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SUMMARY 

1 
ESTABLISHING A DOMESTIC FERTILIZER INDUSTRY BASED ON 

IMPORTED PHOSPHORIC AC HR 

by 

T.   Jans 

Fertilizer & Chemical Development Council 
Tel Aviv Israel 

Within developing countries the urgent  need for increased fertilizer supply can 

be satisfied by ai / one of three alternatives: 

a) Import the basic raw materials and establish a grass-roots  industry 

b) Import the intermediate go-^s  (e.g.   phosphoric acid)  and produce the final 
product 

c) Import  the final product 

This paper seeks to demonstrate that,  for many developing countries with différait 

levels of economic growth,  the importation of the intermediate product may prove to .bj 

the best alternative. 

It is apparent that a commitment to an expanding fertilizer industry is likewise 

a oommitment to additional marketing institutions,  including transportation, handling 

and storage facilities.    Hence,  the investment decision must weigh the costs of 

supporting domestic production (through additional infrastructure) against the saving« 

of foreign currency reserves. 
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Tho technologie* of fertili^ production arc very sensitive to scalo.  Unit costs 

savings aro only available at or near full capacities.  Critical to the choice of grass- 

roots v". intermediate production is tho existence of r. domestic market that will 

support high levels of output.  Where, effective demand for fertilizer does not exist 

and where tho prospects for growth arc ?reat, a commitment to tho intermediate plant 

may prove to be the lear-t-eost alternative. 

There are a variety of production alternatives within the intermediate goods 

industry.  Developing countries are now able to select a series of plant sizes and 

processes that correspond to tho progress of market growth and infrastructure 

capabilities.  Receno developments in production, handling and    transportation of 

fertilizers have enlarged the possibilities of preparing a tailor-made programme of 

industrial development. 

A close examination of world-wide consumption and production patterns suggests 

that most developing countries lack the market to support a grass-roots fertilizer 

...industry.  Furthermore, where such industries have been established, output is cha- 

racteristically below the minimum economically justifiable scale.  Where demand is 

expected to grow, local consumption appears to justify grass-roots production only in 

the far distant future. 

The key advantages of the intermediate-product alternative are the reduced invest- 

ments, the limited foreign exchange expense and the capability of matching production 

possibilities to market realities. 
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INTRODUCTION 

In many countries there is an urgent need for a fertilizer supply system capable 
of supplying fertilizers in appropriate quality and quantity at a reasonable price« 
This problem ìB especially severe in developing countries lacking the basic raw 
materials required for fertilizer production.    Currently the following possibili- 
ties exist: 

a) Import the basic raw materials and develop a complete fertilizer 
industry. 

b) Import the intermediate goods for the production of finished ferti- 
lizers. 

c) Import of fertilizers. 

The choice among the three alternatives is consequential to the economic consi- 
deration of: 

PAST 1.   Basic concepts in the fertilizer industry 

a) The developing nation 
b) The fertilizer industry 
c) The current world-wide consumption and production patterns, 

PART 2. A strategy of investment planning given the dynamics of 
market growth 

a) A static model 
b) A dynamic model 

It ia the purpose of this paper to demonstrate that the intermediate goods route 
mey provide the greatest, comparative economic advantage to a country with a 
developing fertilizer market. 

SCHMÄHT 

The first part of this paper develop« the characteristics of the industry and 
the eoonoaic environment,   The interrelationships of production seals, market 
siss and ixifraetructure evolution are shown to be a critical factor in ths TSP 
investment decision.   Furthermore, the unique characteristics of the fertiliser 
industry encourage a process of industrial development that closely parálisis 
the specific conditions o." over-all economic growth.   When the international 
economic environment ia examined» we find that world-wide consumption and pro- 
duction patterns have generated industries with chronic overcapacities.   This 

I 
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ia especially true oí' countries enjoying moderate levels of consumption. Our 
analysis further demonstrates that where initial levels of consumption are low, 
the spread between market growth and plant capacity mey last for many years-. 

The second part of this paper oignais the development of a strategy of invest- 
ment planning given the dynamics of market growth. At the outset, the long-run 
evolution of fertilizer consumption is divided into three stages. The first 
stage is one of Jow growth and low consumption. The second stage is one of high 
growth and moderate consumption; while the last stage i& characterised by low 
growth and high levels of consumption. The second part of the paper manifests 
the desirability of an intermediate industry within a Stage II environment. Two 
modelt are evidenced. The fiist ia a static model assuming zero 
growth and single plant 3izes throughout the planning horizion. The second model, 
the dynamic model, completes the analysis in a growing market with changing in- 
dustrial complexes. Both models confirm our hypothesis that long run economies 
are realized if and only if an intermediate industry is constructed within the 
stage II market. The dynamic model is designed to offer a general approach to 
investment planning. The utility of this raodel can be expanded into other in- 
dustries. 

FW A»  BASIC CONCEPTS IK THE PERT;LIZER DTCOSTRY 

1*    THE ECONOMICS OP DEVELOPING NATIONS 

Developing nations are chronically pressured by the competing requirements of 
critioal investment alternatives. Severely constrained by shortages of invest- 
ment capital and foreign exchange, developing nations must we* «eh their plans for 
industrial growth against the larger priorities of a total, balanced economic 
development. However, the decision to enter the fertilizer industry is more a 
consequence of the increase in the immediate requirements for food. There are 
three options« 

a) To import food 
b) Employ land reclamation 
o) To produce more food with the utilization of fertilizers. 

The paper assumes that fertilizer use has already been recognised as the least- 
cost alternative, and the prob]em now remains to define the most efficient means 
of supplying the market with the fertilizer needs. 

The decision to enter into the domestic production of fertilizer, entails rationin« 
of not only the inputs of exchange, capital and expertise, but also tue limited 
capabilities of the social infrastructure. It is evident that a commitment to 
an expanding fertilizer industry is likewise a commitment to additional marketing 
institutions, including the facilities of transportation, storage and handling. 
Hence, within the framework of scarcity, our thesis offers, what we feel to be 
the least-cost alternative of supplying fertiliser to the agricultural sector, 
bawd on the stage of fertilizer demand, 



Most developing countries lack the infrastructure an  required below:- 

a) Sea transportâtion 
b) Port facilities 
c) Land transportation 
à) Storage facilities 
e) Skilled manpower 
f) CapitAl (local or foreign currency) 

A specific burden would  be placad jn the developing economy if foreign currency 
iß used for the purchase of either the final product or raw Werial.    Thus • 
growth in the consumption of fertilizer suggests a parallel growth in foreign 
exchange expenditures.    The possibility of easing the balance of payment« burden 
has encouraged the establishment of national fertilizer industries.    It appeared 
that tuie approach offered the best solution of satisfying the future need« for 
fertilizer and at the same time, minimizing the foreign currency expenwe.    The 
hypothesis was correct as long as  the local market supported the small eat 
economic fertilizer production capacity. 

II    CHARACTHîISTICS 0/ THE FERTILIZÎ» INDUSTRY IN DEVELOPING COUNTRIES 

A.    Scale-markets-inf restructure 

The basic fertilizer technology employs processes that are economically very 
sensitive to scale.    Since advanced, coat-saving technologies oan be applied only 
to larger scale production, the level of output has a decisive effect upen unit 
coats.    Furthermore, investment in a complete fertiliser plant require« a high 
capital outlay, a considerable share of which is in ham currency. 

The planners in the developing countries have to realize that if cost saving 
techniques are available only at higher output ranges, there must also be a 
commitment to create a market able to absorb an output near full capacity. 
Therefore, a grass-roots domestic fertilizer industry provides three challenge*i 
large scale ventures;   mature markets;   and adequate infrastructure«. 

B-    Fíjed and variable coa^« components 

The cost of production in the fertilizer industry can be divided into two «min 
cost componentss 

1. The fixed investment 
2. The cost of factor inputs including raw materials or Inter- 

mediate goods. 

The basic raw material is the critical component.   At its source, the product 
la relatively inexpensive.   However, the cost to the fertilizer industry 1« 
double due to the high expenses in handling, storage and transportation.    The 
coef of raw materials at the fertiliser faotory gate can be kept low by either 
locating the production unit near the source of raw material, or by taking full 
advantage of bulk rate savings in transportation and handling. 

«•«Mi 
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C. The variety of processing alternatives enables tailoring of fertilizer 
industries 

The variety of production possibilities enables a developing country to select 
a aeries of plant sizes and processes that correspond to the progress of market 

growth and infrastructure capabilities. The problem of the importing nation is 
to determine the point of equilibrium where the supply system is efficient and 
the total cost3 of relevant production alternatives are the lowest. Evidently, 

the appropriate industrial process is a function of changing ranrket and distri- 
bution situations. 

The processing and upgrading of fertiliser can be done in varioua way3 and methods, 
and can be segmented at different stages. The developing country ib thus able 
to adapt its own industrial program to local realities. Recent developments in 
production, handling and transportation of fertilizers and raw materiale iiave 
enlarged the possibilities of preparing a tailor-made program to include: 

Bulk loading and unloading facilities, bulk road and rail transports, pumping 
and pipeline facilities for transportation of liquids etc. 

D. The choice to import intermediate goods as opposed to the raw material or 
final product. 

It is very difficult to quote a general consumption figure that indicates the 
point «here local production is preferred to import, or vice-versa.    The actual 
break-even po? A is different in each case, depending on the geographical situation 
of the country and the location of the plant. 

Moat common fértil, sers are available today on the international market in ample 
quantities an¿ at low prices. Often the fob price is lower than the wholesale 
price for the locally produced product. Por a country with a low volume of con- 
sumption, the import of the fiw:l product may be the optimal least cost soluticr. 
Adjusting an import supply to a limited demand can keep the cost per unit of 
nutrient relatively low. Today, few countries base their supply policy entirely 
on the importation of fertilizers. 

from the cost of production point of view, the following output scales are con- 
nidered the minimum to justify domestic production.   Low unit costs can be reali ¿ed 
for ammoni* at a minimum of 100,000 tons, and for        phosphoric acid at the 
threshold of 80-100,000 metric tons P^ per annua at present day technology. 

At the otrier extreme, is the possibility of developing a total fertilizer in- 
dustry,  (capable of processing raw materials into the finished goods), in spite 
of a limited market.    This, evidently has been a common practice and has caused 
over-capacity in may countries.    This appears to be especially true with ammonia 
production units,    /urthenaore, there are examples of projects that have not gone 
further than the final sWoa of construction, in spite of the heavy inveotment 
sunk in a productive capacity.    In addition, there arc plants that have remair-d 
idle after short periods of limited production. 

aaH m 
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New alternatives are currently available to developing countries a¡-,idc freu the 
two possibilities evidenced above.    Recent developments in the production,  handling 
and distribution of plant nutrients in liquid forms auch aa containing phonphoric 
acid and ammonia have signalled a fertilizer supply policy that ie capable of 
realizing thr economies of large oca,le production, without committing a heavy 
investment to underemployed, expensive units. 

Ill    PATTERNS OF WORLD WIDE CONSUMPTION AND PRODUCTION 

Table Ir demonstrates that world-wide consumption and production is concentrated 
among the few developed nations.    Furthermore, it suggests that developing nations 
lack the market to support a grass-roots fertilizer industry and hence, must 
import their fertilizer supplies.   Although a few local fertilizer industries have 
been established, market demand has usually fallen short of efficient productive 
capacity.    Furthermore, where local industries have been developed,  it appears that 
excess capacity will continue to exist for long periods of time. 

A. Size of fertilizer markets 

Consumption of fertilizers in a given country is a sum of many factors and con- 
ditions.    Some of them are objective ones, such as:   agriculture area, crops, 
type of soil and climatic conditions. 

The other ones are subjective, ouch asi   agricultural practices, economics of 
farming and the level of intensification. 

There are only a few countries in the world where the upper limit of fertilizer 
use has been set by any of the objective factors mentioned.    On the other hand, 
in many countries the use of fertilizer is Kept be]ow the optimal level, because 
of economic conditions and/or the prevailing agricultural practices.    In de- 
veloping countries actual consumption and increase in use, in the foreseeable 
future will still be very much below their consumption potential.    In Table I, 
countries are grouped according to their annual consumption of nitrogen and 
phosphate fertilizers. 

B. Consumption production patterns 

Table I, demonstrates that consumption is concentrated among a small percentage 
of nations (13.6# for Nitrogen and 9.8$ for Phosphate) accounting for more than 
80$ of the total world consumption. The members of this group include the 
developed nations who produce not only for domestic consumption but also for 
export. 

Within develo^in« nations, the dominant criteria for establishing a domestic 
productive caacity should be the economically efficient plant size. Considering 
180,000 ton/annum to be the -ynallest economic unit for the production of nitrogen, 
it appears then that 106 countries (or 755*» of all the countries sing fertilizer) 
•re obliged to import rather than resort to local grass-roots productive capacity. 
Nevertheless, ubout 30 countries of this latter group have already established 
domestic industries. Output is characteristically below the 600 tons/day scale. 
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(However, there are a few exceptions, especially where production was originally 

export oriented.) 

This situation is not limited to the Nitrogen market. The bulk of the phosphatic 
fertiliser supply is produced and demanded by developed countries. Many of then 
import the raw materials, produce fertilizers for their own needs, and are the 
main suppliers of phosphate to the international market. 

On the other hand, developing countries cover their requirements through imports. 
Some of them base their supply on low nutrient content materials which oan be 
produced economically in small production units. Fertilisers produoed from phos- 
phoric acid are more often imported, because local markets usually cannot support 
an economic unit, (75,000 mt Í-Oj« About 30 countries are currently in the 
position to import phosphoric acid. Another 50 countries represent the potential 
growth of the market in the futur«, 

C. Chronic gTJroiPftoity 

A number of developing countries have chosen to establish domestic fertiliser 
industries in the hope of developing local markets that will, in the future, 
satisfy full capacity. Table II, demonstrates that local consumption (given 
various growth rates) will justify local production only in the far distant 
future. In our analysis, the minimum economic scale for Hitrogen was assumed to 
be 150,000 at per year and for P.0,., 75,000 mt per annum. For example, a country 
presently consuming 20,000 mt or both H and K0   (growing at a rate of 10JÉ) woult 
realise economies of domestic production in 14 years producing f^ and in 21 
years producing Hitrogen. 
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TABLE ii. m mom OF TIME REQUIRED POR A MARKET TO SUPPORT A FERTILIZER 

IMTORI AT Qim CAPACITIES AMD AT VARIOUS GROWTH RATES 

Target output for PpO,. Target output for Ä 

75.090 150.000 
Present Consumption 

Mi/m* SË ]& i2á * 10* \3k 

5»000                                 55 yr»          28 yra       19 yra 69 yrs 55 yra         24 yra 

10,000                                  43   »            21    "         14    M 55   w 28   "           19   w 

20,000                                  27   "             14   "           9   " 41    H 21    "           14   • 

30,000                                 19   "              9   "          7   M 33   M 17   "           11    * 

50,000 9" 4» 3    "     23   " 11M 8 

75,000 15   " 7   " 5 
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PAR? h    A STRATEGY OF INVESTMENT PUNNING GIVEN THE DYNAMICS OF HARKET GROWTH 

I.    THE THEORY OF A DYNAMIC INVESTMENT STRATEGY 

A.     THE MACRO DYNAMICS OF MARkET GROWTH AND THE STRATEGIES OF LONG RUN INVESTMENT 

Investment planning in the fertilizer industry is a function of the long run 
dynamics of fertilizer demand.    It is presently possible to segment long run 
investment decisions into three major stages consequential to the overall 
growth of fertilizer consumption.    A representation of long run market develop- 
ment is demonstrated in the graph below. 

FIGURE 1. 

Long run growth of fertiliser demand in a developing nation - prototype - 1^ 

Total cons. 
m. t. 

T S P 
75,000 

Optimal cons. 
kg/Ha 

III Market 

10,000 

Import 
T S P 

Produce T S P from 
import of &*P0 

Years 
Produce T S P by importing 
sulfur, phosphate rock. 

1) The prototype assumée only optimal and low rateo of fertilizer utilisation. 
In our example we attributed 10,000 metric tone to low optimal use and 75,000 
m.t. to optimal ratios of fertilizer consumption, 

2) Stage II   »   growth rate of 15JÉ 
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At the outset, we evidence a period of fertilizer utilization at levóla far belo* 
the optimal ratio per unit area.    The rate of grcwth in thin nta^e is very low. 
Subsequently, ve demonstrate a Stage II of accelerated growth rrrmltin/; from the 
initial im)*ict of extension services and federal assistance to fertilizer promo- 
tion.    Thin is accompanied by massive efforts in marketing and distribution,    Â 
third period (Jta^je III) of declining growth rates signala the development of a 
nature market.    The duration of each stage is dependent upon the decree of comit 
r.;cnt to fertilizer utilization,  Including education, financing,  price support 
y-rogramme,  etc.    The dynamics of industrial and domestic planning require: 

1. That rshort run investment proposals coincide with current economic 
realitieo (market and infrastructure capabilities) 

2. That all present decisions are consequential to the long run evolution 
of consumption and social infrastructure.    Hence, present investirent 
alternatives must fit an ongoing "system" of fertilizer development. 

The following sections develop a prototype of investment decision making for the 
fertilizer industry. Demonstrated below is a model evidencing the logical link- 
ago of investment analysis and long run economic planning. 

Syst »BID. tic economic planning; realizes long term economies by:- 

1. Matching a period of low growth and low levels of demand to the import- 
ation of final products.    (Stage I.) 

2. Supporting periods of high growth and moderate levels of consumption 
through "intermediates" industry (Stage II.) 

3. Serving matured markets with declining growth rates and high levels 
of consumption through grass-roots industrialization,    (sulphuric acid 
to phosphoric acid to triple superphosjjhate and compounds:    (Stage III.) 

The above strategy su^er.ts that lony run diseconomies will result if the timing 
ami sequence of industrial development are not properly accomplished. 

-.   curare nwiXJCTioi: .J:D CONSUMPTION PATOIS DEHOIBTRATB SUB OPTIMAL STRATEGIES 

IN STÀOti II MARKETS 

Our Korket unalyais (Table I) confirms that 61 nations, each consuming le3s than 
5,000 Bit of P2°5' are uftable t0 efficiently support a domestic phosphoric industry. 
If total connuiiption fall3 below 5,000 mt their least coat alternative is the 
importation of final product.    Where the demand exceeds 75,000 tons, the total 
¿ra3r,-roots option proves to no satisfactory.    Our theory tends to follow the 
• ;r?:ieral concensus; for most of the nations enjoying high levels of domestic 
d'; '.rid (abovo 100,000 P2°5 PîloaPnori<" unit) are en^a^od in grass-roots production. 
In addition, many are cx^rtim; the finished product. 

Tho cor.conauo in not as clear within the intermediate ranges of consumption. 
There urn many countries e-ich consuming between 5,000 to 100,000 tons of P0 
which bolón/; to the h   ;h rrovth rate croup.    We feel that each should be confuted 
to the intermediate iro'uotry.   However, some countries have already developed 
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a grass-roots production (with chronic overcapacity),  or continue to produce 
low content fertilizers.    On the other hand, the remaining countries are still 
importing the final product. 

2.    MARKET GROWTH RATES AND EFFICIENT UTILIZATION OP CAPACITY 

A key element in our investment strategy is choosing a production configuration 
that is able to match plant capacity with market growth.    In markets of high 
growth rates (Stage II ) the intermediate industrial option minimizes the losses 
of under and over capacities.    Rapidly increasing consumption patterns make it 
exceedingly difficult to match continuous growth rates to discrete additions 
of output.    Plant productivity in a rapidly growing market either lags or leads 
domestic consumption. 

FIGURE 2. 

Harket growth and over/under plant capacities in Stage II. 

8 12 17 

Year 

_21«MHBEaffiK£¿. 
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Evidently,  the least responsive production configuration,  in a Stage II environ- 
ment is the grass-roots option.    It has the longest lead time.    Adjustments to 
market fluctuations must be accomplished in all three production phases (sulphuric 
acid,  phosphoric acid and TSP).    In addition, where the demand for fertilizer is 
critical, economic planners are committed to minimize periods of excess productive 
ability in all three production phases.    Furthermore,  fluctuations in TSP demand 
manifests itself (vin the accelerator) in t.. leconomies through the three-phase 
grass-roots production process, and through the social infrastructure. 

For example, a change in demand for TSP of one mt implies an increase of 510 
kg phosphoric acid and an increase of 900 kg cf sulfuric acid.    The disadvantages 
of grass-roots industrialization in a high growth market can be thus summarised 
as follows:- 

Creation of a new capacity involves the complex alteration of three production 
phases, which, by extending the lead time until completion, aggravates die- 
crepenoies in market demand and supply.    Furthermore,  periods of production - 
market disequilibrium - are characterized by net outflows of foreign exchange 
and reduction in the efficiency of the capital investment. 

On the other hand, the intermediate production procesa rapidly adjusts to changing 
demand patterns with a minimum of additional capital outlay.   Fully 40# of the 
investment in the intermediate process is taken by storage and handling faoilities. 
The investment in storage trovides additional flexibility since modular ware- 
houses are able to act as buffers between consumption fluctuations and changes 
in productive capacity. 

3.    THE DYNAMICS OF MARKET GROWTH,  INVESTMENT STRATEGIES AND INFRASTRUCTURE 
CAPABILITIES. 

Coinciding with market growth is the evolution of transportation, storage and 
handling facilities. However, the lead time of investments in the social infra- 
structure usually exceeds the growth of fertilisation consumption and productive 
capacity.    In Stage II, production and consumption are usually growing faster 
than the capabilities of storage and transportation.    An optimal Stage II fer- 
tiliser investment strategy must offer the least-cost method of distributing the 
desired output through limited supply channels.   It appears that the intermedi- 
ate goods alternative places fewer demands   on the distribution system in the 
Stage II environment.   The grass-roots opt-on tends to "clog" the supply system 
with imported raw materials (sulphur, phosphate rock).    In addition, the three- 
stage grass roots process increases storage requirements at each level of pro- 
duction.   The chart Figure 3. shows that the intermediate goods alternative 
tends to bypass the limited infrastructure by rüducing the tonnage of raw mate- 
rials needed to produce a given output.    During Stage II, the grass-roots indust- 
ry requires almost 4 times as much product to be transported to and from the 
source of production. 
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PICURE 3.* 

A COMPARISON OF INPUT TONNAGES REQUIRED BY GRASS-ROOTS PRODUCTION vs. INTERMEDIATE 
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NOTES:    (Figure 3.) 

1.    1.4   metric ton   of phosphate rock are required by grass-roots industry for 
every metric ton of TSP produced 

2. .544 

3. .51 

4. .425 

of sulphur are required by grass-roots industry for every 
metric ton TSP produced 

of H3PO4 are required by intermediate industry for every 
metric ton TSP produced 

of phosphate rock are required by intermediate industry for 
every metric ton TSP produced. 

Phosphate rook 1st 313* P2O5 

E3PO4 is t      6<£ Pp05. 

Depending on the plant sise, if the intermediate plant is located near a harbor 
it trill use a "separate** (unloading facilities, tank storage, pipelines at 
$100,000) infrastructure further reducing the burden on the general infrastruc- 
ture. 
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4.    INVESTMENT   SAVINGS CAN BE UTILIZED IN SUPPLY SUPPORTING ACTIVITIES. 

One additional comment regarding investments, market size and infrastructure 
capabilities should be made.    Recall, that we suggest that a commitment to do- 
mestic fertilizer industrialization is likewise a commitment to the development 
of marketing institutions. The growth of a domestic fertilizer industry, must 
also be paralleled by developments m: 

1. Agricultural markets, price stability and credit systems. 

2. Distribution aystema of fertilizer and agricultural produce. 

A realistic investment strategy must insure that the potential bottlenecks of 
distribution systems are avoided,    The productivity of dollars committed to the 
growth of industrialization should be matched against the requirements of supply- 
supporting activities.    Evidently, investment in the latter projects makes dol- 
lars committed to domestic industrialization more productive.    Investment savings 
in a Stage IT environment,  through the intermediates alternative, frees additio- 
nal capital to support marketing and distribution activities. 

Prom our dynamic model in the concluding section of this paper, we find that 
investment savings in plant and equipment are indeed substantial. 

B.    THE MICRO ANALYSI3 OP INVESTMENT ALTERNATIVES WITHIN THE STAGE II 
ENVIRONMENT: THE STATIC MODEL 

Within the dynamic framework of market and infrastructure development, the rela- 
tive advantages of intermediate goods processing, in Stage II, can be analyzed 
by considering: 

1. The components of investment 

2. The characteristics of foreign exchange expenditures 

3. The comparative oosta of final products. 

1.    THE COMPONENTS OP INVESTMENT: THE STATIC MODEL 

The initial investment in plant, equipment and working capital is a non-linear 
function of capacity.    Prom Table H it is evident that the absolute spread of 
resources committed to the initial investment increases with output.   The spread 
in plant, equipment and working capital in the graaa-root« industry, increase« 
fro« $2.5 a. (at 10,000 TSP) to $11.7 •. (at 135,000).   Variable áspenme« are 
greater by about 63?C in the grass-roots as compared with the intermediate goods 
proems.    The fixed cost component is more than twice as large in the grass- 
roots process. 

See Figure 4. on Page 18. 
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FIGURE 

Comparison of total fixed coat behavioir. 
roots varaus internadiat« productior. 

at rarious atabas of output:   grass 
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tigun 4, shova that fiiad coeta incraaaa ataadily acroaa all output ranfta, with 
tha aprsad batvaan tha two altarnativaa growing fro» f725.000 p.a. (at 10,000 at 
TSP) to 12,000,000 p.a. («t 135,000 at TSP).    Unit fixad ooatt for tha antir* 
industry bahava in an inwsa toannar. 
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FIGURE    5 

Comparison of two induatiy alternatives. 
Grasa roots vs.  intermediata process. 
Total fixed coeta/unit output TSP. 
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1. »lit fixed costa for grass-roots include total fixed coats of all stage« of 
production/et aaeusdng full capacity. 

2. unit fixed ooata of intermedióte process only includes costa in production 
of 18P fro» H_W.. 
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a)    SENSITIVITY TO COST FLUCTUATIONS AND PRODUCTION SCALE 

Unit costs of phosphoric acid drop substantially through the production ranges 
appropriate to a Stage II market. 

FIGURE    6 

Wet process phosphoric acid (54# P20j:     plant capacity versus production costs. 
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Source:    UH Fertiliser Manuel 

Unit production costs of sulphuric acid are less sensitive to scale. 
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FIGURE 7 

Sulphuric acid: production oost lese sulphur cost varsue jpìant capacity. 
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But ara diractly rasponsiva to changas in sulphur píricas. 
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FIGURI   8 

Sulphuric aoidt    Cost of sulphur in acid versus sulphur cost. 
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(t/st of 10CJÍ HgSO ) 

Source:   UH Fertiliser Hanuel. 

Change« in resources and/or product prices are evidenoed directly in the variable 
unit oosts.   The greatest iapact on variable costs is generated by fluctuations 
in the price of phosphate rook and sulphur.   The influence of phosphate rode is 
felt aost in the grass-roots industry «here it is required at both the phosphoric 
acid and the TSP stages of production. 

Unit production costs of phosphoric acid are related aure to the price of phosphate i 
rock than to the cost of producing sulphurio acid. ' 

•i 
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Phosphate rock makes up 54/6 of variable coats aa opposed to sulphuric acid which 
comprises less than 42$ of variable costs.    (Assuming constant price ratios 
between phosphorus and sulphur)* 

FIGURE    9 

Vet-process phosphoric acid (54# PpO,.):    production cost versus cost of phosphate 
at various sulphuric acid costs. '2V5 
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Source.    UH Fertilizer Manual 

On the other hand» TSP is least responsive to scale, even at low output rangea. 
However, production costs of TOP are related to changes in the price of (imported 
phosphoric acid and phosphate rock). 

The major cost component» of all three production stages are the costs of raw 
materials. 
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TABLE    III 

Raw naterial aa a component of variable costs and total costs (50,000 output of TSF 

Product Raw naterial # of variable 
oosts 

i of total 
costs 

V°4 Sulphur 96 58 

¥°4 Phosphate rock 53 37 
Sulphuric acid 44 31 

TSP Phosphate rock 11 10 
Phosphoric acid 87 77 

The price ratios of phosphate to sulphur is appropriate to countries importine 
raw material. *^      m 

b)    TERMINAL COSTS OP PHOSPHORIC ACID 

A commitment to TSP production via phosphoric acid is likewise a commitment to 
additional storage and handling facilities     The tables indicate the unit coats 
per metric ton P0   of storage and handling.   Similar storage and handling costs 
were calculated In other studies (e.g. TVà). 

Exporters of phosphoric acid offer it cif.    While trade of sulphur and phosphate 
rock is very often on fob basis.   This eases supply arrangements for countries 
which import phosphoric acid. 
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Terminal cos ts -    phospho 
TABLE IV 

rie acid (69 T   P 0 ) 
¿ j 

Production 
T S P 50,000 100,000 135,000 

Phosphoric 
ncid/aiinum 30,000 60,000 80,000 

Coat (•)  t. 
?

2°5 5.- 3.5 3.- 

Inveotment - S 100,000. 

Terminal costs include storage and handling in und out. 

c) CONCLUSION OF INVESTMENT ANALYSIS WITHIN STAGE II. 

The investment in plant and equipment is 4 times higher in the grass-roots procese. 
Expansion coats are greatest in the grass-roota alternative given the commitment 
to sulphuric and phosphoric acid production. 

Total variable costa are reduced In the intermediate goods industry by minimising 
the requirement for raw materials. Furthermore, absolute fixed cost outlays can 
be minimized by producing TSP directly from phosphoric acid. The impact of re- 
source price changes ia moat evident in the grass-roots process. The intermediate 
goods industry minimizes the risk (by minimizing the raw materials requirement) of 
unfavourable trenda in unit coet - especially in the rapidly changing market of 
Stage II. 

Investment in storage comprises about 40# of the capital committed to the production 
of TSP from imported phosphoric acid. Savings in investment can be further increased 
by constructing storage facilities as required by the growth in market demand. 
For example! it is possible to operate a plant with 45,000 mt capacity at half 
its designed output to match a market demand of 22,500. 

Fixed costs are reduced by reducing the storage facilities needed to support such 
an output. The effective savings is almost 20# in plants producing at half capa- 
city. Economies are realized via diminished operating costs and plant investment. 

The savings in foreign exchange outflows is likewise evident when the following 
percentages are reviowed. 

Of the total capital investment, 60JÉ is for plant and equipment and 40JÉ for storage. 
Of the 40# storage investment 60# is for building and 40# for machines. For the 
6C# in buildings, 50# is in local currency and 10# in foreign. For the 400* 
(machine outlay), 30J6 is in foreign currency and 10)í in local. 
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2-    TM5 CHARACTERISTICS OLj^glGOXCHANQE EXPENDITURE:    THE STATTn wnnET. 

The following analysis of foreign exchanga is a simplified version of a more 
complex dynamic „odel that will be presented in the lecture.    Our preeenteUon 
seeks hero to demonstrate a method of analysis baaed on a m^oTSSîSS. 

ITtZoZ' er' We.Wi11 releaae th9ae a—Ptiona and develop *^e£ method of dynamic investment analysis. K"»«.« 

We adopted the following aaaumptions:- 

1) Zero growth rate in consumption 

2) Supply - one plant operates at full capacity,  covering demand. 

3) Jhe analysis evinces the characteristice of foreign exchange at 
6 different consumption levels, matched by plants of the same 
capacities. ^^ 

4) Planning horizon is 15 years,  (length of Stage II.) 

5) Constant resource prices and foreign exchange rates.   Furthermore, 
no changes in the cost of capital or the required return on invest- 
ment are anticipated. 

6) Constant yearly foreign eichange cash flows. 

The foreign investment component ia a constant percentage of the initial outlav 
in plant and equipment. Table V, traces the paS and tie spread oTftwllí^ 
change cash flows per Stage II capacities.    The largest component of va¿£l. 

lZ+l   ^ Phcsphat? •* «* Phosphoric acid is 10#.    Other inputa of Zrtl" 
costs include power,  (5C# FEC) water (1<* FBC) and fuel (90* FEC)!   Howe•   ìhe 

process.    The initial LvanC^L^ t^tÍrnTa Ä     ^^ 
.he grass-roots alternative enjoys a net operating advantage.  (TaïleV.)    *   * 

The cost of phosphoric acid to the TSP production process accounts for ita com- 
parative operating disadvantage. WUUWJ IOr ixa COB- 
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TABLE VI 

Payback periods of u.R. va. intermediate industry (f.E. Component) 

Plant sis« 10 25     50     75     100 

Payback period  100 • y. 100 + y. 100 • y.  11 y.     9 y. 

135 

6y. 

!££ ÜL-"* nSf 1° d9mtmtnt9 *«• Wback period required for the O.E. to 
•qual the pre.«* talue of total outlay to that of the inte»ediate iaduetry 

The figure shove that at low capacity the payout period is auch longer than the 
actual life of the plant.   It becoaee .horter with the inoreaae of siae. 
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FIGURE    10 

Payback periods of Ö.R.  va. Int#nwdiat« (B) Industry    (F.E.  Component) 
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Tabi« ni, show» total coat of production for tripla superphosphate whan all 
planta oparata at full capacity. 

Tha lntaraadlata routa an,ioya an advantage in tha total ooat of production whii 
diainiahaa with incraaaad capacity and loaaa ita advanta** at capaciti «A grant« 
tha« 100,000 tona. 

tha kTraaa-roota lnduatry anjoya an advantage in tha foraign currancy axpanditu* 
fro« 25,000 tona capacity. 

8inca production la of tan balow inatallad capacity in tha dynamic narkat tha 
diffarancaa in total ooat of production will «till ba «raatar, whila tha advanfa 
in foreign «changa «pandi tura anjoyad by tha graas-roota operation, will ba 
avallar and amy ba rararaad. 

TA1LI   HI 

Coat of ] production of TSF 

Plant oapacitiaa Intaraadiata 
Coat of Production 

•t/TSP 

Oraaa Roots 
Coat of Production 

nt/rap 

M\ ne Unit no 
10,000 72.40 57.88 109.70 65.30 
25,000 64.97 55.56 82.19 55.41 
50,000 60.75 54.53 68.47 48.74 
75,000 59.46 54.14 64.03 47.97 

100,000 58.18 53.75 59.59 47.20 
135,000 57.43 53.53 56.85 46.09 

I« 
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xr* 

»tage 

j. fl«cLmi«8 OP THE atme nona, 

The static model above tanda to confin our hypothesis.   It suggests that a pro- 
duction configuration operating in a stags II environment (assuming ssro growth) 
«ill realise •conosiee by operating as an intermediate's industry.   lote that all 
plant sises relative to the Stage II market 19*000 - 75*000 at evidence savings 
in foreign exchange.    Only at the uiper limits of Stage II (lover range of 
Stage 711) does the PV of ioreign change expenditures break-even (given the grass 
roots option) at a tine within the life of the project.   This is as we would 
expect, for our theory recosaends the grass roots alternative at output ranges 
characteristic of Stage II market s. 

Therefore, ve have demonstrated within our static framework, that the inter- 
mediate industry is the best possibility given the macro analysis of market 
growth and the ni ero analysis of investment alternatives. 

The dynaado model presented in the next section designs a strategy for a ßsaÜDL 
market demand.   Furthermore, the model in the section develops a Mil ffif Tlîffl* 
sisea at each year for 17 years.   Comparisons are then drawn between the mix 
alternatives of grass-roots and intermediate production. 

iMÉW^ÀMefeeeÉHSìii 
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II.    THE DYNAMIC MODEL 

A,    DESCRIPTION OP THE DYNAMIC MODEL 

1.    THE STATIC MODEL REVIEWED ..,-; . 

We have introduced a macro theory of investment strategy given the dynamics of 
market demand and ¿micro analysis of investment considering the components and 
the behaviour of foreign exchange.   The micro analysis, of the previous sect^pn 
compared the investment alternatives of grass-roots and intermediate procede» 
in a sero growth market.   The supply side of the market was assumed to be support« 
by either a single plant or a single complex.    Por example, if 100,000 mt TSP 
was demanded per year, ttieïi we compared a TSP plant of 100,000 mt TSP (importing 
H,P0 ) to the grass-roots complex;   A TSP plant capacity of 100,000 mt TSP, a 
phosphoric acid plant producing 64,000 at H-PO. and a sulphuric acid plant pro- 
ducing 92,000 mt E SO .   Ir tach case we assumed full capacity. 

2.    THE DYNAMIC MODEL 

In this section we attempt to drop many of our static, assumptions and link our 
micro methods of investment analysis to the dyr•"4• ?f "f/frt* ffT""^'    We 

present a comparison of thrf: investment strategies, introducing the inter- 
mediate and (two) grass ro:t    alternatives as a series of plant mixes through 
a TSP market growing at V$> f<-r year.    The analysis demonstrates first, that the 
three strategies are resonable (i.e. they closely follow market demand at low 
cost.)    In addition, the conclusion of our analysis prove to be correct regard- 
less of changes in our assumptions. 

The working model is a series of investment«» in a Stage II market.    It links 
our recommendation to import TSP in a Stage I market with our suggestion to 
integrate into graaa-roots production at the onset of Stage III.    It shows that 
there is a period of approximately 15 years (Stage II) where the optimal plant 
strategy io the intermediate configuration.    By defining the least-cost options 
through this 15 year period, we, in effect, ¡lave defined (for this example) the 
upper and lower limits of a Stage II market. 

This section seeks to show the comparative costs to the entire economy by select- 
ing a least cost alternative from the strategies of grasp-roots and intermediate 

f production.   The oash flows presented are total cash flows for the entire economy 
| (Operating cost plus investment minus depreciation).   Unit costs (of local and 
if foreign exchange) include the costs of importation.    Our calculations of expen- 
( di tures and cash flows include the <*osts of operating at less than full oapacity. 
J Our analysis thus challenges the notion that savings on unit oosts and foreign 

: exchange outlays are mutually exclusive (as evidenced in our static presentation) 
It also refutes the theory that higher expenses (i.e. high unit costs) must be 
tolerated to save foreign currency. 

Hence, the model demonstrates limits of Stage I and Stage III.   It shove that 
by comparing the present values and unit coats of three strategies, the inter- 

; mediate process enjoys the umallest present value of total investment and 

mmm 
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foreign exchange outflows. It further demonstrates not only the effectiveness 
of intermediate strategies, but also the existence of a Stage II phenomenon. 

B. THE MARKET LIMITS OF STAGE II DEFINED 

The lower liait of Stage II is not determined by the relative advantages of va- 
rious plant siaes. Indeed, the low market consumption at bottom ranges of 
Stage II precludes comparative production analysises. Our definition of the 
Stage II lower boundry recognizes the minimal economic shipping costs of H3PO4 
as the critical constraint. For our analysis, we have found that the coats of 
imported H*P0A is not significantly related to the quantity purchased. Further- 
more the minimal economic shipping quantity (H3PO4) can be indirectly transla- 
ted into a minimal plant size of TSP. The required output in the grass roots 
option of H2SO4 and H3PO4 is obviously directly related to the desired TSP capa- 
city. Thus, the lower Stage II limit is a function of shipload quantities and 
storage. In our example, shipping and storage costs determine that 6 shiploads 
of 2000 metric tons (each) H3PO4 per year, plus the storage required to support 
the imported H3PO4, define a minimum plant sise of 10,000 m.t. TSP per annum. 

On the other hand, the upper limit of Stage II (by definition) is that locus of 
market growth where the alternative of grass roots production offers greater sa- 
vings than the intermediate process. Had the grass-roots option been immediately 
successful, or had the break-even point of grass roots and intermediate produc- 
tion fallen shortly after the lower boundry, then our notion of a Stage II stra- 
tegy would hardly justify further consideration. However, both the static and dy- 
namic models conclusively signal the existence of a 15 year Stage II market. 
Stated another way, (in our example) there exists at a \% rate of growth, a 
Stage II market of consumption evolving from 10,000 m.t. TSP to approximately 

100,000 m.t. TSP per annum. 

C. THE STRATEGIES DEFINED 

Our market strategy is designed to select three courses of action, two of which 
manifest the grase roots metnod of production. The first strategy is a combina- 
tion of plants which are based entirely on the notion of employing H5PO4 to Pro- 
duce domestic TSP. The strategy closely matches the growth of market demand and 
plant capacity. At the same time it seeks to minimize total costs. 

The strategy for the production of TSP from either imported or locally produced 
H3PO4 has intentionally been kept constant to serve as a common ground lor com- 

paring the next two gress-root alternatives. 

The first strategy for grass roots production seeks to parallel the growth of 
TSP output (and demand) with the production of H2S04 end H3PO4. Evidently, the 
first grass roots option adds aoid plants in small increments, matching the 
25.000 and 50,000 m.t. TSP additions in the strategy. The second grass roots 
option adds acid production later in Stage II., when TSP consumption is large 
enough to support the introduction of 75,000 m.t. (TSP) capacity. 

Our choice of grass root strategies tests the extreme two cases of inveatlnf 
early in acid production as opposed to investing later, and in larger capacities. 

WÊÊÊÈà mmm 
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Both these grass root optiona have been compared with the possibility of producing 
TSP from imported phosphoric acid.    (The intermediate option). 

Table VIII below summarizes yearly forecasted market demand, our three strategies, 
and yearly production capacities.    Our replacement philosophy seeks to minimize the 
possibility of undercapacity (i.e.  importing TSP) while, at the same time, providing 
for the least-coat method of matching demand and supply.    Important factors matohrng 
output to consumption includes    the lead times of construction, the progress towards 
full capacity,   une normal life of acid and TSP plants, and the feasible siee of 
plant increments 

D.    THE ASSUMPTIONS OF THIS MODEL 

Our assumptions wer« made with three goals in mind.    First, we attempted to simplify 
the mechanics of the model.   Hext, we attempted to match our computations with 
current economic realities and with étudies that have been accomplished prior to 
this one.    (Where the assumptions are critical, sources have been quoted in justi- 
fication.)   And finally, we attempted to minimize the changes in our conclusions 
ae a result of changes in our assumptions.   Furthermore, if at all possible, our 
model has selected the most conservative and realistic assumptions. 

1.    MARKET ASSUMPTIONS » 

A market growing at the rate of 15^ was used to demonstrate the best possible 
growth that can be expected for a developing nation.    TVA publication "Kotiauted 
World Fertilizer Production Capacity as Related to Future Needs surfest s that 
upper liait of market growth is usually no more than 10#.    See figure 
However, in order to add to advanta^x* of ¿^man-roots production, we selected a 
toififtqr rate of growth.    Obviously the higher the rote of growth, the shorter the 
duration of a Stage II market and the weaker our *ir¿;ument is for intermediate 
production.   Furthermore, we have assumed that the cost of importing sulphur, 
phosphate rock, and phosphoric acid will remain constant throughout the Stage II 
horiaon.   The cost of these resource« were chosen to be Si 30.- mt H-FO , $30.- 
<Af mt sulphur, and $17.- oftf phosphate rock. (343* P^Oj.   Source: *    4 

2 5 
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FIGURE 10a 

THE GROWTH OP FERTILIZER CONSUMPTION PER CAPITA - AALA COUNTRIES WITH 1960-67 TRENDS 
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2.    STRATEGY ASSUMPTIONS: 

We have assumed that our plants produce only for domestic production, and that 
excess capacities are not exported if market demand should be le3S than productive 
ability.    In addition, we have assumed that current excess capacity cannot be era- 
ployed to produce products that will be stored for more than one year in order to 
satisfy future increases in demand,  fhis, we feel, is a reasonable assumption given 
the difficulty and high cost of storing theae products over long periods of  ,imo. 

We have now brought new plana on line (anticipating the lead time for construction 
and capacity build-up) when market demand is approximately 80^6 of productive 
capacity.    Where two plants of the same size are operating in a market unable to 
support the full capacity of both,  total demand has been equally divided among the 
two plants.    Where one plant is larger than the other, we have assumed the largest 
will produce at full capacity, while the smaller plants will produce at leas than 
full capacity.   3alvage values will not be computed into cash flows, for we assume 
that the cost to dismantle a plant is equal to the cash return from salvage.    De- 
preciation is assumed to be a straight line.   The minimum economically viable 
acid plant size is assumed to be 25,000 mt TSP equivalent.    Start-up capacities 
are a function of experience with plants of this nature and the number of years 
of plat.t operation.   The construction lead time is constant at two years for all 
plants and all capacities employed in this model.  (Table IX). 

TABLE IX:    START UP CAPACITIES A3 A 0 OP TOTAL CAPACITY 

Plant Description 

TSP 
25,000 Plant No. 1 
25,000 Plant No. 2 
50,000 

HoSOd and H3PO4 
Pían* Ho.  'J   H 

Plant Ho. 2 
75,000 Plant 

The lead time of capacity to production is calculated by adding time for construction 
plus the time required to reach full capacity, such that actual production will 
equal 800 of market demand during the first year of operation. 

The fixed investment cash flow is assumed to follow a constant outlay sequence 1 
Working capital is expended 400 in the first year and 600 in the second year of 
construction.   Investment cash flow is completed by 300 during the first year, 
and 700 in the remaining year.    The foreign exchange component is assumed to be 
constant at all levels of capacity:   At 700 (PBC) for both working ospitai and 
fixed investment.   The foreign exchange percentage of fixed costs is 12.90 of the 
total fixed inveotwont, or 600 of fixed costs. 

1 2 3 4 5 
350 70 80 90 1000 
80 1000 
80 1000 

T 70 80 90 1000 
80 1000 
80 1000 
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^/ì£: iatT *   t0tal °Utlay °f 0Mh for «V P^ticular period.    The dis- 
count «te used ie *, which we feel to be a reasonable cost of capital. 

E.    RESULTS OF THS DYHÀHIC MOSEL 

^«üí'.h0'^^ Wère acoo-lPli8h*d «°«« the three options.   The first 
strict °£ 2TJ£ 17 ymTBi    ** 8€COnd «»•"* «• «1—» te that 
ZJEfÏLîîî     * third C°"par#d avtra«e C08t8'   For "<* oomparison forti«, 

rttt^L?   0Mi8n •XOhftn^ "•!««*•) •» diaoounted at *   ft/SSS 
atJ^*Z?   i"* mu"Bari,56d *» th* ioUonia« series of figures;  Actual ¿T 

//:• 
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1.   CAM PLOW ANALYSIS 
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FICÜHE 19: 
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G. CONCLUSIONS 

The conclusions of this section reinforce the remarks that were «ade in our «^ic 
model. However, the dynamic* of market growth coupled with changing plant capacity 
(and industry configurations) adds further credence to our notion of a Stage II 
strategy. The table below Table 10 demonstrates that: 

1. The intermediate process minimires (substantially) the present 

value of total cash flows. 

2. The intermedi/ite process minimises the present value of the foreign 

exchange component of total cash flows. 

5. The intermediate option minimises the average costs of foreign 
exchange and total (discounted) expenses. (Table 11) 

TABLE 10: A SUMURY COMPARISON OF PRBSEHT VALOIS OP TOTAL CASH PLOWS AMD 
BETwEEK THE THREE INVESTMERT 3TRATKIES 

Plant Description 

Intermedíate Plant 16,692,500 100 13,969,800 

Present Value of Preoent Value 
Total Cash Plows   Index   of the Poreign     Indßx 

Exchange component 
of cash flows 

100 

Orass Roots 
Option 1 28,062,200 166 19,014,000 136 

Grass Roots 
Option 2 19,062,650 115 14,895,500 106 
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TABLE 11 :    A COMPARISON OP PRESENT VALUES AND AVERAGE PRESE» VALUES OF TOTAL 
KXPEWSES FOR THE THREE STRATEGIES 

Industrial Strategy 

Intermediate 

Grass Roots No.1 

Grass Roots Ho.2 

Total Expenses 
Discounted 

14,806,810 

20,143,570 

16,481,510 

Total Expenses 
in Foreign Exchange 
Discounted 

12,471,568 

13,480,507 

12,106,068 

Intercediste 

Grass loots Mo. 2 

Grass Roots So. 1 

Average Total 
Discounted 
Expense per 
Ton of TSP 

26.11 100 

27.30 104 

35.52       135 

Average Total 
Discounted Foreign 
Exchange Componen t 
per Ton of T3P 

21.99 100 

21.35 97 

32.77 149 

Total eonauaption of TV in 17 years is 567,000 aetrio tons. 
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H.    THE UTILITY OF A GENERAL WORKtHG KODEL 

The primary purpose of our model is to de^nonstrate a theory of investment within 
the TSP industry.    We have chocen, what we feel to be realistic examples as 
evidence of that theory.   The model preaent«3d, ie a general one - one that can 
bo adapted to any specific market or industrial reality.    How the reader employs 
this model is only a function of local political situations, local coots, and 
plant size options.    W« firmly believe that the dynamics of investment planning 
should be applied to other industrial sectors, and, as in the case of Triple- 
superphosphate, the interaediate options may prove to be the most suc^ess-Tol. 






