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Conclusions and Recommendations 

Conci usion: 

Based on visits with the Bolivian campesinos, dialogue with the leaders of

the business and agricultural communities, and the available literature
concerning the fertilizer situation, the IFDC study team perceives situationthe 

in Bolivia as follows:
 

1. 	 The Bolivian campnesino is relatively versed the ofwell in use fertilizers
and in the economic returns which accompany fertilizer use. The potato 
growers in the a]tiplano and Cochabamba areas are rather sophisticated in
their approach to crop fertilization. They indicated almost unanimously
that they would use more fertilizer if the preferred material (DAP) were 
available. 

2. 	 The high price of fertilizers in Bolivia is not predominantly the result of
low usage as has been previously stated. The high price appears to be due 
to several faciors: 

a. 	 Policies of the dealers, 
b. 	 Imbalance of supply and demand, 
c. 	 No integrated government programs concerning fertilizer,
d. 	 No government control over the importation of fertilizers by

established dealers, and 
e. 	 Lack of preferential treaLment for fertilizer imports. 

3. 	 The overriding hindrances to increased fertilizer use are the lack of
supply of the proper material when it is required by the farmers and the 
high prices charged for fertilizers. 

4. 	 Numerous actions can be taken to immediately decrease fertilizer costs to
the farmer. In the short term the most important of these deals with the
 
application of money-saving business tactics and negotiation methods when

importing fertilizers. The immediate effect would decreasesbe which could
be as high as US $14 0/mt for fertilizers delivered to the Bolivian 
campesino. This reduction would represent a savings of about 35% over the
dealers' quoted price of US $400/mt for DAP. 
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5. 	 In addition to short-term considerations, actions need to be taken which
 
will render long-term, far-reaching benefits to the Bolivian farming
 
community. Theselactions would include the initiation of an integrated
 
agricultural program to be developed and administered by a central
 
committee or agency.
 

6. 	 The situation in Bolivia is such that, with immediate savings apparently
 
realizable through direct fertilizer importation by organizations other
 
than the. established dealers, the economic volume for bulk blending becomes
 
so low that blending could be started from the outset.
 

7. 	 Short-term government programs providing agricultural credit and/or
 
subsidies to farmers for fertilizer use would improve the economic
 
situation of the small farmer. The subsidy could be in the form of support
 
prices for commodities which the farmer sells.
 

Recommendations
 

The IFDC recommendations center about a six-phase program which moves from
 
import of bagged materials into a mixed system of bulk handling, blending, and
 
bagging with future incorporation of indigenously produced fertilizers. This
 
approach is not unlike recommendations made for early development of local
 
fertilizer industries in other countries (29, 45). One overriding consideration
 
in this instance is the use of good business practices in tendering for
 
fertilizers.
 

The program recommended by IFDC consists of these six phases:
 

1. 	 Phase I provides for the import by cooperatives of only high-analysis
 
"straight" materials in bags in the maximum quantities possible to 
serve
 
the Bolivian market. Benefits result here from the use of purchase
 
procedures which will reduce cost, as well as from the potential for lower
 
markups by tha' cooperatives.
 

2. 	 Phase II is the initiation of the import of phosphate materials in bulk for
 
in-country bagging; urea would be purchased as bagged material.
 

3. 	 Phase III consists of total conversion to a bulk-handling and bagging
 
system for all materials and the initiation of blending operations. The
 
material will be handled in bulk only from the port to the blending unit.
 
Blended materials will be transported in bags to the use areas.
 

4. 	 Phase IV involves the utilization of materials produced in country--urea
 
from YPFB and phosphates from RTZ.
 

5. 	 Phase V represents the expansion of blending facilities by placing
 

additional units in high-use areas.
 

6. 	 Phase VI involves incorporating locally produced potassic materials.
 

The implementation of these recommendations could lower the price of the
 
fertilizer to the final user and result in increased fertilizer consumption in
 
Bolivia. If supported and carried out through the integrated cooperative
 
system, the resultant fertilizer use should increase by a minimum of 15% per
 
year.
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Introduction
 

Packground of Study
 

In August 197,, USAID/Bolivia requested that IFDC prepare a feasibility

study for a fertilizer mixing plant(s) in Bolivia. Emphasis, as requested by

USAID/Washington, was to he placed on analysis of existing and potential demand 
for fertilizer among small farmers. 

In 1970, the National Fertilizer Development Center (NFDC) of the Tennessee

Valley Authority (TVA), 1iuscle Shoals, Alabama, prepared for USAID a report
entitled "A Fertilizer Program for Bolivia." Numerous studies for large and 
broad-L,'.ed projects incorporating fertilizers have been carried out and 
presented to the Bolivian government for consideration. Until mid-1978 no
projects had been initiated for installation of fertilizer plants of any type or
size in Bolivia. Since no action had been taken on any of the recommendations
 
or projects since 1969, USAlD/Bolivia requested assistance from IFDC 
 in solving

some of the problems of declining fertilizer usage and increasing fertilizer
 
prices. Any agriculturai programs involving rural development projects with

inputs of fertilizer 
were almost impossible to justify economically due to the

extremely high cost of the fertilizer inptts to these programs.
 

Objective 

The objective of this stiidy as outlined by USAID was to prepare a report on
the technical feasibility of fertilizer bulk-blending facilities in Bolivia. 
After considering the present situation within this country, the IFDC study team
expanded this objective to include the exploration of other alternatives for
 
reducing the price of fertilizers.
 

Scope of Work 

This work will include a study of the technical feasibility for one or more

fertilizer facilities. Analysis will be based on present equiprent and
 
installation costs, prev.,ailing raw 
 material costs, and transportation charges.
The study will be predicated on the best estimates of present fertilizer
consumption and available projections of future fertilizer demands. Priority is 
to be given to investigating more effective methods for supplying lower cost 
inputs to small farmers. 

Specific objectives include the following: 

1. 	 Recommend locations for facility or facilities, and 
2. 	 Describe equipment requirements and develop equipment specifications. 

In addition to the scope of work delineated by USAID/Bolivia, the IFDC team 
enlarged the scope of the study Lo include three additional tasks: 

1. 	 Review the status of present fertilizer-related projects,
2. 	 Report on indigenous fertilizer 
raw materials availability, and
 
3. 	 Consider integration of future fertilizer manufacturing projects into the 

short-term recommendations. 

http:broad-L,'.ed
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Overview of Bolivia (Present Situation)
 

Bolivia's history is marked by political instability and a succession of 
governments. Almost all of the governments can be characterized by their 
,brevity and the lack of continuity from one to the next. The average length of 

government over the past 150 years has been only 9 months. This governmental 
insta bii t .y proba-bl y -has benamjrfactor ii the iTreaivelk-'l6i --econo'0-m-ic 
development of this nation in comparison with that of its neighbors. 

Bolivia is the fifth largest nation in South America and is completely 
landlvcked, being bounded on the north and east by Brazil, on the southeast by 
Paraguay, on the south by Argentina, and on the west by Chile and Peru. The 

Andes cover approximately one-third of the total area of Bolivia running in a 
northwesterly to a southeasterly direction. The high mountain range divides 
Bolivia into three distinct topographical regions--the high-plateau region, 
which is known as the altipiano; an intermediate region with semitropical
 
conditions on the eastern slopes (yungas of the Andes Mountains); arid the drier
 
valley regions and the flat Amazon-Chaco lowlands (llanos), referred to as the 
oriente (figure 1). Each of the regions is characterized by a complete 
difference in climate, vegetation, ethnic makeup, and population density. In 
general, population density ranges from less than one person per km2 in the 
southeastern plains to about 10 per km2 in the northern altiplano, yungas, and 
valley regions. The ethnic distribution of the population is approximately as 
follows: Indian, 65%; European, primarily Spanish, 5%-15%; and mixed or 
mestizo, 20%-30%. Most of the Indian population is found in the higher 

altiplano and yungas areas while the Spanish and mestizo population comprise the 
new settlers in the southeastern region. 

The valley regions have labor productivity which is much higher than that
 
in the lowlands or the altiplano. The yungas and valley regions have a long
 
history of agricultural development and prosperity based on a variety of 


agricultural products. The valley regions, with about 33% of the rural
 
population, produce almost 40% of the agricultural sector output. It is
 
estimated that the agricultural production per worker averages twice as much in
 
the valley regions as in the altiplano and over three times as much in the
 

oriente as in the altiplano. Low fertilizer consumption per hectare and per
 
capita compared to that of other countries in Latin America (table 1) clearly 

establishes the position of Bolivian agriculture as the second lowest fertilizer
 
consumer in all of South America. In the Western Hemisphere only Paraguay and
 
Haiti have lower fertilizer use rates. When the depl 'ted nature of most
 
cultivated soils is considered, one sees great potential for increasing crop
 
yields and food supply through increased fertilizer usage.
 

Climate
 

The climate of Bolivia can be divided into 10 major ecological zones with
 
definite distinguishing characteristics as shown in table 2. The high altiplano
 
can be divided into three zones, the north, central, and south, with decreasing 

rainfall (650-250 mm) and temperature averages (120-8 C), respectively. All
 
three can be characterized simply as cold, windy, and arid.
 

0 
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Table 1. 	 Per-Hectare and Per-Ca!i.ta Fertilizer Consumption in 

Latin America (1975) (50) 

Fertilizer, kg/ha N, P.0 5. kg (N, 
- Arable Land 2 P2Or) K2O)-_'K 

_tCountry 	 N P2 05 2kC__ 

0.8 0.6 0.1 1.5 	 2.2Argentina 
1.0 	 0.6Bolivia 	 0.5 0.5 -

Brazil 11.2 25.0 16.] 52.3 17.4 

Chile 6.7 8.1 1.5 16.3 9.2 

Colombia 25.5 9.1 7.5 42.1 	 8.3
 

4.6 2.9 1.5 9.0 	 5.5
Ecuador 
Guyana 20.3 8.3 0.8 29.4 14.1 

Paraguay 0.3 0.5 0.3 1.1 0.4 

Peru 25.4 3.6 0.8 29.8 6.3 

Surinam 55.6 2.2 4.4 62.2 6.6
 

Uruguay 6.0 15.0 2.1 23.1 13.9
 
11.4
Venezuela 12.2 7.7 6.4 26.3 


Average for
 
Latin America 14.4 10.7 6.7 31.9 13.8
 

United States 44.9 22.6 22.6 90.1 88.1
 

http:Per-Ca!i.ta


Table 2. Distinguishing Charateristics of Bolivia's 10_ajor Ecological Zones 


Average Average 

Zone 
Altitude, 

ft 
Temperature, 

oF (0 C) 
PrecipitaLion, 

in (aIIm) 

North Altiplano 12,460- 53 (12) 25.6 (650) 
13,500 

Central Altiplano 	 11,475- 50 (10) 13.8 (350) 

11,800 


South Altiplano 	 9,180- 47 (8) 9.8 (250) 

11,475 

Valley Regions 	 4,590- 67 (19) 31.5 (800) 
9,180 

Yungas 	 1,150 73 (23) 41.3 (1,050) 


Amazon Rain Forest 	 400- 83 (28) 98.4 (2,500) 

1,150 

Beni Plains 	 590- 79 (26) 70.9 (1,800) 

820 


(Continued)
 

(3)
 

Principal 

Crops 

Potatoes 

Onions 
Quinoa 
Ba r 1ev 

Potatoes 

Other 

Tubers 
Barley
 
Quinoa 

Potatoes 

Other 
Tubers 
Barley 
quinoa 

llorticul-
tural Crops 
Corn, Wheat 
I)eciduous 
Frui ts 

Coffee 

Cacao, Rice 

Citrus 
Bananas 

Brazil Nuts 

Rubber 
Yuca 

Pastures 

Citrus 

Yuca 

Principal
 
Livestock
 

Sheep
 
Auchenidae 
Cattle
 

Sheep
 
Auchenidae
 

Sheep
 
Auchenidae 

Cattle 
Sheep 
Poultry 
Swine 

Mules
 
Poultry
 
Swine 

Cattle
 
Poultry 

Beef
 
Cattle
 



Table 2. l)i stirgui sh _Cha ractristics.of Bolivia's 10 Major Ecological Zones (Continued) 

Ave rage Av rage 

Zone 
A I L i tI de,

ft 
''mp'-ati re,
''I1" (1F o.) 

l'rvripi LtL ion,
ii ( ).III k,;,1) 

lrincipal 
.......-Cropls, 

Santa Cruz 1,310- 77 (25) 45.4 (1,150) CotLo 
2,460 Sugarcaie 

k i 

Brazilian Shield 655- 75 (24) 37.4 (950) Corn 
2,460 Pa s L " r"s 

Bolivian Chaco 	 1.,150- 82 (28) 29.5 (750) Corn 

1,475 Sugarcane 


YicaV 


Principal
etO
L.ivestclk
 

Cattle 
Poit It rv 
S..' i u e 

CatlIe 
SW i l"e 

Cattle 

Swine
 

l'oil try 
Goal 

http:ractristics.of
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The valley regions and yungas have higher temperatures and a much higher
rainfall than the high altiplano, with the rainfall being adequate for most
horticultural and tropical crops. 
 The average temperature varies from 170 to
23 C with a rainfall average from 800 to 1,050 mm 
distributed evenly throughout
the year. The oriente, or tropical and subtropical ecological zone,
characterized by at least five distinguishable 
is 

areas. This zone varies from theAmazon Basin trolical area with rainfall as high as 2,500 mm and a temperatureaverage of 28')C to the semiarid region of the Chaco, with about thetemperatures hut with a prolonged dry season of 
same 

7-8 months (April-November)resulting in an annual rainfall of only 750 mm (see figure 2). 

Soils
 

The tremendous variations in the topographical features of Bolivia havegoverned the agricultural practices 
more than the soil type or soil quality.
Because of the topcgraphy, the soils have played a secondary role to the morevariable climatic factors of rainfall, rainfall distribution, and temperature.All of these factors have been of primary importance in determining the type ofagricultural activity that is no, associated with variousthe topographical

regions in Bolivia.
 

In general, the soils of Bolivia tend to he slightly acid, though a widerange of pHl exists in all the agricultural areas as one would expect based onthe variation of climate, vegetation, and parent material. Most of the soils
are potentially 
 responsive to phosphate fertilizers and nitrogen. There areindicatioris that many of the soils have an adequate potassium level for most of
the present cropping patterns. The soils of the newly cultivated areas of the
oriente are not genterallv responsive to fertilizers in the first few years afterillitit-a- ciCe ring of the hi gh forest. This is due to the indigenous organicmatter and nitrogen huildup the coverunder forest in these tropical andsubtropical are ,s. Fert ili :e rs arC lS ual11V a pplied in ever-increasing amountsbeginning wiith the third or fourth year after the landsnew have been brought
into cultivation. 

The soils ,nap of Bolivia (figutre 3), adopted fron FAO/UNESCO Soils Hap,gives a represcutation of the soil tvpes of Bolivia. A brief description ofeach soil type is included with the figure. "The Agricultural Land UsePotential of Bolivia--A Land Systems Map," a more detailed study by the BolivianMinistry of Agriculture, is the most useful for persons concernedagriculture on a techoical basis. system 
with 

This is based on the land-systemmethod to describe and classify land using conceptareas a whereby thecharacterist ics of topography, vegetation, soils, and climate are related in
identifiable repeated units. The 
 methodology was developed and used inAus tra I a by Chri ta ii and Stewa rt (1953) , who defined the methods as "land areaor groups of areas that have notable similarities in topography, soils, and 
vegetation" (26). 

Crop Product ion 

The climate and the elevation are 
the main limiting factors for
agricultural production livestockand activities. The principal ecological 
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LEVELS OF SoIl.IMOISTURE 

L,,h ds anhds 

V1"-- ..Il •'....11 Semilnumil0 .. 

'..'. . "" ", 	 Ser ihum id L J \cr\ I)rv 

(.: "I : "TRINIDAD 	 : 

HH~i\ ~/~CO ~ 	 AdTh 'CRUZ. 

if 
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Source: 	 Cochrane, Thoas T., 19)73, 1:1Ptntca l Agricola del Usa de l~aTie rra en 
Bonlivia, ian Mapai de Sistcaias de Tierras. Dona Bosco, Ed.. La Paz Bolivia 

Figure 2. Levels of Soil. Moisture
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zones can alsq be related to the principal crops and livestock produced in each
 
Tablee,'2 shows the altitude, average temperature, average precipitation in
area. 


millimeters, principal crops, and livestock of these major ecological zones.
 

Potatoes are, and have been for the past century, the major cash crop and
 

subsistence agricultural product in Bolivia. Table 3 summarizes the major crops
 

in Bolivia in 1975 and shows the importance of the potato among the various food
 

crops. The yield of 6,532 kg/ha is an implication of fertilizer use on this
 

crop. Through use of-recommended-application-rates--and-procedures -yieldsof......
 
twice this amount have been achieved. Table 4, showing the production and value
 

of principal crops and comparing the period from 1963 to 1965 to that of 1970".to
 

1972, clearly demonstrates the economic impact of the potato production. The.r\
 

total value of potato production (685,333 mt) is calculated at US $48,933,000
 
and highlights the important position of the potato crop to the Bolivian
 
economy. Diversification into other crops has developed slowly. Table 5 shows
 
average growth rates for several major crops. The largest growth (on a
 

percentage basis) has been in plantation-type crops such as cotton, coffee, and
 
sugarcane.
 

An estimated 80% of all agricultural output is from the small-farm sector.
 

The modern sector of agriculture has only recently evolved and is found in the
 

oriente where extensive new land areas are available. In this frontier area,
 
land is relatively cheap and only waiting to be cleared and put into
 
plantation-type agriculture. Cotton, sugarcane, and cattle (milk and beef) are
 

the major agricultural activities in this expanding exploitation-type'land
 
development. Only in the past 10 years has development in this area attained
 

proportions of national impact (see figure 4).
 

According to the most recent estimates of land use in Bolivia (table 6),
 

there is 7.8 million ha of good agricultural- land that can be utilized for
 

cultivation of crops, a mere 7% of the country total. Of these 7.8 million ha
 

it is estimated that only 14% or 1.1 million ha is actually in yearly use.
 
There is 2.5 million ha of agricultural land which iso'lying fallow, due to a
 

traditional method of cultivation that allows for resting and regenerating the
 

fertility capability of the soils. The other 4.2 million ha, approximately 54%
 

of the total, represents the potential agricultural land that is not being
 
utilized at present. In many cases, the tremendous amount of fallow land is
 
overlooked when calculations are being made of increased areas brought into
 

cultivation or when calculating the yields per hectare from specific
 
agricultural areas.
 

The crop yields (table 7), comparing the highest year yields for the years
 
1966-74 with the yields for 1975, indicate a decline in yields for all crops.
 

Part of this decline could be attributed to the increasing amounts of fallow
 

land not taken into consideration when calculating the yields per hectare.
 

Indigenous Raw Materials
 

All four major fertilizer raw materials--natural gas, phosphate rock,
 

sulfur, and potassium salts--occur in Bolivia. Two of these raw materials, 

natural gas and sulfur, are being commercially exploited at the present time.
 

0 
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Table 3. r.jor Crops of Bolivia in 1975 (9)
 

Acreage, Yield, Production, 
ha kg/ha mt 

Potato 127,680 6,532 834,000
 
Corn 230,250 1,325 305,100
 
Sugarcane 52,010 45,501 2,366,500
 
Barley (bulk) 111,600 713 79,600
 
Barley (unpolished) 58,000 3,509 203,500
 
Wheat 78,420 882 69,200
 
Cotton fiber 47,800 443 21,200
 
Cotton seeds 
 - 48,000 
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Table 5. 
Trends and Average Growth Rates in Production of Principal Crops in Bolivia 
(1963-72) (4)
 

Level of Production Average Increase Level of Average Annual on Trend Line in in Prodiction Production on Rate of GrowthCrops (nturcept)(1963" pur Year (Slope) Trend Line, 1972 Rank b Along Trend Line 

Quinoa c 10,000 -51 9,542 1 -. 52Corn (grain d 274,707 810Other tlubers 33 ,S0 281,994 2 .29335 3o,871 3 .95Oats 4,127 
 57 4,639 4 1.31Wheat 
 47,667 
 688 53,858 5 1.37Vegetablese 
 173,013 3,341 
 203,084 
 6 1.80
Citr" fruits 74,113 1,525 
 87,837 7 
 1.91
Bar 50,573 1,465 2.61
63,757 8
Potat 
 500,307 18,699 
 668,596 9 
 3.27
Dried Deans 
 8,933 352 
 12,102 
 10 3.43
Sugarcane 
 862,380 55,633 1,363,075 11 5.22Bananas and plantains 182,007 16,408 329,678 12 6.82Rice (unhulled) 39,476 4,004 75,515 13 7.47Yuca 116,847 12,897 232,919 14 7.97Coffee 
 3,747 
 930 12,114 15 13.93
Cotton fiber -1,947 1,245 9,257 
 16 g
 
Trend line calculated by regressing production against time in


a. a linear form: Y. - a + bx. where Y. = 
production in year 1, x. the year i, a = intercept, and b = slope. 1 1b. Based on growth rat(ls calculated along trend fine and ranked in ascending order. c. Includes hard corn for livestock consumption and soft corn for human consumption.
d. Includes sweet potatoes, oca, and papalisa. 
e. Includes sweet corn, onions, tomatoes, and green peas.
f. Includes oranges, tangerines, lemons, grapefruits, and limes. 
g. Cannot be calculated.
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Table 6. Land Use in Bolivia (1976) (1)
 

Agricultural Area

Present Land Use 
 ha (millions) % Total for Exploitation
 

Forest 
 33.0 30
 
Pasture/plains 65.9 
 60
 
Total agricultural area 7.8 7
 
(for exploitation)
 
Agricultural lands 1.1 
 14
 
(in actual use)
 
Fallow 2.5 
 32
 
Unused potential 4.2 
 54
 

Other land use
 
(cities, lakes, salt flats,
 
mountains, rivers) 3.1 
 3
 

Total country 109.8 100 100
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Table 7. Crop Yields, Bolivia /1)
 

Highest Yield, 


Crop 

Potato 

Wheat 
Rice 

Quinoa 

Oranges ..
 
Grapes 

Bananas 

Soybeans 

Peanuts 

Cotton 


Year 

1971 

1972 

1967 

1970 

1968 

1972 

1971 

1971 

1968 

1968 


1966-74 

kg/ha 

7,196 

833 


1,290 

795 


17,500 

6,667 

16,000 


! 1,500 

Ji 1,580 


616 


Yield,
 
1975',
 
kg/ha 

6,532
 
803
 

1,190
 
790
 

.6,515
 
5,980
 
14,907
 
1,266
 
1,500
 

411
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Natural Gas
 

Most of the natural gas which has been discovered and exploited to date is
 
located in the department of Santa Cruz. Reserves are estimated at about
 
4.5 trillion ft3 (25). This wealth of natural gas as well as discoveries
 
of crude petroleumihas been the impetus behind the recent rapid expansion of the
 
Santa Cruz region. An allocation of 100 billion ft3 of gas has been
 
designated for ammonia production during the next 20 years (25).
 

Even though the estimated reserve figure above sounds quite large, the
 
-.... unknown.,. Vast regions of-the..
actual.petroleum and-natural gas .reserves-are 

oriente remain undeveloped and relatively unexplored. Hence, the possibility of
 
discovery of new mineral and petroleum deposits remains ever present.
 

Phosphate Rock
 

Deposits of phosphate rock have been discovered throughout Bolivia. Many
 
of the ore deposits which have been reported are of low quality and in strata
 
which are quite thin for economic recovery (less than 50-cm thickness). The
 
P205 content of most of these ores ranges from less than 1% to 26%. Most of
 
these deposits have estimated reserves which are quite small. Various listings
 
classify these deposits from "insignificant deposits" to reserves of 300,000 mt
 
(13, 14, 15, 16).
 

The most promising area of phosphate rock occurrence is near Campinota.
 
Its estimated reserves may be in the order of 300,000,mt, and the beds of ore
 
are up to 1.6 m in thickness. When the area was studied by Davy Powergas (DPG)
 
and Rio Tinto Zinc (RTZ), phosphate ores were found to occur in extremely
 
faulted areas which made estimation of reserves difficult.
 

The analysis of this ore shows a high silica content, and it is reportedly
 
a rock which would be difficult to beneficiate. Beneficiation tests have been
 
limited to only crushing and grinding with no flotation tests being conducted
 
although it is postulated that flotation could be marginally successful (5, 39).
 
Local ores have been classified as unsuitable for production of superphosphates
 
(10).
 

There are other factors which merit consideration when phosphate deposits
 
in Bolivia are being studied. Factors of great importance are Bolivia's
 
location and type of geology. With Bolivia bordering Peru and Chile (both
 
having some minable phosphates), one might expect some occurrence of minable
 
phosphates within Bolivia. There also exist several areas which are extensions
 
of, or similar to, the Sechura desert of Peru where large phosphate deposits
 
exist. If the similarities go beyond physical characteristics, there is a
 
possibility that pockets of undiscovered minable phosphates do exist within
 
Bolivia.
 

Sulfur
 

Minable deposits of volcanic sulfur are found along the Bolivia-Chile
 
frontier region in the southwestern part of the country. There are reserves
 
which are estimated at 7.8 million mt. There are also deposits of pyrites which
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are/estimated at 500 million mt of ore with 53% sulfur content. These deposits
 

of p,7rites are of little commercial interest since sufficient quantities of
 

sulfur are available from the volcanic sources and the gases exhausted from
 

smelters (25).
 

The volcanic sulfur is now being mined and used by COSSMIL in their
 

sulfuric acid plant at Eucaliptus. A small portion is exported to neighboring
 

countries.
 

Potas
 

There have been preliminary investigations of the occurrence of potassium
 

salts in various areas of Bolivia, especially in the areas of Potosi and Oruro.
 
to be 5,000 million mt of 0.8% potassium
Reserves of these deposits are reported 


and 1,000 million mt of 1.5% potassium in the Potosi and Oruro areas,
 

respectively (25). There are also reports of preliminary discoveries of
 

potassium and lithium salts in the salars of southwestern Bolivia. The Salar
 

Uyuni and smaller salars are being studied at present by the Lithium Corporation
 

and Foote Chemicals to determine the extent of the deposits. Ericksen and Vine
 

reported in 1976 the discovery of potassium and lithium salts in the brines of
 

the Bolivian salars. The brines reportedly contain potassium concentrations of
 

4,000-24,000 mg/liter (17). A drilling program is now underway to determine the
 

distribution and concentration of both the lithium and potassium. Speculation
 

is that both of these minerals are economically recoverable at this time (17).
 

Infrastructure: Transportation System
 

The transportation system available to the agricultural sector in Bolivia
 

consists mainly of rail and truck transport. The latter is of utmost importance
 

to the farmer for internal transportation due to two problems with rail:
 

(1) limited access and (2) the rail transporters' preoccupation with hauling of
 

import products and servicing the mining industry. There is, however, some
 

agricultural production being moved by rail.
 

Road Transport System
 

The GOB continues to upgrade transportation by extension of Bolivia's
 

system of highways. The major areas of expansion are in connecting the areas
 

east of Santa Cruz to major population centers in the altiplano. Even after
 

extensive construction efforts, nearly 60% of the existing roads are impassable
 

during the rainy season. Many more kilometers are only passable using high
 
ground-clearance trucks or four-wheel drive vehicles.
 

The Bolivian road network consists of two major components. The system
 

which handles the highest volume of traffic is the road network connecting the
 

altiplano areas of Peru with the Lake Titicaca area, La Paz, Cochabamba, and
 

Santa Cruz. The other major system links Potosi, Oruro, Sucre, and Tarija in
 

the southwest with central areas of the altiplano (see figure 5) (3).
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Several roads exist which are not connected with these major systems. Most
 

of these relatively isolated roads/road systems are located in the eastern
 

sector and have been only recently developed. The overall highway system would
 

have to be evaluated as barely adequate. Even in the Santa Cruz area, a 

relatively well-developed region, some of the larger farms (greater than
 

1,000 ha) have only seasonally passable roads connecting them with the major
 

road networks.
 

The existing road system can be classified into the categories of primary,
 

secondary, and local access which can be further divided into the following 

types of roads: all-weather, difficultly passable during the rainy season, and 

impassable during the rainy season (table 8). Also listed are the condition and 

length of the roads. 

From this table one can see that 56") of the total road system is only 

seasonally passable with another 20% requiring special vehicles (four-wheel 

drive or trucks) during the rainy season. This road system with trucks accounts 
for the primary transportation means available to the rural population. Buses 

are available, but the cost is relatively high. Space is also limited for 

hauling of livestock and commodities. 

Railroads
 

The rail system of Bolivia was originally installed to support the mining
 

industry. The predominant uses were the hauling of ores and ore concentrates to 

the smelters and ports, the backhauls of imported goods from the ports, and 

moving of supplies and machiheuy to the mines. Little consideration was given 

to Bolivia's internal transportation needs. For instance, even though both La 
Paz and Santa Cruz have rail access to ports, there exists no direct rail link 

between the two. As a result all direct traffic is carried between these two 

centers by truck. 

The rail system is composed of two segments, the eastern and western 

systems (see figure 6). The western segment is concentrated in the a]tiplano 

connecting the population and mining centers with the Pacific ports. This line 

connects with the Chilean ports of Antofagasta and Arica. The Peruvian port of 

Matarani is also connected via Guaqui using lake steamer to Puno then on to 
Matarani by the Peruvian rail system. 

The western system connects Santa Cruz with Corumba, Brazil, and ultimately 
with Santos. This line also connects Santa Cruz and Yacuiba continuing to 

Buenos Aires utilizing the Argentine line. The eastern and western systems are 

indirectly connected in Argentina with a spur line from the Buenos Aires-Yacuiba 

line connecting with the line which runs north and south through Villazon. This 
route has reportedly been used to ship fertilizers from Buenos Aires to 
Cochabamba. 

The railroads are generally in poor condition and inadequately maintained. 

The tracks are narrow gauge, and cars are available in 20-, 32-, and 40-mt sizes 

(34). The effective maximum load is usually about 30 mt per car due to the 

condition of the equipment. 



Table 8. Road Length and Condition (3) 
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All 
Weather 

Difficultly Passable 
During Rainy Season 

Seasonally 
Passable Total 

Primary 
Secondary 
Local 
Total 

- ---------------
4,875 
1,543 
1,288 
7,706 

--
2,832 
1,363 
3,444 
7,639 

km 
-

2,203 
19,765 
21,968 

7,707 
5,109 

24,497 
37,313 
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All fertilizer now entering Bolivia is 
imported as bagged material. The

rail equipment which is currently available lends itself best to this type of
operation. This is mainly due to 
the lack of modern bottom-unloading, covered

gondolas for hauling of fertilizer in bulk. The equipment which is available

consists of standard box cars, 
flat cars, and hinged-side gondolas. Tarpaulins
 
are available for use when hauling moisture-sensitive cargoes (10).
 

The Empresa Nacional de Ferrocarriles de Bolivia 
(ENAFER) has suggested
that, to afford maximum protection to bulk cargoes, standard box cars be used.This procedure would require box cars which could be loaded from the top and
unloaded from one or both of the side doors or would require the loading throughone side door utilizing payloaders. Possibly good results could be obtained by
utilizing the hinged-side gondolas. 
 The unloading operation could be
 
accomplished utilizing a small front-end loader. 

In recent years some of the materials whii were traditionally carried bythe rail systems are being handled more and more by trucks. The primary reasonfor this change is the relatively long shipping time required by rail. 
average rail time required for transport from the ports to the nearest 

The 

distribution centers is shown in table 9. The time required to move material
from the port to a point within Bolivia 
can usually be cut in half by utilizing
trucks instead of rail. There is, however, a steep premium involved when using

trucks.
 

The eastern lines have increased in importance in recent years due todevelopment of the oriente. 
 Both lines have recently been used for importation

of oil drilling and exploration equipment and exportation of sugar, cotton, andcottonseed to Brazil and Argentina. The lines are also used for the importationof consumer goods, including cars, tractors, trucks, other agricultural inputs,and manufacturing and transportation equipment for the nonfarm sector (3). 

Ports Available to Bolivia 

Bolivia is landlocked, having lost its access to the coast in wars with
both Chile and Peru. As a result Bolivia must rely on the use 
 of ports locatedin other countries. The major ports used to import and export goods areMatarani. in Peru, Arica and Antofagasta in Ct:ile, Santos in Brazil, and Buenos
Aires in Argentina. In addition to these ports Bolivia has obtained from
Argentina free port facilities at Rosario on the Parana River (figure 6). 

The GOB has maintained as one of its major programs the securing, fromeither Chile or Peru, of a corridor to tLhe Pacific. After the GOB reestablishedrelations with Santiago in 1976, negotiations were begun to trade some Bolivian
territory for a narrow corridor to the sea. Peru has opposed the idea, andnegotiations have been stalemated by the growing arms race between Peru and 
Chile (33). 

Port facilities available for handling of bulk materials are generally
proportional to the size of the port. Both Santos and Buenos Aires areclassified as large ports while Puerto Rosario and Antofagasta are classified asmedium sized; Arica and Hatarani are considered small (28). 

The capabilities of the Santos and Buenos Aires port. facilities are quite
extensive. 
 Some equipment is specifically designated for bulk handling and
 
storage of fertilizers (18). 
 On the other hand, Antofagasta and Arica have
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Table 9. Average Rail Time from Port to Nearest 
Distribution Center (34) 

Ifours 

Antofagasta-Ol ague 48-72 
Ollague-Cochabamha 48 
Arica-Charaa: 24-48 
Arica-La Paz 24 
Matarani -Puno 72 
Puno-Guaqui A­
Guaqui-l.a Paz 24 
Corumba-Santa Cruz 20 
Buenos Aires-Yacuiba 192 
Yacuiba-Santa Cruz 20 
Buenos Ai res-Vil lazon 96-192 
Villazon-Cochabamba 48-72 
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limited bulk-handling and storage facilities which are 
geared toward handling of

grain and certain mineral ores. If the installed capacities of these systems

are sufficient, there is 
a possibility that bulk fertilizers 
could be handled.
 

The GOB has negotiated agreements with all of these ports to provide

certain concessions for their 
use. 
 All provide a free storage period, usually
1 month, to enabJ.e arrangement of inland shipping. This "grace" period causes
problem:- since cargoes of relatively low value are not moved out of the port 
areas promptly and are often damaged by excessive handling and abuse. Broken
 cartons and cans piled in warehousing areas are 
common. To enable the ports to

handle these prob]ems, higher rates are sometimes charged to cover the costs of
cleanup operations (6). The free 
storage period also fosters inefficiency in

placing of orders from within Bolivia and in transshipment once material is 
at

the port. The result is double-handling, poor transportation scheduling,
general inefficiency, and high monetary losses (2). 

Under IF)C's Phase 11 and III recommendations, the handling and shipping of

bulk fertitizers 
from the port areas into Bolivia must be highly efficient. 
These fertilizers are subject to degradation from moisture, and since they are

in bulk form, they must be warehoused and reclaimed efficiently from the port
 
area.
 

The costs involved with the use of each port vary not only with the
quantity of material handled and distance traveled but also with differences in

classification of various goods, 
the amount of handling involved, and
 
differences in customs 
fees and labor costs. Because of these differences and
the economic changes and r(enegotiation which cause these costs to fluctuate, no 
attempt will be made in this report to analyze the relative merit of using one
transport route or port over another. This decision must be considered by the
organization which wit ultimately he importing fertilizers. 

The followinig describes the various ports which are normally used to
 
transport goods into Bolivia:
 

1. Matarani, Peru--Nat arani is one of the three Pacific ports through which
imports come to Bolivia. The facilities at this port are adequate for most
materials . Since t here is no direct rail connection from this port into La
Paz, goods aro normally transported by rail via Mollendo to Puno, then by
lake steamer across Titicaca to Guaqui, and on to La Paz by truck.
Materials can also be moved by truck directly from Puno to La Paz. The
multiple handling, loading, and unloading involved causes this route to berelativeyLun1de.s irahle for most. commodi ties, especially bulk fertilizers. 

2. Arica, Ch i I c--Arica is connected with Bolivia by both road and rail. The
railrod, goes directl.y to La Paz and is the most direct route to any port
from the La Paz area. This rail link is for the exclusive shipment ofBolivian imports and exports. The Arica-La Paz railroad is under Chilean 
control to Charana on the Bolivian frontier and under Bolivian control from 
there into La Paz (6). 

3. Antofagasta, Cl.!c--l'his port is possibly of greatest importance because it 
has tradi tionaly handled the highest volume of materials of any of the 
ports which serve the Bolivian market (see table 10). The major import
items handled include equipment for mining and food, especially receipt of 
bulk shipments of wheat. 
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Antofagasta is connected to Bolivia by both road and rail as 
is Arica. The

Antofagasta-Bolivia railroad connects with Bolivia via Ollague with the
 
section Antofagasta-Ollague being under Chilean control and the remainder

being controlled by ENAFER. 
Unlike the Arica-La Paz railroad, this
 
Antofagasta-Bolivia line is not for the exclusive service of Bolivia. It

is also used for transportation of minerals and ores from the northern
 
mining areas of Chile (8).
 

4-PeroRosario,-Argentina-- Inj976, --the'-Argenhtine6 -go ereagi6e to giveBolivia a free zone in the port at Rosario on the Parana River (33). 
 The
 
Port at Rosario can handle oceangoing vessels of less than 10,000 tdwt (40).

Since Puerto Rosario is located on a river, the depth is subject to seasonal
 
fluctuation, but generally no problems are encountered during 9 months

of the year (24). (A study of the facilities of the Bolivian Free Zone
 
was 	completed in August 1978, see reference 24.)
 

Rosario is connected by rail with both Villazon and Yacuiba. 
However, due
 
to the distances involved, even with the free port status, there is
 
probably little advantage in using Rosario instead of Buenos Aires.
 

5. 
Santos, Brazil, and Buenos Aires, Argentina--Both of these ports are large,
with facilities to handle almost any type of cargo. 
 Both are connected by

rail to Santa Cruz with an alternative river barge plus rail connection
 
from Buenos Aires. It is also possible to transport material by rail from

Buenos Aires to the altiplano via Villazon. In fact, one fertilizer dealer
 
in Cochabamba indicated that this route was 
available utilizing Argentine

rolling stock for the total distance.
 

These ports grow more important with the development of the oriente. Most
 
of the imports at present are machinery and related equipment for the oil


\\ 	industry. Since little fertilizer is used in this area compared with that
 
used in the valley regions and altiplano, (see section "Fertilizer Practice
 
and Use"), this route has not been of great importance to the agricultural

sector in Bolivia.
 

Port Usage--When considering the facilities available to Bolivia along with
 
the possibility of obtaining port facilities on the Pacific through negotiations

with Chile and Peru, one can see that with the present port arrangements Bolivia
 
is not totally isolated. There is a certain charge added to all goods to cover
duties and handling at the ports. 
This charge and even the transport costs
 
involved are not responsible for the high fertilizer prices experienced by the

Bolivian farmer. These factors will be considered at greater length in another
 
report section.
 

Table 10 shows that total exports from Bolivia have remained relatively

constant over the past several years while imports have been on the increase.
 
This would indicate an ever worsening of Bolivia's balance of trade with the
 
resulting grim implications for the economy.
 

It is also evident that the ports which are most important to Bolivian
 
business are the two Pacific ports, Antofagasta and Matarani. Antofagasta

handles the most followed by Matarani. In fact, the three Pacific ports handle
 
nearly 60% of the total goods shipped into or out of Bolivia. In 1977 more than
 
20% of Bolivia's exports passed through Yacuiba, and a similar amount of imports

came in through Corumba. This is indicative of the rapid growth taking place in

the Santa Cruz region and in the oriente in general. A large quantity of the
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exports from this area includes agricultural products such as sugar, soybeans,
 
and cotton. Imports, however, are generally heavy machinery and other 
development equipment; large quantities of agricultural inputs are not usually 
handled.
 

Prices and Transport Costs--The actual cost involved in movement of 
fertilizers through the port areas to the ultimate user is dependent on numerous 
factors: port used, mode(s) of transport, and the handling procedures. To 
facilitate the description and analysis of the total cost involved, a "typical" 
example will be receipt of a shipment of fertil izer at Antofagasta and shipment 
to a user in Cochabamba. For clarity, the cost will be broken down according to 
the following categories: 

1. 	 Fertilizer cost, f.o.b. U.S. Gulf coast.
 
2. 	 Freight charges for shipment to Antofagasta. 
3. 	 Port charges (to include duties, handling, warehousing, reloading, and 

other costs incidental to loading of the material for shipment). 
4. 	 Transportation cost for shipment into Bolivia. 

The actual purchase price for fertilizers (f.o.b. source) is dependent on 

several factors. Most of these factors are related directly or indirectly to 
the market conditions prevalent at the time of purchase. Market conditions are 
considered the overriding factor governing fertilizer purchase pricc. 

Other factors which impact on price include the following: 

1. 	 Shipment Size--The effect of shipment size on the contracted purchase price 
would be of more importance if specialty materials were being considered. 
When considering products such as urea, DAP, or MAP, the actual contract 
price is closely tied to prevailing market conditions (supply and demand). 
Shipment size would affect the shipping cost as would the regi.stry of the 
vessel used, the availability of backhauls, and the contract conditions. 
Normally, shippers prefer to carry shipload quantities to a single 
destination; partial shipments usuallv incur increased shipping costs per 
ton of product delivered. Price quotes for ocean freight and Lnioading of 
vessels of various capacities increase by a factor of 2 on a cost-per-ton 
basis when comparing vessels of 40,000 tdwt with those of 10,000 tdwt (4.3). 

2. 	 The Nature of the Purchase--Purchasing on a "spot" purchase basis usually 
results in a higher price than purchasing under long-term contracts. 
Contracts usually are for a year or less with escalation clauses built in 
to protect the seller. In general, "spot" purchases of small amounts (less 
than 5,000 mt) would result in a comparatively high f.o.b. price per ton 
compared with negotiated contract prices. 

3. 	 Time of Purchase--The time of purchase is important because of the cyclical
 
nature of the fertilizer market in the United States and Western Europe.
 
If purchase tenders are let during the "off season" in Europe and North 
America, usually during the period May-July, quotes are generally at their 
lowest levels with resulting savings for the buyer. 
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4.-	 Form of Product--As one can see from table 11, bagged fertilizers command a
 
premium over bulk materials. Generally, for U.S. material this premium is
 
$25-$35/mt depending on market factors and the other factors listed here.
 
Transport costs for bulk are also lower than for bagged materials resulting

in still greater savings with bulk.
 

5. 	 Freight Considerations--The freight rate charged by U.S. carriers is
 
usually higher than that charged by vessels of another registry. This rate
 can a times- be,-three'-times'-as hig for"U.S. ves hnfrohrs 

These rate differences compounded by the small shipment size could result
 
in higher-than-normal freight charges. However, freight rates for shipping

Florida phosphates for 10,000-mile distances were in the range of
 
US $l0-$30/mt during the period 1971-75. 
The highest rate occurred in
 
1974 (44).
 

Table 11 shows prices for urea, DAP, and MAP quoted as f.o.b. U.S. Gulf
 
coast (Tampa or New Orleans). These prices should be representative of
 
negotiated prices for delivery in November or December, 1978, and are IFDC
 
estimates based on the current market conditions and information supplied by

manufacturers and brokers.
 

Specific estimates of shipping costs are more difficult to obtain. Costs
 
reported for recent fertilizer shipments to Antofagasta from the United States
 
ranged between $18 and $19/mt for bagged materials and $15 and $16 for bulk

fertilizers (vessels of non-U.S. registry). 
 Due to the distances involved, the
 
cost of shipping to any of the ports serving Bolivia (Matarani, Arica,


*Antofagasta, 
 Santos, Buenos Aires, or Rosario) would probably fall within these
 
ranges. Shipments of less than 15,000 mt would command a premium which would
 
probably amount to about $4/mt (IFDC estimate, see item no. 1).
 

Port 	Charges--When the fertilizer arrives at the port, it is subject to 
a
 
myriad of additional charges for handling, storage, reclaiming, loading, duties,

and tariffs. These charges are port specific and subject to change or
 
renegotiation. As 
a result, the charges listed are included for discussion and
 
comparison only and are not intended to be the actual port charges in effect.
 

Generally, the materials entering the ports are 
classified by type

(machinery, food, etc.) and physical characteristics (bagged, bulk,

containerized). These classifications are used at the port to calculate duties
 
and handling, loading, and storage charges. The railroads use similar
 
classifications to determine rate structures for freight charges. 
 Tables 12, 13
 
14, and 15 contain examples of the merchandise classifications as well as many

of the incidental charges levied at the ports.
 

The apparent costs involved in importing small quantities of fertilizers
 
are enumerated in table 16. The total price of $281.55, shown in table 16,

would represent the price paid by the distributor to purchase the fertilizer and
 
have it delivered in Cochabamba. A profit margin would be added to this cost,

and the actual price paid by the consumer would therefore be in excess of the
 
$281.55 shown.
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Table 11. Current Fertilizer Prices (f.o.b. U.S. Gulf)
 

Costs 

(US s) per kg Nutrient Bulk per kg NutrientMaterial Bged 


.312 155
MAP (granular) ]S7 .258 

.286 140MAP (nongranular) 172 .233 
155 .242
187 .292
DAP (granular) 

.283
162 .352 130
Urea (prills) 


Source: IFDC estinate; for delivery November-l)ecember 1978.
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Table 12. 	 Cost of Loading and Unloading of Merchandise in Transit to Bolivia
 
(Arica) (6)
 

Cost per Ton
 
Loading
 

Unloading Ship Train or Truck
 
Name Direct Indirect Direct Indirect
 

---------- - - - us $--------­

1. Animals (on foot)(each)
 
a. Large 	 1.40 3.15 0.42 1.17
 
b. Small 	 0.35 2.10 0.11 0.86 

2. General cargo 
a. Packed 	 8.50 10.25 2.55 3.30
 
b. Semi-packed 	 9.25 11.00 2.78 3.53 
c. Not packed 	 10.25 12.00 3.08 3.83
 
d. Palletized 	 7.75 9.50 2.33 3.08
 

3. Food, fertilizers, cement
 
a. Packed or bagged 3.20 4.95 0.96 1.71
 
1). Palletized 3.00 4.75 0.90 1.65
 
c. Bulk 

1. Mechanized 	 2.85 4.60 0.86 1.61
 
2. By other means 	 2.40 4.15 0.72 1.47
 

4. Machinery, motors, etc. 
a. Crated 	 10.00 11.75 3.00 3.75
 
b. Not crated 	 12.50 14.25 3.75 4.50
 

5. Containers 
a. Loaded 	 9.60 11.35 2.88 3.63
 
b. Empty 	 5.00 6.75 1.50 2.25 

6. Metallic minerals and ores 
a. Bagged 	 5.20 6.95 1.56 2.31
 
b. Palletized 	 4.40 6.15 1.32 2.07
 
c. Bulk
 

1. Mechanized 	 3.35 5.10 1.01 1.76 
2. By other means 	 2.70 4.45 0.81 1.56 

7. Primary 	metals (all forms) 
a. Ingots 	 7.00 8.75 2.10 2.85
 
b. Crated 	 6.10 7.85 1.83 2.58 

8. Raw materials for industry 
a. Bagged 	 8.00 9.75 2 1 3.15 
b. Not bagged 	 9.50 11.25 2.65 3.60
 
c. Crated 	 7.20 8.95 2.16 2.91 

9. Bulk solids 
a. Mechanized 	 3.70 5.45 1.11 1.86 
b. By other means 	 3.00 4.75 0.90 1.65
 

10. Bulk liquids 	 1.50 3.25 0.45 1.20 

The unit of collection is 100 kg; the minimum invoice is US $1.50. 
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Table 13. Price of Additional Services (Arica) (6)
 

1. Location and weighing of crates US 	 $1.00/mt 

2. Weighing of cars or trailers 	 0.10
 
0.14
3. Spotting the railcars 


4. Moving into the Bolivian site 	 3.00
 
2.20
5. Other operations 


6. 	Repair and installation 20% of net cost
 
10.00/hr
7. 	Cleaning (for each work group) 

1.50/man
8. Food 


Materials loaded or unloaded are affected
 

by the following charges:
 
a. Sacks larger than 80 kg 	 5.20/mt
 

b. Crates of 10 mt or greater 	 3.50/mt
 

c. Bulk materials with lumps or caked 	 0.50/mt
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Table 14. Charges in Effect by EMPORCHI at Antofagasta (8)
 

1. Handling charge of 10% of invoice
 
2. Charge for offloading to warehouse 
 $1.75/ton
 
3. Spotting of railcars 
 0.14
 
4. Moving material to Bolivian warehouse 3.00
 
5. Warehousing--varies with material and time
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Table 15. Duties Charged (7) 

Basic Additional 
Soles (US $) (Dollars) 

a. Nonspecific cargo 78 (1.11) 0.84 
b. Solid cargo in bulk moved to terminal installations 

1. Wbeat (by pneumatic tower) 100 (1.43) 0.28 
2. Minerals (by belt conveyor) 70 (1.00) 0.24 

US $1.00 = 70 soles, International Moneary Fund data, late 1976. 
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Table 16. Apparent Cost of Moving Fertilizers into Bolivia
 

Item 	 Cost US $/mt % Value Added 

1. 	Fertilizer (DAP) bagged f.o.b. U.S. Gulf 187a 
 -

2. 	Ocean freight and insurance 22 10.5 

Port charges c3. 

a. 	Unloading 4.95
 
b. 	Other charges 7.00
 
c. 	Reloading 1.71
 

13.66 6.1 
4. 	Duties and tariffsd
 

a. 	Port 3.10 ) 7.10 3.1
 
b. 	Bolivia (2%) 4.00)
 

5. 	Freight, Antofagasta-Ollague 9 .02e 3.8
 
6. 	Freight, Ollague-Cochabamba 
 40 .27e 14.4
 
7. 	Incidental costs including unloading
 

warehousing, etc. 2.50 
 1.0
 

Total 	Delivered Cost 
 281.55
 

a. 	See table 11.
 
b. 	Includes $4.00/mt premium for partial shipment.
 
c. 	See tables 12, 13, 14.
 
d. 	Estimate.
 
e. 	Table 18.
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Import of fertilizers in the past in Bolivia has been undertaken by one of
 
a number of "distributors"; the large ones have been affiliated with a major
 
producer or broker either in the United States or Europe. For the analysis here
 
and in other sections, the dealers' markup will be omitted to avoid confusion.
 
Normally, the distributor adds a markup, and then any local dealer adds his
 
markup. Values added in these cases are generally in the 15%-20% range,
 
resulting in as much as a 40% increase in the fertilizer's cost over the actual
 
landed price. In this instance, the selling price to the farmer could be well
 
over 390/mt. Thispoint is-substafifited by the cost figurespresented-in
 
table 17 which show selling prices of $400 and $380 for DAP and urea,
 
respectively. In fact, when local merchants open fertilizer bags and sell
 
partial bags, the price for DAP can be as much as $700/mt. (Prices in this
 
range were observed by the IFDC team at local fairs in the altiplano north of
 
La Paz.)
 

From tables 16 and 18 it is evident that the charges for transportation
 
within Bolivia are responsible for the largest percentage of added value to the
 
delivered cost of the fertilizer. In the case of the shipment being moved to
 
Cochabamba, this within-country cost is actually higher than the combination of
 
both the ocean freight from the U.S. Gulf to Antofagasta and the rail freight
 
charge to Ollague. By the same token, we can see from table 19 that the use of
 
trucks as opposed to rail would result in an even higher cost. In the instance
 
of the first two entries in table 19 (Antofagasta-La Paz by rail versus Matarani-

La Paz by truck), the cost of rail and truck results in US $0.0254/mt/km
 
and US $0.0538/mt/km, respectively.
 

The cost figures and shipping analysis developed will be used later as a
 
base point for comparison of methods for importing fertilizers (see section,.
 
"Phases for Implementation of Cost-Reducing Recommendations").
 

Future Fertilizer Manufacturing Plans Within Bolivia
 

At present Bolivia has no fertilizer industry with the exception of the
 
informal "industry" of the supply of organic fertilizers. In fact, it has been
 
stated that sheep manure is as valuable to the sheep grower as wool. There also
 
exists an industry of sorts dealing with the importation of finished chemical
 
fertilizers. The major suppliers function as importers only, with little regard
 
for distribution or any service activities. There appears to be no presale or
 
aftersale services available to farmers. Extension-type services are supplied
 
by the public sector through IBTA and SNDC or through the cooperatives' and
 
growers' associations.
 

Discussions have been going on in Bolivia for many years concerning the
 
development of a local fertilizer industry. The first recommendation to build a ,
 
fertilizer production facility was made in a report to the Bolivian Ministry of
 
National Economy in 1961 by V. S. Debausset. This suggestion was considered and
 
expanded in various later reports resulting in the 1964 'proposal for an ammonium
 
nitrate facility prepared by M. W. Kellogg (37). This is the same project which
 
was used as a basis for the 1970 TVA report TIO).
 

i .... i ii 0
 
S ij 1 2 11 111( i~...". .... ... ... 
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Table 17. Present Fertilizer Prices in Bolivia
 

Material Grade Selling Price $/mt 

DAP 18-46-0 400 a 

Urea 46-0-0 380,a 
Ammo-Phos 16-20-0 316b 
Ammo-Phos 12-24-12 334b 
Nitro-Phos 12-12-17-2 227 c 

Nitro-Phos 15-15-15 220c 
Nitro-Phos 20-20-0 225 c 

Ammonium Sulfate 21-0-0 140 c 

a. Data from CID, Cochabamba - from Grace, quoted purchase price, Cochabamba.
 
b. From British Mission on Tropical Agriculture, quoted c.i.f. at border.
 
c. From British Mission on Tropical Agriculture, quoted c.i.f. at Buenos Aires,
 
actual c.i.f. price at Santa Cruz would be $100-$125/mt more.
 



Table 18. Charges per nit for Transport of Fertilizer in Full Railcarsa
 

15-19.9 mt 20-24.9 nit 25-28.5 mt 28.6 mt or More 

-
Antofagasta/Ol lague 180.40 (9.02) 


Ollague/Cochabamba 805.32 (40.27) 729.58 (36.48) 694.42 (34.72) 660.96 (33.05)
 

Arica/Charana 189.60 (9.48)
 

Charana/La Paz 371.24 (18.56) 336.32 (16.82) 320.12 (16.01) 304.69 (15.23)
 

Guaqui/La Paz 277.25 (13.87) 256.18 (12.81) 246.40 (12.32) 237.09 (11.85)
 

Santos/Corumba CR 710.00 (38.78)
 
app rox imat ionl
 

Corumba/Santa Cruz 745.44 (37.27) 675.34 (33.77) 642.79 (32.14) 611.82 (30.59)
 

Buenos Aires/Pocitos $arg. 28,294.00 (35.13) 24,032.00 (29.83) 21,860.00 (27.14) 20,721.00 (25.72)
 

Pocitos/Yacuiba $arg. 39,411.00 (48.93)
 
By ra iIca r
 

Yacu iba/Santa Crnz 625.70 (31.29) 566.85 (28.34) 539.54 (26.98) 513.54 (25.68)
 

a. Prices are in $b/mnt followed by US $/mt, exchange rates: $1)20 = US $1, CR $18.31 = US $1, 
arg. $S05.50 = US $1. 

http:39,411.00
http:20,721.00
http:21,860.00
http:24,032.00
http:28,294.00


41
 

Table 19. Distances and Cost of Transport (25)
 

km By $b/mt (US $/mt) $/mt km 

Antofagasta-La Paz 1,296 R 658 (32.90) 0.0254 
Matarani-La Paz 
La Paz-Oruro 

610 
239 

T 
T 

656 (32.80) 
166 (8.30) 

0.0538 
0.0347 

Oruro-Cochabamba 197 T 136 (6.80) 0.0345 
Cochabamba-Santa Cruz 
Oruro-Potosi 

500 
335 

T 
T 

338 (16.90) 
228 (11.40) 

0.0338 
0.0340 

Cochabainba-Sucre 366 T 248 (12.40) 0.0339 
Potosi-Matarani 1,184 T 1,190 (59.50)a 0.0503 
Santa Cruz-Arica 
Santa Cruz-Corumba 

1,243 
-

T/R
R 

1,126 (56.30)a
1,11' (55.60) 

0.0453 
-

a. Estimated in case of future export. 

Note: R--Railroad 
T--Truck 
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For several years within Bolivia there has existed the need to provide
 

lower priced fertilizers and make them available to the farmers on a timely
 

basis. The previously proposed Bolivian fertilizer projects were based heavily
 

on a large export market. In other words, up to 90% of a proposed factory's
 

production would have to be exported during the first 5 years or so of
 

operation. The relatively large project approach and the requirement of joint
 

ventures among Bolivia, Brazil, Argentina, and Paraguay have resulted in
 

difficulties in obtaining outside funding for these projects.
 

For several 'yersthere-were proposals-and studies-pertainingto production.
 

of single superphosphate utilizing the sulfuric acid from the COSSMIL plant at
 

Eucaliptus. Due to the requirement to use imported phosphate rock and the high
 

cost of sulfuric acid from the COSSMIL plant "(reportedl' $50/mt ex-gate), this
 

project was abandoned.
 

YPFB now has a plan to utilize the natural gas of the Santa Cruz region for
 

production of ammonia and urea. The planned capacity of this facility is to be
 

160 mtpd of ammonia and 200 mtpd of urea as urea prills (9). At an
 

operating factor of 90%, this complex would produce about 60,000 mtpy of
 

urea. The present consumption of nitrogen in Bolivia is less than one-tenth of
 

this amount. Even with the increase in use which is anticipated with the
 

lowering of urea prices, it is still doubtful that the internal consumption in
 

Bolivia during the next 5 years would account for as much as 60% of the total
 

production (a number which has been used previously to determine production
 

feasibility) (10).. Using an integrated agricultural program, there exists the
 

opportunity, with the integrated cooperatives as a base, to begin market
 

development activities to increase fertilizer use to levels supportive of this
 

and other indigenous fertilizer production projects.
 

In addition to this YPFB project, another large ammonia/urea complex has
 

been proposed for Puerto Suarez (by YPFB). This project would utilize a portion
 

of the natural gas now being sold to Brazil for the production of 545 mtpd of
 

ammonia and 940 mtpd of urea. The total output of this plant would be aimed
 

at the export market, primarily for the western portions of Brazil (25). This
 

project seems to be more tentative than the smaller project at Santa Cruz.
 

The National Smelting Company (ENAF) is considering a phosphate production
 

project in conjunction with a proposed zinc refinery for construction in the
 

Potosi area. The related phosphate project is being studied by DPG based on
 

prefeasibility reports prepared by DPG and RTZ. The project is based on
 

production of TSP with the possibility for production of MAP or DAP at a
 
Production of MAP and DAP has not been under serious consideration
later date. 


due to the requirement for transporting ammonia from the Santa Cruz or
 

Puerto Suarez areas. In the event that availability of ammonia is secured
 

at a later date, the phosphoric acid plant could be expanded to produce
 
powdered MAP (25, 5). This project is initially based on imported phosphate
 

rock with the hope that current DPG investigations in the Campinota area will
 

result in discovery of commercially exploitable deposits of local phosphate
 
ores.
 

If the phosphoric acid plant and the YPFB nitrogen facility are built, the
 
IFDC team suggests that utilization of the excess ammonia from Santa Cruz
 

(-.40 mtpd) be considered for the production of KAP. A study to compare the
 
relative costs of MAP and GTSP would provide interesting results.
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Studies are underway to determine how best to utilize the potassium and
 
lithium salts which have been discovered in the salars. At this time there
 
exist no firm plans for projects to extract potash for use as a fertilizer raw
 

*material. Such projects should be forthcoming based on the optimistic outcome
 
of studies underway at present.
 

The IFDC recommendations for providing lower cost fertilizers to the
 
Bolivian farmers are not dependent upon any of the above projects. The plan
 
recommended by IFDC complements these projects if they materialize, and any
 

......	 succes's a6chie-ved -in market- development-'improves theecnmcviblyofte 
larger projects. 

Fertilizer Practice and Use
 

The small farmer from the altiplano has been applying fertilizer for
 
centuries in the form of animal manure. Chemical fertilizers were almost
 
completely unknown as agricultural inputs prior to the revolution of 1952.
 
After that date, when they were finally freed from the feudal obligation of
 
delivering all of their animal manure to the hacendado (landowner), the
 
campesinos began to apply manure to their own fields.
 

The economic returns were so easily measured that increasing purchases of
 
animal manures from herdmasters in the mountain areas increased the value of
 
these manures cut of proportion to their actual nutrient value. Even so, the
 
price of the l6cally available organic fertilizers and the uncertain supply of
 
imported chemical fertilizers often left the campesino with no alternative other
 
than paying the high price for animal manures to fertilize his most important
 
crop, potatoes. This potato crop was important not only as the basic staple
 
food in his Iamily's diet but also as the prime source of income from the farm.
 

*The use of chemical fertilizer had a late start in Bolivia, yet there have
 
been large vol.ime increases since 1952. The period of 1973-75 reflects the
 
increased cost of fertilizer due to the energy crisis (figure 7). At the
 
present time, between 80% and 90% of all imported fertilizers goes into the
 
production of potatoes, which are grown in the altiplano and valley regions.
 
Over the past 10 years, the altiplano and valley regions have accounted for
 
91.4% of total fertilizer used (table 20). Studies show that, on the average
 
from 1966 to 1976, 70% of all fertilizer imported was applied to potatoes (1,
 
4). While most of the fertilizer is used on potatoes, there are increasing
 
amounts being applied to the citrus fruit plantations and garden-type
 
vegetables, which command fairly reasonable prices in the urban sectors. The
 
mechanized commercial or plantation type of agricultural operations, such as
 
sugarcane and cotton, does not account for a very large proportion of fertilizer
 
consumption. In the tropical areas, it has been found to be more economical to
 
take advantage of the original fertility of the soil resulting from its high
 
organic matter and mineral content. The normal operation is to clear the land
 
and plant 2-3 years of sugarcane and then rotate the land into cotton, corn, or
 
pastures as the available nutrient level begins to decline.
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Table 20. Bolivia Regional Fertilizer Consumption (1)
 

Regions
 
Valley


Year Altiplano Regions Oriente Total
 
-- -- --- ---- mt .--.-.----------­

1966 1,085 1,503 
 155 2,743
 
1967 1,413 2,005 
 279 3,696

1968 2,152 3,012 
 356 5,520
 
1969 1,616 2,229 
 214 4,059
 
1970 1,276 ",910 415 
 3,601
 
1971 2,039 2,916 
 439 5,394
 
1972 2,290 3,258 
 466 6,014
 
1973 4,119 5,844 811 
 10,774
 
1974 1,692 2,605 
 669 4,966
 
1975 2,749 4,037 
 766 7,552
 
1976 2,272 3,334 630 
 6,236
 

Average 2,064 
 2,968 473 
 5,505
 

% of total 37.5 53.9 
 8.6
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The amounts of fertilizer now being applied to wheat and corn are
 
negligible and reflect the fluctuating demand for these products in the
 
marketplace. The domestic production of wheat has not developed as was
 
projected by a number of previous investigators (10)., This has been due to the 

fluctuations of international trade in grain and partly to the benefits of a
 
number of foreign aid programs for imports of wheat and flour. The availability

of imported wheat, coupled with a low price and higher quality, has resulted in
 
greater consumer acceptance of the foreign wheat over any of the domestic
 
varieties. It is always possible that a program to meet the country's wheat
 
needs-will-be developed; -this should be coupled-with-the proper-agricultural--.-. 

inputs for economic production at the local level.
 

Quinoa (Chenopodium quinoa) is a crop that is well known and extensively
 
cultivated in Bolivia and could benefit from a fertilization program (52). This
 
grain crop is produced at higher elevations on small farms. It is very popular

with the campesinos and has many advantages over other small grains. Quinoa is 

produced even more for the on-farm consumption than the potato crop (2, 4). One
 
of the advantages of this crop is its adaptation to poor soils and the inclement
 
and variable climate of the high agricultural areas in the altiplano. It is
 
higher in protein and vitamin content than wheat and could represent an
 
improvement in the diet of the Bolivian consumer. It is now being used for
 
on-farm consumption as a part of the rotation with potatoes. 


The new agricultural areas of the oriente are not realizing their full
 
potential of fertilizer consumption. The land, once cleared of its forest
 
cover, is a virgin soil with high fertility which is systematically drained by

planting sugarcane crops, and only in later years are rotations introduced to
 
include cotton, corn, or rice. These other crops in the subsequent rotation are 

fertilized only to bare minimum amounts. The exploitation of these lands
 
indicates that farmers are moving to new areas rather than investing in
 
fertilizers in the already cleared land areas. This can continue for only a
 
finite time since there is 
a limit to the amount of virgin land available close
 
to the centers of market facilities and with farm-to-market road transportation.
 

Extension Services
 

Background
 

A modern form of agricultural extension services, patterned after those of
 
the United States Department of Agriculture, was established in Bolivia around
 
1947. During the period of 1950-60, there were many extension programs and
 
youth programs (4-S) along with bulletins, field demonstrations, and radio
 
programs to bring the most modern and up-to-date practices to the Bolivian rural
 
population. During this same period the research work began to falter from lack
 
of funds and proper management and the extension service suffered from the same
 
problems. Most of the past problems have been heightened by the lack of funding
 
for normal operating and maintenance costs.
 

Even though the extension service is not as active today as it has been in 

the past, the results of the heavy commitment to the agricultural extension
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service in the late 50's and early 60's are still very evident in the
agricultural community and with the campesino. 
The small farmer is aware of
fertilizer as an input requirement and of the benefits to be derived from the
*organic- or commercial-type fertilizers; he is also aware of the commercial
 names of imported fertilizers and the nutrient content of various materials. 
He
knows, in descending order of purchase preference, the different types of
fertilizers available on the market. 
He is able to make intelligent decisions
as 
to the plant varieties that he will use--early-maturing varieties or
late-maturing varieties--depending on the rainfall and soil moisture content at
...
 the time of planting. 
He also has knowledge of available pesticides.and is 
up-to-date..on-their- latestl costs. 

The capabilities and sophistication of the Bolivian small farmer are
considerably more advanced than what is generally recognized by some government
officials and foreign assistance program personnel.
 

Research Stations
 

Table 21 shows the location of the 15 experiment stations now in operation.
All have been established since 1946; several were developed after 1960. 
 The
discontinuity of research programs and the lack of impact on the agricultural
sector are reasons for minimal results. Most of the disruptions have resulted
from the changes in management due to the various transfers of the research
 program responsibility within the GOB.
 

Community Development Program 

Community development programs, started in the Ministry of Agriculture in
the late 1950's, led to the development of the National Community Development
Service (SNDC) in 1967. 
 Most of the activities of the SNDC are programs focused
on small farmers in the altiplano and the valley regions. 
 The stated objectives
of the SNDC are to integrate the campesino into the process of economic
development, foster social and political awareness, and organize the community
to enhance agricultural production and standard of living (21).
 
The community development program lists 633 technicians who are located
throughout the country. There are 132 central offices, 119 regional offices,331 zonal offices, 35 training centers, and 16 production centers (figure 8).
Over 80% of all personnel work permanently in the rural areas. 
 The supervisors,
technicians, and promoters, both male and female, comprise a dedicated group of
people who live in the outlying districts and meet with their local community
groups on a daily basis. 
 This practice helps to dispel some of the criticism of
the sporadic operation of the former extension service organization.
 

USAID/Bolivia is one of the major technical advisors to the development ofthe organization for small farmers. Much of the funding from USAID has beenused in training and for financing the purchase of vehicles and officeequipment. USAID/Bolivia has underwritten the costs of the technical contractthrough Robert R. Nathan & Associates, Inc., working as consultants for the
economic and social development within the SNDC. 
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The strategy for the implementation of the SNDC goals is both innovative
 
and effective. The plan makes use of a first contact by a group of dedicated
 
individuals, mostly women, who are called "promoters." These promoters make the
 
first contact in selected small, isolated villages with the local women.
 
Programs range from nutrition, child care, and vegetable gardening to raising
 
poultry for home use. Once these promoters have gained the confidence of the
 
village women, they bring in associates to discuss the advantages of organizing
 
a small cooperative. Along with the explanation and demonstration of the
 
advantages of forming the village cooperative which will be a part of the
 
oVeral.l --- .. n other speclihsts for
gra ...the proo 

specific programs and meetings. Formerly, the extension service technicians
 
could not develop the working confidence with the local people that the
 
promoters have demonstrated. The promoters develop this confidence by actually
 
living and spending the major portion of their time in the communities that they
 
are assigned. They walk as do the campesinos from one community to another or
 
use the local rural transportation. There are very few vehicles or motorbikes
 
available for use by the promoters. Initially, this seems to be a disadvantage,

but the effectiveness of spending major portions of their time in the
 
communities is a great advantage. The overall importance of the integrated
 
cooperative and the organization of small farmers are shown in figure 9. The
 
Agricultural Bank of Bolivia, the National Community Development Program, the
 
Agricultural Extension Service, and other institutions working through the
 
integrated cooperatives bring the technical assistance, the credit, the inputs,
 
the sale of the commercial products, small industry, and other benefits to tile
 
campesino.
 

The Rotating Credit for the Development of Small Farmer Organizations
 
(CROFOC) is the organization through which loan funds are channeled to assist
 
the integrated cooperatives and to import fertilizers and other inputs required
 
for the small farmer. The credit is underwritten by donations from both the
 
USAID program and the GOB (for technical assistance). In 1976-77, funds
 
totaling $b 9,504,000 (US $475,200) were approved for use in the program. In
 
1977, the amount was increased to $b 26,500,000 (US $1,325,000), based on the
 
activity and results of the first year's program. The number of participating
 
members in 1976 was 1,145, compared with 2,272 in 1977. In 1977 two integrated
 
cooperatives were formed with each having approximately 1,500 members. In 1978,
 
two more integrated cooperatives were organized, each having between 1,500 and
 
2,000 members. Two more integrated organizations are planned for development in
 
1979 which makes a total of six integrated cooperatives with a membership of
 
10,000-12,000.
 

Soil Testing Laboratories
 

One of the most evident deficiencies of the agricultural program in Bolivia
 
is the lack of an effective soil testing program or a network of soil testing
 
laboratories. There is an active soil testing laboratory under CIAT
 
administration located in Santa Cruz, but this is several (undred kilometers
 
removed from the center of demand for fertilizers. 1 Normnai1y, the time and the
 

1. CIAT is a local Bolivian organization not associated with the Centro
 
Internacional de Agricultura Tropical (CIAT) in Colcmbia.
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variancies oftransport and mailing system work contrary to the utilization of
 
this laboratory. The laboratory was established by North Carolina State
 
University and uses their methods of analysis. The Santa Cruz Soil Testing
 
Laboratory ran most of the soil tests for the British Tropical Soils Mission
 
team that developed the extensive soil map of Bolivia which was recently
 
published (26).
 

The organization ASAR in Cochabamba has gone to the extreme of sending soil 
samples to both Europe and the United States in order to have a representative 

.. check on analyses made at Santa Cruz, The results of-all samples.were within- -... 
the limits accepted for these types of analyses. 

Present Consumption and Projected Consumption of Fertilizer
 

The previous studies on the actual and projected Bolivian fertilizer
 
consumption have usually tried to develop recommendations for specific programs
 
which would justify and validate their future projections (2,4, 1O). As an
 
example, the projectionsthat were developed by the TVA study included a basic
 
program to raise domestic wheat production that could have been a major factor
 
in increasing the overall size of the fertilizer market (10). The study assumed
 
that wheat would absorb more of the nitrogen and phosphorus than potatoes, which
 
currently account for 80%-90% of the fertilizer used. These projections were
 
not realized due to the failure to implement the recommended wheat program. In
 
other studies the developing and expanding area of the tropical oriente, with
 
its large plantation crops such as sugarcane and cotton, was projected to be a
 
large consumer of fertilizer (9). This projection has not materialized. It was
 
also estimated that corn production in all parts of the country would develop
 
into a large consumer of fertilizers; this has not happened (9).
 

Most of the increase is to be in the fertilization of corn and wheat.
 
Tables 22 and 23 show an expected 15-fold increase in use for both N and P on
 
corn. Wheat fertilization is projected to increase from 1,900 mt of nutrient in
 
1982-83 to 14,000 mt by 1985-86. Significant increases have also been predicted
 
for the remainder of the major crops (tables 22 and 23). To date, these
 
projected increases'have not been tied to existing programs or organizations but
 
based on development of future increased fertilization brought about through
 
unknown methods.
 

Present consumption as shown by figure 7 is about 6,000 mt of fertilizer
 
products (N3,000 mt nutrient). The data in table 22 predict a 300% increase to
 
9,000 mt by 1982-83. The recent success shown by the system of integrated
 
cooperatives in fertilizer importation and projections by SNDC (figure 7) would
 
substantiate a prediction of rapid growth of fertilizer use over the next
 
several years.
 

The following projections of fertilizer imports planned by the cooperatives
 
were based on the actual number of members and the loan funds already reserved
 
for this purpose. The 10-year average consumption of fertilizer (1966-76) was
 
5,504 mtpy with consumption declining since 1975 (1). In 1978 the integrated
 
cooperatives imported and distributed 1,500 mt of fertilizers. The projection
 
for 1979 is 6,800 mt to be imported only by integrated cooperatives in operation
 
at the end of 1978 (figure 7) (51). These projected purchases are as firm as
 
can be developed in today's fertilizer market.
 



-------------- 

53
 

Table 22. Forecast of Fertilizer Consumption by Crop and by Region in 1981-82 (9)
 

Potato Wheat Corn Sugarcane Cotton Others Total
 
000 nutrient mt-----------


La Paz N 0.6 0.1 
 0.7
 
P 0.5 
 - 0.5
 
K 0.1 
 0.1
 

Cochabamba N 0.7 0.5 
 0.1 
 0.1 1.4
 
P 0.6 0.2 ­ 0.1 0.9
 
K 0.2 0.2 ­ - 0.4
 

Chuquisaca N 0.5 0.4 0.1 
 0.2 1.2
 
P 0.4 0.2 0.1 
 0.2 0.9
 
K 0.1 0.1 ­ 0.1 0.3
 

Santa Cruz N 0.2 0.5 0.4 
 1.1
 
P 0.1 0.1 0.1 0.3
 
K 0.1 
 - - 0.1
 

Others N 0.3 0.2 
 0.1 0.6 
P 0.2 0.1 0.1 0.4 
K - ­ 0.1 0.1 

Total N 2.1 1.1 0.4 0.6 0.-# 0.4 5
 
P 1.7 0.5 0.2 0.1 0.1 
 0.4 3
 
K 0.4 0.3 0.1 - - 0.2 1
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Table 23. Forecast of Fertilizer Consumption by Crop and by Region in 1985-86 (9) 

Potato Whea t Corn Suga rcane Cotton Others 'Pot a I 
------------- '000 nutrient lit - - --------

La Paz N 1.7 0.3 0.4 0.3 2.7
 
P 1.9 0.2 0.2 0.3 2.6
 
K 0.3 0.1 0.1 0.1 0.6
 

Cochabamba N 2.2 3.9 1.2 
 0.8 8.1
 
P 2.6 1.7 0.6 0.8 5.7
 
K 0.3 0.5 0.2 0.2 1.2
 

Chuquisaca N 1.3 3 1.4 1.3 7.0
 
P 1.5 1.3 0.7 1.3 4.8 
K 0.2 0.3 0.2 0.3 1.0 

Santa Cruz N 2.5 2.6 2.0 0.5 7.6
 
P 1.2 0.8 1.0 0.5 3.5
 
K 0.4 0.4 0.5 0.1 1.4
 

Others N 0.8 2.1 0.6 1.1 4.6 
P 1.0 1.0 0.3 1.1 3.4 
K 0.2 0.2 0.1. 0.3 0.8 

Total N 6.0 9.0 6.0 3.0 2.0 4.0 30 
P 7.0 4.0 3.0 1.0 1.0 4.0 20
 
K 1.0 1.0 1.0 0.5 0.5 1.0 5
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Marketing and Distribution
 

There are 20 firms in the business of importing and selling fertilizer
 
materials in Bolivia. 
 This is a reduction from-'14 
when there were

approximately 26 firms involved in the sale andJehandling of fertilizers. 
The

largest company, W. R. Grace & Co., was recently sold to Alke & Co., 
a local
 
distributor. 
Each of the two large companies, Alke and Serihcio Agricola
Comercial (SAC), had between 20 and 35 retail outlets in ]969-73 .This-has-now
I
-been
... educed to pproximately haIf that number.
 

Major use of chemical fertilizers began in Bolivia in 1960 when
approximately 1,350 mt was sold. 
Even though there has been an increase in

subsequent years, the marketing effort and technical service offered by the
fertilizer companies have not developed to a great degree. 
This is due in part
to the nature and attitude of the commercial companies involved in importing

fertilizers. In all companies, fertilizers are a sideline along with other

agricultural inputs such as pesticides, small machinery, hand tools, and
veterinary medicines. 
For the most part, the distributors are commercial
 
companies set up as manufacturers' local representatives. This representation

includes everything from toothpaste to refrigerators and various other items
that make up the commercial activity in a developing country. 
Fertilizers must
compete with other imported products",within the local company on a comparative

margin. If the returns for fertilizers are low in comparison, the companies
quickly lose interest and do not import or store any type of fertilizer. The

importing companies with this attitude generally do not plan ahead and do not
purchase at the best possible time or price; they do not anticipate the need to
warehouse or stock products in advance. 
They simply pass on to the consumer the
 cost of importing the type of fertilizer brought into the marketplace. The

small farmer is forced to purchase whatLver products happen to be imported by
the local distributors. 
 The prices are usually not favorable to the farmer when
compared with prices paid by other farmers in the world. 
In addition, the small
farmer receives little or no 
technical service, credit assistance, or delivery
facilities which would normally be expected from fertilizer distributors.
 

At the present time all fertilizers are imported and handled in bags.
undetermined number of all fertilizer sales to the small farmer are in 
An
 

quantities less than a bag. 
Most of the various markets around small villages

and communities have agricultural inputs such as fertilizers and pesticides for
sale in packages of 1 kilo or less. 
 This method allows not only for

adulteration of the products but also for outright misrepresentation of the

material being sold. It 
was observed in various markets that granular TSP was
 
being sold for granular DAP since these products have similar physical
 
appearance.
 

It was noted that fertilizer is not available in the rural areas of Bolivia
where it is needed most. It is found normally in the larger urban centers of
the country and even this is not on a consistent basis. All types ofpromotional activities, normally carried on by dealers and distributors in the
form of farmer meetings, demonstrations, educational brochures, films, slideshows, and personal contact, are nonexistent in the Bolivian marketplace. Thislack of organized marketing operations penalizes the Bolivian small farmer. 
Hiscosts are high and services from the distributor are almost nil. Also there isthe likelihood of misrepresentation of the products offered in the marketplace. 
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It can easily be projected that the cooperative projects being developed by
 
the SNDC in Bolivia could easily fill the marketing and distribution vacuum that
 
has been left by the commercial companies and quickly make an impact on the
 
availability of agricultural inputs to the small farmer. This, along with
 
supervised credit and technical assistance to the small farmer, makes the
 
program a definite winner. The merit of the cooperative projects has already
 
been demonstrated in the Potosi and Cochabamba areas where 1,500 mt of
 
fertilizer was imported by the integrated cooperative project 'and distributed to 
the small farmers (49).
 

Economic Returns from Fertilizer Use
 

The major agricultural areas in the altiplano and valley regions of Bolivia
 
have been utilized for agriculture for many centuries. As a result, dramatic
 
crop response increases to fertilizer applications are realized. Even with the
 
extremely high cost of the imported fertilizer, economic returns justify the
 
utilization of plant nutrients. Most of the subsistence crops such as potatoes,
 
corn, and wheat have maintained their respective high market value as a result
 
of a high continuing demand from the urban population. This is compounded by
 
the large percentage (80%) of the rural population that relies on the production
 
of subsistence food crops for their diet requirements. It is estimated that the
 
consumption of potatoes by rural adults is 5 lb (2.2 kilo )/person/day.
 
Reported research results show that on an average the percentage of increase in
 
yield due to fertilization of potatoes is 155%; for wheat, 125%; and for corn,
 
192% (table 24). More recent CID results for potatoes (table 25) indicate
 
increases of 140% on one treatment and 150% on another. There is still a margin
 
between the hypothetical yields based on the optimum fertilization of all
 
potatoes in cultivation and the actual consumption requirements by the urban and
 
rural populations. Even with the use of adequate fertilizers, higher yielding
 
varieties, earlier- and later-bearing varieties, and efficient use of
 
pesticides, surplus production of potatoes would not occur. The annual
 
population increases and potential for industrializing production into process
 
and package potato products should preclude any excess; however, these processed
 
potato foods are not now widely known or used in the Bolivian market.
 

Table 25 also shows that even when considering the present high cost of
 
fertilizers and other agricultural inputs that high application rates of
 
phosphate fertilizer can increase profit/hectare by as much as 338% when
 
compared to local practice (this becomes over 4,000% when compared to no
 
fertilization).
 

Phases for Implementation of Cost-Reducing Recommendations
 

Due to the excessive markups charged and the scarcity of fertilizers,
 
exorbitant prices are being charged the farmer--$b 700 (US $35) per 50-kg bag of
 
urea and DAP which equals $b 14,000 (US $700)/mt.
 

0 
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Table 24. 
 Summary of Crop Response to Recommended Fertilizer Practice (1967) (1)
 

Fertilizer
 
Recommendations
Yield Without 
 Yield
Crop Fertilizer (kg/ha) 	 (kg/ha)
with Fertilizer 
 % Increase N-P0 -K 0
Potato 
 9,000 
 23,000 
 155 
 80-60-0
 

60-120-0
 
Wheat 
 600 
 1,350 
 125 40-20-0
 

Corn 
 600 
 1,750 192 
 80-60-0
 

60-40-20
 
Sugarcane 
 45,000 
 70,000 
 55 	 80-50-0
 

80-50-50
 
Rice 
 1,700 
 2,000 
 17 	 40-20-0
 

40-20-20
 



Table 25. 	 Revenue and Cost Comparisons for the Commercial Yield of Potatoes from 80 kg of 
Ni t rogen and Var ious Lfevels of -Pli osp!_itn. ri!is per, haL in Te''s t Pots.! (27) 

Tota I Gross 
Trea tielt Total Variable Changes Changes Gross Profi t/haa 

Location P2 0 (kg/ha) Reveiutie/Ia Costs/ha ill Revenue in Cost Prot t/f a US $ 
peso)s ($I)) - - - - - - - - - - - - ­

-

Rakay Pampab locale 25,050 7,470 	 17,580 879 
0 11,787 4,295 (13,263) (3,175) 7,492 375 

40 35,855 7,258 24,068 2,963 28,597 1,430 
80 39,292 7,872 3,437 614 31 ,420 1,571 
120 51,078 8,795 11,786 923 42,283 2,114
 
160 47,152 9,130 (3,926 ) 335 38,022 1,901 

Cruz Patad local 10,315 7,470 	 2,845 142 
0 5,89:3 4,533 (4,422) (2,937) l,1360 68 

40 10,6313 ,856 4,420 2,323 3, 457 173 
80 3,261 7,oll 2,948 755 5, 60 282 

120 15,716 8,310 2,455 699 1,406 370 
160 18,664 9 ,0,4 2,948 754 9,600 480 
200 17,190 9,418 (1,474) 354 7,772 389 
240 18,172 9,986 982 568 8,186 409
 

(C___ _ _ w(-... .......... . ..
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In order to alleviate some of the problems, a program is proposed to effect
 

a lowering of price and an increase in availability. The program consists of a
 

sequence of actions to allow the small farmers to reap benefits almost
 

immediately and then to have those benefits compounded in the form of lower cost
 
implemented.
and greater availability of fertilizer as future project phases are 


The IFDC recommendations for reducing fertilizer costs to the small farmer
 

consist of six phases. Even if the initial thrust seems insignificant, the
 

movement through the six-phase program would provide increasing benefits and
 

incorporation and complementation of planned fertilizer projects.
 

A graphic representation of the fertilizer cost reduction plan is shown in
 

figure 10. This figure depicts Phase I as serving the Bolivian market through
 

the importation of only high-analysis bagged materials--DAP, MAP, and urea.
 

(Potash is not considered here since tests indicate minimal response to this
 

into the bulk handling and bagging aspect utilizing
nutrient.) Phase II moves 

MAP or DAP; these are less subject to degradation than urea. Phase III extends
 

bulk handling to include urea and incorporates a blending operation. During
 

Phase IV, locally available materials such as urea from YPFB and phosphates from
 

the RTZ project would be incorporated. Phase V is the expansion phase in which
 

other blending plants are built in high-use areas. Finally, Phase VI would
 

incorporate the use of locally available potash materials which, by this time,
 
would probably be required in certain areas.
 

The following is a detailed discussion of the six-phase program with an
 

explanation of the phases.
 

Phase I
 

This phase is merely an extension of the present fertilizer supply
 

procedure, that is, the importation of bagged materials. However, only DAP or
 

nongranular MAP and urea will be considered (obtaining materials of the
 

highest analysis possible to reduce transportation cost per ton of nutrient).
 

This plan is suggested instead of importing in bulk and bagging at the port. In
 

Bolivia's case the dockside bagging procedure would result in a loss of control
 

since the port is in a separate country. Even with the treaties between Bolivia
 

and Chile and Bolivia and Peru, there would not be sufficient control to ensure
 

the success of such an undertaking.
 

In order to secure lower priced fertilizers in the short term, several
 

actions can be taken even with the present situation of importing in bags:
 

basically, the requirement is to incorporate better business practices in every
 
phase of purchasing and delivery of the fertilizer. One major step would be to
 

tender for the fertilizer purchases to secure contract prices as opposed to
 
"spot" purchases. Business practices which can be undertaken to effect an
 

immediate price decrease are as follows:
 

1. 	 As mentioned, contract versus "spot" purchasing;
 

2. 	 Shipment in volume to get the benefit of lower per-ton freight costs;
 

3. 	 Negotiations with carriers to take advantage of space available on ships
 

destined for Chile or Peru;
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IFDC RECOMMENDATIONS 

PHASE 1 IMPORT BAGGED HIGH-ANALYSIS MATERIALS: UREA, MAP/DAP 

PHASE 2 IMPORT MAP/DAP. BULK BAGONLY LOCALLY 

UREA.BAGGED
'19 


A 
,,, 

PHASE 3 IMPORT ALL BULK. BEGIN BLENDING 
'80 

I
 

INCORPRATEI
YPFB- UREA 


PHASE 4 INDICENIOUS 
W82,.83 


R ' PHOSPHATES MATERIALS 

RTZ.PAS PHS5AE
 

'82 

PHASE 6 

'83 .'84 USELOCAL POTASH FROM SALARS 

Figure 10. Chronological Relationship of Suggested Phases 
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4. 	 Agreements with Chile or Peru to make joint fertilizer purchases to
 

increase volume;
 

Handling of the fertilizer imports through the integrated cooperatives
5. 

which should result in a low markup;
 

6. 	 Use of direct inland transport from the port, bypassing interim storage, 
savings as well as a decrease in handling losses;resulting in immediate 

28.5 	 mt are
7. 	 Ensuring that fully loaded railcars of amounts greater than 

per metric ton); andshipped (this results in the lowest rate 

to determine the best time
8. 	 Monitoring world fertilizer market conditions 

for releasing tenders.
 

made 	 to improve on current practice.Most of these recommendations are 
only a few dealers who regularly handle fertilizers, and

There are, at present, 

they appear to have no incentive to improve service or lower price. There are
 

create
that these dealers may hold fertilizer off the market to 
even rumors 

The dealers engage in almost
artificial shortages and maintain higher prices. 


no
 
no marketing activity. There is no pre- or post-purchase support rendered, 

services by dealers; little instruction to improve fertilizer use;extension 
almost no advertising; no formal distribution system outside 5 or 6 major
 

and little activity to improve the situation or increase availability.
cities; 


It was as a result of such actions and lack of service by the dealers that 

the integrated cooperatives began to import their own fertilizers. During 1978, 
mnt of fertilizer as a 

two cooperatives in Cochabamba and Potosi brought in 1,500 
Lhrough SNDC/Nathan Associates. SNDCdirect purchase. This purchase was handled 
the bid of Agricultural andrequested bids for the shipment and accepted 

Industrial Chemicals, Inc., 	of New York.
 

cost 	 toThis 	 importation plan resulted in a documented, delivered 

of $308 and $297, respectively. 2 Even these prices
Cochabamba for DAP and urea 

were 	 being charged by the establishedwere 	 substantially below those which 

not merely interesting but quite
dealers ($400 and $380, see table 17). This is 


astounding. Even with a very small shipment, exorbitant ocean freight charges,
 

at least a 10% premium f.o.b. price, and practically no experience in this type
 

supply fertilizer more
of business, the cooperatives were actually able to 

cheaply than established suppliers who presumably were using the best bargaining 

and transport methods. The fact that excellent results were achieved on the 

first attempt further supports the assumption that additional improvements in
 

can be achieved through experience gained in the
the form of decreased costs 

continuation of this procedure.
 

Nongranular HAP is recommended for the following reasons:
 

1. 	 This material provides a price advantage/kilogram of nutrient over DAP, the
 

preferred 	fertilizer in Bolivian agriculture. This price advantage is
 

Due to the high cost
effective only when comparing straight MAP and DAP. 


of urea per kilogram of nutrient, the cost advantage of MAP is negated by
 

increase nitrogen levels. Greater
the added value of urea supplied to 

a specific NPquantities of urea are required with MAP than DAP to 	yield 

mixture (see table 26).
 

2. From integrated cooperative waybills.
 



63
 

Table 26. Production Possibilities in Bulk-Blend Facility
 

Raw Material, 
 Raw Materials,

Ratio kg/mt Grade Annual Productiona mt Required
 

1-1-0 DAP - 622 28.6-28.6-0 
 4,976
 
Urea - 378 8,000 3,024
 

1-1.5-0 DAP - 784 24-36-0 
 9,408
 
Urea - 216 12,000 2,592
 

1-1-0 MAP - 535 26.8-26.8-0 4,280
 
Urea - 465 8,000 3,720
 

1-1.5-0 MAP - 663 22-33-0 7,956 
Urea - 337 12,000 4,044 

a. Based on 20,000-mt/yr production.
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Most of the fertilizers now used in Bolivia are used on phosphate-deficient
2. 

soils.
 

3. 	 The present application methods (mostly by hand) do not-warrant granular
 

fertilizers which are suitable for use in mechanical applicators.
 

. The-final costs involved in:supplying a l-l--0,ratio or-.aA-l.5-Oratio
 
using IAP and urea er DAP and urea are practically equal (table 27)'on a
 

cost/kilogram of nutrient basis (assuming equal value for both N and P205).
 

Therefore, there exists no price advantage in the use of either product during
 

the initial phases. When arriving at Phase III, however, there is a distinct
 

,advantage to recommending nongranular MAP. This advantage will be discussed at
 

greater Kength at that point.
 

Phase II
 

In this phase the cooperatives will begin to import DAP or nongranular MAP
 

in bulk; for the bagging operation, the bulk material will then move to
 

Cochabamba. Urea will still be imported in bags; this will represent only about
 
'
 

one-fourth of the total fertilizer being imported. The bagging operation will
 

require a limited investment and a small amount of equipment (table 28 and-,
 

figure 11): one bagging machine with spare parts, a front-end loader anL.­

storage building. The bagging machine should be of the simplest design possible
 

and adaptable for packing both 25- and 50-kg bags (see equipment specifications,
 

annex 2). Both 25- and 50-kg bags have been specified in an attempt to reduce
 

product adulteration which is prevalent when large bags are opened and smaller
 

quantities sold. This would also enable the farmer to achieve more easily the
 

recommended application rates without buying partial bags. Guarantee tags
 

should be placed on the bags to assure the purchaser of the nutrient content and
 

weight for unopened bags.
 

The recommended site for the bagging operation and later the blending
 

There are several reasons for this choice: (a) the valley
plant, is Cochabamba. 

regions, of which Cochabamba is near the center, account for the greatest use of
 

fertilizers in Bolivia (see table 20),, (b) the cooperatives have experience in
 

importation from 1978, and (c) Cochabgimba has good transport links to other
 

areas.
 

Phase III
 

The third phase of the project consists of establishing bulk-blending
 

facilities at Cochabamba to complement the bagging system installed in Phase II.
 

The existing storage facility and the storage area for bagged material would be
 

used. By this time use rates should have increased such that both the urea and
 

MAP could be imported in bulk. The additioi.al equipment required for blending
 

is listed in table 29, annex 2, and shown in figure 12. The total complex is
 

visualized in figures 13 and 14. The only difference between the plant
 

suggested here and those in use in the United States is the addition of a
 

v rshcr-:Tor the urea. Crushing the urea will render it compatible (sizewise) 

with 	nongranular MAP. This also reduces the quality control requirements for
 

the urea.
 

http:additioi.al
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Table 27. Raw Material Cost Used in Blends 

Ratio 
(Grade) 

Raw Materials/ 
Product 

mt --- -

Estimated Cost 
of Raw Materials, 

c.i.f. Cochabamba 
- $/Mt- -

Cost of 
Raw Materials 

- $ 
$/kg of Nutrient 

1-1-0 
(28.6-28.6-0) 

DAP - 0.622 
Urea - 0.378 

228.88 
203.88 

142.36 
77.07 

219.43 0.384 

1-1-0 
(26.8-26.8-0) 

MAP - 0.535 
Urea - 0.465 

213.88 
203.88 

114.43 
94.80 

209.23 0.390 

1-1.5-0 
(24-36-0) 

DAP 
Urea 

- 0.784 
- 0.216 

228.88 
203.88 

179.44 
44.04 

223.48 0.372 

1-1.5-0 
(22-33-0) 

MAP 
Urea 

- 0.663 
- 0.337 

213.88 
203.88 

141.80 
68.71 

210.51 0.383 

(18-46-0) DAP - 1.0 228.88 228.88 0.358 

(10-50-0) MAP - 1.0 213.88 213.88 0.356 

(46-0-0) Urea - 1.0 203.88 203.88 0.443 
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Table 28. Estimate of Cost of Equipment and Installation
 

Equipment Required
 
for Phase II--Bulk Unloading, Storage, Bagging Cost Estimate
 

1. 	Storage building with sufficient area
 
IForut-fi-re-ins't.alltion of bulk-blend equipment
 

Total area = 400 m
 
Storage area with/bays for 4 raw materials 0
 
With capacity of 20,000 mt, total I00,000
 

2. 	Elevator 10,000
 
3. 	Bagging machine and associated equipment 20,000
 
4. 	Front-end loader 12,000
 

Total equipment costs (TEC) 42,000
 
Spare parts (10% of total equipment) 4,200
 
Ocean freight and export packing (25% TEC) 10,500
 
Total delivered equipment cost 56,700b
 

5. 	Total facility 156,700
 

a. 	Price for prefabricated wooden structure. This estimate would be for a
 
reinforced concrete structure based on U.S. construction costs which would not
 
necessarily be needed in this instance.
 
b. Assuming adequate warehouse facility can be procured on rail spur for
 
$100,000. This is a local currency expenditure.
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PHASE 2
 

/7 I BuLOAD R 

Figure 11. ApparatuLS for Baggliig of 1MAP/DAP Received in Bulk 
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Table 29. Cost Estimates for Phase IlIa
 

Additional Equipment Required for Phase III 	 Cost Estimate
-.- .-.us $. .
 

1. 	Weigh system 7,500
 
2. Conveyors 4,000
 
.t..Batch~mix (1 mt)~7-500. .
 
4. 	Mill 2,500
 
5. 	Hoppers and ducts 2,500
 
6. 	Electrical 2,500
 
7. Front-end loader (additional) 12,000
 

Total equipment cost (TEC) 38,500
 
8. 	Spare parts (10% TEC) 3,900
 
9. 	Ocean freight and export packing (25% TEC) 9,600
 

Total delivered cost blending equipment 13,500
 
10. 	 Bagging equipment cost 56,700 56,700
 

Total delivered equipment cost (TDEC) for blending and bagging 108,700
 
11. 	 Contingency (15% TDEC) 16,300
 

125,000
 
12. 	 Building 100,000
 
13. 	 Contingency (15% building cost) 15,000
 

Total Building 115,000
 

Total facility estimate (TDEC and subtotal) 	 240,000
 

a. 	No inflation or escalation considered.
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PHASE 3
 

I 'K liIINm nl ll OIR 

CRUSIEER 

Figure 12. Blending Equipment Required 
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reason for suggesting
The size compatibility offers the ultimate 

By utilizing this crushing
nongranular MAP as the preferred phosphate material. 


This enables the use of
scheme, the urea will blend easily with the MAP. 


prilled urea (which will ultimately be available from Sanlta Cruz) and
 

standard-grade potash. When blending operations use DAP as a phosphate source,
 

the urea and potassium chloride (and other ingredients) must be in similar
 

There are two methods of obtaining a compatible mixture:
granular form. 

....
(1).- prchase -urea"and potash-in--granular form or-(2) purchase,DAP as-small..
 

granules which are compatible with available urea prills. Both of these
 
in the
alternatives result in higher prices due to either limited supply, as 


case of granular urea, or purchase of a specially produced material, as is the
 

case with smaller-than-standard-sized DAP. Actually, neither DAP nor KCI are
 

available conmercially in sizes which would be compatible with prilled urea.
 

Phase IV
 

This phase would mark the incorporation of indigenously produced
 
At this time the two materials
fertilizers into the bulk-blending arrangement. 


under consideration would be urea from the YPFB plant and phosphates from the
 

fertilizer facilities associated with the proposed RTZ zinc refinery.
 

The use of locally produced materials should offer several advantages. The
 

raw material supply would be under Bolivian control. Even if no price advantage
 

became evident, the foreign exchange element would decrease. There would exist
 
raw materials and those
clear incentives for the parties involved in supply of 


in the bulk-blend and distribution business to work closely to increase
 

efficiency and to provide better service to the farner.
 

Phase V
 

As the local demand for fertilizers continues to increase, the capacity of
 

the small blending unit will become inadequate for the local market, even though
 

the 1-ton batch-blend plant offers a great deal of flexibility. Dependent on
 

the number of shifts utilized, this plant has the capacity of producing
 

80,000 mtpy. However, long before this level is reached, it will probably
 

become apparent that other blend plants are required to serve high-use areas.
 

At this time, alternate sites would be chosen to optimize the cost of shipment
 

of raw materials and the distribution of bagged product.
 

Phase V would probably continue as the fertilizer industry expands. Plants
 

would be added as they were needed or in anticipation of the need for greater
 

production or more flexibility in certain areas. Logical locations for future
 

blend plants would be at the sites of the nitrogen and phosphate plants.
 

The simplicity of the initial operation provides the opportunity for
 

additions to increase,production rate and handling efficiency as volume and
 

expertise warrant. For example, under-track unloaders and raw material
 

conveying systems or automatic batch-weighing systems could be added to the
 

initial equipment package at a later date.
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As is evident from figure 10, Phases IV and V are actually independent
 
steps. The alternate route shown from Phase III to V would be viable if delays
 
develop in the completion of the local plants or in the lack of development of
 

*local resources. By the same token, there is no reason why expansion to more
 
blending units could not take place prior to the incorporation of locally
 
produced materials. In fact, if this were to happen, it is conceivablelthat
 
further market development would follow, causing the local projects to appear
 
more feasible.
 

Phase VI
 

This phase would involve the use of locally available potash from the
 
salars in the southwestern part of Bolivia. Potash is considered last in this
 
plan due to the lack of response to potassium reported for most areas. Also,
 
the value added for transportation and handling of imported potassium chloride
 
could easily be twice the f.o.b. purchase price.
 

Since the KCI should be available in crystalline or granular form depending
 
on 
the recovery process, this material is relatively easily transported in bulk
 
and should lend itself well to the bulk-blend operation.
 

Cost Analysis of Bulk Handling and Blending 3
 

When considering the costs involved in this bulk-handling and blending
 
program, it is evident that the costs of the equipment and plant operation are
 
relatively insignificant compared with the raw materials cost. This would tend
 
to indicate that, barring exorbitant penalties for small volumes, bulk blending
 
could yield benefits at almost any use volume.
 

IFDC estimates of current fertilizer prices used in the following cost
 
analysis are shown in table 30. Shipping cost estimates were obtained from
 
prices published for recent shipments to Chile. These costs are somewhat lower
 
than those obtained from the importation effort of the integrated cooperatives.
 
Generally, some small fluctuations can be attributable to market conditions at
 
the time of purchase. The actual variation between the cooperative prices and
 
IFDC estimates is less than 10% on an f.o.b. U.S. Gulf basis. The major
 
difference is in the ocean freight involved, part of which could be attributable
 
to use of vessels of U.S. registry and to the small size of the shipment
 
(1,500 mt). 

Present fertilizer prices in Bolivia are shown in table 17: $400 and 
$380 for DAP and urea, respectively, c.i.f. Cochabamba. Since no ROI 
calculations are included in the analysis for the blend plant and since the 
actual markups included on the DAP and urea prices are unknown, comparison will 
be made using f.o.b. U.S. Gulf prices and adding the appropriate freight and 
handling charges. 

3. All costs in this section are reported as U.S. dollars unless noted 
otherwise. 
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The equipment costs for the blend plant are shown in tables 28 and 29.

The equipment has an estimated value of about $125,000 while the building is


4
estimatediat $115,000.
 The total estimated cost of $240,000 shown in table 29
does not include the cost of land or inflation effects.
 

Table 31 shows the labor involved in the operation of the plant. .The
assumption is made that the bulk-blend equipment is operated one shift/day

during a 5-day week. The total production capacity is assumed to beO
l0mtph or..
80 mtpd. Salariedlboir<-pers-onfie-depicted in table 31 are assumed to have
 
salaries of just under $10,000 per year. 
The assumption is also made that

hourly labor is available as production warrants. The labor rate for hourly

workers has been assumed to be $3/day.
 

Estimated production costs, not including raw materials, are presented in
tables 32 and 33. Costs are estimated on an annual basis and also on a per-ton
basis. Some differences exist in these numbers due to rounding. 
Based on

volume the variation of costs on a per-metric ton basis ranges from $20.08/mt at
the 5,000 mtpy level to $i0.58/mt at the 30,000 mtpy level. This nearly 50%
 
cost decrease with volume proves insignificant when raw material costs are
 
considered.
 

Raw materials considered in this analysis are shown in table 34. 
The

estimated costs per mt of DAP, MAP, and urea delivered to Cochabamba are

$228.88, $213.88, and $203.88, respectively. The value added to urea

delivery costs'is almost 60% of the f.o.b. price estimate. 

for
 
Therefore, the


importance of shipping and handling costs and the control of these become
 
evident.
 

The raw materials required for blending of various fertilizer ratios have
been calculated. Two ratios (1-1-0 and 1-1.5-0) are chosen based on the IBTA

recommended fertilization rates (kg/ha) for the altiplano, 80-80-0, and the
 
valley regions, 80-120-0 (tables 26 and 27). For discussion purposes the

assumption is made that 60% of the production is supplied as 1-1.5-0 with the
remaining 40% as 1-1-0. 
 In reality several grades would be produced to meet
 
differing fertilization requirements; these should be determined by soil
 
testing.
 

Cost comparisons of a typically available 1-1-0 ratio bagged fertilizer,

20-20-0, and the highest grade of 1-1-0 ratio which could be supplied by
blending, 28.6-28.6-0, and comparably blended 20-20-0 using filler reveal
 
several interesting points (table 35). 
 The overall cost per ton is marginally

lower using the bulk blend. However, when considering the cost per kilogram of

nutrient we see that, due to 
the possibility of more concentrated formulation,

the advantage of the blend is a two-thirds reduction in cost. 
When directly

comparing chemically granulated, bagged 20-20-0 with the same analysis material
produced by bulk blending, the advantage is even more apparent--$170 versus
 
$240. The assumption is made here that a suitable filler material is available
 
locally at a cost of no more than $10/mt. 

To take a cursory look at the profitability factors affecting this plant,

it is evident from tables 36 and 37 that, assuming production of 20,000 mtpy, a
substantially lower cost/metric ton results than when considering bagged
imported materials. Working capital is assumed to be a 6-month supply of raw 

4. Includes 15% contingency cost. 

0)
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Table 31. Labor Cost for Bulk-Blend Facility
 

rotary blender capable of production at a rate of 10 mt/hr and
Basis: 1-ton 

operation for 1 shift/day. Normal production = 80 nit/day 

Labor Requirements Us $ 

1. Annual 
Plant Manager, $400/mo x 12 mo 4,800 

Operators 
Front-end loader, 
Mixing 
Bagging 
Mechanic 

TOTAL A.NUAL 

150/mo x 
100/moo x 
SO/mo x 

100/m1o x 

12 
12 
12 
12 

no 
mo 
'no 
mo 

1,800 
1,200 

960 
1,200 
9,960 

2. Hourly labor (varies witih production rate) 
4 baggers 

3 storage and loading 
1 raw materials unloading and general 

8 @ $3/day = $24/shift labor cost 
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Table 32. Labor Costs Required for Various Production Rates 

Rate _5000 10,000 15,000 20,000 25,000 302000 

Days required 63 125 188 250 a 313 3 65b 

Total hourly labor costs 1,512 3,000 4,512 6,000 7,512 9,000 
Annual labor costs 9,960 9,960 9,960 9,960 9,960 9,960 
Total labor costs 11,472 12,960 14,472 15,960 17,472 18,960 

Cost/nit 2.29 1.30 0.96 0.80 0.70 0.63 

a. Begin additional shift. 
b. At least 10 days of 2-shift operation required. 
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Table 34. lmport Cost for Bulk 'lateriels for Blending
 

Materials, US $/mt
 
DAP RAP Urea
 

1. 	Fertilizer cost, f.o.b. Gulf 155.00 140.00 130.00
 
2. 	Ocean freight and insurance 15.00 15.00 15.00
 

Port charges a
3. 

a. 	Unloading 2.85
 
b. 	Other charges 3.50 7.21 7.21 7.21
 
c. 	Loading 0.86
 

4. 	Duties and tariffs 
a. 	Port
 
b. 	Bolivij 7.10 7.10 7.10 

5. 	Freight = tofagasta-Ollague 9.02 9.02 9.02
 
6. 	Freight lague-Cochabamba 33.05 33.05 
 33.05
 
7. 	Incidentat costs 
 2.50 2.50 2.50
 

Total delivered raw materials cost 228.88 213.88 203.88 

a. 	Assume direct shipping (table 12). 
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Table 36. Calculation of Working Capital
 

For 20,000-mt/yr production, the assumptions for working capital will be 
a 
6-month s;upply of raw materials (10,000 mt) + a 2-month supply of bagged 
product. 

Annual Requirement Price
 

IAPa 14,384 x (0.5) = 7,192 x 228.88 = $1,646,105
 
Urea', 5,616 x (0.5) = 
2,808 x 203.88 = 572,495
6-month supply of raw materials $2,218,600 

2-month production = 3,333 mt of bagged product 
1-]-0 (0.4)(3,333) = 1,333 x 219.43 = $ 292,500 
1-1.5-0 (0.6)(3,333) = 2,000 x 223.48 - 446,960 
2-month production $ 739,460 

Total Working Capital $2,958,060 

Interest on Working Capital (1 0 %)b $ 147,900
 

$/Mt $7.39
 

a. Talc 26. o
b. Calculated on average working capital (1/2 of total). 
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Table 37. Profitability Factors (Sensitivity Analysis of Selling Price)
 

Plant Investment: $240,000 Working Capital: $2,958,060 Total: $3,198,060
 
Annual Depreciation: $13,600
 

Total Annual Operating Cost, $/yr:
 
Operating 20,000 x 11.55 = 231,000
 
Int. on W.C. 20,000 x 7.39 = 147,900
 
Admin. Exp. 20,000 x 2.00 = 40,000
 
Total Operating Cost 418.900
 
Total Raw aterial Costa 4,437,200
 
Total Annffual Cost 4,856,100
 

Annual Sales Total Income 
Production, Price, Net Sales Annual Gross Afterb Cash Flow Payout 

mt $/mt Revenue Cost Income Taxes N.l. + Dep. Period 

20,000 230 4,600,000 4,856,100 (256,100) (256,100) (242,500) ­

20,000 240 4,800,000 4,856,100 (56,100) (56, 100) (42,500) ­

20,000 250 5,000,000 4,856,100 143,900 143,900 157,500 1.5 
20,000 260 5,200,000 4,S56,100 343,900 343,900 357,500 0.7 
20,000 270 5,400,000 4,S56, 100 543,900 543,900 557,500 0.4 
20,000 280 5,600,000 4,S56,100 743,00 74:,900 757,500 0.3 

a. Includes shipping and handling charges to Cochabanha 
b. Assume tax concession for first 5 years of operation.
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materials and a 2-month supply of bagged product. 
The total annual raw material
 
cost is about $4.4 million. This results in an 
annual cost of $4,856,000 with a
 
break-even cost of about $243/mt. 
If a markup of 25% on this cost is assumed, a
 
selling price of about $304 results, almost $100/mt lower than the existing

market quotes. Even if the assumptions used in arriving at these figures are in
 
error as much as $50/ton, the blend price is still competitive with imported

bagged goods.
 

To emphasize the importance of f.o.b. purchase price and freight rates,

table 38 and figure 15 show that the fixed cost (using bagging cost as an
 
estimate) is only $8.34/mt with variable operating costs increasing this very

little at high production rates. Hence, the most important considerations are
 
securing purchase contracts at the minimum levels and doing the utmost to obtain
 
reasonable freight rates.
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Table 38. Cost of Baging Only in Blend Plant 

Labor 
11ourly labor 

4 bagging 
3 truck loading or storage 
1 charging system 
8 men @$3.00/day = $24.00/day 

mt bagged per day 80 mt 

Bagging cost/mt = $0.30/mt
 
Electrical = 0.02/mt
 
Payloader fuel = 0.02/mt
 
Bags (20 @ $.40/bag)a = 8.00/mt
 

TOTAL $8.34/mt 

a. Imported bag cost, local bags at 
$.70 each which increase the per-mt 
cost to $14.34/nt. 
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o N
~$20 

BULK-BLENDING COST 

~ $15BULK- BLENDING COST 
caFIXED COST $14.34/MT1 b 

$10-


FIXED COST =COST OF BAGGING ASINGLE COM PONENT=- 8.341 MTa
 

$5 

0 00 M0OO 15,000 20,000 25,000 30,000 35,000 40,000 

VOLUME 

a. Using imported bags. 
b. Usinug local bags.
 

Figure 1.5. F-ixed and Variable Blending Costs
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ANNEX I
 

Description of Bulk Blending
 

The term "bulk blend" has been defined as the physical mixing of several
 

"fertilizer materials" to yield a product with two or more major fertilizer
 
The actual bulk-blend operation is
nutrients; no chemical reaction takes place. 


depicted in figure 16. Evidenced in this figure are the various steps involved
 

in bulk-blend production.
 

The initial step consists of receiving the fertilizer materials. These
 
Due to cost
materials are usually DAP, urea, TSP, KC1, AS, and others. 


use the highest analysis materials
considerations, it is usually best to 

available (DAP, urea, and KCl). These materials are received in bulk by either
 

rail or truck and unloaded by mechanical methods (either under-track unloaders
 

and belts or with special dump pits if trucks are us !). Manual unloading
 

methods can be used if relatively small quantities are being handled and if
 

manpower is plentiful.
 

The second step in the bulk-blend operation is storage of the raw
 

materials. The raw materials are moved to a protected storage area using belts
 
or bays near the blending
or front-end loaders and are usually stored in bins 


equipment.
 

Step 3 consists of reclaiming the materials from storage and charging a
 

cluster hopper feeding system or going directly to the weighing apparatus. The
 

simplest route is to reclaim from storage by a payloader and dump directly into
 

the weighing system. In high-volume automated plants, the weigh system can
 

operate automatically with the operator only maintaining materials in the
 
charging system.
 

Step 4 is possibly the most important in the entire bulk-blend operation,
 
the actual weighing of the raw materials. The accuracy with which this is
 

accomplished directly determines the accuracy with which the desired analysis
 

can be achieved. Usually a weigh hopper suspended by a mechanical or electrical
 

weighing device is used for this duty. For manual operations, the operator in
 

charge of weighing would supervise the batching operation to ensure that proper
 

weights were achieved.
 

In step 5, materials are placed into a mixing apparatus. This apparatus
 

may be of the rota*-y blender type shown in figure 13, or it may be one of
 

several other types. These types include: the "cement mixer" type which
 

rotates in one direction to blend and in the opposite direction to discharge;
 

the blend tower, a series of baffles or cones over which the charge is dropped;
 

static mixers which use segmented compartments from which the individual
 

components drop simultaneously; or ribbon blenders which are either open helix
 

types or slotted augers.
 

Step 6, after mixing, consists of loading the fertilizer into bulk 
spreaders to be taken directly to the fields for custom application. For 
operations where custom application cannot be accomplished, the material is
 

stored in bulk for future use, or an additional operation, bagging, is
 

accomplished to enable movement of the fertilizer to the final user.
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TYPICAL BLENDING PLANT -

RAW MATERIAL 
RECEIVING 

12 

STORAGE 

13 

RECLAIMING WEIGHING 

4 

7 

BLENDIN 

5 
CLISTOM 

APPLICATION 

-(.R 

BAGGING 

6 

STORAGE 

SHIPMENT 

Figure. .6. Bulk-Blending Block D)iagram,:Flowchart 
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This 	scheme appears quite simple, but in practice it is difficult to supply
 
consistently high-quality products utilizing bulk-blend technology. One major
 
problem is segregation or "unmixing" of the materials. This problem is caused
 
by poor size compatibility and has essentially been eliminated in the United
 
States due-to -the closely-controlled sizes of granular-raw-materials available..
 

The initial blends produced in the United States and elsewhere were
 
powdered blends. Several problems existed with these materials, mainly
 
difficulty of application using mechanical spreaders and related dust problems
 
during mechanical application and during production. Caking of materials in
 
powdered form is also a greater problem than with granular materials. It was
 
for these reasons that U.S. producers began using granular materials.
 

Since, in Bolivia, most fertilizer is applied by hand directly from the
 
bag, the problems associated with mechanical spreaders are not an issue. The
 
caking problem would still exist but could be minimized by taking care to
 
maintain the raw materials in an area which is well protected from moisture and
 
ensuring that proper bagging procedures are used.
 

Advantages of Bulk Handling and Blending
 

Several advantages accrue through both the handling of raw materials in
 
bulk and the production of blends with these bulk materials. The following is a
 
listing of some of the more important advantages:
 

1. 	Raw materials can be imported as high-analysis materials to obtain
 
relatively low cost per nutrient ton.
 

2. 	Fertilizer grades can be easily tailored to local crop and soil
 
requirements.
 

3. 	Cost savings are evident both in purchasing and shipping.
 

4. 	Losses are generally decreased over the handling of bags. Problems of
 
broken or hooked bags and the resulting reclaiming and rebagging costs are
 
eliminated by using bulk material.
 

5. 	Local labor, management, and ownership would occur with resultant savings
 
in foreign exchange and the advantage of building a local industry.
 

6. 	 The price pressure from the bulk-blend facility operated by the
 
cooperatives could result in lowering of price and increase in services
 
from the traditional dealers.
 



89
 

ANNEX II
 

Equipment Description and Specifications
 

All equipment suggested for use and mentioned under those report sectionsfor Phase 1I and Phase II implementation was selected on the basis ofsimplicity of operation, durability, and ease of maintenance. The machinery
involved in the bagging and bulk-blending schemes is by nature relatively simple

in design and opeOration. 

During Phase II, bagging operations will begin in Bolivia utilizing onecentral location and one bagging machine. The bagging unit will consist of a
fertilizer feed hopper, a mechanical 
 weigh and dump system, a manual tie
operation for sealing the inner bag, and a sewing machine for sealing the outerbag. The bagging unit is to be adjustable to handle packing of both 25-kg and 
50-kg bags. 

In general, these units have the capability of packing at a rate of 40 tphbut are normally operated at about 30 tph (when using 50-kg bags). The accuracyof this type of unit is usually within ±0.25% of the amount being weighed
(0.125 kg in a 50-kg bag). 

The following bagging machine specifications are exemplary of the typedescribed above. There are several manufacturers who provide these types ofunits. The uni ts are available both as permanently installed equipment or as

portable equipment such as 
 that used for dockside bagging operations. 

P!ase ! -- Ba~n-g Unit Equipment Speci ficaLions 

The specifications included in this section are from IFDC files. Thespecifications are incltded here as an example only, and 1FDC neither supportsnor rejects any claims made by manufacturers of such equipment. The pricescontained in other report sections depict the best estimate of IFDC. These 
prices are not firm bid prices and should not be treated as such. 

Bucket ' evator 

lRcontendcvt is one (1) standard bucket elevator, centrifugal discharge
.hain type, with casing approximately 20 in by 48 in, with a capacitywhen handling of 100 tphmateriatl of 60-tb/ftL3 density. Discharge height of the elevatoris to he 35-41 It above grade. The headshaft speed should be %.40 rpm with a 260-fpm chain speed. The elevator should be furnished to the follwing
specificat ions. 
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Head Section--A 16-tooth ClII solid-hub sprocket, 3-7/16-in diameter shaft, 
type-E pillow-block roller bearings, chain and buckets, 10-ga steel casing and 
head covers intermittently welded, motor mount, and drive guard. Nominal height 
of head is 6 ft 9 in. 

Intermediate Sections--Exterior-grade plywood casing, angle reinforced, 
CGll chain and 16-ill S-jn steel buckets spaced every 14 in. Sections are 
normally 10 ft in length. To obtain height of intermediate sections, deduct 
7 ft from the discharge height. 

Access Door--One (1) 24-in by 32-in spring-clip access door installed in
 
10-ft intermediate section only.
 

Boot Section--12-tooth ClII solid-hub sprocket, 2-5/16-in diameter boot 
shaft, type SCM wide-slot take-up bearings, two clean-out doors 3/16 in thick, 
steel casing intermittently welded, chain, and buckets. Nominal height of boot 
is 5 ft 0 in. 

Motor--One General Electric, All is Chalners, or equal, TEFC 3/60/460
 
service, 15-hp, 1,800-rpm motor.
 

Speed Reducer--One (1) Dodge shaft-mounted speed reducer, or equivalent, 
AGMLA code 13l5D, complete with drive and driven sheaves with taper-lock 
bushings, and V-belts. One (1) backstop, for Dodge shaft-mounted speed reducer 

AGMA code 0315D or equal, should also he used. 

Motor Starter--One (1) combination, magnetic, full-voltage, across­
the-line, heavy-duty General Electric, Cutler Hammer, or equal, starter
 
and fusible disconnect switch complete with overload heater coils and reset in
 
cover, in size 2, 15-hp Nema 4 enclosure for 460 volts, 3-phase, 60-cycle
 
operation.
 

Elevator Discharge--A discharge transition piece provided as required to be 

compatible with the surge hopper for the bagging machine. These include:
 

One (1) start-stop pushbutton in standard enclosure, and
 

One (1) safety disconnect switch.
 

Bagging Equipment
 

One (1) bagging machine adjustable to fill both 50- and 25-kg bags should 
be used. The weighing system should be totally mechanical to preclude problems 
with electrical weigh cells. The package should consist of the following 
components.
 

One (1) net weight packer (adjiustable 50- and 25-kg) with fully mechanical 
weighing apparatus should be used. All parts which contact fertilizer should be 
of stainless steel construction. Packer will have pneumatic clamps for holding 
jute, woven polypropylene, or multiwalL paper bags during filling. Minimum 
acceptable capacity is to be 30 tph with material of 60-1b/ft density. 
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Recommended is one (1) independent air supply system with 3.2-cfm air
 
compressor and 30-gal storage tank, sealed pressure switch, and TEFC drive
 
motor, heavy-duty Allis Chalmers, 
or equal, 1-hp size, 3/60/460 operation.
 

Recommended is one (1) combination, magnetic, full-voltage, across­
the-line, heavy-duty General Electric, or equal, motor starter and fusible
 
disconnect switch complete with overload heater coils and built-in reset
 
in cover in size 1, i-hp Nema 4 enclosure for 3/60/460 operation.
 

One (1) Nema 4 start-stop pushbutton in standard enclosure should be
 
installed.
 

Recommended is one (1) heavy-duty conveyor, 12-in wide, open, stainless
 
steel, mesh belt, by 10-ft long C to C pulleys, constructed with oil-soaked
 
hardwood strip conveyor bed or with acceptable all stainless steel construction.
 
One (1) Allis Chalmers, or equal, TEFC drive motor in 1-hp size, 1,800 rpm,
 
3/60/460 operation should he used.
 

Recommended is one (1) combination, magnetic, full-voltage, across­
the-line, heavy-duty, General Electric, Cutler Hammer, or equal, motor
 
starter and fusible disconnect switch complete with overload heater coils and
 
built-in reset in cover 
in size 1, 1-hp Nema 4 enclosure for 3/60/460 operation.
 

One (1) Nema 4 start-stop pushbutton in standard enclosure should be used.
 

One (1) vertically adjustable, pedestal sewing machine and support for
 
mounting to conveyor frame should be used. 
 This machine should be adjustable

28-42 in above the conveyor top. An automatic sewing machine start-stop
 
switch should also be included.
 

S wiQg achii nes 

Two (2) Fishbein, Model 10,000, sewing-machine heads should be used with
 
integral thread cutter (nonautomatic). These should be equipped with
 
quick-moun, sewing head adhapter plates on each head.
 

One (1) Allis Chalimers, or equal, TEFC motor, 1-hp 3/60/460 operation is
 
recommended.
 

Also recommended is one (1) combination magnetic, full-voltage, across­
the-line, heavy-uduty General Electric, Cutler Hanmer, or equal, motor starter
 
and fusible disconnect switch, complete with overload heater coils and built-in
 
reset in cover inisize 1, 1-hp Nema 4 enclosure for 3/60/460 operation.
 

One (1) 2- to 3-mt surge hopper is recommended for charging of bagging
machine. 'The hopper should he constructed of 10-ga steel. A steel frame 
should be included for mounting the hopper above the bagging machine. 
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Specifications of Bulk-Blending Eui'pmen 

Weigh System 3' 

.- One (1) complete weighing system should be usedfor '-ton batches. Thissystem- should- include- a-weigh° hopper-ith-3a.top-nott more-.than-6-ft-.abve floor..._ .............. 

level to enable direct charging with a front-end loaider. The' system should 
include the following items: 3 

1. Toledo, or equal, dial scale, 1,500-kg gross capacity with pipe levers, 
20-in dial, 1,250-kg by 1-kg dial, extension levers and rods; 

2. One (1) 1-ton weigh hopper, 10-ga construction, complete with hole 
punching and reinforcing for scale-suspension rods. above and inclined 
conveyor beneath; 0 

3. One (1) strtictural steel frame punched for supporting scale suspension rods 
and above-mentioned weigh hopper. A shelf shall be provided for the dial 
scale head and brackets complete for extension lever and dash pot assembly. 

Conveyor 

One (I) inclined belt pan conveyor, 14-in wide belt by 12-ft long should be 
bolted to the 1-tonweigh hopper (less motor). 

One (1) Allis Chalmers motor or equal TEFC 3/60/460 service, 5 hp, 
1,800 rpm is recommended. 

One (1) conveyor drive guard fabricated of 12-ga steel plate and 
enclosed on both sides should be installed. 

Recommended.is one (1) combination, magnetic, full-voltage, across-the­
line, heavy-duty General Electric, Cutler Hammer, or equal, motor starter 
and fusible disconnect switch complete with overload heater coils and built-in 
reset in cover in size 1, 5-hp, Nema 4 enclosure for 3/60/460 operation. 

One (1) Nema 4 start-stop pushbutton in standard enclosure should be 
installed. 

One (1) safet. ,disconnect switch is recommended. 

Mixing System 

The mixing system should consist of one 
bulk-blend application. The capacity is one 

(1) rotary-type mixer for 
(1)ton based on 60-lb/ft3 

material. Construction should be of 3/8-in steel plate for ends and 1/2-in 
thick steel plate for shell. The base should be of heavy structural steel with 
special rubber-tired trunnion wheels. Shafts, bearings, and preassembled 
takeups, including intake and discharge hoppers should be used. A manually ' . 
operated interior discharge chute shall be installed. Also included will be the 
motor mount with drive by,friction from trunnion rollers (two-wheel drive). 

' 
3 

: 
Drive guards and wheel guards should be included.Iii:: . • . . 
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One (1)Allis Chalmers motor or equal, TEFC 3/60/460 service, 15 hp,
 
* 1,800 rpm is recommnended.
 

Also recommended is one (1)speed reducer, Falk FZ, or equal, horizontal
 
concentric 1,800/100 rpm, 15 hp, class II,with integral motor bracket and
 
flexible motor coupling.
 

All discharge and intake valves should be manually operated.
 
* Four (4)mixer legs of structural steel punched to fit shall be supplied.
 

Recommended is one (1)combination, magnetic, full-voltage, across­
the-line, heavy-duty General Electric, Cutler Hammer, or equal, motor
 
starter and fusible disconnect switch complete with overload heater coils and
 
built-in reset in cover in size 2, 15-hp Nema 4 enclosure for 3/60/460
 
operation.
 

One (1)Nema 4 start-stop pushbutton in standard enclosure should be
 
installed.
 

One (1)safety disconnect switch should be installed.
 

Chain Mill
 

Recommended is one (1)chain mill, heavy-duty, steel-plate construction
 
with removable top quarter panel. The interior should be fitted with baffle
 
plate and flexible end chains to prevent buildup. The mill should be mounted on
 
a predrilled structural steel mounting base with 27 sets of chain/bar links
 
consisting of 2 links, 3/4-in coil chain, and solid-steel bar attachment.(all
 
case hardened). V-belt drive including driven and drive sheaves with drive
 
guard should be included.
 

*One (1)General Electric, Allis Chalmers, or equal, TEFC motor, 15-hp is
 
recommended for 3/60/460 operation.
 

Recommended is o-ie (1)combination magnetic, full-voltage, across-the-line,
 
heavy-duty General Electric, Cutler Hammer, or equal, motor starter and fusible
 
disconnect swiLch complete with overload heater coils and built-in reset in
 
cover in size 2, 15-hp, Nema 4 enclosure for 3/60/460 operation.
 

One (1)Nema 4 start-stop pushbutton in standard enclosure should be
 
installed.
 

One (1)safety disconnect switch is recommended.
 

A suitable charging hopper for chain mill of 10-ga steel-plate construction
 
should bc mounted above the mill for charging by the front-end loader. All
 

, structural steel supports for grade-level mounting should be included.
 

Conveyor
 

One (1)inclined belt pan conveyor, 14 in wide by 12 ft long should be
 
bolted beneath the chain mill to be used for feeding materials to the weighing
 
system.
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One (1) Allis Chalmers motor, or equal, .TEFC 3/60/460 service, 5 hip,
 
1,800 rpm is recommended.
 

One (1) conveyor drive guard fabricated of 12-ga steel plate, enclosed
 
on both sides, should be installed.
 

Recommnhded 'isone (1) Geea lecrc _Ciiler'HaiiheY, or equal', 
heavy-duty, combination magnetic, full-voltage, across-the-line motor starter 
and fusible disconnect switch complete with overload heater coils and built-in 
reset in cover in size 1, 5-hp Nema 4 enclosure for 3/60/460 operation. 

Ofe (1) Nema 4 start-stop pushbutton in standard enclosure should be
 
installed.
 

One (1) safety disconnect switch should be used.
 

... 


.
 

u 



,
-. i "• 	 Nifl • : • / i !•' 

References,,
 

1. 	Ossio, Hpgo 1978. Handwritten draft report on Bolivian agriculture,
 
untitled,- La Paz, Bolivia.
 

2. 	Dorsey, Jeff. 1974._ ,
"The 	Bolivian Market and the Goal of Domestic Production, It

~L~a 	 Paiz.Bolivia.' 

3. 	U AID Mission to Bolivia, 1974. Agricultural Development in Bolivia, A
 
Sector Assessment, La Paz, Bolivia.
 

4. 	Wennergren, E. Boyd, and Morris D. Whitaker. 1975. 
 The Status of Bolivian
 
Agriculture, Praeger, New York, New York.
 

5. 	National Smelting Company. 1977. "Integrated Industrial Plan," Technical
 
Publication 4, La Paz, Bolivia.
 

6. 	Castellon, Rene Pena. 1976. Report of costs of material imported into
 
Bolivia through the Port of Arica, Division de Transportes, Comision
 
Economica Para America Latina (CEPAL), La Paz, Bolivia.
 

7. 	CEPAL. 1976. "Descripcion de los Gastos de Despacho de Carga Boliviana en
 
Transito por el Puerto de Matarani," La Paz, Bolivia.
 

8. 	CEPAL. 1976. "Descripcion de los Gastos de la Carga en Transito a Bolivia
 
por el Puerto de Antofagasta," La Paz, Bolivia.
 

9. 	Yacimientos Petroliferos Fiscales Bolivianos (YPFB). 1977. Feasibility
 
Study of Ammonia-Urea Complex in Bolivia, Japan Consulting Institute, La
 
Paz, Bolivia.
 

10. 	 Russel, D. A., 
R. J. Ballew, J. I. Bucy, and D. A. Waitzman. 1970. A
 
Fertilizer Program for Bolivia, Tennessee Valley Authority, Muscle Shoals,
 
Alabama 35660.
 

11. 	 Bond, Larry K. 1978. "Short-Term Consultant Report Review of Extension
 
Program," La Paz, Bolivia. 

12. 	 RTZ Consultants, Ltd.,, 1977. "A Preliminary Study of the Rock Phosphate
 
Deposits at Campinota," La Paz, Bolivia.
 

13. 	 Servicio Geologico Boliviano (GEOBOL). 1973. "Prospeccion de Depositos

Fosfaticos, Area: Bucy Tambo-Quivincha-Lequezana, Departamento de Potosi,"
 
La Paz, Bolivia.
 

14. 	 Ramos, Hector J. 1972.' "Superfosfato Normal," Proyecto de Grado U.M.S.A.,
 
La Paz, Bolivia.
 

15. GEOBOL. 1969. "Valuacion Yacimientos de Fosfatos," La Paz, Bolivia.
 



16. 	 GEOBOL. "Informe Prelininar de los Yacimientos de Fosfatos do la Region do
 
Meculpaya," La Paz, Bolivia.
 

17. 	 Ericks en, George E., and James D. Vine. 1976. "Preliminary Report on the 
Lithium-Rich Brines at Salar Uvuni and Nearby Salars in Southwestern Bolivia," 
U. S. Geological Survey, Washington, D.C.
 

18. 	 Government of Brazil. 1974. "Facilities at tLhe Port of Santos," Brasilia,
 
Brazil.
 

19. 	 Administracion de Adnanas (AAD:\A). 1978. "Estadisticas Sobre Importaciones
 
Efectuadas por Pocitos-La Quiaca (via ingreso), Statistical tables, La Paz,
 
Bol ivia.
 

20. 	 AADAA. 1978. "Clasificador v Tarifas Generales de Ferrocarriles Argentinos,'' 
La Paz, Bolivia. 

21. 	 AADAA. 197S. "Cuadro Demasutaivo de Importacion v Exportacion Bo]iviana
 
por vias de Ingreso ." La Pa:, ,livia.
 

22. 	 Ministerio de Indust ria, Comercio v Turismo (MICT). 1978. Report of 
meeting with Subsecretario de Transportes dcl MinisLterio de Frarusportes y 
Telecomunicaciones de la Republia de Chile, Informe - SC/DIE - 013/78, 
La Paz, Bolivia. 

23. 	 'ICT. 1978. "Acta Final de la Reunion Tecn ica Especial de Transpurtes de 
Bolivia y Chile," La Paz, Bolivia. 

24. 	 MICT. 1978, "Informe de ]a Comision de Estudiio e Inspeccion de la Zona 
Franca Bolivia nd, Ubicada en eli Puerto de Rosario - Argentina, La Paz, 
Bolivia. 

25. 	 Banco Mundial v Banco Interamericano de Desa rollo. 1978. "EsLtulio de Ia 
Iidustria de Fertilizantes en el Grupo Andino, Informe de los Resultados 
Preliminares," Lima, Peru. 

26. 	 Cochrane, Thomas T. 1973. El Pottrii al :ri,,a del Uso do IdaTierra en 
Bolivia, _nNa1pa de SisLtemas d ieras, Don hosco, ed., La Paz, Bolivia. 

27. 	 Adams, Kendall. 1978;. Unpublished researcrh on cost/'enefiit anaivsis of 
fertilizer use, Consortium for Intornatien. IDevelopmenit (CI)), Cochabagmba, 
Bolivia. 

28. 	 Defense Mapping \genc lvdrographic Center. 1976. Vo drI Port Index, 
Publication 150, U.S. Department of Defense, at.Sbingon, D.C. 

29. 	 United Nations Industrial Development Organization (lIlDO). 1967. Fertilizer 
Manual, New York, New York. 

30. 	 International Fertilizer Dpvelopmentt Staff. i74. "T'echnical and Economic 
Feasibility of Bulk Handtling - Blending in Guatemala," T'rnnrssve Valley
 
Authority, Muscle Shoals, Alabama.
 



31. Servicio Nacional de Desarrollo de Comunidades (SNDC). 1978. "Informe 1977,"
 
Ministerio de Asuntos Campesinos y Agropecuarios (MACA), La Paz, Bolivia.
 

32. 	 U.S. Department of State. 1976. "Background Notes - Bolivia," Washington, D.C.
 

33. 	 Cozean, J. D. 1977. 
 Latin America - The World Today Series, Stryker-Post

Publications, Inc., Washington, D.C.
 

34. 	 Rodriguez, Willie. 1978. Private Communication on October 3, Empresa

Nacional de Ferrocarriles de Bolivia, La Paz, Bolivia.
 

35. 	 Rodriguez, Willie2 1978. 
 "'Average Time from ,Port to Nearest Distribution
 
Center," table, Empresa Nacional de Ferrocarriles de Bolivia (ENAFER),
 
La Paz, Bolivia.
 

36. 	 ENAFER. Tariff rates, La Paz, Bolivia.
 

37. 	 YPFB. 1967. "Fertilizers and Explosives Plant," The N. W. Kellogg Company,
 
New York, New York.
 

38. 	 Hill, John N. 1978. "Fertilizer Importation," Presented at IFDC Fertilizer

*Marketing 
 and Distribution Course, August-September, International Fertilizer
 

Development Center, Muscle Shoals, Alabama.
 

39. 	 Stangel, Harvey J., and F. Meissner. 1976. Fertilizers: 2, Inter-American
 
Development Bank, Washington, D.C.
 

40. 	 The Times of thelAmericas. 1978. 
 Vol. 	XXII, No. 14, September 20, Washington,
 
D.C.
 

41. 	 Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE). 1978.
<I 	 "Don Victor: A Small Farmer in Costa Rica," INActivities at Turrialba,
Vol. ,6,No. 1, Turrialba Costa Rica.
 

42. 	 Frederick, N. Terry. 
1977. ,Bulk Blending in Guatemala: A Marketing

Case," unpublished, International Fertilizer Development Center, Muscle
 
Shoals, Alabama 35660.
 

43. 	 Ieintz, L. 1976. 
The Role of Seaports in the Transportation of Raw

Materials and Fertilizers," Presented to ISMA Raw Materials Committee, 
Northern Shipping Service, Antwerp, Belgium. 

44. 	 11.P. Drewry, Ltd. 1976. "Ocean Trade and Transportation of Fertilizer
 
Raw Materials, A Review of Recent Developments in Shipping," Prepared for
 
the ISMA Raw Materials Committee, Antwerp, Belgium.
 

45. 	 Diamond, Ray B. et al. 1976. West Africa Fertilizer Study. 7 volumes,
International Fertilizer Development Center, Shoals,Muscle Alabana 35660. 

46. 	 Smith, Robert T. , and Harold P. Jordan. 1977. "Technical Advisory Services 
for the Cooperative Agropecuaria Limitada de Sociedades de Fomento Rural,"Unpublished report on Uruguay, International Fertilizer Development Center, 
Muscle Shoals, Alabama 35660. 



47. 	 Smith, R'bert T. 1977. Inputs Program Evaluation, Unpublished report on 
Dominican Republic, International Fertilizer Development Center, Muscle 
Shoals, Alabama 35660. 

48. 	 Smith,' Robert T., and J. J. Schultz. 1977. A Report to Colombo-Venezolanos, 
S.A: , Unpublished report on Barranquilla, Colombia, International Fertilizer 
Development Center, Muscle Shoals, Alabama 35660. 

49. 	 Servicio Nacional de Desarrollo de la Comunidad. 1978. "Campesinos Importaron
 
1500 Toneladas de Fertilizantes," Pukara, Publicacion Informativa, No. 2
 
(August), p. 3.
 

50. 	 Food and Agriculture Organization of the United Nations. 1976. Annual
 
Fertilizer Review, Rome, Italy.
 

51. 	 Quiroz, Wilfredo. 1978. Private Communication, SNDC, La Paz, Bolivia..
 

52. 	 National Academy of Sciences. 1975. Underexploited Tropical Plants
 
with 	Promising Economic Value, Washington, D.C. 

(90 

0 

o0 

/'1 




