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competitive to imported urea at projected 1975 prices 
and foreign exchange costs would be much lower for 
internal production. Chile can import nitrogen as urea at 
a lower cost than it can produce nitrogen as either 
ammonium nitrate or ammonium sulfate from imported
ammonia. 

8. Chile can produce both ammonia and urea in 
plants sized to the estimated Andean market (about
150,000 tons/yr of N in 1975), at costs below 
importation costs, even at today's depressed fertilizer 
prices. However, if large ammonia and urea plants arc 
sized to capture the Andean market, or to capture a 
portion of the world market, and then operated at rates 
substantially below full capacity, costs of production 
may significantly exceed costs of importation. 

9. At present depressed world fertilizer prices, due 
to excess capacity for production, Chile call in port
phosphate fertili7ers at costs lower than costs of 
manufacturing in Chile. 

10. It is economically attractive for Chile to produce
phosphate fertilizers when imported phosphates are 
valued at prices that closely approximate the total cost 
of production, which are likely in the world market by
1975. Total supply costs for Chilean production should 
be about the same as for importation, but foreign
exchange costs would be much lower for internal 
production. 

11. The most significant Chilean raw materials for 
fertilizer manufacture are low cost natural gas at Punta 
Arenas and waste SO2 from stack gases at the El 
Teniente copper refinery at Caletones. The rock 
phosphate and sulfur in Chile are not economical to 
utilize in comparison witil other sources, 

12. The total systems costs for production of NSP in 
two plants located -t Rancagua and Penco was about 
the same as for production of TSP at Rancagua.

Production of either of tnese products at 
 other locations 
resulted in higher total costs. Production cost was lower 
for NSP, but distribution cost was lower for TSP. 
Capital investment requirements were significantly lower 

for production of NSP than for production 
 of TSP. 

13. Based on using imported ammonia at cost of 

$44/ton c.i.f. Chilean 
 ports, mixed fertilizer (18-46.0) 

can probably be imported at a lower cost than it can 

be produced. Rancagua was the Chilean plant location 

with the lowest systems cost for production of 1846-0. 

14. Products should be moved in bulk whenever 
possible to reduce transport and handling costs. Bulk 
movement of urea from Punta Arenas to ports serving 
the Central Valley should be considered. If a phosphate
plant is located at Penco or San Antonio, bulk 
movement of phosphate products should be considered 
also. 

15. Urea and TSP should not be bulk blended to 

produce mixed fertilizers because they react chemically. 
Therefore, production of some compound fertilizers in 
the existing Cia, Sud-Americana de Fosfatos (COSAF) 
granulation plant and/or in any new phosphate 
production facility should be considered. 

16. Long-term trade agreements with Peru for barter 
of fertilizer materials could be very advantageous to 
both countries. For example, Chile might trade urea 
and/or ammonia to Peru for rock phosphate and 
potassium chloride from the Sechura desert. With such 
an agreement, Chile could carry bulk tirea fron Punta 
Arenas to northern Peru or to Ecuador-unloading at 
ports en route. On the return trip, bulk phosphate rock 
and/or potash salts could be unloaded at Chilean ports.

17. To take advantage of the long Chilean coastline, 
sea-going barges to carry bulk fertilizer materials should 
b,, considered in long-r:,nge planning lbr Chile's fertilizer 
systems. Barges of this type can move materials much 
more econoiiac-illy than trucks or trains. Also, they can 
service many shallow port% that conventional cargo ships
cannot reach. Barges with bulk unloading eqipment are 
in use. One barge in use on the West Coast of the 
United States transport, both urea and ammonia. 

As mentioned above, these same barges could be used 
to carry nitrogen feriili/ers from Punta Arenas to ports
in Peru and Ecuador--wo Andean Common Market 
countries that should have demand for nitrogen 
fertilizers in excess of capacity in 1975. Rock phosphate
and potash fertilizer Irom Peru could be returned to 
Chile on the backhaul. After unloading phosphate rock 
for a phosphate plant in Penco or San Antonio, bulk 
phosphate products could be loaded and carried to more 
southern ports as the round trip to Punta Arenas is 
completed. If such a barge transport system is 
developed, it might also be used to lower the cost of 
movement of Chilean nitrates and guano.

18. In construction of fertilizer plants, the building
of a good quality plant by a proven and reputable
 
contractor is the preferred practice. 
 The additional
 
capital investment required for a first-rate plant will
 
usually be returned nany times as increased operating
time and efficiency. There is no substitute for good
quality construction by a knowledgeable, reputable, and 
experienced firm. Proven processes usually are preferred 
over processes that have not been tried on a commercial 
scale. 

ADDITIONAL COMMENTS 

1. Doubling the 1969 nutrient consumption of Chile 
by 1975 will require a very effective and intensive 
market development program. In fact, developing this 
market will be more difficult than supplying the 
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SECTION I
 

UMMARY.SIV OF CONCLUSIONS AND RECOMMENDATIONS 

THE SITUATION of K2 0 as Chilean nitrates; 50,000 tons of P2 0 5 as 
superphosphates; and 8,000 tons of and 2,000P20 5

1. Chile is faced with the problem of feeding a tons each of N and K2 0 as guano blends.
 
population which is growing at about the rate of
 
2.3%/year.
 

2. The total area of the country is about 76 million THE FINDINGS 
hectares (ha), but only about 1.6 million ha ail suitable 
for cropping and 1.7 million ha are artificial prairies. 1. In addition to the Chilean market, there should be 
Thus, there is a need to intensify use of the productive an additional market above existing production capacity 
land. for about 70,000 tons of N and 40,000 tons of P2 05

3. The productive farm land is located in the central in the other Andean Common Market Countries (Bolivia, 
third of the country-in the Central Valley-between the Colombia, Ecuador, and Peru) in 1975. If operation of 
Coastal Mountains and the Andes Mountains and parallel small and relatively inefficient production facilities in Peru 
to the Pacific Ocean. It extends from about 200 is discontinued, the nitrogen market there should be about 
kilometers (kin) north of Santiago south to Puerto an additional 40,000 tons of N. 
Montt-a band approximately 50 km by 1,200 km. 2. Fertilizers for Chile should be obtained theon 
More than 80% of fertilizer nutrients are used in the basis of the least cost per unit of plant nutrient 
Central Valley. including all costs of production, importation, 

4. A good highway (the Pan-American) and a good transportation, storage, and handling. There is no 
rail net run through the center of the Central Valley, apparent basis for paying a premium price for some 
and several ports are located on the Pacific coast types of fertilizers. 
parallel to the valley. Thus, transport conditions are 3. The need for sulfur has frequently been 
good and internal distribution costs are a relatively low identified in isolated cases but response for a particular 
proportion of total cost of fertilizas to the farmer. area or soil is not yet predictable. Research should be 

5. Irrigation is a critical factor in agriculture in the continued to better identify crop response to sulfur. 
northern part of the Central Valley and northward. In The nutrient value of sulfur is a significant factor in 
the southern end of the Central Valley, rainfall is choosing future fertilizer products and processes for 
sufficient for a productive agriculture without extensive Chile. 
irrigation. The agriculture that has developed under 4. When two fertilizer materials are available at 
irrigated conditions consists primarily of fruits, corn, about the same cost per unit of primary and available 
rice, vegetables, sugarbeets, and dairying. South of the nutrient, then the potential value of secondary and/or 
Irrigated area the main crops are wheat, sugarbeets, and minor nutrients should be considered. For example, if 
intensive pasture production for livestock and dairy triple superphosphate (TSP) and normal superphosphate 
products. (NSP) were available to the farmer at about the same 

6. The A. T. Kearney & Company, Inc., which was cost per unit of P2 Os, the NSP may be preferable for 
contracted by the Banco del Estado de Chile to do a its sulfur content. 
fertilizer marketing study in Chile, has projected that 5. Practically all the potassium used in Chile has 
fertilizer nutrient consumption will double from 1969 to been supplied by Chilean nitrates and imported 
1975, increasing from about 150,000 to 300,000 tons. potassium sulfate. Since potassium chloride can be 

7. The TVA Team agrees that this quantity of obtained at less than half the nutrient cost of potassium 
fertilizer can be marketed if intensive programs of sulfate, its use should be expanded. 
market development are caried out. 6. The lowest systems costs for importation of N 

8. Based on the Kearney projection, about 40,000 and P materials is with a combination of urea, 
tons of N, 107,000 tons of P2 05 , and 38,000 tons of diammonium phosphate (DAP) (18-46-0), and TSP. 
K2 0 will be needed in Chile in 1975 in addition to the 7. Chile can import ammonia at a lower price than 
quantities that can be supplied from existing Internal it can manufacture ammonia in a plant sized for the 
systems. Chilean market in 1975 (about 50,000 tons/yr of N). 

9. The supply from existing internal systems in However, the ammonia produced in the 50,000 ton/yr 
1975 is estimated as 48,000 tons of N and 10,000 tons plant can be converted to urea in Chile at a cost 
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fertilizer nutrients to satisfy it. Some suggestions for 
improving the effectiveness of fertilizers and for 
stimulating increased fertilizer use are: 

a. 	 Develop a stronger extension channel between 
research and farm production. 

b. 	Use soil test values as the basis of fertilizer 
recommendations. 

c. Support research work to correlate more accu-
rately soil test values with agronomic response 
to lime, nitrogen, phosphate, potassium, and 
sulfur. 

d. 	Keep other cultural practices-such as weed 
control, insect control, and irrigation-in 
harmony with higher rates of fertilizer use. 

e. 	Maintain a continuous search for new plant 
varieties that respond to high levels of fertilizer 
use. 

f. 	Study the long-term effects of lime in fertility 
programs on acid soils. 

g. Provide an economic incentive for farmers to 
use more fertilizer by maintaining a ratio of 
product prices to fertilizer prices that makes 
its use profitable and by providing adequate 
credit at attractive terms for purchase of 
fertilizers, 

h. 	 Use the most economical procedures of bulk 
handling and bulk transport to hold down 
fertilizer costs. 

i. 	 "Seed" the market with imported fertilizers of 
the same type that will be produced in Chilebeore Chilea productio plantuce n 
stream. 

2. It is economically attractive for Chile to produce 
both ammonia and urea in small plants sized for the 
Chilean market. Production costs in larger plants sized 
for the Chilean and Andean markets would be 
significantly lower than for plants sized for the Chilean 
market only. However, production costs in larger plants 
could significantly exceed costs in smaller plants if it is 
necessary to operate the large plants at substantially less 
than capacity. The building of plants before a market is 
developed is a high risk venture. It is suggested that the 
market be developed first-whether it be Chilean or 
Andean-and plant capacity designed to meet the market 
requirements, rather than attempting to capture or 
develop a market after a large plant is built. Advance 
planning and inter-country agreements with firm 
commitments should be reached before construction of 
plants sized for the Andean market and other export 
markets. 

3. DAP and potassium chloride are two relatively 
economical fertilizer materials that are widely used in 
the world. However, due to some incidences of 
unfavorable results, their use in Chile is practically nil. 
The economics of use of these materials indicate that 
Chile should increase efforts to learn how to use them 
effectively, 

4. The possible economic advantages of long-term 
fertilizer trade agreements with Peru are quite significant 
in planning tie development of Chile's fertilizer 
industry. If trade agreements for Chile to send urea 
and/or ammonia and Chilean nitrates to Peru for 
phosphate rock and potassium chloride can be 
consummated, Chile would profit by: 

a. 	Lower costs of production of ammonia and 
urea due to operation of larger, more 
economically sized units. 

b. 	Lower transportation costs for fertilizers and 
raw materials by returning phosphate rock and 
potassium materials in the barges that carry 
nitrogen materials to Peru. 

c. 	 Much lower foreign exchange costs for Chilean 
fertilizer supply systems because Chilean raw 
materials and Chilean transportation systems 
would be fully utilized. 

5. Unless otherwise indicated, the production costs 
and total systems costs calculated in this study for 
materials produced in Chile include a 10% return on 
capital investment. This is considered realistic for 
comparison of various systems costs with alternatives of 
Chilean production. However, in comparing total costs 
of systems involving Chilean production with importa
tion systems costs, perhaps the Chilean production cost 
reflecting a 0%X/ return on investment (R.O.I.) would be 
more realistic. (The production costs at 0% R.O.I. 
include interest and amortization costs.) Therefore, most 

of the tables comparing importation systems alternatives 
with production alternatives show systems costs with 
internal production at both 0% and 10% R.O.I. 

6. The possibility of exporting liquefied natural gas 
(LNG) from Chile to other countries, such as the 
United States and Japan, should be thoroughly 
evaluated. Because of the deficit in some areas, 
long-term LNG prices are likely to increase. 

7. If a decision is made to produce TSP for direct 
application in Chile, the continuous slurry process is 
recommended. This piocess gives a good quality, dense, 

spherical granular product, while avoiding a separate
curing step. However, this granular TSP is not suitable 
for ammoniation and should not be bulk blended with 
urea. 

Therefore, it is suggested that the run-of-pile TSP 
from tile existing COSAF complex at Penco be used to 
produce mixed fertllizers This nongranular material 
could be ammoniated and granulated in the existing 
Penco granulation plant to give a granular mixed 
fertilizer suitable for bulk blending with urea and other 
materials. In addition to anmonia, urea, potassium 
chloride, and perhaps also annonia-amnonium nitrate 
and/or urea solutions could be added in the granulation 
step at the COSAF plant to produce a variety of mixed 
fertilizers. 
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SECTION, II
 

INTRODUCTION
 

This report on alternative systems for supplying 
Chile's fertilizer needs was prepared by a 4-man team 
from the National Fertilizer Development Center of the 
Tennessee Valley Authority (TVA). It was prepared for, 
and in cooperation with, the Corporacion de Fomento 
de la Produccion (CORFO), which reimbursed TVA for 
the expense of the study. The United States Agency for 
International Development (AID) Mission to Chile served 
as a liaison in the planning and execution of the study. 

OBJECTIVES 

At CORFO's request through USAID/Chile, TVA 
agreed to evaluate the technical and economic feasibility 
of various fertilizer supply systems for Chile and also to 
investigate the fertilizer situation in the other Andean 
Common Market countries and Venezuela. Specific 
objectives were: 

1. To estimate 1975 fertilizer demand, including types 
and quantities of fertilizers required for each 
province. 

2. To determine and compare costs of supplying the 
required fertilizers, including transport and handling, 
by various alternatives of importation and 
production, inciuding both domestic and foreign 
currency costs, 

3. To analyze briefly the fertilizer situation in the 
Andean Market and Venezuela, including fertilizer 
consumption, existing production facilities and raw 
materials, and projected fertilizer production 
capacity and demand. 

BACKGROUND
 

In May 1968, AID/Chile arranged for a 2-man advance 
team from TVA to visit Chile to discuss a fertilizer study 
requested by CORFO. The team spent 2 weeks in Chile 
discussing tile project, preparing an outline of work, and 
estimating the cost of the study. The report of the advance 
team, including the work outline, Is in the appendix. The 
work outline was expanded later at CORFO's request to 
include an analysis of the fertilizer situation inthe Andean 
Market and V2nezuela, and the budget estimate was 
Increased accordingly from $37,500 to $47,500. 

In discussing the proposed study with CORFO the 
following assumptions were agreed upon to form the 
starting basis for the study: 

1. TVA would review the fertilizer demand estimate of 
the A. T. Kearney & Company, Inc., which was 
contracted by Banco del Estado de Chile. If TVA was 
In general agreement with the Kearney estimate, then 
it would be used as the basis for the TVA study. 

2. TVA also would utilize as much additional data from 
the Kearney study as possible, including port data, 
transportation, handling, and storage costs, etc. 

3. 	TVA would be given the quantities and locations of 
use for sodium nitrate, potassium nitrate, and guano 
mined in Chile. Then TVA would compute systems 
costs for providing the additional fertilizer nutrients 
required. 

4. 	TVA planning would utilize stack (waste) SO2 from 
the El Teniente copper refinery at Caletones to 
produce any sulfuric acid needed for future fertilizer 
production. 

The various alternative fertilizer supply systems costs 
computed by TVA should be considered only as order of 
magnitude costs. Small differences in costs of alternatives 
should not be considered as significant because of the many 
assuilptions necessary in estimates of this type. On 
computing investment and operating costs, the TVA team 
utilized somewhat standardized assumptions that have been 
previously developed and used by TVA in other similar 
studies. Therefore, these assumptions are uniform and are 
considered to be sufficiently accurate and reliable for use in 
a study of this type. 

The team visited different types of farms to get 
better acquainted with Chilean agriculture. This 

gave background for developing recommendations. 



SECTION III
 

FACTORS RELATED TO FERTILIZER USE
 
AND PROJECTED 1975 NUTRIENT DEMAND
 

The purpose of this section is to provide the setting for 
the study of fertilizer supply systems for Chile. Climatic 
factors, sod considerations, land use, and the fertilizer 
materials now being used were considered and the projected 
fertilizer use developed by Kearney was summarized. 

CLIMATIC FACTORS 

Briefly, the northern section of Chile is desert and 
subtropical, the central portion temperate, and the south 
rainy and cold. 

Rainfall generally increases from north to south, with 
specific quantities at a given latitude determined by the 
height of terrain. The terrain may be described briefly in 
terms of mountain ranges and plains. There is a 
medium-high mountain range close to the sea and the high
Andean mountain range on the east. The plains lie between 
the two mountain ranges; they range from intermediate 
height in the north to low in the south. This complex of 
topographic features results in greater amounts of rainfall 
along the coast than in the central plain and a still greater 
amount along the Andes (1). 

The mean annual rainfall is shown in figure 1. Annual 
rainfall increases from only a fraction of a millimeter (mm) 
in Arica (at the northern extremity) to 117 mm in La 
Serena (one-third of the north-to-south distance) to over 
2,500 mm at Valdivia (two-thirds of the N-S distance). 
Chile is also characterized by long dry periods during the 
summer when evapotranspiration is greater than 
precipitation. The occurrence of these dry periods, shown 
in figure 2, decreases in intensity to the south. In contrast 
to the dry periods, the May-August period (winter) is 
characterized by excessive rains. 

Fluctuations in temperature are shown in figure 3. 
Generally, temperature conditions tend to be more uniform 
in the Central Valley, with extremes greater both to the 
north and to the south. The pattern of frost-free months is 
shown in figure 4. 

In the Agricultural Development Program prepared 
by CORFO for 1961-1970, the country Is divided into 
six zones primarily on the basis of rainfall and 
climate. These are: 
Zone 1. Tarapaca to Atacama: annual precipitation 

from 0 to 50 mm of rainfall. 
Zone II. Coquimbo and Aconcagua: 50-300 mm. Arid 

temperate climate. 
Zone 111. Valparaiso to Talca: 300-1,000 mm in the 

Central Valley; 500-1,000 mm in the coastal 
region; and 400-2,000 mm in the Andean 
foothills. Semi-arid temperate climate. 

Zone IV. 	 Maule to Malleco: 1,000.1,500 mm in ,lhe 
Central Valley; 1,500-3,000 mm in the Andean 
foothills; and 1,000-3,000 mm in the coastal 
region. Temperate climate. 

Zone V. 	 Cautin to Chiloe: 1,200-1,400 mm on the 
coast; 1,500-2,500 mn in the Central Valley; 
and 2,500-4,000 mnn in the Andean foothills. 
Humid temperate climate. 

Zone VI. 	 Aysen and Magallanes: 3,000-8,000 mm in the 
insular cordillera; 300-800 mm in Chilean 
Patagonia. Cold temperate climate. 

The combination of climatic factors in Chile has made 
irrigation a critical factor in agriculture beginning in the 
Pica desert in the province of Tarapaca and extending 
through the Central Valley to include the province of 
Bio-Bio. Additionally, the need for irrigation extends 
through the province of Cautin. The agriculture that has 
developed under irrigated conditions consists primarily of 
fruits, vegetable crops, corn, rice, sugarbeets, and dairying. 
South of the irrigated area the main crops are wheat, 
sugarbeets, forest, and pasture with extensive livestock 
production. 

A major crop is sugarbeets, which are grown under 
both irrigated and non-irrigated conditions. 

'
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Type of farming reflects topography, rainfall 
and other factors Modern farms are typical on 

the level region in the southern part of the 
Central Valley, while smaller farms are 

SOIL CONSIDERATIONS AND LAND USE characteristic of other aieas (below). 

Soil Classification 

The agricultural soils of Chile have been classified and -4 
mapped. Field data on profile descriptions and capacity of 
use are available from tie Instituto de Recursos Naturales. ', ' '-" 
Data on capacity of use of soils were published in 1968 as 
part of the plan for agricultural development 1965-1980. A 
summary of these data is presented in table I. Descriptive 
data on chemlical characteristics of soils are linmited. 

Fertilizer Response " . 

Good agronomic data are available oil the use of 
fertilizers in Chile. The Institute of Agricultural Research 
has experiment stations in Santiago, Chillan, and Tenitico. Project, the University ot Chile. the Clholic Univei,,ity at 
The work of these stations Is supplemented by seven Santiago, the University of ('onctpCiM at ('oncepcion, and 
substations located in the agricultuial area from Vicuna to the Austral Univeisilty at Valdivia. Pressures loi increased 
Osorno. Additionally, the sugarbeet institute (IANSA), the use of tertili/ers place an uigent ineed on the correlation of 
University of Chile, and the Catholic University do soil test values with agrononic eslponses to lie,nitrogen. 
agrononic research, phosphale, ind potasslinol. 

Until 1969 soil laboratories for testing and making Leteher and Wiilght defined tour distinct agricultural 
fertilizer recommendations were used very little. In 196 €)  zones ol lie Central Valley in teiis of lertih/tci response to 
the Institute of Agricultural Research supplemented its soil wheat (8). Selected re',ponse datla Iront these aie presented 
testing facilities at the La Platina Station at Santiago with a in table 2. Their work indicales that in geiierwl phosphorus 
modern soil testing laboratory at Chidlan with capacity for and nitrogen are major cleien is thaitI eic need to he added 
10,000-20,000 samples/yr. Additional soil testing facilities to the soil for crop production. Calcium was found to be 
are available at tileUnited Nations Soils Department secondary with potassium giving less iesponse than calcium. 
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Briefly by zones they found that in: 
Zone I (consisting of the provinces of Coquimbo, 

Aconcagua, Valparaiso, Santiago, O'Higgins, and 

Colchagua)-There are a few soil types "that do not 

conform to the regional pattern of a fertilizer response 

to nitrogen but to no other element." 
Zone 2 (consisting of the provinces of Linares, Maule, 

Nuble, and Concepcion)-"ln general, all soils show only 

a very slight response to potassium and lime, a slightly 
more marked response to phosphorus, and a good 
response to nitrogen." 

Zone 3 (consisting of tile provinces of Bio-Bio, 
Malleco, and Cautin)-"Slight responses to lime and 

potassium are more frequent and the response to added 
phosphorus in this zone becomes general and often is 
very marked." Phosphorus response in this area is 
correlated with soils derived from volcanic ash mineralr. 
On the younger soils of volcanic origin crops, such as 
rape and sugarbeet cannot be grown at all without 

adding phosphorus. All crops and pasture show response 

to phosphate on these soils. 
Zone 4 (consisting of the provinces of Osorno and 

Llanquihue)-"Both potassium avid lime gave economic 
crop response on a number of sois, whereas nitrogenous 
fertilizers are much less effective, particularly if the soils 

have been under cultivation for some years. Almost all 

the soils in the zone gave a good response to added 

phosphorus and on sone soils the response is 

outstanding." 

Soil pH 

From Santiago northward, soils are neutral or above on 

the pH scale. Going south from Santiago, the pH value 

begins to decrease, and soils are on the acid side of the scale 
in the more humid areas. Soils of pH 4.8-6.0 give very little 
response to lime. On soils of pH of less than 4.8, response 
has been obtained on sugarbeets but not on wheat. In pot 
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Table 1.Soil Classes in Chile 
%of Land 

Class Capability of Intwnsity of Use Hectares Surface 
ARABLE Adequate soils for all crops of the 

zone without use limitations or risk 
of erosion. Permits intensive rotations 90,834 0.12 
and maximum use intensity. 1/1 

Adequate soils for almost all crops 
of th- zone with slight use limitations 
and slight risk of erosion. Permits 711,533 0.94 
intensive rotations but with some
 
limitations. 2/3
 

Adequate soils for certain crops of 
III 	 the zone with moderate use limitations 2,195,155 2.90 

and moderate risk of erosion. Permits 
moderate rotations. 1/2 

Adequate soils for occasional crops 
IV 	 with severe use limitations and severe 2,270,850 3.0 

risk of erosion. Permits only 
occasional crops. 1/5 

Total Arable 	 5,268,372 6.96 

NONARABLE 

Adequate soils for special crops or 
V 	 permanent pastures, with very severe 2,270,850 3.0 

use limitations and limited to moderate 
risk of erosion. 

Soils not adequate for cropping without 
VI severe use limitations and severe risk 6,509,770 8.6 

of erosion. Only adequate for pastures 
and forest. 

Soils not adequate for cropping without 
VII very severe risk of erosion. Adequate 12,338,285 16.3 

for pastures and forest but with limitations. 

Soils not adequate for use other than 
VIII wild life. 49,277,445 65.1 

Total Nonarable 70,426,628 93.04 
Total Land Area 75,695,000 100.00 

Source: Plan dc Desarrollo Agropeculrio 1965-1980. USO Potencial de Los Suelos de Chile Nfnilerio de Agriculturi ODI.PA, SantIago, 
Chile - 1968. 

experiments in the greenhouse, rates of 12 tons/ha of finely The establishment of soil testing laboratories and the 
ground CaCO 3 have been required to raise the pH from 5.8 work that is under way to correlate yield response to 
to 6.7. soil-tesl values should provide a key factor in soil 

The need for phosphorus and potassium has been management and fertili'er use in the future. 
relatively low in the area north of Santiago, with the need 
for potassiun somewhat lower than phosphorus. The need Land Use 
for both phosphorus and potassium increases to the 
south of Santiago, with the need for phosphorus increasing The total amount of land devoted to agriculture is 
at a much faster rate. projected in the Kearney report to remain unchanged 
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Hand harvesting and animal-drawn equipment are common in many areas. 

through 1975. However, there is a trend toward more 
intensive use of land. From 1968 to 1975, land devoted to 
cultivated crops is projected to increase from 1,492,000 ha 
to 	1,746,000 ha, a gain of 17%. During this same period, 
the area in artificial prairies is projected to increase from 
1,114,000 ha to 2,174,000 ha, a 95% increase. These 
changes will reduce the natural prairies from 12,037,000 to 
10,723,000 ha, or 11%. 

The total land surface and distribution of Chile's 
agricultural land by major crops are shown in figure 5. 

SUITABILITY OF NUTRIENT SOURCES 

N,trogen 

Nitrogen has been used largely as sodium nitrate and 
potassium nitrate. Some urea has been used in recent years. 
Ammonium nitrate, ammonium sulfate, the ammonium 
phosphates, and other mixed fertilizers are also possible 
sources of nitrogen fertilizer. All of these materials are 
considered equally satisfactory sources of nitrogen with the 
following exceptions: 

I. 	The ammonium form of nitrogen is preferred for rice 
grown under submersed conditions. These conditions 
increase the denitrification of nitrates; thus, the 
nitrate form of nitrogen should not be used for this 
crop. Even with the urea or ammonium form of 
nitrogen, flooding should immediately follow 
application of nitrogen to prevent oxidation of 

ammonium to nitrates. 
2. 	Urea should not be applied as a surface application

but should be incorporated into the soil. Losses of N 
as NH 3 have been observed on both acid and alkaline 

Table 2. Response of Wheat to Main Fertilizersa in the
 
Four Agricultural Regions: Average of
 

100 Field Trials 1954.56
 
qq/hab 

Zone N P K Ca 
I 2.3 1.3 -0.7 -

II 5.5 3.5 0.4 2 0 
Ill 3.3 6.4 1.2 1.6 
IV 1.4 9.9 2.5 2.4 

aAnnual application, ot ertil/r, "%ere,ippro\mimaely 

Nitrogen 64 kg/hia N, ,i %oditniFiltrate 
Phosphoru 100 kg/lia I120q, .%htcd plhospile "Melon" 
Potassiul 100 kg/ha K20. ,,,%UtllIt of pota%h
Calcium. 900 kg/ia 0O. as,calcium arbonite.

bl q/ha = 89 lb,/acre appro\mniately 

soils when urea isapplied as surface applications. 
3. 	Care should be taken in the continued application of 

high rates of sodium nitrate on soils under irrigation 
or areas of low rainfall. Salinity problems may 
develop under these conditions. 

Benefits are sometimes claimed for such materials as 
calcium amnonmum nitrate because it is not acid forming. 
The liming value of such a fertilizer is quite small in relation 
to cost. Usually it will be more economical to use an 
acid-forming nitrogen material and apply lime to correct 
the acidity. 

Phosphate 
Phosphate fertilizers have been used more widely than 

any other type of fertilizer in Chile. They appear to have 
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Production of livestock and dairy products is important, particularly in 
the southern part of the Central Valley where rainfall is plentiful. 

been used at rates that were too high in relation to nitrogen 
and possibly potassium. Although the need for phosphate 
will continue to be high in relation to nitrogen and 
potassium, more attention needs to be given to establishing 
ratios of the three nutrients that will give the highest and 
most economical yield. Although several other phosphate 
materials have been available, most ol this nutrient has been 
supplied as TSP. Some ot tile other phosphate carriers 
used-such as Bifos and Reno Blends-may have had 
agronomic advantages for special soil and crop conditions, 
but generally they have no overall advantage over TSP. 

Other materials that aie suitable should be considered on 
the basis of economics. These include NSP (0-20-0), DAP 
(18.46-0), and amnoniated superphosphates. If NSP can be 
supplied as cheaply per unit of P205 as TSP, its use would 
be recommended particularly in areas where sulfur response 
may be a possiblity. In areas where N-P grades are needed, 
DAP and ammoniated superphosphate would have the 
advantage of having both nutrients in the same material. 
However, these materials should not be placed too close to 
the seed [placement at planting should be 2 inches (in.) to 
the side and 2 in. below the seed]. Otherwise, seedling 
Injury may occur during germination. This is particularly 

true on alkaline soils where ammonia may be released. 
Initial work with DAP in Chile showed some evidence of 
seedling damage to sugarbeets. However, with further 
research on placement and tile release of ammonia, the 
problem should be overcome so that DAP can be used on 
sugarbeets in Chile. Perhaps using ionoammomum 
phosphate (MAP) rather than DAP would reduce the 
possibility of seedling damage. 

Fused magnesium phosphate has been given 
consideration also. Its phosphorus iscitrate soluble but not 
water soluble. Its major use would be on full season 
crops-such as corn, grasses, and the legumes-in the more 
humid area of Chile. Generally, phosphates that have low 
water solubility decrease in effectiveness as particle size 
increases. They are not recommended for use on alkaline 
soils, as a starter fertilizer, or on vegetables and other crops 
that do not develop a massive root system. 

Potassium 

Potassium isthe least used major plant nutrient. Even so, 
there are indications that too much potassium nitrate has 
been used in the northern part of Chile where soil supplies 
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of potassium generally are adequate. Most potassium has 
been supplied as potassium nitrate and guanos, although 
some potassium sulfate and potassium and magnesium 
sulfate mixtures have been used for several years. 

Generally, the need for potassium is from Curico 
southward. In much of the northern part of this area the 
response to potassium has been slight. In the last 2 yrs 
responses to potassium on sugarbeets has been obtained in 
the Bio-Bio-Nuble areas. Observations of this nature and 
results of experimental work indicate that as cropping is 
intensified, the need for potassium will increase, 

Potassium chloride has been used very little in Chile. It 
should be considered as a source of potassium, primarily on 
the basis of economics, as the need for potassium increases. 
If it is a significantly cheaper souice of K 20 than potassium 
sulfate, there are only two objections concerning the use of 
potassium chloride. First, it should not be used on tobacco 
due to the bad effect on quality. Second, there have been 
problems with chlorine accumulations in the area around 
Santiago. 

Secondary and Micronutrients 

There are indications of localized nicronutrient 
deficiencies in Chilean soils. Most of this has been through 
visual observations; rescarch has not been extensive enough 
to predict areas of need. The need for sulfur has frequently 
been identified but response for a particular area or soil is 
not yet predictable. Some feel that the need for sulfur 
would probably rank next atter N, P, and K. Careful 
attention should be given to NSP as an economical source 
of sulfur. 

Lime 

In Chile, lime has not been widely used as a fertilizer 
nutrient or as an amendment to regulate piI values. This has 
been true primarily because a large portion of the 
intensively cultivated %oil% have all adequate supply of Ca 
for plant growth and soil pl is inherently at or near the 
neutral value. Additionally, in the nmoie humid areas where 
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pl I values are low. ,i large part of the soils are derived from blends are particularly well suited to meeting soil fertilityvolcaic ash On these soils hime has not shown a response needs as indicated by soil tests. While the fertilizer industry 
on crop. such as wheail ind the grasses used for artificial is relatively young, thought should be given to selecting a 
prairies the mote extensive type agriculture ilowever, mininiu number of tatios of mixtures that will mostwith the intensification ot agiculture in the mote hunid adequately meet the soil fertility requirements of Chile.
 
region, hime will likely need to be given serious
 
consder,ition in trying to obtain the greatest returns from 
 General Observations
 
fertili/c 1ie lomg-th', , etlects of hime on the soil as a
 
chenical system and the effect which it has on the response 
 1. The number of grades of mixture, and the number of
of other niateials should he evaluated closely. Under soil types of straight material should be aept to a minimum. 
conditions and farming systems where hime is needed, it With comparable particle size and solubility, one source of
usually gives a higher return per dollar invested than other a nutrient is generally as good us any other and can be
ferlih/er nateiial . substituted as dictated by economic considerations; 

however, there will be isolated cases, as with the effect of 
Mixed Fertitizer chlorine in potassium chloride on tobacco, where a

particular material should not be used.
Mixed fertlihers are used very little in Chilean 2. All products should be bought on the basis of least 

agriculture. Two conditions will probably increase the need cost per unit of plant nutrient. 
for their use First, a more intensive agriculture will place 3. Recently (1969), the Institute of Agricultural
greater emphasis on nitrogen and potassium use in Research emphasized the need for soil testing services with
conjunction with phosphate. This may create a situation the establishment of a soil testing laboratory at Chihlan.
where nuxed fertili/er would be the most convenient and Full support should be given to tile use of soil testing as the
economical way to supply the fertidizer need. Second, when basis for fertilizer use. 
labor becomes more critical, particularly in the south, 4. Each person (business or professional) who either
mixed fertihier inade by bulk blending and spreading recommends or provides fertilizer to farmers should be well
services will likely become economic considerations. Bulk grounded in the basics of soil.plant.fertilizer relationships. 
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5. To insure the maximum return from fertilizer, it 
should be considered as one of the inputs in abalanced and 
carefully planned farm management program. This idea 
should be a continuing part of all agricultural education and 
development. 

6. Frequently, the Team heard reference to the 
"substitution" of one nutrient for another. This implies 
that a given quantity of one nutrient gives the same yield 
response as same quantity of another nutrient. If the 
practice of using only one nutrient is followed, in tile the 
nutrients not added will be depleted from the sod. For 
example, if P is added without K for a number of years, 
there is likely to be a time when P will no longer give 
response without tie addition of K. Thus, the practice of 
substitution is a1short-run concept. Eventually, the nutrient 
in shortest supply will become himiting and will need to be 
included from both agronomic and economic points of 
view. 

DISTRIBUTION OF NUTRIENT USE 

Tile recent distribution of nutrient consumption is given 
by provinces in Exhibit 2.10 of the Kearney report (2). 
These data are condensed by four major regions o the 
country in table 3 From this one callsee that mare than 
80% of Chile's fertili/er use is ii Ihe LCenlral and south 
central provinces. Three of these provinces, Cautin, 
Santiago, and Nuble consumed about one-third of the total. 

Table 4 shows the relative use o the thice major 
nutrients for 1967 Phosphates have had the largest use and 
accoutted tr 60'/( ot tie totl. Nitrogen use was aboutl 
one-half that o phosphate, and potassui showed limited 
use with only 10'/ of the total Mole nttlogen and less 
phosphate has been used in the central than ii the South 
central region (regions identified in table 3). Generally, the 
use of nitrogen tnd potassitum isconcentrated ii the central 
and northern areas and the use of'phosphates is heavier in 
the south central and southern regions. 

PROJECTED 1975 DEMAND 

Tile discussion which follows is basically a summary of" 
fertilizer projections made in the Kearney report. 

Fertilizer has been recognized as ii iiiportant 
production input by those who establish agricultural policy 

E0in Chile. Fertilizer cost in 1965 amounted to 71 
million-13% of total agricultural inputs. By 1971 itis 

E0expected to account for 122 million (i Escudos of 
1965)--15%of total agricultural inputs. Only animal feeds 
will exceed this production input in 1971. 

In its Technological Study, the Kearney group 
concluded that fertilizer use in Chile is high in relation to 

other production inputs Fat liers are awate at fie need or 
fertilizer but do not understand why it is needed 
Generally, tarmers are unawaic at the dilteience in ihe 
function of nitrogen, phosphlate, and potassium fe, itels 
Also, tillage practices, use of iirngation, quality seed, weed 
control, and other pi oduction prnctice, eicnot In keeping 
with levels of feitilier use. Ihese aheivations ae 
supported by compating nciedsed fet lilt/ewith 
subsequent increases in agrictiial produhction FC'oi 
example, fertilizer use in ternis o nuit en tinits almost 
tripled in I I yrs an average growih rate at () I'/yi. Duiing 
the same time agricultural production giew at , rale t only 
I .2%/yr. 

These obseivatttns in no way lesen lie 1inpoi tance o 
fertilizer as a pioduction Input To tihe coantitary, Increased 
fertlizer uise will be essential to ,icheve the mle Intensive 
use of land which is projected lot :gii.ultuieChile,un The 
significant point ICIII/el s atis that Is ly l one many 
production Items which must be used isa package 
Otherwise, tertiliier will not give Its hest lesptanse, oi mlay 
even reduce yields. Thus, the proje.LlaitS which tollow 
assume that Chilean agiicultute will iake imole intensive 
use o land and thtit migenten ,rilacllce and education 
will receive as much or more enphlsis thal leitili/er All 
factors of production most add tagelther it give an 

Table 3. Relative Consumption of 
Plant Nutrients by Region (2). 

Percent of Average yearly 
total country growth rate 

1963 1967 1968 1963-1968 
Northern Provinces 
(Tarapaca- Coquimbo) 2 2 2 106% 
Central Provinces 
(Aconcagua . Maule) 35 41 35 3.7 
South-Central Provinces 
(Nuble - Valdivia) 44 43 46 50 

Southern Provinces 
(Osorno - Magallanes) 19 14 16 0.6 
Total 100 100 100 3.9% 

. 

Table4. Relative Use of Fertilizer 
Nutrientdtiaals 

Nutrient Materials 
Nitrogen (N) 30% 54% 
Phosphate (P2 ,) 60 45Potassium (K) 10 1 
Total 100% 100% 
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Table 5. Recommended Rates of Plant Nutrient Use by Crop and Provincea 
Zone Province Wheat Corn Rice Oats Barley Potatoes Beans Lentils Sunflower Rapeseed 

Sugar-
beets Grapes Vegetables 

Artificial 
Pastures 

I 

II 

III 

Tarapaca 

Antofagasta
Atacama 

Coquimbo 
Aconcagua 

V alparaiso 
Santiago 

80-50-0 

80-50-0 
.. 

80-50-0 
.. 

120-50-0 

120-50-0 

120-50-0 50-40-0 

60-50-0 

60-50-0 

60-50-0 

60-50-0 

kg/ho80-50-0 

80-50-0 0-40-0 
1 

80-50-0 0-40-0 

. 

40-40-0 

40-40-0 

40-30-0 

40-30-0 

80-50-0 
..... 

80-50-0 
850 

50-50-0 

50-50-0 

3040-0 

30-40-0 

3040-0 

0 'Higgins
Colchagua 

...... 

...... 

IV Curico 
Talca 

80-80-0 
... 

100-80-0 5040-0 60-80-0 60-80-0 80-8040 0-40-0 40-60-0 40-40-0 100-150-0 80-80-0 
.0-0-0 

50-80-0 3040-0 

L inares .. 
0-0-0 

Maule •...... 
V Nuble 

Concepcion 
Arauco 

80-100-40 100-120-40 50-40-0 60-8040 
,. 

60-12040 
e, 

80-100-60 
0, 

04040 40-8040 
,. 

40-50-30 0-0-0 100-200-0 

" 

80-80-60 

" 

50-10040 

", 

30-50-30 

Bio-Bio .................
 
Malleco 

.. 
VI Cautin 80-12040 100-12040 60-10040 60-10040 80-120-60 04040 40-8040 80-15040 80-20040 50-12040Valdivia 20-60-30...... .9. 

5 1 .0VII Osorno 80-150-50 60-10040 60-100-40 60-150-80 
Llanquihue " •5... 

80-15040 50-250-80 50-12040 20-60-30 
992  20 0 3 Chiloe 
.... m,

VIII Aysen 
20-60-30Magallanes

aAt 90% of maximum crop yield, the levels shown are for general average conditions. Many soil conditions and farm practices may require either higher or lower amounts than indicated.Source A. T. Kearney and Company, Inc. 
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High-quality, fresh fruits and vegetables are found in the traditional markets 

econonic return to the producer if fertilizer use is to 
increase as projected. 

To establish a basis for naking projections in the 
Kearney report, soil maps of Chile were studied in detail 
and soil-test and fertilier-response data were evaluated, 
Confidence in the evaluation of such data was enhanced by
conferences with research personnel and on-farnl 
observations. Additionally, soil-test correlations developed 
in other countries and tile data available in Chile were used 
to develop fertilizer recomlmendations by /ones for each 
crop. Tile reconlniendations outlined in table 5 were 
developed to supply fertilizer sufficient to obtain response 
at the 90.92% level of niaxiniun crop production. These 
recomlmended iates were then applied to the surfces, as is 
outlined in figure 5, to make feitihier projections Io 

1975.' 


The relationships of 
projected tonnage to historical 
consulption are shown ii figure 6 These projections 
indicate an increase in tonnage froni 1969 to 1975 of 
41,000 to 90,000 for nitrogen, 101,000 to 165.000 for 
phosphate, and 11,000 to 50,000 for potassium, 
Essentially, tllese projections indicate that fCertili/er 

IAlthough (lie ' VA Team did not explore the crop production and 
fertihier LIc data in the same detail a %the Kearney group, i 
reviewed %elected dala, conducted ilterview%, and made fieldobservations necessary to validatc tile a'ssmnipliolis and procedures
for making projections, 

nuhlient use should double by 1975 Indicdltons are Ihat 
use of phosphate will grow at levser late than nitrogen bul 
that potassium consumption should have the lales, growth 
rate of all. Seveial piotesion,l ,gr.ultlnli,ht in ('hie who 
have reviewed these datla think that the plojeclion, for 
potassiu are too high The Kearney group Indica ted that 
the rdlpid rate of In.rese cal be paitially explained by th1e 
continuance of laiiiers ii tle nortlheiin province to use 
pottassiunim where it is not reConiniended 

The 1975 projeCtLed LOInsuiptin of N, POq , ind KO 
in Chile by piovilnce is presented iii figuie 7 The projected 
use portrayed by tIns chart closely parallels the 
historical pituerns of use developed in L\libil 2-10 of 
tile Kearney ieport 

The materials required to pi ovide (lie 1975 piojecled 
consuliplion of N, P2 O q, and K20 ire presented ii figure 
8 Tile laterls that have noinially been available in ('lile 
were used to lake these projections Although urea 
was projected to increase in Inportance and supply a 
large portion of the nitrogen, the filtrates were 
expected to supply the largest poitioni o lfie nitrogen 
requirements. TSP was expected Io cotinue heiig the 
major phosphate material id phoplwle nutrientsipplier. DAP was not included because plans foi its 
prod c ion in Chile were il t delinlie a t lie lilne of fie 

forecast. Potassium sulfate was projected to le the major
forn of potassium fertiliLer. 
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Total Land Surface Total Agricultural Land Cropland
75,695,000 ha 14,644,000 ha 1,746,000 ha 

ladcropland artificial 
prairis 

(* s 

59% 
3. rbccisI 

Grains: 
wheat 

73 
IFruits 5.1,corn

f/other 

80% 73% 
non-agricultural natural prairie - fallows, etc. 

Figure 5. Total Land Surface and Distribution of Chile's Agricultural Land 
by Major Crop Uses (2) Projections for 1975 

Phosphate 

Source Developed from Data in Exhibits 2 10, 2-17, 2 20, & 2 23 in 
"BANCO DEL ESTADO DE CHILE, CHILEAN -
FERTILIZER DISTRIBUTION". Vol 2,Marketingof -

150,000 Fertilizers. A T Kearney & Co,lnc 1970 / 

Note 1969 Consumption Data was provided by Banco 
del Estado de Chile 

/ 
/ 

/ 

/ 
-- / 

/ 
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-- / 
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/ 
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/ 
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- / 
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50,0013 5(1000- Potassium 

--- -
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1963 1967 1969 1975 

Figure 6. Historical and Projected Plant Nutrient Consumption 
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Mat.ll__ 1 Source: Developed from Data in Exhibits 2-18, 2.21, and 2-24 in "BANCO DEL 
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SECTION IV
 

EXISTING FERTILIZER RESOURCES: PRODUCTION
 
FACILITIES, RAW MATERIALS, AND INTERMEDIATES
 

EXISTING PRODUCTION FACILITIES 

Chile has facilities to produce 160,000 tons of N, 50,000 
tons of P20., and 24,000 tons of K20 as chemical 
fertilizer annually. All the N and K20 capacity is as Chilean 
nitrates, and all the P20, is produced in asuperphosphate 
plant located at Penco. Guano isestimated to supply about 
2,000 tons/yr each of N and K20 and 8,000 tons/yr of 
P2 05 . 

Chilean Nitrate Production 

Practically all Chilean nitrate production is in three 
plants in Antofagasta province in the northern part of Chile 
by Sociedad Quimica y Minera S.A. (SQM). Total annual 
capacity by product istabulated below: 

Product Tons 
Sodium Nitrate, Grained 650,000 
Sodium Nitrate, Crystalline 140,000 
Potash Nitrate (15% N, 12% K20) 200,000 

The maximum daily output by plant is given below. 

Plant Product Tons 
Pedro de Valdivia Grained Sodium Nitrate 2,000 

Maria Elena Grained Potash Nitrate & 
Grained Sodium Nitrate 1,200 

Victoria Crystalline Sodium Nitrate 600 

The ore containing 6-25% sodium nitrate, called 
"caliche", is mined in open-pit mines near the plants. The 
overburden, which may be 3-5 meters (m) thick, is drilled 
and blasted and then removed by mechanical drag lines, 
Then the caliche is removed in a similar way and dumped 
into rail trucks that convey it to the plants. 

Tile Guggenheim process is utilized to extract the 
nitrates fron the ore. The crushed caliche is leached with 
warm mother liquor and tile leachate is then cooled so that 
tile sodium nitrate crystallizes out. 

To recover the potassium nitrate, the solid residue from 
the leaching operation is treated with water to dissolve both 

residual sodium nitrate and potassium nitrate together with 
sulfate, chloride, borate, and iodate salts, Imported 
potassium chloride is sometimes added to the solution to 
increase recovery of potassium nitrate. The dilute solution 
from the leaching operation is concentrated by solar 
evaporation in open-air ponds. As concentration proceeds, 
various salts crystallize out and are removed by suction 
dredges. When the solution in the ponds reaches the desired 
concentration, i is sent to crystallizers for cooling and 
removal of the potassium nitrate. 

During the last 2 yrs labor problems have held output of 
nitrates down to about 600,000-650,000 tons/yr. About 
250,000-300,000 tons/yr of nitrates are normally used in 
Chile, and the remainder isexported. 

Phosphate Production 

Phosphate fertiliers are produced in Chile at Penco by 
COSAF. Plant capacity is about 50,000 tons/yr of P20s as 
NSP (25% P201), TSP (46/' P205 ), and enriched 
superphosphate (36% P.20). The Penco production 
facilities were built in two parts The old plant began 
operation in about 1956, and the new plant in 1968 

NSP is produced in the old plant by spraying sulfuric
acid aiid waler ointo ground phosplh.ite rock in a panai n ae nogon hsht oki a 
granulator The pan product is cured for about five days, 
reclaimed with a front-end loader and ,creencd Crushed 
oversize and undersi/e ire recycled Nloioccin rock (387( 
P2Os) Isused to produce a 25,, 11201 ploduct The 
diameter of the pan granulator was estinmied as about 
12-14 feet (ft). Other components of the old plant include 
a 40 ton/day contact sulfuric acid plant, a 100 ton/day 
ring-roller mill for grinding rock, and a rotary blender with 
about a 1-2 ton capacity. The blender isutilized for mixing 
some TSP with rock phosphate before acidulation to 
produce a 36% P2O product. 

The new plant has a capacity of about 300 tons/day 
of either granular TSP or enriched superphosphate. 
Run-of-pile superphosphate is produced continuously in 
a cone mixer and Broadfield den. After curing, tile 
superphosphate is granulated in a rotary drum 
granulator. 

Sulfuric acid is produced in a 360 ton/day Monsanto 
contact unit. The sulfuric acid is utilized with ground 
Florida rock to produce wet-process phosphoric acid. The 
phosphoric acid unit is composed of a compartmented 
single tank reactor, an Eiico tilting pan filter, and 
Swenson evaporators. Steam from tie sulfuric acid unit 
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Waste sulfur dioxide from the El Teniente copper refinery at Caletones
 

can be used to make sulfuric acid for use in fertilizer production
 
An expansion program at the refinery is nearing completion
 

is used in the phosphoric acid evaporators. Either 
imported elemental sulfur or sulfur produced in Chile is 
used for sulfuric acid feedstock. 

The cured superphosphate is granulated in a Sackett 
rotary drum granulation unit. This unit includes an 8 ft x 
16 ft granulator, a 10 ft x 50 ft dryer, a 10 ft x 50 ft 
cooler, screens, and oversize crusher, and a recycle return 
system. 

The rock phosphate used in the new plant isgiound in a 

ball mill with a 25 ton/hour (hr) capacity. Some finely 
ground rock phosphate (-325) mesh), with the trade name 
"Hyperphosphate," isalso sold for direct application. Gafso 
rock isused for the Hyperphosphate. 

All granular products from the Penco plant are packaged 

in 80-kilo jute bags with plastic liners. Hyperphosphate Is 

packaged in paper bags. 

Due to start-up problems with the new plant, output 
from COSAF's Penco plant has been less than rated 
capacity. In recent operation, production in the new plant 

was reported to be at 80% of capacity. 

Guano is an organic fertilizer derived from lhe 

eremet of someyein Chile-red a bis TwiyeThe white guanoguano isare harvested and white 

freshly deposited material that contains about 14% N, 
12-14% P20O,and 2% K20. Red guano is material that was 
deposited many thotisands of years ago and has undergone 

chemical changes. It contains about 0-3% N, 15-18% P205 , 

and 0-2% K2 0. 
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Over 90% of current guano usage of about 18,000 
tons/yr is red guano. Very little while guano is being 
harvested now because most of the birds have disappeared. 

All red guano is marketed as a 5-20-6 grade mixed 
fertilizer, which is prepared by bulk blending tile guano 
with necessary quantities of sodium nitrate, potassium 
nitrate, ammonium phosphate, TSP, potassium sulfate, and 
potassium chloride. Sales of the 5-20-6 total about 33,000 
tons/yr. The blend is sold iii 80-kilo jute bags with 
polyethylene liners. 

All guano deposits are in tie provinces of Tarapaca and 
Aniofagasia. White guano is harvested by hand. Drag lines 
are used to harvest the red guano whenever possible, but in 
some inaccessible areas, it must also be removed manually. 
The guano and other feed materials aie crushed and finely 
ground prior to blending The materials to be blended are 
pre-weighed and then blended batchwise in a iotary mixer 
of about 2-ton capaoLty. The blending plants are located at 
Iquique and MejIlones 

Although guano is only harvested at a rate of 18,000 
tons/yr, there is processing capacity for at least three times 
this rate Reportedly, the low processing rate was 
established to conserve reserves, 

RAW MATERIALS 

Chile has an abundance of natural gas, which is tile most 
economical feedstock for production of nitrogen fertilizer. 
It has vast reserve% of Chilean nitrates containing both N 
and K2 0. In addition it) organic phosphate sources, such as 
guano, there are large phosphate deposits as low-grade 
apatite containing 12-30', P20;. Extensive sulfur deposits 
ale known, and an abundance ot SO2 and pyrites which 
could be used t) make sulturic acid. 

Naturat Gas 

Exploitable reserves of natural gas in the province of 
Magallanes are estiniated as about 120,000 million cubic 
meter, (mn'). About 8 million in 1/day of natural gas 
conltaining 85-90'/ nethane will be available at Cabo Negro, 
30 kill noitib ot Punta Aicnas. froni liquefied pctiocliin gas 
(IPG) operation now under construction It is estimated 
thai a natural gas flow of 13 million ml1 /day could be 
mnatittamned ot 25 yrs. Cost of thils gas for annonia
pimtluctioiu is estimlated as SO.lO-O.15/thousand cubic feet
(ft i) 

Chilean Nitrates 

Reserves of Chilean nitrate are not accurately known, 
They ate estimated to be at least 100 million tons of 
nitrates in ore containing at least 6rX NaNO1 and an 

additional 100 million tons as lower grade ore. A typical 
analysis of the ore or "caliche" istabulated below. 

NaNO 3 6-10Component Wt% 
NaCI 4.5-9.5 

NaSO4 10.-30 
Mg 0.2-1,3 
K 0.5-1.6 
Na2 8407 0,5-0.8 
12 0.03-0.05 
H20 1-2 

Phosphate Apatite 

Reserves of phosphate as inorganic apatite have been 
estimated at 3.8 million tons of material containing 12-30% 
P205 in a deposit north of Vallenar in Atacama province in 
northern Chile (5). The mineral isdescribed as being mainly 
chloro-apatite. Analyses in weight (wt) % of two samples 
are given below: 

Component Sample 1 Sample 2 
S1O 2 9.5 8.4 
P205 28.0 24.7 
CaO 37.2 36.0 
Fe2 03 18.0 25.0 
A1203 2.3 1.5 
CI 4.5 4.6 
F Trace Trace 
Mg Trace Trace 

The mineral was mined from about 25 mines with shafts
down to 100 il deep. A total of about 700.000 tons was 

removed from 1938 to 1965 and used to produce 
phosphate fertiliiers by thermal processes. Mining 
operations were discontinued in 1965 because of high costs 
High costs were said to be due to the deep shafts, the 
hardness ot the rock. the lack of mechanied equipment, 
amd tie lack of economical beneficiation processes 

1he apatite from the mining operations was used to 
produce phosphate fertiliers described as monocalciumprdcphphefrthrsdshda onalun 
phosphate and undersold tile trade names "Fosfato 
Pelicano" and "Fosfato Melon." "Fosfato Melon" was 
produced by calcining a ground mixture of apatite, sodium 
sulfate, coal, and hime at 1,2000 C."Fosfato Pelicano" was 
produced in a similar manner, except that salitre was 
utilized inqtead of sodium sulfate. An analysis of the 
"Fosfato Pelicano" isgiven below. 

28 

http:0.03-0.05


Component Wt % 
P2OS 20-22 
SiO 2 15 
CaO 33 
Fe2O3 9 
A120 3 2.5 
Magnesia 3.5 

Sulfur (3) 

The sulfur deposits of Chile are among the largest known 

reserves of native sulfur ores in the world, with surveyed 
reserves of about 35-40 million tons of S in ores averaging 
about 50% S.(This sulfur ore or "volcanic sulfur" differs 
from elemental sulfur of the "Frasch" type in that it is 
combined with mineral impurities and musi usually be 
refined before it can be used.) Situated on oi near the 
volcanic peaks of the Chilean Andes. the deposits occur 
mostly at altitudes of' 12,000-14,000 ft wiih sonic in the 
north as high as 20,000 fi. The principal layer of sulfur ore, 
or "caliche," consists of yellowish-white ore containing 
45-75% sulfur, but rich pockets of almost pure sulfur 
(85.95% S)sometimes occur. 

The principal known sulfur deposits are tabulated 
below: 

Reserves 
Number of sulfur deposits Million Average 

Province Surveyed Not surveyed tonsa %S 
Tarapaca 10 31 12.6 52 

Antofagasta 18 17 14.1 51 
Atacama 11 3 13.4 50 
Coquimbo 1 2 0.1 55 
Santiago
ColchaguaTalcag-

-
1 

I 
1 

-
-

-
0.5 
0.5 

-
50 
50Red 

ulea 
Nuble 

-
- II -- __ -

Bio.Bio - 2 - -

Cautin - 2 - -

Valdivia - 3 - -
41 63 40.7 51 

aRefers only to surveyed depoits. 

Production capacity of individual mining and refining 

operations which have been active in the past 15 yrs, is 
about 120,000 tons. Sulfur refining isusually carried out in 
autoclaves. 

Sulfur Dioxide in Metallurgical Gases 

Potential for production of sulfuric acid from 

metallurgical gases is estimated as 4,000-4,500 tons/day of 

H12SO4 When the present expansion program at the El 
Teniente copper refinery at Caleones is completed, 
converted gases containing 5 5" SO: will be available in 
quantities sufficient to produce up to about 1,800 tons/day 
of sulfuric acid. Since this location is near the heavy 
tertili/er use area and since 'lie waste S02 altier the 

expansion will increase air pollution problems. ('ORFO 
requested that the TVA Team consider sulfuric acid 
production from this source. 

INTERMEDIATE PRODUCTS 

There are two intermediates ailadle in Chile that can 

be used for fertilizer production Sulfuric acid, which isan 
intermediate for production of elhem Some Phospha tic 
fertili/er on aninonin sullaie. Isproduced at a ate of" 

about 1.700 tons/day in 23 plants Most tlthis acid is 
consumed in metallurgical treatments A lis(ing of these 
sulfuric acid plants with iheii locations and capacities is 
given intable 6.

gieintbe6 

guano is used as an interiedi,,e lo blending with 
sodiun nitrate. potassilumli itile. potd.,ssitlll chloride, 

potassium sullite. TSP, and )AP to produce tile5-20.6 

guano blend now marketed in Chile Reserves Of gtiano are 

estimated ,as I 000,000 ton, and production rate is 
projected at about 18,000 tolns/yr of I 5-17-1 grade 

natei ial 

29 



Table 6. Sulfuric Acid Plants 1970 
Nominal Capacity 

Plant Geographical Location Design Process Raw Material mt/day 
FASSA Arica Monsanto Contact Sulfur 15 
Chuquicamata Chuquicamata Monsanto Contact Pyr!tes 67 
Sudamericana de Explosivos Calama -- Contact Sulfur ore 10 
Mantos Blancos Estacion Latorre Lurgi Contact Sulfur 120 
FASSA Antofagasta Lurgi Contact Sulfur 60 
Chile Canadian Paposo Monsanto Contact Sulfur 40 
ENAMI El Salado Petersen Contact Sulfur 20 
Hoschild Copiapo Lurgi Contact Sulfur 30 
FASSA Vallenar Monsanto Contact Sulfur 30 
Brillador LaSerena Chemiebau Contact Sulfur 10 
Panuleillo Ovelle Petersen Contact Sulfur 15 
ENAP Concon Chemiebau Contact Sulfur 15 (50% waste acid) 
SAID Quillota Monsanto Contact Sulfur 15 
Arteaga Santiago Mixo Packard Lead Chamber Sulfur 22 
Rayonhil Llolleo Monsanto Contact Sulfur 45 
Borlando San Antonio Own design Contact Sulfur 10 
El Teniente Caletones Lurgi Contact S02 Gases 67 
CAP San Vicente Monsanto Contact Sulfur 10 
COSAF Penco Monsanto Contact Sulfur 40 +360 (2plants) 
Chagres Aconcagua -- Contact S02 Gases 100 
Copper Co. of Chuquicamata Chuquicamata -- Contact Sulfur ore 500 
Paipotea Copiapo -- Contact SO2 Gases 120 

Total 1,721 
aUnder construction. 
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SECTION V
 

PRODUCTION ALTERNATIVES AND COSTS
 

To meet tie expected annual demand for plant nutrients 
by 1975 (90,000 tons of nitrogen, 165,000 tons of P20 s , 
and 50,000 tons of K20), Chile must develop substantial 
additional sources of supply. In fact, the needed expansion
in supply is much larger than current domestic production 
(table 7). Of the three major nutrients, nitrogen is the only 
one for which curient production isequal to at least hall of 
the projected 1975 need 

POSSIBLE PRODUCTS 

Feasible products for supplying Chile's nutrient needs 
are tabulated below. 

K20 
Material 

Potassium chloride 
Grade 
0-0-60 

Nitrogen 
Material 

Ammonia 
Grade 
82.0-0 

Potassium sulfate 0.0.52 Urea 45.0-0 
Ammonium nitrate 33.5-0-0 
Ammonium sulfate 21-0-0 

P205 Mixed Fertilizer 
Material Grade Material Grade 

Triple Superphosphate 0-46.0 Compound Fertilizers -

Magnesium phosphate 0-20-0 Diammonium 
Ordinary superphosphate 0-20.0 phosphate 18.46.0 

(possibly also 11-55-0) 
Ammoniated 
superphosphates 

Bulk Blends 

The additional potassium fertilizers are not availatle ii 
Chile and must be imported. The N and P2 O.5 products 

Table 7. Estimated Supply-Demand Relationship 
for Chile in 1975 

1,000 mt 
N P20 K2.0._ 

Demand 90 165 50 
Supply 

Chilean Nitrates 48 - 10 
Guano 2 8 2 
Penco Plant (COSAF) - 50 -

Total 50 58 12 
Additional Supply Requirement 40 107 38 

were considered appropriate for possible inanufact ure in 
Chile Liquid fertilizers were not considered because tile 
total fertilier demand is not great enough to lustify 
production ot bolh liquid and solid lertili/eis Also, liquid
fertilizers require special i7ed storing and hindling 
equipment and ICLIIniques not now available In Chile. 
Because byproduct sulltuic acid will be avilable, the wei 
process received primary conideration toi producltion of 
phosphoric acid to product aoriniionluii plh osphates and 
TSP. Niutic ph osphates (pioducts made by acrlltion ot 
phosphate rock with nittic acid) were not consideed 
because they would iesult in pitodLLtion ot nuLh exces,
nitrogen ferlti/er above ('bile's needs and beuurse very 
large plants are needed Ior economy IAbout 2 pouinds (Ibs) 
ol N/lb of P2 O, are pi oduced fi coimmercial nitmi 
phosphate proL esses. 

CAPACITY AND LOCATION OF PLANTS 

A tabulation showing several alternatives toi locatio ol 
plants and plant capacities is given ii table 8. Pumina Aienis 
was selected as e iCIocattion for a1iii iriori1ia produLron
because it is a source ot ia tLr,i gas whlh is the picli ied 
and least-cost risv iniatr'rial Ioi alniOii0 pilodlic hurl I'-r 
fuvorabl econ0il iLS.aiii 1110111i1SI tiod lie piodhicd iftIr ge
plants. Therelore plants wce considered which wotld 
produce iore than tire ntrirgert ret(titimeet ot ('htle in 
1975 Consideratlrut wavs givei to opllin ot large plait is 
at less than design capacily III (,ise C\LeS pilndutor .ould 
i(t be e\poiled Also stLuthes wec riade wilt II ar drrloiin.ir 

plant which Would atpromilrately supply Ile Supplementeil
 

nitrogen needs o ('thie i 1)75 
Punta Arenas w,is also selected as tile sile ton urea pldnts

Which inList be located ,dJJCrtI1 anln 1,i plants to 
utitl/e thei arinltioriia .iii( alsoIttiere bypioduct carbon 
dioxide which would otierwise be wased As with
amtnia plan% a raiige of si/es and operatirig levels were 
studied. One plat was sized only to suipply Chile's 
additional ntriogen needs in 1975 

Rancagua and Puerto Moni were considered as possible
sites tour productin ot anirnionirurtm nitrate because of tile 
nearness of these cities to rimajor ter li/er markets and 
sources of rasw rnterrits Penco aiid lPuerto Moni ire 
expected to the rajor ports for bulk handling tertihie 
materials Peiuco Is converient fr oLCain stippIng sOtplants
which wotuld have considerable excess capacity In 1975 
were considered for this location in addition to considering 
plants si/ed for Chile's needs only. Tire excess production 
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Material 
Ammonia 
Ammonia 
Ammonia 
Urea 
Urea 
Urea 
Ammonium Nitrate 
Ammonium Nitrate 
Ammonium Nitrate 
Ammonium Nitrate 
Ammonium Nitrate 
Ammonium Sulfate 

Triple Superphosphate 
Magnesium Phosphate 
Ordinary Superphosphate 

Diammonium Phosphate 

Table 8. Plant Locations and Capacities 

Nitrogen Plants 
Punta Arenas 
Punta Arenas 
Punta Arenas 
Punta Arenas 
Punta Arenas 
Punta Arenas 
Penco 
Penco 
Puerto Montt 
Rancagua 
Victoria 
Rancagua 

Phosphate Plants 
Rancagua, Penco, & San Antonio 
Valdivia 
Rancagua, Penco, & San Antonio 

Mixed Fertilizer Plants 
Rancagua, Penco, & San Antonio 

Annual capacity
 
1,000 mt of nutrient
 

270
 
163
 
54 

134 
89 
42 
70 
50 
50 
42 
33 
42 

120 
11 

120 

N-47, P205 -120 

might be exported or some of it might be used for 
explosives or some other industrial use in Chile. Also, some 
nitrogen solutions made from ammonium nitrate, ammonia, 
and water might be utilized in the existing COSAF 
granulation plant at Penco 

Ammoniumnitrate repoitedly can be produced from 
sodium nitrate, ammonia, and carbon dioxide by an ion 
exchange process-, a co-product is %odiumcarbonate. Since 
SQM has ,m internal need for both ot these materials, it is 
considering a plant to produce 33,000 mt/yr of nitrogen as 
ammonium nitrate it Victoria. A very preliminary study of 
this project was made because the process is in an early 
stage of development. A study was made also of a plant at 
Rancagua to produce Chile's needs for nitrogen in 1975 as 
ammonium sullate since a source of the required sulfuric 
acid is located near there 

The major raw materials needed for NSP or TSP 
production are sulfuric acid and phosphate rock. Since 
Rancagua is near a source of sulfuric acid and since San 
Antonio and Penco are ports for import of phosphate rock, 
these three cities were considered as sites for 
superphosphate production needed for Chile. These 
materials as well as ammonia are needed for mixed fertilizer 
(DAP) production which was considered for Rancagua, 
Penco, and San Antonio. The NSP and TSP, and the DAP 
plants, provide a slight margin above estimated phosphate 
requirements in 1975. 

At CORFO's request, a fused magnesium phosphate 
plant to supply 11,000 nit/yr of P205 at Valdiva was 
studied. 

MANUFACTURING PROCESSES 

The following is a brief description of manufacturing 
processes which may be used to supply nitrogen and 
phosphate fertilizers in Chile When a choice of a process or 
process modification was available, the one considered most 
suitable for .se in Chile was selected In some cases, where 
there was no clear-cut choice between processes or 
modifications, the processes are described in general terms 
to include more than one modilication It should be 
emphasized that the choice of a process is often of 
secondary importance to the need for choosing a capable 
and experienced engineering and construction firm and 
providing this firm with sufficient capital to build a 
high-quality plant Although building a good quality plant 
requires additional capital investment, this investment will 
normally he returned many times as increased operating 
time and operating efficiency. 

AMMONIA 

The major steps involved in manufacture of anhydrous 
ammonia are: (a) gas preparation, (b) carbon monoxide 
conversion, (c) gas purification, and (d) ammonia synthesis. 
A flow diagram of a process which utilizes steam reforming 
of natural gas for hydrogen preparation is shown in figure 
9. Although the natural gas at Punta Arenas reportedly 
contains no sulfur, a desulfurizer which uses zinc oxide is 
shown as a precautionary measure. The natural gas is 
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preheated, mixed with superheated steam, and passed Carbon monoxide produced in the primary andthrough a nickel-base catalyst contained in tubes heated secondary reformers is converted to hydrogen by reactionexternally to about 9Q00 C in a primary reformer. The with steam in the presence of catalyst in the shift converter.effluent gas--consisting of H2,, CO, C02. excess steam, and This reaction is exothermic and no additional heat isunconverted hydrocarbons -passes through a secondary required. The degree of CO conversion altained is areformer containing the same type catalyst where the function of steam gas ratio, catalyst temperature, catalystremaining unconverted hydrocarbons are reduced to about activity, and gas space velocity The reaction is carried out 
0.
3%. As the gas flows into the secondary reformer a in a converter unitcontrolled amount of preheated air is added packed with multiple beds of catalyst.to provide First, the steam-gas inixture flows through a bed of highsufficient oxygen to reform the residual hydrocarbons and temperature catalyst operated at about 370-450' C whereto supply the nitrogen needed to give a 3:1 ratio of H2 to CO is reduced to 3; or less. Then the gas is cooled andN 2 in the synthesis make-up gas. passed through a bed ot low temperature catalyst operatedHot flue-gas from the primary reformer furnace is used at about 2000 C. Here the CO is reduced to less than 0.511.to preheat the feed gases and generate high-pressure steam Zinc oxide is used to remove any hydrogen sulfide thatrequired for the reforming operation. The gas leaving the might be present in the gas stream before it enters thesecondary reformer flows through a wasteheat boiler low-temperatue catalyst bedwhere more high pressure steam is produced for power Converted gas leaving the shift conveiter flows to therecovery. purification step where ('02 is removed by countercurrent 
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Figure 9. Flow Diagram of an Ammonia Plant 
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scrubbing. The C02-rich scrubber solution from the 
absorber is regenerated by stripping with steam (or hot gas) 
in a separate tower, and then recirculated. Usually either 
potassium carbonate or monoethanol amine (MEA) isused 
as the scrubbing medium. 

Gas leaving the scrubber flows through the methanator 
unit operated at about 315' C where residual CO (about 
0.4%) and CO2 (less than 0.04%) are converted to methane 
by reaction with hydrogen. Methanation is the final 
purification step and reduces the total carbon oxide 
concentration in file ammonia synthesis make-up gas to less 
than 10 parts per million (ppn). These impurities niust be 
kept as low as possible because CO will poison ammonia 
synthesis catalyst and CO2 will react with ammonia in the 
synthesic recycle gas to form ammonium carbamate in 
pipelines and plant equipment. 

The purified make-up gas consisting of hydrogen and 
nitrogen in tile proper ratio, and small amounts of methane 
and argon, is compressed for ammonia synthesis. 
Centrifugal compression to about 175 kilograms per square 
centimenter (kg/cm 2) may be used for large plants while 
smaller plants use reciprocating compressors with possibly 
higher pressure. 

The compressed make-up gas iscombined with synthesis 
recycle gas, passed through all oil filter, and then through 
an annonia-cooled condenser. From the ammonia 
cooled-condenser, the gas passes through an ammonia 
separator, a heat exchanger, and then into the ammonia 
synthesis converter The incoming gas is heated through 
exchange with outgoing gas and heat of reaction in the 
catalyst bed is sufficient to maintain catalyst temperature. 
A catalysi temperature of about 5100 C allows asatisfactorymecass,rate. rerectionuel 
,,ahlsfactory reaction rate. 

Gas leaving the converter iscooled and passed through a 
separator where ammonia is condensed and removed. Gas 
from the separator is compressed to restore the pressure 
lost by decrease ii gas volume and then iscombined with 
fresh make-up gas. 

Methane and argon accumulate in the recycle gas and the 
concentration of these inert gases is controlled by 
maintaining a small, continuous purge. 

Liquid ammonia flows from tile two separators to a 
letdown tank where pressure is reduced to about 17 
kg/cm2 and most of' the dissolved gases are removed. The 
liquid flows It) storage from the letdown tank. Gases from 
the letdown tank and purge gas from tile recycle loop flow 
to iU absorption tower where tie annonia is dissolved in 
water and then converted to anhydrous ammonia by steam 
distillation in a stripping tower. The ammonia-free gas 
leaving the absorber is used as fuel in the primary 
reformer. 

There is a significant economic advantage for use of 
centrifugal compressors in production of annonia. Capital 
and operating costs are lower per ton of ammonia with 

centrifugal compression than with reciprocating 
compressors. However, plant capacity must be above about 
400-500 tons/day before use of centrifugal compressors is 
feasible. 

UREA 

A typical urea plant takes ammonia and byproduct 
carbon dioxide from an ammonia plant and reacts it at 
elevated temperature (I 70-210* C) and pressure (170-400 
kg/cm2 ) to form urea (NH2CONH2). An intermediate 
product is ammonium carbamate (NH 4 COONH 2). A 
typical flow diagram of urea production (total recycle) is 
shown in figure 10 

Amnmonia and carbon dioxide are fed into the reactor 
along with recycle ammonia and carbanate solution. About 
60, of the caibon dioxide is converted to urea during 
passage through the reactor. Effluent containing urea, 
carbamate, and unreacted amimonia go to a high pressure 
decomposer and separator which returns some ammonia 
and carbon dioxide to the reactor Effluent containing urea 
and carbamate go on to the low pressure decomposer and 
separator where urea solution is separated from unreacted 
carbarate and then conceniraied and prilled into finished 
product. Offgases from file comcentrator are condensed 
(uncondensables are vented), and the condensate is fed 
back to the reactor after having absorbed carbamate from 
first the low pressure and then the high pressure separator. 
Excess ammonia not absorbed in tile high pressure absorber 
is condensed and fed back to the reactor as anhydrous 
ammonia. In some cases, where low biuret content isI 
desired, concentrated urea solution is crystallized and the 

crystals are melted and prilled into finished product 
Recently, there have been some nev processes 

introduced which use the feed ammonia or carbon dioxide 
to strip these gases from reactor effluent and re-introduce 
them to the reactor ingaseous form, thereby decreasing the 
amount of solution recycle. These processes are reportedly 
especially advantageous for large urea plants because of 
lower costs for recycle pumps and maintenance, but they 
have not as yet been proven over long periods of time. 

The current tendency is to build large urea plants of the 
total recycle type. Single-train plants as large as 1,500 
tons/day are now in operation. A plant of total recycle type 
is recommended for Chile and it should be a, as 

lrge 

of scale. Urea technology is changing rapidly, with 
improved processes announced every few months. If Chile 
decides to build a urea plant, Chilean engineers should be 
careful to keep abreast of and take advantage of latest 
technology at the time of construction. 
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Figure 10. Total Recycle Urea Plant 

Ammonium Nitrate catalyst for resale. A flow diagram of a inodern nitric acid 
plant is shown in figure II. 

Ammonlum nitrate for fertilizer use is normally Air is compressed to about 7 atmospheres pre,sure iii a 
produced by reacting ammonia with nitric acid. Production compressor driven by a power recovery lurbine Tre air is 

of nitric acid involves oxidation of amnionia and absorption filtered and preheated by heat exchange with combusllon 
of resulting nitrogen dioxide in water. Neutralization of the gases produced by oxidalion of anmoni with the 
nitric acid with additional ammonia forms ammonium compressed air The heaiied air is mixed with superheated 
nitrate solution which is concentrated and prilled to form ammonia vapor which is oxidiied catalytically by plalinuin 

solid fertilizer (10'7% rhodium) gau/e in the convertel at ,bout 9000 C. 

Nitric Acid- -The major steps in nitric acid manufacture (Some unspecifled catalysts are now on the niarkel ) The 

include: (a) vaporization, superheating, and perhaps combustion gase, are cooled as indicated previously by heat 
filtration of anhydrous ammonia for oil removal. (b; exchange with the incoming air and also by witer to IheSe 

pre-heating, filtration, and compression of process air; (c) steam. The gases are then filtered to reLover platinum dust 
catalytic oxidation of annonia; (d) cooling of combustion and further cooled in condenser by external watci sprays 

gases containing nitrogen oxides, (e) oxidation of nitric The gases and condensed weak acid then go to a reflux 

oxide to higher oxides; (f) absorption of nitrogen oxides in drum from whence they are ted, repe)Ltively, to Ihe 

water to form nitric acid; (g) bleaching of acid by cooled bottom and side of the absorber. Water ted at the top of 

air; (h) recovery of energy in tail gas; and (i) recovery of the absorber and tihe weak nitric acid are enriched as they 
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Figure 11. Flow Diagram of Nitric Acid Plant 

reed countercurrent to the gases in the absorber. Cooled air ammonium nitrate to solidify into prills. The prills are 
is also fed at the bottom of the absorber to bleach nitrogen cooled, sized, and conditioned before going to storage. 
oxides fron product nitric acid before it goes to storage. Fines and oversize are dissolved in water and returned to 
After absorption of the nitrogen oxides, the tail gases are the neutralizer. 
rehealed to drive the power recovery turbine and then The process for conversion of sodium nitrate to 
vented to the almophere through astack. animonium nitrate by ion-exchange resin which is being 

Conventional nitric acid processes that produce acid of evaluated by SQM is not sufficiently developed to describe 
concentration of 55.5% lNOI are satisfactory for in detail. In general, it consists of using an ion-exchange 
ammonim nitrate production. There is no merit in resin to carry out the following double decomposition 
building the more expenive plants that produce acid reaction: 
concentrations up to 731, FIND 3 because the heat of 
neutrali/ation i in excess of that required for water 2NaNO 3 + (N1 4 ) 2CO 3 = 2Ni 4 NO 3 + Na 2 CO 3 

removal. 
,,Itilonian Aitrate riflling Anhydrous aiinionia is A relatively weak solution of sodium nitrate would be fed 

reacted with nitric acid, as shown in figure 12, and the to an ion-exchange column along with ammonia and the 
resulting solttion is concentrated by counterctrrent exhaust from diesel engines to supply carbon dioxide. 
contact with heated air in a falling-film evaporator. The Roughly, I0% solutions of annioniui nitrate and sodium 
concentrated solution is sprayed counlercurrent to an carbonate would be withdrawn and concentrated to 
upward stream of air in a prilling tower to allow droplets of produce the solid materials. 
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Sulfuric Acid 

Sulfuric acid is an important raw material for the 
manufacture of ammonium sulfate, which was considered 
as a nitrogen fertilizer, as well as for the manufacture of 
most phosphate fertilizers by acidulation of phosphate 
rock. As indicated previously, Chile has several possible 
sources of sulfur for manufacture of sulfuric acid; however, 
tie most economic source was considered to be waste gas 
from a copper smelter at Caletones which borders the area 
of heavies, fertili7er use in Chile. The waste gas, containing 
5-6% SO2, should be usable in a contact sulfuric acid plant, 
a flow diagram of which isshown in figure 13. 

Waste gas may contain dust or fume which would be 
detrimental to the operation of a sulfuric plant as well as to 
the product itself. Therefore, waste gas is usually subjected 
to cleaning by electrostatic precipitators and wet scrubbers. 
Cleaned gas containing sufficient oxygen as air to oxidize 
sulfur dioxide to sulfur trioxide is dried by contact with 
approximately 99% sulfuric acid which picks up the 

AMMONIA 
NITRIC , I.ENTWEAK 

ACID VENTTO 

moisture in tile gas and is diluted to about 93%. Mist isthen 
removed from tile gas and it is preheated to about 8200 F 
before entering tie catalytic converter which contains 
several stages packed with vanadium pentoxide catalyst. 
Conversion of sulfur dioxide to trioxide is exothermic and 
the gas is cooled between stages by heat exchange with the 
incoming gas. The gas containing sulfur trioxide is cooled 
with air and the sulfur tnoxide is scrubbed fromn the gas by 
contact with the 93% sulfuric acid formed in drying the 
incoming gas. This scrubbing step forms 99Q/, sulfuric acid 
product. 

There are new sulfuric acid processes such as the double 

contact process which has two catalytic converters with 
sulfuric acid removal between converters The major 
purpose of these processes is to decrease air pollution by 
unconverted sulfur dioxide and this should not be of 
concern at Caletones since a much greater amount ot sulfur 
dioxide will continue to be evolved trom the smelter than 
will be evolved from a conventional contact acid plant. 
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Ammonium Sulfate 

Although such nitrogen fertilizers as urea, ammonium 

nitrate, and ammonium phosphate show much higher rates 

of growth, ammonium sulfate continues to be produced 
There are severaland used in very substantial quantities. 

processes for manufacture of ammonium sulfate. Among 
forthem are vacuum crystallization processes, processes 

from gases by scrubbingrecovery of byproduct ammonia 
with sulfuric acid, processes for scrubbing waste gases 

with ammonia solution, andcontaining sulfur oxides 
organic chemical and steel production processes that result 

in production of byproduct ammonium sulfate. There is so 

mu.:i byproduct amniouni sultate produced that in many 

locations it is not profitable to produce the material as the 

main product. Nevertheless, since small anmonium sulfate 

serve a sniall area are sometimes economicallyplants which 
attractive and since Chile's needs for nitrogen fertilizers are 


tor producing ainnonium sulfate
relatively small, a plant 
from the marginal sulfuric acid production which may be 

available from all acid plant at Caletones was studied. (A 

large sulturic acid plant may be built at Caletones to 

produce acid tor production of phosphate fertilizer and 

industrial chemicals.) A flowsheet of the vacuum 

crystallh7atmon process for producing animonium sulfate is 

shown as figure 14. 
Vacuum is provided by a water-cooled condenser and 

steam ejector unit Annonia and sulfuric acid enter tile 

and tile heat of reaction superheats filevacuun crystalh/er 

and cooled to some
recirculating slurry which is flashed 

upper ch,mier of tie crystallz7er, usuallyextent in tIle 
of mercury. file consequentunder a vaL1uttun ot 55-58 cmn 

loss ot water and cooling supers,turates tile slurry, which 
an internal pipe anddescends to tile lower dhaniber through 

mixes with fine particles aind Iresh nuclei to produce large 

crystals 
Recirculation is induced either thermodynamically or by 

an external pump. The slurry is again brought into contact 

with additional aimonia and sulfuric acid, and the 
the slurry 	 and causesexothermic heat of reaction heats 

dissolution of surplus fine particles and nuclei. Proper 
and the crystal removal devicedesign of the lower vessel 

enables good site classification to be obtained prior to 

separation of crystals by centrifuging. The separated 

crystals are dried aid sent to product storage. 

Wet-Process 	PhosphoricAcid 

Phosphoric acid is required for tile manufacture of TSP, 

DAP, and other phosphate fertilizers. Most acid so used is 

manufactured by a conventional di-hydrate calcium sulfate 

formation (gypsum) process, a flow diagram of which is 

shown in figure 15. The process consists of: (I) reacting 

phosphate rock and sulfuric acid to form a slurry of weak 

phosphoric acid and gypsum, (2) filtering thle gypsum from 

the phosphoric acid, and (3) concentrating the phosphoric 
to a mixing tank through whichacid. Sulfuric acid is fed 

weak recycle acid from tile filter is circulated. This mixture 

where it is reacted with phosphateis fed to the reactor 
rock. Indirect mixing of sulfuric acid and phosphate rock in 

this manner helps avoid coating of unreacted rock with 

gypsum and promotes growth of large, rapid-filtering 

gypsum crystals. The reaction is exothermic and cooling is 

provided to keep the sluiry temperature in the range of 

C to insure that the calcium sulfate will be inabout 75-800 
gypsum form. Some of the fluorine in the phosphate rock is 

the fumes from the reactorevolved from the reactor and 

are scrubbed with water to avoid air pollution. Slurry from 
productthe reactor is filtered to provide about 30% P2 05 
vacuumacid which 	 is concentrated to the desired level (a 

is shown as the means of concentration). Theevaporator 
gypsum filter cake is washed countercurrently with water 

acid that is first mixed with theto provide the weak 

incoming sulfuric acid.
 

Triple Superphosphate 

There are two general types of granular TSP 

processes-slurry and nonslurry. The nonslurry is a two-step 

process in which nongranular superphosphate (run-of-pile) 

cured for 3-4 weeks. Then the partiallyis produced and 
cured material is granulated with water and/or steam. The 

slurry process is a continuous or one-step process that gives 

a granular product directly. The product from tile slurry 
and more 	 spherical than theprocess is harder, denser, 

no time lag in production.nonslurry product, and there is 

Therefore, the slurry process is recommended for Chile. A 

flow diagram of the continuous slurry process is shown in 

figure 16. 
Ground phosphate rock is mixed with dilute (38-40% 

P2 0s) phosphoric acid in acidulation tanks. The resultant 

slurry is fed to a pugmill-type mixer where it is granulated 

with recycle fines. The material from the mixer is driL I and 

screened. The product is conveyed to storage aid tile 

oversize material is crushed and recycled back to the mixer 

along with the i.ndersize. Up to about 10 tons of material 

are recycled to the mixer for each ton of product produced, 

and the product is built tip in very thin layers. 

Magnesium Phosphate 

There is some manufacture of fused magnesium 

in Japan and other areas, usually byphosphate 
orelectric-furnace smelting of phosphate rock and olivine 

serpentine (magnesium silicates). Since a waterfront 
an easily-workedmanufacturing site is available at Valdivia, 

deposit of serpentine is nearby, and the product is 

for the local acid soils, CORFOconsidervd 	 to be suitable 

38 



STRIPPED802 

GAS WATER 
STACK 

PRECIPITATOR 

SACID 
COOLER
 

COOLER ECONOMIZER ABSORBING
OPEN R OWER TOW RL 20 WATER-TOWER RCKED 9. rOWER 

ACIDg DIUT "t04 

PUMP P3 
HSUMO 

TO STORAGE 

ACID TANKAI 
EXCESS TOSTR'P,, 

|l!III~l. 'tMIST ACIDTOWASTE 

SOLIDS SETTLING STRIPPED WATERTO WASTE SoTRIPPING 
TANK I - TOWER 

WASTE 

WATERTE Figure 13. Production of Sulfuric Acid from Secondary
 

S02 Sources (Smelter Gas, Pyrites, Pyrrhotines)
 

WTAN 

WATER VAPOR
 
TO ATMOSPHERE
 

WATER _. 

SULFURICAI 

5EAOAO- CNRIFUGE 
,CORYSTALLIZER 

AI MOTHER-LIQUOR
 
AlP ' J TANK
 

MAK-U MOTHER-
RECIRCULATION RECIRCULATION t ' PUMP LIQUOR PRODUCT

LIQUOR- SLURRY-

PUMP PUMP SU P PUMP TO
 

STORAGE
 

Figure 14. Flow Diagram of Ammonium Sulfate Process 

39 



WATER 

SULFURIC 

MIXER 

RECYCLE ACID 

EXHAUST 
WATER 

WATE R 

I 

STEAM 

GYPSUM 

SCRUBBERI 

0%ACD 

- WASTE 

WASTE 

PHOSPHATE 
ROCK 

WASTE 

VACUUM 
COOLER 

ACID 

REACTORS 

'VACUUM 
EVAPORATOR 

Figure 15. Flow Diagram of Wet-Process
 
Phosphoric Acid Plant
 

requested that an electric fusion process be considered at diluent; both contain monocalcium phosphate as the 
this location. A flow diagram of the process is given in primary active fertilizer ingredient. A flowsheet showing 
figure 17. the steps for manufacture of granular NSP is shown in 

Phosphate rock will be imported and serpentine will be figures 18 and 19. 
brought in by truck. The materials, sized to about I in. or Phosphate rock is finely ground and reacted with 
smaller, will be mixed and charged to an electric furnace, sulfuric acid and water (equivalent to about 70% 112 SO4) in 
The furnace serves to melt the materials and form the fused a mixer. The fluid mass from the mixer isallowed to set up 
magnesium phosphate product. The fused product is in a den and is disintegrated as it falls from the den. 
quenched, dried, ground to approximately 100 mesh, and Alternately, the product may be granulated directly from 
sent to storage, the den with water and steam or it may be allowed to cure 

about a month and then be granulated. If direct granulation 

is employed, the rock may be overground andOrdinary Superphosphate 
overacidulated somewhat to make up for lhe conversion of 

NSP is produced by reacting sulfuric acid with finely rock P205 that is lost by eliminating the curing step. 
ground phosphate rock. The product grade usually varies For Chile, direct granulation from the den in continuous 
from about I1I to 21% available P205, depending primarily flow is recommended. In any case, the product is dried to 
on the grade or purity of rock used. Chemically, NSP is about 5% moisture content and sized before being sent to 
similar to TSP, except that calcium sulfate is present as a storage. Slow conversion of P2Os to available form 
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continues In storage if the product contains about 5% 
moisture. 

Mixed Fertilizers 

A mixed fertilizer is one containing at least two of the 
primary plant nutrients (N, P205 , and K20) in definite, 
predetermined percentages. It may be produced either by 
dry mixing or by chemical processing; it may be solid or 
liquid, granular or nongianular. 

Fertilizers considered for this study were DAP and 
ammoniated superphosphates. The world tendency is 
towards larger proportions of granular materials because 
they have generally better storage and handling properties
than nongranular materials. A blended fertilizer or a bulk 
blend is a mixed fertilizer consisting of a mechanical 
mixture of granular fertilizer materials, 

Diammonitn Phosphates- -DAP is produced by
ammoniation of phosphoric acid A flow diagram of a 
process which involves partial neutralization of phosphoric 
acid teed in a preneutrali/er tank, followed by completion
of the ammontation to DAP in a rotary 
ammoniator-granulator (TVA process) is shown in figure 
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20. Excess ammonia, which must be fed to the 
anmmoniator-granulator to produce DAP, is recovered by 
scrubbing the offgases with the acid to be used in the 
process. The granular product is dried and screened. The
oversize is crushed and recycled back to the
aimmoniator-granulator along with the undersi/e. The 
product size material from the screens is cooled and 
conveyed to storage. The granule size is controlled 
primarily by varying the proportion of recycle. 

The process utilizes lie heat of'reaction of aniionia and 
phosphoric acid to evaporate 80-90',' of the water in the 
feed acid. In addition to scrubbing the oflgase, from the 
preneutralizer and alnlonihtor-gratttul,.loi, inost plants also 
scrub the oflgases froin tiledryer and cooler with a portion
of the acid feed. The gases are fiit passed through dry
collectors, where the larger pariileS of du t aic collected 
and recycled back to [tie amiionhiator-gratnl,tr, and then 
3ases are scrubbed vith acid to icm ove any linal traces of 
dust and aniionia belore they are e\hausted to the 
atmosphere. The usuad practice is to teed concentrated 
phosphoric acid (54'; P205) directly into the 
prencuiralizer and to teed umoncentrated acid (30'4 12Os ) 

from the phosphoric acid filters into the scrubbers to 
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Figure 20. Flow Diagram of Diammonium Phosphate Plant 
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minimize the amount of solids formation in the scrubbers. granules that are formed. Normally, the product from theThe draw-off from the scrubbers is fed into a surge tank, rotary ammoniator-granulator is dried, cooled, andand then acid from the surge tank is fed into the screened. The oversize is crushed and recycled back to thepreneutrahzer and is also recycled back to the scrubbers. ammoniator-granulator along with the undersize. TypicalAbout half of the acid feed is 54% P2 0 concentration and grades that can be produced from ammoniating solution,the remainder is unconcentrated acid (30% P2 05). By nongranular TSP, phosphoric acid, and potassium chloridescrubbing all of the effluent streams leaving the plant with are 15-15-15 and 20-20-0. A flow diagram of a conventionalthe acid feed, a clean and efficient operation is maintained. ammoniation.graniulation plant is given as figure 21.Up to about 40 tons/hr of product can be produced in a The new granulation unit of COSAF at Penco is typicalsingle traii unit. By reduciig the proportion of ammonia of and practically identical to several plants in tie Unitedfeeds, MAP (gi,.de about 1!-55.0) can be produced in the States that produce mixed fertilizers by ammoniation ofsame equipment designed for DAP production. superphosphatcs At the present time the Penco plant isAmmoniated Superphosphates -- One of the most used to granuiate run-of-pile TSP and enrichedwidely used procedures for production of mixed fertilizers superphosphate (36% P205 ). If an ammonium nitrate plantis the simultaneous ammoniation and granulation of is constructed at Penco, it would be feasible to also utilizesuperphosphates. Nongranular (run-of-pile) TSP and/or NSP ammonia and or ammoniating solution from theis ammoniated with either anhydrous ammonia or ammonium nitrate plant to produce ammoniiiated mixedammoniating solutions that also contain anin,mium nitrate fertilizers in the COSAF plant. If an ammonia-urea complexand water. This ammoniation is carried out continuously in is tounstructed at Punta Arenas, ammonia, urea, and/ora rotary drum, and the heat and liquid phase from the ammonia-urea solutions could he provided to the COSAFexohermic chemical reaction promote granule formation, unit for mixed fertilizer production. About the onlyThe tumbling action of the rotary drum rounds and hardens additional equipment required by COSAF would be for 
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pumping, piping, metering, and distributing the 
ammoniating medium. (If grades containing potash were 
also desired, the COSAF would also need to install facilities 
for storing, feeding, and metering the potassium chloride.) 

Bulk Blends---Bulk blending has grown rapidly in the 
U. S. because it has proved to be a convenient and 
economical way for supplying the farmer with the nutrients 
that lie needs. The fertilizer materials to be blended are 
prepared in large, economical plants located near raw 
materials on economical transport routes. Then these 
materials are shipped in concentrated bulk form to the 
blending plant where they are mixed to suit the specific 
needs of each farmer-often as dictated by soil analysis.
Usually the blend is carried to the field and applied in bulk 
form 	by the blender. Thus, the cost of bags and bagging are 
saved, and the farmer does not have to arrange for 
transporting and spreading his fertilizer. Also, during 
blending it is possible to also add some other inputs such as 
micronutrients and pesticides. 

The 	 potential for developing bulk blending plants is 
attractive in the southern area of the Central Valley where 
farms 	are relatively large and soil test programs have been 
initiated. Bulk handling and distribution of materials onto 
the large pastures, grain farms, and sugarbeet farms should 
be feasible. Bulk distribution on the smaller farms in the 
northern area of the Central Valley on vineyards, citrus, 
and vegetables is not as attractive, but there may be some 
merit in blending here to tailor the fertilizer to each 
farmer's needs, even if it is necessary to bag the blended 
product and spread it by hand. 

There are a variety of designs for bulk blending plants
that are satisfactorily utilized. Typically, a blending plant 
operation consists of the following sequence: (I) bulk raw 
materials are received and stored; (2) raw materials are 
recovered from storage and weighed or proportioned to give 
the desired nix, (3) raw materials are mixed or blended; (4) 
the bleided product is discharged into distribution trucks; 
and(5)etdld is charged ntoi ri nd rusgappland (5) the productproduct is carried to the field and appled, using 
the distribution equipment on the truck. A variety of mixer 
designs are utilized, with the rotary drum and ribbon mixer 
types probably the most connon. Batch operation with 
1-2 tons/batch blended is normal. A flow diagram of a 
typical blending plant is shown as figure 22. 

Materials to be blended must be both physically and 
chemically compatible. If they are not compatible 
physically, they can become "unblended"or segregated 
during handling. If they are not chemically compatible, 
they may react to give a product with poor physical 
properties. 

To assure physical compatibility, all materials should be 
granular or crystalline with as iiear the sane particle size as 
is practical. Physical compatibility Is not significantly 
affected by particle shape or density-only by size. 

There are a few fertilizer materials that interact 
chemically and should not be blended. These are: urea and 
TSP, 	 urea and NSP, urea and ammonlum nitrate, and TSP 
and DAP. 

Typical blend plants in the U. S. handle about 
5,000-10,000 Ions/yr of material, and cost about $50,000. 
not counting equipment for spreading product on farms 

Blending plants usually service a fairly small 
area-perhaps within a radius of about 50 ki. The cost Of 
transport and spreading is usually around $3/ha for rates of 
about 	700 lbs/ha. 

INVESTMENT AND OPERATING COSTS 

In some instances the manufacturing and investment 
cost estimates computed by the TVA Teai differ slightly 
from 	 values computed by Chilean engineers or Iroi 
estimates supplied by outside engineering firms Fie 
estimates of the TVA Teamr may not be is reliable for sonie 
specific situations is more in-depth esliniate, by others 
However, the Teai uttili/ed ,,omewhat siindaidi/ed 
assumptions that were developed for estiniate, of li type 
and are believed to be reasonably ILLurate and teliable The 
uniformity of the standardized assumptions is needed io 
insure that the various alternative processes and supply 
systems are evaluated on the same basis. 

The assumptions used for this estimate are listed below. 

Investment Estimates 

I. The battery limits investment cost ot various plant
 
units in Chile was assumed to be I 3 times
 
corresponding U. S. battery limits cost
 

2. The cost of auxiliary facilities for the complex 
(steam, power, water, supply, etc ) was assumed to be 257t 
of the total battery limits cost of all the plant units 
included in the complex.3. The cost of supporting facilities for the complex 
(roads, civil works, office and ,idnrirsirative buildings, etc ) 
was assumed to be 25'4 of the toil bttery limils cost plus 
25% of the auxiliary facilities cost. 

4. The foreign exchange componenis of the investment 
costs were assuied to be as follows 

75% at battery limits cost of plant units 
25%ofcost of storage facilities 
50% of auxiliaries
35% of support lacilities 

5. Bulk slorage caipacity for solid fertii/ers was assunmed 
to be one-third of the annual production capacity 

6. The cost of bulk storage buildings for solid fertilizer 
was 	assumed to be as follows: 

Dehumidified storage -S16.50/nit of slorage capacity(U. S. cost). 
Atmospheric storage $11,00/nit of storage capacity 
(U. S. cost). 
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Figure 22. Flow Diagram of Bulk Blending 



Production Cost Estimates 


Depreciation -15 yrs 
Intcrest-8% on one-half of plant investment 
Taxes and insurance-2% of plant investment 
Operating labor S3/man.hr 2 

Maintenance - 5' of plant Investment 
Supplies-20%of maintenance 
Analyses-20% of operating labor 
llandling-4% of operating cost (except in port storage 
facilities) 


Overhead- 100% of operating labor 

Utilities 


Electical power-$O.OI kilowatt hour (kwh) 

Cooling water-SO.02/ 1,000 gallons (M gal) 

Treated water-SO IO/M gal 

Boiler feed water- $0.40/M gal 

Fuel --SO.08/gal 

Steani -SO.50/M lb 


Working capital-cost of I nonth's raw materials plus 3 
month's in-plant value of products 

Return on Investment calculated at O% and 10%; 1017, 
value used in comparative evaluations emphasized in this 
report. 

Table 9 shows estimates of production costs, total 
capital requirements, and the foreign exchange component 
of capital and production costs for some of the fertilizer 
plants studied. All production costs Include either 0 or 
10% R.O.I.; costs discussed in this section include IO' 
R.O.I. 

The estimated production cost of annoia at Punta 
Arenas varied flom about S30 to SO/mrt, depending oil 
the cost assigned to natural gas, the operating level, and tle 
size of the plant, tilecost of' urea varied similarly Irom 
about $46 to 585/ton. The total capital requirements for 
1,000, 600, and 200 ton/day annioih plants were about 
$32, $21, and S13 million, respectively, with about 60%' 

required as foreign currency. Foreign curreny required for 

production varied Irom S6 to SI5/ton ol anllionia. 


Total capital requireiient for urea pioduction, not 
Including tire ainmonia plains, decieased front S22 million 
to $12 million as the plant sie was decreased from 900 to 
280 Ions/day, with a little over hall being foreign currency 
Foreign currency foi pioductlior ofi urea was $7-15/ton, 
Including the foreigii currency component for prodLiuctton 
of atinironla n a 1,00()0 on/day plant. 

Estimialed costs of producing anirnioiii ritrate frolri 
Imported anririonta and nitric acid in 380-633 tons/day 
plants varied fronmS54 to .6L)/ton. Approximate data oil 
conversion of sodiltln nitrate Io alirilotrniiii nitrate and 
sodiur carbonate by ion exchange in a 300 ton/day plant 

2In developing tountis loter rates likely would apply butLlarger
numbers oLpersonnel would he isedI- pc'rence indicate,, that total 
cost should be about ite same. 

indicated a production cost of S 113/ton of aiinonimtul 
nitrate with no credit Ior byproduct soditii caibonate. It' 
sodium carbonate byproduct was credited at either $27 or 
$60/ton, (estimated inintini and ina\iniiun values) the 
costs per ton of dllllltoiil iltrate vould be dleceased to 
either S95 or S74 Capital reunilcrents lt tilealiibolluin 
nitrate plants varied from S17 to 5,24 million, abotl hall ot 
which was Ln renL I oreig Liurent. oforeign . Il 

production was about 5 25 /ton of alinionintt iiiIaille
 

The estulrated piodtilOll Lost of SItniilC Aiid Illll
 
sineltei gas In a,9)15 ton/da, plant LOSIti'g16i111llion Was
1 
about SI 6/lon (This acid plant was si/ed to pitivide about 
150-200 tons/day of aid ft inrdltstnatl utis) Ile Ioieign 
currency cost of the sulfluriL dLud (2 )7!lo) Wsl, ilt hided 
as a forelgil LOni poite lln tle lIr L11id L 1Ioft tie 
materials it vas used to piodduLe, bu tile InvesiIecur cost 
for sulfuric acid was not ilittl d in tle investmientLost ol 
these plants 1 lie produLtnlin Lt o 11l11o1iiillll ',1ila1e InIa 
600 ton/day conple\ which cost SI I million (hall Ioieign 
currency) was S40/ton. 'S10 Of %VIl, I Wasl oieilgn tlCncy 

TSP produL tin Lost an estin tied 7i/iin (, 0 oiegn
 
currency) in 791I ton/la plants oWI ig dallit 2 1111 llh.
 
half of which was IOCign tlLICiiL\ An) CICLdeLliinhLei 

ItOdLiiie , 
niagnesiuini phosphate wa, estI raled to Lost , 4i million.
 
about hall of which vonld he forcIgii Lii elIN. aiid file
 
fused product was estrldlted ItoOtSIS14 tol inI hoieign
 

conple\ at Valdivia to I' t)I0oisda of fused 

currelicy and 550 total A laige NSIP LOIiipIe\ at RILniaguin
 
(1,820 IIII/dav) probably wsould Lost about Ift
S,0 lliholl
 
(one-third foreign LUiiiCiiL) alld produLL m11,terial for
 
S25/ion. nearly hall Of whlth viwold be 1loClgl e\pciise A
 
DAIP comple\ at tl esai hodlton (791 tl/d,iN,) whii
 
woutld appro\ =nately piodt,.C Ciile's neds Io hoti
 
nitrogen and POj Iin197S was C,,tinatced 0t iSt 512
 
million III foieign tLirienily aild S27 million iii total 
currency 1he pi odLctiLon Col was estinaled to be S45/ton 
in foreign LurreliLy or a total of 98/ton 

On a plalnt nut ict basis. fle lovest esltttled 
prodtL lion cost of P.() was as NSP Besides anirronia, tire 
lowest estimated Lot 10r 1)1oItILIOn it I ilrogenr was as 
urea Ilowever, ove all ectclroiiiLs takes Irt accoiiin 
delivery of feitilier to Ile farm and mosi tf tie uiea ninust 
be shipped a long dIIttILe hou Purr laAienas Also NSP is 
very low III analyst,. (20'; nrutremIt) and lalrspo iland 
handling costs aie relatively e\pensive 

Curves shOwilig tilel feLIoiav italciial costs and 
other variables Lilthe estirialed tost tif prodluig leilillier 
iraterials .lie",hovn III figuies 23-35 Ilgies 21 and 24 
show thle ClClI Of opera tIlIglcvel L)Ii tile(tisl tf piIOdLcirg 
alrnionia and trea fli boilh cases, i surall deciease in 
operang level front O cII00',; capacity lids little elCt 

prodtt0Los. Ilowevr, decreasiigolIes operaiig level Io 
abot 40, il capacity, ab'in I doubles the pLidicttiii cost. 
Figure 25 shows the ellect of natiural gas cost oi tIhe cost of 
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Figure 24. Effect of Operating Level on Cost of Producing Urea in Chile 

(Ammonia @$32.54/mt) 

producing alittonta in a I,000 ton/day plant at various the larger plant operating at full capacity with ammoniaoperating levels. When operating at full capacity. the cost of costing $20/Ion and the higher figure being for the smallerammonia increases from about S3 1.50 to $43.50 as the cost
of gas is increased from 0 to SO.30/I ,000 ft 

plant operating at 40'' capacity with S80 .inioniia Figure' (Actual gas 21) shows lhat urea production costcost is expected to be SO.10-0.15/I,000 in a 280 ton/day plantIt'.) A similar operated at capacily ilcreases tromeffect is observed at lower operating levels except the cost 
iboiit $5() to S9)0/ton

when ammni cost isnomcreasedof production trm $20 to S()/tonis higher. For example, the cost of Figure 30 shows the elproduction at the cct of amitonia cost o( Lost ot50'1 operating level with gas costing producing ainioniuntn trate foi$0.10/I,000 It 3 two plnt si/cs I or a 031is about S63.50/Ion of an ntonia. Figure ton/day plant, the production lost itIeases Iiotit about26 shows similar data Ifr a600 ton/day aniuonia plant. S46 to $61 as antmon ta Lost increases troim $30 to S65/ton.Figures 27 and 28 show the effects ot atnitonia cost and tie increase is trit about $55 tooperating level on production costs in 900 and 600 ton/day 
$70 for a 380 ton/day 

urea plants. Tite production cost of urea varied fron less 
plant. Figure I Ithows the el fects of antonia and sulburic
acid cost on the cost of producing animonuin sultatc in athan $40 to imore than $11 0/ton, the lower figure being for 600 ton/day plant. 
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Table 9. Summary of Economic Evaluation (All production costs are for bulk products) 
Annual Daily Cost, S/mt Capital Requirement for Foreign Currency for 

Production, Production Plant Complex. SMhlliona Fixed 
Fertilizer Plant 1,000 mt mt of Product ',utrient Fixed Working Capital Productionb S/mt
Material Location of Nutrient Material %Return on Investment Capital Capital Total S Million Product Plant Nutrient 

Ammonia Punta Arenas 270 ,000 0 10 0 10 
Natural gas, SO.00/1,000 ft 22.04 31.61 26.80 38 38 29.74 1.84 31.58 18.73 6.13 7.44
 
Natural gas, SO.10/1,000 ft 25.99 35.69 31.70 
 43.34 29.74 2.27 32.01 18.73 6.13 7.44 

Operating level, 50% 44.47 63.65 54.20 77.29 29.74 1.90 31.64 18.73 10.22 12.41 
Operating level, 40% 53.74 77.65 65.50 94.29 29.74 1.82 31.56 18.73 14.06 17.07
 

Natural gas, $0.20/1,000 ft 
 29.93 39.76 36.50 48.28 29.74 2.70 32.44 18.73 6.13 7.44 
Ammonia Punta Arenas 163 600 

Natural gas, S0.10/1,000 ft 28.57 39.33 34.80 47.75 19.81 1.49 21.30 12.49 6.72 8.16 
Operating level, 70% 37.65 52.92 46.00 64.26 19.81 1.36 21.17 12.49 9.24 11.22 
Operating level, 50% 60.27 81.56 73.50 99.04 19.81 1.27 21.08 12.49 12.60 15.30 
Ooerating level, 40% 73.16 99.7" 89.30 121.08 19.81 1.22 21.00 12.49 15.53 18.86 

Ammonia Punta Arenas 54 200 
Natural gas, $0.10/1.000 ft 47.42 66.66 57.70 80.95 11.89 0.81 12.70 7.49 11.41 13.86 

Urea Punta Arenas 134 900 
Ammonia, $32.54/mt 38.66 46.15 86.00 102.56 18.91 3.34 22.25 11.92 7.29 16.21 

Operating level, 50% 51.33 65.51 114.00 145.58 18.91 2.14 21.05 11.92 11.01 24.48 
Operating level, 40% 57.72 75.24 128.00 167.20 18.91 1.90 20.81 11.92 12.88 28.63 

Urea Punta Arenas 89 600 
Ammonia, S32.54/mt 41.32 50.15 92.00 111.44 15.13 2.36 17.49 9.53 8.03 17.96 

Operating level, 70% 47.88 60.15 106.30 133.67 15.13 1.88 17.01 9.53 9.95 22.12 
Operating level, 50% 56.51 73.36 125.70 163.02 15.13 1.55 16.68 9.53 12.51 27.81 
Operating level, 40% 63.99 84.85 142.20 188.56 15.13 1.39 16.52 9.53 14.95 32.79 

Ammonia, S60.00/mt 57.62 66.99 128.00 148.87 15.13 3.43 18.56 9.53 8.03 17.96 
Urea Punta Arenas 42 280 

Ammonia, $32.54/mt 47.69 59.81 106.00 132.91 10.66 1.34 12.00 6.73 9.87 21.94 
Ammonia, S60.00/mt 64.00 76.66 142.00 170.36 10.66 1.87 12.53 6.73 9.89 21.94 
Ammonium Nitrate Penco 70 633 43.13 54.38 129.00 162.33 20.93 2.59 23.52 12.40 24.95 74.48 
Ammonium Nitrate Penco or 

Puerto Montt 50 450 49.14 61.64 147.00 184.00 16.60 2.06 18.66 9.90 26.60 76.50 
Ammonium Nitrate Rancagua 42 380 54.69 68.65 163.00 204.93 15.59 1.92 17.51 9.24 26.32 78.57 
Ammonium Nitrate Victoriac 33 300 92.10 113.30 275.00 328.00 18.38 2.65 21.03 12.06 24.30 72.50 
Sulfuric Acid Caletones 915 10.76 16.08 - - 15.13 0.81 15.94 9.56 2.97 -
Ammonium Sulfate Rancagua 42 600 34.52 39.94 163.00 188.40 8.67 2.07 10.74 4.90 15.93 75.16 
Triple Superphosphate Rancagua 120 791 66.25 75.15 144.00 163.00 17.81 5.38 23.19 10.85 30.33 66.15
Magnesium Phosphate Valdivia 11 152 42.68 44.58 194.00 226.00 2.86 0.59 3.45 1.80 13.80 62.50 
Ordinary Superphosphate Rancagua 120 1,820 23.10 24.79 115.50 124.00 5.75 4.40 10.15 3.62 10.89 54.50 
Diammonium Phosphate Rancagua N-47 791 88.11 98.31 137.70 154.00 19.53 7.20 26.73 11.70 45.10 70.60 

POs-120 
alnvestment tor ammonia plant%not included in urea plants. Investment for sulfuric acid plant not included in ammonium sulfate and phosphate plants.
bt-oreign currencx for ammonia production in a 1.000 mt/dat plant operated at full capacity included for urea plants I oreign currency for imported ammonia at S44/mt included for 
other plants using ammonia Foregn currenLy for sulfuric acid produced in 915 mt/da. plant iniluded for ammonium sulfate and phosphate plants. Foreign currency for phosphate
rock at SI 5/mt mLluded for phosphate plants

cNo credit for byproduct sodium carbonate 



Figure 32 shows the effects of phosphate rock and A urea plant (900 mt/day) to produce 134,000 tons/yr 
sulfuric acid costs on the cost of producing TSP in a 791 of nitrogen requires 172,000 tons of ammonia, 51 milhlon 
ton/day plant. With phosphate rock costing S20/ton, the kwh of electricity, 9.5 trillion galkotfcooling water, and I I 
cost of TSP increases fron about $60 to SS0/ton as tie trillion lbs of steam An animonim nitrate plant to 
cost of acid is increased front S5 to S25/ton. Figure 33 produce 70,000 nit of nitrogen requires 90.000 ton%of 
shows that the cost of niagnesilun phosphate produced in a amnnonia, 8.6 million kwh ofl" nelicity. 1)2 Ii ilhon gails of 
152 ton/day plant incicases fron S41.50 to S49.50/ton as cooling walie. and 65 million gals of boilci Iced wiei 
tie cost of electric power is increased from 0 2 to I /kwh. Requirements tor i eai and ainnontil nitiate plaint% also 
Figure 34 shows [he effects ot sulturic acid and phosphate dectease m propotition to their si/c 
rock cost on the cost of producing NSP in a 1,820 ton/day Twenty-one thousand Ions of 1imi0n11,i wsould be needed 
plant. Figure 35 shows the etfects of annonia, phosphate to piodice 33.000 tons o nitrogen as anliilonuil nitilie 
rock, and sulfuric acid costs on tie cost of producing DAP 	 from 105,000 ton% of sodium nitre Aln amnioniumin a 791 ton/day plant 	 sulfate plant to produLe 42.000 ons/yi ofllnllogen vllild 

require 51,000 tons of ammonia and 147,000 Ions ot 

sutitn1c acid. 
TIo produce 120.000 ions of P, 0, as SI'P vould require

COST OF RAW MATERIALS AND SERVICES 250.000 tons of sut ut il acid, 410.000 iolls of phosphate 
rock. 32 mIllion kwh of elCCtrCit,. 75 mnltlion gals of 

A tabulation of the annual requirement of najor services watei, and 3 millionHim of steai I lie il~lor ,erviC.e 
and raw materials for tile various product ion facilities is required lo ,i fused inigtesin phiosphlic plaint io pitoduce 
given in table I0. As sllown, an am monia plant to produce I 1,000 tons/yr of P2 0; %%ould he 5t) nullion kwh of 
270,000 nlt/yr of nitrogen (1,000 mnt/day of anilonla) elettllClly. 150 million gals of s, .iiei 35,0t)( ions, of 
would require annually 360 million in of naltural gas, 16.5 phosphate roLk. and 13.000 tons,, of scpenine NSP 
nillion kwh of electricity. 25 4 iillion gals/io of cooling production equiv,lentoi 1201O10 ionis of P,0,; %%ould 
water, and 175 million gals of boili Iced watlc As 	 require 219.00ff i[o,, of ,,ulluiL ild 372.,() toils ofAs 
indicated previously sevemal times, ths ,untn of natuial 47.000 Ions 1 u 121 000 Ionls of 

wndcatead 17emioll ional s f isami uniteedv iat 	 phosphate rock, mud 14 4 uillion k%%h if elc. IiicliV I )AP 
containing litlgen ,ind 

gas is available at Punta Arenas where the plant would be P20 would tie s,.0;.) tons of 1111111ommi.i. 4 3.t)t0) Iob 
located The plant is sell-supporting ii steami. The of sulfuric acid. 406 0t)0 tons of plospIat, iOLk. 46 million 
requircilents for sinaller aninmona plant, are almost kwh of electriLity. 660 muillion gals of w ici . and I i inillion 
directly proportional to their si/e. 	 lbs of sleall 

Table 10. Annual Raw Materials and Utility Requirements 
Annual Natural 	 Water 

production gas, Electricity, Cooling, Boiler feed, Steam, Sodium Sulfuric Phosphate 
Fertilizer 1,000 mt of million million trillion million 	 trillion Ammonia nitrate, acid, rock, Serpentine 
Material nutrient ml kwh gal gal Ibs 1,000 mt 1,000 mt 1,000 mt 1,000 mi 1,000 mt 

Ammonia 270 360 16.5 25.4 175 . . . ... 
Ammonia 163 216 99 15.2 105 . . . ... 
Ammonia 54 72 2.0 4.5 30 . . . ... 
Urea 134 - 50.8 9.5 - 1.27 172 - - - -

Urea 89 - 33.8 6.3 - 0.84 115 - - - -

Urea 42 - 15.9 3.0 - 0.4 54 - - - -

Ammonium Nitrate 70 - 8.6 9.2 65 - 90 - - - -

Ammonium Nitrate 50 - 6.2 6.6 46 - 64 - - - -

Ammonium Nitrate 42 - 5.2 5.5 39 - 54 - - - -

Ammonium Nitrate 33 - a a _ a 21 105 - - -
Ammonium Sulfate 42 - a a _ a 51 - 147 - -
Triple Super

phosphate 120 - 31.8 0.755 - 0.003 - - 250 410 -
Magnesium 

Phosphate 11 - 50 0.15 - - - - 35 13.2 
Ordinary
 

Superphosphate 120 - 14.4 - - - - - 219 372 -
Diammonium N.47 

Phosphate P20,,-120 - 45.7 0.66 - 0.015 57.5 - 343 406 
aNot avaizlable 
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SECTION VI
 

STUDY OF IMPORTATION
 

Based on estimated 1975 consumption, f'ortili?.er The Kearney study suggested that fertilizers imported 
productior, capacity available and under construction in would include primarily urea and calcium ammonium 
1969 can supply about 54% of the N requirements, 35% of nitrate (20% N) as sources of nitrogen; TSP and Bifos as 
the P20 5 requirements, and 24% of the K20 requirements. sources of P2 Os, and potassium sulfate, and polassium and 
The remainder of the plant nutrients could be supplied magnesium sulfate as sources of K20. Estimates of the 
either by importing fertilizer materials or by constructing quantities of each material required in each province are 
additional fertilizer plants. In order to evaluate the most presented in table 12 
desirable approach for supplying the additional nutrient Alternative fertilizer materials that could be imported to 
requirements, the cost of supplying these nutrients should supply the additional plant nutrient requirements in Chile 
be considered for alternative fertilizer materials as well as are: (1) urea as the only source ol N, (2) annonium 
under alternative price situations that may prevail in 1975. nitrate, the oil\, source of N, (3) ammonium 'ullate, the 
These various import possibilities can then be compared only source of N; (4) TSP, tire only source o 1P2 0 , (5) 
with production alternatives in order to decide if added NSP, the only source of P, 05, (6) potassium ,,ullate, the 
capacity should he constructed in Chile and if so, at what only source of K20, (7) potassium chloride, tie only 
locations. source of K20; (8) DAP, the only source of P20,; and 

The specific objectives of this section are to: (I) review supplemented with urea in provinces wheie N requirement 
the alternative fertilizer materials that may be imported exceeded the N supplied by I)AP, and (Q) DAP, the source 
into each province, (2) review ports through which fertilizer of P2 0s and N in each province until the requirement ol 
materials may be imported in the future, (3) review costs of either nutrient is lulfilled and TSP or urea used to satisty 
importing and distributing fertilizer materials. the remaining P2 0 or N requirement respetlively. 

Requirements for caLlI Ii thee alternative lertilizei 
materials are shown by province in lable 13 

FERTILIZER MATERIALS 
AND QUANTITIES IMPORTED 

PORTS AND PORT COSTS 
Fertilizer materials imported were based upon the 

amount required to supply the nutrient requirements in Chile has a long coast line and several ports that can 
each province above the quantity estimated to be supplied handle bagged lertilhers 
from exist ing C hi lean production The nutrient Since over 80'; of the fertilizer nutrients are consumed 
requirements, those supplied from 1969 Chilean production in the Central Valley, the prinary agricultural area, ports 
capacity and those that will have to be supplied from other including and between Valparaiso and Puerto Montt handle 
sources in 1975, are presented in table 11. The nutrients most of the fertilizer inports (See table 14 for an estinale 
that will be supplied from nitrates, guano, and from the of fertilizers imported tlrough each port in 1965 and 
phosphate plant at Penco are not considered further iii this 1967.) Ports located at Valparaiso (Baron) and Talcahuano 
section. 3 The total quantity of each material required in (Lirquen) were the only ports that were equipped to handle 
each province is presented in figure 8 Alternative fertilizer bulk fertilizers in I969 
materials that may be imported to fulfill the nutrient The Kearney study included a section on port facilities 

available for handling fertilizers both in bulk and in bags 4requirements not supplied from present Chilean capacity 

are specified in this section. The substitutability of The study also included a section on improvements planned 
materials from an agronomic poiit of view were presented at each port for handling fertili/ers 
earlier. The Kearnov study suggests that all tertili/ers should be 

imported in bulk and bagged at the port by 1975. This 
31he movement of bulk nitrate materials through port% wa. would include coastal movements ofl nitrates and guano as 
eslimnated at 265,00) ion dd bagged material at 35,000 well as fertiliier materials, including urea, iniported from 
tons/yr by SQM. Ituik io.stat movnill piay an iilortdnl other countries. Kearney shows four lternative imnpor 
role in tte of port ties and bagging faciltle ,Kiutil7ing faul 
vollu1e, Sltticient to ga1l eLonoflie',S of %ie tolmistent with port .... ... 

and bagging cost estinmites used in this sludy. Ior toJstal 4 1or a detailed review t pori%. taciliiies and planned 
movements l nitrates, and guano by port of entry and province inprovemens, see lanto del I slado de ('tlte, Port Analysis. 
supplied trout each port, sce Blanco del I tado de Chile, Port Chilean Fertilizer Distribution, Supplelnent B. A. 1. Kearney 
Analysis Supplement It. A. I. Kearney and Co., August 1969. and Co. 
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The port at Valparaiso isone of two equipped to handle imported fertilizer in bulk. 

patterns for bulk fertilizers. At the present time all fertilizer 
materials are handled in bulk at ports except for urea, 
guano, Thomas slag, and fused magnesium phosphate. 

Tile import pattern considered for this study were 
similar to the Kearney study "Alternative IV" (the most 
economical alternative), where all fertilizers were imported 
in bulk through Baron, San Vicente, Penco, and Puerto 
Montt. 

Baron at Valparaiso is equipped to receive fertilizers in 
bulk and bag it at the port and has a relatively low cost for 
handling and bagging fertilizers. The port at San Antonio is 
not equipped to handle bulk fertilizers and there are no 
plans to add facilities for handling bulk fertilizers. In the 
Talcahuano area, facilities for hindling bulk materials are 
under construction at the San Vicente and Penco ports. 
Both should be operational before 1975. At Puerto Montt, 
channel improvement and port construction are under way 
and indications are that bulk fertilizers handling and 
bagging facilities should be operational before 1975. It was 
suggested in the Kearney study that each of these ports 
should be efficient and handling costs should approach the 
present cost at Baron. Therefore, handling and bagging 
costs were assumed to be the same at each port considered 
in this study. 

Ocean freight was assumed to be that from U. S. Gulf 
Coast to Chilean ports at the tramp ship rate. Since Chile 

has a law, 12041, that requires half of the fertilizer 
imported to move in Chilean flag ships, half the ocean 
freight cost was assumed to be in Chilean currency, 
expressed in US$ equivalents, and half was assumed to 
require foreign exchange. Based upon differences in the 
cost of TSP f.o.b. Gulf Coast and c i.f. Chilean ports in 
1969, ocean freight costs were estimated at $9/mt. s Ocean 
freight costs, bulk unloading cost, handling cost, and 
bagging costs/lit are shown in table 15. These costs are 
partitioned into foreign exchange and Chilean currency,
US$ equivalents. Fertilizers bagged in Chile are bagged in 
80-kg jute bags with polyethylene liners The jute bags are 
imported and the polyethylene liners are produced in Chile. 

It should be pointed out that all import tax, port tax, 
and bagging tax were omitted. These are costs subject to 
change, based on government policy. They must, of course, 
be added if actual total costs are to be estimated. 

DISTRIBUTION FROM PORTS 

Chile has a very good road and railroad system that 
extends the full length of the Central Valley and connects 

5F.ob. and c.l.f. costs of TSP Imported In 1968-69 were 
provided by the Banco del Estado de Chile. 
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Table 11. Major Nutrient Requirements, Present Producing Capacity,
and Quantities Required in Addition to Present Producing Capacity, 1975a
 
Nutrients Supplied from Present Deficient Supply of NutrientTotal Nutrient Requirement Chile ProductionProvince N RequirementsP205 K20 N P2Osb K20Tarapaca 300 L L 

N P2Os K2 0150 50 K 20 
____08 104Antofagasta 200 100 

50 292 46
20 20 8 20Atacama 700 180 92900 300 79 300Coquimbo 3,900 3,900 2,500 

700 - 821
3,900 1,504 2,500 -Aconcagua 3,200 2,600 2,3961,000 1,575 275 1,000Valparaiso 1,700 1,200 1,625 2,325

600 1,062 402 600Santiago 13,500 638 79812,800 2,600 5,675 1,688 2,600 7,825O'Higgins 8,200 11,1123,400 1,200 2,975 339 1,200 5,225Colchagua 4,700 6,600 3,061
800 2,505 574 800Curico 3,400 2,195 6,0264,100 500 1,382 3,113 500 2,018Talca 5,600 8,600 987
700 2,125 1,027 700 3,475Linares 5,400 9,500 300 

7,573
2,215 4,220Maule 300 3,185 5,280600 1,800 300 557 6 300 43
Nuble 1,7947,900 11,700 3,800 2,110 11,349 59Concepcion 1,500 2,200 5,790 351 3,7411,600 152 2,161 63Arauco 300 1,348 39 1,5372,100 900 178 179
Bio-Bio 7,000 8,800 2,500 5,630 8,566 

3 122 1,921 897 
66 1,370Malleco 234 2,4349,200 13,900 3,400 6,945 13,471 69Cautin a,500 22,200 9,500 5,895 

2,255 429 3,331
1,718 0Valdivia 2,300 605 20,482 9,50018,300 6,100 1,382 2,179

Osorno 53 918 16,121 6,047900 13,800 5,500 890 1,360 42Llanquihue 1,600 10 12,440 5,45810,900 2,300 390 2,421 404Chiloe 300 1,210 8,479 1,8962,700 1,300 188 920
Aysen 121 112 1,780 1,179500 1,600 900 50
Magallanes 450 1,564650 1,400 1,000 

36 3 897
90 20 
 0 560 1,380Total 90,050 165,250 49,670 48,599 57,719 11,753 41,451 

1,000 
'Source. 107,531 37,917Banco del Estado de Chile,Marketing of Fertdtzers,Vol. 2, A. I Kearney and Co., Inc., 1969.bit was asumed that TSP produmed at Peno would be onumed inthe Provinces of ConcepLion. Bio-Bio,Nuble, MalIeLO, and Linares,. Theseprovince,. represent tileones that inininle distribution cost trozil PenLo 

with each of the ports that will import bulk fertilizers All reduced by 60%fertilizer was assumed to move 
or more for volume movements and thefrom ports to provinces by rail companies are still realizing a profit from these hauls.rail since all shipments are from the port to a representative This type analysis for the rail system isoutside the scope of
point in each province. 6 


this study but should be considered in long-range planning.
Fertilizer moves at one rate regardless of volume and The provinces serviced by each port location weerates are, in general, a function of distance only. Rail rates based
 
for fertilhzers are 

upon the least cost of shipping tertiher materials from the
aboul 15% below the gencial cargo rate port to the province It was assumed th,illertlier movingSavings might be realized by both the railroad and the to
fertilizer industry which could 
the three northern provinces would Ie bagged at
be passed to farmers as Valparaiso and for thelower fertihh7er prices if volume movements were based 

two southern provitce%would be 
upon actual costs of the movement. U. S. rates have been 

bagged at Puerto Monti and moved by ocean-going ships toeach of the respective provinces at the same rates as bagged 
6 Based nitrates.on the Kearney study, Vol 
less costly 

3, 1 shbi 3-8, rail appear, Fertilizers inported intothan Iruck for fertili7er movements, for longer haais Valparaiso are assumed tomove by rail to provinces between CoquimboThe Kearney study further estnales and
fcrtilfzer the total cost of moving Colchagua, imports into Talcahuano supply provinces fronto each warehouse locationwarehoues were and savingslocated on rail sidings. if allThat amount of detail Curico to Caulin, and imports into Puertowould be a duplication and is outside Montt supplythe scope of this study. provinces from Valdivia south. 
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Table 12. Material Requirements by' Province to Supply Major Plant Nutrient 
in Excess of the Chilean Production Capacity-The Kearney Estimate (2). 

N K2 0 
Calcium Ammonium P205 Potassium K and Mg 

Province Urea Nitratea TSPb Bifos Sulfate Sulfate 
mt 

Tarapaca 
Antofagasta 
Atacama 

650 
400 

-

-
-
-

100 
200 

1,700 

-
-

100 

-
-
-

-
-
-

Coquimbo 
Aconcagua 
Valparaiso 
Santiago 
O'Higgins 
Colchagua 
Curico 

-
3,500 
1,350 

16,900 
11,300 
4,700 
4,350 

-
250 
150 

1,100 
700' 
400 
300 

4,700 
4,800 
1,650 

22,800 
6,400 

12,550 
1,850 

600 
300 
100 

1,600 
300 
650 
350 

-
-
-
-
-
-
-

-
-
-
-
-
-
-

Talca 7,500 500 15,700 900 - -

Linares 6,900 400 10,800 800 - -

Maule 50 100 3,900 - - -

Nuble 12,600 600 - 900 5,500 3,600 
Concepcion 2,950 100 - 100 2,300 1,400 
Arauco 250 50 4,050 150 1,300 900 

Bio.Bio 2,800 550 - 600 3,600 2,300 
Malleco 4,700 700 - 1,100 4,900 3,200 
Cautin 1,100 550 43,000 1,800 13,900 9,400 
Valdivia 1,950 200 33,350 2,000 8,900 5,800 
Osorno - 50 25,900 1,350 8,000 5,300 
Llanquihue 2,600 200 17,500 1,100 2,800 1,800 
Chiloe 250 - 3,700 200 1,700 1,200 
Aysen 1,000 - 3,400 - 1,300 900 
Magallanes 1,200 100 3,000 - 1,500 1,000 
Total 89,000 7,000 221,050 15,000 55,700 36,800 
aOther 20% N was assumed to be calcium ammonium nitrate. 
bit was assumed that Penco would produce 50,000 units of P20 5 . enough to supply all the Reno Blends, all the NSP and the TSP required In 

Nuble, Conccpcioa, Bio-Bio, Malleco, and part of the requirement in Linares, the closest Provinces in terms of distribution costs. 

Rail cost for shipping fertilizers from each port to were selling fertilizer at a price adequate to cover only the 
provinces are presented in table 16. operating cost. Often part or all of the capital costs was not 

recovered in the selling price of fertilizers. This situation 
has alloved some developing countries to buy 	fertilizers at 

FERTILIZER PRICES 	 costs below the total manufacturing costs, even in large, 
efficient plants. 

Three sets of prices are considered for the Kearney A recent study by TVA (11) indicates that world 
estimates of fertilizer material imports. The first two sets of consumption of nitrogen and phosphate fertilizers should 
prices are the weighted average f.o.b. prices paid by Chile in approach the world production capacity that now exists or 
1965 and 1969. Tile 1965 prices were selected because is under construction by 1975. World capacity for potash 

1965 represents a recent period when world consumption fertilizers will exceed demand for many more years. 
or the effective world demand for fertilizers was more However, limits recently placed on production by the 
nearly equated with the world supply of fertill7er materials. Canadian government have contributed to a firming of 

The 1969 prices are the most recent prices available but potash prices. 
represent a period of e'tcess world fertilizer production Recent (1970) phosphate prices in the U. S. are 
capacity that has resulted in prices below total cost of somewhat higher. Some of the older, less efficient plants 

production Including capital cost. Many fertilizer producers were closed and spring shipments were higher, resulting in 
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Table 13. Alternatives to the Keamey Estimates for Supplying Plant Nutrients in Excess of the Chilean Production Capacitya 

P'O 5 KO Source of N & P2 0 5 

Province 
Urea only 

source 

Nitrogen 
Ammonium 

Nitrate 
Ammonium 

Sulfate 
TSP only 

source 

Normal Super-
phosphate only 

source 

Potassium 
Sulfate 

only source 

Potassium 
Chloride 

only source 

DAP only source 
of P20 5 b 

DAP Urea 

DAP limited by 
N or P 2 0 5 C 

DAP TSP Urea 
mt 

Tarapaca 
Antofagasta 
Atacama 
Coquimbo 
Aconcagua 
Valparaiso
Santiago 

649 
400 

-
-

3.611 
1.418

17.389 

872 
537 

-
-

4,851 
1,905

23.358 

1,391 
857 

-
-

7,738 
3.038

37.262 

100 
200 

1,785 
5,209 
5,054 
1,735

24.157 

230 
460 

4,105 
11.980 
11,625 
3.990

55,560 

-
-
-
-
-
-
-

-
-
-
-

-
-
-

100 
200 

1,785 
5,209 

5,054 
1,735

24,157 

609 
320 

-
-

1.554 
725

7,727 

100 
200 

-
-

5,055 
1,735

24,157 

-
-

1,785 
5,209 

-
-
-

609 
320 

-
-

1,589 
725

7,727 

O'Higgins 
Colchagua 
Curico 
Talca 

11.612 
4,878 
4,485 
7,722 

15.597 
6.552 
6.024 

10.373 

24.881 
10.452 
9,610 

16.548 

6.654 
13,100 
2.146 

16,463 

15,305 
30.130 
4,935 

37.865 

-
-
-
-

-
-

-
-

6,654 
12,195 
2,146 

16,465 

8.949 
-

3.627 
1,138 

6,655 
12,195 

2,146 
16.463 

-
906 

-
-

8.950 
-

3,627 
1,138 

Linares 
Maule 

7.078 
96 

9.507 
128 

15.167 
205 

11,478 
3,900 

26,400 
8,970 

-
-

-
-

18.678 
239 

-
-

11.478 
239 

-
3,661 

2,487 
-

Nuble 12.867 17,284 27,571 763 1,755 7.335 6,235 23,663 3.402 763 - 12.562 

Concepcion 
Arauco 

2,996 
271 

4,024 
364 

6,419 
581 

85 
4,176 

195 
9,605 

3,014 
1,759 

2,562 
1.495 

4,485 
678 

2.817 
-

85 
678 

-
3.498 

2,962 
-

Bio-Bio 3,045 4,090 6,524 509 1,170 4,773 4.057 8,116 - 509 - 2,841 

Malleco 
Cautin 
Valdivia 
Osorno 
Llanquihue 
Chiloe 
Aysen 
Magallanes 

Total 

5.011 
1,344 
2,040 

22 
2,689 

249 
1,000 
1,244 

92.116 

6,732 
1.806 
2.740 

30 
3.612 

334 
1,343 
1.672 

123.735 

10.738 
2,881 
4.372 

48 
5,762 

533 
2,143 
2,667 

197,388 

933 
44,526 
35.046 
27,043 
18,433 
3,870 
3,400 
3,000 

233.765 

2,145 
102,410 
80,605 
62,200 
42.395 
8,900 
7,820 
6.900 

537.655 

6,531 
18,692 
11.857 
10,702 
3,718 
2,312 
1,759 
2.010 

74,462 

5,552 
15,888 
10,078 
9,097 
3,160 
1,965 
1,495 
1.708 

63.292 

12,528 
3,361 

30,675 
27,043 
18,433 
3,870 
3,400 

3,000 
233,869 

-
-
-
-
-
-
-

11 
30.879 

933 
3.362 
5.100 

56 
6,723 

623 
2,500 
3,000 

104,755 

-
41,165 
29.946 
26,988 
11,710 
3,247 

900 

-
129,015 

4,638 
-
-
-
-
-
-

45 
50,220 

'Each fertilizer material is the only source of that nutrient, for com.pie, if TSP is the ,ource of PaOs. ther? no rither fertilizer material such as NSP is used as a source of P2 0 5 . 
bDAP is a 18-46-0 grade material and supplies both N and P,0 5 . Some pro%inces need additional N which i'.supplied h) urea. Since all P 2Os was supplied by DAP in all provinces, there 

was assumed to be shipped to the following provinces:were 13.845 mt of N used in excess of the requirement. In order to make maximum use of N in DAP. Penco's production of TSP 

Colchazua, 907 mt; Maule, 3,661 mt: Arauco. 3,498 mt, Bio-Bio, 9,643 mt; Malleco, 15,305 mt; Cautin. 41,165: and Valdi ia, 4,371 mt. 

cp,0 or N limits the use of DAP according to which requirement is satisfied first and TSP or urea used to supply the remaining requirement. TSP produced at Penco distributed same 
s 

as deugnate± in footnote (b). 



Table 14. Tonnages of Fertilizer Materials Incoming by Port, 1965 and 1967a 

(1,000 mt) 
Coastal 

Imports Movement Total 
Port 1965 1967 1965 1967 1965 1967 

Coquimbo - 1.3 5.0 9.8 5.0 11.1 
Valparaiso (Baron) 11.0 27.5 119.8 104.5 130.8 132.0 
San Antonio 44.5 12.9 23.6 42.2 68.1 55.1 
Talcahuano (Lirquen) 87 .5b 79.6 64.8 82.3 152.3 161.9 
Corral (Valdivia) 33.5 6.4 9.8 4.4 43.3 10.8 
Puerto Montt 13.9 22.0 9.6 13.7 23.5 35.7 
Subtotal 	 190.4 149.7 232.6 256.9 423.0 406.6 
Ports North of Coquimbo 32.6 33.8 0.4 0.9 33.0 34.7 
Ports South of Puerto Montt - - 5.0 5.8 5.0 5.8 

Total 223.0 183.5 238.0 263.6 461.0 447.1 
OSource: lanco del Estado de Chile, Chilean Fertilizer Distribution, "Physical Distribution of Fertilizers," Vol. 3, 1969, Exhibit 3-2a, A.T. 
Kearney and Co.
 
blncludes 14,700 tons of phosphate rock.
 

Table 15. Costs of Importing Bulk Fertilizers 
and Bagging at Ports per Metric Tona 

Foreign Chilean Total 
Exchange Currency Cost 

US$ 
Ocean Freightb 4.50 4.50 9.00 
Unloading 1.00 1.00 
Transfers at Portsc 1.80 1.80 
Storage at Docks 0.50 0.50 
Baggumg Cost 1.58 1.58 
Bagsd: 

Jute 3.53 3.53 
Polyethylene liners 0.59 0.59 

Store 
Total 8.03 9.97 18.00 

a~lased on data supphed by Banco del Etado de Chile and from 
Banco del LIado de Chile, Clilean Fertilizer Distribution, A.T.
Kearney and Co, 
bLaw 12'41 require" that 50% of the fertilizer imported must move 
in Chilean flagships
CInclude, three tranfers- from dock to storage, from storage to 
b!agging facility, and from bagging fimilily to railcar or truck, 
Iliaed on 80 kg bags 

an improved supply-demand situation. Stocks of phosphate 
fertilizers in the U. S. are decreasing, and it is lkely that 
export phosphate prices will tend to increase during the 
next few years. However, the excess TSP capacity in 
Mexico may contribute to continued depressed prices for 
that material. Recent urea prices in the U. S. are near the 
total cost of pioduction. But as a result of excess urea 
capacity in Western Europe and parts of Asia, the current 
world market prices are below U. S. prices. 

Chile should evaluate its fertilizer supply alternatives on 
the basis of fertilizer prices expected in 1975, when the 
market should be more stabilized. Recent fertilizer prices 
for materials of interest to Chile and projected 1975 prices 
are given in iable 17. These prices were based on 
information from a recent TVA publication, Technicaland 
Economic Evaluation of FertilizerInternediates for Use in 
Developing Countries. 

F.o.b. and c.i.f. price estimates for 1965, 1969, and 
1975 as used in this study are presented in table 18. 

COSTS 	 OF IMPORTING AND DISTRIBUTING 
FERTILIZERS IN CHILE, 1975 

Total costs of importing and distributing alternative 
fertilizer materials and at alternative prices are presented in
this section. The section will have four parts-nitrogen 

materials, phosphate materials, potassiunm naterals, and
mixtures. The alternatives considered in each part are as 
follows: 

Supply 
Sys

IN.1IN-2 
Nitrogen Materials 

Kearney estimates of materials; 1975 prices.Same as IN-I except 1969 prices were used. 
IN-3 Same as IN-I except 1965 prices were used. 
IN-4 Urea is the only souces of N; 1975 prices. 

PhosphateMaterialsIP-1 Kearney estimate of materials; 1975 prices.
 
IP-2 Same as IP.I except 1969 prices were used.
 
IP.3 Same as IP. I except 1965 prices were used.
 

0IP-4 TSP is the only source of P2 s ; 1975 prices. 
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Supply 
tPotassium Materials 

IK-1 
IK-2 
IK-3 

Kearney estimate of materials; 1975 prices. 
Same as IK-I except 1969 prices were used. 
Same as IK-I except 1965 prices were used. 

IK-4 Potassium sulfate is the only source 
1975 prices. 

of K20; 

IK-5 Potassium chloride is the only source of K20; 
1975 prices. 

IM-1 
Mixed Fertilizers 

DAP is the only source of P20s and urea used 
where additional N is required; 1975 prices. 
(This alternative gives excess N in some 
provinces.) 

IM-2 DAP use limited by P20s or N requirement 
whichever is satisfied first and TSP or urea used 
to supply the additional P205 or N 
requirement respectively; 1975 prices. 

Part of the alternative presented in this section will be 
used in section VII to compare with alternative Chilean 
production estimates. 

Nitrogen Materials 

The total quantity of nitrogen supplied from each of the 
alternatives are identical at approximately 41.500 nit of 
actual N but either prices and/or types of material differ for 
each alternative. 

Costs of importing ainioniun nitrate (33.5% N) was 
not considered as an alternative import material because it 
has a higher price per unit of N than urea and since it isalso 
considered to be explosive in nature and, therefore,
hazardous by some shippers

Recent prices of amnionium sulfate have been very low. 
At these depressed price levels, it might be imported at 
costs competitive with or below urea on a cost per unit of' 
N basis. However, annoniuni sullate prices vary videly and 
depend largely upon the supply available as, a byproduct. 
Generally, the cost of a unit of N frot imported 
ammonium sulfate is higher than urea under stable market 
conditions when transportation and distribution costs are 
included. 

In alternatives IN-I, IN-2, and IN-3, urea prices were the 
only variables. If uiea and calcium aninionium itrate are 
the only sources of nitrogen imported in 1975, the total cost 

Trucks and railroads are keys in the fertilizer distribution system in major farming areas. 

C J 1, I V -V
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Table 16. Costs per Metric Ton of Shipping Fertilizer 
Materials Other than Nitrates from Ports to Provincesa 

Port of Origin 
Valparaiso Talcahuano Puerto Montt 

Province US$ US$ US$ 

Tarapacaa 10.75 

Antofagastab 13.15 

Atacamab 11.28 

Coquimbo 9.82 

Aconcagua 3.17
 
Valparaiso .96 

Santiago
 
O'Higgins 5.10 8.39 
Colchagua 5.88 7.60 
Curico 6.82 6.66 
Talca 7.77 5.73 
Linares 8.70 4.95 
Maule 10.54 5.10 
Nuble 3.39 
Concepcion .80 
Arauco 5.10 
Bio-Bio 2.75 
Malleco 4.10 
Cautin 5.24 6.66 
Valdivia 4.17 
Osorno 2.60 
Llanquihue 1.50 
Chiloe 2.91 
Aysenb 11.00 
Magallanesb 9.30 
dRail rate% were provided toy lianco del Estado de Chile, Rail 
Tariltl,, LI.mpre, tie I .1.S C., Ane-o Caria Cornercial No 2266,
Sijo. November 26, 1969. Ritc% %ere tonverted to USS eqivalentv= 1 I10.1 $1, file C\Lhange rite wa, bh,,ede =ange on the Jantury 19711rate. 

lit was .%,ined Ith,it bagged niateril could lie moved between 
port ,,it the %amc rtt, higged nitrated nlerial pli. hndling and 
land %hipment cooi to moe it toaI tentraI lotiton in tie province, 

delivered to provinces will be $8.7 million or $21 0/It of N 
assuming that prices increase as predicted by 1975. If prices 
remain near the I9(" level, total costs would be $6.1 
million or $147/nit of N. If prices were to return to the 
1965 level, total cost would be S8.5 million or $204/tnt of 
N. Cost at 1965 prices are almost as high as at estimated 
1975 nrices. At 1975 prices (IN- I), almost 85 1/ot the cost 
of nitrogen materials will require foreign exchange 
compared with 77/; at 1969 prices, IN-2. That is, as the 
f.o.b. prices increase, a large proportion of the total 
fertilizer cost will be foreign exchange. (See figure 36) 

Cost of N/unit in calcium ammonium nitrate is expected 
to be higher than in urea when delivered to the provinces at 
1975 prices. That is, the cost of N/mot in calcium 

ammonium nitrate is $216 compared to $210 in urea. At 
1969 prices, the differential was much wider in favor of 
urea. This suggests that If all imported nitrogen 
requirements were in the form of urea, as in IN-4, costs 
could be reduced by about $230,000 at 1975 price levels. 
For additional detail about import costs of nitrogen 
materials, foreign exchange, and shipping cost, see table 19. 
import costs of nitrogen materials, foreign exchange, and 
shipping cost, see table 19. 

Phosphate Materials 

The same total quantity, 107,500 mt of P20S is 
supplied for each alternative considered. NSP was not 
considered as an alternative import material since its low 
concentration of P205 makes import cost over twice that 
of TSP. In alternatives IP-I, IP-2, and IP-3, the import 
materials were TSP and Bifos, as suggested in the Kearney 
report. Total costs for IP-1, the 1975 price alternative, was 
almost $19.1 million compared with S14. I million in IP-2, 
1969 prices. Costs of P205 /mt in IP-I was $177 and in 
IP-2, $131. In IP-3, the 1965 price situation costs were even 
higher than IP-I, S186/rot of P205. 

For IP-I, the foreign exchange requtinment was almost 
82% of the cost of tertilizers delivered to warehouses in tie 
provinces. In IP-2, the proportion was less, 76% because 
f.o.b. prices were lowei and transfer and handling costs 
were the same for both alternatives (See figure 37.) 

The cost of' Bifos/nit of P205 delivered to provinces was 
$213 compared with S175 from TSP. Therefore, comparing
IP-I with IP-4, total cost of 1P2Os could be reduced by 
$228,000 if the P205 requirements were supplied by
importing only TSP. Foreign exchange requirements would 
also be reduced. Bifos is imported in bags and TSP is 

imported in bulk. 
For more details about cost of importing, handling, and 

shipping phosphate fertilizer materials as well as foreign 

exchange requirements see table 20. 

Potassium Materials 

All potassium requirements in provinces north of Nuble 
are supplied from potassium nitrate and guano. Therefore, 
potassium materials except for Chilean coastal movements 
potasimpratrlsimported orl two ports, Talcahuano andwere through only eosTalcmovement 
Puerto Montt. 

Under teassmost of imo 
potassium materials is almost $6.7 million or $175/mt of 
K20. That compares with a cost of $5.9 million or 
$156/ton of K20 if 1969 prices prevail in 1975, IK-2. The 
prices in 1965 were even lower than in 1969. Therefore, if 
prices in 1975 were to return to the 1965 level and if 
potassium sulfate and potassium and magnesium sulfate 
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Figure 36. Estimated Total Costs and Foreign 

Exchange Requirements for Importing and 


Distributing 41,500 Tons/Year of N to 
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Figure 37. Estimated Total Costs and Foreign 

Exchange Requirements for Importing and 


Distributing 107,500 Tons /Year of 
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Figure 38. Estimated Total Costs and Foreign Exchange
 
Requirements for Importing and Distributing 41,500
 

Tons/Year of K20 to Warehouses-1975a
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Table 17. Recent and Projected Prices for Select Fertilizer Materials 
Price $/mt of Material 

Currently 
Recent AID quoted Projected 

Granular Fertilizer Material Grade shipment in U. S. 1975 a 

DAP, Bulk, f.o.b. Gulf Coast 18-46-0 55 68 76 
TSP, Bulk, f.o.b. Gulf Coast 0-46.0 40 50 58 
Potassium Sulfate, Bulk, f.o.b. 

Pacific Coast 0-0-52 65 65 65 
Potassium Chloride, Bulk, f.o.b. 

Pacific Coast 0-0-60 26 32 25 
Urea, Bagged in Jute and 

Polyethylene, f.o.b. Gulf Coast 45-0-0 82 81 72 b 

Anhydrous Ammonia, f.o.b. 
Gulf Coast in tankers 82-0.0 - - 34 

'11'rojected price%,re no inextension of recent trends but reflect asupply and demand situation which would result in prices that approximate
tile total iost Of production 1he world supply-demand situation in 1975 was based on recent TVA projections, published in. Technical 
and IE'otonc Lralhationof Fertilizer Internediatevfor Use in DerelopigCountries,TVA, 1970, page 14.bliulk prILt e 

were (lie materials imported, IK-3, K20 would cost 
$137/mt of K 20. (See figure 38) 

If all K20 requirements were imporled as potassium 
sulfate, IK-4, cost would be slightly less than in IK-I where 
part of the requirement was assumed to be imported in the 
form of potassium and magnesium sulfate 

'Tile chloride torn of K20 cannot he used on all crops 
and oi all soils However, for purposes of comparison, all 
imports weme assuied to be Ii tlte form of potassium 
chloride, IK-5 If prices iii 1975 are at the levels predicted 
by TVA, potaiunil chloride will piovide a nuch cheaper 
source of K20, lotal costs could le reduced by S3.5 
1lllioi if p'otassim ihloi ide were used instead of 
potassium sull,ite, IK-5 compared with IK-4 Savings are 
even greatei it potassitiri chloride is use(d to replace 
potassium and miagnesiun sulfate. Costs of K20/it from 
potassiti chloride is S78 48 versus S170.84 from 
potassium sullie The toicign exchange requirement is also 
lower, $55 10/ion (it K20 Il potassium chloride versus 
$143.33/ton of K2 0 ili potassiumn sulfate Thus, savings 
would be considerable to Chile it potassium chloride were 
imported Io the niasmniuni practical hliml ii lieu of other 
polasiuiiimiaterials. ('osts of potaisiiii chloride are lower 
for two reaoils, ( I the .1 b. price/ton loftit ient islower 
aid (2) tle conceniration oif K20 is h t i other 
materials. The latter results inlower shipping costs because 
fewer ons of iateriils are required to provide the same 
aiount of K2 0. 

For additional inlorniation about foreign exchange 
requirenients and import and distribution cost of potassium 
materials, see table 21. 

Mixed Fertilizers 

Two systems of mixed fertili/er were considered for N-1P 
combinations. DAP, an 18-46-0 grade, was the mixed 
fertilizer used in the analysis. In IM-I, DAP was assumed to 
be the only source of P205 and i many provinces provided 
an adequate or more than adequate quantity of nitrogen to 
supply the requirements. DAP supply was limited only by 
P205 requirement. However, i some provinces, 
particularly i the northein part of the Central Valley, 
additional nitrogen was required and was assumed to be 
supplied by imported urea. It should be pointed outl that i 
total, nitrogen supplied in DAP was adequate to supply the 
entire Chilean need for nlitrogei that Must be imported. 
However, the N-1P requirements by province were such that 
additional nitrogen must be supplied li some provinces to 
meet the demand while olher provinces require less N than 
supplied Ill DAIP it the P2 O requirements were supplied 
froin DAP. 

In IM-2, the tise of DAP was limited by either N or P2 OA 
requiretients i each province depending upon which 
nut ieit requirement was satisified first TSP was used to 
supply the remaining P2Os requirelent inl proviices where 
the N requiremei' deteiined tle maxlmnim level of I)AP 
used. Urea was used as the source of N in provinces wherethe P2 0 requirement was supplied by )AP and additionalN was required In this situation tle N-P nutrienls are 
supplied iii each province according to the requiremlents; 
this ditlers froni IM- I l Ihat no excess N is supplied in any 
of the provinces. 

In IM-I, the total import cost of DAPI was almost $23.0 
million and urea an additional $2.9 million or the total cost 
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of supplying the N-P requirement from DAP and urea was 
$25.2 million. The cost per unit of N and P20s was 
$173.61/nit of nutrient. The foreign exchange requirement 
for importing DAP is $19.7 million and the additional urea 
required about $2.5 million for a total foreign exchange 
requirement of $22.1 million. 

In IM-2, the total cost of DAP was $10.3 million, urea 
$4.7 million, and TSP $10.4 million. The total cost of 
supplying N and P20s under the assumptions of IM.2 was 
$25.4 million. The cost per unit of N and P2 05 was 
$170.75 or S2.86/ton of nutrient less than IM-! The 
foreign exchange required was also less, S143.24/1on of 
nutrient as compared with $148.50 in IM-. 

Although TSP and urea are incompatible as blended 
mixtures, if they were used as straight materials to supply 
the requirement for N and P205 , the total cost would be 
$27.5 million compared with a cost of $25.4 million in 

IM-2 (DAP, TSP, and urea are used). Foreign exchange 
requirements are also slightly less for IM-2, $21.3 million 
compared with $22.8 million using only 1SP a nd urea 

It is recognized that problems have been encounteied in 
Chile with tie use of DAP on sonic crops, particularly on 
sugarbeets. When DAP was lirst tnt rOduLed in the United 
States, problems weie ,lso encounteied ihere but were 
overcome with proper placeuent in relationship to the seed 
and plants Perhaps the problems with )AP in Chile can 
also be overcome thliough ieseartlh 

Import costs ol supplying the N-P2 0s requirement can 
be reduced by using a,, much I)APas possible and providing 
additional N as urea and P20, as TSII as required to obtain 
thc desired nutrient ratio. 

For additional information about foreign exchange 
requirements and import and distribution costs for nuxbd 
fertitlers. see table 22 

Table 18. Alternative Prices for Fertilizer Materials Imported into Chilea 

Material 

Nitrogen 
Urea 
Calcium Ammonium Nitrate 

Phosphate 
TSP 
Bifos (Bagged) 
DAP 

Potassium 
Potassium Sulfate 

K and Mg Sulfate 

Potassium Chloride 


Prices paid by Chileb World Prices 
1965 1969 1975 c 

f.o.b. c i.f.d f o b. c fif--dIo b. c.l.f d 
Uss 

69.18 78 18 42.70 51 70 7200 81 00 
21 .00e 30.00 21.00 30.00 21 00 3000 

62.50 71 50 35.75 44.75 58 00 67.00 
59.11 75.45 59.11 75.45 59 11 75 45 
70.96 79.96 57.00 66.00 76 00 85 00 

34.38 f 43.38 47.55 56.55 65 00 74.00 
33 .9 1e 42.91 33.91 42.91 27.00 36 00 
25 .00e 34.00 25.00 34.00 25.00 34.00 

aThee price, represent alternative price, that Chile might e\peLt to pay for lerihier, in 1975 it terltliier, are imported in bulkbprlices provided by the tBanco del Fstado de Chile were tor bagged lertilt/er, and were reduLed hy SIl/ton. tor an estimate of bulk prtte, I o i)
Gulf Coast 
CBa,,ed on world prices if supply and denand conditions equate near the total average tost tt prodUlttion 
dShipping costs were etinialed at $9/mt from Gull Coast to Chile ports, tramp steamer raes - based upon difference between f o b Gulf Coast 
and c i.f. Chitle ports tor bulk I'St', 1968-1969 I)ifference ranged Irom S7 99 to $10 09 
eThe 1969 price was used as an cstimate of the 1965 prile since Chile did not import any o the material in 1965 
fl967 was the first purchase %rice 1965 and the 1967 price was used ,,an estmlate o the 1965 prue 
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Table 19. Cost of Importing and Distributing Nitrogen Fertilizers 

in Chile for Alternative Materials and Prices, 19 75a 

Import, Handling & Bagging Cost at Port Cost at warehouse in 

Metric f.o.b. Foreign Chilean Total at province 

Ports Tons Cost Exchangeb Currencyc 
US$ 

Portd Shipping Total 

IN.) 
Valparaiso 
Talcahuano 
Puerto Montt 

Total 

38,800 
43,200 

7,000 
89,000 

2,793,600 
3,110,400 

504,000 
6,408,000 

3,105,164 
3,457,296 

560,210 
7,122,670 

Urea 
386,836 
430,704 

69,790 
887,330 

3,492,000 
3,888,000 

630,000 
8,010,000 

172,267 
185,016 
34,919 

392,202 

3,664,267 
4,073,016 

664,919 
8,402,202 

Calcium Ammonium Nitrate 

Valparaiso 
Talcahuano 
Puerto Montt 

2,600 
3,850 

550 

4,600 
80,850 
11,550 

75,478 
111,766 
15,966 

25,922 
38,384 
5,484 

101,400 
150,150 
21,450 

10,919 
16,924 
2,194 

112,319 
167,074 
23,644 

Total 7,000 147,000 203,210 69,790 273,000 30,037 303,037 

Total (IN 1) 

Valparaiso 
Talcahuano 
Puerto Montt 

Total 
Per mt N 

41,400 
47,050 
7,550 

96,000 
-

2,848,200 
3,191,250 

515,550 
6,555,000 

15814 

3,180,642 
3,569,062 

576,176 
7,325,880 

176.74 

412.758 
469,088 

75.274 
957,120 

2309 

3,593,400 
4,038,150 

651,450 
8,283,000 

19983 

183,186 
201,940 

37,113 
422,239 

10.18 

3,776,586 
4,240,090 

688,563 
8,705,239 

210.01 

IN-2 Urea 

Valparaiso 
Talcahuano 
Puerto Montt 

Total 

38,800 
43,200 

7,000 
89.000 

1,656,760 
1,844,640 

298,900 
3,800,300 

1,968,324 
2,191,536 

355,110 
4,514,970 

386,836 
430,704 

69,790 
887,330 

2,355,160 
2,622,240 

424,900 
5A02,300 

172,267 
185,016 
34,919 

392,202 

2,527,427 
2,807,256 

459,819 
5,794,502 

Calcium Ammonium Nitrate 

Valparaiso 
Talcahuano 

2,600 
3,850 

5A,600 
80,850 

75,478 
111,766 

25,922 
38,284 

101,400 
150,150 

10.919 
16,924 

112,319 
167,074 

Puerto Montt 550 11,550 15,966 5,484 21,450 2,194 23,644 

Total 7,000 147,000 203,210 69,790 273,000 30,037 303,037 

Total (IN 2) 

Valparaiso 
Talcahuano 

41,400 
47,050 

1,711,360 
1,925,490 

2,043,802 
2,303,302 

412,758 
469,088 

2.456,560 
2,772.390 

183,186 
201,940 

2,639,746 
2,974,330 

Puerto Montt 7,550 310,450 371,076 75,274 446,350 37,113 483,463 

Total 96,000 3,947,300 4,718,180 957,120 5,675,300 422,239 6,097,539 

Per mt N - 9523 11383 2309 13692 10.18 14710 

IN-?3 Urea 

Valparaiso 
Talcahuano 

38,800 
43,200 

2,684,184 
2,988,576 

2,995.748 
3,335,472 

386,836 
430,704 

3,382,584 
3,766,176 

172,267 
185,016 

3,554,851 
3,951,192 

Puerto Montt 7,000 484,260 540,470 69,790 610,260 34,919 645,179 

Total 89,000 6,157,020 6,871,690 887,330 7,759,020 392,202 8,151,222 

Calcium Ammonium Nitrate 

Valparaiso 
Talcahuano 

2,600 
3,850 

54,600 
80,850 

75,478 
111,766 

25,922 
38,384 

101,400 
150,150 

10,919 
16,924 

112,319 
167,074 

Puerto Montt 550 11,550 15,966 5,484 21,450 2,194 23,644 

Total 7,000 147,000 203,210 69,790 273,000 30,037 303,037 

Total (IN-3) 

Valparaiso 
Talcahuano 

41,400 
47,050 

2,738,784 
3,069,426 

3,071,226 
3,447,238 

412,758 
469,088 

3,483,984 
3,916,326 

183,186 
201,940 

3,667,170 
4,118,266 

Puerto Montt 7,550 495,810 556,436 75,274 631,710 37,113 668,823 

Total 96,000 6,304,020 7,074,900 957,120 8,032,020 422,239 8,454,259 

Per mt N - 152.08 170.68 2309 19377 10.18 203.95 

IA.4 Urea 

Valparaiso 
Talcahuano 

39,957 
44,915 

2,876,904 
3,233,880 

3,197,759 
3,594,547 

398,371 
447,803 

3,596,130 
4,042,350 

177,114 
192,552 

3,773,244 
4,234,902 

Puerto Montt 7,244 521.568 579,737 72,223 651,960 35,892 687,852 

Total 92,116 6,632,352 7,372,043 918,397 8,290,440 405,558 8,695,998 

Per mt N - 16001 17785 22.16 20001 9.79 209.79 

"All Lonl% arre c'\presevd in IS$ equivalehit% Ilie quantriies of nrateruls and Losi are fill the 11i "unlof nitrogen thaimuqi be supplied front 
liipotri. Nitrogein sipplied froin Illrtlv%,id glanl pfTOdILCd in (rile ,re onitied Iroi t stiudy 

Iiini des f o I Los of iiA.irll,S o'; of lie oLCin treiglh. and Lost ( Jule Ibig, 
'Includes Lostsof iunloading, irisfer%iroin doLk to siorage. to ,ggling facilities, In rnl .irs, polyethylene liner%, storage at port%, and 50', of 

m ,n dear i fl ioi id~ntladesa.ll Lost f~o 1 ril Lazrsat ports 

http:d~ntladesa.ll


Table 20. Cost of Importing and Distributing Phosphate Fertilizers 

in Chile for Alternative Materials and Prices, 1975 a 
Import, Handling, & Bagging Cost at Port Cost at warehouse in 

Metric F.o.b. Foreign Chilean Total at province 
Ports Tons Cost Exchangeb Currencyc Portd Shipping Total 

USS 

IP- TSP 
Valparaiso 54,900 3,184,200 3,625,047 547,353 4,172,400 276.401 4,448,801 
Talcahuano 79,300 4,599,400 5,236,179 790,621 6,026,800 421.607 6,448,407 
Puerto Montt 86,850 5,037,300 5,734,706 865,894 6,600,600 308,726 6,909,326 

Total 221,050 12,820,900 14,595,932 2,203,868 16,799,800 1.006.734 17,806,534 

BIFOS 
Valparaiso 3,650 215,751 245,572 42,778 288.350 19.323 307.673 
Talcahuano 6,700 396,037 450,776 78,524 529.300 30.837 560,137 
Puerto Montt 4,650 274,862 312,852 54,498 367,350 14,082 381,432 

Total 15,000 886,650 1,009,200 175,800 1,185,000 64,242 1,249,242 

Total (IP1) 
Valparaiso 58,550 3,399,951 3,870,619 590,131 4,460,750 295,724 4.756.474 
Talcahuano 86,000 4,995,437 5,686,955 869,145 6,556,100 452.444 7,008,544 
Puerto Montt 91,500 5,312,162 6,047,558 920,392 6,967,950 322,808 7.290.758 

Total 236,050 13,707,550 15,605,132 2,379,668 17,984,800 1,070,976 19,055,776 
Per mt P2 0S - 127.47 14511 2213 16724 996 17720 

IP-2 TSP 

Valparaiso 54,900 1,962,675 2,403,522 547,353 2,950,875 276,401 3,227.276 

Talcahuano 79,300 2,834,975 3,471,754 790,621 4,262,375 421,607 4,683,982 
Puerto Montt 86,850 3,104,888 3,802,193 865,894 4,668,187 308,726 4,976,913 

Total 221,050 7,902,538 9,677,569 2,203,868 11,881,437 1,006,734 12,888,171 

BIFOS e 

Valparaiso 3,650 215,751 245,572 42,778 288,350 19,323 307,673 
Talcahuano 6,700 396,037 450,776 78,524 529.300 30,837 560,137 
Puerto Montt 4,650 274,862 312,852 54,498 367,350 14,082 381,432 

Total 15,000 886,650 1,009,200 175,800 1,185,000 64.242 1,249,242 

Total (IP 2) 

Valparaiso 58,550 2,178,426 2,649,094 590,131 3,239,225 295,724 3,534,949 
Talcahuano 86,000 3,231,012 3,922,530 869,145 4,791,675 452,444 5,244,119 
Puerto Montt 91,500 3,379,750 4,115,145 920,392 5,035,537 322,808 5,358,345 

Total 236,050 8,789,188 10,686,769 2,379,668 13,066,437 1,070,976 14,137,413 
Per mt P2O5 - 81 73 99.37 2213 121 50 996 13146 

IP-3 TSP 

Valparaiso 54,900 3,431,250 3,872,097 547,353 4,419,450 276,401 4,695,851 

Talcahuano 79,300 4,956,250 5,593,029 790,621 6,383,650 421,607 6,805,257 
Puerto Montt 86,850 5,428,125 6,125,531 865,894 6,991,425 308,726 7,300,151 

Total 221,050 13,815,625 15,590,657 2,203,868 17,794,525 1,006.734 i8,801,259 

BI FOSe 
Valparaiso 3,650 215,751 245,572 42,778 288,350 19,323 307,673 
Talcahuano 6,700 396,037 450,776 78,524 529,300 30,837 560,137 
Puerto Montt 4,650 274,862 312,852 54,498 367,350 14,082 381,432 

Total 15,000 886,650 1,009,200 175,800 1,185,000 64,242 1,249,242 

Total (IP 3) 
Valparaiso 58,550 3,647,001 4,117,669 590,131 4,707,800 295,724 5,003,524 
Talcahuano 86,000 5,252,287 6,043,805 869,145 6,912,950 452,444 7,365,394 
Puerto Montt 91,500 5,702,987 6,438,383 920,392 7,358,775 322,808 7,681,583 

Total 236,050 14,602,275 16,599,857 2,379,668 18,979,525 1,070,976 20,050,501 
Per mt P2Os - 135.79 154.36 22 13 176.49 996 186.45 

IP-4 TSP 

Valpa,' o 57,994 3,363,652 3,829,344 578,200 4,407,544 292,781 4,700,325 
Talcahuano 84,979 4,928,782 5,611,163 847,241 6,458,404 447,741 6,906,145 
Puerto Montt 90,792 5,265,936 5,994,956 9r),196 6,900,152 320,666 7,220,858 

Total 233,765 13,558,370 15,435,463 2,330,637 17,766,100 1,061,188 18,827,328 
Per mt P2 0 5 - 12608 14353 21 67 16520 987 175.07 

aAIIcostsar expressed in USS equivlenis rh quainiies of iaierials ,id Import L()%i% the quanlt) of ['2()4 required In e te of theJr fIr 
50,000 unitsof 1'2Os ih.ii iii>he upplied I nroi ntl lhly atPento and ilit ipplied in gunotie pre 
blndludes f.ob cost of materials, 50',o1 the 01eJ1 freighi and Los5t(ifJlIChag 

polyethylene hner%, storagcInludes costs of unloading, Iransfers in d(L, t)storage, to bagjging facility,torailar%, atport. a nd 50% of 
ocean freighl ost. 
dincludes all costs fo b ril car%aiports 
C Ifo 1l Imported froim Gcrminy in I)JgS esliiiii.d it $16 14 frorm Gerinny to('hilein porl% It w.,i .,sumedthat(Meanfreight Lost %%a% 
509; moved in (hilean flaglhipi ('o ol transferring hifos from ship torail c.ar was5 at$3.55estilatted 
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Table 21. Cost of Importing and Distributing Potassium Fertilizers in Chile for Alternative Materials and Prices, 197 58 
Import, Handling & Bagging Cost at Port Cost at Warehouse 

Metric F.o.b. Foreign Chilean Total at in Province 
Ports tons Cost Exchangeb Currencyc Portd Shipping Total 

US$ 
IK-I Potassium Sulfate 
Talcahuano 31,500 2,047,500 2,300,445 314,055 2,614,500 129,500 2,744,000 
Puerto Montt 24,200 1,573,000 1,767,326 241,274 2,008,600 95,310 2,103,910 

Total 55,700 3,620,500 4,067,771 555,329 4,623,100 224,810 4,847,910 

K and Mg Sulfate 
Talcahuano 20,800 561,600 728,624 207,376 936,000 86,327 1,022,327 
Puerto Montt 16,000 432,000 560,480 159,520 720,000 63,358 783,358 

Total 36,800 993,600 1,289,104 366,896 1,656,000 149,685 1,805,685 

Total (IK-1) 
Talcahuano 52,300 2,609,100 3,029,069 521,431 3,550,500 215,827 3,766,327 
Puerto Montt 40,200 2,005,000 2,327,806 400,794 2,728,600 158,668 2,887,268 

Total 92,500 4,614,100 5,356,875 922,225 6,279,100 374,495 6,653,595 
Per mt K2 0 - 121.62 141.20 24.31 165.51 9.87 17538 

IK-2 Potassium Sulfate 
Talcahuano 31,500 1,497,825 1,750,770 314,055 2,064,825 129,500 2,194,325 
Puerto Montt 24,200 1,150,710 1,345,036 241,274 1,586,310 95,310 1,681,620 

Total 55,700 2,648,535 3,095,806 555,329 3,651,135 224,810 3,875,945 

K and Mg Sulfate 
Talcahuano 20,800 705,328 872,352 207,376 1,079,728 86,327 1,166,055 
Puerto Montt 16,000 542,560 671,040 159,520 830,560 63,358 893,918 

Total 36,800 1,247,888 1,543,392 366,896 1,910,288 149,685 2,059,973 

Total (I K-2) 
Talcahuano 52,300 2,203,153 2,623,122 521,431 3,144,553 215,827 3,360,380 
Puerto Montt 40,200 1,693,270 2,016,076 400,794 2,416,870 158,668 2,575,538 

Total 92,500 3,896,423 4,639,198 922,225 5,561,423 374,495 5,935,918 
Per mt K2 0O - 10270 12228 24.31 14659 9 87 156.46 

IK-.? Potassium Sulfate 
Talcahuano 31,500 1,082,970 1,335,915 314,055 1,649,970 129,500 1,779,470 
Puerto Montt 24,200 831,996 1,026,322 241,274 1,267,596 95,310 1,362,906 

Total 55,700 1,914,966 2,362,237 555,329 2,917,566 224,810 3,142,376 

K and Mg Sulfate 
Talcahuano 20,800 705,328 872,352 207,376 1,079,728 86,327 1,166,055 
Puerto Montt 16,000 542,560 671,040 159,520 830,560 63,358 893,918 

Total 36,800 1,247,888 1,543,392 366,896 1,910,288 149,685 2,059,973 

Total (IK-3) 
Talcahuano 52,300 1,788,298 2,208,267 521,431 2,729,698 215,827 2,945,575 
Puerto Montt 40.200 1,374,556 1,697,362 400,794 2,097,856 158,668 2,256,824 

Total 92,500 3,162,854 3,905,629 922,225 4,827,854 374,495 5,202,349 
Per mt K2O - 8337 102.94 2431 127.25 9 87 137.12 

IA'.4 Potassium Sulfate 
Talcahuano 42,104 2,736,760 3,074,855 419,777 3,494,632 173,509 3,668,141 
Puerto Montt 32,358 2,103,270 2,363,105 322,609 2,685,714 127,616 2,813,330 

Total 74,462 4,840,030 5,437,960 742,386 6,180,346 301,125 6,481,471 
Per mt K20 - 12757 143.33 19.57 162.90 7.94 17084 

IK-5 Potassium Chloride 
Talcahuano 35,789 894,725 1,182,111 356,816 1,538,927 147,486 1,686,413 
Puerto Montt 27,503 687,575 908,424 274,205 1,182,629 108,464 1,291,093 

Total 63,292 1,582,300 2,090,535 631,021 2,721,556 255,950 2,977,506 
Per mt K2 0 - 41.71 5510 16.63 71.73 6.75 78.48 
aAlI Lot% are exprc..'d in OSS equiivlent% Ihe quanitics of materiatk ind import Lost% are fo: the quantity of K 20 that must be 
imported in addition to tile k 2 0 supplied in pola.nm nitrate and guano The K20 requirenienti in all provinLei north of Nuble are 
supplied fmoindome..li. prodimclion [i ll%. all inipori.. are reeivcd through the purl%, at lakahuano and Puerto Montt 
hintliide4 fob) CO.. of 11iiCAteia, 5(Y; o1 the Oceain freight and Lot of jute big% 
inctlude%. Lot. of unloiding iranmferq foin dotk to storage, to bagging facility, to rail cars, polyethylene liners, storage at dock, and 

50W; of ocean freight col . 
dInlude. all Lost% fob rail Lars at port. 
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Table 22. Cost of Importing and Distributing Mixed Fertilizers, Diammonium Phosphate, in Chile, 19 7 5 a 
Import, Handling & Bagging Cost at Port Cost at Warehouse 

Metric Foreign Chilean Total at in Province 
Ports tons F.o.b. Exchangeb Currencyc Portd Shpinq Total 

US$ 
I.I- DAP 
Valparaiso 57,089 4,338,764 4,797,189 569,177 5,366,366 287,515 5,653,881 
Talcahuano 90,359 6,867,284 7,592,867 900,879 8,493,746 378,458 8,872,204 
Puerto Montt 86,421 6,567,996 7,261,9b, 861,617 8,123,574 302,447 8,426,021 

Total 233,869 17,774,044 19,652,013 2,331,673 21,983,686 968,420 22,952,106 

Ureae 
Valparaiso 19,884 1,431,648 1,591,317 198,243 1,789,560 90,530 1,880,090 
Talcahuano 10,984 790,848 879,050 109,510 988,560 43,160 1,031,720 
Puerto Montt 11 792 880 110 990 102 1,092 

Total 30,879 2,223,288 2,471,247 307,863 2,779,110 133,792 2,912,902 

Total (IM-1) 
Valparaiso 76,973 5,770,412 6,388,506 767,420 7,155,926 378,045 7,533,971 
Talcahuano 101,343 7,658,132 8,471,917 1,010,389 9,482,306 421,618 9,903,924 
Puerto Montt 86,432 6,568,788 7,262,837 861,727 8,124,564 302,549 8,427,113 

Total 264,748 19,997,322 22,123,260 2,639,536 24,762,796 1,102,212 25,865,008 
Per mt N-P - 134.24 148.50 17 72 16621 740 17361 

1111.2 DAP 
Valparaiso 50,097 3,807,372 4,209,651 499,467 4,709,118 216,182 4,925,300 
Talcahuano 36,656 2,785,856 3,080,204 365,460 3,445,664 195,531 3,641,195 
Puerto Montt 18,002 1,368,152 1,512,708 179A80 1,692,188 88,710 1,780,898 

Total 104,755 7,961,380 8,802,563 1,044,407 9,846,970 500,423 10,347,393 

TSP 
Valparaiso 7,900 458,200 521,637 78,763 600,400 76,614 677,014 
Talcahuano 48,324 2,802,792 3,190,834 481,790 3,672,624 252,216 3,924,840 
Puerto Montt 72,791 4,221,878 4,806,390 725,727 5,532,117 231,958 5,764,075 

Total 129,015 7,482,870 8,518,861 1,286,280 9,805,141 560,788 10,365,929 

Urea 
Valparaiso 19,920 1,434,240 1,594,198 198,602 1,792,800 90,646 1,883,446 
Talcahuano 30,255 2,178,360 2,421,308 301,642 ;.,722,950 114,355 2,837,305 
Puerto Montt 45 3,240 3,601 449 4,050 419 4,469 

Total 50,220 3,615,840 4,019,107 500,693 4,519,800 205,420 4,725,220 

Total (IM-2) 
Valparaiso 77,917 5,699,812 6,325,486 776,832 7,102,318 383,442 7,485,760 
Talcahuano 115,235 7,767,008 8,692,346 1,148,893 9,841,238 562,102 10,403,340 
Puerto Montt 90,838 5,593,270 6,322,699 905,655 7,228,355 321,087 7,549,442 

Total 283,990 19,060,090 21,340,531 2,831,380 24,171,911 1,266,631 25,438,542 
Per mt N-P - 127.94 143.24 1901 162.25 8.50 170 75 
aAII cost% are e\lreced in US$ equivalent% In NII tie quanfiile% mid co,%Is of )AP art' tor the aiimouint required it lupplvthe 
P2 0 required in Ot 50,000 at PeiLO anad h1t pptide guano Urca ,uplih, N requii Ine\,.e,, Ihe un Is produced 1i 1, from ihe r 'iiiiei 
each proviice not uppicd Irom nilrate% and guano produLd in ('hilc or Irom I)AI' )AP ls 1&.umLd io le .i In846-0 grial 
ialterl Ii (ihe ii of i)AI d the thai Ithe 0 requirement, %%hIiiever ied firtM-2. I-, restrfItit to amount iupphli N oL P 1%soupph 
Urea and ISP I%used to supply the remainder of the N or P205 respeLiLvel) 
"~IncIlude% 1of cost ot materials, 50',; Of oLCean freight, and .oat ot tUll bag, 
Clnclludes cost ao unloading trinsfers froiii cLock to storage, to bagging laLlit), ti rail tars. lolycthiyleie liners, storige at dock, and 
50V of oceea freight
dincliLde,1all osts f.o.b,. rail cars.
eUrca is the amount required to saltsl the N reluirement In caich province thai is not supplied by DAP. 
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SECTION VII
 

A COMPARISON OF THE COSTS OF VARIOUS ALTERNATIVES
 

On comparing the various alternative systems for 
supplying Chile's fertilizer needs, both total costs and 
foreign exchange costs should be evaluated. Capital 
investment costs, production costs, importation costs, and 
handling, bagging, and domestic transportation costs must 
all be considered in evaluations of the merits of the various 
alternative supply possibilities. For importation, the 
feasibility of bringing in either raw materials, intermediate 
products, or finished products should be studied, 

NITROGEN SUPPLY 

The various systems considered feasible for nitrogen 
supply were production of urea, ammonium nitrate, 
ammonium sulfate, and mixed fertilizers. To be 
economical, the urea must be produced in conjunction with 
amimonia production so that byproduct CO2 from the 
ammonia plant can be utili7ed. Ammonium nitrate, 
amionium sullate, and mixed fertili7ers can be produced 
front either imported ,immonia or from ammonia produced 
in Chile. L:ther single nutrient fertil/ers or mixed fertilizers 
can be imported. 'ihe most economnical materials for 
iiportation are urea and DAP ( 18-46-0 grade). The most 
economical nitrogen iiateral for importation was urea as 
shown in the previous section. 

Nitrogen Fertilizer Market 

The estimated nitrogen tertilizer market for Chile can be 
as small as the demands for Chile in excess of that which 
can be supplied by Chilean nitrates, it can be enlarged to 
include the Andean countries, or, it can be further enlarged 
to include a portion of the world market. It is impossible to 
estimate how much, if any, of the world market Chile 
might capture. Estimates of the potential market in Chile 
and in the other Andean countries in 1975 are given below, 

Tons/yr of Solid N 
Fertilizers in 1975 

Chile 40,000 
Peru 70,000 
Ecuador 37,000 

Total 147,000 

The total market potential for N fertilizers is estimated 
as 40,000 tons/yr for Chile and about 150,000 tons/yr 
from tile three Andean countries ,Ilnve what is expected to 
be supplied from existing sources (see next section). 

(Colombia and Bolivia are not expected to have any market 
for N fertilizers above what they plan to produce.) This 
assumes that the small and relatively uneconomical 
production facilities in Peru will not be operated. There is 
an additional industrial market in Chile for nitrogen that is 
estimated at about 16,000 tons/yr (8,000 as ammonia and 
8,000 as ammonium nitrate explosives). Thus, Andean 
market might support as much as a 163,000 ton/yr nitrogen 
plant-of which 147,000 tons/yr would be as fertilizer. The 
possible market in Chile and Peru only isestimated as about 
126,000 tons/yr of N with 110,000 as fertilizer. 

Ammonia Supply 

For this study, the following ammonia supply systems 
were considered: (I) importation, (2) production at 54,000 
tons/yr of N (just to supply Chile's needs), (3) production 
at 163,000 tons/yr of N (to supply Chile's needs plus the 
Andean market), and (4) production ot 270,000 tons/yr of 
N (the plant size Petroqumica has announced plans to 
build, primarily to sell nitrogen fertmliders into the world 
market). Costs for these four situations are tabulated 
below: 

Cost, $/mt NH3 

F.o.b. Plant at InStorage 
Domestic Production of Ammonia 

54,000 tons/yr of N 
Punta Arenas 

66.66 
ot Penco 

76.66 
163,000 tons/yr of N 39.33 49.33 
270,000 tons/yr of N 35.69 45.69 

Imported Ammoniaa - 49.55 
'This isbased on $34/ton cost for ammonia f.o.b. Trinidad. 

The estimated costs of ammonia in storage at Penco are 
significantly lower (by about $27/ton) for imported 
ammonia than for domestic production at the 54,000
tons/yr rate. For the 163,000 tons/yr rate total costs are 
about the same for importation and domestic production. 
However, foreign exchange costs would be much lower (by 
about $38/ton) for domestic production. Production of 
ammonia in Chile at the world-market-oriented rate of 
270,000 tons/yr of N would lower the ammonia cost by 
nearly $4/ton as compared with the 163,000 tons/yr rate. 
However, if tie large plant were built and only operated at 
about the 163,000 tons/yr rate (about 60% of capacity), 
then the ammonia cost (f.o.b. plant) would increase to 
about $52, or $13/ton more than in the 163,000 tons/yr 
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plant. The 270,000 tons/yr plant would have to operate at 
about a 225,000 tons/yr (84% of capacity) to produce 
ammonia at the same cost as the 163,000 tons/yr plant 
operating at 100% capacity. 

Looking only at ammonia production, it is economical 
for Chile to produce at about the rate that would supply 
the needs of Chile, Ecuador, and Peru in 1975 above 
existing sources Ammonia can be imported at lower cost 
than it can be produced at a rate for the Chilean market 
only. If a plant of 270,000 tons/yr capacity %serebuilt in 
Chile and its only market is the Andean market, or its 
equivalent, then ammonia costs will be much higher than 
for a smaller size plant designed to supply the Chilean and 
Andean market only. 

Urea Supply 

Three costs of production in three sizes of urea plants 
were considered. These sizes were 42,000 tons/yr of N (for 
the residual Chilean market in 1975), 89,000 tons/yr of N 
(fur the residual Chilean market plus a portion of the 
Andean market), and 134,000 tons/yr of N (aboui the size 
of urea plant that Petroqumuica has announced plans to 
build). Ammonia production prices appropriate for the 
three alternatives were utilhied Resulting costs for urea 
production are tabulated below: 

Urea Cost, S/Tan Bulk 
Urea produc- Ammonia Total Landed at Pence 

tion rate; 1,000 cost f.o.b. Foreign 
Source of Urea tons N/year /ton plant Total Exchange 
Production at 

Punta Arenas 42 66.66 81.16 85.86 13.04 
Production at 

Punta Arenas 89 39.33 54.72 59.42 8.53 
Production at 

Punta Arenas 134 32.54 46.65 51.35 7.29 
Importation 
(at estimated 
1975 cost) - - - 82 76 

With production of urea in ammonia and urea plants 
sized to supply the marginal market for N fertilizer in 1975 
(about 42,000 tons/yr), urea can be landed at Penco for 
about $85/ton, which is only slightly higher than the 
projected estimated 1975 import price for urea of S82/ton. 
However, foreign exchange costs are estillated at only 
about $I3/ton for urea production Ill Chile as comnpared to 
$76/ton for importation -quite a significanl difference. 

For either of tile two larger plants, total urea costs and 
foreign exchalnge costs are sigificantlly lower for donestil 
production than for Importation. However, if urea is 
produced in tile largest plant, but operated below capacity, 
costs increase rapidly. For example, if urea were produced 

in a plant with 89,000 tons/yr capacity, operated at a 
42,000 tons/yr rate, with ammonia at $39/ton, cost of urea 
production would increase to about $78/ton. If ammonia 
cost is increased to $50/ton, the f.o.b. cost of production 
of urea at the 42,000 tons/yr rate increases to S86/ton as 
shown below. 

F.o b Plant 
Cost of Urea S/Ton 

Cost of Ammonia, in 89,000 tons/yr 
S/Ton Plant Operated at 

47% capacity 
100% capacity (42,000 tons/yr) 

39 55 78 
50 62 86 

Ammonium Nitrate and Ammonmum Sulfate Supply 

Other nitrogen ferlhiers considered appropimaie for 
Chilean agriculture are aninoniuni nifliate and annonium 
sulfate. Production of these muateridls was based on 
imported annonia at S34/on, I o h Irinmid,d (about 
$50/ton in terminal storage at ('hilean poi ts) As discussed 
above, this is also about tile 1amm11ond 1cost of produinlg iii 

163,000 ton/yr plant (600 tons/day) at Punlta Arenas and 
delivering the anmnonia into ierenhtaf,siot age ii PecI.o Iwo 
locations were cOilsidcreid to be dppropliaie t I iiiinniul 

nitrate produ lion PCnco Mnd Puerto Montt The only 
appropriate location ,II wasto andmionminisullate plal 
Rancagua (at tile ot sullltni I or coilparisoisOUIcC IicIId) 
with costs ot allnnioitinnl sullate piodut ln. Lost Of 
producing anlnionumn nitidte at Rancagua was also 
calculated Since SQNI is considering building a plant to 
produce aninoliun niltrale from sodium nitrate at Victoria 
by an ion-exchange pro.css, prodution costs for lhis plant 
were estimated. 

Appropriate si/es for anilnlioium lirate plants at Penco 
and Puerto Monti aie about 50,000 tons/yr of N to supply 
Chile's fertili/er needs in I975 and also to supply ahoul 
25,000 toils (tl anilionunil nitrate for eXpltsives. All 
animoniun iliirate plant of 42(000 tols ot N/yr was 
estimated for Rancaguin bor coulprison oi tilesael 
production basis with aninlonin sullate. The plant 
capacity estiated for Victoria was 33,000 tons/yr of 
N-the sue plant SQNI i,,considering 

Costs for production of blk inniUn nitrate at either
 
Costs or ProdMicti are oimat e a t either 

i'enco or Puerto Monti are esllated to hc aboL $62/ion 
of product or SI47/ton of N. Increasing the sues of time 
anmionium nitrate plant from 50,000 tons/yr of N to 
70,000 tons/yr decreased production costs by about $7/ton 
of N. Annonuiln sulfate production cost at Rancagua is 
about $40/ton of product or $163/ton of N. Amnmonium 
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Adequate quantities 
of bagged fertilizer 

are generally available 
in major farming areas. 

nitrate can be produced at Rancagua at about the same cost 
of N/unit as anmonuin sulfate. Foreign exchange costs arc 
about the same per ton of N for production of annonium 
nitrate and ainnionrum sulfate. 

Production costs loi anlonium nitrate at Victoria by
the Ion-exchange process aie Impossible to estimate with 
any degree ot ai curacy because they depend on the values 
assigned to the teed sodium nitrate and the byproduct 
sodiiiin carbonite Also, the plant investment cost is 
uLertdli a: this stage With sodiun nitrate at S30/ton and 
no credit for bypioducl sodium cibolrate, production cost 
shouild be around SI I0/toii ot aniomum11.1 nitrate. Withl)
sodiLinn carbonarte cicdited at aboutl tie estimated 
niaxinuni possible vhilue of SO0/ton, cost of ainionill 
nitrate pioduction decreases to aboul S75/ton. Actual 
production costs will likely be somewhere between SI 10 
and $75/ton. 

COMPARISON OF NITROGEN SUPPLY SYSTEMS 

Total system costs- Including costs of production or 
importation, bagging, handling, and transporting for some 
nitrogen fertilizers are given in table 23. All products were 
ass ned to be b,lgged at eitlhe Chilean plant% or ports,
although in actl, practice there may be some bulk 
handling wit hin the country It was assumed that urea 
woild be Ir,liiported in bulk oinomlunla Arenas and then 

bagged at the pollt
ot entry Imported urea was assumed to 

be bagged ,itlie porl ot enmiiy The ammonium nitrate and 

alnioniinn wee to be
sul ilate assumed bagged at the 
production plhnI IaiLh system is based on supplyiig about 
40,000 tons ot N 1lie Kearney estinate of requirements by 
provinLC Wds Illo%\cd as closely as possible. 

I-or N supply sysitcm N-I, vlich is production of 
annoni,i and ic,i nl,Ipl,imt si/c to supply the Andean 
market, totil cost is ,about %,S6.3 million, of which $1.2 
million Is tolcmgn c\change Total and foreign exchange 
costs of N/ton weic S152 :nd S27.9, respectively. This 
astnpes ithaplints opeiat it Lull capcly. Ifoutptit drops 
belowv capacity, costs will iicrease rapidly. 

Tire total cost for N supply syseml N-2 (amnonia and 
urea produced ii plants si/ed to supply the Chilear market 
only) is $8.7 million, including $1.5 million in foreign 

exchange. Total cost of N/ton is S210. of which foreign 
exchange is S36.7 (willh no R.O.I., total cost of N/tor'-s
$183). 

System N-3 is Imported urea, which was suinmariied 
earlier. Total cost was S8.7 muillion-practically the same as 
for N-2-of which S7.4 million was foreign exchange. Total 
and foreign exchange costs of N/ton were S210 and S178, 
respectively. 

Systems N-4 and N-5 were production of aninoniuni 
nitrate iii plants of tie same siue at two porl locations 
(Penco and Puerto Montt) with Imported annonia. 
Production costs were estimated to be about the sane for 
either location Due to higher costs of distribut ion, the 
total systems cost was $10.2 million for ilie plant located at 
Puerto Montt (system N-5) as coinpaured with S9.4 million 
for tile at "lotal costs of N/Ionplant Penco (system N-4) 
were $228 for Penco and S245 for Puerto Montlt. 

System N-6 is for an nonium sulfate production at 
Rancagua. Total and foreign exchange costs were 
respectively SI0.0 inmlton and S3.8 million. Total systems 
cost of N/ton were S242. (See figure 39). 

The lowest cost system is production of ammnionia and urea in Chile in a plant si/c to supply tie estimated Andeanmarket. Ilowevei, itproiLctlion of animonia and urea in 
these plants drops below about 50/ of capacity, then 
supply costs will exceed costs foi production of aminonia 
and urea in a smaller plant siued to supply the Chilean 
market only (system N-2). 
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Figure 39. Estimated Total Costs and Foreign Exchange 
Requirements Per Tons of N for Alternative Methods 

of Supplying 41,500 Tons/Year of N-1975a 

Cost 
(uS$) 

240 
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80 

40 exchange 

IN-i IN-2 IN-3 INA4 IN-S IN-S 
alternatives 

UN.I Urea produceda.t Punla Arena,. in98,000 int ot N per ye-ar plant. 
N-2 Urea produced at Ponta Arena% in42,000 ilt ot N per year plant.
N-3 Imported urea.
 
N-4 Am111101onim nitrate produaced i1150,000 mli ot N per year tilaiat Penco
 
N-5 Animionlum nitrate produced in 50,000 nii of N per year plant at Piitrtro N~it.
 
N-6 Ammnonini umdtae produced i- 42,000 mlf of N per year plant at R1aneagna. 
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Tale 23. Cost of Supplying Nitrogen Fertilizers to Chile in 1975 by Alternative Systems
 
Cost of Bulk a Cost of All Material8 Cost of Bags, BaggingTb Supply System, S
 

Nitrogen 
 Material, S/Ton Material in Bulk, S Handling & Transport, $ Per Ton of N 
Supply Foreign Quantity, Tons Formign Per Ton All Material Per Ton All Material Foreign

System No. Product Source Ton Exchange TotaI Nitrogen Total Exchange Total F. E. Total F. E. Total F.E. Total F.E. Exchange Total 
(1,000) (1,000) (1,000) (1,000) (1,000) (1,000) -

N-1 Urea 	 Produced at 
Punta Arenas in 
98,000 ton N/yr 
urea plant (NH 
cost = 39.33/ton 55 9 92,116 41,451 5,066 829 13.44 3.53 	 1,238 325 68.44 12.53 6,304 1,154 27.85 152.09 

N-2 Urea 	 Produced at 
Punta Arenas in 
42.000 ton N/yr
 
urea plant (NH
 
cost = 66.66/ton 81 13 92,116 41,451 7,461 1,198 13.44 
 3.53 1,238 325 94.44 16.53 8,699 1,523 36.13 209.87 

N-3 Urea 	 Imported 72 72 92,116 41,451 6,632 6,632 22,28 8.03 2,052 740 94.28 80.03 8,684 7,372 177.85 209.19 

N-4 Ammonium Produced at 
Nitrate Penco in 50,000 

ton Ntyr plant 62 27 123,735 41,451 7,672 3,341 14.27 3.53 1,765 437 76.27 30.53 9,437 3,778 91.13 227.66 
N-5 Ammonium 	 Produced at 

Nitrate 	 Puerto Montt 
in 50,000 ton 
N/yr plant 62 27 123,735 41.451 7,672 3,341 20.09 3.53 2,486 437 82.09 30.53 10,157 3,778 91.13 245.04 

N-6 Ammonium Produced at 
Sulfate Rancagua in 

42,000 ton fi/yr 
plaint 40 16 192,626 41,451 7,705 3,082 12.17 3.53 2,344 680 52.17 19.53 10,049 3,762 90.16 242.42 

aFor imported mitcrnl this is cost t.o.b. veswel, for all others cost is in bulk storage at production plant. 
bFor imported matenal i, is assumed that one-half of total will be shipped in Chilean ships. 



Total systems cost for imported urea (N-3) (with urea at 
estimated 1975 costs) were estimated to be about the same 
as for Chilean production in the smaller plant (system N.2). 
However, foreign exchange costs were much lower for 
Chilean production. The costs for Chilean production 
include a 10% R.O.I. At 0% R.O.I., systems costs for N-2 
would be about $27/ton of N lower than for system N-3 
(importation). 

For costs of production and distribution of ammonium 
nitrate at Penco (N-4) to be equal to costs of production 
and distribution of urea in the smaller plant (N-2), 
ammonia price for ammonium nitrate production would 
have to decrease to $24/ton c.i.f. Penco. To decrease costs 
of ammonia sulfate supply (system N-6) to equivalent of 
costs for urea supply (system N-2), a c.i.f. ammonia price of 
$4/ton would be required. Of course, neither of these 
ammonia prices is realistic. 

PHOSPHATE SUPPLY 

The supply systems that were considered to be feasible 
were Chilean production of TSP, NSP, and mixed fertilizer 
(DAP, 18-46.0 grade). At CORFO's request, production of 
fused magnesium phosphate (0-22-0 grade) was also 
considered, Iportation of TSP and DAP were evaluated. 
(Importation of either elemental phosphorus or wet-process 
phosphoric acid as intertilediates was considered. Estimates 

indicated that phosphoric acid can be produced by tile wet 

process in Chile at about the same total cost as for 

production of phosphoric acid from imported phosphorus 

or for importation of wet.process acid Foreign exchange 

costs were significantly lower for domestic production. 

Because of tile need to utilie tile byproduct acid from the 

El Teniente copper refinery and the resultant lower foreign 
of either phosphoricexchange requirements, importation 

acid or elemental phosphorus was not attractive.) 

Phosphate Fertilizer Market 

Tile total market for P205 in Chile for 1975 was 

estimated as 165,000 tons. With about 8,000 tons of P2Os 

from guano and up to 50,000 tons of P205 available from 

the Penco plant, the additional market is about 107,000 
is adequate to support an 

tons/yr of P205 . This tonnage 

economical size phosphate plant. There should be an 

additional market for about 40,000 tons of P205 in tile 

other Andean countries. Chlle has adequate sulfuric acid 

capacity at Rancagua to supply this market. However, there 
would not be as much economic incentive as in nitrogen 
production because the Chilean market in itself can support 

an efficient plant. 

Possible Plant Locations 

For production of phosphate fertilizers itwas considered 
to be desirable and feasible to utilize byproduct sulfuric 
acid at Rancagua which can be produced from waste SO2 in 
stack gases at the El Teniente copper refinery Three plant 
sites were considered to be feasible -Rancagua (near the 
copper refinery) and tile two nearby port locations of 
Penco and San Antonio. Location at the ports would 
require transport of sulfuric acid, but would save the cost 
of rock transport. Port location for plants may also have 
some advantages for utiliing water transportation ol 
products-particularly it any products are sold into tihe 
Andean or world markets (This is discussed in more detail 
at another location in tills section ) 

Valdivia was considered as the location of the lused 
magnesium phosphlate plant at ('ORIFO's request. Valdivia 
is a port location where imported phosphate rock call be 
received and it is also near a serpentine (niagnesil silicate) 
mine. 

Supply of Triple Superphosphate
 

For production of TSP at Rancagua with phosphate at 
$20/ton, product cost is about S75/ton Whether or not it 
is more economical to produce TSP at San Antitom or 
Penco rather than Rancagua depends primllrily oil the 
relative cost of transport of the sulfuric acid and phosphate 
rock For TSP production, I 52 tons of rock ,ietequired 

per ton of 937( sulfuric acid Rail transport cost of acid is 

estimated at $11.75/ton of 931/; acid from Rancagua ito 

Penco and transport and handling cost for lock at about 

$5/ton (Tile rock used at Rancagua would entei via San 
Antonio ) Based on the lughier acild tran,,port cosi, ihe

be about Sb 5/ton ore atproduction of TSP should 
bost Productio n ai SanPenco, or about S l5/torn of TSP. 

ie same as ot iscagu (ilnAntoio shold be about 

actual practice itis likely that freight costs for transporting 

rock from either Penco or San Antonio could he ieditced 

significantly by haullig other commodities oi the return 
trip. For example, product could be returned along the 

route froml Rancagua to file port, or perhaps (lie cars 

hauling blister copper from Rancagua to San Antonio could 

be utilized to return rock This is discussed in more deail 

later. On tile other hand, littleif any use is seen for empty
sulfuric acid cars returning from Penco or San Antonio.) 

Supply of Normal Superphosphate 

As in production of TSP, three locations were 

consideied to be appropriate for NSP plants -Rancagua, 
San Antonio, and Penco. A detailed estimate indicated that 
the cost of production of NSP at Rancagua should be about 
$25/ton ($24.79). The variation in transport costs of 
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Table 24. Cost of Supplying Phosphate Fertilizers to Chile in 1975 by Alternative Systems 

Cost of Bags, Bagging, HandlingPhosphate Cost of Bulka Cost of All Material and Transportb, $ 
Supply Material, S/Ton Material in Bulk, S Per Ton All Material Cost of Supply System, s
System 
Number Product 

Location of 
Production Total 

Foreign 
Exchange 

Quantity, Tons 
Total P20s Total 

Foreign 
Exchange Total 

Foreign 
Exchange Total 

Foreign Per Ton All Material 
Exchange Total F. E. Total F.E. 

Per Ton ofP2 05 

Total F.E 

P-1 Triple Super- Rancagua 75 30 233,765 107,531 
(1,000) 
17,532 

(1,000) 
7,013 16.03 3.53 

(1,000) 
3,747 

(1,000) 
825 91.03 

(1.000) 
33.53 21,280 

(1,000) 
7,838 197.89 72.89 

P-2 
phosphate
Triple Super- Penco 81.5 30 233,765 107,531 19,052 7,013 15.29 3.53 3,574 825 96.79 33.53 22,626 7,838 210.41 72.89 

P-3 
phosphate
Triple Super- San Antonio 75 30 233,765 107,531 17,532 7,013 17.80 3.53 4,162 825 92.80 33.53 21,695 7,838 201.75 72.89 

P-4 
phosphate 
Triple Super- Imported 58 58 233,765 107,531 13,558 13,556 22.54 8.03 5,269 1,877 80.54 66.03 18,827 15,435 175.08 143.54 

P-5 
phosphate 
Normal Super- Rancagua 25 11 537,657 107,531 13,441 5,914 16.03 3.53 8,618 1,898 41.03 14.53 22,060 7,812 205.15 72.65 

P-6 
phosphate
Normal Super- Penco 26.5 11 537,657 107,531 14,248 5,914 15.29 3.53 8,219 1,898 41.79 14.53 22,467 7,812 208.94 72.65 

P-7 
phosphate 
Normal Super- San Antonio 25 11 537,657 107,531 13,441 5,914 17.81 3.53 9,573 1,898 42.81 14.53 23,014 7,812 214.03 72.65 
phosphate 

P-8 Normal Y2 Rancagua 25 1 537,657 107,531 13,845 5,914 14.20 3.53 7,634 1,898 39.95 14.53 21,478 7,812 199.74 72.65 
aFor imported material this is cost f.o.b. vessel; for all others cost is in bulk storage at production plant.
bFor imported material it is assumed that one-half of total will be .hipped in Chilean ships. 



sulfuric acid and phosphate rock should increase product 
costs by about $1.50/ton at Penco. (The cost of production 
at San Antonio should be about the same as for Rancagua.) 
The possibility for bacKhauling other commodities 
including phosphate product in the rail cars would likely
result in even more comparative economic advantage for 
production in the plant at Rancagua. (Since NSP 
production will require two pioduction lines, tie possibility 
of dual plant locations was also evaluated.) 

Fused Magnesium Phosphate 

The only location considered for production of this 
product was Valdivia- a port location neai the serpentine 
mine. The plant s/e considered would produce 11,000 
tons/yr the size that Carburo y Nletalurgia S. A. tentatively 
plans to build. Production cost was estimated as S49.58/ton 
of product or S226/ton of nutrient. 

COMPARISON OF PHOSPHATE SUPPLY SYSTEMS 

Normal Superphusphate dnd Fused Magnesium Phosphate 

The cost of suppling lused magnesiumn phosphate can 
be compared to tie sluply Lost t NSP loili products have 
about the sanit nutrient content (about 20'1,- P205 ) and 
both products have se.ondary and micitontitrienis that seem 
to be ncedcd inl some localities (Probably the most 
iniporiant additional nutrients these two lertilizers can 
supply are sulltr by NSP and magnesimn by the fused 
magneCiUlm phlospbh te ) It is riot practical i compare 
production costs lot the two products at the saine location 
and at identical production rates NSP should be produted 
near the sulltirt acid supply and fused lagiesiuIm 
phosphate Should be produced near the source ot 
serpentine Single furnaces for mIagnesiuL phosphale 
production cannot be built with product capacities as large 
as are possible and desirable tor economical superphosphate 
production However, the cost comparison below indicates 
that NSP call be produced in Rancagua and shipped to 

Cost,$/Ton 
Normal Magnesium 

Material Superphosphate Phosphate 
Production cost, S/ton 24.79 49.58 
Reclaiming from bulk storage .60 .60 
Bags and bagging 6.60 6.60 
Loading bags on rail car .60 .60M 
Shipment to Valdivia 12.75 -

Bagged product, f.o.b. rail 
car in Valdivia 45.34 57.38 

(2.27/unit) (2.60/unit) 

Valdivia at about a 10% lower cost pet nutrient unit (02.27 
vs $2.60) than for production of' tie magnesium phosphate 
in Valdivia. 

TOTAL PHOSPHATE SUPPLY SYSTEMS COSTS 

Total systems costs, including costs ol production oi 
importation, bagging, handling, and tianspoitation tor Some 
phosphate fertilizers ate given in table 24 All products 
were assuied to he bagged at plants or ports, alt hough in 
actual practice there may be some bulk Shipmntn and bulk 
handling within the countly Lach s3stein is based on 
supply of 107,000 ions ot P2 0 'flew pattern at nutricnt 
requirement outlined in the KLainey pitoprral wa, lollawed 
closely 

Systems P-1, P-2. and P-3 are t do I'SliHltLton at al 
Rancagua, Penco. ind San Antonio Fieign e\hLIdinge LOss 
are the same lot all thice systen, Sxstein P.4 is tar 
Importation ol TSP and IScOcLied Inl mit01e detail in SLiion111 
VI Cost iesults (lol o p 87) show tihe li ket totl,l to, by 
a small inaigin tlr inpoiltaltii, but Itriclgn e\lige t.os s 
arc much higher Pioduction at R.rrw igua gives tIih lowe.I 
systems cost at tile three pIodtliitn pl.iis (ligume 41) 

Systems P.5, P- , P-7, aid P-8 ,it. h01 put1dULtoli NSI' 
at dilleteni lac,ittlus COSiI dtlon OulrI p1S aal/Cd oi J)80lIaW 
that the dual locations Should lie the best loi NSP 
production, oil Ihe baIs at Iowest sysieCni t ' 'SIS 

Potassium Supply 

Based on the Keainey pi jecl ions iIhci should be a 
market for 50,000 iols at K2 0 in Chile ii 1)75, willi 
10,000 tons of K2 0 to be derived ltiom Chileaii nil iiaies nd 
2,000 toiis froin gin1o SIIntC iItIt ,c io (tlici K2 0 
sources in Chile. the adtht r ,.100 t s atnoionalktlat 
K20 must be supplied by l1)oiltation Prta~ssiti chlolide 
(60'% K20) and p sl,,,nll sullate (52'; K.:0) were 
considered feasible mater,iMS taor ir11porttrttrr Results Ir1iii 

section VI (,ible 21) tabtla ied tr p 87 slitow quite a 
signilficnt eCollroirliC Advalntge 10orItt ,lNSIIItLhtnR ie 

It lay not be igrItIr0nLilly tersIule i tuiplelely 
substitute KCI for K2SO4 I lokcwer stmle subsitn tion 
should be possible It only hIll tt tile K a,, K2S01 were 
replaced by KCI. then savings ii total tist are estliialed as 

iabout SI.75 millioi and tloergn exchange avings as about 
S1.70 million in I975. 

There are several ptossibilities lot ,tipply of the 
add ittoal nutrients needed in ('lile i 1)75 is ixed 
fertilizers Some of these Iossibilles are as follows: (I) 
production of DAP in Chile. (2) imnporlation of DAP, (3) 

85 



00 

Table 25. Cost of Supplying Mixed Fertilizer (18-45-0 Grade) to Chile in 1975 by Altemate Systems 
Cost of Bags, Bagging Cost of Supply System, SCost of Bulk Material, a 

Cost of All Material a Handling, and Transportb. $Mixed Fert. Per Ton of Plant d 
S/Ton Material Quantity in Bulk, S Per Ton All MaterialSupply Nutrients inForeign Tons Foreign Foreign Foreign Per Ton All Material 18-46-0 & TSPSystem No. Product Source Total Exchange Total N P2 05 Total Exchange Total Exchange Total Exchange Total F.E. Total
M-1 18-46-0 Produced at c 98 7171 233,869 42,000 107,531 22,919 16,605 15.33 

F.E. Total F.E.
 
3.53 3,586 826 113.33 74.53 26,505 17,430 196.21 129.03 

Rancagua
M-2 18-46-0 Produced atc 104 71 233,869 42,000 107,531 24,322 16,605 14.82 3.53 3,467 826 118.82 74.53 27,790 17,430 205.72 129.03 

Penco
 
M-3 18-46-0 Produced atc 98.5 71 233,869 42,000 107,531 23,036 16,605 17.18 3.53 4,018 826 115.68 74.53 27,054 17,430 200.27 129.03 

San Antonio 
M-4 18-46-0 Importedc 76 76 233,869 42,000 107,531 17,774 17,774 22.71 8.03 5,178 1,8/8 98.71 84.03 22,952 19,652 169.91 145.48M-5 18-46-0 Rancagua 98 7171 104,755 18,860 48,187 10,626 7,438 12.25 3.53 1,284 370 110.25 74.53 11,550 7,807 172.26 116.45TSP Rancagua 75 3030 12P,015 59,346 9,676 3,870 19.10 3.53 2,464 455 94.10 33.53 12,140 4,326 204.56 72.89Total 85.31 48.37 233,770 18,860 107,531 19,942 11,308 16.03 3.53 3,748 825 101.34 51.90 23,690 12,133 187.43 96.00M-6 18-46-0 Penco 104 71 104,755 18,860 48,187 10,895 7,438 15.32 3.53 1,605 370 119.32 7453 12,499 7,807 186.43 116.45TSP Penco 81.5 30 129,015 59,346 10,515 3,870 15.26 3.53 1,969 455 96.76 33.53 12,483 4,326 210.35 72.89Total 91.58 48.37 233,770 18,860 107,531 21,410 11,308 15.29 3.53 3,574 825 106.87 51.90 24,982 12,133 197.66 96.00M-7 1846-0 San Antonio 104 71 104,755 18,860 48,187 10,895 7,438 13.82 3.53 1,447 370 117.82 74.53 12,342 7,807 184.08 116.45TSP San Antonio 75 30 129,015 59,346 9,676 3,870 21.04 3.53 2,715Total 455 96.04 33.53 12,391 4,326 208.79 72.8988.0 48.35 233,770 18,860 107,531 20,571 11,308 17.80 3.53 4,162 825 105.80 51.90 24,733 12,133 195.69 96.00M-8 18-46-0 Imported 76 76 104,755 18,860 48,187 7,961 7,961 22.78 8.03 2,386 841 98.78 84.03 10,347 8,803 154.33 131.29TSP 58 58 129,015 59,346 7,483 7,483 22.35 8.03 2,883 1,036 80.35 66.03 10,366 8,519 174,67 143.55Total 66.07 66.07 233,770 18,860 107,531 15,444 15,444 22.54 8.03 5,269 1,877 88.61 74.09 20,713 17,322 163.88 137.05aFor imported material this is cost fo.b..esl. for all others cost is in bulk storagc at production plant.bFor imported material it is assumed that one-half of total , ill be shipped in Chilean shipsCSince requirements %verelarger thin supphed by DAP in some area, an ad. nional 13,895 tons of N are needed to fulfill the total requirements in each province while approximately the same quantity %%assupplied over the requirement in other pro' inces.dWhere N was in excess of the requirement, the excess quar.tit} was assigned a zero alue 



Total Systems Costs, $/Ton P205 

Total Foreign 

System Option 0% R.O.I. 10% R.O.I. Exchange 

P-1 Production at Rancagua 179 198 73 
P-2 Production at Penco 191 210 73 

P-3 Production at San Antonio 183 202 73 

P-4 Importation (at estimated 
1975 price) 175 - 143 

Total Systems Costs, $/Ton P2 05 

Total Foreign 
System Option 0% R.O.I. 10% R.O.I. Exchange 

P-5 Production at Rancagua 196 205 73 
P.6 Production at Penco 200 209 73 
P-7 Production at San Antonio 205 214 73
 
P-8 Production of one half total
 

at Rancagua and one half of 
total at Penco 191 200 73 

Systems Cost, $a 

Per Ton Material Per Ton K2 0 All Material (1000) 

System Option Total F.E. Total F.E. Total F E. 

K-1 Importation of KCI 47 33 78 55 2,980 2,100 
K-2 Importation of K2SO 4 89 74 171 143 6,481 5,510 

aTlhese costs arc based on bulk inuportalion with bagging at the Chilean port where the materiail was received Pntcs are eiial~hied 1975 priteC 

production of ainmoniated superphosphates in the COSAF Comparison qj Aixel F-ertlizei Suppli si's en.s total 

plant at Penco, and (4) bulk blending single nutrient systems cost, including costs of production in inpot lation. 

materials in smaller Chilean plants located near the market bagging, handling, and Iransporiation for soic alternative 

area. Total systems costs were estimated for importation of routes of supplying 18.46-0 grade are given in table 25 It 

DAP and for production at Rancagua, Penco, and San was assumed that products produted in ('hile would he 

Antonio. bagged at the plant, and import, would he bagged ,it lhe 

Utilization oh DAP to supply the additional 107,000 receiving port Lach system is based l supply of 107,000 

tons of P20 5 needed in 1975 will also provide 42,000 tons tons of P'2Os and will also supply 42,000 tons ol N 

of N. This closely approximates the estimated 40,000 tois Systems M-i, M-2, and M-3 are prodU.ctin Of I)AP at 

of additional N needed in 1975.' Rancagua, Penco, and San Antonto li'oeIgn exchlange Costs 

A detailed estimate of the cost of production of DAP at are abotit file sane lot all threc ,ysteis (liguic 41) System 

Rancagua was prepared. Based on use ofinported atnmonia M4 is for importation ot DAIP and is covered iil detail in 

at a delivered cost to Rancagua ol S62/ton (S34/ton f.o.b. section VI. Cost iesuits Inoni table 25, which are 

Trinidad), cost ol production of DAP was S98/ton, and sumnmar/ed on p 8), show the lowest total sysieuis cost 

foreign exchange was S7I/ion. Production costs at Penco for importaltion, but loitcgn exch,inge costs aie somewhat 

and San Antonio were estimated to be about S104 and higher Witll iinpol tation 

$98.5/ton, respectively. ('ompartion oj Sytetnm Cost with ('ominhnations of 

Fertilizer%and Stright Mateiial In section VI,
7Althoughii the total supply is near the anount required, an the lowest imtiportaion systems cost was for illportation of 
additional 13,900 tons of N is required to supply requirements a 
in province, where tile requirement is greater than N-P ratio of a comtnation ot urea, 'SI', aid DAP (system M.8). It is 
i)AP when DAP supplies all tile P20 5 requirement, possible to produce both DAP and TSP in the same plant if 

_Mixed 
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.. Figure 40. Estimated Total Costs and Foreign Exchange Requirements Per Ton of 
0 P205 for Alternative Methods of Supplying 107,500 Tons/Year of PO  1 9 7 5 a 

Cost 
(USSi 

200-
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exchange 

P-1 P-2 P-3 P4 P-5 P-6 P-7 P.8 

alternatives 

2P-1 Triple superphosphate produced at Rancagua. 

P-2 Triple superphosphate produced at Penco. 

P-3 Tniplc superphosphatc produced at San Antonio 

P-4 Tniple %uperpho'.phatc imported 

P-5 Normal %uperphospliateproduced at Raneagua.

P-6 Normal %uperphiosphate produced at Penco. 

P-7 Normal superphosphiate produced a, San Antonio. 

P-8 Normal superphosphate produc.ed i/2 at Penco. ,/-at Rancagua. 


Figure 41. Estimated Total Costs and Foreign Exchange Requirements 
Per Ton of Plant Nutrients in 18-46-0 and TSP-1975a 
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N1-5 18-46-) and T~I) produced at Rancagna
 
NI-6 18464) and TSP produced at Perio
 
M-7 1846-0 and TSP produced at San Antonio.
 
%1-8 18-46-0 and TSP imported
 



it is designed for tins type operation. Therefore, systems 
costs with Chilean production of DAP and TSP not 
included on table 25 (m-5) are compared with the systems 
costs with all the material Imported in table 25. Results are 
summarized at the bottom of this page Por comparison, the 
systems with domestic production ot urea (N-I and N-2) 
and TSP (P-I) and the system with Importation of urea 
(N-3) and TSP (N4) aie combined and also included, 

With urea production in Chile at tilerate for the residual 
Chilean market only + production of granular TSP, total 
systems costs are about the same as for production of the 
TSP-DAP combination. IHowever, foreign exchange costs 
are much lower with urea production. Total costs for urea 
production in the smaller plant + TSP production are 
slightly higher than tor Importation, but again foreign 
exchange costs are much lower (by nearly S50/ton N + 
P205). With urea production in plants stized for Chile's 
market plus a portion of tie Andean market, both total and 
foreign exchange costs are lower with Chilean production. 
Assuming Chile can get sonic portion ot tie Andean 
market, production of urea and TSP (or NSP) in Chile 
seems to be tihe most attractive alternative 

Comparison of the Costs of Barge Shipment 
with Rail Shipment 

A significant percentage ot the cost of delivering 
lertili/er-, to the farmer is tie cost of transport and 
handling. The marketing study by the A. T. Kearney 
Company, Inc. emplhasied tire economies possible in bulk 

System Option 
M-1 Production at Rancagua 
M-2 Production at Penco 
M-3 Production at San Antonio 
M-4 Importation 

Materials and Origin 
Urea (1),DAP (P), TSP (p)a 
Urea (I), DAP (I), TSP (1) 
Urea (p)b, TSP (P) 
Urea (p)c, TSP (P) 
Urea (1), TSP (1) 

Supply System No. 
None 
IM-2 
N-2 f P-1 
N-1 t P-1 
N-3 tP-4 

handling of materials and recolmended receiving all 
fertilizer material in bulk at ports. The Kearney sLudy also 
relates that the Minister of Agiculture has established a 
policy stating that a plan of bulk distribution otlei lih/eis 
should be uplemented in Chile in the nea luture 
However, emphasis is oni internal itilk iirovement by 1,iil, 
with some men tion of bulk blending and hulk dist rlut Ion 
onto farms. Another possibility for inspot savings is 
internal bulk movement t naterials by sea-going hages 
from a central location such as r production plant ol bulk 
storage building where impoled naleitrials are received In 
large quantilies to other Chilean ports 

Materilmas nor1ma1ly can be moved hl Ig dii.iikes, hy 
water at much lowe cost lhaii tat or truck tianspot 
Typical costs for lxige moveinci li Il: lile r1ige t 
SO.001-0.002/ion/kmu only 10.20';tof ( lile's talIh eight 
rates The estimrated asts torIdelieTg I'llI,hIdie p11adtL is 
from either l:aIIcagu b,,yril or San Aii,,mio h), brge are 
tabulated at tie lop o 1p90 (IRrcargur ,rrnd Sai Ainltnoio 
are altern,ltive lOLa,tao tar phosphatle pr,,dihLl1i I llanIii 
Chile.) 

A cormlparisorn of these LOIS, Wl101 ,rlt IS Stllnfildr/ed 

oil p 90, Indicates thatl by ttllih/irg hbarge iiivenrent 1trait 
San Antonio piadtrLis car: he delivered to Valdivia and 
Puerto Moltt at ,bout Sl1-12/tar: lowerV Los, tha1 by rail 
tron RanLgila IlIe siinrninaiy lis, iidL lies that Cast 
savings per uinit t plan nutiirienut shold I • Ilines higher 
for NSP than tor TSP or DAP 

The use o lhis type of balige IIrarisporl would require 
spechalr/ed equipment Attie receiving p ls 10n Unloading. 

Total Systems Costs, $ Tons N & P2 D, _ 

Total Foreign 
0% R.O.I. 10% R.O.I. Exchange 

180 196 129 
190 206 129 
184 200 129 
171 - 145 

Systems Cost, $/Ton N & P, 0___ 
Total Foreign 

0% R.O.I. 10% R.O.. Exchange 
176 191 108
 
171 - 143
 
180 201 63
 
141 160 55
 
183 - 153
 

aP pr ('trite .1al j LII gurJ (least Cot ItapoduLCd iin Walol), I iItportalion.hUrca production in42,000 loins N/yr plant (Cile's N needs only).
CUrea produLed ii 89,t00 tons N/yr plant (Clinle'%N neel, and aportion of Andean market). 
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Approx. distance, km. 
Cost, $/ton 

Reclaiming from bulk storage 
Bags and bagging 
Loading bags on rail car 
Rail Freight 
Unloading from rail car into storage 

Total for bagged material in storage 

Approx. distance, km. 
Cost, $/ton 

Shipment by Rail from Rancagua 
To Valdivia To Puerto Montt 

770 1005 

.60 .60 
6.60 6.60 

.60 .60 
12.75 14.65 

.60 .60 
21.15 23.05 

Shipment by Barge from San Antonio 

Loading bulk material from storage onto barge 
Barge Freight 
Unloading barge to storage 
Reclaiming from storage 
Bags and bagging 
Moving bags into storage 

Total for bagged material in storage 

Potential Savings 
with Barge Movement, Destination 

$/Ton Valdivia Puerto Montt 
Product 10.05 11.25 
Unit Nutrient 

in NSP (020 0) 50.25 56.25 
in TSP (046 0) 21.85 24.46 
in DAP (18-46-0) 15.70 17.58 

conveying, and storing bulk material. (Tile Kearney study 

recommended installation of equipment for unloading and 
storing bulk materials at Puerto Montt. Bulk unloading 
facilities are under construction at Penco and are already in 
use for handling nitrates at Baron and Talcahuano.) To 
minimi7e loading cosls the production plan!s should also be 
located so that products can be moved Irom plant bulk 
storage, or Iroi central hulk storage areas for imported 
materials, to baiges by conveyor 

The potential aitnionia-ure, plant site near Punta Arenas 
is a, a port location wheme bulk loading ot urea should be 
possible. II a pho,,ph:alc produclion plant islocated at San 
Antonio, it may be lemsible to deliver bulk phosphate 
products soulhwaid by b,.rge to ports from San Antonio to 
Punta Arenas And then deliver bulk urea from Punta Aienas 
norlhward on tile return trip 

If Chile should obtain agreements to supply nitrogen 
ferlili/crs to the Andean market countries of Peru and 

To Valdivia To Puerto Montt 
850 1200 

.60 	 .60 
1.70 	 2.40 
1.00 	 1.00 

.60 .60 
6.60 	 6.60 

.60 .60 
11.10 	 11.80 

Ecuador, it may be possible to deliver urea by barge from 
Punta Arenas to various ports in Chile, Peru, and Ecuador 
and then return with rock phosphate from Peru's Sechura 
Desert to a phosphate plant at San Antonio. Then bulk 
phosphate products could be loaded and moved to ports 
south of San Antonio as the round-trip to Punta Arenas is 
completed. PotassimM chloride and potassium sulfate will 
probably also be available as products from the Sechura 
Desert in Peru and are other possible products to backhaul 
to Chile. 

A combination barge that hauls both urea and ammonia 
is now in use in tile U. S., serving a route from Alaska to 
Washington state. A barge of this type might be used to 
supply both urea and ammonia to Peru and/or Ecuador, as 
well as points in Chile. 

There are many different types of barges and port 
unloading facilities. For example, a barge may be 
self-propelled, or it may be towed, it may have gear for 
unloading cargo, or it may be dependent on shore gear. 
Recommenaing a specific system design for moving Chile's 
bulk fertili/er materials by water isoutsidc iie scope of this 
study. Htowever, the possible economies with such a bulk 
system seem to warrant a detailed study of this aspect of 
Chile's future fertilmier supply systemrs. 

Potential Savings in Phosphate Production 
Costs at Rancagua by Utilizing Backhaul 
in Phosphate Rock Rail Cars 

Rancagua, which isadjacent to the potential location for 
a sulfuric acid plant and is also in the Central Valley 
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agriculture area, is a feasible location for a phosphate 
fertilizer plant. Rancagua is not a port location, and any 
phosphate rock used to produce fertili7ers there would 
probably be imported through the port of San Antonio and 
hauled to tileplant by rail. Rail freight costs are estimated 
as approximately $4/Ion of rock. 

There nlay be some possible savings in rock phosphate 
rail freight costs by utili/ing the rock cars to carry other 
commodities on the return trip to San Antonio. Sonic 
possibilities are to haul phosphate products back to San 
Antonio or to haul blister copper to San Antonio. (Since 
rock phosphate is nonhygroscopic and insoluble in water, it 

can be hauled in practically any type of car. However, 
hopper-bottom bulk cars are preferred due to the relative 
ease and speed of unloading.) 

The effects of savings in tock phosphate freight tates on 
costs of production of teitili/ers are tabulated below tr 
NSP and TSP and tot DAP. Production costs were 
estimated tr eillici lock)complete elimination (S4t/on ot 
oi 50', reduction (S2/ion ot tock) o ticight iaie, 

The above tabulalion indicate,, that d50'; reductio in 
rock freight rates hom San Antonio t)Riantagua shiould 
lower the production costs tor NSP1by about SI 2/lo and 
lower the costs fo either )AP or TSP by about $3.2/ton 

Production Cost at Three Rock Freight Rates and Two Rates of Return 
Full Freight ($4/ton) 50% Freight ($2/ton)___ 0% Freiqht Rate 

$/Ton $/Unit S/Ton S/Unit S/Ton S/Unit 
Product 0% 10% 0% 10% 0% 10% 0% 10% 0% 10% 0% 10% 

NSP (0-20-0) 23.1 24.8 115 124 21 9 236 110 118 206 223 103 112 
TSP (0-46-0) 66.2 75.2 144 163 63.0 720 137 157 599 68 9 130 150 
DAP (18-46-0) 88.1 98.3 138 154 84 9 95.1 133 149 81 7 91 9 128 144 
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SECTION VIII 

ANALYSIS OF THE FERTILIZER SITUATION IN THE 
ANDEAN MARKET 8 AND VENEZUELA 

SUMMARY
 

An analysis of tile fertilizer situation in tile Andean 
Common Market countries, summarized in table 26, 
indicates that in 1975 fertilizer consumption will be aboout 
340,000 tons each of N and P2 0s, and about 180,000 tons 
of K2 0. This is almost double the actual nutrient 
consumption in these countries in 1968/69. Consumption 
in Venezuela is estimated at an additional 45,000 tons of N 

and 27,000 tons each of P20 5 and K 20 in 1975. 
Existing production capacity plus (hat under 

construction in the Andean countries, given in table 26, can 

supply about 300,000 tons/yr of N, 130,000 tons/yr of 

P2 05 , and 80,000 tons/yr of K20. Assuming that about 
55,000 toils of N and 10,000 tons of K20 of the Chilean 
nitrate production will be marketed in Chile and the other 
Andean countries, the residual market 9 for fertilizers im 

1975 should be about 135,000 tons/yr of N, 200,000 
tons/yr of P205 , and 100,000 tons/yr of K20. If 

contracted fertilizer facilities with capacities totalling 
24,000 toils/yr of N and 14,000 tons/yr of P20 are 
constructed in Bolivia, then the residual market will be 
reduced to about 110,000 tons/yr of N and 190,000 
tons/yr of P205 . Nitrogen production facilities in Peru are 
comparatively uneconomical and obsolete. If operation of 
these facilities is discontinued, the residual nitrogen market 

could be increased by about 40,000 tons/yr to about 

150,000 tons/yr. 
If contracted construction of facilities are completed, 

Bolivia will be self-sufficient in fertilizers :n 1975. Even if 
these facilities are not constructed, the total market for 
fertilizers in Bolivia is small. Colombia will have excess 
production of nitrogen fertilizers. The major markets for 
nitrogen will probably be in Chile, Peru, and Ecuador. With 
the exception of Chile, phosphate markets will probably be 
small. Venezuela will have a surplus of nitrogen and 
phosphate fertilizers and will probably be competing for 
the residual markets in tile Andean countries. 

8The Andean Common Market countries are (I) Bolivia, (2) 

Chile, (3) Colombia, (4) Lcuador, and (5) Peru. 

9Rcsidual market refers to the amount of fertilizers that will be 

consumed in a country or a group of countries above the 
quantity that may be produced in that country(%) from existing 
production facilities including those under construction, 

Table 26. Consumption, Production Capacity, and
 
Residual Market for Chemical Fertilizers in
 

Andean Common Market Countries
 
Consumptions of Fertilizei sa
 

1,000 mt of nutrients 
Actual, 1968-69b Projected 19 75C 

P 2N K!,0 N 
Bolivia 2 1 1 8 
ChileColombia
Cua 

34
53
3 

99
60
22 

10
45
15 

90
9745 

Peru 55 11 12 100 

Totals 174 193 83 340 
aDoe%not include organics 
b)Chile consumption Irom Kearney sludy, all 
Mothuly Bu7lletin (f4 gm ultural lononu 
(Iehruary 1970)
CChule projeLtion front Kearney ,iudy, Ilolhvid 

PP0. K._O 
7 4 

165
10833 

s0
8122 

22 22 

335 179 

oihers Iront F/10 
and Staill's 19 2 

PrioLet0ioi fioin 'I 
FertihzerProgram for Blohta, IVA, and all olhcrs by TVA I earn. 

Estimated Production Capacity for 
Solid Chemical Fertilizers, 1,000 ton/yr 

Existing or under 
construction Contracted 

N P205 K20 N 
Bolivia - -
Chile 50160aClo 104 
Cuadori 8 10 
Ecuador 8 10 
Peruc 37 6 

Totals 309 132 
(14 9 )b 

- 24 14 
50 27a -- --

4 - -
4 - -
6 - -

8.7 24 14 
(60)b 

aAII mined fertilizers (clulean nitrates). 
'FxcludingChluean nitratesCAssumiei that construction of planned nitrogen complex 

will continue to be postponed. 

Residual Market for Fertilizers in 1975 
1,000 ton/yra 

N P2 05 
Bolivia (16) (7) 
Chilea 40 107 
Colombia (7) 42 
Ecuador 37 23 
Perub 33 16 

Totals 110c 188c 

K 20 
-
-

-

-

-

at lTalara 

K2 0 

-
38 
31 
18
 
16 

103c 

aAsumning (ilean nitraie,, supply 48,0t0 Nand 16,000 K20 and 
j.uano supplies 2,000 N,8,000 12Os, and 2,000 K20. 
tAsumnes guano and (ulean nitrates supply t0,000 ton/yr of N. 
CAssunmes excess Lapacity in Bolivia and ('oloumbia not marketed in 
other And.an Lountries 
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The most sigilicant raw materials from the standpoint 
of fertilizer manufacture are listed below by country: 

Bolivia natural gas anid sulfur 
Chile natural gas, sodium nitrate, potassium nitrate, and 
sulfr 

1-cuador nat ural gas and soilfuir 
Peru -natural gas, phosphate rock,and polasln.

Vee/uela naLural gas and phosphate rock. 

BOLIVIA 

Consumption and Production Capacity 

Fertilher produtltion capacity and conunilplion for 
Bolivia Isgiven in hible 27. ('onuniptnion in 1968/69 was 
only about 2,00(0 tons/yr ot N and I,000 tluns/yr each of' 
)20, anti K20 Islitiitled consuilipt ion hor1975 is 8,000 

Ions otN and 7,000 tons ol P205 
"1here are no l01itl1iii OdUtluionIa,cihtieisP)I in Bolivia. 

('onstiULtiol 011 , ,m1all nitrogen pliit and a small 
phospliate plant I planiicd 'ile planned nitrogen plant 
locationi Is the Sanla (iiti/ai, where nnial gas is available 
isthe leelitock Nlitogein pioductitloi ot 24,000 tons/yr 

prilled Uilioninl IUinite i,,plinned Alinionihi will be 

prodtiLed by ietming ntilut l gas Nitric acid will be 
ploduceL as ,ui iniei iedite and used in production of 
prilled .inioiutl ilwtte Some of this aloitloun nitrate 
prodtidl villi)Ohiluly hc uIlte/d ISan explosive In the 
nIInlzlg tndsltty 


1lhe planned phosphate plant will produce NSP at 
Iuc.1hpt1us. I IodutIULLapacity at 14,000ti is estimated 
tons/yr of 12 ()j Iunpoled phosphate iock will be reacted 
with IsIt i Ldd Iroin sulfur.i uC piiItced Bolivian The 
sulluuc acid plaunt isn oeiIatuon 

Raw Materials 

Natural Ga' Bolivia has adequate natural gas reserves 
intilevicinity of Santa Cru, to support anleconomical size 
nitrogen countple\ Estina1.ited recoverable reserves are 2,900 

billion It . 
lite Some phosphlite 

found in Bolivia, bilt known reserves are silall and do 
not appear io have any economic significaclce. At a 
location neat Aiulro* icuina its oft dead aninial bones are 
reported to have i collupoSltoiu of 12-15% P2 Os . 
Ilowever, P2 ()ieserves are estimated as only ,ihout 10,000 
tons. 

*Vtdjur VoklLlnc sources in a nunmber 

Plo/a Rock rock las been 

sillmii occUu 

of locations in the Andes along the border Willi Chile 
The ltabulailion (3) below Indicates that there are six 
sulfur deposits in Bolivia with llal known reserves of 
abolLt I/ nillion toils of oie. Production capacity is 

estimated as about 24,000 tons/yr of ore averaging 
about 50% S. 

Production 
Deposit Location Capacity Reserves 

1,0 ~ l ntn
Dept. Potosi, 6 km 10,000 tons/yr Y milhon Ions 
from Chilean border ore of ore averaging 

52.5% S 

Dept. Potosi, 7 km 3,000 tons/yr 1/4 million tons 
from Chilean border or ore containing 

55% S 
Napa in Dept. Potosi 2,000 tons/yr unknown 

Near Napa, Dept. 4,000 tons/yr 1.2 million 
Potosi tons of ore 

Dept. Potosi 2,000 tons/yr unknown 
Near Sail Pedro de 
Atacona 3,000 tons/yr unknown 

Potash- -There are no known potassium deposits in 
Bolivia. 

Table 27. Bolivia 
Fertilizer Consumptiona 

1968/1969 Estimated Demand 1975b 
1,000 ton/yr 

N P205 N P2 5 K20 
2 1 1 8 7 4 

Existing ProductionCapacity 
None
 

PlannedProduction Capacity (Contracted) 

Capacity 
1,000 ton/yr 

Plant Ownership Location N P205 K2 0 

Yacimentos Petroliferos 
Fiscales Boliviano 

Santa Cruz 24 (AN) - -

Bolivian Army Eucaliptus - 14 (NSP) 
Pension Fund 

Sulfuric Acid Capacity 
Production Capacity 

Company Location 1000 ton/yr 
Bolivian Army Oruro 33 

Pension Fund 
alAOAtont/tdlyBulletitiofAgriculttral Eoiwnilcs and Statistics 
19:2 (February 1970).
 
trennes,'e Valley Authority. A FertilizerProgramforBollila.
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CHILE COLOMBIA
 

The quantities of fertilizer supplied and demanded in 
Chile are summarized in table 28. Consumption estimates 
are given in more detail in section III of this report. In 
1975, conlsumption Is est imated at 90,000 tonS of N, 
165,000 tons ol P,0R, and 50,000 tons of K20. 
Production in 1975 is estimated at I00,(000 tons/yi of N, 
24,000 tons/yi ot KO as Chilean nitrates, and 50,000 
tons/yr of P20' as superphosphates. It is estimated that 
nitrates will supply 48,000 tons/yi of N tot use In Chile and 
that the enmainder will be exported. Guano will supply 
8,000 tons/yr of I) 0 , , 2,000 tons .)f N, and 2,000 torls of 
K2 0. TherefOie, the lesidual market in Chile should be 
about 40,000 tons otN, 107,000 ton, o l'2 0, . and 38,000 
tonts of K, 0 n 197' , 

Raw materials to: lertilter inanuliatiie include ore 
containing sodiull and potassium nitrates, nataral gas, and 
sulfur (both .s vohanic sulfur and as byproduo sullurc 
acid from coppe relining opeiations). Known teseives of 
sodium nitrate are 100 million tons of sodium nitiate in ole 
containing 6'; or inoie sodium nitrate plus additioll 100 
million tons ot sodumn nitrate Iii more dilute ore. Naurial 
gas reserves are estimated to be over 80,000 million in 
containing 85-90', urellhane About 8 5 million 111

3/dy ) 

methane are available as byproduct frot LITG productioin 

at Cabo Negio lhere is about 2,000 ions/day oi existing 
sulfuric aiCd LapaLity in Chile piiaril) hlo ietillurgical 

operations. MctaHlurgiLai gis is iva1,iale)C 1i pliOticig 1i1 

additional 4,500 tons/day of sulburtL ,iLd Volaik suitor 
reserves at c est irrmated at aboul 35-40 illioni lonis of S In 
ore of at least 4554 S. A more tcrruplete description of 
existing ft!iliti's and raw maleri,ils for fertili.er 
manufacture is given in section IV ot this report 

Consumption and Existing Feitilizer Capacity 

Table 21) summaities the supply-demnand ielatiouslip in 
Colombia. ConsulpliOflol th il hltllltellti I 11)(1,1/(0t) 
was abouLt 53,(000 Ions ol N. Wi0,000 tons ol P1.(O and 
45,000 ton, il K () Ile consunti on lot 1975 is 
estimated :,t 97,000, IOS.000,*tnd 1I,000 ion%o N, 1,j, 
and K ,O, ,pewirely Theic is sullicreni iii' iogen cpacilty 
II opelallto to sppl tihe utly rinded Ihlough 
1975 1he iesiduail inike l'o112 ; and K: O should he 
about 40.000 Mid ;0,000 1OllS respeciivelN in) I075 

Present Feitilizer IndListly 

,AAOC,,AR-,AIOCOI (Cmph's at Ctttagena 1hIs 
collple %\,isoligillhllIN huil tdd wholl\N owned by I-sso 
Internatioil. liIl It is Coiripi ised Ot 1n11oit1,1 ,irnd rnll 
acid uitls whL1 i1e h0t1 ted Wtlh1 th1e I'sso irterlly at 
Cartagena ind Ic11tilCIuls w1hi1 ,iieUieIindInled h 
located on .idl,cert pilolit' 

Recent changes In ownehip lie taken place AItO'{Oi 
i riloV a sel'llate coipou.iiillii itlh I sso owi'illllg S t; ib tIle 
stock 1IpInutiaises 11t i dld aind arinionra hoini AIIOCOI 
(Lsso) lo piodtll of ile, a1d *I varlely of irixe\d 

terIIis Iii pluit alo rurports phosphor k acid, 
phosphaie iock I \P. and poiali I K(I and K, SO, I A hiiel 
descriptioln ob CaL I hi[Ite tiills holhows 

AIOCAR 

The aimnonia unit is a typiLtl C aid I/Gidlei ieloriniig 
plaint w III a high-ptessule syntliests ]hlp 15,000 pouitd- pr 
square inch gage (pig)l. It was oiginally designed it 

Table 28. Chile 
Consumption 

Fertilizer Consumptiona 1968/1969 Projected Demand 19 7 5 a 

I,0)OO ton/yn 
N PLO-§ 12 N PQ 2 
34 99 10 90 165 50 

Existing Production Capacity 

Capacity 
1,000 ton/yr 

Plant Location N P205 K2 0 

Sociedad Quimica y Minera Maria Elena, 
(SOCHIM) Victoria and 

Pedro de Valdivia 160 (CN) 24 (CN) 
Cia. Sud-Americana de Fosfatos Penco 

(COSAF) 50 (NSP & TSP) 
Ul rori draft el ('hilin Iertillier M1arketing Study hy the A 1. Kearney & Company, Inc 
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53 
81 

Table 29. Colombia
Fertilizer Consumptiona 1968/1969 Projected Demand 1975" 

1,000 ton/yr
N P20K 

60 45 

Existing Fertilizer Production Facilities 
(In operation and under construction) 

Plant 
Amoniaco del Caribe 
Abonos Colombianos S.A. 

(Abocol-Amocar complex) 
Acerias Pas dei Rio 
Monomeros de Colombia Ltda. 
Fertilizantes Colombianos 
Colminas 

Thomas slag from steel 
mills + small NSP plants 

Sulfuric Acid Capacity 

Company 

Location 

Cartagena 

Bogota 
Barranquilla 
Barrancabermeja 
Turmeque 

Various 
Totals 

Fertilizantes Ecuatorianos (FERTISA) 
"FA 0 Monthly Bulletin ofAgricultural Economics and Statistics 19:2. 
bProjected by TVA Team. 

produce 295 mt/day utilizing refinery offgas. Carbon 
dioxide removal is accomplished in a two.stage
nionoethanolanune system and CO conversion iscarried out 
with two.stage, high-temperature shift conversion catalyst.

Rated capacity has been increased stepwise to 390 
mt/day. Part of the increase was a result of changing from a 
feedstock of refinery gas to natural gas. Changes in heat 
exchange equipment account for the balance of the 
increase. 

AMOCAR plans to continue to operate the plant as is 
with the exception of possibly installing a low-temperature
shift conversion step. The rated capacity of the plant will 
be approximately 400 mot/day if this change is made. 

The nitric acid unit was also C and I/Girdler designed
and built and is a typical medium-pressure unit. The cooler 
condensers are cascade type. Design capacity is 150 mt/day,which ismuch more than the requirement of ABOCOL. 

ABOCOL 

The urea unit utilizes the Toyo Koatsu process and was 
built by C and I/Girdler. The unit was designed to 
produce 270 mt/day of prilled urea. The product is 

N PSIO
 
.97 108 


Production capacity 
1,000 ton/yr

N P20S K2 0
 
100 (AA), 8 NA)
 
37 (U) 17 (NPK) 17 (NPK)
 
17 (NPK)
 
1 (ASB)
 
33 (NPK) 33 (NPK) 33 (NPK)
 
15 AA 8 (U), 8 (AN)
 

10 (NSP)
 

6 (NSP) 
115 (104 AS solids) 66 (All solids) 50 (All solids) 

Production capacity
Location 1,000 ton/yr
Guayaquil 41 

stored in combination burlap-polyethylene bags. The unit 
was constructed in 1962. 

The mixed fertilizer unit utilizes a modified PEC process
with 3 acidulation tanks, 12 neutralizers, and I mixing
tank. It was also constructed by C and l/Girdler in 
1962. There are 2 granulating lines each equipped with 
Spherodizers for granulation and drying, screens, and 
hammer mill crushers. 

Solid raw materials are received at a nearby dock f:om 
ocean.going vessels. These materials are transported to the 
plant by a reversible belt conveyor. 

Nitric acid and ammonia are received by pipeline from 
AMOCAR. A variety of grades is produced, including the 
following: 

10-20-20 8-24-1414-18-143Mg 12-24.12 

14-14-14-2Mg 12-12-17-2Mg, B,Zn10.20.10 12-6-22-2Mg, B, Zn 

The rated capacity of the plant is 400 mt/day of the 
1:1:1 ratio grades. Of course, the rate may be more or less 
than this, depending on the grade produced. 
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All products are conditioned with 2% by weight of 
kaolin-base clay. There are three bagging lines with a 
capacity of 30 mt/hr each. All the production is stored in 
polyethylene-lined burlap bags. Bagged storage capacity is 
17,000 tons. 

MONOMEROSPlantatBarranquilla 

Construction of this plant has almost been completed. 
The process is a modified Dutch State Mines (DSM) 
ammonium sulfate precipitation process in which gypsum 
will be recovered for use in an adjacent cement 
manufactuiing plant. The fertilizer plant will utilize 
byproduct ammonium sulfate from a caprolactam plant 
also under construction at the site. 

Other raw materials include imported phosphate rock, 
phosphoric acid, potash (KCI), and ammonia. Nitric acid 
will be produced on site in a Stamicarbon unit. 

MONOMEROS is jointly owned by the governments of 
Colombia and Venezuela. Caprolactam will be exchanged to 
Venezuela for ammonia. The design production tonnages 
for the fertilizer unit are as follows: 

Grade Mt/day 
25-15-0 430 
20-20-0 630 
14-14-14 900 

Fertilizantes Colombianos S. A. (FERTISA) 

The basic plant essentially consists of a 65 ton/day 
Girdler-type Amopac ammonia unit, 135 ton/day nitric 
acid unit, and a 150 ton/day 26% ammonium nitrate unit. 
In addition, there is a 50 ton/day urea reactor and prilling 
tower. The ammonium nitrate is granulated in two pug 
mills. The urea plant is a partial recycle unit, with the 
offgases utilized in production of ammonium nitrate, 

Normal Superphosphate Plants 

Colombia has three or four very small NSP plants. These 
plants use small amounts of imported, or in some cases 
locally produced, phosphate rock in conjunction with spent 
sulfuric acid to produce a low-grade NSP. The quantities of 
spent sulfuric acid are very small; and therefore, the normal 
output of these plants combined amounts to less than 
2,000 tons P205 equivalent/yr. For practical planning 
purposes, they can probably be discounted for the next 
5-year fertilizer plan. 

Colminas, a semiprivate rock mining venture, has 
contracted for construction of a NSP plant near Turmeque. 
This plant will have a capacity of 75,000 tons/yr of NSP. 
The plant will use locally produced phosphate rock and 
locally mined sulfur from volcanic sources. The phosphate 

rock mines are open and working; however, the sulfur 
mines are not yet operating. 

Raw Materials 

Phosphate Rock- -Phosphate rock deposits have been 
found in two formations in Colombia-the La Luna 
formation and the Guadalupe formation. Rock samples 
have been analyzed from various areas in each deposit, but 
reliable data on extent of reserves and utility of the 
phosphate could not be found Some information on 
samples from specific localities is given below. 

Area of Elias (Guadahpe formation)- -Phosphate was 
found in seams of less than V2 m thickness. Samples 
containing up to 32% P205 were analy-cd 

Area of Giradat-Ortega (Guadalupefo rniation)-
samples were taken near Ortega that showed a P,0 5 
content of up to 17.5%7o. Southeast ot Payonde samples 
from exposed slopes had P2 05 compositions of up to 28% 
P2 05. Thickness of phosphate seams was less than m, but 
in areas the vertical depth ol the phosphate deposit 
included foui seams. 

Area of Pondi-Cunda ' (Guadahpe formation)- -

Phosphate samples with a P205 content of up to about 
28% P2 0 5 were analy7ed. This is considered to be one of 
the deposits with the greatest potential for commercial 
exploitatton. 

Area oJ Sierra-Alto (La Luna formation)- --Phosphate 
was found in narrow seams with a P2Os content of I1-15%. 

Area of Turineque (Guadalupe formation) ---Phosphatic 
apatite occurs in seams 3-4 ii thick. Samples analyzed had 
P205 contents as high as 22%. 

North of Santanler (La Lunaformation)--This deposit 
is part of the formation that has given commercial deposits 
in Tachira state in Venezuela. Phosphorite occurs in long 
seams of about I m thickness. Samples of tip to 32% P205 
have been analyzed. 

Sulfur 

Sulfur ore has been found in several deposits in Central 
Colombia. The majority of these deposits are of small size 
near the craters of extinct volcanoes. Some deposits that 
may be of economic interest are listed below. 

Caldas--This is a volcanic sulfur deposit with an 
unknown quantity of reserves. 

Puroce--Three deposits are located in this area on the 
slope of a volcano. These are the only deposit. now being 
economically exploited in Colombia. The operating 
company is Industria Puroce S. A. Ore containing 40-50% S 
is extracted by underground mining methods and refined 
in autoclaves located adjacent to the plant. Production 
rate for the last 5 years has been 20,000-30,000 tons/yr 
of refined sulfur. 
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Proven reserves In the Puroce area are about 6 
million tons of ore. 

Cundinaraca--Several sulfur ore deposits have been 
found in this area. Reserves are estimated as several 
million tons, but the sulfur content of the ore is low. 

During the Second World War some of this sulfur 
was mined by open pit methods and refined in 
autoclaves. However, mining was later discontinued due 
to high costs. 

Narino--Volcanic sulfur has been found in this area 
around the volcanoes Cumbal and Azufral. Estimated 
reserves in one area have been estimated as at least 
300,000 tons of material containing 25% S. 

Tolina- -Twenty separate deposits of varying size 
have been reported in this area. 

Potassium 

There are no known potassium deposits of 
commercial value in Colombia. 

ECUADOR 

Consumption and Existing Fertilizer Capacity 

The fertilizer market situation in Ecuador is given in 
table 30. Nutrient consumption in 1Q68/69 is estimated 

Table 30. Ecuador 
Consumption 

Fertilizer Consumptiona 
1968/1969 Projected Demand 197 5 b1,000 969 re 

1,000 ton/yr 
N P2 . N K2. 
30 22 15 45 33 22 

Existing Fertilizer Production Capacity 

Capacity 
1,000 ton/yr 

Plant Location N P2 Os K20 
Fertilizantes Guayaquil 9(WPA) 

Ecuatorianos, S.A. Ecuador 8 (M) 10 (M) 4 (M) 
Totals (Solids) 8 10 4 

Sulfuric Acid Capacity 

C'ipacity 
Company Location 1,0 0 ton/yr 

Fertilizantes Guayaquil 
Ecuatorianos, S.A. Ecuador 41 

aFAO Monthly Bulletin of AgriculturalEconomics and Statistics, 
19:2 (February 1970). 
bprojected by TVA Team. 

as about 30,000 tons of N, 22,000 tons of P2 0, and 
15,000 tons of K2 0. Consumption in 1975 is projected 
at about 45,000 tons of N, 33,000 tons of P2 Os, and 
22,000 tons of K2 0. Existing fertilizer ptoduction 
capacity, a small mixed fertilizer plant, can produce 
8,000 tons/yr of N, 10,000 of P2 05, and 4,000 of 
K2 0. No additional production capacity is planned. The 
residual market in 1975 should be about 37,000 tons of 
N, 23,000 of P2 O, and 18,000 of K2 0. 

Description of Production Facilities 

FERTISA Complex--The FERTISA fertilizer 
complex at Guayaquil has a maximum capacity for 
production of about 10 tons/hr of either granular mixed 
fertilizers or granular ammonium sulfate. The complex 
consists of a sulfuric acid plant, a wet-process 
phosphoric acid plant, and a granulation plant. 

Sulfuric acid is produced in a contact plant with a 
capacity of about 41,000 tons/yr. Feedstock for sulfuric 
acid production is Ecuadorian volcanic sulfur from 
Tixan in the province of Chimborazo. 

Sulfuric acid is used to produce phosphoric acid by 
the conventional dihydrate wet process. Plant capacity is 
20 tons/day of P205 as 30% P20 5 acid The phosphate 
rock (32-33% P2 O5) is imported from Florida. The 
reactor is mild steel with a brick lining. It is divided 
into four compartments. The reactor product is filtered 
on a 60-ft Einico tilting pan filter. The filter grade 
acid (30% P2 0 5 ) is used in the granulation plant 
without any additional concentration by evaporation. 

The granulation plant essentially consists of a 7- x 

14-ft TVA-type rotary amnimoniator granulator, dryer, 
cooler, screens, and crushing equipment. Anhydrous
ammonia used in the granulator unit is imported by 
W.R. Grace and stored in a 12,000 toil atmospheric 
storage terminal. In addition to production of granular 

ammonium sulfate, some grades produced are 10-30-10,
6-24-24, 12-24-12, and 13-13-20. Imported potash and 

some imported TSP are used in production of the 
mixed fertilizers. 

Raw Materials 
Natural Gas--Probably the most significant raw 

material available in Ecuador is natural gas. A very large 
gas field in the bay near Guayaquil was recently
discovered. Exact reserves are not yet known, but are 
believed to be extensive. A gas flow rate of 10 million 
ft3/day was measured through a 3/8 in. opening during 

early testing. The possibility of production of LNG for 
sale to markets in the United States and Japan is under 
consideration. 
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Phosphate Rock--There are no known reserves of 
phosphate rock in Ecuador. 

Sulfur--There are several locations of volcanic sulfur 
in Bolivia. At the present time, a deposit at Tixan in 
the province of Chimborazo is being mined at a rate of 
about 300 tons/day. A portion of this material is used 
in the FERTISA production complex at Guayaquil. 
Reserves are estimated as about I million tons of S. 

There is also some mining of volcanic sulfur in the 
province of Carchi in Northern Ecuador. 

Potassium--No economical deposits of potassium 
have been located in Ecuador. 

PERU 

Consumption and Existing Fertilizer Capacity 

The fertilizer supply-demand situation in Peru is 
summarized in table 31. Fertilizer consumption was 
about 55,000 tons of N, 11,000 of P2 05 , and 12,000 
of K20 in 1968/69. Estimated consumption in 1975 is 
about 100,000 tons of N and about 22,000 tons each 

of P2 05 and K20. 

Table 31. Peru 
Consumption

Coniizrp tio n 

Fertilizer Consumpti 0 

1968/1969 Estimated Demand 1975b 
K20 P20SN P205 N K2 0 

55 11 2- 110 22 22 

Existing Fertilizer Production Capacity 

Capacity 
1,000 ton/yr 

Plant Location N P205 K2 0 

Fabrica do Fertilizantes 13 (AA) 
del Cuzco (Cachimayo) Cuzco 13 (AN) - -

Fertilizantes Sintecos SA. 20 (AA) 
(Fertisa) Lima 20 (AN +AS) - -

Industrias Quimicas S.A. 
(Indus) Lima 4 (M) 6 (M 6(M) 

Totals (Solids) 37 6 6 

Production capacity 
Company Location 1,000 ton/yr 

Compania Industria 
del Centro S.A. La Oroya 66 

OFAO Monthly Bulletin of Agricultural Economics and Statistics, 
19:2 (February 1970).
bprojections by TVA Team. 

There are three small fertilizer plants in Peru, with a 
total capacity of about 37,000 tons/yr of nitrogen and 
6,000 tons/yr each of P2O 5 and K20. These plants are 
relatively small and uneconomical. It is possible that 
operation may be discontinued before 1975. Guano 
supplies are variable, depending onl the bird population, 
and can range from about 10,000.30,000 ton, ol N/yr. 
(At the present time, the supply of buds is decreasing 
and N supply from guano should be low.) 

If existing plants are shut down by 1975, the residual 
market should be about 70,000 tons/yr of N and about 
20,000 tons/yr each of P2Os and K2 0. Peru has 
periodically announced an intent to build a large 

ammonia-urea fertihier complex at Talara, but detailed 

plans and timing have not been worked out. 

Present Fertilizer Industry 

Fabrica de Fert ilizantev del Cuzco 
(CA CIIMA YO) This state-owned tertili/er plant, 
which is located near ('uzco. was built for the 
Development and Reconstiuccion Corporacion ot the 
Department of Cu/co in 1. 5 and it has a capacity of 

13,000 tons of N/yr Due 1 sale,s .d disttnbution 
problems and electric powe failurcs. output has been 
only a fraction ot capacity The platii can produce 

N I or annoniunprilled amnonium nitrate (33 5': 
N) I, produced tromnitrate-limestone (26.1, Ariinioni 

electrolytic hydrogen Nitiic dud is dleived Irom tlhe 

pressure oxidation of anlnioni.i Liniesiotc used in the 

26-0-0 giade product is mined locally 
The electrolytic 1111111o111i proCess was chosen to use 

the output of a new hydro-cloctrc plant onl the 

Urubantiba River near Machu Picchu It is expected that 
the reliability of the power supply to the plant will be 

improved as additional planned generating units are 
added 

Fertilizante Sinmt'cov S A. (FIR7ISA) FERTISA 
operates a nitrogen plant at Callao Total output is 

about 18,000 tons/yr of N. The fertilier products are 

about 45,000 tons/yr of pan-granulated ammontum nitrate 

(33.5.0-0) and about 15,000 tois/yr of crystalline 

ammonium sulfate (21.-0-0). Ammonia is produced by 
partial oxidation of Bunker C oil, and nitric acid by the 
pressure oxidation of ammonia. Oil is purchased from 

Empresa Petrolera Fiscal Refineria La Patipilla. Sulfuric 

acid is obtained from Industrias Quimicas S. A. 
(INDUS), an adjacent plant, which purchases it from 
Cerreo de Pasco 

Solid products are bagged in 70-kg jute bags. 
FERTISA sells about 5,000-6,000 tons/yr of N to tie 
adjacent INDUS granulation plant as ammonia and 

ammonia-animonium nitrate-water solutions. 
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IndustriasQuimlkas S. A. (INDUS)--INDUS operates
NSP and mixed fertilizer ammoniation.granulation plant at 
Callao, adjacent to the FERTISA plant. Capacity of the 
plant is about 100 tons/day of nongranular NSP (20%
P20S) and about 200 tons/day of granular mixed 
fertilizers. A portion of the supt.phosphate is used in the 
granulation plant. Plant products are bagged in 70.kg jute
bags. Grades produced are tabulated below: 

Grades 
0-20-0 12-12-6 
10-10-10 12-12.17 
12-12-12 16-16-0 
10-20-0 10-8-18 + 2MgO 

Phosphate rock, potassium chloride, and a small 
quantity of 18-46-0, are imported from the United States. 
Sulfuric acid conies from Cerreo de Pasco. INDUS can 
purchase the acid from Cerreo de Pasco at a cost lower than 
its production cost, and the sulfuric acid plant is not 
operated. 

Plans for Future Plant Construction 

For several years Peru has been considering building an 
ammonia-urea fertilizer complex in the vicinity of Talara 
which would utilize the natural gas in that area as the 
feedstock to the ammonia plant. Initially, a 600 ton/day
ammonia plant and a 650 ton/day urea plant were 
contemplated as a part of the "Quinor Plan." More 
recently, a special committee of the fertilizer industry in 
Peru has recommended construction of a smaller nitrogen
complex with a capacity for production of 300 tons/day of
ammonia and 350 tons/day of urea. Although a final 
decision as to plant capacity has not yet been reached, it 
seems likely that a nitrogen complex will be built in Peru
during thle next 5 years. 

Raw Materials 

Natural Gas--Natural gas reserves in the region of 
Talara in Northern Peru are of sufficient quantity and 
quality to support a large ammonia plant. Several feasibility 
studies have indicated that ammonia production from this 
gas is technically feasible, but lack of markets and other 
problems have resulted in postponement of construction. 

Phosphate Rock---Probably the known phosphate 
deposit of greatest potential economic significance in South 
America is in the Sechura Desert in Northen Peru. 
Significantly, the deposit is located in the western part ofthe desert and very near to the Pacific coast. The area is 
connected to Piura on the Pan-American highway and by an
asphalt road to the village of Sechura. Construction of a 
pier at Bayovar Bay, near the rock deposit, has been 
initiated. 

Total proven reserves are 560 million tons of material on 
the basis of a 31% P2 05 content, with additional indicated 
reserves of about 860 million tons (31% P205 basis). The 
P2 05 content of the drill cores has ranged from 1%to 
about 24%. Overburden, which is the form of loose sand, 
ranges from 0 to a maximum of about 40 ft of thickness. 
The overburden to product ratio is never greater than 1:1 
and is normally less than 1:5. 

Large-scale pilot beneficiation tests have shown that the 
phosphate can be upgraded economically by flotation. 
Processing tests have indicated that the rock is suitable for 
use in production of phosphoric acid, superphosphates, and 
other mixed fertilizers. Plans for marketing two grades ofrock were formulated. One grade would be produced from 
beneficiated but uncalcined rock and would contain 29% 
P2 05 . The other grade would be 31% P205 produced by
calcining the beneficiated product. The uncalcined 
material would probably be preferred for direct application,
and the calcined material, for further chemical processing.

Initial plans were to produce 800,000 tons/yr of 
phosphate rock. A later revised plan now being studied calls 
for ultimate production (after 7 years of operation) ofabout 1.4 million tons of 31% P2 05 material (calcined) and
about 0.5 million tons of 20% P20S (uncalcined) material. 

Sulfur (Volcamc)--Sulfur ore deposius have been found 
in several areas of Peru. These deposits occur largely in 
volcanoes similar to those in Northern Chile. The sulfur ore 
(Caliclie) generally contains 40-50% S. There has been no 
recorded sulfur production from native ore for a long time. 
Some areas where sulfur deposits have been found are listed 
below. 

Area Reserves
 
Yu Came (Cano
 

region) 
 3 million tons of ore
 
Tutupaca Volcano 


11.5 million tons of ore 
(moqnega region) averaging 50% S
 
Caparaja Volcano 
 5.5 million tons of ore 

containing 40-90% S
 
Caropuna Volcano 
 Unknown
 
(north of Chuquibamba)
 

Ubinas Volcano Unknown 
(Chimbote region) 
Sechura Unknown 
(40 km inland 

from Bayovar) 

Sulfur (Industrial Gases)--There are three operating
plant units that are producing waste gases that might be
suitable for manufacture of sulfuric acid. Total output is 
equivalent to about 60,000 tons/yr. Two of these units are 
operated by Cerreo de Pasco Corporation at Oroyo. A lead 
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refining plant has 12,000 tons/yr of S in offgases and a 
copper refining plant has 10,000 tons/yr of S in waste 
gases. Also, Southern Peru Copper Company at li 
generates about 35,000 tons/yr of S in offgases from 
copper refining. 

Potassium--In a depression area in the Sechura Desert, 
beneath the area containing phosphate deposits, potassium 
chloride and magnesium chloride are contained in brines. 
Six areas were explored and evaluated. Total proven 
reserves are 18,000,000 tons of potassium chloride as 1% 
potassium chloride solution and 30,000,000 tons as 0.57% 
solution. 

Pilot-scale tests have indicated that production of 
potassium chloride by utilizing solar evaporation is feasible. 
Plans for production of 200,000 tons/yr of potassium 
chloride have been formulated. No target date for initiating 
production has yet been set. 

VENEZUELA 

Table 32 gives a summary of the fertilizer supply-demand 
relationship in Venezuela. Consumption in 1969/69 was 
about 25,000 tons of N and 15,000 tons each of K2 0 and 
P2 05. Consumption of fertilizer in 1975 is expected to 
increase to about 47,000 tons/yr of N and 27,000 tons/yr 
each of P2 05 and K2 0. Existing fertilizer production 
facilities plus those under construction will supply about 
200,000 tons of N and 140,000 tons of P2 0 5 . Therefore, 
Venezuela has nitrogen and P2 Os capacity to produce 
supplies far in excess of estimated consumption oi N for 
1975. Also construction of additional capacity as a large 
ammonia-urea complex has been announced. 

Existing Fertilizer Industry 

Present Moron Plant--The existing facilities at the 
Moron fertilizer complex produce ammonium nitrate, TSP, 
and ammoniated mixed fertilizers. Ammonia is produced 
from natural gas and used in production of nitric acid, 
ammonium nitrate, and mixed fertilizers. Sulfuric acid is 
produced in a sulfur-burning contact plant from imported 
sulfur. The sulfuric acid is used to produce crystalline 
ammonium sulfate, wet-process phosphoric acid, and NSP. 
The phosphoric acid is used in production of TSP. About 
half of the TSP is granulated and sold as a single nutrient 
product, and about half is used along with the NSP in 
production of mixed fertilizers. Imported Florida 
phosphate rock together with some rock phosphate from 
Riecito are utilized in production of the wet-process 
phosphoric acid and the superphosphates The granular 

mixed fertilizers and the TSP are granulated in a 6- x 8-ft 
TVA-type rotary ammoniator-granulator. Capacities of the 
various units are listed below. 

Production capacity, 

Type of plant tons/day 
Ammonia 100 
Sulfuric acid 200 
Phosphoric acid 50 
Ammonium sulfate 150 
Aom sulfate 
Normal superphosphate 120 
Triple superphosphate 120 
Mixed fertilizers 

N 

Fertilizer Consumptiona 1968/69 

P205 

Table 32. Venezuela 

1,000 ton/yr 
K20 N 

Projected Demand 1975 b 

P2O0 K20 
26 15 15 47 27 27 

ExistingProductionFacilities 

Plant 
Instituto Venezolano de 
Petroquimica 

(Under construction) 

Location 
Moron 

N 
27 (AA) 
8 (U), 17 (AS) 
10 (ANL), 19 (M) 

P2 0KO 

19 (M), 18 (NSP), 
18 (TSP), 18 (WPA) 19 (M) 

Instituto Venezolano de 
Petroquimica 

Total in operation and 
under construction 

Moron 164 (AA) 
111 (U), 26 (M) 
191 (AA), 119 (U), 
17 (AS), 10 (ANL), 

90 (WPA) 
84(M) 

103 (M), 18 (NSP) 

17 (M) 

62 (M), 
191 total 

18 (TSP), 18 (WPA) 
139 total 

36 (M) 
36 total 

solid 
aFA 0 Monthly BulletinofAgriculturalEconomicsand Statistics 19:2. 
bprojected by TVA Team. 

solid solid 
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Moron Expansion--The Moron fertilizer complex is 

being expanded by construction of economically-sized 

units for production of ammonia, urea, sulfuric acid, 

wet-process phosphoric acid, and ammoniated mixed 

fertilizers based on granulation of ammonium phosphates 

with either potassium chloride or potassium sulfate. It is 

planned to utilize some byproduct sulfur from petroleum 

refining as feedstock in the sulfuric acid plant and to 

expand the output of the Riecito phosphate mine to 
supply rock phosphate for the complex. Capacities for the 
new units are listed below. 

Production capacity 
Type of plant tons/day 

350Ureaurac 30 

1,300
Sulfuric acid 

Get-process acid (as P2 Os) 600 
Granular mixed fertilizers 400 

Raw Materials 

The geology of Venezuela is relatively well known as 

compared with other Latin American countries. Potential 

raw materials for fertilizer manufacture include two 

minable phosphate deposits, natural gas, byproduct sulfur 

from petroleum refining, and volcanic sulfur. 
Phosphate Rock-Moron Deposit--A phosphate 

deposit located in Falcon state and known as the Riecito 

Mine is reported to have about 13.9 million mt of 

minable ore with an average grade of 26.6% P205 , 23.2% 

Si0 2 , and 3.6% iron and aluminum oxides. The estimated 
recoverable tonnage of product is about 9.3 million mt 

with an average grade of 31.8% P2 05 . 
anThe phosphate deposit covers an area of 

appioximnate length of 1,350 m and an average width of 

400 m. Some material is now being mined and 

beneficiated by crushing and screening. The beneficiated 

product is utilized in the existing plant facilities at 

Moron. 
A plan for mining up to 750,000 tons/yr of matrix to 

yield about 500,000 tons/yr of phosphate products is 

being evaluated. Open-pit mining utilizing portable drills, 

blasting, and mechanical shovels is planned. The mine 

product will be beneficiated by flotation and utilized in 

the expansion of the Moron production facilities, 

Phosphate Rock-Labatera Deposit (Tachira 

State)--Several relatively small deposits have been 
most significantidentified in Tachira state. Probably the 

of these deposits is located nea, La Molina where proven 

phosphate reserves are reported as 250,000 tons of ore of 

an average P2Os content of about 21%. An average 

analysis of 10 core samples from this deposit was as 

follows: 
Total P2 Os - 20.6%
 
CaO - 46.6%
 

An open-pit mine has been opened in the La Molina 
seamdeposit, revealing a uniform phosphate with a 2-m 

depth. Some material is being extracted from the mirite by 
hand methods and utilized locally. Data on rate and 

are not available.quantity of removal 
Sulfur- Volcanic--Two volcanic sulfur deposits have 

been identified-near El Pilar in the state of Sucre and at 

Frais Matias near Puerto Piritu. The El t'ilar deposit is 

probably the best known and most significant. No 

detailed survey of reserves exists, but estimates of reserves 

vary from to I million tons of sulfur in ore containing 
25-70% S with an average S content of about 50%. There 

was some exploitation of this deposit from 1884 to 1896 

by a German company which selectively mined and 

shipped out high grade ore. No mining is being done at 

the present time. 
Not much is known about the Frais Matias deposit. It 

was discovered in 1953 and reserves have been estimated 

as I million tons of ore containing 25% S. 
Sulfur-Petroleum Products--Crude oils in the 

western part of Venezuela have a high sulfur content 
Amuay is installing(2.2-2.8% S). The Creole refinery at 

desulfurization equipment that should allow production 

of at least 300 tons/day of elemental sulfur (based on a 

1.0% S content in fuel products). Shel! is reported to be 
the Cordon refineryinstalling sulfur removal equipment at 

that will produce 100 tons/day of S. 
Sulfur-Gypsum--Gypsum deposits the peninsulaon 

of Paria are reported to have reserves of about 

65,000,000 mt. This gypsum is presently being mined and 

utilized by the cement factory of Puerto la Cruz. 
ofPotassium--There are no known deposits 

potassium minerals of commercial value. There may be 

some potential for potash recovery from brines from the 

sea of Aroya in the state of Sucre. These brines are 

reported to contain 1.29% K. 
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APPENDIX
 

REPORT OF ADVANCE TVA TEAM TO CHILE
 

May 17 to 31, 1969
 

In July 1968 TVA was contacted by tile Corporacion de 
Foniento (CORFO) requesting that TVA furnish technical 
help to CORFO in analyzing tile fertilizer situation in Chile. 
CORFO recognized that fertilizers were one of the most 
important inputs in the development of Chilean agriculture 
and that expansion in their use as well as improvement in 
quality would be necessary. In light of this it was CORFO's 
concern to undertake a program tiat would, wherever 
possible and practical, encourage Chilean fertilizer 
manufacture to replace, in a large ileasui., the necessity for 
the import of large and continuing amounts of fertilizers. 

General points to be covered would include: 
1. Present and future production 

2 Types of fertilizer adapted to tile soils 
3 New niateials 
4. Markeling and international competition 
5. Future projections 

Further exchange of correspondence led to the 
transmittal (Mario Sarquis, CORFO, to Donald McCune, 
TVA, Febuiary 5, 1968) of a more detailed outline of 
proposed work for TVA's consideration and response. 

At about tlis time TVA learned of another study that 
was being sponsored by the Banco del Estado as part of an 
AID loan. Tiis study was understood to be covering certain 
aspects of the proposal by CORFO to TVA. At this time, 
TVA asked assurance that these two studies were neither in 
conflict nor a duplication of efforts. AID/Chile informed 
TVA that the two studies would be complementary and 
advised that an advance team come to Chile at AID expense 
to work out the scope of work, coordinate these efforts 
with the Baiico del Estado study, determine the personnel 
that would be required, and to agree with CORFO on the 
timing of the study, the method of financing, and the type 
of report to be produced. 

On May 18, 1969, Donald L. McCune, Agronomist and 
Director of the International Fertilizer Development Staff, 
TVA, and Charles Ii. Davis, Chemical Engineer, also of the 
International Fertilizer Development Staff, TVA, arrived in 
Chile as tlts advance team. This report spells out the scope 
of work, tle timing, the method of financing, and as far as 
possible, tile personnel requirements, and the cost to 
CORFO. 

Upon arrival in Chile, and after conversations with 
various organizations including AID, CORFO, Banco del 
Estado, IANSA, the Kearney team (contractors for the 
Banco del Estado study), COSAF, ilAP, ODEPA, and 

others, it was obvious that the first part of the study-that 
was spelled out in the February 5, 1969, letter flora 
CORFO to TVA-was, for the most part, being included in 
the study for the Banco dzli Estado. Assuming that tile 
fertilizer consumption projections, tile fertilier retail 
information, the transport system, and the port 
information are adequately covered, TVA propoes to 
concentrate its effort oil the problems of supplying Chile's 
fertilizer needs to the point of the wholesale distributor. 

TVA proposes to take the fertilizer demand figures of 
"The Study of Chile Fertilizer System" by Banco del 
Estado and work out alternative plans for supplying these 
fertilizers to determine the most econoic systemi. The 
demand figures of Banco del Estado will be broken down 
into tons/year of N and P2 05 needed i each province or 
similar geographical subdivision for each year of the 
projection. 

Tile Banco del Estado should suggest which fertilizer 
should be used, but TVA should have option to choose the 
most appropriate of the acceptable tertilizers TVA will 
utilize information from the Banco del Estado study as 
much as possible to minimize duplication of efforts. 

Using the demand ot the Banco del Estado study, TVA 
will investigate alternative plans for supplying the fertilizers 
to the dealers with suggestions as to which plans are 
preferable. 

The study will compare the economics and technical 
feasibility of the various supply possibilities, such as 
importations of finished fertilizers, intermediates or local 
manufacture, carrying the fertilizer material to the 
wholesale outlets. The TVA study will include various 
feasible alternatives for supplying the fertilizers, showing 
probable capital investment costs, raw materials costs, 
production costs, and transportat,,i and distribution costs. 
These costs will be broken down, whenever possible, into 
estimates giving the local currency and foreign exchange 
proportions. 

Various plant processes and locations will be suggested. 
The Penco plant and any other available manufacturing 
facilities will be included. Chilean raw materials will be 
fully considered. 

Once the economic and technical feasibility of the 
various alternatives have been evaluated it will then become 
the responsibility of CORFO or others to determine which 
alternatives are best for Chile. This study in no way 
attempts to evaluate the social and/or political impacts. 
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TVA suggests that Banco del Estado transmit the draft 
of "The Study of the Chilean Fertilizer System" to the 
TVA National Fertilizer Development Center as soon as it is 
available. (According to the Banco del Estado work plan, 
this draft is to be completed by the end of September 

1969.) TVA will study the report draft, gather all necessary 
nfornmation and return to Chile to complete the study of
informatiinean retrn iouhly tohstuy oA. 
the Cileaii fertihier supply system. 

It is estimated that the TVA Team will remain in Chile 
for about 6 to 8 weeks. Before the TVA Team leaves Chile, 
a finished draft of their report will be submitted to CORFO 
for study and discussion The TVA Team will return to the 
United States to edil the (halt and publish the report. This 
will require about an additional six weeks. The TVA Team 
will probably be made up of three persons, two chemical 
engincers and an agrononist-econonust. The size of the 
TVA learn, arid their length of stay in Chile will be 

softhe Banco del
soiewhat dependent on the completeness 

stado study. Based on a three-man TVA Tl'eam, spending 7 
to 9 weeks in Chile and up to 4 weeks in the United States, 
the total niaxiun 'IVA cost is estimated at $34,000, 
including tiavel to and from Chile and per diem in Chile at 
U S Government standard levels. In addition, the 
equivalent ot S2,500 in Escudos will be made available to 
the team leader to lure bilingual secretarial help and for 
interpreter and translator fees. 

For support in doing their study, the TVA Team will 
requtre roin CORFO office space and equipment, including requirealternatives 

top calculator, and transportation in a typewier and desk 
Chile, including lodging on trips away from Santiago It is 
also desirable that ('ORFO make available a bilingual 
counterpart member of the team, preferably a chemical 
engineer The use of a.ounterpart team member should 

ieCOR) a better understanding of the team's
givehoo a better undertai o fthe teart 
methodology and recommendations Also, the counterpart 
memher would be very useful to the team in their gathering 
of data 

The general outline o the fertilizer supply study TVA 
proposes is listed below It includes the principal points of 
the proposed second phase (Fertilt/er Supply Study) listed 
in the lettei fron Mario Sarquis ot CORFO to Donald L. 
McCune of TVA, dated February 5, 1969. As Mr. Sarquis 
suggested, the study will be done in the depth appropriate 
to a preliiinary study and will not include descriptions, 
flow sheets, production rates, raw materials requirements, 
cost information, etc. 

OUTLINE 

1. 	 Statement of Demand, Giving Types and Quantities of 
Fertilzers Required in Each Province 
This will be largely a restatement of data from the 
Banco del Estado study, but it may be necessary to 
project demand figures more than five years. 

I1. 	Study of Raw Materials and/or Intermediates, 
Availability and Costs 
A. Nitrogen 
B. Phosphorus 
C. Sulfur 
D. Potassium 

Il. Study of Production
Possible products 

B. Plant location and capacities 
C. Discussion of processes 
D. Raw materials and utilities requirements 
E. Costs (foreign and domestic) 

1. Investment 
2. Production 

IV. 	 Study of Importation 
A. Materials and quantities 
B. Ports of entry 
C. Costs 
D. Discussion of probable trends in world market

fertilizer prices 
V. 	 Comparison of Costs to Wholesale Outlets Including 

Transport and Handling by Various Alternatives of 
Importation and Production, Including Both Domestic 
and Foreign Costs 

VI. 	 Conclusions and Recommendations 
Listing the most feasible alternatives from an economic 
and technical standpoint, taking into account probable 
effects of new developments in fertilizer technology 
and probable future trends in products, processes, and 
costs. Social and/or political aspects of tie variouswill not be considered in tis study. 

The advance TVA Team has studied the outlines of tile 
Banco del Estado "Study of Distribution of Fertilizers in 
Chile" and is of the opinion that it covers practically all the 
topics of interest on the demand and marketing side. 
However, the TVA Team suggests that information
regarding the taxes and duties on the importation and sale 
of various fertilizers and also information about the 
physical facilities and costs for sulfuric acid transport be 
added to the Banco-sponsored study. TVA also requests 
that the drafts of the various sections of the 
Banco-sponsored study be transmitted in English to them as 
they are completed. 

Method of Payment 
TVA will be reimbursed for actual salaries and benefits 

and expenses incurred in this study plus a 25% overhead 
charge'°-up to an agreed upon amount of dollars. Since 

TVA's charter required that work be done through other 
agencies it is recommended that tie agreed upon amount of 
money be made available to AID/Chile who will, through a 
normal Participating Agency Service Agreement, arrange for 
TVA's participation and will reimburse TVA as the work is 
completed. 

10Overhead wil not be appicable to the cost of the international 
airline tickets. 
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BUDGET BREAKDOWN ($)
 

Team Leader 
Chemical Engineer 
Chemical Engineer 
Per diem (at approved U. S.Government rates) including taxi fares 

while in travel status and while in Chile 
Supplies and materials (including up to 50 copies of 

final report) 
Subtotal 

Overhead at 25% 

Subtotal 

International airfares 
Total 

ESCUDOS EQUIVALENTS 

Bilingual secretarial help 
Translator and interpreter help 
Estimated Social Security and taxes 40% 

Total 

aSalaries and benefits are only estimates pending salary adjustment%due July I,1969 

3 mcnhs 8,285 a 

3 months 7,043 
3 months 7,043 

2,000 

1.229 
25.o00 

6,400 

32.000 

2,000 
Total 34,000 

1 250 
1 250 
1.000 
3.500 


