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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 ures in
plants sized to the estimated Andean market (about
150,000 tons/yr of N in 1975), at costs below
importation costs, cven at today’s depressed fertilizer
prices. However, if large ammonia and urea plants are
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 can in port
phosphate fertilizers 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 SOa2 from stack gases ar the El
Teniente copper refinery at Caletones. The rock
phosphate and sulfur in Chile are not economical to
utilize in comparison witi other sources.

12. The total systems costs for production of NSP in
two plants located at 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 18-46-0.

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.

I5. 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 matenals could be very advantageous to
both countries. For example, Chile might trade urea
andfor ammonia to Peru for rock phosphate and
potassium chloride from the Sechura desert. With such
an agreement, Chile could carry bulk urea from Punta
Arenas to northern Peru or to Ecuador-unloading at
ports en route. On the return tnp, bulk phosphate rock
and/or potash salts could be unloaded at Chilean ports.

17. To take advantage of the long Clulean coastline,
sea-going barges to carry bulk fertilizer materials should
bz considered in long-range planmng for Chile’s fertilizer
systems. Barges of s type can move materials much
more econcineally than trucks or trams, Also, they can
service many shallow ports that conventional cargo ships
cannot reach. Barges with buik unloading equipment are
i use. One barge 1 use on the West Coast of the
United States transports both urea and ammonia.

As mentioned above, these same barges could be used
to carry nitrogen fertilizers from Punta Arenas to ports
in Peru and Ecuador-two Andean Common Market
countries that should have demand for nitrogen
fertilizers in excess of capacity in 1975, Rock phosphate
and potash Tlertlizer trom 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 many times as increased operating
time and efficiency. There is no substitute for food
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, devcloping this
market will be more difficult than supplying the



'SECTION 1|

" 'SUMMARY. OF . CONCLUSIONS AND RECOMMENDATIONS

THE SITUATION

1. Chile is faced with the problem of feeding a
population which is growing at about the rate of
2.3%]year.

2. The total area of the country is about 76 million
hectares (ha), but only about 1.6 million ha a2 suitable
for cropping and 1.7 million ha are artificial prairies,
Thus, there is a need to intensify use of the productive
land,

3. The productive farm land is located in the central
third of the country—in the Central Valley—between the
Coastal Mountains and the Andes Mountains and parallel
to the Pacific Ocean. It extends from about 200
kilometers (km) north of Santiago south to Puerto
Montt—a band approximately 50 km by 1,200 km.
More than 80% of fertilizer nutrients are used in the
Central Valley.

4. A good highway (the Pan-American) and a good
rail net run through the center of the Central Valley,
and several ports are located on the Pacific coast
parallel to the valley, Thus, transport conditions are
good and internal distribution costs are a relatively low
proportion of total cost of fertilizérs to the farmer.

5. Irrigation is a critical factor in agriculture in the
northern part of the Central Valley and northward. In
the southern end of the Central Valley, rainfall is
sufficient for a productive agriculture without extensive
irrigation, The agriculture that has developed under
irrigated conditions consists primarily of fruits, corn,
rice, vegetables, sugarbeets, and dairying. South of the
irrigated area the main crops are wheat, sugarbeets, and
intensive pasture production for livestock and dairy
products,

6. The A. T. Kearney & Company, Inc., which was
contracied by the Banco del Estado de Chile to do a
fertilizer marketing study in Chile, has projected that
fertllizer nutrient consumption will double from 1969 to
1975, increasing from about 150,000 to 300,000 tons.

7. The TVA Team agrees that this quantity of
fertilizer can be marketed if intensive programs of
market development are carried out,

8. Based on the Kecarney projection, about 40,000
tons of N, 107,000 tons of P05, and 38,000 tons of
K20 will be needed in Chile in 1975 in addition to the
quantities that can be supplied from existing internal
systems.

9. The supply from existing internal systems in
1975 is estimated as 48,000 tons of N and 10,000 tons

of K,0 as Chilean nitrates; 50,000 tons of P,04 as
superphosphates; and 8,000 tons of P,0; and 2,000
tons each of N and K3 O as guano blends.

THE FINDINGS

1. In addition to the Chilean market, there should be
an additional market above existing production capacity
for about 70,000 tons of N and 40,000 tons of P,0s
in the other Andean Common Market Countries (Bolivia,
Colombia, Ecuador, and Peru) in 1975, If operation of
small and relatively inefficient production facilities in Peru
is discontinued, the nitrogen market there should be about
an additional 40,000 tons of N,

2. Fertilizers for Chile should be obtained on the
basis of the least cost per unit of plant nutrient
including all costs of production, importation,
transportation, storage, and handling. There is no
apparent basis for paying a premium price for some
types of fertilizers,

3. The need for sulfur has frequently been
identified in isolated cases but response for a particular
area or soil is not yet predictable. Research should be
continued to better identify crop response to sulfur,
The nutrient value of sulfur is a significant factor in
choosing future fertilizer products and processes for
Chile.

4. When two fertilizer materials are available at
about the same cost per unit of primary and available
nutrient, then the potential value of secondary and/or
minor nutrients should be considered. For example, if
triple superphosphate (TSP) and normal superphosphate
(NSP) were available to the farmer at about the same
cost per unit of P,Og, the NSP may be preferable for
its sulfur content.

5. Practically all the potassium used in Chile has
been supplied by Chilean nitrates and imported
potassium sulfate. Since potassium chloride can be
obtained at less than half the nutrient cost of potassium
sulfate, its use should be expanded.

6. The lowest systems costs for importation of N
and P materials is with a combination of urea,
diammonium phosphate (DAP) (18-46-0), and TSP.

7. Chile can import ammonia at a lower price than
it can manufacture ammonia in a plant sized for the
Chilean market in 1975 (about 50,000 tons/yr of N),
However, the ammonia produced in the 50,000 ton/yr
plant can be converted to urea in Chile at a cost



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.

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 witl: higher rates of fertilizer use.

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

f. Study the longterm effects of lime in fertility
programs on acid soils,
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 Chile
before Chilean production plants come on
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
cconomical 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.
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4. The possible economic advantages of long-term
fectilizer trade agreements with Peru are quite significant
in planning the development of Chile’s fertilizer
industry. If trade agreements for Chile to send urea
andfor 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 duec to operation of larger, more
cconomically 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 Clilean transportation systems
would be fully utilized.

5. Unless otherwise indicated, the production costs
and total systems costs calculated in this study for
materials produced 1in 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% return on nvestment (R.O.L) would be
more realistic. (The production costs at 0% R.O.L
include 1nterest 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.QO.lL.

6. The possibldity of exporting hquefied natural gas
(LNG) from Chile to other countries, such as the
United States and Japan, should be thoroughly
evaluated. Because of the deficit 1n some areas,
long-term LNG prices are likely to increase.

7. If a decision 1s made to produce TSP for direct
application in Chile, the continuous slurry process is
recommended. This process 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 1s suggested that the run-of-pile TSP
from the existing COSAF complex at Penco be used to
produce mixed fertilizers This nongranular material
could be ammoniated and granulated n the existing
Penco granulation plant to give a granular mixed
fertilizer suitable for bulk blending with urea and other
materials. In addition to ammonia, urea, potassium
chloride, and perhaps also ammonia-emmonium nitrate
andfor urea solutions could be added in the granulation
step at the COSAF plant to produce a variety of mixed
fertilizers.



SECTION.. 1l

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 (CORFOQ), 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 cvaluate 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 quantitics 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, A!D/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 the 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 CORFQ's request to
include an analysis of the fertilizer situation in the Andean
Market and Vsenezucla, 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. Kearncy & 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) SO, 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
assmptions necessary in estimates of this type. On
compating 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 111

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, soul consideratlons, land use, and the fertilizer
materials now belng 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 plins 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 Vailey, 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 ralnfall and
climate. These are:

Zone I, Tarapaca to Atacama: annual precipitation
from 0 to 50 mm of rainfall,

Zonell. Coquimbo and Aconcagua: 50-300 mm. Arid
temperate cllmate,

Zone lll, 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.

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

Cautin to Chiloe: 1,200-1,400 mm on the
coast; 1,500-2,500 mm in the Central Valiey;
and 2,5004,000 mm in the Andean foothills.
Humid temperate climate,

Aysen and Masallanes: 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
itrigation a critical factor in agriculture beginning in the
Pica desert in the province of Tarupaca 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.

Zone IV,

ZoneV,

Zone VL.

A major crop is sugarbeets, which are grown under
both irrigated and non-irrigated conditions.
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Figure 1, Mean Annual Rainfall at Selected Stations in

Chile’s Major Agricultural Region
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SOIL CONSIDERATIONS AND LAND USE

Sotl Classification

The agricultural soils of Chile have been classified and
mapped. Field data on profile descriptions and capacity of
use are available from the Instituto de Recursos Naturales.
Data on capacity of use of smls were published in 1968 as
part of the plan for agricultural development 1965-1980. A
summary of these data 1s presented n table . Descriptive
data on chemical charactenstics of soils are hmited.

Fertilizer Response

Good ugronomic data are available on the use of
fertilizers in Chile. The Institute of Agncultural Research
has experiment stations i Santiago, Chillan, and Temuco.
The work of these stations 1s supplemented by seven
substations located in the agricultmnal area from Vicuna to
Osomo. Additionally, the sugarbeet mstitute (IANSA), the
University of Chile, and the Catholic University do
agronomic research,

Until 1969 sail laboratories for testing and making
fertilizer recommendations were used very httle. In 1969
the Institute of Agricultural Research supplemented its soil
testing facilities at the La Platina Station at Santiago with a
modern soil testing laboratory at Chullan with capacity for
10,000-20,000 samples/yr. Additional soll testing facthties
are avalable at the Umted Nations Sotls Department

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
characteristic of other areas (helow).

Project, the University ot Chile, the Catholic University at
Santiago, the Umveraty of Conceperon at Conceperon, and
the Austral Umversity at Valdivia, Pressures tor increased
use of fertihzers place an wigent need on the correlation of
sotl test values with agronomie responses to fime, mtrogen.
phosphate, and potassium,

Letehier and Wnght defined four distinet agricultural
zones ol the Central Valley i terms of tertihzer response to
wheat (8). Selected response data trom these are presented
in table 2. Therr work mdicates that in general phosphorus
and nitrogen are (1e mayor elements that need to be added
to the soil for crop production, Caleium was tound to be
secondary with potasstum giving less response than calcium.

11
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Figure 2. Number of Months in Which Evapotranspiration Exceeds Precipitation
at Selected Stations in Chile’s Major Agricultural Region

Briefly by zones they found that in:

Zone 1 (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)—*In 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 the 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 minerals,
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
Lianquihue)—“Both potassium and lime gave economic
crop response on a number of soils, 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 some 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



Table 1. Soil Classes in Chile

% of Land
Class_ Capability of Intonsity of Use _Surface
ARABLE Adequate soils for all crops of the
zone without use limitations or risk
| of erosion, Permits intensive rotations

and maximum use intensity. 1/1

Hectares

90,834 0.12

Adequate soils for almost all crops

of the zone with slight use limitations
t and shght risk of erosion. Permits

intensive rotations but with some

limitations. 2/3

711,633 0.94

Adequate soils for certain crops of

i the zone with moderate use limitations
and moderate risk of erosion. Permits
moderate rotations. 1/2

2,195,155 2.90

Adequate soils for occasional crops

v with severe use limitations and severe
risk of erosion, Permits only
occasional crops. 1/5

Total Arable

2,270,850 3.0

5,268,372 6.96

NONARABLE
Adequate soils for special crops or
Vv permanent pastures, with very severe
use limitations and limited to moderate
risk of erosion.

2,270,850 3.0

Soils not adequate for cropping without
vi severe use liniitations and severe risk

of erosion. Only adequate for pastures

and forest.

6,609,770 8.6

Soils not adequate for cropping without
vii very severe risk of erosion, Adequate
for pastures and forest but with limitations.

12,338,285 16.3

Soils not adequate for use other than

vill wild life. 49,277,445 65.1

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

Source: Plan de Desarrollo Agropecuario 1965-1980. USO Potencial de Los Suelos de Chile Ministerio de Agricultura ODLPA, Santiago,
Chile - 1968.

experiments in the greenhouse, rates of 12 tons/ha of finely
ground CaCO; have been required to raise the pH from 5.8
to 0.7.

The need for phosphorus and potassium has been
relatively low in the area north of Santiago, with the need
for potassiuns somewhat fower than phosphorus, The need
for both phosphorus and potassium increases to the
south of Santiago, with the need for phosphorus increasing
at a much faster rate,

The establishment of soil testing laboratories and the
work that is under way to correlate yield response to
soil-test values should provide a key factor in soil
management and fertilizer use in the future.

Land Use

The total amount of land devoted to agriculture is
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

Netrogen

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:

1. The ammonium form of nitrogen 1s 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 1mmediately 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 NHj have been observed on both acid and alkaline

Table 2, Response of Wheat to Main Fertilizers? in the
Four Agricultural Regions: Average of
100 Field Trials 1954-56

qq/hab
Zone N P K Ca
| 23 13 0.7 -
1 55 35 0.4 20
i 3.3 6.4 1.2 16
v 14 9.9 25 24

3Annual apphications of tertthizers were approsimately
Nitrogen 64 kg/ha N, as sodium nitrate
Phosphorus: 100 kg/ha P05, as tused phosphate *Melon™
Potassium 100 kg/ha K90, as sullate of potash
Calcium. 900 kg/ha Ca0O, as caleum carbonate,

by q/ha = 89 Ibs/acre approvimately

soils when urea is applied 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 ranfall. Salinity problems may
develop under these conditions.

Benefits arc sometimes claimed for such materials as
calcium ammomum mtrate because 1t 1s not acid forming.
The hming value of such a fertilizer 1s quite small in relation
to cost. Usually 1t wili be more economical to use an
acid-forming nitrogen matenal 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

15



Production of hvestock 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 lugh 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 of this nutrient has been
supphed as TSP. Some ot the other phosphate carriers
used—such as Bifos and Reno Blends—may have had
agronomie advantages for special soil and crop conditions,
but generally they have no overall advantage over TSP,
Other materials that are suitable should be considered on
the basis of economics. These nclude NSP (0-20-0), DAP
(18-46.0), and ammomated superphosphates. If NSP can be
supplied as cheaply per umt ot P,Og as TSP, 1ts use would
be recommended particularly i 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 m the same material,
However, these matertals should not be placed too close to
the seed [placement at planting should be 2 inches (in.) to
the side and 2 m, below the seed]. Otherwise, seedling
injury may occur during germination. This is particularly

16

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

Fused magnesium phosphate has been given
consideration also. Its phosphorus is citrate soluble but not
water soluble. Its major use would be on full season
crops—such as corn, grasses, and the legumes—in the more
hunud area of Clule. 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 fertihzer, or on vegetables and other crops
that do not develop a massive root system.

Potassium

Potassium is the 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



of potassium generally are adequate. Most potassium has
been supplied as potassium nitrate and guanos, although
some potassium sulfate and potasstum 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 shght. In the last 2 yrs
responses to potassium on sugarbeets has been obtained in
the Bio-Bio—Nuble arcas. Observations of this nature and
results of experimental work indicate that as cropping 1s
intensified, the need for potassium will increase.

Potassium chlonde has been used very httle m Clile. It
should be considered as a source of potassium, primarily on
the basis of economics, as the need for potassium increases.
If it 1s a sigmficantly cheaper souice of K;O 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 heen
problems with chlorie accumulations in the area around
Santiago.

Secondary and Micronutrients

There are indications of localized micronutrient
deficiencies in Chilean soils. Most of this has been through
visual observations; research 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 1s
not yet predictable. Some feel that the need for sulfur
would probably rank next after 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 pll values. This has
been true primanly because a large portion of the
intensively cultivated soils have an adequate supply of Ca
for plant growth and soil pHl s inherently at or near the
neutral value. Additionally, in the moie hunud areas where
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Figure 4, Number of Frost-Free Months at Selected Stations in
Chile’s Major Agricultural Region
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pH values are Tow. a large part of the soils are denved from
voleanie ash On these soils ime has not shown a response
on crops such as wheat and the grasses used for artifical
prairies the more extensive type agriculture  However,
with the intensification of agnculture m the more hunnd
regions  hme  will likely need to be given sertous
constderation in trying to obtain the greatest returns from
fertihzer The long-tenn ettects of lime on the soil as a
chemical system and the eftect which 1t has on the response
of other matenals should be evaluated closely. Under soil
conditions and farming systems where lime is needed, it
usually gives a higher return per dollar invested than other
fertilizer matenals,

Mixed Fertilizer

Mixed fertihizers are used very little n  Chilean
agriculture. Two conditions will probably increase the need
for their use First, a more intensive agriculture will place
greater emphasis on  mitrogen and potassium use n
conjunction with phosphate. This may create a situation
where mixed fertilizer would be the most convenient and
econonmical way to supply the fertihizer need. Second, when
labor becomes more critical, particularly in the south,
mixed fertiliver made by bulk blending and spreading
services will likely become economic considerations. Bulk

At Puerto Montt,
vegetables are
shipped to and
received from
offshore islands
by boat.

blends are particularly well suited to meeting soil fertility
needs as indicated by soil tests. While the fertilizer mndustry
1s relatively young, thouglt should be given to selecting a
mimmum number of ratios of mixtures that will most
adequately meet the soil fertihty requirements of Chile.

General Observations

1. The number of grades of mixtures and the number of
types of straight matenial should be xept to a mmimum.
With comparable particle size and solubility, one source of
a nutrient 1s generally as good us any other and can be
substituted as dictated by economic considerations;
however, there will be isolated cases, as with the effect of
chlorme i potasstum chlortde on tobacco, where a
particular material should not be used.

2. All products should be bought on the basis of least
cost per unit of plant nutrient.

3. Recently (1969), the Institute of Agricultural
Research emphasized the need for soil testing services with
the estabhshment of a soil testing laboratory at Chiilan.
Full support should be given to the use of soil testing as the
basis for fertilizer use.

4. Each person (business or professional) who either
recomimends or provides fertilizer to farmers should be well
grounded in the basics of soil-plant-fertilizer relationships.



5. To insure the maximum return from fertilizer, 1t
should be considered us one of the inputs i a balanced and
carefully planned farm management program, This 1dea
should be a continuing part of all agricultural education and
development,

6. Frequently, the Team heard reference to the
“substitution” of one nutnient 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 time the
nutrients not added will be depleted from the soil. For
example, if P is added without K for a number of years,
there 1s hkely to be a time when P will no longer give
response without the addition of K. Thus, the practice of
substitution is a short-run concept, Eventually, the nutrient
in shortest supply will become limiting and will need to be
included from both agronomic and economic pomts of
view,

DISTRIBUTION OF NUTRIENT USE

The recent distribution of nutrient consumption s given
by provinces 1in Exhibit 2-10 of the Kearney report (2).
These data are condensed by four major regions of the
country 1n table 3 From this one can see that more than
80% of Chile’s fertiliver use 15 i the central 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 ot the thiee maor
nutrients for 1967 Phosphates have had the largest use and
accounted tor 60% of the total. Nitrogen use was about
one-half that of phosphate, and potassium showed hnnted
use with only 10% of the total Moie mtiogen and less
phosphate has been used 1n the central than in the south
central region (regrons 1dentified in table 3). Generally, the
use of nitrogen and potassium 1s concentrated i the central
and northern areas and the use of phosphates 1s heavier 1n
the south central and southern regions,

PROJECTED 1975 DEMAND

The discussion which follows is basically a summary of
fertilizer projections made 1n the Kearney report.

Fertilizer has been recogmzed as an mportant
production input by those who establish agricultural policy
in Chile. Fertiizer cost m 1965 amounted to E° 71
million—13% of total agrnicultural mputs, By 1971 it is
expected to account for E° 122 million (in Escudos of
1965)-15% of total agricultural inputs. Only animal feeds
will exceed this production input m 1971,

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

other production mputs Farmers are awaie ol the need for
fertilizer but do not understand why 1t 1 needed
Generally, farmers ure unawate of the difference m the
function of nitrogen, phosphate, and potasstum fertilizers
Also, tillage practices, use of ungation, quality seed, weed
control, and other production practices wie not n keeping
with levels of fernhzer use. These obseivations are
supported by companng ncreased  fertilizer  with
subsequent mereases i agncultwial  produchon  For
example, fertilizer use n terms ol nutuent units almost
tripled in 11 yrs an average growth rate of 9 14/yt, Dunng
the same time agrnicultural production giew at 4 rate of only
1.2%/yr.

These observations m no way lessen the importance of
tertilizer as a production mput To the contrary, increased
fertilizer use will be essential (o achieve the more mtensive
use of land which 1s projected tor Chilean cgieultuie The
significant point 15 that terthizer s only one of many
production atems  which must be used as a pachage
Otherwise, tertihizer will not give 1ts best 1esponse, o1 may
even reduce yields. Thus, the projections which tollow
assume that Chilean agrcultute will niake mote intensive
use of land and that management assistance and education
will recetve as much or more emphasis than fertihzer Al
factors of production must add together o 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 10 6%
Central Provinces

(Aconcagua - Maule) 35 3] 35 37
South-Central Provinces

(Nuble - Valdivia) 44 43 46 50
Southern Provinces

{Qsorno - Magallanes) 19 14 16 0.6
Total 100 100 100 3.9%

Table 4. Relative Use of Fertilizer
Nutrients and Materials—1967

Nutnent Materials
Nitrogen (N) 30% 54%
Phosphate (P, 0s) 60 45
Potassium (K} 10 1
Total 100% 100%
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Table 5. Recommended Rates of Plant Nutrient Use by Crop and Province?

Zone

Province

Wheat

Com

\'2!

vil

Tarapaca
Antofagasta

Atacama
Coquimbo

Aconcagua
Valparaiso
Santiago
O’Higgins
Colchagua
Curico
Talca
Linares
Maule

Nuble
Concepcron
Arauco
Bio-Bio
Malleco
Cautin
Valdivia

Osorno
Llanquihue
Chiloe

Aysen
Magallanes

80-50-0

80-50-0

80-50-0

80-80-0

80-100-40

o
o
"

80-12040

80-150-50

120-50-0

120-500

120-50-0

100-30-0

100-120-40

[
[
”

100-120-40

Sugar- Artificial
Rice Oats Barley Potatoes Beans Lentils Sunflower Rapeseed beets Grapes Vegetables Pastures
kgfha
80-50-0 30-40-0
60-50-0 60-50-0 80-50-0 0400 80-500 50-500 304040
" L1 " ” 40_40_0 40.30-0 " e ”
50400 60-50-0 60-50-0 80-50-0 0400 40400 40-30-0 80-500 5050-0 30400
” " ” o e " ” 0_0.0 ” e ”n”e
50400 60-80-0 60-80-0 808040 0400 40-600 40-40-0 100-150-0 80-80-0  50-80-0 30-40-0
” o e e @” i [z 0_0-0 ” ” ” ”
50-40-0 60-8040 60-12040 80-100-60 04040 408040 40-50-30 0-0-0 100-200-0 80-80-60 50-100-40 30-50-30
60-10040 60-10040 80-120-60 0-40-40 40-80-40 80-150-40 80-200-40 50-12040 20-60-30
60-10040 60-10040 60-150-80 80-15040 50-250-80 50-120-40 20-60-30
20-60-30

”

At 90% of maximum crop yicld, the levels

Source A.T. Kearney and Company, Inc.

shown are for general average conditions. Many soil conditions and farm practices may require either higher or lower amounts than indicated.



High-quality, fresh fruits and vegetahles are found in the traditional markets

economic return to the producer if fertshzer use is to
increase as projected.

To cstablish a basis for making projections 1n the
Kearney report, soil maps of Chile were studied in detail
and soil-test and fertlizer-response data were evaluated.
Confidence in the evaluation of such data was enhanced by
conferences  with rescarch  personnel and  on-farm
observations. Additionally, soil-test correlations developed
in other countries and the data avalable n Chile were used
to develop fertilizer recommendations by sones for each
crop. The recommendations outlmed n table 5 were
developed to supply fertiizer sufficient to obtam response
at the 90-92% level of maximum crop production. These
recommended 1ates were then applied to the surfaces. as 1s
outhned i figure 5, to make fertilizer projecttons tor
1975.1

The relationships of projected tonnage to historical
consumption are shown in figure 6 These projections
indicate an nerease in tonnage from 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, these projections ndicate that fertilizer

l/\llhough the TVA Team dud not explore the crop production and
fertilizer use data n the same deta) as the Kearney group,
reviewed  selected data, conducted mterviews, and made ficld
observations necessary to validate the assumdtions und procedures
for making projections.

nutrient use should double by 1975 Indications are that
use of phosphate will grow at a lesser rate than nitrogen but
that potasstum consumption should have the tastest growth
rate of all. Several protessional agricultunsts in Clile who
have reviewed these data think that the projections for
potassium are too high The Kearney group indicated that
the rapid rate of merease can be partially explamed by the
continuance ol tarmers an the northern province to use
petassium where 1t 18 not recommended

The 1975 projected consumption ot N, P, 0« , and K,0
i Chile by province 15 presented i figute 7 The projected
use portrayed by this  chart  closely  paratlels  the
historical patterns of use developed tn Lalubit 2410 of
the Kearney teport

The matenals required to provide the 1975 projected
consumption of N, P, 0, and K ;0 are presented in tigure
8 The matenals that have notmally been available in Chile
were used 1o make these projections  Although urea
was projected to ancrease in importance and supply a
large portion of the mtrogen, the mitrates  were
expected to supply the largest portion of the mitrogen
requirements. TSP was expected to continue being the
major phosphate material and  phosphate  nutrient
supplier. DAP was not included because plans for ts
production in Chile were not detinite at the tune of the
forecast. Potassium sulfate was projected to be the major
form of potassium fertilizer.
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Figure 5. Total Land Surface and Distribution of Chile's Agricultural Land
by Major Crop Uses (2) Projections for 1975
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Figure 6. Historical and Projected Plant Nutrient Consumption
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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 P,05, and 24,000 tons of K,0 as chemical
fertilizer annually. All the N and K, O capacity is as Chilean
nitrates, and all the P,O, is produced in a superphosphate
plant located at Penco. Guano is estimated to supply about
2,000 tons/yr each of N and K,O and 8,000 tons/yr of
P,0;.

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 is tabulated below:

Product Tons
Sodium Nitrate, Grained 650,000
Sodium Nitrate, Crystalline 140,000
Potash Nitrate {15% N, 12% K,0) 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,

The Guggenheim process is utilized to extract the
nitrates from the ore. The crushed caliche is leached with
warm mother !iquor and the leachate is then cooled so that
the 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 n the ponds reaches the desired
concentration, it is sent to crystalhzers 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 1s exported.

Phosphate Production

Phosphate fertilizers are produced in Chile at Penco by
COSAF. Plant capacity 1s about 50,000 tens/yr of P, 05 as
NSP (25% P,0:). TSP (46% P,0;), and ennched
superphosphate  (36% P,0s). The Penco production
facilities were built 1n two parts The old plant began
operation m about 1956, and the new plant in 1968

NSP 1s produced m the old plant by spraying sulfuric
acid and water onto ground phosphate rock m a pan
granulator The pan product 15 cured for about five days,
reclaimed with a front-end loader and «creened Cruslhed
oversize and undersize are recycled Morocean rock (38%
P,05) 15 used to produce a 25% P,04 product The
diameter of the pan granulator was estumated as about
1214 feet (ft). Other components of the old plant include
a 40 ton/day contact sulfunc acid plant, a 100 ton/day
ring-roller mull for grinding rock, and a rotary blender with
about a [-2 ton capacity. The blender is utihzed for nuxing
some TSP with rock phosphate before acidulation to
produce a 36% P, 05 product.

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

Sulfuric acid 1s 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 Eimco tilting pan filter, and
Swenson evaporators. Steam from the sulfuric acid unit

25



o ey gEe

L N

I
"

o Y * - ARy
I
Moy 1

e i

COSAF produces phosphatic fertilizers at Penco.
Acid production facilities are shown above, and
the granulation facility and storage building below.
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Waste sulfur dioxide from the El Teniente copper refinery at Caletones
can be used to make sulfunic acid for use 1n fertilizer production
An expansion program at the refinery 1s nearing completion

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

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 is ground m a
ball mill with a 25 ton/hour (hr) capacity. Some finely
ground rock phosphate (-325) mesh), with the trade name
“Hyperphosphate,” 1s also sold for direct apphcation. Gafso
rock is used 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.

Production of Guano and Guano Blends

Guano is an organic fertlizer derived from the
excrement of some types of sea birds. Two types of guano
are harvested in Chile—red and white The white guano is
freshly deposited material that contams about 14% N,
12-14% P, 05, and 2% K ,0. Red guano is material that was
deposited many thousands of years ago and has undergone
chemical changes. It contains about 0-3% N, 15-18% P, O,
and 0-2% K,0.
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Over 90% of current guano usage of about 18,000
tonsfyr is red guano. Very little white guano is being
harvested now because most of the birds have disappeared.

All red guano 1s marketed as a 5-20-6 grade mixed
fertilizer, which 1s prepared by bulk blending the 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 s sold n 80-kilo jute bags with
polyethylene liners,

All guano deposits are in the provinces of Tarapaca and
Antofagasta, White guano 1s harvested by hand. Drag lines
are used to harvest the red guano whenever possible, but in
some maccesstble areas, 1t must also be removed manually.
The guano and other feed materials ate crushed and finely
ground pnor to blending The matenals to be blended are
pre-weighed and then blended batchwise m a 1otary nuxer
of about 2-ton capacity. The blending plants are located at
Iquique and Mepitlones

Although guano 1s only harvested at a rate of 18,600
tonsfyr, there  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 the most
cconomical feedstock for production of nitrogen fertilizer.
1t has vast reserves of Chilean nitrates contaming both N
and K20. In addition to organic phosphate sources, such as
guano, there are large phosphate deposits as low-grade
apatite contaiming 12-30% P, Os. Extensive sulfur deposits
ame known, and an abundance of SOz and pyntes which
could be used to mike sulfurie acid.

Natural Gas

Explontable reserves of natural gas m the province of
Magallanes are estimated as about 120,000 nullion cubie
meters (mY), About 8 nulhion m*/day of natural gas
contaming 85-90% methane will be avilable at Cabo Negro,
30 km north of Panta Arenas, from hquefied petroclum gas
(LPG) operation now under construction It 1s estimated
that a natural gas flow of 13 million m? /day could be
mamtamed for 35 yrs, Cost of this gas for ammonia
production is estimated as $0.10-0.15/thousand cubie feet
(fth).

Chilean Nitrates

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

additional 100 million tons as lower grade ore. A typical
analysis of the ore or *“caliche” is tabulated below.

Component Wt %
NaNO, 6-10
NaCl 4.5-9.6
Na, SO, 10-30

Mg 0.2-1.3

K 0.6-1.6
Na; 840, 0.5-0.8

I 0.03-0.06
H,0 1-2

Phosphate Apatite

Reserves of phosphate as inorganic apatite have been
estimated at 3.8 million tons of material containing 12-30%
P,0; in a deposit north of Vallenar in Atacama province in
northern Chile (5). The nuneral is described as being mainly
chloro-apatite. Analyses in weight (wt) % of two samples
are given below:

Component Sample 1 Sample 2
S0, 9.6 8.4
P,0; 28.0 24.7
Ca0 37.2 36.0
Fe, 04 18.0 25.0
Al,0, 23 1.5
Cl 45 4.6
F Trace Trace
Mg Trace Trace

The mineral was nuned from about 25 nunes with shafts
down to 100 m deep. A total of about 700,000 tons was
removed from 1938 to 1965 and used to produce
phosphate feruhizers by thermal processes. Mining
operations were discontinued 1n 1965 because of high costs
High costs were suid to be due to the deep shafts, the
hardness of the rock, the tack of mechamzed equpment,
and the lack of economcal beneficiation processes

The apatite from the mming operations was used to
produce phosphate fertihzers described as monocalcium
phosphate and sold under the trade names *“‘Fosfato
Pelicano™ and “Fosfato Melon.” “Fosfato Melon” was
produced by caleiming a ground nuxture of apatite, sodium
sulfate, coal, and hme at 1,200° C. “Fosfato Pelicano™ was
produced n a sinmlar manner, except that salitre was
utilized nstead of sodium sulfate. An analysis of the
“Fosfato Pelicano™ is given below,


http:0.03-0.05

Component Wt %

P, 04 20-22
Si0, 16
Ca0 33

Fe 203 9

Al, O, 25
Magnesia 35

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 clemental sulfur of the *Frasch™ type m that 1t 1s
combined with mineral tmpurities and must usually be
refined before 1t can be used.) Situated on o1 near the
volcanic peaks of the Chilean Andes, the deposits occur
mostly at altitudes of 12,000-14,000 ft with some n the
north as high as 20,000 ft. The principal layer of sulfur ore,
or “cahche,” consists of yellowish-white ore contaming
45.75% suttur, 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 tons? %S
Tarapaca 10 31 12.6 52
Antofagasta 18 17 14.1 51
Atacama " 3 134 50
Coquimbo 1 2 0.1 55
Santiago - 1 - -
Colchagua 1 - 0.5 50
Talca - ! - -
Nuble - 1 - -
Bio-Bio - 2 - -
Cautin - 2 - -
Valdivia - 3 - -
)] 63 40.7 51

aRefers only to surveyed deposits,

Production capacity of individual mining and refining
operations which have been active in the past 15 yrs, 1s
about 120,000 tons. Sulfur refining 1s usually carrned 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
H,80, When the present expansion program at the El
Temente copper refinery at Caletones 18 completed,
converted gases contaming 5 5% SO. will be available m
quantities sufficient to produce up to about 1,800 tons/day
of sulfunc acid. Since this location 15 near the heavy
fertilizer use area and snce the waste SO, alter the
expansion will increase air pollution problems, CORFO
requested  that the TVA Team consider sulfunic acid
production from this source.

INTERMEDIATE PRODUCTS

There are two mtermediates avatlable i Chile that can
be used for fertilizer production Sulturic acid, which 1s an
intermediate for production of either some phosphatic
fertihzer o1 ammonum sullate, s produced at 4 rate of
about 1,700 tons/day n 23 plants Most ol thus acid 15
consumed n metallurgical treatments A hsting of these
sulfurte acid plants wath then locations and capacities 18
given in tuble 6.

Red guano 1s used as an intermediate tor blendmg with
sodium nitrate,  potassium  mtrate, potassium  chlonde,
potassium sulfate, TSP, and DAP to produce the 5-20-6
guano blend now marketed in Chile Reserves of guano are
estimated a8 1,000,000 tons, and production rate 1s
projected at about 18000 tons/yr of 15-17-1 grade
matertal
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Table 6. Sulfuric Acid Plants 1970

Nomina! Capacity

Plant Geographical Location Design Process Raw Material mt/day
FASSA Arica Monsanto Contact Sulfur 15
Chuquicamata Chugquicamata Monsanto Contact Pyrites 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
ENAM} 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 Liolleo Monsanto Contact Sulfur 45
Borlando San Antonio Own design Contact Sulfur 10
El Teniente Caletones Lurgi Contact S0, Gases 67
CAP San Vicente Monsanto Contact Sulfur 10
COSAF Penco Monsanto Contact Sulfur 40 + 360 (2 plants)
Chagres Aconcagua - Contact §0, Gases 100
Copper Co. of Chuquicamata Chuquicamata - Contact Sulfur ore 500
Paipoted Copiapo —_ Contact $0, Gases 120

Total 1,721

dUnder coustruction.
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SECTION V

PRODUCTION ALTERNATIVES AND COSTS

To meet the expected annual demand for plant nutrients
by 1975 (90,000 tons of nitrogen, 165,000 tons of P05,
and 50,000 tons of K,0), Chile must develop substantial
additional sources of supply. In fact, the needed expansion
in supply 1s much larger than current domestic production
(table 7). Of the three major nutrients, nitrogen is the only
one for which curient production 1s equal to at least halt of

the projected 1975 need

POSSIBLE PRODUCTS

Feasible products for supplying Chile's nutrient needs

are tabulated below.

K,0 Nitrogen
Material Grade Material _Grade_
Potassium chloride 0-0-60 Ammonia 82-0-0
Potassium sulfate 0-0-52 Urea 45.0-0
Ammonium nitrate  33.5-0-0
Ammonium sulfate 21-0-0
P, 0,4 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 available in
Chile and must be imported. The N and P,0q products

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

Demand
Supply
Chilean Nitrates
Guano
Penco Plant (COSAF)
Total
Additional Supply Requirement

1,000 mt
N P0; K0
90 165 50
48 - 10
2 8 2
- 50 -
50 58 12
40 107 38

were considered appropriate for possible manufacture
Chile Liquid fertiizers were not considered because the
total fertibzer demand 15 not great cnough to qustfy
production of both hquid and solid fertilizers Also, hiquid
fertilizers  require  specralized stormg and  handhng
equipment and techmiques not now avalable 1 Chile,
Because byproduct sulfuric acid will be available, the wet
process received primary consideration for production of
phosphoric acid to produce ammomum phosphates and
TSP. Nitire phosphates (products made by acidulation of
phosphate rock with mtue acid) were not considered
because they would result n production of much excess
ntrogen ferthzer above Chile’s needs and because very
large plants we needed tor economy [About 2 pounds (Ibs)
of N/Ib of P,0c are produced m commerctal mirie
phosphate processes. |

CAPACITY AND LOCATION OF PLANTS

A tabulation showing several alternatives tor location of
plants and plant capacities 1s given in table 8. Punta Arenas
was selected as the location tor ammoma production
because 1t 15 @ source of natural gas which is the prefened
and least-cost 1aw matenal tor ammonia production For
favorable economics. ammonia should be produced in large
plants. Therefore  plants were considered which would
produce more than the mtiogen requirement ol Chile m
1975 Conaderstion was given to operation of large plants
at less than design capacity m case excess production could
not be exported Also studies were made with an ammonta
plant which would approxmmately supply the supplemental
mtrogen needs of Chile n 1975

Punta Arenas was also selected as the site for urea plants
which must be located adjacent 1o ammonia plants to
utihze then ammonta and also then byproduct carbon
dioxide  which would otherwise be wasted  As with
ammonta plants, a range of sizes and operating levels were
studied. One plant was sized only to supply Chle’s
addittonal mtiogen needs in 1975

Rancagua and Puerto Montt were considered as possible
sites tor production of ammomum nitrate because of the
narness of these cittes to major tertilizer markets and
sources of raw matertals  Penco and Puerto Montt are
expected to be mayjor ports for bulk handhing fertilizes
materials Penco 18 convement for ocean shippimg so plants
which would have considerable excess capacity 1975
were constdered for this location in addition to considering
plants sized for Chile’s needs only. The excess production
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Table 8. Plant Locations and Capacities

Annual capacity

Material Nitrogen Plants 1,000 mt of nutrient
Ammonia Punta Arenas 270
Ammonia Punta Arenas 163
Ammonia Punta Arenas 54
Urea Punta Arenas 134
Urea Punta Arenas 89
Urea Punta Arenas 42
Ammonium Nitrate Penco 70
Ammonium Nitrate Penco 50
Ammonium Nitrate Puerto Montt 50
Ammonium Nitrate Rancagua 42
Ammonium Nitrate Victoria 33
Ammonium Sulfate Rancagua 42

Phosphate Plants
Triple Superphosphate Rancagua, Penco, & San Antonio 120
Magnesium Phosphate Valdivia n
Ordinary Superphosphate Rancagua, Penco, & San Antonio 120

Mixed Fertilizer Plants

Diammonium Phosphate

Rancagua, Penco, & San Antonio

N-47,P,0; -120

might be exported or some of 1t 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 utihzed in the existing COSAF
granulation plant at Penco

Ammontum mirate repoitedly can be produced from
sodivm nitrate, ammonia, and carbon dioxide by an ton
exchange process; a co-product is sodium carbonate. Since
SQM has an nternal need tor both of these materials, 1t 1s
considening g plant to produce 33,000 mt/yr of nitrogen as
ammonium mtrate at Victorta, A very prelimmary study of
this project was made because the process 1s i an carly
stage of development, A study was made also of a plant at
Rancagua to produce Chile’s needs tor mitrogen i 1975 as
ammonium sultate since a source ot the required sulfuric
acid s located near there

The nmuyor raw materials needed tor NSP or TSP
production are sulfuric acid and phosphate rock. Since
Rancagua 15 near & source of sulfunic acid and since San
Antonio and Penco are ports lor import of phosphate rock,
these three cities were considered as sites for
superphosphate  production needed for Chile. These
materials as well as ammora are needed for mixed fertilizer
(DAP) production which was considered for Rancagua,
Penco, and San Antonto. The NSP and TSP, and the DAP
plants, provide a shght margin above estimated phosphate
requirements m 1975,

At CORFO's request, a fused magnesium phosphate
plant to supply 11,000 mt/yr of P,0O; at Valdiva was
studied.
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MANUFACTURING PROCESSES

The following is a brief description of manufacturing
processes which may be used to supply mtrogen and
phosphate fertilizers in Chile When a choice of a process or
process modification was available, the one considered most
suttable for use in Chile was selected In some cases, where
there was no clear-cut choice between processes or
modifications, the processes are described m general terms
to clude more than one modification 1t should be
emphasized that the chowce of a process s often of
secondary importance to the need for choosing a capable
and expenenced engineering and constructton firm and
providing this firm with sufficient capital to build a
high-quality plant  Although building a good quahty plant
requires addittonal capital investment, this mvestment will
normally be returned many times as increased operating
time and operating efficiency.

AMMONIA

The major steps mvolved n manufacture of anhydrous
ammonia are: (a) gas preparation, (b) carbon monoxide
conversion, (c) gas punfication, and (d) ammonia synthests.
A flow diagram of a process which utihizes steam reforning
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



preheated, mixed with superheated steam, and passed
through a nickel-base catalyst contained in tubes heated
externally to about 900° C i a primary reformer. The
effluent gas--consisting of H,, CO, CO,, excess steam, and
unconverted hydrocarbons -passes through a secondary
reformer containing the same type catalyst where the
remaining unconverted hydrocarbons are reduced to about
0.3%. As the gas flows mto the secondary reformer a
controlled amount of preheated air 1s added to provide
sufficient oxygen to reform the residual hydrocarbons and
to supply the nitrogen needed to give a 3:1 ratio of H, to
Nz in the synthesis make-up gas.

Hot flue-gas from the primary reformer furnace is used
to preheat the feed gases and generate high-pressure steam
required for the reforming operation. The gas leaving the
secondary reformer flows through a wasteheat boiler
where more lugh pressure steam is produced for power
recovery.

PREHEATER NATURAL GAS

STEAM

Carbon monoxide produced i the primary and
secondary reformers is converted to hydrogen by reaction
with steam tn the presence of catalyst in the shift converter,
This reaction 15 exothermic and no additional heat 1s
required. The degree of CO conversion attamed 1s a
function of steam gas ratio, catalyst temperature, catalyst
acuvity, and gas space velocity The reaction 1s carried out
In-a converter unit pached with muluple beds of catalyst.
First, the steam-gas minture flows through a bed of high
temperature catalyst operated at about 370-450° C where
CO 1s reduced 10 3% or less. Then the gas i cooled and
passed through a bed of low temperature catalyst operated
at about 200° C. Here the CO 1s reduced 1o less than 0.5%.
Zine oxide 1s used to remove any hydrogen sulfide that
might be present m the gas stream before 1t enters the
low-temperatuie catalyst bed

Converted gas leaving the shift converter flows to the
purification step where CO; 15 removed by countercurrent
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Figure 9. Flow Diagram of an Ammonla Plant
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scrubbing. The CO,-rich scrubber solution from the
absorber is regencrated by stripping with steam (or hot gas)
in a separate tower, and then recirculated. Usually either
potassium carbonate or monoethanol anune (MEA) 1s used
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 CO, (less than 0.04%) are converted to methane
by reaction with hydrogen. Methanation s the final
purification step and reduces the total carbon oxide
concentration in the ammonia synthesis make-up gas to less
than 10 parts per nullion (ppm). These tmpurities must be
kept as low as possible because CO will poison ammonia
synthesis catalyst and CO, will react with ammonia in the
synthesic recycle gas to form ammomum carbamate in
pipelines and plant equipment.

The purified make-up gas consisting of hydrogen and
nitrogen in the proper ratio, and small amounts of methane
and argon, 1s compressed for ammonia synthests.
Centrifugal compression to about 175 kilograms per square
centimenter (kg/cm?) may be used for large plants while
smaller plants use reciprocating compressors with possibly
higher pressure.

The compressed make-up gas 1s combined with synthesis
recycle gas, passed through an o1l filter, and then through
an ammoma-cooled condenser.  From the ammonia
cooled-condenser, the gas passes through an ammona
separator, a heat exchanger, and then into the ammonia
synthesss converter The incoming gas 1s heated through
exchange with outgoing gas and heat of reaction in the
catalyst bed 15 sutficient to maintain catalyst temperature,
A catalyst temperature of about 510° C allows a
satisfactory reaction rate,

Gas leaving the converter 1s cooled and passed through a
separator where ammonia s condensed and removed. Gas
from the separator 1s compressed 1o restore the pressure
lost by decrease n gas volume and then s combined with
fresh make-up gas.

Methane and argon accumulate n the recycle gas and the
concentration of these nert gases 1s controlled by
miantaining a small, continuous purge.

Liquid ammoma flows from the two separators to a
letdown tank where pressure 15 reduced to about 17
kg/em? and most of the dissolved gases are removed. The
liquid flows to storage from the letdown tank. Gases from
the letdown tank and purge gas trom the recycle loop flow
to an absorption tower where the ammonia 1s dissolved in
water and then converted to anhydrous ammonia by steam
distlltaton i a stapping tower, The ammonia-free gas
leaving the absorber 15 used as fuel in the primary
reformer,

There 1s a significant economic advantage for use of
centrifugal compressors in production of ammonia, Capital
and operating costs are lower per ton of ammonia with
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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 (170-210° C) and pressure (170-400
kg/cm?) to form urea (NH,CONH,). An intermediate
product is ammonium carbamate (NH,COONH,). A
typical flow diagram of urea production (total recycle) 1s
shown in figure 10

Ammonia and carbon dioxide are fed nto the reactor
along with recvcle ammonia and carbamate solution. About
60% of the cmbon dioxide 1s converted to urea during
passage through the reactor. Effluent contamng urea,
carbamate, and unreacted ammonia go to a high pressure
decomposer and separator which returns some ammonia
and carbon dioxide to the reactor Effluent contamning urea
and carbamate go on to the low pressure decomposer and
separator where uresa solution 1s separated from unreacted
carbamate and then concentrated and prilled into finshed
product. Offgases from the concentrator are condensed
(uncondensables are vented), and the condensate 1s fed
back to the reactor after having absarbed carbamate from
first the low pressure and then the high pressure separator,
Excess ammonia not absorbed in the high pressure absorber
is condensed and fed back to the reactor as anhydrous
ammonia. In some cases, where low biuret content is
desired, concentrated urea solution s crystalhzed and the
crystals are melted and prilled 1nto finished product

Recently, there have been some new processes
introduced which use the feed ammonia or carbon dioxide
to strip these gases from reactor effluent and re-introduce
them to the reactor in gaseous 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 1y to build large urea plants of the
total recycle type. Single-train plants as large as 1,500
tons/day are now tn operation. A plant of total recycle type
is recommended for Chile, and 1t should be as large as
market conditions permit to take advantage of economies
of scale. Urea technology 1s changing rapdly, with
improved processes announced every few months. If Chile
decides to build a vrea 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

Ammomum nitrate for fertilizer use 1s normally
produced by reacting ammonia with mtric acid. Production
of nitric acid involves oxidation of ammonia and absorption
of resulting nitrogen dioxtde in water. Neutralization of the
nitric acid with additional ammonma forms ammonium
nitrate solution which 1s concentrated and prilled to form
sohid fertihzer

Nitrie Acid- -The major steps in mitric acid manufacture
include: (a) vaporization, superheating, and perhaps
filtration of anhydrous ammonia for ol removal, (b)
pre-heating, filtration, and compression of process air; (c)
catalytic oxadation of ammonia; (d) cooling of combustion
aases contaming nitrogen oxides, (¢) oxidation of nitric
oxide to higher oxides; (f) absorption of mitrogen oxides n
water to form nitric acid; (g) bleaching of acid by cooled
air; (h) recovery of energy in tail gas; and (i) recovery of

catalyst for resale. A flow diagram of a modern mitne acid
plant 1s shown in figure 11.

Air is compressed to about 7 atmospheres pressure 1n a
compressor driven by a power recovery turbine The wir 1
filtered and preheated by heat exchange with combustion
gases produced by oxidahon of ammoma with the
compressed air The heated air 1s nuxed with superheated
ammonia vapor which 1s oxidized catalytically by platinum
(10% rhodium) gauze mn the converter at about 900° C
(Some unspecified catalysts are now on the market ) The
combustion gases are cooled as indicated previously by heat
exchange with the mcoming air and also by water 10 1a1se
steam. The gases are then filtered to recover platinum dust
and further cooled n condensers by external water sprays
The gases and condensed weak acid then go to a reflux
drum from whence they are fed, respectively, to the
bottom and side of the absorber, Water ted at the top of
the absorber and the weak mtric acid are enriched as they
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Figure 11. Flow Diagram of Nitric Acid Plant

feed countercurrent to the gases in the absorber. Cooled air
is also fed at the bottom of the absorber to bleach nitrogen
oxides from product nitric acid before 11 goes 1o storage.
After absorption of the mitrogen oxides, the tail gases are
reheated to drive the power recovery turbine and then
vented to the atmosphere through a stack,

Conventional nitric acid processes that produce acid of
coneentration ol 55.05% HNO, are satisfactory for
ammonium nitrate  production. There is no ment in
building the more expensive plants that produce acid
concentrations up to 70% HNO; because the heat of
neutralization s 1 excess of that required for water
removal,

Amimonium  Nitrate Prilling Anhydrous ammonia 1s
reacted with mtric acid, as shown n figure 12, and the
resulting solution 15 concemrated by countercurrent
contact with heated air in a falling-film evaporator. The
concentrated solution is sprayed countercurrent to an
upward stream of air in a prilling tower to allow droplets of
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ammonum nitrate to solidify into prnlls. The prills are
cooled, sized, and conditioned before going to storage.
Fines and oversize are dissolved in water and returned to
the neutralizer.

The process for conversion of sodwum nitrate to
ammonium nitrate by ion-exchange resin which 1s being
evaluated by SQM is not sufficiently developed to describe
in detail. In general, it consists of using an 10n-exchange
resin to carry oul the following double decomposition
reaction:

2N3N03 + (NHq)zCO3 = 2NH4 N03 + NHQCO;;

A relatively weak solution of sodium nitrate would be fed
to an ijon-exchange column along with ammonia and the
exhaust from diesel engines to supply carbon dioxide.
Roughly, 10% solutions of ammonium nitrate and sodium
carbonate would be withdrawn and concentrated to
produce the solid materals.



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 fertihzers by acidulation of phosphate
rock. As indicated previously, Chile has several possible
sources of sulfur for manufacture of sulfurnic acid; however,
the most economic source was considered to be waste gas
from a copper smelter at Caletones which borders the area
of heavies. fertihzer use n Chile. The waste gas, contaming
5-6% S0, should be usable 1n a contact sulfuric acid plant,
a flow diagram of which 1s shown 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 uself. Therefore, waste gas is usually subjected
to cleaming by electrostatic precipitators and wet scrubbers.
Cleaned gas contmining sufficient oxygen as air to oxidize
sulfur dioxide to sulfur trioxide 1s dried by contact with
approximately 99% sulfuric acid which picks up the

AMMONIA

moisture in the gas and is diluted to about 93%. Mist is then
removed from the gas and it 1s preheated to about 820° F
before entering the catalytic converter which contains
several stages packed with vanadium pentoxide catalyst,
Conversion of sulfur dioaide to trioxide 1s exothermic and
the gas 1s cooled between stages by heat exchange with the
incoming gas. The gas containing sulfur trioxide 1s cooled
with air and the sulfur tnoxide 1s scrubbed from the gas by
contact with the 93% sulfuric acid formed w drying the
mconung gas. This scrubbing step torms 99% sulfuric acid
product.

Therc are new sulfuric acid processes sucl as the double
contact process which has two catalytic converters with
sulfuric acid removal between converters The major
purpose of these processes 1s to decrease air pollution by
unconverted sulfur dioxide and this should not be of
concern at Caletones simce a much greater amount ot sulfur
dioxide will continue 1o be evolved from 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
and used in very substantial quantities. There are several
processes for manufacture of ammonium sulfate. Among
them are vacuum crystallization processes, processes for
recovery of byproduct ammonia from gases by scrubbing
with sulfuric acid, processes for scrubbing waste gases
contamming  sulfur oxides with ammoni solution, and
organic chemical and steel production processes that result
in production of byproduct animonium sulfate. There is so
muh byproduct ammontum sultate produced that in many
locations 1t 1s not profitable to produce the matenal as the
man product. Nevertheless, since small ammonium sulfate
plants which serve a small area are sometimes economically
attractive and since Chule's needs for nitrogen fertilizers are
relatively small, a plant for producing ammonium sulfate
from the marginal sulfunc acid production which may be
avarlable from an acid plant at Caletones was studied. (A
large sulturic aad plant may be built at Caletones 1o
produce acid for production of phosphate fertilizer and
mdustrial  chemicals.) A flowsheet  of the vacuum
crystallization process for producing ammonium sulfate is
shown as figure 14.

Vacuum 1s provided by a water-cooled condenser and
steam ejector unit Ammonta and sulfuric acid enter the
vacuum crystallizer and the heat of reaction superheats the
recirculating slurry which 1s flashed and cooled to some
extent 1 the upper chamber of the crystallizer, usually
under a4 vacuum of 55-58 ¢m of mercury. The consequent
loss of water and cooling supersaturates the slurry, which
descends to the lower chamber through an mternal pipe and
mixes with fine particles and fresh nuclet to produce large
crystals

Recirculation 15 induced either thermodynamucally or by
an external pump. The slurry is agun brought nto contact
with additional ammoma and sulfunic acid, and the
exothermie heat of reaction heats the slurry and causes
dissolution of surplus fine particles and nucler. Proper
design of the lower vessel and the crystal removal device
enables good size classification to be obtamned prior to
separation of crystals by centnfuging. The separated
crystals are dried and sent to product storage.

Wet-Process Phosphoric Acid

Phosphoric acid is required for the 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 1s
shown in figure 15, The process consists of: (1) reacting
phosphate rock and sulfuric acid to form a slurry of weak
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phosphoric acid and gypsum, (2) filtering the gypsum from
the phosphoric acid, and (3) concentrating the phosphoric
acid. Sulfuric acid is fed to a mixing tank through which
weak recycle acid from the filter is circulated. This mixture
is fed to the reactor where it is reacted with phosphate
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 1s exothermic and cooling is
provided to keep the sluiry temperature in the range of
about 75-80° C to sure that the calcium sulfate will be in
gypsum form. Some of the fluorine in the phosphate rock is
evolved from the reactor and the fumes from the reactor
are scrubbed with water to avord air pollution. Sturry from
the reactor is filtered to provide about 30% P,0s product
acid which 1s concentrated to the desired level (a vacuum
evaporator 1s shown as the means of concentration). The
gypsum filter cake is washed countercurrently with water
to provide the weak acid that is first mixed with the
inconung 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)
is produced and cured for 3-4 weeks. Then the partially
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 the slurry
process 1s harder, denser, and more spherical than the
nonslurry product, and there is no time lag in production,
Therefore, the slurry process is recommended for Chile. A
flow diagram of the continuous slurry process 1S shown in
figure 16.

Ground phosphate rock 1s mixed with dilute (38-40%
P,0s) phosphoric acid 1n acidulation tanks. The resultant
slurry is fed to a pugmill-type nuxer where 1t 15 granulated
with recycle fines. The material from the muxer 1s drnc ¥ and
screened. The product is conveyed to storage and the
oversize matenal 1s crushed and recycled back to the mixer
along with the v.ndersize. Up to about 10 tons of material
are recycled to the mixer for each ton of product produced,
and the product 1s built up in very thin layers.

Magnesium Phosphate

There 1s some manufacture of fused magnesium
phosphate in Japan and other areas, usually by
electric-furnace smelting of phosphate rock and olivine or
serpentine  (magnesium  silicates). Since a waterfront
manufacturing site is available at Valdivia, an casily-worked
deposit of serpentine is nearby, and the product is
considered 1o be suitable for the local acid soils, CORFO
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requesied that an electric fusion process be considered at
this location. A flow diagram of the process is given in
figure 17.

Phosphate rock will be imporied and serpentine will be
hrought i by truck, The materials, sized to about 1 in, or
smaller, will be mixed and charged to an clectric furnace.
The furnace serves to wmelt the materials and form the fused
magnesium  phosphate product. The fused product is
quenched, dried, ground to approximately 100 mesh, and
sent to storage.

Ordinary Superphosphate

NSP is produced by reacting sulfuric acid with finely
ground phosphate rock. The product grade usually varies
from about 17 to 21% available P, Os, depending primarily
on the grade or purity of rock used. Chemically, NSP is
similar to TSP, cxcept that calcium sulfate Is present as a
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diluent; both contain monocalcium phosphate as the
primary active fertilizer ingredient. A flowsheet showing
the steps for manufacture of granular NSP is shown in
figures 18 and 19.

Phosphate rock is finely ground and reacted with
sulfuric acid and water (equivalent 10 about 70% H; SO4) in
a mixer. The fluid mass from the mixer is allowed to set up
in a den and is disintegrated as it falls from the den.
Alternately, the product may be granulated directly from
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 and
overacidulated somewhat to make up for *he conversion of
rock P,Os that is lost by ehnunating the curing step.

For Chile, direct granulation from the den in continuous
flow is recommended. In any case, the product is dried to
about 5% moisture content and sized before being sent to
storage. Slow conversion of P,0;s (o 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, P,0;, and K,0) in defimte,
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 s
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 1s a mixed fertilizer consisting of a mechanical
mixture of granular fertilizer materials.

Diammonium  Phosphates- ~DAP 15 produced by
ammoniation of phosphoric acid A flow diagram of a
process which involves partial neutralization of phosphoric
acid feed n a preneutralizer tank, followed by completion
of the ammomation to DAP mn a rotary
ammoniator-granulator (TVA process) is shown in figure

20. Excess ammonia, which must be fed to the
ammoniator-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 1s crushed and recycled back to the
ammoniator-granulator along with the undersize. The
product size maternal from the screens is cooled and
conveyed to storage. The granule size 1 controlled
primanly by varying the proportion of recycle,

The process utilizes the heat of reaction of ammoma and
phosphoric acid to evaporate 80-90%% of the water m the
feed acid. In addition to scrubbing the offgases from the
prencutralizer and ammonmator-granulator, most plants also
scrub the offgases from the dryer and cooler with a portion
of the acid feed. The gases are fiist passed through dry
coliectors, where the larger partiddes of dust are collected
and recycled back 10 the ammonwator-granulator, and then
sases are scrubbed with acid to 1emove any final traces of
dust and ammonia belore they are exhausted to the
atmosphere. The usual practice s to feed coucentrated
phosphoric acid (547 P,0¢) directly mto  the
preneutrahizer and to teed unconcentrated acid (30% P, 05)
from the phosphoric acid filters mto the scrubbers to
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minimize the amount of solids formation in the scrubbers.
The draw-off from the scrubbers 1s fed into a surge tank,
and then acid from the surge tank 1s fed into the
preneutralizer and 1s also recycled back to the scrubbers.
About half of the acid feed 15 545 P,0s concentration and
the remainder is unconcentrated acid (30% P,0s5). By
scrubbing all of the effluent streams leaving the plant with
the acid feed, a clean and efficient operation 1s maintamed.
Up to about 40 tons/hr of product can be produced in a
single train unit. By reducing the proportion of ammonia
feeds, MAP (gi.de about 11-55-0) can be produced 1n the
same equipment designed {or DAP production,
Ammoniated  Superphosphates—-—-One  of the most
widely used procedures for production of nuxed fertilizers
is the simultaneous ammoniation and granulation of
superphosphates. Nongranular (run-of-pile) TSP and/or NSP
is ammomated with either anhydrous ammonia or
ammoniating solutions that also contain amn. num nitrate
and water. This ammoniation 1s carried cut continuously in
a rotary drum, and the heat and liqud phase from the
exothermic chemical reaction promote granule formation.
The tumbling action of the rotary drum rounds and hardens
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granules that are formed. Normally, the product from the
rotary ammoniator-granulator is dried, cooled, and
screened. The oversize 1s crushed and recycled back to the
ammoniator-granulator along with the undersize. Typical
grades that can be produced from ammoniating solution,
nongranular TSP, phosphoric acid, and potassium chlornide
are 15-15-15 and 20-20-0. A flow diagram of a conventional
ammoniation-granulation plant is given as figure 21.

The new granulation unit of COSAF at Penco is typical
of and practically identical to several plants in the United
States that produce mixed fertihzers by ammoniation of
superphosphatcs At the present time the Penco plant is
used to granuiate run-of-pile TSP and enrched
superphosphate (36% P, O ). If an ammonium nitrate plant
is constructed at Penco, it would be feasible to also utilize
ammonia and or ammoniating solution from the
ammonium nitrate plant to produce ammoniated mixed
fertilizers in the COSAF plant. If an ammonia-urea complex
is wonstructed at Punta Arenas, ammonia, urea, and/or
ammonia-urea solutions could he provided to the COSAF
unit for mixed fertilizer production. About the only
additional equipment required by COSAF would be for



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 he needs. The fertilizer materials to be blended are
prepared 1n large, economucal 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
necds of each farmer—often as dictated by soil analysis.
Usually the blend 1s 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 fertihzer. Also, during
blending 1t 1s possible to also add some other inputs such as
micronutrients and pesticides,

The potential for developing bulk blending plants 1s
attractive in the southern area of the Central Valley where
farms are relatively large and soil test programs have been
initiated. Bulk handling and distnbution of materials onto
the large pastures, gran farms, and sugarbeet farms should
be feasible. Bulk distnbution on the smaller farms in the
northern area of the Central Valley on vineyards, citrus,
and vegetables 1s not as attractive, but there may be some
merit 1n blending here to tailor the fertihzer to each
farmer’s needs, even 1f 1t 1s necessary to bag the blended
product and spread 1t by hand.

There are a vaniety of designs for bulk blending plants
that are satisfactonly utihzed. Typically, a blending plant
operation consists of the following sequence: (1) bulk raw
materials are recerved and stored; (2) raw matenals are
recovered from storage and weighed or proportioned to give
the desired nux, (3) raw matenals are nuxed or blended; (4)
the blended product is discharged into distribution trucks;
and (5) the product 1s carned to the field and applied, using
the distribution equipment on the truck. A variety of nuxer
designs are utihzed, with the rotary drum and ribbon nuxer
types probably the most common. Batch operation with
-2 tons/batch blended 1s normal. A flow diagram of a
typical blending plant 1s 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 eompatibility, all materials should be
granular or crystalline with as near the same 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 mteract
chemically and should not be blended. These are: urea and
TSP, urea and NSP, urea and ammonium nitrate, and TSP
and DAP,

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

Biending plants usually service a farly small
area—perhaps within a radius of about 50 km. The cost of
transport and spreading 1s usually around $3/ha for rates of
about 700 Ibs/ha.

INVESTMENT AND OPERATING COSTS

In some instances the manufacturing and mvestment
cost estimates computed by the TVA Team difler shightly
from values computed by Chilean engineers or from
estimates supplied by outside engmeenng firms  The
estimates of the TVA Team may not be as rehable for some
specific situations as more n-depth estinates by others
However, the Teum utiized somewhat standandized
assumptions that were  developed tor estimates of this type
and are behieved to be reasonably accurate and reliable The
uniformity of the standardized assumptions s needed to
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

1. The battery hnuts mvestment cost of vanous plant
units 1n  Chile was assumed to be 13 tmes
corresponding U. S. battery hnuts cost

2. The cost of auxthary facihties for the complex
(steam, power, water, supply, etc ) was assumed to be 25%
of the total battery lmuts cost of all the plant umts
included n the complex.

3. The cost of supporting facilities tor the complex
(roads, civil works, office and adnmunustrative butldings, ete )
was assumed to be 25% of the total battery hnuts cost plus
25% of the auxihary tacilities cost,

4. The foreign exchange components ol the investment
costs were assumed to be as follows

75% ot battery muts cost of plant umits
25% of cost of storage facilities

50% of auxtharies

35% of support tacilities

5. Bulk s*orage capacity for sohd fertilizers was assumed
to be one-third of the annual production capacity

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

Dehumudified storage -$16.50/mt of storage capacity
(U. S. cost),

Atmosphenic storage $11,00/mt of storage capacity
(U. S. cost).
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Production Cost Estimates

Depreciation - 15 yrs
Interest —-8% on one-half of plant investment
Taxes and insurance—2% of plant investiment
Operating labor  $3/man-hr?
Maintenance -5% of plant mvestment
Supplies—20% ot maintenance
Analyses—20% of operating labor
Handling—4% of operating cost (except in port storage
facilities)
Overhead - 100% of operating labor
Utilities
Electical power—$0.01 kilowatt hour (kwh)
Cooling water—$0.02/1,000 gallons (M gal)
Treated water—S0 10/M gal
Boiler teed water- $0.40/M gal
Fuel--80.08/gal
Steam -S0.50/M Ib
Working capital-cost of | month’s raw materials plus 3
month’s m-plant value of products
Return on mvestment calculated at 0% and 10%; 10%
value used in comparative evaluations emphasized in this
report,

Table 9 shows estimates of production costs, total
capital requirements, and the foreign exchange component
ot caputal and production costs for some of the fertihzer
plants studied. All production costs include either 0 or
10% R.O.L: costs discussed m this section include 10%
R.O.l

The estumated production cost of ammona at Punta
Arenas varied fiom about $30 to S100/mit, depending on
the cost assigned to natural gas, the operating level, and the
size of the plant; the cost of urea vaned similarly from
about $46 to $85/ton. The total capital requirements for
1,000, 600, and 200 ton/day ammonia plants were about
$32, 821, and $13 mulhon, respectively, with about 607/
required as foreign currency. Foreign currency required for
production varted trom S6 to $15/ton of ammonu,

Total capital requirement for urea production, not
ncluding the ammonia plants, decicased trom $22 nullion
10 $12 million as the plant size was decreased trom 900 to
280 tons/day, with a little over half bemng toregn currency
Foreign currency tor production ot urea was $7-15/ton,
including the toreign currency component for production
ol ammonia m a 1,000 ton/day plant.

Estimated costs of producing ammonium nitrate from
mmported ammonia and mitrie acid i 380-633 tons/day
plants varied from 854 to $6Y/ton. Approximate data on
converston of sodium nitrate to ammonium nitrate and
sodium carbonate by ton exchange mn a 300 ton/day plant

— — .

3
“In developig countries lower rates likely would apply but larger
numbers of personnel would be used Fapenience mdicates that total
cost should be about the same,

indicated a production cost of $113/ton of ammonum
nitrate with no credut tor byproduct sodwm cabonate, It
sodium carbonate byproduct was credited at either $27 or
$60/ton, (estimated tmnimum and manamum values) the
costs per ton ol ammonum mitrate would be decieased to
cither §95 or $74 Capital requuements for the ammontum
mtrate plants varied from S17 10 S24 milhon, about hall ol
which  was  loreign aunrengy Foreign - currency o
production was about S25/ton of ammonium mitrate

The estimated production cost of sulturie acd tiom
smelter gas in a 915 ton/day plant costing S16 nullion was
about $16/ton (This acid plant was sized to provide about
150-200 tons/day of actd tor industzial uses ) The toreign
currency cost of the sulturic aad (52 97/ton) was indluded
as a toreign component m the production cost of the
matertals 1t was used to produce. but the investment cost
for sulturic acid was not indluded 1 the investient cost tor
these plants The production cost of ammonium sultate in a
600 ton/day complex which cost ST mihon (halt toregn
currency) was S40/ton, S16 of which was foregn curtency

TSP production cost an estimated S75/tan ($30 toreign
currency) in 791 ton/day plants costing sbout S23 nullion,
half ot which was toreign cunenay An electne turmace
complex at Valdivia to produce 150 tons/day ot tused
magnesttm phosphate was estimated 1o cost S3 45 nulhon,
about halt ot which would be toreign cunency, and the
tused product was estimated to cost S14 100 m toregn
currency and S50 total A lige NSP complex at Ruancagua
(1,820 mt/day) probably would cost about S10 million
(one-third foreign cwrrency) and  produce matenal ton
$25/ton. nearly halt ot which would be toreign expense A
DAP complex at the same location (791 mt/day ) which
would approvimately  produce Clile’s needs 1o both
mtrogen and P;0s 0 1975 was estimated 10 cost $12
milhon - toreign cuneney and 27 milhon m total
currency  The production cost was estimated to be S45/ton
n toreign currency or a total of S98/ton

On a plant nutoent basis, the lowest  estimated
production cost of P2 was av NSP Besides ammonia, the
lowest estimated coct tor production o1 nitrogen was as
urea However, overall economics  takes mto aecount
dehivery of fertilizer 10 the tarm and most of the uiea must
be shipped a long distance from Punta Arenas Also NSP 1
very low an analysis. (2077 nutnent) and transport and
handling costs are relatively expensive

Curves showing the eltedt ol raw matenal costs and
other varables on the estimated cost of producing fertilizer
materials are shown i higures 23-35 Figwes 23 and 24
show the ettect of operating level on the cost of producing
ammonia and urea  In both cases, a small deciease
operating level trom 10077 ot capacity has hitle effedt on
product cost. However, decreasing the operating level 1o
about 40% ol capacity, about doubles the production cost,
Figure 25 shows the effect of natural gas cost on the cost of
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Figure 24, Effect of Operating Level on Cost of Producing Urea in Chile
{Ammonia @ $32.54/mt)

producing ammonia n a 1,000 ton/day plant at vanous
operating levels, When operating at full capacity, the cost of
ammonia increases from about $31.50 to $43.50 as the cost
of gas is increased from 0 to $0.30/1,000 it} (Actual gas
cost is expected to be $0.10-0.15/1,000 1t A sumlar
effect is observed at lower operating levels except the cost
of production 1s Iugher. For example, the cost of
production at the 50% operating level with gas costing
$0.10/1,000 11? 1s about $63.50/ton of ammonia. Frgure
26 shows simular data for a 600 ton/day ammonia plant,
Figures 27 and 28 show the effects of ammona cost and
operating level on production costs in 900 and 600 ton/day
urca plants, The production cost of urea varted from less
than $40 to more than $110/ton, the lower figure being for

the larger plant operating at full capacity with ammonia
costing $20/ton and the higher figure beng tor the smaller
plant operating at 407/ capacity with $80 ammonia Figure
29 shows that urea production cost m a 280 ton/day plant
operated at capacity mcreases from about $50 to S90/ton
when ammonia cost 1s mnereased from $20 to $80/ton

Figure 30 shows the effect of ammonia cost on cust of
producing ammonium mitrate for two plant sizes Fora 633
ton/day plant, the production cost mcreases from ghout
$46 10 S61 as ammonua cost ereases from $30 to $65/ton,
the increase 15 from about $55 to $70 for a 380 ton/day
plant. Figure 31 \hows the effects of ammonia and sulfuric
acid cost on the cost of producing ammonium sulfate in a
600 ton/day plant,
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Table 9. Summary of Economic Evaluation (All production costs are for bulk products)

Annual Daily Cost, $/mt Capital Requirement for Foreign Currency for
Production, Production Plant Complex, $ Mill:on?d Fixed
Fertilizer Plant 1,000 mt mt of Product _utrient Fixed Working Capital Production,b $/mt
Material Location of Nutrient Matenal % Return on investment Capital  Capital Total $ Million Product Plant Nutrient
Ammonia Punta Arenas 270 .,000 0 10 0 10
Natural gas, $0.00/1,000 ft 2204 31.61 26.80 3838 29.74 1.84 31.58 18.73 6.13 1.44
Natural gas, $0.10/1,000 ft 2599 3569 3170 4334 29.74 2.27 32.01 18.73 6.13 144
Operating level, 50% 4447 63.65 5420 77.29 29.74 1.90 31.64 18.73 10.22 124
Operating level, 40% 53.74 7765 6550 9429 29.74 1.82 31.56 18.73 14.06 17.07
Natural gas, $0.20/1,000 ft 2993 39.76 3650 4828 29.74 2.70 3244 18.73 6.13 144
Ammonia Punta Arenas 163 600
Natural gas, $0.10/1,000 ft 2857 3933 34580 4775 19.81 1.49 21.30 12.49 6.72 8.16
Operating level, 70% 3765 5292 46.00 64.26 19.81 1.36 21.17 12.49 9.24 11.22
Operating level, 50% 60.27 8156 7350 99.04 19.81 1.27 21.08 12.49 12.€0 15.30
Oaerating level, 40% 73.16  99.71 89.30 12108 19.81 1.22 21.00 1249 15.53 18.86
Ammonia Punta Arenas 54 200
Natural gas, $0.10/1,000 ft 47.42 66.66 57.70 8095 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 10256 1891 334 22.25 11.92 7.29 16.21
Operating level, 50% 5133 6551 11400 14558 1891 2.14 21.05 1192 11.01 2348
Operating level, 40% 57.72 7524 128.00 167.20 1891 1.90 20.81 11.92 12.88 28.63
Urea Punta Arenas 39 600
Ammonia, $32.54/mt 4132 5015 9200 11144 15.13 2.36 17.49 9,53 8.03 17.96
Operating level, 70% 4788 60.15 10630 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% 6399 84.85 14220 18856 15.13 1.39 16.52 9.53 14.95 32.79
Ammonia, $60.00/mt 57.62 6699 128.00 14887 15.13 343 18.56 9.53 8.03 17.96
Urea Punta Arenas 42 280
Ammonia, $32.54/mt 4769 59.81 10600 13291 10.66 1.34 12.00 6.73 9.87 2194
Ammonia, $60.00/mt 6400 7666 142.00 17036 10.66 1.87 1253 6.73 9.89 21.94
Ammonium Nitrate Penco 70 633 43.13 5438 12900 16233 2093 259 23.52 12.40 24 95 74.48
Ammonium Nitrate Penco or
Puerto Montt 50 450 4914 61.64 14700 18400 16.60 2.06 18.66 9.90 26.60 76.50
Ammonium Nitrate Rancagua 42 380 5469 6865 163.00 20493 15.59 1.92 17.51 9.24 26.32 78.57
Ammonium Nitrate Victoria® 33 300 92,10 11330 275.00 32800 18.38 2.65 21.03 12.06 24.30 72.50
Sulfunc Acid Caletones 915 10.76 16.08 - - 15.13 0.81 15.94 9.56 297 -
Ammonium Suifate Rancagua 42 600 3452 3994 163.00 188.40 8.67 207 10.74 490 15.93 75.16
Trniple Superphosphate Rancagua 120 791 66.25 75.15 14400 16300 17.81 5.38 23.19 10.85 30.33 66.15
Magnesium Phosphate Valdivia 1" 152 4268 4458 194.00 226.00 2.86 0.59 3.45 1.80 13.80 62.50
Ordinary Superphosphate Rancagua 120 1,820 23.10 2479 11550 124.00 5.75 4.40 10.15 3.62 10.89 54.50
Diammonium Phosphate Rancagua N-47 791 88.11 9831 137.70 15400 1953 1.20 26.73 11.70 45.10 70.60
P,05-120

JInvestment tor ammonia plants not included 1n urea plants. Investment for sulfunc acid plant not included 1n ammonium sulfate and phosphate plants.
Foreign currency for ammonia production mn a 1.000 mt/day plant operated at full capacity included for urea plants I oreign currency for imported ammoma at $44/mt included for
other plants uung ammonia Foreign currency for sulfunic acid produced 1n 915 mt/day plant indluded for ammonium sulfate and phosphate plants. Foreign currency for phosphate
rock at S15/mt included for phosphate plants

No 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 1 a 791 of nitrogen requires 172,000 tons of ammoma, St million
tonfday plant. With phosphate rock costing $20/ton, the kwh of electrieity, 9.5 tnllion gals of coohing water, and 1 3
cost of TSP increases from about $60 to $80/ton as the tnlhon Ibs of stcam  An ammonum mtrate plant to
cost of acid 1s mcreased from S5 to $25/ton, Figure 33 produce 70,000 mt of mtrogen requires 90,000 tons of
shows that the cost of magnesium phosphate produced i a ammonia, 8.6 mullion kwh of electrieny, 9 2 tulhion gals ol
152 tonfday plant mcreases from $41.50 to $49.50/ton as cooling water, and 65 mullion gals of boiler teed water
the cost of electric power 1s mcereased from 0 2 to 1¢/kwh. Requirements tor wea and ammonum mitrate plants also
Figure 34 shows the effects of sulturic acid and phosphate deciease in propostion to their size

rock cost on the cost of producing NSP i a 1,820 ton/day Twenty-one thousand tons of ammonia would be needed

to produce 33,000 tons of nitrogen as ammonium nitrate
from 105,000 tons of sodium mitrate  An ammomum
sulfate plant to produce 42,000 tons/yr of nitrogen would
require 51,000 tons of ammonia and 147,000 tons of
sulfuic acid.

To produce 120.000 tons of Py Oq as TSP would require

plant. Figure 35 shows the effects of ammonia, phosphate
rock, and sulfunc acid costs on the cost of producing DAP
ina 791 ton/day plant.

COST OF RAW MATERIALS AND SERVICES 250,000 tons of sultunc acid, 410,000 tons ot phosphate
roch, 32 nullion kwh ot electnenty. 755 nulhon gals of

A tabulation of the annual requirement of major services water, and 3 mullion Ihs ot steam The myor service
and raw materials for the various pmduc[i()n facilities is rcqlurcd for a tused magnesiam phosphate |1|¢|Ill {0 p;mlucc
given 1n table 10. As shown, an ammonia plant to produce 11,000 tons/yr ot P,0; would be SO nulhon kwh ol

270,000 mt/yr of nutrogen (1,000 mt/day of ammoni) electnerty, 150 muthon palv ot water 35,000 “‘"\'QL
would require annually 360 nullion m” of natural gas, 16.5 phosphate - rock. and I.l.()(l() tons ol >etpentine NS
millhhon kwh of electricaty. 25 4 tulhon gals/ton of cooling production equivalent to 120000 tons of P20¢ would
water, and 175 million gals of boiler feed water  As require 219,000 tons of sultuiie ad 372000 1ons ol

ind d | | | ‘ : phosphate rock, and T4 4 mlhon kwhi ol electnenty DAP
indicated previously - several times this amount of natua contamnmg 47,000 tons ol nittogen and 120 000 tons o

gas is avallable at Punta Arenas where the plant would be P,0s would 1equire 58,000 tons of ammonta, 343,000 tons
located  The plant s selt-supporting 1 steam.  The of sulturic aeid, 406 000 tons of phosphate 1ock. 46 million
requirements  for smaller ammona  plants are  almost kwh ot electriaty, 660 nullon gals of water. and 15 muthon
directly proportional to thetr size. ibs of steam

Table 10. Annual Raw Maternials and Utility Requirements

Annual  Natural Water
production  gas, Electncity, Cooling, Boiler feed, Steam, Sodium  Sulfunc Phosphate
Fertilizer 1,000 mt of million mitlion  trithon mithon  tnlhon Ammomia nitrate,  acid, rock,  Serpentine
Material nutrient m’ kwh gal gal ibs 1,000mt 1,000 mt 1,000 mt 1,000 mt 1,000 mt

Ammonia 270 360 16.5 25.4 175 - - - - - -
Ammonia 163 216 99 16.2 105 - - - - - -
Ammonia 54 12 2.0 45 30 - - - - - -
Urea 134 - 50.8 95 - 1.27 172 - - - -
Urea 89 - 338 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 - 8 a - a 51 - 147 - -
Triple Super-

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

Phosphate " - 50 0.15 - - - - - 35 13.2
Ordinary

Superphosphate 120 - 144 - - - - - 219 372 -
Diammonium N-47

Phosphate P,04-120 - 45.7 0.66 - 0015 6§75 ~ 343 406 ~

INot avatlable
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Figure 26, Effect of Changes in Cost of Natural Gas on Cost of Producing
Ammonia in Chile at Various Operating Levels
{1000 mt/day Design Capacity)
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Figure 26. Effect of Changes in Cost of Natural Gas on Cost of Producing
Ammonia in Chile at Various Operating Levels
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S/mt of urea (includes 10% return on investment)

54

110 I I I I |

100 1

90 |— Operating level
% of design
capacity

30 | i | | |

20 30 40 50 60 70

$/mt of ammonia

Figure 27. Effect of Changes in Cost of Ammonia on Cost of
Producing Urea in Chile at Various Operating Levels
{900 mt/day Design Capacity)
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Figure 28. Effect of Changes in Cost of Ammonia on Cost of Producing
Urca in Chile at Various Operating Levels
(600 mt/day Design Capacity)
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Figure 29, Effoct of Cost of Ammonia on Cost of Urea in Chile
(280 mt/day Design Capacity)
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Figure 31. Effect of Changes in Cost of Ammonia and Sulfuric Acid
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Figure 32. Effect of Changes in Cost of Phosphate Rock on Cost
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SECTION VI

STUDY OF IMPORTATION

Based on estimated 1975 consumption, fertilizer
productior: capacity available and under construction in
1969 can supply about 54% of the N requirements, 35% of
the P,O5 requirements, and 24% of the K, O requirements.
The remainder of the plant nutrients could be supplied
either by importing fertilizer materials or by constructing
additional fertilizer plants. In order to evaluate the most
desirable approach for supplying the additional nutnient
requirements, the cost of supplying these nutrients should
be considered for alternative fertilizer materials as well as
under alternative price situations that may prevail m 1975,
These vartous tmport possibthties can then be compared
with production alternatives in order to decide if added
capacity should be constructed m Chile and if so, at what
locations.

The specific objectives of this section are to: (1) review
the alternative fertihzer matenals that may be imported
into cach province, (2) review ports through which fertilizer
materials may be imported in the future, (3) review costs of
importing and distributing fertilizer materials,

FERTILIZER MATERIALS
AND QUANTITIES IMPORTED

Fertilizer materials mmported were based upon the
amount required to supply the nutrient requirements in
each province above the quantity estimated to be supphed
from existing Chilean production  The nutrient
requircments, those supphed from 1969 Chilean production
capacity and those that will have to be supplied from other
sources 1 1975, are presented in table 11. The nutrients
that will be supplied from mtrates, guano, and from the
phosphate plant at Penco are not considered further i this
section.* The total quanuity of each material required 1n
each province 1s presented 1n figwie 8 Alternative fertihizer
materials that may be mmported to tulfill the nutrient
requirements not supplied from present Chilean capacity
are specified m tlus section. The substitutability of
matertals from an agronomic pomt of view were presented
earlier,

31he movement of bulk nitrate materials through ports was
estumated  at 265,000 tons and  bagged material at 35,000
tons/yr by SOM. Bulk coastal movements will play an important
role in the utihzing of port faulittes and bagging facthties at
volumes sutficient to gain cconomies of size consistenl with porl
and bagging cost estimales used o this sludy. lor coastal
movements of nitrates and guano by port of entry and province
supplied from cach port, see Banco del Ietado de Chile, Port
Analyss  Supplement B. A, 1. Kearney and Co., August 1969.

The Kearney study suggested that fertilizers imported
would include primarily urea and calcium ammonium
nitrate (20% N) as sources of mtrogen; TSP and Bifos as
sources of P, 05, and potassium sulfate, and potassium and
magnestum sulfate as sources of K,0. Estimates of the
quantities of each material required m each province are
presented in table 12

Alternative fertilizer matenals that could be 1mported to
supply the additional plant nutrient requirements in Chile
are: (1) urea as the only source of N, (2) ammonum
nitrate, the onlv source of N, (3) ammomum -ulfate, the
only source of N; (4) TSP, the only source ot P,0q, (5)
NSP, the only source ot P, Og, (6) potassium sulfate, the
only source of K,0, (7) potasstum chlonde, the only
source of K,0: (8) DAP, the only source ot P05 and
supplemented with urea m provinces where N requirement
exceeded the N supplied by DAP, and (9) DAP, the source
of P, Og and N m each province until the requirenient ol
cither nutrient 1s fulfilled and TSP or urea used to satisty
the remunmg P,0¢ or N requirement respectively.
Requirements for ecach of these alternative fertihzer
matenals are shown by province m table 13

PORTS AND PORT COSTS

Chile has a long coast line and several ports that can
handle bagged tertilizers

Smce over 80% ot the fertilizer nutrients are consumed
in the Central Valley, the pnimary agncultural area, ports
ncluding and between Valparaso and Puerto Montt handle
most of the fertilizer imports (See table 14 for an estimate
of fertihzers mported through each port mm 1965 and
1967.) Ports located at Valparaiso (Baron) and Talcahuano
(Lirquen) were the only ports that were equpped to handle
bulk fertihzers in 1969

The Kearney study micluded a section on port facilities
available for handling fertihzers both in bulk and n bags *
The study also included a section on unprovements planned
at each port for handlmg fertilizers

The Kearnev study suggests that all fertilizers should be
imported m bulk and bagged at the port by 1075, This
would mclude coastal movements ot nitrates and guano as
well as fertilizer matenals, including urea, mmported from
other countries, Kearney shows four alternative import

dfor u detaled review  of porls, tactiities  and  planned
improvements, see Banco del Fstado de Chile, Port Analysis,
Chilean Fertihzer Distrihusion, Supplement B, A. T. Kearney
and Co.
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The port at Valparaiso 1s one of two equipped to handle imported fertilizer in bulk.

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

The mmport pattern considered for this study were
similar to the Kearney study “Alternative 1V” (the most
economical alternative), where all fertilizers were imported
in bulk through Baron, San Vicente, Penco, and Puerto
Montt.

Baron at Valparaiso 1s equipped to receive fertilizers in
bulk and bag 1t 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 fertlizers and there are no
plans to add facihities for handling bulk fertilizers, In the
Talcahuano area, facithues for handling bulk matenals 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 ferulizers 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 Chlle
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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 1.f. Chilean ports n
1969, ocean freight costs were estimated at $9/mt.* Ocean
freight costs, bulk unloading cost, handling cost, and
bagging costs/mt are shown n table 15, These costs are
partitioned 1nto foreign exchange and Chilean currency,
US$ equivalents. Fertihizers bagged 1n Chile are bagged mn
80-kg jute bags with polyethylene hiners 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 onutted. These are costs subject to
change, based on government policy, They must, of course,
be added 1f 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

SF.ob. and cif. costs of TSP imported in 1968-69 were
provided by the Banco del Estado de Chilec.



Table 11. Major Nutrient Requirements, Present Producing Capacity,
and Quantities Required in Addition to Present Producing Capacity, 19758

Nutrients Supplied from Present

Deficient Supply of Nutrient

Total Nutrient Requirement Chile Production Requirements
Province N P20s K20 N P,0;P K20 N P304 K20
Tarapaca 300 150 50 8 104 50 292 46
Antofagasta 200 100 20 20 8 20 180 92
Atacama 700 900 300 700 79 300 - 821
Coquimbo 3,900 3,900 2,500 3,900 1,504 2,500 - 2,396
Aconcagua 3,200 2,600 1,000 1675 275 1,000 1,625 2,325
Valparaiso 1,700 1,200 600 1,062 402 600 638 798
Santiago 13,500 12,800 2,600 5,675 1,688 2,600 7,825 11,112
O’Higgins 8,200 3,400 1,200 2975 339 1,200 5,225 3,061
Colchagua 4,700 6,600 800 2,505 674 800 2,195 6,026
Curico 3,400 4,100 500 1,382 3,113 500 2,018 987
Talca 5,600 8,600 700 2,125 1,027 700 3,475 7673
Linares 5,400 9,500 300 2,215 4,220 300 3,185 5,280
Maule 600 1,800 300 567 6 300 43 1,794
Nuble 7,900 11,700 3,800 2,110 11,349 59 5,790 351 3,741
Concepcion 1,500 2,200 1,600 152 2,161 63 1,348 39 1,537
Arauco 300 2,100 900 178 179 3 122 1,921 897
Bio-Bio 7,000 8,800 2,500 5,630 8,566 66 1,370 234 2434
Malleco 9,200 13,900 3,400 6,945 13471 69 2,255 429 3,331
Cautin 6,500 22,200 9,500 5,895 1,718 0 605 20,482 9,500
Valdivia 2,300 18,300 6,100 1,382 2,179 53 918 16,121 6,047
Osorno 900 13,800 5,500 890 1,360 42 10 12,440 5,458
Lianguihue 1,600 10,900 2,300 390 2421 404 1,210 8,479 1,896
Chiloe 300 2,700 1,300 188 920 121 112 1,780 1,179
Aysen 500 1,600 900 50 36 3 450 1,564 897
Magallanes 650 1,400 1,000 g0 20 0 560 1,380 1,000
Total 90,050 165,250 49,670 48,699 57,719 11,7563 41,451 107,631 37,917

4Source. Banco del Estado de Chile, Marketng of Fertilizers, Vol. 2, A, 1 Kearney and Co,, Inc., 1969,
It was assumed that TSP produced at Penco would be consumed i the Provinces of Concepeion, Bio-Bio, Nuble, Malleco, and Linares, These

provinces represent the ones that mimnimuze distnbution cost trom Penco

with each of the ports that will import bulk fertilizers All
fertilizer was assumed to move from ports to provinces by
rail since all shipments are from the port to a representative
point in each province.®

Fertilizer moves at one rate regardless of volume and
rates are, in general, a function of distance only. Rail rates
for fertilizers are about 15% below the general cargo rate
Savings might be reahized by both the railroad and the
fertiizer industry which could be passed to farmers as
lower fertthzer prices if volume movements were based
upon actual costs of the movement. U. S, rates have been

0p4eed on the Kearney study, Vol 3, Ishibit 3-8, ratl appears
less costly than truck for ferthizer movements for longer hauls
The Kearney study further estimates the total cost of moving
fertilizer to ecach  warchouse location and savings i all
warchouses were located on rail sidings. That amount of detail
would be a duplication and is outside the scope of this study.

reduced by 60% or more for volume movements and the
rail companies are st realizing a profit from these hauls.
This type analysis for the rml system is outside the scope of
this study but should be considered long-range planning,

The provinces serviced by each port location were based
upon the least cost of shipping fertilizer matenals from the
port to the province It was assumed that tertilizer moving
to the three northern provinces would be bagged at
Valparaiso and tor the two southern provinces would he
bagged at Puerto Montt and moved by ocean-going ships to
each of the respective provinces at the same rates as bagged
nitrates.

Fertilizers imported nto Valparaso are assumed to
move by rail to provinces between Coquimbo  and
Colchagua, imports into Talcahuano supply provinces from
Curico to Cautin, and imports into Puerto Montt supply
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
Calcium Ammonium
Province Urea Nitrated
Tarapaca 650 -
Antofagasta 400 -
Atacama - -
Coquimbo - -
Aconcagua 3,500 250
Valparaiso 1,350 160
Santiago 16,900 1,100
O'Higgins 11,300 700 °
Colchagua 4,700 400
Curico 4,350 300
Talca 7,600 600
Linares 6,900 400
Maule 50 100
Nuble 12,600 600
Concepcion 2,950 100
Arauco 250 50
Bio-Bio 2,800 550
Malleco 4,700 700
Cautin 1,100 550
Valdivia 1,950 200
Osorno - 50
Llanquihue 2,600 200
Chiloe 250 -
Aysen 1,000 -
Magallanes 1,200 100
Total 89,000 7,000

mt

K,O
P,0s Potassium K and Mg

TSPb Bifos Sulfate Sulfate
100 - - -
200 - - -
1,700 100 - -
4,700 600 - -
4,800 300 - -
1,650 100 - -
22,800 1,600 - -
6,400 300 - -
12,550 650 - -
1,850 350 - -
16,700 900 - -
10,800 800 - -
3,900 - - -
- 900 5,500 3,600
- 100 2,300 1,400
4,050 150 1,300 900
- 600 3,600 2,300
- 1,100 4,900 3,200
43,000 1,800 13,900 9,400
33,350 2,000 8,900 5,800
25,900 1,350 8,000 5,300
17,500 1,100 2,800 1,800
3,700 200 1,700 1,200
3,400 - 1,300 900
3,000 - 1,600 1,000
221,050 15,000 55,700 36,800

30ther 20% N was assumed to be calcium ammonium nitrate,

It was assumed that Penco would produce 50,000 units of P,Os. enough to supply all the Reno Blends, all the NSP and the TSP required in
Nuble, Concepcioi, 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
provinces are presented in table 16,

FERTILIZER PRICES

Three sets of prices are considered for the Kearney
estimates of fertilizer material imports. The first two sets of
prices are the weighted average f.0.b. prices paid by Chile in
1965 and 1969. The 1965 prices were selected because
1965 represents a recent period when world consumption
or the effective world demand for fertihzers was more
nearly cquated with the world supply of fertilizer materials.
The 1969 prices are the most recent prices available but
represent a period of excess world fertilizer production
capacity that has resulted in prices below total cost of
production including capital cost. Many fertilizer producers
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were selling fertilizer at a price adequate to cover only the
operating cost. Often part or all of the capital costs was not
recovered in the selling price of fertilizers. This situation
has allowed some developing countries to buy fertilizers at
costs below the total manufacturing costs. even in large,
efficient plants.

A recent study by TVA (11) indicates that world
consumption of nitrogen and phosphate fertilizers should
approach the world production capacity that now exists or
is under construction by 1975, World capacity for potash
fertilizers will exceed demand for many more years.
However, limits recently placed on production by the
Canadian government have contributed to a firming of
potash prices,

Recent (1970) phosphate prices in the U, S. are
somewhat higher. Some of the older, less efficlent plants
were closed and spring shipments were hligher, resulting in
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Tahle 13. Alternatives to the Kearney Estimates for Supplying Plant Nutrients in Excess of the Chilean Production Capacity?

P,Os K,0 Source of N & P,O;
Nitrogen Normal Super- Potassium  Potassium  DAP only source DAP limited by
Ureaonly Ammonium Ammonium TSP only phosphate only Sulfate Chloride of P205b N or P,Os¢
Province source Nitrate Sulfate source source only source only source DAP Urea DAP TSP Urea
mt

Tarapaca 649 872 1,391 100 230 - - 100 609 100 - 609
Antofagasta 400 537 857 200 460 - - 200 320 200 - 320
Atacama - - - 1,785 4,105 - - 1,785 - - 1,785 -
Coquimbo - - - 5,209 11,980 - - 5,209 - - 5,209 -
Aconcagua 3,611 4,851 7,738 5,054 11,625 - - 5,054 1554 5,055 - 1,589
Valparaiso 1,418 1,905 3,038 1,735 3,990 - - 1,735 725 1,735 - 725
Santiago 17,389 23,358 37,262 24,157 55,560 - - 24,157 7,727 24,157 - 7,727
O’Higgins 11,612 15,597 24,881 6,654 15,305 - - 6,664 8,949 6,655 - 8,950
Colchagua 4,878 6,552 10,452 13,100 30,130 - - 12,195 - 12,195 906 -
Curico 4,485 6,024 9,610 2,146 4,935 - - 2,146 3,627 2,146 - 3,627
Talca 7.722 10,373 16,548 16,463 37,865 - - 16,465 1,138 16,463 - 1,138
Linares 7.078 9,507 15,167 11,478 26,400 - - 18,678 — 11,478 — 2487
Maule 96 128 205 3,900 8,970 - - 239 - 239 3,661 -
Nuble 12,867 17,284 27,571 763 1,755 7.335 6,235 23,663 3,402 763 — 12,562
Concepcion 2,996 4,024 6,419 85 195 3,014 2,562 4485 2817 85 — 2,962
Arauco 271 364 581 4,176 9,605 1,759 1,495 678 - 678 3,498 -
Bio-Bio 3,045 4,090 6,524 509 1,170 4,773 4,057 8,116 - 509 - 284
Malleco 5,011 6,732 10,738 933 2,145 6,531 5,662 12,528 - 933 — 4,638
Cautin 1,344 1,806 2,881 44,526 102,410 18,692 15,888 3,361 - 3,362 41,165 -
Valdivia 2,040 2,740 4,372 35,046 80,605 11,857 10,078 30,675 - 5,100 29,946 -
QOsorno 22 30 48 27,043 62,200 10,702 9,097 27,043 - 56 26,988 -
Lianquihue 2,689 3,612 5,762 18,433 42,395 3,718 3,160 18,433 - 6,723 11,710 -
Chiloe 249 334 533 3,870 8,900 2,312 1,965 3,870 - 623 3,247 -
Aysen 1,000 1,343 2,143 3,400 7.820 1,759 1,495 3,400 - 2,500 900 —
Magallanes 1,244 1,672 2,667 3,000 6,900 2,010 1,708 3,000 11 3,000 - 45

Total 92,116 123,735 197,388 233,765 537,655 74,462 63,292 233,869 30,879 104,755 129,015 50,220

3Each fertiizer material is the only source of that nutrient, for axampie, if TSP s the source of P2Os. then ro other fertihizer material such as NSP s used as a source of P2 Os.
DDAP 15 1 18-46-0 grade material and supphes both N and P,0,. Some provinces need additionai N which 1 supphied by urea. Since all P,Og was supplied by DAP in all provinces, there
were 13.845 mt of N used in excess of the requirement. in order to make maaimum use of N in DAP, Penco’s production of TSP was assumed to be shipped to the following provinces:
Colchagua, 907 mt: Maule, 3,661 mt: Arauco, 3,498 mt, Bio-Bio, 9,643 mt; Malicco, 15,305 mt; Cautin, 41.165;and Valdivia, 4,371 mt.

€P,05 or N imits the use of DAP according to which requirement s satisfied firw and TSP or urea used to supply the remamng requirement. TSP produced at Penco dtstributed same
as designated 1n footnote (b).



Table 14. Tonnages of Fertilizer Materials Incoming by Port, 1965 and 19673

Imports

Port 1985 1067

Coquimbo - 13
Valparaiso (Baron) 11.0 276
San Antonio 446 129
Talcahuano {Lirquen) 87,50 79.6
Corral (Valdivia) 336 6.4
Puerto Montt 13.9 22,0
Subtotal 190.4 149.7
Ports North of Coquimbo 32.6 338
Ports South of Puerto Montt - -
Total 223.0 183.6

{1,000 mt)
Coastal

Movement Total
1965 1967 1965 1967
5.0 9.8 6.0 11
119.8 104.6 130.8 132.0
23.6 422 68.1 65.1
64.8 82.3 162.3 161.9
9.8 4.4 43.3 10.8
9.6 13.7 235 35.7
232.6 256.9 423.0 406.6
04 0.9 33.0 34.7
5.0 5.8 6.0 5.8
238.0 263.6 461.0 4471

¥Source: Banco del Estado de Chile, Chilean Fertilizer Distribution, “Physical Distribution of Fertilizers,” Vol. 3, 1969, Exhibit 3-2a, A. T.

Keuarney and Co.
Yincludes 14,700 tons of phosphate rock.

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

Foreign Chilean Total
Exchange Currency Cost
Us$

Ocean Freight 4.50 4.50 9.00

Unloading 1.00 1.00

Transfers at Ports® 1.80 1.80

Storage at Docks 0.50 0.50

Baggiig Cost 1.68 1.68
Bagsd:

Jute 3.63 3.63

Polyethylene liners 0.59 0.59

Store
Total 8.03 9.97 18.00

"Based on data supplicd by Banco del Estado de Chile and from
Banco del Lstado de Chile, Cluiean Fertilizer Distribution, A. T.
Kearney and Co,

bLaw 12041 requires that 50% of the fertilizer imported must move
in Chilean flag ships

“Includes three transfers- from dock to storage, from storage to
bagging facidity, and trom bagging facility to railcar or truek.
dased on 80 kg bugs

an improved supply-demand situation. Stocks of phosphate
fertilizers in the U. S, are decreasing, and it is hkely that
export phosphate prices will tend to increase during the
next few years. However, the excess TSP capacity in
Mexico may contnibute to continued depressed prices for
that material. Recent urea prices in the U. S, are near the
total cost of production. 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,
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Chile should evaluate its fertilizer supply alternatives on
the basis of fertilizer prices expected in 1975, when the
market should be more stabihzed. Recent fertilizer prices
for materials of mterest to Chile and projected 1975 prices
are given in ible 17. These prices were based on
information from a recent TVA publhication, Teclmical and
Economic Evaluation of Fertilizer Intermediates for Use in
Developing Countries.

F.ob. and c.if. 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, potassium materials, and
mixtures. The alternatives considered in each part are as
follows:

Supply

System Nitrogen Materials
IN-1 Kearney estimates of materials; 1975 prices.
IN-2 Same as IN-1 except 1969 prices were used.
IN-3 Same as IN-1 except 1965 prices were used.
IN-4 Urea is the only souces of N; 1975 prices.

Phosphate Materials

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

1P-4 TSP is the only source of P, 05 ; 1975 prices.



Supply

System Potassium Materials
IK-1 Kearney estimate of materials; 1975 prices.
IK-2 Same as IK-1 except 1969 prices were used.
IK-3 Same as 1K-1 except 1965 prices were used,
1K-4 Potassium sulfate is the only source of K,O;
1975 prices,
IK-5 Potassium chloride is the only source of K ,0;

1975 prices.

Mixed Fertilizers

IM-1 DAP is the only source of P,O4 and urea used
where additional N is required; 1975 prices.
(This alternative gives excess N in some
provinces.)

IM:2 DAP use limited by P,O, or N requirement
whichever is satisfied first and TSP or urea used
to supply the additional P,0; 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 mt of

actual N but either prices and/or types of matenal ditfer for
each alternative,

Costs of mmporting ammonum mtrate (33.5% N) was
not considered as an alternative import material because 1t
has a higher price per umit of N than urea and sinee it is also
considered to be explosive n nature and, therefore,
hazardous by some shippers

Recent prices of ammonium sulfate have been very low,
At these depressed price levels, 1t might be imported at

costs competitive with or below urea on a cost per unit of

N basis. However, ammonium sulfate prices vary widely and
depend largely upon the supply available as a byproduct,
Generally, the cost of a umt of N ftrom umported
ammonium sulfate 1s lugher than urea under stable market
conditions when transportation and distribution costs are
ncluded.

In alternatives IN-1, IN-2, and IN-3, urea prices were the
only variables. If wiza and calcum ammonium nitrate are
the only sources of nitrogen imported 1n 1975, the total cost

Trucks and railroads are keys in the fertilizer distribution system in major farming areas.
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Table 16, Costs per Metric Ton of Shipping Fertilizer
Materials Other than Nitrates from Ports to Provinces®

Port of Origin

Valparaiso  Talcahuano  Puerto Montt
Province US$ uss$ Us$
Tarapaca® 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 1.77 6.73
Linares 8.70 495
Maule 10.54 6.10
Nuble 3.39
Concepcion .80
Arauco 5.10
Bio-Bio 2,76
Malleco 4.10
Cautin 5.24 6.66
Valdivia 417
Osorno 2.60
Llanquihue 1.50
Chiloe 2.91
Aysenb 11.00
Magallanesb 9.30

Rail rates were provided Ly Banco del Estado de Chite, Rail
Tantts, Lmpresa de .1.S C., Anevo Carta Comercial No 2266,
Sl&n November 26, 1969, Raus were converted to USS equivalents
10.1 = §1, the exchange rate was based on the January 1970
c\ch.ml,c rate.
It was assaimed that bagged materials could be moved between
ports at the same rate as bagged mitrated materat plus handling and
tand shipment cost to move 1t to o central location i the provinee,

delivered to provinces will be $8.7 million or $210/mt of N
assuming that prices increase as predicted by 1975, If prices
remain near the 19¢” level, total costs would be $6.1
million or $147/mt of N. If prices were to return to the
1965 level, total cost would be $8.5 mullion or $204/mt of
N. Cost at 1965 prices are almost as lugh as at estumated
1975 orices. At 1975 prices (IN-1), almost 85% of the cost
of nitrogen materials will require foreign exchange
compared with 77% at 1969 prices, IN-2, That is, as the
fob. prices ncrease, a larger proportion of the total
fertilizer cost will be foreign exchange. (See figure 36)

Cost of N/unit m caletum ammonium mitrate 1s expected
to be higher than in urea when delivered to the provinces at
1975 prices. That is, the cost of N/mt in calcium
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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 Mater:als

The same total quantity, 107,500 mt of P,04 is
supplied for each alternative considered. NSP was not
considered as an alternative import material since its low
concentration of P,Os makes import cost over twice that
of TSP. In alternatives IP-1, 1P-2, and IP-3, the import
matenials were TSP and Bifos, as suggested in the Kearney
report. Total costs for IP-1, the 1975 price alternative, was
almost $19.1 nullion compared with $14.1 million 1n IP-2
1969 prices. Costs of P,Og/mt 1n IP-1 was $177 and 1n
IP-2,5131. In IP-3, the 1965 price situation costs were even
higher than IP-1, $186/mt of P,0s.

For IP-1, the foreign exchange requuement was almost
82% of the cost of fertihizers delivered to warchouses 1n the
provinces. In [P-2, the proportion was less, 76% because
f.o.b. prices were lower and transfer and handling costs
were the same for both alternatives (See figure 37.)

The cost of Bifos/mt of P,O5 delivered to provinces was
$213 compured with $175 from TSP. Thercfore, comparing
IP-1 with P-4, total cost of P05 could be reduced by
$228,000 if the P,0s requirements were supplied by
importing only TSP. Foreign exchange requirements would
also be reduced. Bifos 1s imported in bags and TSP is
imported n 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 reqwrements in provinces north of Nuble
are supplied from potassium nitrate and guano. Therefore,
potassium materials except for Chilean coastal movements
were imported through only two ports, Talcahuano and
Puerto Montt,

Under the assumption of IK-1, cost of importing
potassium materials is almost $6.7 million or $175/mt of
K,0. That compares with a cost of $59 million or
$156/ton of K,0 if 1969 prices prevail in 1975, 1K-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



Figure 36. Estimated Total Costs and Foreign
Exchange Requirements for Importing and
Distributing 41,500 Tons/Year of N to
Warehouses—19752
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Figure 37. Estimated Total Costs and Foreign
Exchange Requirements for Importing and
Distributing 107,500 Tons /Year of
P,0; to Warehouses—1975°
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Figure 38. Estimated Total Costs and Foreign Exchange
Requirements for Importing and Distributing 41,500
Tons/Year of K,0 to Warehouses—19752
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Tahle 17, Recent and Projected Prices for Select Fertilizer Materials

Granular Fertilizer Material Grade
DAP, Bulk, f.0.b., Guif Coast 18-46-0
TSP, Bulk, f.0.b. Gutf Coast 0-46-0
Potassium Sulfate, Bulk, f.0.b.

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

Pacific Coast 0-0-60
Urea, Bagged 1n Jute and

Polyethylene, f.0.b. Gulf Coast 45-0-0
Anhydrous Ammonia, f.o0.b.

Gulf Coast in tankers 82-0-0

Price $/mt of Material

Currently
Recent AID quoted Projected
shipment _inU.8S. 19768
55 68 76
40 50 58
65 65 65
26 32 26
82 81 72b
- — 34

Projected prices are not an extension of recent trends but reflect a supply and demand situation which would result 1n prices that approximate
the total cost of production The world supply-demand situation in 1975 was based on recent TVA projections, published in. Technical
and Econonuc Lvaluanon of Fertilizer Intermediates for Use in Developing Countries, TVA, 1970, page 14,

Bulk prices

were the materials imported, 1K-3, K,0 would cost
$137/mt ot K ,0. (See figure 38)

If alt K,O requirements were imported as potassium
sulfate, 1K-4, cost would be shightly less than in IK-1 where
part of the requirement was assumed to be imported in the
form of potasstum and magnesium sulfate

The chlonde form ot K,0 cannot be used on all crops
and on all soils However, for purposes of comparison, all
mports were assumed to be i the form of potassium
chlonde, 1K-5 If prices in 1975 are at the levels predicted
by TVA, potassium chlonde will provide a much cheaper
source of K,0. Jotal costs could be reduced by $3.5
million 1t potassium - chlonde were  used  mstead  of
potasstum sullate, IK-5 compared with 1K-4 Savings are
even greatetr 1l potassum chlonde 1s used to replace
potasstum and magnesium sulfate, Costs of K,0/mt from
potasium - chlonde v §78 48 versus  $S170.84  from
potassium sultate The foreign exchange requirement 1s also
lower, $55 10/ton of K20 m potassium chlonde versus
$143.33/ton of K,0 m potassum sulfate  Thus, savings
would be conviderable to Clule 1t potasstum chlornde were
imported to the masimum practical It m heu of other
potassium materials, Costs of potasstum chloride are lower
for two reasons, (1) the .o b, price/ton of nutizent 15 lower
and (2) the concentration of K, O s igher than i other
materials. The latter results in lower shipping costs because
fewer tons of matertals are required to provide the same
amount of K, 0.

For additional mlormation about foreign exchange
requirements and import and distribution cost of potassium
materials, see table 21,
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Mixed Fertilizers

Two systems of mixed fertilizer were considered for N-P
combinations. DAP, an 18-46-0 grade, was the mixed
fertilizer used in the analysis. In IM-1, DAP was assumed to
be the only source of P,04 and 1n many provinces provided
an adequate or more than adequate quantity of nitrogen to
supply the requirements. DAP supply was linited only by
P,0, requirement. However, m  some provinces,
particularly mn the northemn part of the Central Valley,
additional nmitrogen was required and was assumed to be
supplied by imported urea. It should be pomted out that in
total, mtrogen supplied 1n DAP was adequate to supply the
entire Chilean need for nitrogen that must be imported.
However, the N-P requirements by province were such that
additional nitrogen must be supplied 1n some provinces to
meet the demand while other provinces require less N than
supplied in DAP if the P,O4 requirements were supplied
from DAP.

In IM-2, the use of DAP was hmuted by etther N or P,0,
requirements 1n each province depending upon which
nutsient requirement was satistfied hirst TSP was used to
supply the remaming P, Os requirement in provinces where
the N requiremeni determed the maximum level of DAP
used. Urea was used as the source of N in provinces where
the P,Os requirement was supphed by DAP and additional
N was required In this situation the N-P nutrients are
supplied i cach province according to the requirements;
this differs from IM-1 m that no excess N is supphed in any
of the provinces.

In IM-1, the total import cost of DAP was almost $23.0
million and urea an additional $2.9 million or the total cost



of supplying the N-P requirement from DAP and urea was
$25.2 million. The cost per unit of N and P,0s was
$173.61/mt of nutrient. The foreign exchange requirement
for importing DAP 1s $19.7 nullion and the additional urea
required about $2.5 nulhon for a total foreign exchange
requirement of $22.1 nullion.

In IM-2, the total cost of DAP was $10.3 million, urea
$4.7 mullion, and TSP $10.4 million. The total cost of
supplying N and P, 05 under the assumptions of IM-2 was
$25.4 mullion. The cost per umt of N and P,05 was
$170.75 or $2.86/ton of nutrtent less than IM-1 The
foreign exchange required was also less, $143.24/ton of
nutnient as compared with $148.50 in IM-1.

Although TSP and urea are incompatible as blended
mixtures, if they were used as straight materials to supply
the requirement for N and P,0g, the total cost would be
§27.5 million compared with a cost of $25.4 nullion 1n

IM-2 (DAP, TSP, and urea are used). Foreygn exchange
requirements are also slightly less for IM-2, $21.3 million
compared with $22.8 nullion using onty TSP and urea

It is recogmzed that problems have been encountered in
Chile with the use of DAP on some crops, particularly on
sugarbeets, When DAP was tirst mtroduced m the United
States, problems wete also encountered there but were
overcome with proper placement i relationship to the seed
and plants Perhaps the problems with DAP m Clule can
also be overcome thiough research

Import costs of supplymg the N-P,Os requirement can
be reduced by using as much DAP as possible and providing
additional N as urea and P3O« as TSP as required to obtamn
the desired nutrient ratio.

For additional formation about foreign exchange
requirements and import and distribution costs for mixéd
fertihizers, see table 22

Table 18, Alternative Prices for Fertilizer Matenials Imported into Chile®

Prices paid by ChileP

World Prices

1965 1969 1975¢
Material f.o.b. c.td fob. cid fob. catd
Uss
Nitrogen
Urea 69.18 78 18 42,70 5170 72 00 8100
Calcium Ammonium Nitrate 21.00¢ 30.00 21.00 30.00 2100 3000
Phosphate
TSP 62.50 7150 35.75 4475 58 00 67.00
Bifos (Bagged) 59.11 75.45 59.11 75.45 59 11 75 45
DAP 70.96 79.96 57.00 66.00 76 00 85 00
Potassium
Potassium Sulfate 34,38} 43.38 47.55 56.55 65 00 74.00
K and Mg Sulfate 33.91¢ 4291 33.91 42,91 27.00 36 00
Potassium Chloride 25.00¢ 34.00 25.00 34.00 25.00 34.00

4These prices represent alternative prices that Chile might expect 10 pay for fertiltzers in 1975 11 fertilizers are imported 1n bulk
"Prices provided by the Banco del Fstado de Chile were for bagged tertihizers and were reduced by $10/ton, tor an estimate of bulk pricest o b
Gulf Coust
“Based on world prices if supply and demand conditions equate near the total average cost of production
dShlppmg costs were estimated at $9/mt from Gulf Coast to Chile ports, tramp steamer rates - based upon difference between (o b Gull Coast
and ¢ 1., Chile ports for bulk TSP, 1968-1969 Difference ranged trom $7 99 to S10 09
“The 1969 price was used as an estimate of the 1965 price since Chile did not import any of the materta! 1n 1965
1967 was the first purchase since 1965 and the 1967 price was used as an estimate of the 1965 prce
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Table 19. Cost of iImporting and Distnbuting Nitrogen Fertilizers

in Chile for Alternative Materials and Prices, 19752

import, Handling & Bagging Cost at Port

Cost at warehouse in

Metric f.o.b. Foreign Chilean Total at province
Ports Tons Cost Exchangeb Currency® Portd Shipping lgta_l
US$
IN-1 Urea
Valparaiso 38,800 2,793,600 3,105,164 386,836 3,492,000 172,267 3,664,267
Talcahuano 43,200 3,110,400 3,457,296 430,704 3,888,000 185,016 4,073,016
Puerto Montt 7,000 604,000 560,210 69,790 630,000 34919 664,919
Total 89,000 6,408,000 7,122,670 887,330 8,010,000 392,202 8,402,202
Calcium Ammonium Nitrate
Valparaiso 2,600 64,600 76,478 25,922 101,400 10,919 112,319
Talcahuano 3,850 80,850 111,766 38,384 150,150 16,924 167,074
Puerto Montt 550 11,650 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 1}
Valparaiso 41,400 2,848,200 3,180,642 412,758 3,693,400 183,186 3,776,586
Talcahuano 47,050 3,191,250 3,569,062 469,088 4,038,150 201,940 4,240,090
Puerto Montt 7,550 515,550 576,176 75,274 651,450 37,113 688,563
Tota! 96,000 6,555,000 7,325,880 957,120 8,283,000 422,239 8,705,239
Per mt N - 158 14 176.74 2309 199 83 1n.18 210.01
IN-2 Urea
Valparatso 38,800 1,656,760 1,968,324 386,836 2,355,160 172,267 2,627,427
Talcahuano 43,200 1,844,640 2,191,536 430,704 2,622,240 185,016 2,807,256
Puerto Montt 7,000 298,900 365,110 69,790 424,900 34,919 459819
Total 89,000 3,800,300 4,514,970 887,330 5,402,300 392,202 5,794,502
Calcium Ammonium Nitrate
Valparaiso 2,600 54,600 75,478 25,922 101,400 10919 112,319
Talcahuano 3,850 80,850 111,766 38,284 160,150 16,924 167,074
Puerto Montt 550 11,650 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 41,400 1,711,360 2,043,802 412,758 2,456,560 183,186 2,639,746
Talcahuano 47,050 1,925,490 2,303,302 469,088 2,772,390 201,940 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 - 95 23 11383 2309 136 92 10.18 147 10
IN-3 Urea
Valparaiso 38,800 2,684,184 2,995,748 386,336 3,382,584 172,267 3,654,851
Talcahuano 43,200 2,988,576 3,335,472 430,704 3,766,176 185,016 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 2,600 64,600 75,478 25,922 101,400 10,919 112,319
Talcahuano 3,850 80,850 111,766 38,384 150,150 16,924 167,074
Puerto Montt 550 11,650 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 41,400 2,738,784 3,071,226 412,758 3,483,984 183,186 3,667,170
Talcahuano 47,050 3,069,426 3,447,238 469,088 3,916,326 201,940 4,118,266
Puerto Montt 7,550 495,810 566,436 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
IN-4 Urea
Valparaiso 39,957 2,876,904 3,197,759 398,371 3,596,130 177,114 3,773,244
Talcshuano 44 915 3,233,880 3,694,547 447,803 4,042,350 192,552 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 8,695,098
Per mt N - 160 01 177 85 22.16 20001 9.79 209.79
BAI costs are expresed in USS equivalents The quantities of matenals and cost are for the amount of nitrogen that must be supplicd from
jmports, Nitrogen supplied from nitrates and guano produced in Chile are onutted trom this study

Dincludes £ o b cost of matenals, SO of the ocean treight, and cost of jute bags
tUnctudes costs of unloading, transters trom dock to storage, to bagging facilities, to ral cars, polyethylenc liners, storage at ports, and 50 of

acean treipht cost

Yinctudes all cost o b rail cars at ports
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Table 20. Cost of Importing and Distributing Phosphate Fertilizers

in Chile for Alternative Materials and Prices, 19758

Import, Handling, & Bagging Cost at Port

Cost at warehouse in

Metric F.0b.
Ports Tons Cost
ir-1
Valparaiso 54,900 3,184,200
Talcahuano 79,300 4,599,400
Puerto Montt 86,850 5,037,300
Total 221,050 12,820,900
Valparaiso 3,650 215,761
Talcahuano 6,700 396,037
Puerto Montt 4,650 274,862
Total 15,000 886,650
Valparaiso 68,550 3,399,951
Talcahuano 86,000 4,995,437
Puerto Montt 91,500 5,312,162
Total 236,050 13,707,550
Per mt P, Os - 127.47
1P-2
Valparaiso 54,900 1,962,675
Talcahuano 79,300 2,834,975
Puerto Montt 86,850 3,104,888
Total 221,050 7,902,538
Valparaiso 3,650 215,751
Talcahuano 6,700 396,037
Puerto Montt 4,650 274,862
Total 15,000 886,650
Valparaiso 58,550 2,178,426
Talcahuano 86,000 3,231,012
Puerto Montt 91,500 3,379,750
Total 236,050 8,789,188
Per mt P, Oy - 8173
-3
Valparaiso 54,900 3,431,250
Talcahuano 79,300 4,956,250
Puerto Montt 86,850 5,428,125
Total 221,050 13,815,625
Valparaiso 3,650 215,751
Talcahuano 6,700 396,037
Puerto Montt 4,650 274,862
Total 15,000 886,650
Valparaiso 68,550 3,647,001
Talcahuano 86,000 5,262,287
Puerto Montt 91,600 6,702,987
Total 236,050 14,602,276
Per mt P; Os - 135.79
P4
Valpar i o 57,994 3,363,652
Talcahuano 84,979 4,028,782
Puerto Montt 90,792 5,265,936
Total 233,765 13,658,370
Per mt P, Os - 126 08

Foreign Chilean Total at province
Exchangeb Currency® Portd Shipping Total
Uss
Tsp
3,625,047 547,353 4,172,400 276,401 4,448,801
5,236,179 790,621 6,026,800 421,607 6,448,407
5,734,706 865,894 6,600,600 308,726 6,909,326
14,595,932 2,203,868 16,799,800 1,006,734 17,806,534
BIFQS
245,572 42,778 288,350 19,323 307,673
450,776 78,624 529,300 30,837 560,137
312,852 54,498 367,350 14,082 381,432
1,009,200 175,800 1,185,000 64,242 1,249,242
Totat (IP 1)
3,870,619 590,131 4,460,750 295,724 4,756,474
5,686,955 869,145 6,556,100 452,444 7,008,544
6,047,558 920,392 6,967,950 322,808 7,290,758
15,605,132 2,379,668 17,984,800 1,070,976 19,055,776
145 1 2213 167 24 9 96 177 20
TP
2,403,522 547,353 2,950,875 276,401 3,227,276
3,471,754 790,621 4,262,375 421,607 4,683,982
3,802,193 865,894 4,668,187 308,726 4,976,913
9,677,569 2,203,868 11,881,437 1,006,734 12,888,171
BIFOS®
245,572 42,778 288,350 19,323 307,673
450,776 78,624 529,300 30,837 560,137
312,852 54,498 367,350 14,082 381,432
1,009,200 175,800 1,185,000 64,242 1,249,242
Total (IP 2)
2,649,094 590,131 3,239,225 295,724 3,634,949
3,922,530 869,145 4,791,675 452 444 5,244,119
4,115,145 920,392 5,035,537 322,808 5,358,345
10,686,769 2,379,668 13,066,437 1,070,976 14,137,413
99.37 2213 121 50 996 131 46
TSP
3,872,097 547,353 4,419,450 276,401 4,695,851
5,693,029 790,621 6,383,650 421,607 6,805,257
6,125,531 865,894 6,991,425 308,726 7,300,151
15,590,657 2,203,863 17,794 525 1,006,734 18,801,259
BIFQS®
245,572 42,778 288,350 19,223 307,673
450,776 78,624 529,300 30,837 560,137
312,852 54,498 367,350 14,082 381,432
1,009,200 175,800 1,185,000 64,242 1,249,242
Total {IP 3)
4,117,669 590,131 4,707,800 295,724 5,003,524
6,043,805 869,145 6,912,950 452,444 7,365,394
6,438,383 920,392 7,358,775 322,808 7,681,583
16,599,857 2,379,668 18,979,525 1,070,976 20,050,501
164.36 2213 176.49 9 86 186.45
ISP
3,829,344 578,200 4,407,544 292,781 4,700,325
5,611,163 847,241 6,458,404 447,741 6,906,145
5,994,956 905,196 6,900,162 320,666 7,220,858
15,435,463 2,310,637 17,766,100 1,061,188 18,827,328
143 53 21 67 165 20 0 87 175.07

BAN costs are expressed m USS equivalents The quantitics of materials and import costs are for the quantity of P,0¢ required in excess of the
50,000 units of P304 that may be supplied from the present faality at Penco and that supplied in guano

Includes f.0.b cost of materials, 50 ol the ocean treght, and cost of jute bags
Cncludes costs of unloading, transfers from dock to storage, to bagging facility, to rail cars, polyethylene tiners, storage ot port, snd 50% of

acean freight cost,

Includes all costs Fo b rail cars at ports
CHifos is imported from Germany in bags Ocean freight cost was estimated at $16 34 from Germany to Chilean ports It was assumed that

50% moved 1 Chilean flag ships Costs of transfernng Bifos from ship to rail car was estimated at $3.55
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Table 21, Cost of Importing and Distributing Potassium Fertilizers in Chile for Alternative Materials and Prices, 1976°

Import, Handling & Bagging Cost at Port

Cost at Warehouse

Metric F.o.b. Foreign Chilean Total at in Province
Ports tons Cost Exchangeb Currency® Portd Shipping Tota!
Uss
IK-1 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 1,673,000 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 224810 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 1,666,000 149,685 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 2,728,600 168,668 2,887,268
Total 92,500 4,614,100 5,356,875 922,225 6,279,100 374,495 6,653,695
Per mt K,0 - 121.62 141.20 24,31 165.51 9.87 175 38
IR-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 1,686,310 95,310 1,681,620
Total 55,700 2,648,535 3,095,806 545,329 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 893918
Tota! 36,800 1,247,888 1,643,392 366,856 1,910,288 149,685 2,059,973
Total {I1K-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 K;0 - 102 70 122 28 2431 146 59 987 156.46
IK-3 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
Tota! 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 5726
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 K,0 - 8337 102.94 24 31 127.25 987 137.12
IK-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 K,0 - 127 57 143.33 19.67 162.90 7.94 170 84
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 1,682,300 2,090,535 631,021 2,721,556 255,950 2,977,506
Per mt K, 0 — M 55 10 16.63 71.73 6.75 78.48
4AN conts are expressed in USS equivalents The quantifics of matenals and mpont costs are for the quantity of K50 that must be
imported in addition to the ka0 supplied i potassium mitrate and  guano  The K0 requirements in gll provinces north of Nuble are
supphied from domestic peoduction Thus sl imports are received through the ports at Talcshuano and Puerto Montt

Blncdudes fob cout of materials, SO°7 ot the ocean freight and costs of jute bags
ncludes costs of unloading transfers from dotk to storage, to bagging facility, to rail cars, polyethylene lhiners, storage at dock, and
50% of ocean treight costs,
Includes all costs fob rail cars at ports
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Table 22. Cost of Importing and Distributing Mixed Fertilizers, Diammonium Phosphate, in Chile, 19752

import, Handling & Bagging Cost at Port

Cost at Warehouse

Metric Foreign Chilean Total at in Province
Ports tons F.o.b. Exchangeb Currency® Portd Shipping Total
Uss
IM-1 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 8A7 900,879 8.493,746 378,458 8,872,204
Puerto Montt 86,421 5,567,996 7,261,9%, 861,617 8,123,574 302,447 8,426,021
Total 233,869 17,774,044 19,662,013 2,331,673 21,983,686 968,420 22,952,106
Urea®
Valparaiso 19,884 1,431,648 1,691,317 198,243 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 1" 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 7,633,971
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 2,639,636 24,762,796 1,102,212 25,865,008
Per mt N-P - 134.24 148.50 17 72 166 21 740 173 61
-2 DAP
Valparaiso 50,097 3,807,372 4,209,651 499,467 4,709,118 216,182 4,925,300
Talcahuano 36,666 2,785,856 3,080,204 365,460 3,445,664 195,631 3,641,195
Puerto Montt 18,002 1,368,152 1,512,708 179,480 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 72,7917 4,221,878 4,806,390 725,727 5,532,117 231,958 5,764,075
Total 129,015 7,482,870 8,618,861 1,286,280 9,805,141 560,788 10,365,929
Urea
Valparaiso 19,920 1,434,240 1,694,198 198,602 1,792,800 90,646 1,883,446
Talcahuano 30,255 2,178,360 2,421,308 301,642 2,722,950 114,355 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 19 01 162.25 8.50 170 75

YAIL costs are expressed i USS equivalents In M-1 the quantitics and costs of DAP are tor the amount required to supply the
P,0g required 1n excess of the 50,000 umits produced at Penco and that supphed from guano Urea supplies the N orequirement in
cach province not supphied from nitrates and guano  produced i Chile or trom DAP DAP ¢ assumed to be an 1R<46-0 grade
matenal In M-2, the use of DAP v restricted to the amount that supphies the N ot P,0g requirement, whichever s supplied first
Urea and ISP 18 used to supply the remainder of the N or P,Og respectively
Mncludes Fob cost of matenials, 5097 of ocean treight, and cost ol ute bags
“Includes cost of unloading transfers from dock to storage, to bagging taclity, to rail cars, polyethylene hiners, storage at dock, and
50% of ocean freight
Includes all costs fo.b. ral cars,
CUrea 18 the amount required to satnty the N requirement in cach provinee that 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 doinestic transportation costs must
all be considered in evaluations of the ments of the various
alternative supply possibilities, For importation, the
feasibility of bringing n cither raw materals, 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 nuxed fertlizers. To be
economical, the urea must be produced n conjunctton with
ammonia production so that byproduct CO, from the
ammonia plant can be utilized. Ammonmum mtrate,
anmonium sultate, and mixed fertihzers can be produced
from either imported ammonia or from ammonia produced
in Chile. Eather single nutrient fertihizers or nuxed fertilizers
can be imported. The most econonncal matenals for
importation are urea and DAP (18-46-0 grade). The most
economical nitrogen matenal for importation was urea as
shown 1n the previous section,

Nitrogen Fertilizer Market

The estimated nitrogen fertilizer market for Clule can be
as small as the demands for Chile in excess of that which
can be supplied by Chilean nitrates, 1t can be enlarged to
include the Andean countries, or, it can be further enlarged
to includz 4 portion of the world market. It 1s 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 the three Andean countries z'nve what is expected to
be supplied from existing sources (see next section).
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(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 mitrogen that 1s
estimated at about 16,000 toas/yr (8,000 as ammoma and
8,000 as ammonwum nitrate explosives). Thus, Andean
market nught support as much as a 163,000 ton/yr nitrogen
plant—of which 147,000 tons/yr would be as fertihzer. The
possible market 1n Chile and Peru only 1s estimated as about
126,000 tons/yr of N with 110,000 as fertilizer.

Ammonia Supply

For this study, the following ammoma supply systems
were considered: (1) 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 of 270,000 tons/yr of
N (the plant size Petroquimica has announced plans to
build, primarily to sell nitrogen fertilizers into the world
market). Costs for these four situations are tabulated
below:

Cost, $/mt NH,
F.0.b. Plant at in Storage
Domestic Production of Ammania Punta Arenas at Penco
54,000 tons/yr of N 66.66 76.66
163,000 tons/yr of N 39.33 49.33
270,000 tons/yr of N 35.69 45.69
Imported Ammonia® - 49,55

3This is based on $34/ton cost for ammona f.0.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 the 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



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 nceds 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 were bult
Chile and 1ts only market i1s 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 1in 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 (about the size
of urea plant that Petroquinnca has announced plans to
bwld). Ammoma production prices appropriate for the
three alternatives were utihzed Resulting costs for urea
production are tabulated below:

Urea Cost, $/Ton Bulk

Urea produc- Ammonia Total Landed at Penco

tion rate; 1,000 cost f.0.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 54.72 659.42 8.53
Production at

Punta Arenas 134 3254 46,65 51.35 1.29
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 1s only shghtly higher than the
projected estimated 1975 import price for urea of $82/ton.
However, foreign exchange costs are estimated at only
about $13/ton for urea production i Chile as compared to
$76/ton for importation -quite a sigmficant difference.

For either of the two larger plants, total urea costs and
foreign exchange costs are significantly lower for domestic
production than for mmportation. However, if urea is
produced in the largest plant, but operated below capacity,
costs Increase rapidly. For example, if urca 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 ncreased to $50/ton, the f.0.b. cost of production
of urea at the 42,000 tons/yr rate increases to $86/ton as
shown below,

F.ob Plant
Cost of Urea $/Ton

Cost of Ammonia, in 89,000 tons/yr

$/Ton Plant Operated at
47% capacity
100% capacity (42,000 tons/yr)
39 55 78
50 62 86

Ammonium Nitrate and Ammonium Sulfate Supply

Other mitrogen fertthzers considered appropriate for
Chilean agniculture are ammomum mitvate and ammonium
sulfate. Production ot these matenials was based on
imported ammoma at $34/ton, fob  Inmdad (about
$50/ton i termmal storage at Chilean ports) As discussed
above, this 15 also about the cost of producing ammonia i a
163,000 ton/yr plant (600 tons/day) at Punta Arenas and
dehivermg the ammonia mto ternnal storage at Penco Two
locations were considered to be approprate tor ammonium
mitrate production Penco and Puerto Montt  The only
appropriate location for an ammonium sullate plant was
Rancagua (at the source of sultune actd) Tor comparison
with costs of ammonium sulfate production, cost of
producmg ammonmum  mtiate at Rancagua  was  also
calculated  Since SQM 15 considering building a plant to
produce ammonium nitrate from sodim mitrate at Victona
by an ton-exchange process, produchion costs tor this plant
were estimated,

Appropriate sizes for ammonium mitrate plants at Penco
and Puerto Montt aie about 50,000 tons/yr of N 1o supply
Chale’s fertihizer needs m 1975 and also to supply about
25,000 tons of ammomum nitrate tor explosives. An
ammonium nitrate plant of 42,000 tons ot N/yr was
estimated for Rancagua for comparison on the same
production basis with ammomum sulfate. The plant
capacity estimated for Victoria was 33,000 tons/yr of
N--the size plant SQM 1s considering

Costs for production of bulk ammonium nitrate at either
v'enco or Puerto Montt are estimated to be about $62/ton
of product or $147/ton of N, Increasing the stzes of the
ammonium mtrate plant from 50,000 tons/yr of N to
70,000 tons/yr decreased production costs by about $7/ton
of N. Ammonium sulfate production cost at Rancagua is
about $40/ton of product or $163/ton of N. Ammonium
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Adequate quantities
of bagged fertihizer

are generally available
In major farming areas.

nitrate can be produced at Rancagua at about the same cost
of N/unit as ammomum sulfate. Foreign exchange costs are
aboul the same per ton of N for production of ammonium
nitrate and ammaonum sulfate,

Production costs tor ammonium nitrate at Victoria by
the 1on-exchange process are mpossible to esttmate with
any degree of accuracy because they depend on the values
assigned to the feed sodum nitrate and the byproduct
sodum - carbonate  Also, the plant nvestment cost 1
uncertam at this stage. With sodium mitrate at $30/ton and
no credit for byproduct sodium carbonate, production cost
should be around S110/ton of ammonmum nitrate. With
sodiim - carbonate  credited at about  the estimated
maxunum possible value of $60/ton, cost of ammonium
mitrate production decreases to about $75/ton. Actual
production costs will likely be somewhere between $110
and $75/ton,

COMPARISON OF NITROGEN SUPPLY SYSTEMS

Total system costs-including costs of production or
importation. baggmg, handling, and transporting for some
mtrogen fertilizers are given m table 23, All products were
assumed 1o be bagged at either Chilean plants or ports,
although  n actual practice there may be some bulk
handling within the country It was assumed that urea
would be transported i bulk trom Punta Arenas and then
bagged at the port of entry Imported urea was assumed to
be bagged at the port of entiy The ammomum mitrate and
ammonwm sullate: were assumed (o be bagged at the
production plant. Fach system 15 based on supplying about
40,000 tons of N The Kearney estimate of requirements by
province was tollowed as closely as possible.

For N supply system N-1, which is production of
ammonta and wea i a plant size to supply the Andean
marhet, total cost 15 about $6.3 milhon, of which $1.2
million 15 toreign exchange Total and toreign exchange
costs ol Nfton were $152 and $§27.9, respectively, This
assumes that plants operate at full capacity. If output drops
below capacity, costs will increase rapidly.

The total cost tor N supply system N-2 (ammonia and
urea produced i plants sized to supply the Chileay market
only) is $8.7 mulhon, mcluding $1.5 million in foreign
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exchange. Total cost of Nfton 1s $210. of which foreign
exchange 15 §36.7 (with no R.O.1, total cost of N/tor ‘s
$183).

System N-3 1s mported urea, which was summarized
carher. Total cost was $8.7 million—practically the same as
for N-2—of which $7.4 million was foreign exchange. Total
and foreign exchange costs of N/ton were $210 and $178,
respectively.

Systems N-4 and N-5 were production of ammomum
nitrate i plants of the same size at two port locations
(Penco and  Puerto Montt) with imported ammonna,
Production costs were estimated to be about the same for
either location Due to tugher costs of distribution, the
total systems cost was $10.2 million for the plant located at
Puerto Montt (system N-5) as compared with $9.4 million
for the plant at Penco (system N-4) Total costs of N/ton
were $228 for Penco and $245 for Puerto Montt.

System N-6 1s for ammonium sulfate production at
Rancagua.  Total and foreign exchange costs were
respectively $10.0 nulhion and $3.8 million. Total systems
cost of N/ton were $242, (See figure 39).

The lowest cost system 1s production of ammonia and
urey in Chile i a plant size to supply the estimated Andean
market. Howeves, 1f production of ammonia and urea in
these plants diops below about 50% of capacity, then
supply costs will exceed costs for production of ammonia
and urea in a smailer plant sized to supply the Chilean
market only (system N-2),



Figure 39. Estimated Total Costs and Foreign Exchange
Requirements Per Tons of N for Alternative Methods
of Supplying 41,500 Tons/Year of N—19759
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IN-1 Urca produced at Punta Arenas 1n 98,000 mt of N per year plant,
N-2 Urea produced at Punta Arenas in 42,000 mt of N per year plant.
N-3 lmported urea,
N4 Ammonum mitrate produced in 0,000 mt ot N per year plant at Penco
N-5 Ammonium nitrate produced 1n 50,000 mt of N per year plant at Puerto Montt.
N-6 Ammonium sultate produced i 42,000 mt of N per year plant at Rancagua,
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Tahle 23. Cost of Supplying Nitrogen Fertilizers to Chile in 1975 by Alternative Systems

Cost of Buik® Cost of All Material®  Cast of Bags, Bagging,D Supply System, $
Nitrogen Material, $/Ton Material in Bulk, $ Handling & Transport, $ Per Ton of N
Supply Foreign  Quantity, Tons Foraign Per Ton All Materiat Per Ton All Material Foreign
System No.  Product Source Ton Exchiange Total Nitrogen Total Exchange Total F.E. Total F.E. Total F.E. Total F.E. Exchange Total
- (1,0000 (1.000) {1,000) (1,000) " (1,000) (1,000)
N-1 Urea Produced at
Punta Arenas in
938,000 ton N/yr
urea plant (NH
cost = 39.33/ton 55 8 92,116 41451 5,066 823 1344 353 1,238 325 6844 1253 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 41451 7,461 1,198 1344 353 1,238 325 9444 1653 8,699 1523 3673 209.87
N-3 Urea Imported 72 72 92,116 41451 6,632 6632 2228 803 2,052 740 94.28 80.03 8,684 7,372 177.85 209.79
N4 Ammonium Produced at
Nitrate Penco 1n 50,000
ton Myyrplant 62 27 123,735 41451 7,672 3341 1427 353 1,765 437 76.27 30.53 9,437 3778 91.13 227.66
N5 Ammonium Produced at
Nitrate Puerto Montt
in 50,000 ton
N/yr plant 62 27 123735 41451 7,672 3341 2009 353 2486 437 8209 30.53 10,157 3778 91.13 245.04
N-6 Ammonium Produced at
Sulfate Rancagua in
42,000 ton M/yr
plant 10 16 192.626 41451 7,765 3,082 12.17 353 2344 680 52.17 19.53 10,049 3762 9076 242.42

3For imported matera} this is cost 1.0.b. vessel, for all others cost 15 1n bulk storage at production plant.
For imported matenai 1t 15 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.0.I. At 0% R.O.L,, 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 n the smaller plant (N-2),
ammonta price for ammonium mtrate production would
have to decrease to $24/ton c.i.f. Penco. To decrease costs
of ammoma sulfate supply (system N-6) to equivalent of
costs for urea supply (system N-2), a c...f. ammenia price of
$4/ton would be required. Of course, neither of these
ammonia prices 1s reahistic.

PHOSPHATE SUPPLY

The supply systems that were considered to be feasible
were Chilean production of TSP, NSP, and muxed fertilizer
(DAP, 18-46-0 grade). At CORFO'’s request, production of
fused magnestum phosphate (0-22-0 grade) was also
considered. Importation of TSP and DAP were evaluated.
(Importation of either elemental phosphorus or wet-process
phosphoric acid as intermediates was considered. Estimates
indicated that phosphoric acid can be produced by the wet
process 1 Chile at about the same total cost as for
production of phosphoric acid from imported phosphorus
or for mmportation of wet-process acid Foreign exchange
costs were significantly lower for domestic production,
Because of the need to utilize the byproduct acid from the
El Teniente copper refinery and the resultant lower foreign
exchange requirements, mportation of either phosphoric
acid or elemental phosphorus was not attractive.)

Phosphate Fertilizer Market

The total market for P05 in Chile for 1975 was
estimated as 165,070 tons. With about 8,000 tons of P;0;
from guano and up to 50,000 tons of P,05 available from
the Penco plant, the additional market is about 107,000
tons/yr of P,0s. Tlus tonnage is adequate to support an
economical size phosphate plant. There should be an
additional market for about 40,000 tons of P,05 in the
other Andean countries. Chile 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 L.ocations

For production of phosphate fertilizers it was considered
to be desirable and feasible to utilize byproduct sulfuric
acid at Rancagua which can be produced from waste SO; m
stack gases at the El Temente copper refinery Three plant
sites were considered to be feasible -Rancagua (near the
copper refinery) and the two nearby port locations of
Penco and San Antonto. Locanion 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 utilizing waler transportation of
products—particularly 1t any products are sold into the
Andean or world markets (This 15 discussed 1n more detail
at another location in this section )

Valdivia was considered as the location of the fused
magnestur phosphate plant at CORFO's request. Valdivia
is a port location where mmported phosphate rock can be
received and 1t 1s also near a serpentine (magnestum sthecate)
mine.

Supply of Triple Superphosphate

For production of TSP at Rancagua with phosphate at
$20/ton, product cost 1s about $75/ton Whether or not 1t
1s more economical to produce TSP at San Antonto or
Penco rather than Rancagua depends primanly on the
relative cost of transport of the sulturic acid and phosphate
rock For TSP production, t 52 tons of rock aie required
per ton of 93% sulfuric acid Ranl transport cost of acid 1s
estimated at $11.75/ton of 93% acad from Rancagua to
Penco and transport and handling cost for tock at about
$5/ton (The rock used at Rancagua would enter via San
Antonto ) Based on the higher aad transport cost, the
production of TSP should be about $6 5/ton more at
Penco, or about §81 5/ton of TSP. Production cost at San
Antonio should be about the same as for Runcagua (In
actual practice 1t 1s hikely that freight costs for transporting
rock from either Penco or San Antonio could be reduced
significantly by hauhing other commodities on the return
trip. For example, product could be returned along the
route from Rancagua to the port, or perhaps the cars
hauling blister copper from Rancagua to San Antonio could
be utihzed to return rock This is discussed 1 more detail
later. On the other hand, little 1f any use 1s seen for empty
sulfuric acid cars returning from Penco or San Antonio.}

Supply of Normal Superphosphate

As m production of TSP, three locations were
consideted to be appropnate 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, Handling

Phosphate Cost of Bulk? Cost of All Matertal and Transport?, $

Supply Material, $/Ton Matenal in Bulk, $ Per Ton All Matenial Cost of Supply System, $

System Location of Foreign  Quantity, Tons Foreign Foreign Foreign Per Ton All Material  Per Ton of P,0,

Number Product Production Total Exchange Total P,0; Total Exchange Total Exchange Total Exchange Total F.E. Total F.E. Total F.E

(1,008) (1,000} (1,000) (1,000) (1,000) (1,000)

P1 Triple Super- Rancagua 75 30 233,765 107,531 17,532 7,013 1603 353 3747 825 91.03 33.53 21,280 7,838 197.89 72.89
phosphate

P-2 Triple Super- Penco 81.5 30 233,765 107,531 19,052 7,013 1529 353 3574 825 96.79 3353 22,626 7.838 21041 72.89
phosphate

P-3 Triple Super- San Antonio 75 30 233765 107,531 17,532 7,013 17.80 353 4,162 825 92.80 33.53 21,695 7,838 201.75 72.89
phosphate

P4 Triple Super- Imported 58 58 233,765 107,531 13,558 13556 2254 803 5269 1,877 80.54 66.03 18,827 15,435 175.08 14354
phosphate

P-5 Normal Super- Rancagua 25 1 537,657 107,531 13441 5914 1603 353 8618 1,898 41.03 1453 22,060 7,812 205.15 72.65
phosphate

P-6 Normal Super- Penco 26.5 n 537,657 107,531 14,248 5914 1529 353 8219 1,898 41.79 1453 22,467 17,812 20894 72.65
phosphate

P-7 Normal Super- San Antonio 25 1 537,657 107,531 13441 5914 1781 353 9573 1898 42.81 14.53 23,014 7,812 21403 7265
phosphate

P8 Normal % Rancagua 25 - AT] oo e 107531 13845 5914 1420 353 7,634 1,898 39.95 1453 21478 7812 19974 72.65
Super % Penco 26.5 1n|

3For imported material this 1s cost f.0.b. vessel; for all others cost 1s in bulk storage at production plant.
For imported material 1t 1s assumed that one-half of total will be ~hipped 1n 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 i the plant at Rancagua. (Since NSP
production will require two production lines, the possibility
of dual plant locations was also evaluated.)

Fused Magnesium Phosphate

The only location considered for production of this
product was Valdwvia- a port location nem the serpentine
mine. The plant size considered would produce 11,000
tons/yr the size that Carburo y Metalurga S. A. tentatively
plans to build. Production cost was estimated as $49.58/ton
of product or $226/ton of nutnent.

COMPARISON OF PHOSPHATE SUPPLY SYSTEMS

Normal Superphusphate and Fused Magnesium Phosphate

The cost of supplying tused magnestum phosphate can
be compured to the sunply cost of NSP Both products have
about the samc nutrient content (about 20% P,0q) and
both products have secondary and micionutrients that seem
to be needed m some localities  (Probably the most
important additional nutrnients these two fertihzers can
supply are sultur by NSP and muagnestum by the fused
magnesium - phosphate ) It s ot practical to compare
production costs for the two products at the same location
and at Wentical production rates NSP should be produced
near the sultunc aad supply and  fused magnesium
phosphate  should be produced near the source of
serpentine Single  turnaces  for  magnesium  phosphate
production cannot be built with product capacities as large
as are possible and desirable for economical superphosphate
production However. the cost comparison below indicates
that NSP can be produced i Rancagua and shipped to

Cost, $/Ton

Normal Magnesium

Material Superphosphate  Phosphate
Production cost, $/ton 24.719 49.58
Reclaiming from bulk storage .60 60
Bags and bagging 6.60 6.60
Loading bags un rail car .60 .60

Shipment to Valdivia 12.75 -
Bagged product, f.0.b. rail
car in Valdivia 45,34 57.38
(2.27/unit) (2.60/unit)

Valdivia at about a 10% lower cost per nutnent umit (82,27
vs $2.60) than for production of the magnesium phosphate
in Valdivia.

TOTAL PHOSPHATE SUPPLY SYSTEMS COSTS

Total systems costs, imcluding costs ot production o
importation, bagging. handlmg, and transpottation for some
phosphate fertilizers ate given i table 24 All products
were assumed 1o be bagged at plants or ports, although in
actual practice there may be some bulk shipment and bulk
handling within the countty  Each system 15 based on
supply of 107,000 tons of P,O5 The pattern of nutrnent
requirement outhined m the Kearney proposal was followed
closely

Systems P-1, P-2, and P-3 are tor production of TSP at
Rancagua, Penco. and San Antomo Foregn exchange costs
are the same tor all thiee systems Svstem Pod s for
tmportation of TSP and 1s covered m more detatl i section
VI Cost tesults (top of p 87) show the lowest tolal cost by
a small margim tor importation, but toreign excliange costs
are much higher Production at R agua gives the lowest
systems cost of the three production plants (figute 40)

Systems P-5, P-6,P-7, and P-8 ate tor production of NSP
at ditterent locations Cost duta suninanzed on p 86 show
that the dual locations should be the best for NSP
production, on the basts ol lowest systenns costs

Potassium Supply

Based on the Kewney projections there should be a
market for 50,000 tons of K;0 i Chide m 1975, with
10,000 tons of K, O to be denived from Chilean nitrates and
2000 tons trom guano Since thete are no other K,0
sources in Chule, the additional market of 38,000 tons of
K,0 must be supphied by miportation Potassium ehlornide
(60% K,0) and potassium sultate (527 K,0) were
considered feasthle matenals tor nmportation Results from
section VI (table 21) tabulated on p 87 show quite a
signtficant econonue advantage tor potassium chlostde

It may not be agronomically feasible to completely
substitute KCl tor K,S0;  However some substitution
should be possible Tt only halt of the k,0 4s K 5,80, were
replaced by KCI, then savings m total cost are estimated as
about $1.75 milhon und toreign exchange savings as about
$1.70 nullion n 1978,

Mixed Fertthizer Supply

There are several  possibalities  tor supply of the
additonal nutrients needed i Clule m 1975 as mixed
fertilizers Some of these possibilities are as tollows: (1)
production of DAP i Chule, (2) impottation of DAP, (3)

85



98

Table 25. Cost of Supplying Mixed Fertilizer (18-45-0 Grade) to Chile in 1975 by Alternative Systems

Cost of Bags, Bagging

Cost of Supply System, $

Cost of Bulk Material 3 Cost of All Material® Handling, and Transpont?, $ Per Ton of Plantd
Mixed Fert. $/Ton Material Quantity in Bulk, § Per Ton All Material Nutrients in
Supply Foreign Tons Foreign Foreign Foreign Per Ton All Material  18-46-0 & TSP
System No. Product  Source Total Exchange Total N P;0s Total Exchange Total Exchange Total Exchange Total F.E. Total F.E. Total F.E.
M-1 1846-0 Produced at® 98 7171 233,869 42,000 107,531 22,919 16,605 1533 3.53 3,586 826 113.33 74.53 26,505 17,430 196.21 12903
Rancagua
M-2 18-46-0 Produced at® 104 7 233,869 42,000 107,531 24,322 16,605 1482 353 3,467 826 118.82 74.53 27,790 17,430 205.72 129.03
Penco
M-3 18-46-0 Produced at® 98.5 n 233,869 42,000 107,531 23,036 16,605 17.18 353 4,018 826 115.68 74.53 27,054 17,430 200.27 129.03
San Antonio
M4 18-46-0 Imported® 76 76 233,869 42,000 107,531 17,774 17,774 2271 803 5,178 18/8 9871 84.03 22,952 19,652 169.91 145.48
M-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 11645
TSP Rancagua 75 3030 129,015 59,346 9,676 3,870 19.10 353 2,464 455  94.10 3353 12,140 4,326 204.56 72.89
Total 85.31 48.37 233,770 18,860 107,531 19,942 11,308 16.03 353 3,748 825 101.34 51.90 23,690 12,133 187.43 96.00
M-6 18-46-0 Penco 104 71 104,755 18,860 48,187 10,895 7438 1532 353 1,605 370 119.32 7453 12,499 7,807 186.43 116.45
TSP Penco 81.5 30 129,015 59,346 10515 3,870 15.26 3.53 1,969 455  96.76 33.53 12,483 4,326 210.35 72.89
Total 91.58 48.37 233,770 18,860 107,531 21,410 11,308 1529 353 3,574 825 106.87 51.90 24,982 12,133 197.66 96.00
M-7 1846-0 San Antonio 104 n 104,755 18,860 48,187 10,895 7,438 1382 3.53 1,447 370 117.82 7453 12,342 7,807 184.08 116.45
TSP San Antonio 75 30 129,015 59,346 9,676 3,870 21.04 353 2,715 455  96.04 33.53 12,391 4,326 208.79 72.89
Total 88.0 48.35 232,770 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 96.00
M-8 1846-0 Imported 76 76 104,755 18,360 48,187 73961 7961 2278 803 2,386 am 98.73 84.03 10,347 8,803 154.33 131.29
TSP 58 58 129,015 59,346 7,483 7483 2235 803 2,883 1,036 80.35 66.03 10,366 8,519 174,67 143.55
Total 66.07 66.07 233,770 18,860 107,531 15444 15444 2254 803 5269 1877 88.61 74.09 20,713 17,322 163.88 137.05

2For imported matenal this ts cost £.0.b. vessel, for all others cost

For imported matenal 1t 1s assumed that one-half of total will be shipped 1n Chilean ships
Since requirements were larger than supplied by DAP 1n some areas, an ad.
same quantity was supplied over the requirement 1n other provinces.

v 1n bulk storage at production plant,

Where N was 1n excess of the fequirement, the excess quartity was assigned 4 zero value

iional 13,895 tons of N are needed to fulfill the total requirements 1n each province while approximately the



Total Systems Costs, $/Ton P, O,

Total Foreign
System Option 0% R.0.I. 10% R.0O.1. 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
1976 price) 175 - 143
Total Systems Costs, $/Ton P,0s
Total Foreign
System Option 0% R.O.I, 10% R.0.1. 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, $3
Per Ton Material Per Ton K,0 All Matenat (1000)
System Option Total F.E. Total F.E. Total FE.
K-1 Importation of KCi 47 33 78 55 2,980 2,100
K-2 Importation of K,S0O, 89 74 171 143 6,481 5510

AThese costs are based on bulk importation with bagging at the Chilean port where the material was recewved Prices are estimated 1975 prices

production of ammomated superphosphates in the COSAF
plant at Penco, and (4) bulk blending single nutrient
matertals in smaller Chilean plants located near the market
area. Total systems costs were estimated for importation of
DAP and for production at Rancagua, Penco, and San
Antonio.

Utilization of DAP to supply the additional 107,000
tons of P;05 nceded in 1975 will also provide 42,000 tons
of N, This closely approximates the estimated 40,000 tons
of additional N needed in 1975.7

A detailed estimate of the cost of production of DAP at
Rancagua was prepared. Based on use of imported ammonia
at a delivered cost to Rancagua of $62/ton ($34/ton f.0.b.
Trinidad), cost ol production of DAP was $98/ton, and
foreign exchange was $71/ton. Production costs at Penco
and San Antonio were estimated to be about $104 and
$98.5/ton, respectively.

7Although the total supply s ncar the amount required, an
additional 13,900 tons of N 1 required to supply requirements
in provinees where the requirement is greater than N-P ratio of
DAP when DAP supplies all the P,Og requirement,

Comparison of Mixed Fertilizer Supplv Sysiems — Total
systems cost, mcluding costs of production or tmportation,
bagging, handling, and transportation tor some dliernative
routes of supplying 18-46-0 grade are given in table 25 It
was assumed that products produced 1in Clale would be
bagged at the plant, and mmports would be bagged at the
recetving port Lach system 1s based on supply of 107,000
tons of P,0s and wiil also supply 42,000 tons of N

Systems M-i, M-2, and M-3 are production of DAP at
Rancagua, Penco, and San Antonto Foreign exchange costs
are about the same tor ull three systems (figwe 41) System
M4 s for importanion of DAP and s covered m detal in
section VL. Cost aesults  fiom table 25, which are
summarized on p 89, show the lowest total systens cost
for importation, but foreign exchange costs are somewhat
higher with importation

Comparnson of Systems Costs with Combmations of
Mixed Fertihzers and Straight Matenals — In sechon VI,
the lowest importation systems cost was for importation of
a combmation ot urea, TSP, and DAP (system M-B). It 1s
possible to produce both DAP and TSP in the same plant if
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it is designed for this 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 Forcomparison, the
systems with domestic production of urea (N-1 and N-2)
and TSP (P-1) and the system with importation of urea
(N-3) and TSP (N-4) aie combined and also included.

With urea production in Chile at the rate for the residual
Chilean market only + production of granular TSP, total
systems costs are about the same as {or production of the
TSP-DAP combination. However, foreign exchange costs
are much lower with urea production. Total costs for urea
production in the smaller plant + TSP production are
shghtly higher than tor importation, but agan foreign
exchange costs are much lower (by nearly $50/ton N +
P,05). With urea production in plants sized for Chile's
market plus a portion of the Andean market, both total and
foreign exchange costs are lower with Chilean production,
Assuming Chile can get some portion of the Andean
market, production of urea and TSP (or NSP) in Chile
seems to be the most attractive alternative

Comparison of the Costs of Barge Shipment
with Rail Shipment

A sigmficant percentage of the cost of delivering
fertilizers to the farmer s the cost of transport and
handling. The marketing study by the A.T. Kearney
Company, Inc. emphasized the econonnes possible in bulk

handling of materials and recommended recewving all
fertilizer material in bulk at ports. The Keaney study also
relates that the Minister of Aguiculture has established a
policy stating that a plan of bulk distribution of tertilizers
should be implemented m Clile wm the near tuture
However, emphasts 15 on mternal bulk movement by 1ail,
with some mention of bulk blending and bulk distiibution
onto farms. Another posibility tor tiansport savings s
iternzl bulk movement of matenals by sea-gomg barges
from a central location such as a production plant o1 bulk
storage bulding where imported matenals are received 1n
large quantities  to other Chilean ports

Matenals normally can be moved tor long distances by
water at much lower cost than tor 1l or truck transport
Typieal costs tor bage movement are i the range ol
$0.001-0.002/ton/km only 102007 of Clule’s 1l freight
rates The estimated costs tor delivening phosphate products
from either Rancague by 1ail or San Antonio by barge are
tabulated at the top of p 90 (Rancagua and San Antonio
are alternative locations for phosphate production plants n
Chile.)

A comparison of these costs, which also s summuanized
on p 90, indicates that by utthizing barge movement from
San Antono products can be delivered to Valdivia and
Puerto Montt at about $11-12/ton lower cost than by rail
trom Rancagua  The summay alvo indiotes that cost
savings per utit of plant nutrient should be ™ 2 times lagher
for NSP than tor TSP or DAP

The use of this type of barge tanspmt would require
spectalized equipment at the receving ports tor unloading,

Total Systems Costs, S Tons N & P, 05

Total Foreign

System Option Q%_R_Q__I_ 10% R.O.I. I_Exchange
M-1 Production at Rancagua 180 196 129
M-2 Production at Penco 199 206 129
M-3 Production at San Antonio 184 200 129
M-4 Importation 1mn - 145

Systems Cost, $/Ton N & P; ()4

Total Foreign

Materials and Origin Supply System No. 0% R.0O.I. 10% R.0O.1. Exchange
Urea ([), DAP (P), TSP (P)d None 176 191 108
Urea (1), DAP (), TSP (1) IM-2 17 - 143
Urea (P)P, TSP (P) N-2 tP-1 180 201 63
Urea (P)€, TSP (P) N-1tP-1 141 160 55
Urea (1), TSP (1) N-3t P-4 183 - 153

4p_ produced i Chile at Rancagua (least cost location), | importation,

Yrea production 1n 42,000 tons Nfyr plant (Clule’s N needs only).

CUrea produced n 89,000 tons N/yr plant (Chile’s N needs and a portion of Andean market),
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Shipment by Rail from Rancagua

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

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

Approx. distance, km,
Cost, $/ton
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 matenal in storage

To Valdivia To Puerto Montt

850 1200

.60 .60

1.70 240
1.00 1.00

.60 .60

6.60 6.60

.60 .60
11.10 11.80

Potential Savings

with Barge Movement, Destination
$/Ton Valdivia Puerto Montt
Product 10.05 11.25
Unit Nutrient
in NSP (0 20 0) 50.25 56.25
in TSP (0 46 0) 21.85 24.46
in DAP (18-46-0) 15.70 17.58

conveying, and storing bulk matertal, (The 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 lor handhing mitrates at Baron and Talcahuano.) To
mintmize loading costs the production plants should also be
located so that products can be moved trom plant bulk
storage, or fronc central bulk storage areas for imported
matertals, to barges by conveyor

The potential ammoma-urea plant site near Punta Arenas
15 at a port location where bulk loading of urea should be
possible, 11 a phosphate production plant 1w located at San
Antomo, 1t may be feasible to deliver bulk phosphate
products southward by barge to ports from San Antonio to
Punta Arenas and then dehver bulk urea from Punta Aienas
northward on the return tnp

If Chale should obtain agreements to supply nitrogen
fertlizers to the Andean market countries of Peru and
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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 1o a phosphate plant at San Antonio. Then bulk
phosphate products could be loaded and moved to ports
south of San Antonto as the round-trip to Punta Arenas 1s
completed. Potassium chloride and potasstum sulfate will
probably also be available as products from the Sechura
Desert 1n Peru and are other possible products to backhaul
to Chile,

A combination parge that hauls both urea and ammonia
is now i use in the U, S,, serving a route from Alaska to
Washington state. A barge of this type nught 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 facihties.  For example, a barge may be
self-propelled, or 1t may be towed, 1t may have gear for
unloading cargo, or 1t may be dependent on shore gear,
Recommending a specific system design for moving Chile’s
bulk fertilizer materials by water 1s outside ihe scope of tlus
study. However, the possible econonties with such a bulk
system secem to warrant a detaled study of this aspect of
Chile’s future fertithzer supply systems,

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

Rancagua, which is adjacent to the potentlal location for
a sulfuric acid plant and is also in the Central Valley



agriculture area, is a feasible location for a phosphate
fertilizer plant. Rancagua is not a port location, and any
phosphate rock used to produce fertilizers there would
probably be imported through the port of San Antomo and
hauled to the plant by rail. Rail freight costs are estimated
as approximately S4/ton of rock.

There may be some possible savings in rock phosphate
rail freight costs by utihizing the rock cars to carry other
commodities on the return tnp to San Antomo. Some
possibilities are to haul phosphate products back to San
Antonio or to haul blister copper to San Antomo. (Since
rock phosphate is nonhygroscopic and insoluble in water, 1t

can be hauled m 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 n 1ock phosphate freight rates on
costs of production ot fertilizers are tabulated below tor
NSP and TSP and tor DAP. Production costs were
estimated for cither complete ehmmnation (S4/ton of 1ock)
o1 50% reduction ($2/ton ot 1ock ) o treight rates

The above tabulation indicates that 4 S0 reduction n
rock fremght rates from San Antonmo to Rancagua should
lower the production costs for NSP by about S1 2/ton and
lower the costs for cither DAP 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% Freight Rate

$/Ton $/Unit _-—S/Ton

$/Unit

$/Ton $/Unit
Product 0% 10% 0%  10% 0%
NSP (0-20-0) 23.1 248 115 124 219
TSP (0-46-0) 66.2 75.2 144 163 63.0

DAP (18-46-0) 88.1 98.3 138 154 849

236 110 118 2006 223 103 112
720 137 167 599 68 9 130 150
95.1 133 149 817 919 128 144

91



0.

REFERENCES

Arroyo, Ehas Almeyda, and Fernando Saez Solar.
1958. *Recopilacion de Datos Climaticos de Chile.”
Published by the Mimistry of Agnculture.

Banco del Estado de Chile “*Marketing of Fertilizers.”
Chilean FFertthzer Distrtbution, Vol. 2. A, T. Kearney
and Co., Inc

Botsh Sulphur Corporation, Ltd 1960, World Survey
of Sulphur Resotces, Lirst Ldition,

Brtsh Sulphr Corporation, Ltd. 1964, 4 World
Survey of Phosphate Deposits: Second Ldition

I Aubarede,  Gmo 1967 ‘Lvaluacion  de  Los
Conocimientos | aistentes Sobre Minerales Fosfaticos
y Potasicos ™ Instituto de Investigacion de Recursos
Naturales

1FAO Monthiy Bulletin of Agncdtural Economics and
Statisties 19 2 (Febramy 1970)

Instituto  Centioamencano  de  Investigacion y
Teenologia Industisal (ICATED 1968, EY Potencial de
Mimerales Paa Fertthzanies In Awerica  Latina.
Geologie Analvsis Guatenmala, €A

8.

9.

10.

14.

Leteher, E., and A. C. S. Wright. 1962. “Some
Relationships Between Soil Processes and Fertiliser
Responses in Chile.” Trans, Joint Mtg. Comm. IV and
V Int. Soc. Seil Sci., pp. 125-31.
Tennessee Valley Authonty.
Program for Bolivia.

Tennessee  Valley  Authonty. 1970 Engineering
Fvaluation of Selected Fertilizer Production Facilities
in Colombia.

Tennessee Valley Authonty. 1970. Estimated World
Fertilizer Production Capacity as Related to Future
Needs, 1970 to 1975,

Tennessee Valley Authonty. 1968. Peru’s Fertilizer
Distribution and Marketing System,

Tennessee Valley Authonty. 1966. Repori of TVA
Teclncal Team’s Visit to Instituto Venezolano de
Petroquinuca. (Unpublished)

Unmited Nations 1968  United Nations Mineral
Resources Development Series No 32, Bangkok,
1967 New York, New York.

1970. A Fertilizer



SECTION VilI

ANALYSIS OF THE FERTILIZER SITUATION IN THE
ANDEAN MARKET? AND VENEZUELA
SUMMARY

An analysis of the fertilizer situation in the Andean
Common Market countries, summarized in table 26,
indicates that in 1975 fertilizer consumption will be aboout
340,000 tons each of N and P, 0,4, and about 180,000 tons
of K,0. This is almost double the actual nutrient
consumption in these countries n 1968/69. Consumption
in Venezuela is estimated at an additional 45,000 tons of N
and 27,000 tons each of P,05 and K20 mn 1975,

Existing production capacity plus  that  under
construction 1n the Andean countries, given in table 26, can
supply about 300,000 tons/yr of N, 130,000 tons/yr of
P,0s, and 80,000 tons/yr of K,0. Assunming that about
55,000 tons of N and 10,000 tons of K,0 of the Chilean
nitrate production will be marketed in Chile and the other
Andean countries, the residual market® for tertihzers n
1975 should be about 135,000 tons/yr ot N, 200,000
tons/yr of P,0s, and 100,000 tons/yr ot K,0. If
contracted flertilizer facihties with capacities totailing
24,000 tons/yr of N and 14,000 tons/yr of P,Og are
constructed in Bolivia, then the restdual market will be
reduced to about 110,000 tons/yr of N and 190,000
tons/yr of P,0s. Nitrogen production facilities in Peru are
comparatively uneconomical and obsolete. If operation of
these facihties 1s 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 1n fertilizers in 1975, Even if
these facihities are not constructed, the total market for
fertilizers 1 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 the Andean countrics,

8The Andean Common Market countrics are (1) Bolivia, (2)
Chile, (3) Coloinbia, (4) Lcuador, and (5) Peru,

IResidual market refers 10 the amount of fertillzers that will be
consumed 1n a country or a group of countrics above the
quantlty that may be produced in that country(s) from existing
productlon facilities including those under construction,

Table 26, Consumption, Production Capacity, and
Residual Market for Chemical Fertilizers in
Andean Common Market Countrios
Consumptions of Fertilizers@
1,000 mt of nutrients

Actual, 1968-69" Projected 1976¢
NP0, KO N PO KO
Bolivia 2 1 1 8 7 4
Chile 34 99 10 90 165 50
Colombia 53 60 45 97 108 81
Ecuador 30 22 15 45 33 22
Peru 55 1 12 100 22 22
Totals 174 193 83 340 335 179

4Does not include organics

’Clule consumption trom Kearney study, all others trom FAQ
Monthly Bullean of Agncultural Feonomics and Statnsties 19 2
(! ebruary 1970)

CChile projection trom Kearney study, Bolivia projection from |
Fernlizer Program for Bolivia, YVA, and all others by ‘TVA Team,

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

construction Contracted
NP0 KO N PO K0
Bolivia - - - 24 14 -
Chile 1603 50 273 - - -
Colombia 104 66 50 - - -
Ecuador 8 10 4 - - -
Peru® 37 6 6 - - -
Totals 309 132 8.7 24 14 -

(149)P (60)°
JAl nined fertilizers (Chilean nitrates),
PFxcluding Chilean nitrates
CAssumes that construction of planned nitrogen complex at Talara
will continue to be postponed.

Residual Market for Fertilizers in 1975

1,000 ton/yrd

N P,0s K;0

Bolivia {16) - T -
Chile? 40 107 38
Colombia (7) 42 31
Ecuador 37 23 18
Perub 33 16 16

Totals 110¢ 188¢ 103¢

Assuming Chilean nitrates supply 48,000 N and 16,000 K,0 and
suano supplics 2,000 N, 8,000 P05, und 2,000 K, 0.

Assumes guano and Chilean nitrates supply 30,000 ton/yr of N,
CAssumes excess capacity in Bolivia and Colombia not marketed in
other And2an countries
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The most sigmticant raw matersals from the standpoint
of fertilizer manufacture are listed below by country:

Bolivia  natural gas and sulfur

Clule natural gas, sodium nitrate, potassium nitrate, and

sulfur

Ecuador natural gas and sultur

Peru -natural gas, phosphate rock, and potash,

Venesuela natural gas and phosphate rock.

BOLIVIA

Consumption and Production Capacity

Fertiliver production capacity and  consumption for
Bolwvia s given in table 27, Consumption m 1968/69 was
only about 2,000 tons/yr of N and 1,000 tons/yr each of
P,0¢ and K,0 Fstimated consumption tor 1975 is 8,000
tons of N and 7,000 tons of P 04

There are no fertilizer production factlities m Bolivia,
Constiuction of o small mtrogen plant and a small
phosphate plant a5 planned  The planned mitrogen plant
location 1s the Santa Cruz rea where natwal gas i available
as the teedstoch  Nittogen production ot 24,000 tons/yr
prilled ammomum mtate s planned  Ammonts will be
produced by aelormmg natural gas Nitrie acid will be
produced as an mtermediite and used m production of
prilled ammonium mitrate: Some of this smmontam nitrate
product will probably be othized as an explosive m the
mining mdustry

The planned phosphate plant will produce NSP at
Eucahptus, Production capacity 1s estumated at 14,000
tons/yr of ;O Imported phosphate sock will be reacted
with sultunic aud  produced trom Bolivian sulfur. The
sullune acud plant s in operation

Raw Matenials

Natural Gas  Bolivia has adequate natural gas reserves
in the vicity of Santa Cruz to support an economical size
nmtrogen complex  Estimated recoverable reserves are 2,900
billion 11},

Phosphate Rock  Some  phosphate rock has  been
found m Bolivia, but known reserves are small and do
not appear to have any economie signihicance. At a
focation nesr Araro, temnants of dead animal bones are
reported to have & composition ot 12-15% P04 .
However, P, Oqreserves are estimated as only about 10,000
tons.

Sulfur  Volanie sulfur sources ocewr o a number
of locattons m the Andes along the border with Chile
The tabulation (3) below imdicates that there are six
sulfur deposits in Bolivia with totai known reserves of
about % milhon tons of oe. Production  capacity s
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estimated as about 24,000 tons/yr of ore averaging
about 50% S.

Production

Deposit Location Capacity Reserves

10,000 tons/yr % nullion tons
of ore averaging
52.5% S

Y4 million tons

or ore containing
55% S

unknown

Dept. Potosi, 6 km
from Chilean border ore

Dept. Potosi, 7 km
from Chilean border

3,000 tons/yr

Napa in Dept. Potosi 2,000 tonsfyr

4,000 tons/yr 1.2 million
tons of ore

containing 65% S

Near Napa, Dept.
Potosi

Dept. Potosi 2,000 tons/yr unknown
Near San Pedro de
Atacoma 3,000 tons/yr unknown

Potash— -There are no known potassium deposits 1n
Bolivia.

Tabfe 27. Bolivia
Fertilizer Consumption®

1968/1969 Estimated Demand 19750
1,000 ton/yr
N P05 K20 N P20s K0
2 1 1 8 7 4

Existing Production Capacity
None

Planned Production Capacity {Contracted)

Capacity
1,000 ton/yr
Plant Ownership Location N P,0s  K;0
Yacimentos Petroliferos  Santa Cruz 24 {AN) - -
Fiscales Boliviano
Bolivian Army Eucaliptus - 14 {NSP) -
Pension Fund
Sulfuric Acid Capacity
Production Capacity
Company Location 1,000 ton/yr
Bolivian Army Oruro 3

Pension Fund

AFAO Monthly Bulletin of Agricultural Economics and  Statistics
19:2 (February 1970).
bTennessee Valley Authonity. A Fertilzer Program for Bolivia,




CHILE

The quantities of fertilizer supplied and demanded in
Chile are summarized n table 28, Consumption estimates
are given 1 more detml 1 section 11 of this report. In
1975, consumption s estimated at 90,000 tons of N,
165,000 tons of P,0;, and 50,000 tons of K,O.
Production m 1975 1s estimated at 160,000 tons/yr of N,
24,000 tons/yr of K,0 as Chdean mtrates, and 50,000
tons/yr of P,0¢ as superphosphates. 1t s estimated that
mtrates will supply 48,000 tons/y1 of N for use in Chile and
that the remamder will be exported, Guano will supply
8,000 tons/yr of P, 0, 2,000 tons of N, and 2,000 tons of
K,0. Therefore, the residual market in Chile should be
about 40,000 tons oi N, 107,000 tom of P, O, and 38,000
tons of K, O0un 1974

Raw matenals toi tertihzer manutactie mclude ore
contatmng sodinm and potassium mtrates, nataral gas, and
sulfur (both & volcanie sulfur and as byproduct seltune
acid from copper rehning operations). Known ieseives of
sodium nitrate are 100 milhon 1ons ot sodium mtrate more
contaiming 6+ o1 more sodwm nitrate plus additional 100
million tons of sodim nitrate i more dilute ore. Natual
gas reserves are estumated to be over 80,000 nilhon m?
containing 85907 methane About 8 S nulhon m3/day of
methane are avatlable as byproduct from LPG production
at Cabo Negio There 1s about 2,000 tons/day of existing
sulfuric acid capaaty in Chule pumartly for metallurgical
operations. Metalurgical gas s available tor producing an
additional 4,500 tons/day of sultusic acid Voleanie sulbu
reserves e estimated at about 35-40 nulhon tons ot S n
ore of at least 45% S. A more complete desenption of
existing  facthties and  raw  matenials  for  fertulizer
mimnufacture 1s given in section IV of this report

COLOMBIA
Consumption and Existing Fer tilizer Capacity

Table 29 summanzes the supply-demand relationship in
Colombia. Consumption ot terthzer nutnents i 196%/60
was about S3,000 tons of N, 60,000 tons of P3O, and
45,000 tons o K,O  the consumption tor 1975 1
estimated at 97,000, 108 000, and 81,000 tons of N, P, 0,
and K0, 1espectively There s subhicient mfiogen capacity
i operation to suppiv the quannty denvanded  through
1975 The residual market 1o1 2,0 and K, 0 should be
about 40,000 and 30,000 tons respectively n 1975

Present Fertihzer Industiy

AMOCAR-ABOCO!I Complex  at Cartagena Thas
complen was ongimally butt and wholly owned by s
International, tnc TEas comprsed ot ammonia and niting
acid umits windh e lodated within the sso retimery at
Cartagena and wiea and mived tertihizer umts which e
located on adjacent property

Recent changes in ownership have taken place ABOCO1
15 now it sepatdte corporation with bsso owmng SO of the
stock 1t purchases mitne aad and ammonia from ABOCQOI
{Esso) for production of wiea and a vanety ol mined
ferthzers  The  plint also mmports phosphone acid,
phosphate 1och ISP and potash (KCLand K, 80,) A bnel
deseription of cach of the units follows

AMOCAR

The ammoma umt s a typieal Cand HGudler reforming
plant w th a high-pressute synthesis loup [5,000 pounds per
square anch gage (pag)]. 1t was onginally designed 1o

Table 28. Chile

Consumption
Fertilizer Consumption? 1968/1969 Projected Damand 19752
1,000 ton/y
N P20s K,0 N P2 04 K;0
34 99 10 90 165 50
Existing Production Capucity
Capacity
1,000 ton/yr
Plant Location N P20 K;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) -

U rom draft of Chitlean Fertilizer Marketing Study by the A 1. Kearney & Company, Ine
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Table 29, Colombia

Fertilizer Consumption? 1968/1969

Projected Demand 1975P

1,000 ton/yr
N P0s Kq0 N P05 K0
53 60 45 .97 108 81
Existing Fertilizer Production Facilities
{In operation and under construction)
Production capacity
1,000 ton/yr
Plant Location N P, O. K,0
Amoniaco del Ceribe 100 (AA), 8 NA)
Abonos Colombianos S.A. Cartagena 37 (U) 17 (NPK) 17 (NPK)
{Abocol-Amocar complex) 17 (NPK)
Acerias Pas del Rio Bogota 1 (ASB)
Monomeros de Colombia Ltda. Barranquilla 33 (NPK) 33 (NPK) 33 (NPK)
Fertilizantes Colombianos Barrancabermeja 15 AA 8 (U), 8 (AN)
Colminas Turmeque 10 (NSP)
Thomas slag from steel
mills + small NSP plants Various 6 (NSP)
Totals 115 (104 AS solids) 66 (All solids) 60 (All solids)
Sulfuric Acid Capacity
Production capacity
Company Location 1,000 ton/yr
Fertilizantes Ecuatorianos (FERTISA) Guayaqui! 41

AEA0 Monthly Bulletm of Agricultural Economics and Statistlcs 19:2.

Projected by TVA Tcam,

produce 295 mt/day utilizing refinery offgas. Carbon
dioxide removal is accomplished in a two-stage
monoethanolamine system and CO conversion is carried 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
fecdstock of refinery gas to natural gas. Changes 1n 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 mt/day 1f this change is made.

The nitnc 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 is much more than the requirement of ABOCOL.

ABOCOL

The urea unit utilizes the Toyo Koatsu progess and was
built by C and I/Girdler. The unit was designed to
produce 270 mt/day of prilled urea. The product s
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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 1 mixing
tank. It was also constructed by C and I/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 from
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:

14-14-14 15-15-15

10-20-20 8.24-14
14-18-14-3Mg 12-24-12
14-14-14-2Mg 12-12-17-2Mg, B, Zn
10-20-10 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.

MONOMEROS Plant at Barranquilla

Construction of this plant has almost been completed.
The process is a modified Dutch State Mines (DSM)
ammonijum sulfate precipitation process in which gypsum
will be recovered for use in an adjacent cement
manufactming 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 ammomna. 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 P,0; equivalent/yr. For practical planning
purposes, thcy can probably be discounted for the next
S-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 1n each deposit, but
reliable data on extent of reserves and utility of the
phosphate could not be found Some information on
samples from specific locahties is given below.

Area of Elias (Guadalupe formation)- --Phosphate was
found in seams of less than % m thickness. Samples
containing up to 32% P, 05 were analycd

Area of Giradat-Ortega (Guadalupe forination) —-—
samples were taken near Ortega that showed a P, 04
content of up to 17.5%. Southeast of Payonde samples
from exposed stopes had P,O5 compositions of up to 28%
P, Os . Thickness of phosphate scams was less than % m, but
in areas the vertical depth of the phosphate deposit
included four seams.

Area of Pondi-Cunday (Guadalupe formation)--
Phosphate samples with a P,0s content of up to about
28% P, Os were analyzed. This is considered to be one of
the deposits with the greatest potential for commercial
exploitation,

Area of Sierra-Alto (La Luna formnation)- --Phosphate
was found in narrow seams with a P, Qs content of 11-15%.

Area of Turmeque (Guadalupe formation) --—Phosphatic
apatite occurs 1n seams 3-4 m thick. Samples analyzed had
P,0s contents as high as 22%.

North of Santander (La Luna formation)——-This deposit
is part of the formation that has given commercial deposits
in Tachira state in Venezuela. Phosphonte occurs in long
seams of about | m thickness. Samples of up to 32% P,0;
have been analyzed.

Sulfur

Sulfur ore has been found in several deposits 1n 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 1s 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 deposits now being
economically exploited 1in Colombia. The operating
company is Industria Puroce S. A. Cre 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,

Cundimaraca——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.

Tolima- —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 1968/69 is estimated

Table 30. Ecuador

Consumption

Fertilizer Consumption?

1968/1969 Projected Demand 19750
1,000 tonfyr
N P2 05 K20 N P20s K;0
30 22 15 45 33 22

Existing Fertilizer Production Capacity

Capacity
1,000 ton/yr
Plant Location N P, O K20
Fertilizantes Guayaquil 9({WPA)
Ecuatorianos, S.A. Ecuador gM 10M) 4(M)
Totals (Solids) 8 10 4
Sulfuric Acid Capacity
Capacity
Company Location 1,0:10 ton/yr
Fertilizantes Guayaquil
Ecuatorianos, S.A. Ecuador 11

AFAO Monthly Bulletin of Agricultural Economics and Statistics,
19:2 (February 1970),
l’ijcclcd by TVA Team.
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as about 30,000 tons of N, 22,000 tons of P,0;, and
15,000 tons of K,0. Consumption in 1975 is projected
at about 45,000 tons of N, 33,000 tons of P,0O;,, and
22,000 tons of K,O. Existing fertilizer production
capacity, a small mixed fertilizer plant, can produce
8,000 tons/yr of N, 10,000 of P,0,, and 4,000 of
{, 0. No additional production capacity is planned. The
residual market in 1975 should be about 37,000 tons of
N, 23,000 of P,0;, and 18,000 of K,O.

Description of Production Facilities

FERTISA Complex—-—The FERTISA (fertilizer
complex at Guayaquil has a maximum capacity for
production of about 10 tons/hi of either granular mixed
fertilizers or granular ammonium sulfate. The complex
consists of a sulfunc acid plant, a wet-process
phosphoric acid plant, and a granulation plant.

Sulfuric acid is produced 1n 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 1s used to produce phosphoric acid by
the conventional dihydrate wet process. Plant capacity is
20 tons/day of P,0s as 30% P,0s acid The phosphate
rock (32-33% P,05) 1s imported from Flonda. The
reactor is mild steel with a brick lining. It 1s divided
into four compartments. The reactor product is filtered
on a 60-ft Emco ulting pan filter, The filter grade
acid (30% P,0;5) 1s 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 ammoniator granulator, dryer,
cooler, screens, and crushing equipment. Anhydrous
ammonia used in the granulator unit 1s mmported by
W. R, Grace and stored in a 12,000 ton atmospheric
storage termmal. 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 fleld 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,



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 matenal is used
in the FERTISA production complex at Guayaquil.
Reserves are cstimated as about | million tons of S.

There is also some mming of volcanic sulfur in the
province of Carchi in Northern Ecuador.

Potassium——No economical dcposits 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, Fertihzer consumption was
about 55,000 tons of N, 11,000 of P,0s, and 12,000
of K,0 in 1968/69. Estunated consumption n 1975 1s
about 100,000 tons of N and about 22,000 tons each
of P,0; and K,O0.

Table 31. Peru

Consumption

Fertilizer Consumption®

1968/1969 Estimated Demand 19759
N P20s K20 N P20s K20
55 1 12 110 2 22

Existing Fertilizer Production Capacity

Capacity
1,000 ton/yr
Plant Location N Pa0s K20

Fabrica de Fertilizantes 13 (AA)

de! Cuzco (Cachimayo)  Cuzeo 13 (AN) - -
Fertilizantes Sintecos S.A. 20 (AA)

(Fertisa) Lima 20 (AN +AS) - -
Industrias Quimicas S.A.

{Indus) Lima 4 (M) 6(M) 6i(M

Totals (Solids) 37 6 6

Sulfuric Acid Capacity

Production capacity
Location

Company 1,000 ton/yr
Compania Industria
del Centro S.A. La Oroya 66
UEAQ Monthly Builetin of Agricultural Economics and Statistics,
19:2 (February 1970).
"Projeclions by TVA Team,

Therc 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 P05 and K,O. These plants are
relatively small and uncconomical. 1t s possible that
operation may be discontinued before 1975, Guano
supplies are variable, depending on the tird pupulation,
and can range from about 10,000-30,000 tons of Nfyr.
(At the present tume, the supply of buds s decreasing
and N supply from guano should be low.)

I existing plants are shut down by 1975, the residual
market should be about 70,000 tons/yr of N and about
20,000 tonsfyr cach of P,0; and K,0. Peru has
periodically announced an mntent to bwld a large
ammoma-urea fertiizer complex at Talara, but detailed
plans and timing have not been worked out,

Present Fertilizer industry

Fabrica de Fertilizantes del Cuzco
(CACHIMAYO) Ths state-owned fertihzer  plant,
which 1s located near Cuzeo. was buillt for the
Development and  Reconstiuecion  Corporacion of  the
Department of Cuzco m 1965 and 11 has a capucity ol
13,000 tons of N/yr Due to sales and distnbution
problems and electric power farlures, output has been
only a fracuon of capacity The plant can produce
prilled ammonium nuirate (3359 N) or anmomum
nitrate—hmestone (26% N) Ammonta 1s produced from
electrolytic hydrogen Nitnie aud 15 denved from the
pressure oxidation of ammonia  Limestone used in the
26-0-0 giade product 1s mmed locally

The electrolynie ammonta process was chosen to use
the output of a new hydro-clectric plant on the
Urubamba River near Machu Picchu Tt 1s expected that
the rehability of the power supply to the plant will be
improved as additional planned  gencrating  units  are
added

Fertihzantes Swreticos S A. (FERTISA)  FERTISA
operates a mtrogen plant at Callso  Total output 1s
about 18,000 tons/yr of N. The fertilizer products arc
about 45,000 tons/yr of pan-granulated ammonum nitrate
(33.5-0-0) and about 15,000 tons/yr of crystalline
ammontum sulfate (21-0-0). Ammoma 1s produced by
partial oxidation of Bunker € oil, and mtric acid by the
pressure oxidation of ammonia. Ol 1s purchased from
Empresa Petrolera Fiscal Refinerta La Pampilla. Sulfuric
acid is obtained from Indusirias Quinucas S. A,
(INDUS), an adjacent plant, which purchases 1t from
Cerreo de Pasco

Solid products are bagged in 70kg jute bags.
FERTISA sclls about 5,000-6,000 tons/yr of N to the
adjacent INDUS granulation plant as ammonia and
ammonia-ammonium nitrate-water solutions,
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Industrias Quiricas 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%
P;0s) and about 200 tons/day of granular mixed
fertilizers. A portion of the supe. phosphate is used in the
granulation plant. Plant products are bagged in 70kg 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 comes 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 the next § 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 ndicated 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 m Northen Peru,
Significantly, the deposit is located in the western part of
the 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,
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Total proven reserves are 560 million tons of material on
the basis of a 31% P,05 content, with additional indicated
reserves of about 860 million tons (31% P, 0 basis). The
P,0; content of the drill cores has ranged from 1% to
about 24%, Overburden, which is the form of loose sand,
ranges from O 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 of
rock were formulated. One grade would be produced from
beneficiated but uncalcined rock and would contain 29%
P,Os. The other grade would be 31% P,0s produced by
calcining the beneficiated product. The uncalcined
material would probably be preferrcd for direct application,
and the calcined matenal, 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) of
about 1.4 million tons of 31% P, 05 material (calcined) and
about 0.5 million tons of 20% P, 05 (uncalcined) matenal.

Sulfur (Volcanic )——Sulfur ore depostis have been found
in several areas of Peru. These deposits occur largely in
volcanoes similar to those in Northern Chile. The sulfur ore
(Caliche) 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

11.5 million tons of ore
averaging 50% S

Tutupaca Volcano
(moqnega region)

5.5 million tons of ore
containing 40-90% S

Caparaja Volcano

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 llo
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 1968/69 was
about 25,000 tons of N and 15,000 tons each of K,0 and
P, O5. Consumption of fertilizer in 1975 is expected to
increase to about 47,000 tons/yr of N and 27,000 tons/yr
each of P,O; and K,0. Existing fertilizer production
facilities plus those under construction will supply about
200,000 tons of N and 140,000 tons of P, Qs. Therefore,
Venezuela has nitrogen and P,Og capacity to produce
supplies far in excess of estimated consumption of 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 1s
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 1n 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 Flonda
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-granuiator, Capacities of the
various units are listed below.

Production capacity,

Tvpe of plant tons/day
Ammonia 100
Sulfuric acid 200
Phosphoric acid 50
Ammonium sulfate 150
Normal superphosphate 120
Triple superphosphate 120

Mixed fertilizers

Table 32. Venezuela
Fertilizer Consumption? 1968/69 Projected Demand 1975°
1,000 tonfyr
N P20s K20 N 0 K0
26 16 15 a7 27 27
Existing Production Facilities
Plant Location N P20s K:0
Instituto Venezolano de Moron 27 (AA)
Petroquimica 8 (U), 17 (AS) 19 (M), 18 (NSP),
10 (ANL), 19 (M) 18 (TSP), 18 (WPA) 19 (M)
(Under construction)
Instituto Venezolano de Moron 164 (AA) 90 (WPA)
Petroquimica 111 (U), 26 (M) 84 (M) 17 (M)
Total in operation and 191 (AA), 119 (U),
under construction 17 (AS), 10 (ANL), 103 (M), 18 (NSP)
62 (M), 18 (TSP), 18 (WPA) 36 (M)
191 total 139 total 36 total
solid solid solid

8EAO Monthly Bulletin of Agricultural Economics and Statistics 19:2.

bProjected by TVA Team,
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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 Rsecito phosphate mine to
supply rock pliosphate for the complex. Capacities for the
new units are listed below.

Production capacity

Type of plant tons/day
Ammoina 600
Urea 350
Sulfuric acid 1,300
Wet-process acid (as P20s) 600
Granular nuxed fertilizers 400

Raw Matenals

The geology of Venezuela is relatively well known as
compared with other Latin American countries. Potential
raw matenals for fertiizer 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 139 mllion mt of
minable ore with an average grade of 26.6% P, 05, 23.2%
Si0,, 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% P, 0s.

The phosphate deposit covers an area of an
approximate length of 1,350 m and an average width of
400 m. Some material 1s 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.

102

Phosphate Rock-Labatera Deposit { Tachira
State)——Several relatively small deposits have been
identified in Tachira state. Probably the most significant
of these deposits is located nea, La Molina where proven
phosphate reserves are reported as 250,000 tons of ore of
an average P,Os content of about 21%. An average
analysis of 10 core samples from this deposit was as
follows:

Total P, Os — 20.6%
Ca0 — 46.6%

An open-pit mine has been opened in the La Molina
deposit, revealing a uniform phosphate seam with a 2-m
depth. Some material is being extracted from the mine by
hand methods and utilized locally. Data on rate and
quantity of removal are not available.

Sulfur— Volcanic——Two volcanic sulfur depostts have
been identified—near El Pilar in the state of Sucre and at
Frais Matias near Puerto Piritu. The El tilar deposit is
probably the best known and most significant. No
detailed survey of reserves exists, but estimates of reserves
vary from % to | 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 muning 1s 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 1 million tons of ore containing 25% S.

Sulfur-Petroleum  Products——Crude otls in the
western part of Venczuela have a high sulfur content
(2.2-2.8% S). The Creole refinery at Amuay 1s installing
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). Shell 1s reported to be
installing sulfur removal equipment at the Cordon refinery
that will produce 100 tons/day of S.

Sulfur—-Gypsum——Gypsum deposits on the peninsula
of Paria are reported to have reserves of about
65,000,000 mt. This gypsum 1s presently being mined and
utilized by the cement lactory of Puerto la Cruz.

Potassium——There are no known deposits of
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.



APPENDIX

REPORT OF ADVANCE TVA TEAM TO CHILE
May 17 to 31, 1969

In July 1968 TV A was contacted by the Corporacion de
Fomento (CORFO) requesting that TVA furnish technical
help to CORFQ in analyzing the fertilizer situation in Chile,
CORFO recognized that fertilizers were one of the most
important puts 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
concein to undertake a program that would, wherever
possible and practical, encourage Chilean fertilizer
manufacture to replace, 1n a large measui«, the necessity for
the iraport of large and continuing amounts of fertilizers.

General points to be covered would include:

1. Present and future production
Types of fertilizer adapted to the soils
New mate:ials
Markelting and international competition
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 this time TVA learned of another study that
was being sponsored by the Banco del Estado as part of an
AID loan. This 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 1n
conflict nor a duphcation of efforts. AID/Chile informed
TVA that the two studics 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 Banco del Estado study, determuine 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 H. Davis, Chemical Engineer, also of the
International Fertilizer Development Staff, TVA, arrived in
Chile as tlus advance team, This report spells out the scope
of work, the timing, the method of financing, and as far as
possible, the 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, IIAP, ODEPA, and

oA wn

others, it was obvious that the first part of the study—that
was spelled out in the February 5, 1969, letter fiom
CORFO to TVA-was, for the most part, being included in
the study for the Banco d:l Estado. Assuming that the
fertilizer consumption projections, the fertilizer retail
information, the transport system, and the port
information are adequately covered, TVA proposes to
concentrate its efforts on the problems of supplying Chile’s
fertilizer needs to the point of the wholesale distributor.

TVA proposes to take the fertihzer 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 economic system. The
demand figures of Banco del Estado will be brohen down
into tons/year of N and P20s needed 1n each province or
stmilar  geographical subdvision for each year of the
projection.

The Banco del Estado should suggest which fertihzer
should be used, but TVA should have option to choose the
most appropriate of the acceptable fertilizers TVA will
utiize mformation from the Banco del Estado study as
much as possible to minmmize duplication of efforts.

Using the demand of the Banco del Estado study, TVA
will investigate alternative plans for supplyng the fertihzers
to the dealers with suggestions as to which plans are
preferable.

The study will compare the economics and technical
feasibility of the various supply possibihities, such as
importations of fimshed fertuhzers, mtermediates or local
manufacture, carrying the feriizer material to the
wholesale outlets, The TVA study will include various
feasible alternatives for supplying the fertilizers, showing
probable capital investment costs, raw maternals costs,
production costs, and transportation 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. Clhilean raw materials will be
fully considered.

Once the economic and technicul feasibility of the
various alternatives have been evaluated 1t will then become
the responsibility of CORFQO 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 tie Chilean Fertilizer System” to the
TV A National Fertilizer Development Center as soon as it is
available. (According to the Banco del Estado work plan,
tlis draft 15 to be completed by the end of September
1969.) TVA will study the report draft, gather all necessary
information and return to Chile to complete the study of
the Chilean fertilizer supply system.

1t 1s estimated that the TVA Team will remain i Chile
for about 6 to 8 weeks. Before the TVA Team leaves Clule,
a finshed draft of their report will be submitted to CORFO
for study and discusston The TV A Team will return to the
United States to edst the dhaft and publish the report. This
will require about an addibonal six weeks, The TVA Team
will probably be made up of three persons, two chenical
engineers and an agronomist-econonist, The size of the
TVA Team, and their length of stay m Chile will be
somewhat dependent on the completeness of the Banco del
Estado study. Based on a three-man TVA Team, spending 7
to 8 weeks in Chile and up to 4 weeks 1n the Untted States,
the total maxtmum TVA cost 1s estimated at $34,000,
including tiavel to and trom Chile and per diem in Chile at
U S Government standard levels. In addition, the
equvalent of $2,500 m Escudos will be made available to
the team leader to hire bihngual secretarial help and for
interpreter and translator fees,

For support 1 domg their study, the TVA Team will
require trom CORFO othee space and equipment, including
a typewniter and desk top caleulator, and transportation in
Chile, mncludmg lodgmg on trips away from Santiago It is
also desirable that CORFO make available a bilingual
counterpart member of the team, preferably a chemical
engincer The use of 4 counterpart teain member should
give CORFO a better understanding of the team’s
methodology and recommendations Also, the counterpart
member would be very usetul to the team in their gathering
of data

The general outline of the fertilizer supply study TVA
proposes 1s hsted below 1t includes the principal points of
the proposed second phase (Fertilizer Supply Study) listed
m the letter from Mario Sarquis of CORFO to Donald L.
McCune of TVA, dated February 5, 1969, As Mr. Sarquis
suggested, the study will be done 1n the depth appropnate
to a prelumnary study and will not include descriptions,
flow sheets, production rates, raw matenals requirements,
cost information, ete,

OUTLINE

1. Statement of Demand, Giving Types and Quantities of
Fertihzers 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,
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[I. Study of Raw Materials and/or Intermediates,
Availability and Costs
A. Nitrogen
B. Phosphorus
C. Sulfur
D. Potassium
HII. Study of Production
A. 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. Companson 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 feastble alternatives from an economic
and techmcal standpoint, taking into account probable
effects of new developments in fertihzer technology
and probable future trends in products, processes, and
costs. Social and/or political aspects of the various
alternatives will not be considered in this study.

The advance TVA Team has studied the outlines of the
Banco del Estado “Study of Distribution of Fertilizers in
Clule” and 1s of the opinion that 1t covers practically all the
topics of interest on the demand and marketing side.
However, the TVA Team suggests that mformation
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 1t is recommended that the agreed upon amount of
money be made available to AID/Chile who will, through a
normal Participating Agency Service Agreement, arrange for
TV A’s participation and will reimburse TV A as the work is
completed.

100verhead will not be applicable to the cost of the international
airline tickets.



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 matenals (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 Sccurity and taxes 40%
Total

Agalanies and benefits are only estimates pending salary adjustments due July 1, 1969

3 menths 8,285u
3 months 7,043
3 months 7.043

2,000
1.229
25,600
6,400
32,000

2,000
Total 34,000

1 250
1.000
3.500



