a t a o a l a 0 J 4 5 W 6 54 5 7 4 5 2 8

H o n d u r a a 0 1 7 0 5 1 7 1 0 5 3

M i l l  C O 7 5 3 4 1 3 2 5 0 < 8 0 1 3 6 * 3 3 4 4 3 0 2 5 0

a 1 c a r a g a a 3 52 0 2 5 62 25 2 5 I S

P a n a a a 3 2 0 3 1 1 2 0 1 1 1 1 6

C a r  1 b b a a n

C u b a 1 1 2 3 6 5 u I 01 6 3 0 . 2 5 0 1 1 5 3 1

D o * 1n ) c a n  A a p . 3

!

57 3 2 5 5 7 34 2 9 1 7

|W »'>
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TABLE II - 8
ALTERNATIVE I - SUPPLY BY INTERNAL PRODUCTION

PROJECTION OF ADDITIONAL PRODUCTION CAPACITIES 
FOR FERTILIZERS IN DECADES 80 AND 90 

(1000 t/a of n u t rients)

1 9 8 0 * 1 9 9 0 1 9 9 0 * 2 0 0 0

• C O U N T R Y N V 5 M V 5
I S S O A O O I T ' O N 1930 A D D I T I O N 1590 A D D I T I O N - 1990 A D D I T I O N

S .  A j t a r l c a

A r g e n t i n a 2 5 7 0 0 9 5 57 9 5 95 55

l e i  l » » a a 0 0 0 0 0 0 0

t r a i l  1 3 * 5 9 1 5 1 6 2 0 i i 3 o 1 3 0 0 b o o 2 7 5 0 1650

C h i l e 1 0 0 0 3 0 8 5 1 0 0 * 0 1 1 5 25
C o l u m b i a s o 2 2 0 50 a s 2 8 0 1 6 8 ' 3 5 82
t e w a d o r 0 7 * 7 * 5 7 * *6 52 31
P a r a g u a y 0 0 0 0 0 0 0 0

P e r u 7A 6 8 1 2 5 l .*2 a s 2 6 15

U r u g u a y 0 32 2 0 7S 3 2 2 0 95 2 9
V e n e z u e l a 1 * 5 * * 23 115 1 89 111 138 82

T O T A L  L A T I N  A M E R I C A 1 7 0 9 2 7 3 0 1 0 2 * 2 0 9 * * * ü 2 6 7 8 * 1 1 8 2357

N E A R  E A S T

N e a r  E a s t  A f r i c a

E g y p t * 0 0 * 2 3 93 6 9 8 2 3 * 9 7 1 6 2 100
L y b i a 0 *1 0 C 6 H i *1 6 6 6 6

S u d a n 3 0 0 0 0 0 0 0
N e a r  E a a t  A a l a

C y p r u s 0 21 0 2 0 21 13 20 12
1 r a n 71 .  * 2 2 3Ó 2 8 6 * 9 3 2 9 6 3 1 6 ' 9 0
I r a q 3 5 5 0 0 5 3 3 5 5 0 53 5 2

J o r d a n 0 0 0 0 0 0 » 0
L e b a n o n 0 35 i o 3 0 3 5 3 5 103 0
S a u d i  A r a b i a 0 0 0 0 0 0 0 0
S y r i a 13 137 0 8 9 1 50 15 0 89 8 9
T u r k a y *S3 8 0 0 3 5 5 7 * 8 1 2 6 3 7 5 8 1 1 0 3 5 18

T O T A L  N E A R  E A S T 13 Ok ' 8 7 9 581 1 3 3 ' n i l 1 7 9 0 1 9 1 2 1 * 2 7

P A R  r A S T

S o u t n  A s i a

t a n g l  a d a s h 160 3 5 0 33 2 0 * S I C 5 1 0 2 3 7 2 38
I n d i a 2 1 6 * 3 5 0 0 8 5 9 8 0 7 5 6 6 6 J * 0 0 1 6 6 6 1 00 0

P a k l  s t a n 581 7 5 9 58 3 3 2 1 3 * 0 8 0 * 3 9 0 2 3 3
S r i  L a n k a 0 1*3 0 5 9 1 *3 3 6 59 3 5

E .  A  S E  A s i a

l u r o a 6 0 8 8 9 6 3 1*8 8 9 63 3 8
C h i n a 1 0 2 8 6 3 9 * 5 2 3 8 * 1 * 2 8 1 * 2 3 > 5 6 9 2 3 8 1 2 2 2 8 8
1 n d o n a  s  1 a 9 8 2 3 2 0 2 2 0 9 0 1 3 0 0 1 3 0 0 31 0 3 1 0
K o r e a  O P R 5 5 3 2 2 2 127 5 6 7 7 5 31 1 133 7*
K o r a a  f l a p . 7 0 0 20 * 9 * 0 7 2 0 * 3 3 * 9 * 6 5
H a  1 a y s  l a 35 2 5 5 27 1 8 ) 2 9 0 17* 2 0 8 125
P h i l  1p p I n a t 50 3 3 * 37 *7 3 8 * 2 2 6 8* s o
T  h a  1 1  a n d 0 3 * 6 37 2 2 0 3 * 6 2 6 * 2 5 7 2 5 7

T O T A L  P A R  E A S T 4 1 5 5 7 2 1 0 2 8 2 * 2 7 6 7 * 8 7 2 5 8 5 3 1 ) 2 8 9 7 7  6 ) * 7 1 3
A l l  C O U N T R I E S  S T U D I E D I S S O O 1 5 6 8 0 / 6 1 7 7 3  3 5 ) *  6*0 1 8 7  3 * 1 * 3 3 2 9 2 1 2

J



51

TABLE 12 - A

ALTERNATIVE II - SUPPLY BY IMPORTATION
PROJECTION OF TONNAGE AND FOREIGN EXCHANGE EXPENDITURE
(TONNAGE IN 1000 NPK t/a ; expenditure in usî 1000/a)

1380 1333 2000

T O N N A  G E E X P E N O  I T U R E T O N N A G E E X P E N D I T U R E t o h n a c e E X P E N D I T U R E

A F R I C A  

O W .  A f r i c a

A l  , * r l a 188, A 86.500 255 1 13,750 501 222.750
M o r o c c o 76.3 28,150 250 102.500 550 230,000
T u n i c i a 28.3 13. L75 ' 65.3 30.375 132 61.350

w .  A f r i c a

G h a n a 25.6 3.150 37 16,250 73 32.000
I v o r y  C o a a t L L .  0 16,250 75 28.250 I S O 56.500
l i  b o r i  a L . 7 2.050 3.2 L .025 18.5 8, D00
N i g e r i a 176.7 80.000 227 10*.750 * 5* 203.500
S a n a g a t 18 7.250 32 12, O D O 66 26.000
S i e r r a  L e o n a 2. S 1.125 6.5 Oo

.

H 12.1 5.675

C .  A f r i c a  

A n g e l a 16.6 7,250 28.6 '3.300 68.6 26,650
C a o e r o o n 21 13.250 57 23.000 116 56.000

t. A f r i c a

E t h i o p i a 60 30, 000 166 83, 000. 330 160.000
R a n y a 60 27.750 32 62.000 186 86.000
M a d a g a s c a r 6.8 3.700 17 6.625 36 13.250
M a l a w i 38. S 18.375 L6 21.2S 0 32 * 2.500
M a u r i t i u s 17.L 5.3 00 L L 16.750 77 26.750
n o l a n a iq u t 21 .8 1 0,3 00 30. L 13.100 • 56. S 23.200
Z a m b a  b « a 8L 21.*50 13L . S 67.200 230 30. o s o

T a A x a i t  i a 20 3.175 L8.6 23. L O O 1 II .2 53.3 00
¿ a m b i a Ó8.3 31.750 125.8 60,350 252 121.500

T O T A L  A F R I C A 380 <•33. 500 I , 7*8 763.375 3. L83 1.553.*25

L A T I N  A M  C R  I C A

Ce A a « r l c a

C o s t a  R i c a 60. L 23,080 36.8 35.350 173.3 68,325
El S a l v a d o r 63-6 15.300 1 06 50.500 1 80 86,000
C u a t e a a l a 32 L l ,000 167 85.200 263 121.750
H o n d u r a  s 30.3 13.300 31.6 13.350 50.6 2I . 37S
M e x i c o - - - - - •

M i c a r a g u a •  L . 2 23.300 87 38.500 131 53.500
P a n a n a 30.6 11,600 *3.6 20. 000 77 3I .2S Q

C a - r1b b e a n

C u  b a li U 160.300 683 277. S 00 1,137 * 36,000
O o m i n i c j A  t«f>. 36.7 37.750 113 51.250 130 81.750
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TABLE 12 - B

ALTERNATIVE II - SUPPLY BY IMPORTATION 
proje c t i o n of t o n n a g e a n d 'foreign EXCHANGE e x p e n d i t u r e 

(t o nnage in 1000 npk/a ; expenditure in usi 1000/a )

COUNTRY
1380 1330 2000

TONNACE EXPENDITURE TONNACE CXPENOITURE 'TONNACE EXPENOITURE

S. Amrlci 
Argent In* 88 *1.500 177 8*.250 303 Id.500
lol Ida 5. * 2. *00 3.8 5.1 00 19-8 3.300
•mil 2,200 770.000 3.500 1 ,30 0.000 7.000 2,800,000
Chlls 112 51.750 137 *3.000 253 120,000
Coluabla Hi ГЗ.ООО *35 18S. 000 7*0 327.000
Ecuador 8* 38,000 15* *8.250 • '251 111.750
Paraguay «-3 2,800 7.3 3.000 15 (.000
P*ru *8.3 20,150 107.3 50.*00 215.7 1 02. 180
Uruguay 55.3 28,*00 88T* *2,*00 1 3 0.З *3.325

58.1 36.000 2*5 104.300 5 1З 218,000
TOTAl LATIN AMERICA 3,71.8 1.*2* .330 * . 220 2.*80.150 11.738 4.88*.000

NEAR CAST 
Xaar Ease Africa 

Egypt J8.S 7. *00 49*.5 2**,300 1,108 5*8.300
Lyb la 77.7 38.200 1 0J. 3 5*.075 2 1 8.* 108,150
$u4*A 8o.4 *0.000 1 Ó0 80.000 320 ;*:.:co

Near Eait Ada 
Cyprua 25-2 12.050 **.2 21.230 70.7 33.350
1 ran 3 02 151.050 700 350. Ol'O 1 ,*«o 53*.000
Irag 25-3 12.300 57.3 27.*25 115 p5 000

Jordan 13.* *.350 21.0 3.750 *2 13.500
Inbanon 21. * 3.150 *7.8 20.700 95.* *1,400
Saudi Arabia - - - - * *
Syr I a 113-5 5*.125 233 1 1 5.250 *77 235.000
Turkey 323 **7-000 1.372 375.000 3. 033 1 .500,000

TOTAL NEAR «AST 1 . *00 773.575 3.8*2 1,898.530 *.375 3.2 5 5 . «00

FAR (AST
Sou; It Aa la

iengi «4esh 277 131 .500 *0* 289,130 1 . *01 *75.200
India 2.753 1,180,000 5,13* 2,375,800 10, 129 4.708.500
Paklctan 712 350.000 1,10* 5*8.830 2.150 1.0*3.500
SrV lenfce 150 **.250 2 53 115.250 414 184,250

C. a SE Ada 
iuraa 53-5 25.875 158 77.*50 289 141.750
China - * * * * •
1a4oa<«l« 308 112.475 *3* 301,500 2.330 1,102.500

Roraa OPR - * - * - •
Korea Rep. 170 *2.500 312 78,000 *93 1 24.7 50
PM I Ipplnet 320 1*0.100 *33 218.500 837 373.500
T he 11 end 318 150.750 *2 5 297.750 1.285 *13.000

TOTAL FAR CAST 5, 0*8 2.13*.*50 3. *57 * , 3 02 . 2 1 0 13.33* 8.332.950
ALL COUNTRIES STU0IE9 11.33* *.83*.055 21.257 J.444.7*5 *1.590 18.728,275
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On examining Table 12, it can be seen that importation 

of the 62 countries would have doubled every ten years, if no 

attempt is made to produce fertilizers internally. If this should 

happen, there could well be further aggravation of the situation 

for themselves because buying such large quantities of fertilizers 

from producer countries would surely cause escalation of prices.

Evidently, what ill probably happen would not be 

the whole of either of the two alternatives. The option for 

internal production relys«ithe influence of many other factors 

the most important of which must always be the political one.

Even if the a ’ternative of internal proauction is chosen and 

implanted, it will not eliminate totally foreign exchange 

expenditures. For most countries, the importation of phosphate 

roc.1;, sulfur, potash, and even some form of carbon or hydrocarbon 

feedstocks will continue to be necessary. It 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 benefits to the society as a whole.
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4. MARKET FOR MINI-FERTILIZER PLANTS IN DEVELOPING COUNTRIES

4.1. Scope of Mini-fertilizer Plants

M inî-fe r t i 1 izer plants can be defined as a 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-fe r ti 1 izer plants thirty or forty 

year ago. Even to-day, some of those installations co-exist with 

the modern 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-fe r ti1 izer plants even in developed countries. For 

agronomical, economical and logistical reasons, there is no 

complete substitution of m i n î-f e r t i 1 i z er plants by mac ro-fertil izer 

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 m i n i - f e r t i 1 izer plants during 

the past two decades. All of them have now passed the market 

dimension of that can better be attended by m i n i -ferti1 izer 

plants. Nevertheless, those mini-fe r t î I izer plant are, and will 

be for many y e a r s  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 l A 0 0 existing 

mini-ammonia plants are still the backbone of their N 

production. Through expansion and improvement of these plants
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will cone 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*000 tons 
nutrients per annum start the process of developing internal 

fertilizer production capacities, m i n i - f e r t i 1izer plants would 

be used, in the majority of cases, as the principal instrument 

for this purpose. In due course of time, these m i n i - f e r t i 1izer 

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 m i n i - f e r t i 1 izer 

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 components: the synthetic ammonia unit

and the nitrogen fertilizer production unit.

For the purpose of meeting nitrogen fertilizer 

demands of various dimensions of developing fertilizer markets, 

ammonia synthesis plants of 50, 100 and 200 tons 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 m i n i -f er t i 1 i zer plants in 

large numbers are to bring any benefit to the fertilizer 

industry of the developing 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 during the past 

two decades indicates that they fall into these three dimensions.

As a rule, ammonia synthesis plant 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 transportation 

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 NH^/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 NH^/day, are 

adapted with ammonium bicarbonate units. This does not 

prec.lude any other type of nitrogen fertilizer from being 

considered. For a country which contemplates the production of 

n itrogen ferti 1 izers, ammonia plant is the fundamental, the 

other secondary.

A,1.2. PHOSPHATE FERTILIZER PLANTS

In spite of the fact that concentrated phosphate 

fertilizers such as TS? and 0AP have already become standard 

fertil¡zer inputs in many developing countries which have been 

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 production.

The production of single suoerpho spphate in a 

developing country usually requires the manufacturing of 

sulfuric acid. Three scales of sulfuric acid plants, 50. 100
4

and 200 tons per cay of 98 * or 9 ̂ % sulfuric acid, coupled
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with superphosphate piant of up co 500 T/Day capacity consist 

of the mini-phospha te fertilizer plants considered in this 

study. Other more concentrated fertilizers, such as 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 

developing countries, it is doubtitul whether it is advisable 

to go into concentrated fertilizer manufacture at the initial 

stage of the process of development of the fertilizer industry.

- J / -

4.1.3. INSTALLATIONS FOR FERTILIZER PROCESSING AND MARKETING

In most of planned economy countries, Che fertilizer 

industry is not necessarily involved in the formulation, and 

marketing of fertilizer products. In most of the market economy 

countries, however, installations and facilities to elaborate 

the final products, to store raw materials and finished or 

semi-finished products, and to distribute the final products to 

the farm gate, are integrated parts of the industry. There are 

no standardized processes, equipment, or installations. They 

can be very simple hand operated bulk blending machines. They 

can also be 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 to 

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, infrastructur* for marketing purposes can be 

extensive and also capital intensive.

‘t
When a fertilizer operation reaches a certain 

‘ throughput, these installations become a necessary part of the 

whole plant. Fcr the purpose of this study, a group of 

installations which can blend, granulate and handle 100,000 tons 

product per year for marketing is considered as a basic unit.

The granulation installation can also be considered as an



38

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 considered 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 implanted during the 

periods of 1980-1S90 and 1990-2000, If i.t 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-f ert i1 izer 

plants which would be need“d to enable each country to provide 

that additional fertilizer production capacity will indicate the 

potential market dimension of those mini-f erti1 izer 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:
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TABLE 13 - A
MARKET POTENTIAL OF Ml N1-FERTILIZSR PLANTS IN 

THE DEVELOPING COUNTRIES

1380-1330 '  330-■ 2008

COUNTRY

N -FEATll H EX  
n iN I-PLAN TS

F-T CR T ll¡2ER  
Ml Ml-SLANTS PROCESSING

N -FERT IL1ZER  
n IN I “PLANTS

P -F E R T IllZ E R  
n lH I-PLAN TS PROCESSING

50T/0

" " 3

lOOT/O
MMj

230T/D
NH^

53T/0

V 0i

100T/0

V ° b

20CT/0

V ° b

MARKETING
F A C IL IT IE S

50T/0
NN3

100T/0

NH3

2QQT/0

NH3

50T/0

V 9b

IOOT/0
N-50.A. *

2 COT/0

V ° L

nAAKETINC
F A C IL IT IE S

A ft IC A

NU. A f r ic a

A lg e r ia b t t « 10 10

Morocco 8 10 10

T u n i t i l 2 k 2 8

V .  A f r ic a

Ghana z 2 2 2

Iv o ry  Coast

L ib e r ia

2 2 2 2

N ig e r ia b k 8 b 4 8

Senegal 2 2 2

S ie r r a  Leave

C. A f r ic a

A ngo la 2 2 2

ttm m roon 2 2 2 2 2 2

t .  A f r i c a
E th io p ia 2 2 2 2 2 2

Kenya

Madagascar

H aU W l 2

2

2

b h
2

2

2

2

k k

M auri d u s 2 2 2 2 2 2

Mo£anfe<que 2 2 2 2

Ziobabho 2 2

Tanzania 2 2 2 2

In e b la k 2 2 k 2 2

TOTAL AFRICA 8 8 28 12 __0 18 18 10 10 J 1 \u k 2b 52

LATIN AMERICA

C. A ee rlca

C otta  Alca 2 2 2 2 2 2

El Sa lvador 2 2 2 2 2 2

C u lt  « a l a k 2 2 2 2 2

Honduras Z 2 2 2

M exico " • * * • 8

N icaragua 2 2 2 2 2 2

fa m e s 2 2 2

Caribbean

Cuba * * • ' 2

Dominica** Rap. 2 1 2 2 2 2

• Need* *iocro-<ert; 1 ;jor piànti.

d
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TABLE 13 - 3
MARKET POTENTIAL OF MIN I-FERTILIZER PU4NTS IN 

THE DEVELOP!Nr, COUNTRIES
- 1 ) 8 0 - 1 9 3 0 ! ) ) • - 2 0 0 0

?
CO U N TItT

N - f C A T I L I Z C A
I H N I - P L A N T S

P * f £ A T i t i m
h i n i - a l a n t s

P A O C C S S IN C
♦

M A R K E T IN G
PAC I L I  T IC S

N - f E A T l L I I E A  
M I N I - P L A N T S

P - f C A T I L I Z C A
M m - P U X T S P A O C E S S I *

♦
M A A K E T IN G
F A C I U T I CS O T /O

N N j
lO O T / O

N N ,
2 C O T /0

■Wj
S O T/0

H .S 0 »i *•

i c c v o
V ° 4

20QT/0
M .S 0 .e *

5 0 T /O
N H j

10 0 T / O
N H j

2 0 0 T / 0
N H j

5 0 T /0

V #4

I0 0 T / 0

V ° 4

2 0 Q T / 0
" l SaL

- S .  A o e r lc a

z A r g e n t i n a 4 4 4 k k
l o l  W U

- At m i l l * 3 * 3 10 * 1 0

C h i l e 2 4 4 4 2

C o lo m b ia 10 4 4 4

E c u a d o r t 4 2. 2 k 2

P a r a g u a y

- F e r n 2 2 2 4 4 2 k
U r tf^ u a y 2 2 2 2

- V e n e z u e la 1 8 s 4 8 k

T O T A L  L A T I N  A M E R IC A n* 1 2 . __ 2 __ k 54 J 1 2 8 34 2 3 44 24

N C A A  CAST

N e a r  C a s t  A f r i c a
- E g y p t  * • 4 k • 4 4

l y b l a 2 4 4 2 4 k

Sudan

N e a r  C a s t  A s i a

" C y p ru s 2 2 2 2

I r a n  * • •

I r a q . * • k 4 • k k

J o r d a n

Le b a n o n 2 2

S a u d i A r a b i a

S y r i a  * • 4 4 • 4 4

T u r k e y  * • •

— T O T A L  NCAA CAST __ 3 2 k __ 3 : 18 20 __ 0 2 __ 2 __ 0 j 23 13

CAN CAST

S .  A s i a

S e n g la d e th  * 10 12 12 » I t !k

I n d i a  * • * k t • * 74

P a k i s t a n  * : o 20 20 • I k Ik

S r i  La n k a i k 4 4 3 1

C . t  S C . A s i a

Aunaa 4 i 8 4 k 4

C h in a  * • * • *

In d o n e s ia 10 4 14 10 4 18

t t K o re a  S P A s k 12 k

K o re a  A e p .* * •

M a l a y s i a 10 10 4 i 8

P h i 1 I p p in c s 12 4 4 8 4 &

T h a i land u I t I t 10 14 Ik

T O TAL  P A *  EAST 0 4 «0 3 8 ' 4 >34 0 0 52 ___0 U 73 U tl

A L L  C O U N T R IE S  S T U D IE D 28 ¡ 5 5 Hi I k 163 2 1 8 >2 24 >20 14 m 1 60 2 5 Î

• ■mmrn • • • • • • a *e* * * *

* Needs new Mcro-fcrti liter plants
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1380-  ̂99 0 1990-2000

NITROGEN FERTILIZER PLANTS

50 T/D N plants 5 6

40 TN/D N plants 5 6

1 CO T/D NHj plants 14 13

80 TN/D N plants 1 4 1 3

200 T/D NHj plants 79 60

l60 TN/D N plants _Zi 60

TOTAL NHj + N plants 193 1 58

PHOSPHATE FERTILIZER PLANTS

50 T/D H2 $0£t plants 7 8

. 120 T/D SSP plants 7 8

1 OO T/D H^SO^ pi ants 7 9

250 T/D SSP plants 7 9

200 T/D H2 S0  ̂ plants 84 80

5.00 T/D SSP plants 84 80

TOTAL H ^ O ^  + SSP plants 196 194

PROCESSING PLANTS 1 09 1 29

STORAGES ETC 1 09 1 29

The task of building such a large number of 

m I n I-ferti1 izer plants In 20 years may seem formidable. Looking 

at the experience of China, however, it would seem to be highly 

feasible. Between 1953 and 1930, China built 1400 synthetic 

ammonia plants ranging from 50 to 1000 T/0 NH^ in capacity. They 

also built 700 phosphate fertilizer plants, mostly single 

superphosphate plants provided with captive sulfuric acid 

production. Building 177 ammonia plants, 17** nitrogen fertilizer 

plants, 1 9 5 sulfuric acid plants, and 1 9 5 superphosphate plants, 

in twenty year should not be an insurmonta b l e task, considering 

that many countries have already acquired the experience and 

possess 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 1 990-200 0

($ lxlO6 ) ($ 1xl06 )

N - Fertilizer Plants * 5,090 it,015

P - Fertilizer Plants * 1,855 1,815

Processing + Marketing 1, 090 1,290

T O T A L 8,035 7,120

* Battery limit costs

These estimations are limited to the potential market 

of mini~ferti1izers plants. There are many developing countries 

where development of the fertilizer industry has advanced, 

volumewise, to such a stage that mini-ferti1 izer 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 //ould find themselves in this situation. Before that 

situation arises, however, mini-fertilizer plants will be

à
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playing their ro! 6 as t h a ssorc viable source 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

f

It is a generally accepted premise that a 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 market in 

most developing countries usually favour decentralization with 

several smaller sized production plants, instead of concentrated 

production in one large sized plants.

Of the 62 developing countries studied, only 16 

exceeded annual consumption of 1 00,000 tons N in 1980. 1*4 

exceeded 100,000 t/a in P2^5' ** no Produc t‘on facilities
existed before in those countries, two 200 t/d NH^ plants and 

three 200 t/d H ̂ S 0 ̂ plants, together with equivalent N and 

fertilizer plants, will provide 100,000 t/a of N and an equal 

amount of P^O^. demonstrates that, at this stage j f
development, mini-ferti1izers plants, as conceived in this 

project, are better suited to the nea ds of the developing 

coun tries.

«■

4
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4.3.2. LOGISTICS OF FERTILIZERS

There are two logistical systems involved in the .»

process of supplying fertilizers to the farm gate, beginning 

from the source of basic raw materials. First, by the nature of 

h i g hbr concent ra ted occurances in widely spreaded out geographical 

locations of basic fertilizer raw materials, which include 

carbon, hydrocarbon, 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 industria 1 ization. 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 gate 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, would 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 large 

percentage of fertilizer 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

4
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cap. be made during this short period of aopl ¡cation. For reasons 

of spreading out the period of delivery, and of greater 

assurance to the farmer to have fertilizers on hand at moment of 

a p p 1ication, ferti1 izers usually go through several stages of 

transport and handling before application. In a 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 localization of 

industries., at points as near as possible to the final points 

of consumption. To less developed areas, this favours the 

installation of mini-ferti1 izer 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 capitalize 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 

i rapidly expanding and large volume fertilizer market, may not be

the solution, in long range terms, fer many developing countries. 

Firstly, upgrading must mean, in the end, higher cost. Secondly, 

the employment of big volume tankers does not necessarily mean 

an overall lowering of logistical cost up to the po i "< c 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.

4
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A,3.3. SAYINGS 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 developing countries which do 

not possess any basic fertilizer raw materials, it is some times 

thought that it might be more economical to import fertilizer 

products, instead of importing raw materials and have them 

converted into products internally.

Irrespective 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 

usually 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 foreign exchange requirement for importation is always 

desirable.

Take phosphate fertilizer for example. The final 

phosphate fertilizers imported by developing countries in 198 0 

averaged $ 5 per unit P^O^. kg, or $ 500 por ton of

Phosphate rock averaged $ 1 per unit of P^O^ and about

$ 1,8 per unit C 6 F to most countries. This does not mean a 

reduction of Pj O j. 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 

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 exchange is 

saved, in the case of importation of fertilizer raw materials 

being inevitable, but also the rest of the cost of industrializatii 

and marketing is spent internally. This expenditure will generate 

a whole series 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 country 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 like 

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. Of course many constraints 

of this nature can be overcome during a short period or time if 

there is enough urgency and incentive for the country to do so. 

Then there would be trade-off of time gain with added cost.
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M . 2. FINANCIAL CONSTRAINTS

In a market economy, the 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 

tbefinal 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 adequate 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 o 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 Brazil 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 1980,

China possesses 1^00 nitrogen fertilizer plants and 700 

phosphate fertilizer plants, a great number of which could be 

classified as m îni-ferti1izer plants. China through this policy, 

became the third producer of fertilizer of the world and is 

practically self-sufficient in fertilizer requirement.

In Brazil, an incentive 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 

i nd igenous 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 the 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 exchange requirement for the 

importation of raw material has already been reduced to 50% or  
what would have been necessary if Brazil had not made the effort 

to develop its fertilizer industry.

IJM'I ■ —
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5, CONSIDERATIONS ON THE FEASIBILITY OF IMPLANTING 
M IN I-FER TILIZER  PLANTS'IN DEVELOPING COUNTRIES

From 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 production capacity,bui1ding up new fertilizer 

production capacity seems to be the only alternative available 

for them; and mini-ferti1 izer 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-ferti1 izer plants, it seems fit to define here some of the 

common parameters which would make the m i n i -ferti1 izer plants in 

general more feasible under diversas conditions of the developing 

countries who intend to build them.

5 , 1 .  Technical Considerations 

5 . 1 . 1 ,  p r o du ct-mix

It is a generally recognii zed phenomenon that f  e r  t
came into being t hroug h the capab i11 i t y of the c hem ica1 i ndu

produce, and not through del i b r a t  e d e s ;i g n from a g r o nom ii  ca 1
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requirements. A market, especially a developing country fertilizer 

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 difficult to 

c h a n g e into another one even though the other may be superior 

agronom ica1 Iy.

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 

diamnionium phosphate had become a necessity when the application 

rate of fertilizers increased so much that logistics alone would 

make low concentration fertilizers economically at a d i saivan tage. 

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 still in its initiel stage.

It is recognized that, in a market economy, decisions 

of this kind is usually made by the marketing sector of 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. On 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 mi n i-f ert i l i zer 

plants when a developing country starts the process of internal 

fertilizer production. It also promises to be a difficult one.
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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 double 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 ammenium 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 as temperature, 

pressure-, catalyst composition and physical state, and means of 

flow and transference of materials.

Choice of technology for the mini-f erti1izee plants 

destined for developing countries is, at best, a haphazard 

undertaking, in view of the wide variety of availability of raw 

materials, and the diversity of environment in each country. 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 inane group of countries does not 

automatically become the same in another. In the evaluation of 

technical fea-sibilitv of a process in a develooing country, it 

is important that every aspect of the developing country's 

existing technical and economic environments, such as 

infrastructure, availability and quality of technical personnel, 

be taken into consideration.

Simp 1 i C  i Z V  iin constructi on as well a s operation i s a

point not we ! ! appr ec iated oy many people in the ferii 1 i z e r

i nflu stry. Soph i.s t ica t i or, is usual! y aesignea for e n 1 a r g e d scale

economy of labour and improvement of quality. S inee none o f

d
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these factors is particularly relevant in the mini-ferti1 izer 

plants dealt with here, simplicity should be emphasized whenever 

possible.

/
Energy conservation is important in fertilizer plants, 

especially synthetic 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 reaction of the chemical 

processes, be it the formation cf 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 heat.

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 excçssive investment and high loss of ^2^5 during 

the process of benefic iation, a lower grade of superphosphate 

than the accepted norm in developed countries should be allowed 

to be produced and marketed.

5 .2 . Economic Considerations

5 .2 .1 . standardization of of m i n i -fertilizer plants

One of the basic concepts of this project is to try to 

help developing countries who need building mini-ferti 1 izer 

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 scale. This purpose can only be achieved by 

standard izat ion.
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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 implantât i on.

5.2.2. Economy in Investment and Lo we ri ng Cost of 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 m in î-ferti1 izer plants 

in developing countries. Simplicity in basic engineering, 

standardization 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.

5.2.3. Toward Rationalization of Cr it er ia in Feasibility 
Studies for the Implantation of M ini-Fertilizer 
Plant in Developing 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
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economic decisions in a developing country. Under the conditions 

of the market economy developed countries, the feasibility 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 a local raw material is of a lower grade 

and unit cost is higher than imported, a narrow criterion would 

probably veto its employment. But 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 

posi tive.

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 cc the soil. Sut 

that extra freight is not lost in the overall economy. It 

generates benefits in the transport sector and contributesto 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 internal fertilizer production.
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