AGENCY FOR 'NTE*NATIONAL DEVELOPMENT . . /__ FOR A'D USE ONLY
WASHINGTON, D, C. 20023 ' 7 ;
BIBLIOGRAPHIC INPUT SHEET W o ‘;
A, PRIMARY a U :
1. SUBJECT Economics . ' :

CLASSI- B8, SECONDARY
FICATION ’ N N
: Agricultural Economics

2. TITLE AND SUBTITLE . ' '
Andean group economic integration: the case of the nitrogenous fertilizer industry

3, AUTHOR(S)
Baanante,C.A.

4, DOCUMENT DATE 5. NUMBER OF PAGES 6. ARC NUMBER
1974 211p. anc

7. REFERENCE ORGANIZAT!ON NAME AND ADDRESS

8. SUPPLEMENTARY NOTES (Sponsoring Oryanlzation, Publlehera, Availabllity)

(Diss.-rN.C.State)

9, ABSTRACT

This study is devoted to the economic analysis of a regionally integrated nitrogen-
ous fertilizer industry for the Andean group countries: Bolivia, Colombia, Chile,
Ecuador, Peru, and Venezuela. In particular, the effects of economic integration
in a custom's union context are analyzed in terms of costs of processing and dis-
tributing nitrogenous fertilizers, plant locations and capacities, and trade patterns.
Results are also used to evaluate alternative protection policies for importing
countries. - '

The transshipment formulation of the general linear programming model with a cost
minimization objective function is used as the basic analytical tool. Solutions for
both the custom's union situation and the six countries behaving independently under
protection were claimed for the supply and demand situations expected to exist in
the years 1975, 1980, and 1985. ‘ '

Economic integration in the form of a custom union results in net "welfare gains" in
terms of Tover costs of processing and distributing fertilizers of 3.5, 6.5, and 6.5
million dollars for 1975, 1980, and 1985, respectively. .

The evaluation of tariffs, quotas, subsidies, and subsidy~tariff combinations as
alternative protection policies in Colombia, Ecuador, and Peru shows that for the
purpose of lower fertilizer prices in the process of economic integration, a direct
subsidy is the preferred policy. To solve the problem of lack of government re- .
venues, consideration should be given to a mixed subsidy-taviff policy. .

10, CONTROL NUMBER ) 11, PRICE OF DOCUMENT

PN-AAB- 447 ) g o

12, DESURIPTORS ) : S e T e e e o 148 PROJECT NUMBER .

Andean Pact S e e i T 931-17-190-533
Customs unions = - L BN . [re conTRacT NuMBER |
- Economic integration . . .. 0coooo ot 0. CSD-3632 Res.
-Nitrogenous fertilizers - © oo . [TETTYPE OF DOCUMENT

AID 00«1 (4o74) = - ,




E

ANDEAN GROUP ECONOMIC INTEGRATION:
THE CASE OF THZ NITROGENOUS
FERTILIZER INDUSTRY

By
CARLOS ARTURO BAANANTE

1974 ‘ NORTH CAROLINA STATE UNIVERSITY.
SR K AT RALEIGH ,




ABSTRACT -
BAANANTE, CARLOS ARTURO. - Andean Group Economic Integration: The
Case 6fﬁthe‘Nltrogehous Fertilizer Industry. (Under the direction
of RlCHARD{ll‘LiEE S IMMONS) .

This sfudy Is devoted to the economic analysis of a regionally-
Integrated nitrogenous fertilizer Industry for the Andean Group
countries: Bolivia, Colombia, Chlle, Ecuador, Peru and Venezuela.

In particular, the effects of economlc‘lntégratlon In a Custom's Unlon
context are analyzed In terms of costs of processing and distributing
nitrogenous fertilizers, plant locations and capacities, and trade
patterns. Rasults are also used to evaluate alternative protection
policies for importing countries.

The transshipment formulation of the general linear programming
model with a cost minimization objective function Is used as the basic
analytical tool. Solutions for both the Custom's Union situation
and ¥or the six countries behaving independently under protection were
claimed for the supply and demand situations éxpected to exist In the
years 1975, 1980 and 1985.

 Economic Integration In the form of a Customs Union results in
net 'welfare galns'' in terms of lower costs of processing and distrib-
uting fertfﬁlzers of 3.5, 6.5 and 6.5 million dollars for 1975, 1980
and 1985, ‘respectively. The closing down of some small plants In the
importing countries, Colombia, Peru‘and Ecuador, .1s required. Venezuela
Is the main exporter wlth Chlle and Bollvla becoming exporters by 1980
lf plants .at Punta Arenas and Yacuiba-are built. Ammon!a and urea
_plants In Venezuela must export to the rest of ‘the world market In

.order to allowpthem:to;qgerate at.fpll\capaqltyﬂ Also the economic.


http:Ecuador,.is

feasibility of the ammonia-urea complex at Yacuiba, Bollvia, depends
on exports to Argentina and, in general, to the rest of the world
market.

The evaluation of tariffs, quotas, subsidies and subsidy-
tar!ff combinations as alternative protection policies In Colombia,
Ecuador and Peru shows that for the purpose of lower fertilizer prices
to farmers and less difficulties for governments to change policies
In the process of ecnomomic Integration, a direct subsidy Is the
preferred policy. To solve the problem of lack of government
revenues, consideration should be given to a mixed subsidy-tariff

policy.
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CHAPTER 1
INTRODUCT|ON

The success of the European Common Market has contributed greatly
to Latin American interest in integration. Regional integration
involving elimination of trade barriers and coordination of invest-
ment has long been recognized by Latin Americans as a means of benefit-
Ing from an expanded market, economies of scale, specialization, and
optimum location considerations.

So far the sectoral approach to integration is being undertaken
by the countries ‘that form the Andean Group Common Market: Bolivia,
Colombia, Chile, Peru, Ecuador, and Venezuela. This approach, by
placing emphasis on integration of a single sector, such as the
fertilizer Industry, makes it possible to concentrate on a 1imited
objective and gradually expand the area of economic integration. The
main criticism of this approach is that integration in just one sec-
tor leads to factor reallocation only In that sector, because of
persistence of trade barriers in other sectors. Therefore, some of
the participatiny countries would benefit while others would suffer
welfare losses, balance of payments pressures, and unfavorable factor
movements .

The chemical fertilizer industry has particular characteristics
which make it a good example of the gains which can be achieved
by regional economic Integration of the Andean countries group.

These characteristics are:

(a). Fertilizer production is a key factor in a region which

places a high priority on increased agricultural production. Con-

sidering that increased fertilizer use has been a major factor in
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increasing crop yields in many of the technologically more advanced
countries, increased fertilizer production will facilitate agricul-
tural production development of this region and would contribute to
the overall strengthening of its economic structure.

(b) The fertilizer Industry requires larger investments and
larger markets than can be found within most individual countries,
if the industry is to be efficient. The existence of substantial
economles of scale makes it necessafy to have large markets in order
to establish an efficient fertilizer industry.

(c) Present conditions of supply and demand justify a concerted
effort in this field. There are indications that Increased fertillizer
production will be necessary fo satisfy a rapidly expanding demand.
Surveys indicate the exlstence of natural resources to supply a large
portion of the region's fertilizer requirements.

The development of the fertilizer industry In the member countries
of the Andean Common Market has been taking place under the protection
of high tariffs and trade restrictions, these being the principal
source of high fertilizer prices. Other factors, such as high trans-
port costs and poorly organized marketing and distribution also
contribute to high prices. The relationship between fertilizer cost
and the accompanying added returns from fertilizer use is, of course,
important. High fertillzer prices are a serlous deterrent to greater
utilization of fertilizers in these countrles. (U.N. Economic
Commission for Latin America and U.N. Food and Agriculture Organi-
zatlon, 1966). Reglonal integration of the fertilizer industry would

reduce the trade barriers among participating countries and, It is
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belleQed, reduce fertilizer prices by allowing the fertilizer Industry
to beneflt .from a larger market and economles of scale.

Member ccuﬁf}lgs of the Andean Group have been following a policy
of developing thelr domestic fertilizer production to satisfy domestic
aemand to the greatest extent possible with little thought of regional
coordination. An analysis of the economics of regional Integration
In regard to costs, plant locations and capacities, and trade patterns
or marketing flows of a reglonal ly-Integrated nitrogenous fertilizer
industry for the Andean Group countries Is the main subject of this
study. |

The basic analytical tool used in this study is the transshipment
formulation of the general linear programming model with a cost
minimization objective function. Estimates of processing costs at
exlsting and planned production facillitlies, consumption projections,
and transportation costs, which comprise data Inputs into this model,
are discussed in chapters 4, 5 and 6, respectively.

The mode! Is used to obtain two alternative solutions which
minimize processing and distributing costs of nitrogenous fertilizers
for the Andean Group countries, given situations of supply and
consumption expected to exist In these .countries in the years 1975,
1980 and 1985. One solution is for the case of a regionally-integrated
nitrogenous fertilizer industry for the Andean Group countries in
a Customs Union context. The alternative solution Is obtained for
each country operating independently under import protection so
that no imports from other countries could take place until all

dqmestic fertilizer production capacity Is first exhausted. In



chapters 7 through 9, the results of these solutions are analyzed

In terms of: marketing flows of intermediate (ammonla) and final
products, plant produstion levels and excess capacities, cost struc-
tures and "welfare' gains (losses), and implications of tariffs,
quotas, subsidies and tariff-subsidy as alternative policles for
protection of the domestic fertilizer Industry. Chapter 10 contalins

a summary and the conclusions of the study.



CHAPTER 2
REVIEW OF LITERATURE

Progfgmmlng.Models

Several models have been developed to deal with the comp lex
set of relationships Involving production functions for raw mate-
rials, intermediate and final products, reglonal demand functions
for final products, and transfer costs that tie reglons together in-
to spatial equilibrium. However, these models have not been able to
solve directly the problem of lncludlng.economles of scale. Carnoy
(1972) used a modified 1inear programming model to calculate optimum
production locatlons for nitrogen fertilizers in the Andean Group
countrles, Introducing dichotomous variables (0 or 1) with respect to
construction of plants, and minimizing fixed and varlable costs of
production at all states of production and the transportation costs
between stages and between each stage and final markets. One location
and one market per country were assumed. However, as Carnoy (1972,
p. 234) points out, the problem of accounting for economies of scale
was not handled directly:
Because of the intercept term in the production cost curve, the
solution to the relatively simple problems of minimizing total
variable costs does not necessarily represent the minimum of
variable plus '"fixed" costs. To minimize total costs, economies
of scale must be accounted for. This makes It necessary to
enumerate all solutions to the linear programming model.
Enumerétion of all solutlons to the linear programming nodel

becomes almost unmanageable far a problem as large as the present

study.



6

A similar model using the mixed-integer programming formulation
of the linear proyramming model was adapted by Frank, Meeraus and
Stoutjesdijk in their study of the chemical fertilizer industry In
East Afrlca.l This formulation poses severe limitations on the
dimensions of the model. As the authors indicate:

Computational experience with this type of model is fairly

limited, and no satisfactory algorithm exists to solve large-

scale problems. In most cases, the number of Integer variables
has been limited to below 20. Clearly, if one wants to
consider an interdependent set of Industrial activities, In

a multiregional and dynamic context, the dangeE of ending up

with an unmanageably large model Is very real.

A simplification procedure was therefore adopted to solve the
various versions of the model. Economies of scale were explicitly
taken into account and were approximated by assuming a fixed charge
to arise in the construction of a plant. However, as they point
out:

The term 'solved' needs some clarification. Strictly speaking,

an optimization problem Is solved once a proven optimal

solution Is obtained., |In the case of a mixed-integer program-

ming model, moreover, one needs to insure that the optimum
found Is global rather than local.

They add:

However, In no case have we been able to prove that the 'best'
solution identified is In fact the global optimum, due to
financial constraints that were institutionally and rationally
Inspried.

]C. Frank, A. Meeraus, and A, Stoutjesdljk, Planning in the
Chemical Industries, the Case of Fertilizers in East Africa.
Unpublished draft of a forthcoming publication by the Interamerican
Bank for Reconstruction and Development, Washington, D. C.



.The"large dimensions of our problenis and the difficulties of
these models directed us to consider alternative models. Reactive
Programming (King and Ho, 1972) has been used to solve several prob-
lems of spatial equilibrium based on demand and supply functions and
a linear programming subroutine is used to allocate supplies among
markets. However, In this program supplies (at producing sites)
must be treated as fixed or entered In functional form with posltive
slopes.

The transshipment formulation of the general linear programming
model was selected as our model (Perrin, 1970). It does not take
account of economies of scale. Hence the quallty of the results in
this respect will have to be judged in terms of the correspondence
between processing cost assumptions and plant capacities (outputs) in
the solutions obtained. However, the transshipment nodel Is

particularly effective In handling the problem of Intermediate products.

Supply Estimates and Consumption Projections.

The adoption of standardized assumptions derived from previous
experiences s well established as a procedure in estimating proc-
essing costs of ammonia and final fertllizer products. Studies made
by the Tennesseée Valley Authority (Davis, et al., 1970, and Patterson
et al., 1969) have used standardized assumptions to obtain cost
estimates and to insure that various alternative processes and supply
systems are evaluated on the same basis.

Also, .all cost estimates presented by Bixby, et al.. (1966)

were made through the use of uniform assumptions to Increase
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comparability. |t is emphasized, however, that economies for a plant
of a particular type and given capacity may vary considerably due to
different situations associated with plant locatlons.

Cost estimates made under standardlzed assumptions may not be as
reliable for some speciflc situations as more In-depth estimates.
This can be observed by comparing the cost estimates by McCamy and
Waggoner (1970) for the fertilizer complex at Barrancabermeja,
Colombia, with those that could be nbtalned by using standardized
assumptions only,

Input-output ratios, a; specifled for the different processing
techniques, have been obtained from the United Nations Fertilizer
Manual (United Natlons Industrial Development Organizatlon, 1967)
for thas case of raw materials as well as Intermediate products.

Estimates of future fertlilizer consumption for developing
countrles varies widely. Some fertilizer consumption projections
have been based on past growth rates and fertillzer consumption goals
(Instituto Latino-Americano de Planiflcacion Economica y Social,
1972) so that consumptlon projections are heavlly affected by how
these consumption goals are pre-established. Other demand projec-
tions (Russel, et al., 1970) are obtalned by considering physical
factors such as area planted to various crops, soll fertlillity,
climatic conditions, etc., and assessment of developmental and
attitudinal factors affecting fertllizer consumption.

Kearney and Co., Inc. (1970). carried out consumption projec-
tions following a more sophisticated forecast methodology based

on growth rates for regions with similar land and weather conditions,
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adjustments for planned land redistribution by crops and regions or
provinces, and an evaluation of the basis for recommended levels of
fertillzation. This estimation procedure probably provides more
accurate consumption projections, but avallability of more detailed,
reliable information Is required. In any problem of making projec-
tions there are two basic sources of error, one arising from the
estimation procedure and Its assumptions (statistical error) and the
other from the data used (observation error). To select a forecast

methodology careful consideration must be given to them.



CHAPTER 3
METHODOLOGY

General Procedure

The nitrogenous fertilizer industry is composed of a complex
set of relationships involving (a) production functions for raw
materials, intermediate and final products (b) regional demand
functions for final products, and (c) transfer costs for raw
materials, intermediate and final products which tle regions to-
gether into a spatial model.

Given existing and planned production facilities in the six
countries that form the Andean Group Common Market, estimates of
consumption requirements at main distribution centers were obtalned,
and the problems of identifying levels of production at processing
facilities and optimal flow patterns were formulated as a trans-
shipment model to minimize the costs of processing and distributing
nitrogenous fertilizers to selected distribution centers.

The general procedure consists of the following steps:

(a) Estimation of costs of production or supply functions for
Intermediate and final products.

(b) Estimation of demand requirements for years 1975, 198¢,
and 1985 at each selected distribution center.

(c¢) *“stimation of transfer or transport costs for Intermedlate
and final products included In the study.

(d) Formulation and solution of the transshipment model,
assuming first, that the Andean Group Countries operate
as a Customs Union, and, second, that each country
develops Its own fertillzer Industry with a specific
level of protection necessaty tx keep In operation
all existing and planned plants™ as required by its
own demand.

hFor the cases of 1980 and/or 1985 sltuations.

10
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steps (a), (b), and (c) are discussed In following chapters. The
rest of the present chapter is dedicated to the explanation of the

model and its assumptions.

The Model.

The basic analytical tool, which Incorporates the processing
costs estimation, demand projections, and transportation costs, is.
the transshipment formylation of the general llnear programming
model with a cost minimization objective function. The model finds
the least cost way of supplying projected demends, given transport

costs ‘and production capacities and costs.

L}

Assumptions.for the General Model

in order to apply this theoretical model, 1ike any other, It
is necessary to make simplifylng assumptions to permit a workable
real-world counterpart. The principal assumptions made in this study
are the following:

(a) A1l participants are assumed to behave in a perfectly
competitive manner.

(b) A1l final products -- Urea, Ammonium Nitrate, Ammonium
Sulfate, Compounds--are expressed in ammonia equivalent
metric tons, that is, they are standardized on the basis
of the ammonia.required to produce a metric ton of each.

(c) Al possible demand and supply areas are represented by
a single point, and pairs of producing sites and
distribution centers are separated by a transportation
cost per metric ton of ammonia and per metric ton of
ammonia equivalent for final products. These transfer
costs are known and are independent of volume
transferred.

(d) All .ammonla and final procucts are assumed to be
homogeneous, |.e., they are assumed to be perfect
substitutes in consumption. Thus, processors and
consumers are indifferent about their sources of

supply.



(e)

(f)

(g)

(h)

(1)

(),

(k)

The Basic Model

The input-output ratios or rates at which raw"
materials are converted into ammonia and -this
into final products are known and constant for
all levels of processing.

A1l costs are expressed In 1970 constant dollars’
at nominal official exchange rates for the case
of raw materials and transport.

The relative prices of various inputs at each
location and the relative price of each input
at various locations remain unchanged between
the base year 1970 and the projected years i975,
1980, and 1985, The relative effects of
technological change are implicitly ‘equal.

The relative exchange rates between Andean Group
countries currencies will not vary.

Exterhal economies of diseconomies are equal at
all producing sites for each product.

Per unit processing costs are assumed to be constant
as Jf the producing plants were ope?ating at full
capacity, i.e., effects of economies of scale and
probiems of excess capacity are not accounted for

by the model and will be discussed in relation to -

each solution obtained,

The production capacities at producing sites, trans-
portation costs, and demanded quantities. at each
distribution center are assumed. to be correct, esti-
mates for each of the selected years 1975, 1980,

and 1985, ’

12

Elements of the basic model Includes one intermediate product,:

ammonla; five final products that are substltutes, Urea Ammonlum

Nitrate,. Ammonlum Sulfate, Compounds and Chiiean Nltrates; and

i L. ‘e e

two intermediatefprocessing actlvitiles. J o

In order to sbeéify the mode | in’mathematlcai:form,‘iet§u§

- e
v ..

assume the followhng?ndtétiohsi7

i

v

ST
e

§ -


http:operating.at

e T

s

¥ i%fpefvpnit;ﬁQSt{éfvpr¢dpction of ammonla.in location I,

-

3;;c§$;fdfiﬁransf¢fmfng one metric ton of ammonia Into
2.;u;éa?h}trqgeh at location J, j = ],42, cesey P

e

*éggéét of trapsforming one metric ton of ammonia Into
" ammonium nitrate=nitrogen at location ]

,"fé.cdstfof'ttansformlhg one ‘metric ton of ammonia into
~-ammonium :sulfate-nitrogen at location j

:® = cost. of transforming one metric ton of ammonia Into
’ cdmpOubd§-nTtrqgenuat‘Ipcatlon J

= cost of transforming one metric ton of ammonia Into
nitrates-nitrogen at locatlon J

= quantity of ammonia shipped from locatlon | to production
of urea at location Jp =]

= quantity of ammonia shipped from location | to locatlon
} for production of ammonium nitrate-nitrogen

= quantity of ammonia shipped from location 1 to location ]
for production of ammonium sulfate-nitrogen ;

= quanﬁliy of ammonia shipped from location | to J for
production of compounds-nitrogen

= quantity of.ammonla shipped from location 1 to location
for production of nitrates-nitrogen

= quantlty of urea-nitrogen, expressed in metric tons of
ammonia equivalents, shipped from location j to distri-
bution center in location t

, =unant]ty‘of ammonium nitrate-nitrogen, expressed In
metric tons of ammonia equivalents, shipped from
location to distribution center In location t

= Quantlty of ammonium sulfatejnltrogen, expressed in
f,;_'metr]cytons;of‘ammonia,equlyalents, shipped from
.. location j to distribution center In location t
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quantity of compounds-nitrogen, expressed in metric
tons of ammonia equivalents, shipped from location j
to distribution center in location t

quantity of Chilean nitrates-nitrogen, expressed In
metric tons of ammonia equivalents, shipped from
location J to distribution center in location

t

transport cost for shipping one metric ton of ammonia
from location | to location ]

transport cost for shipping one metric ton of urea-
nitrogen ammonia equivalent from location J to
distribution center in location t

transport cost for shipping one metric ton of ammonium
nitrate-ni trogen ammonia equivalent from location J to
distribution center In location t

transport cost for shipping one metric ton of ammonium
sulfate-nitrogen ammonia equivalent from location |
to distribution center in location t

transport cost for shipping one metric ton of compound-
nitrogen ammonia equivalent from location j to
distribution center in location t

transport cost for shipping one metric ton of nitrate-
nitrogen ammonia equivalent from location g to
distribution center In locatlon t

processing capacity of ammonia plant, In metric tons
of ammonia, at location |

processing capacity of urea plant, in metric tons of
ammonla equivalents, at location j

processing capacity of ammonium nitrate plant, in
metric tons of ammonia equivalents, at location

J

processing capacity of ammonium sulfate plant, In
metric tons of ammonia equivalents, at location

J
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Rj = processing capacity of compounds plant, in metric tons
of ammonia equivalents, at location ]

RV = processing capacity of Chilean nitrates plant, In metric
tons of ammonia equivalents, at location ]

D, = quantity of nitrogen, expressed in metric tons of
ammonia equivalents, demanded at distribution center
in locatlion t.

Using this notation, the mathematical form of the transshipment

formulation of the general linear programming model is the following:

Minimize:
v P a,u ;.2 a a,n ¢.a a
F(X) = L X517 (C, + T + X G, +T +
a,s a a a,c a a a,nt a a
+xi.| (Ci+TIJ)+XU (C|+Tij)+xij (C1+TIJ)+
+§ r; x4 Ty X" (N TY) 4
A A U A U L
s s s c c c
+ th (cJ + Tjt) + th (CJ + Tjt) +
nt nt nt
+ xJt (cJ. + Tjt) (1)
Subject to the following restraints:
< P a < _a
0- 2 X - R for all 1| (2)
i) |
J=1
< m U < u
s X - R
0 tfﬂ It I for all j (3)
m .n n
0 & X,,S R for all j %)



t=l

Production levels

cannot be greater

>
(1]
A
el
—wn

jt
4C <
Ajt - R

nt ¢ gnt
Xy, SR
jt = 7]

for all j
for all j
for all j
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(5)

(6)

(7)

of ammonia and final products are nonnegative and

than plant processing capacities.

v a,u m u
2zt s XJ¢ for all j =i (8)
i=l] t=1
v a,n m n
g X322 o3 ox for all j
o] 1) it jt or a J (9)
v a,s m S
r x5 s 3 ox for all
=1 0 gy It or el ] 1)
v a,cC m C
poxh% = 1 x§, for all j (1)
1= Ij_ t=1
g x3Mto g oxMt for all j (12)
i=| 1 t=1 Jt

The total quantity of ammonia Inshipments to a final product processing
site Is equal to the total quantity of outshipments of final product

to distribution centers, expressed In metric tons of ammonia

equivalents.

x2:Y =0 for all 1 ¢ ) (13)
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Urea must be processed in a.location where ammonla Is produced and
the necessary Inputs CO and C02 are generated; therefore, processing
capacity of urea must be smaller or equal to ammonlia proceSslng
capaclty in a given location. Inshipments of ammonla, from other

locations, for urea processing are not feasible.

m
< u n s c nt
03 le th + th + xJt + th + th > Dt for all t (14)

The quantity of final products, expressed in metric tons of ammonla
equivalents, shipped to a distribution center Is nonnegative and

it Is greater than or equal to the quantity demanded.

a,u a,n, ,a,s, ,a,c, ya,nt

XK K ST 0 (15)
u ., yn, 5. €, Nt >

Xjeo %500 Xjed X Xje Z 0 (16)

All ammonia and final products shipments are nonnegative. Also,

the following qualifications of parameters are considered:

Dt 20 for all t G7)

All quantities demanded at each distribution center are nonnegative.

R?; RT; R?; Rj; Rj; RTt > 0 (18)

All ammonla and flnal products processing capacities are nonnegative.
The basic model as formulated will handle individual country
problems as well as probléms for the Andean group countrlies as a

whole.
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Limitations of. the Model and Sources of Errar

The limitations of the model arise primarily from the simpl!fying
assumption set up to permit a workable real-world counterpart of the
theoretical model.

The assumption that the nltrogen coming from different final
products Is homogeneous, and, therefore, all final products are
assumed to be perfect substitutes in consumption, Is rather strong,
especlally if compound fertilizers were to be included in the analysis.
Compound fertilizers contain phosphorous and potassium, so, their
consumption Is rather a function of demand for these nutrients in
addition to nltrogen. However, since they are also a source of
supply of nitrogen, their production cannot be excluded from this
study. Even though nitrogen produced in the form of compound
fertilizers Is rather small compared to the supply of nitrogen In
the other final products, and even though cost adjustments have been
made in this study to take care of the supply of other nutrients,
results obtained on these fertillizers production and use still must
be taken with caution. Even sources of nitrogen such as urea and
ammonium sulfate cannot be considered as perfect substitutes because
of restrictions imposed by soil and ecological conditions. For
simple nitrogen fertilizers, however, the assumption does not seem
to imply much error.

The expression of all costs in terms of 1970 constant dollars
at nominal official exchange rates tend to blas upwards the costs

for countries with overvaluation of domestic currencies; which seems
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‘to be the case for Colombla, Ecuador, Peru, Chile, and Bolivia in
different degrees. On the other hand, countries with a tendency to
underValu#tlon of domestic currencies, such as Venezuela in
recent years, cause thelr costs to be blas downwards. These distor-
tions, which may in some cases result in alternations of 'optimum"
flcw patterns, are not-accounted for by this model. Nevertheless,
1f the Andean.Group Common Market is going to be successful, some
degree of harmonization of monetary policies, or more specifically,
of forelgn exchange policies, will have to be achieved. It is
expected, then, that these distortions will not significantly affect
the conclusions of this study.

To assume that the relative prices of various Inputs at each
location and the relative price of each input at various locations
will remain unchanged between the base year 1970 and the projected
years 1975, 1980, and 1985 Is undoubtedly a source of error. Attempt-
ing to foresee all sorts of changes and indirect effects that may
take place over time poses a special problem in developing countries.
Technology will not remain the same and relatlve prices will change
in directions and magnitudes that are difficult to predict. These
sources of error are not inherent to the model itself, but to the more
genéral problem of making projections.

Another 1lmitation of the model arises from Its inability to
account elther for economies of scale or from the assumption that
pe: unlt processing costs are constant as If all producing plants
were operating aﬁ full cagédlty. Thfs tends to blas results In favor

of prodddtlpn and.outéh!bmqnts;fromllarge size plants, the magnltude
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of the bias (or error) depending on the ability of producing plants
with excess capacity to export to the rest of the world market. |If
these plants have processing costs to enable them to compéte in the
world market, this assumption will be correct; if this were not the
case, errors will be included in the solutions. An analysis of the
results with an evaluation of export possibilities of plants with
excess capaclties will indicate how reasonable thls assumption is

and/or the inabillty of the model to account for economies of scale.

Uses of the Model

Solutions of minimum cost flow patterns, levels of production
and excess capacities of existing and planned production facllities
of the nitrogenous fertilizer industry, for independent country cases
as well as for the Andean Group countries operating as a Custom Union
can be obtained. Also, 'welfare galns'' or resources saved by Andean
Group countries as a result of a common market can be estimated.
Effects of alternative policies of protectlon such as quotas, tariffs,
or subsidies can be evaluated in terms of transfers between surpluses
of consumers, producers, and government. The model permits estimation
of these magnitudes by comparing results of independent country
solutions with those implled by a Custom Union solution.

Sensitlvity to changes in transport costs, degrees of over-
valuation or subvaluation of domestic currencles, and demand projections
may be evaluated as to their Impact on minimum cost flow patterns,

levels of production of facilities, and resource savings.
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CHAPTER 4
THE SUPPLY SYSTEM

Production Facilities of the Nltrogenous Fertllizer
Industry In Andean Group Countries:

Basic Information on the availability of production faclilitles
has been obtalned from publications of ''La Junta del Acuerdo
Cartagena"5 and directly from interviews of producers and institutions
in charge of planning and supervising fertilizers production and/or
marketing such as the ''Instituto Venezolano de Petroquimica.' Also,
information has been obfalned from Tennessee Valley Authority publi-
cations of studles made In these countries.

Table 1 shows production facilities of ammonia and final products;
urea, ammonium nitrate, ammonium sulfate, and compounds; avallable in
the Andean Group countries. All of these plants can be considered
to be under operation, with the exception of the planned ammonia plants
at Puerto La Cruz in Venezuela, Yaculba In Bollvia, and Punta Arenas
in Chlle;tand urea plants in Yacuiba and Punta Arenas. Size of plants
or plants; processing capacities are expressed in terms of metric
tons of material, nitrogen nutrient, and ammonia equivalents per year.
As established by the model, the relevant capacities are those
expressed in metric tons of ammonia equivalents per year.

In addition to the production facilitles shown in Table 1, facili=-

ties to produce other intermediate products necessary for the

5S_ee‘Junta del Acuerdo de Cartagena (1973) and Instituto Latino-
Americano de Planificacion Economica 'y Soclal (1972).



Table 1. Production facilities of ammonia and final products of the rnitrogenous fertilizer industry in

Andean Group countries

Size of plant

Metric

tons of Metric tons of Metric tons

material nitrogen nutrient of ammonia

Country Plant location Product per year per year: per year
Venezuela Maracaibo Ammonia 297,000 297,000
Maracaibo Ammonia 297,000 297,000
Maracaibo Urea 396,000 180,180 227,027
Maracaibo Urea 396,000 180,180 227,027
Moron Ammonia 198,000 198,000
Moron Urea 247,500 112,612 141,891
Moron Compounds 58,400 26,280 33,113
Pto. La Cruz Ammonia k95,000 495,000
Colombia Cartagena Ammonia 132,000 132,000
Barrancabermeja Ammonia 17,800 17,800
Barrancabermeja Urea 12,800 5,824 7,338
Barrancabermeja Ammonia/nitrate 23,290 8,268 10,418
Barranquilla Urea 89,100 Lo,540 51,080
Barranquilla Compounds 43,554 19,600 24,696
Monomeros Compounds 99,000 45,000 56,700
Ecuador Guayaquil Ammonium sulfate 32,234 6,930 8,732
Guayaquil Compounds 33,000 15,000 18,900
Peru Talara Ammonia 99,000 76,440 99,000
Talara Urea 168,300 96,315
Callao Ammonia 29,700 29,700

[44



Table 1 (continued)

Size of plant

Metric

tons of Metric tons of Metric tons
material nitrogen nutrient of ammonia
Country Plant location Product per year per year per year
Peru Callao A. nitrate 39,600 14,234 17,934
Callao Ammonium sulfate 14,500 3,120 3,929
Cachimayo Ammonia 11,183 11,183
Cachimayo Ammonium nitrate 25,000 8,875 11,183
Bolivia Yacuiba® Ammonia 198,000 198,000
Yacuiba® Urea 297,000 135,135 170,270
Chile Antafogasta Nitrates 97,500 122,850
Punta Arenas Ammonia 198,000 198,000

Punta Arenas Urea 297,000 135,135

170,270

@plants in planning stage, expected to be in operation by 1980.

€e
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manufacturing of final products are required, as shown by Figure 1.
Some of these facilities avallable in Andean Group countries a;e
listed In Table 2, All of tha processing facllities of these
Intermediate products are not included since they are also imputs to

other Industries.

Processing Activities and Input-Output Relations

Many different materials are capable of supplying Nitrogen as a
fertilizer, but economics and other factors have narrowed the 11st
so that most the world's commercial fertilizer Is supplled by a few
forms of material. During the last 15 years significant changes
have occurred in the world fertilizer Industry. Ammonium sulfate has
- been displaced as the principal source of fertilizer nitrogen by
urea, and ammonium nltrate is now the second most important nitrogen
fertllizer.

A very simple scheme of the relationships among raw materlals,
intermediate products, and final products implied by different processlng
activities Is presented In Figure 1. Ammonia Is the principal form
in which fixed nitrogen is available for the manufacture of fertllizers
In the world today. Different raw materials such as natural gas,
naphtha, heavy fuel oil, coal, electrolytic hydrogen, etc., and
assoclated processing techniques can be used in the production of
ammonia. With the exception of ammonia plants at Callao and Cachimayo
In Peru, and Barrancabermeja in Colombia, all ammonia plants in Andean
Group countries use, natural gas as raw materials.

It is not the purpose of this study to discuss In detall the

technological aspects of manufacturing Intermediate and final fertilizer



N —1 [————— |Ammoniun

as . ,L -

VRatiral - |=
R P G

Anhy_dt‘OUS 1 . - K . IR .
, t (:02 . Ammonia —"—{All‘ —,lNl'tmc Acn‘d‘ _.)J. Nit‘,';".‘?-"{?._;.‘.';:f;'

Urea

sozﬁases sulfuric — - 7] Ammonium
PN Acid . Sul fate

: bt \Sul fur

NIS.P.

| - - — | Phosphoric ' Diammonium
5 S § R . . . -
- Phosphate R°°k Acid . Ammonia Phosphates:

Final Products

-f‘-"fl-:'igu'i'weff‘l..-  General scheme of processing activities Intermediate Products
Raw Materials oo




26
Table 2, Some productlon facilltles of other Intermedlate products
‘of "the: nitrogenous fertlllzer lndustry Tn Andean “Group

countries
, Size of Plant
T i .,hf‘.é . Metric tons of
Country éf.?PIant‘IOcat1on- o PfoduCt : -material per year

venez‘aa]as Moron, i ‘Sulfurlc acid 198,000
-~ UMoron. Sulfuric acid 198,000
“'Moron. | Nitric acid 49,500
‘Colombla 4Carfagene o Nltrlc acld 49,500
St - Barrancaberme]a Ni€éric acid 30,100
-Barranquilia Nitric acld 74,580
Ecuador  Guayaqul| sulfuric acld 41,000
Peru  Callao . Nitric acld 8,250
o '*La‘Oraya‘* : Sulfuric acid 66,000
Chile chuquloamata . Sulfurlc acld 165,000

Aconcagua‘ . . Sulfurlc acid 33,000
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"g:However, certlan lnput-output relatlonshlps ‘must be specified

rde to understand better the processlng activltles included in the
‘;model Following the “processlng flow“ of Flgure 1 the main Input-
toutput relatlons are described In Table 3. These Input-output relations
ﬂbetween lntermedlate and final products are basically independent of
«fthe processlng tnchnology adopted. Theesmall variations that may exist
;are assumed to be Inslgnlflcant.

Ammonia and sulfuric acld are .used In the processing of ammonium
AQUjfatéi nltrlc aeld,'and ammonia in the manufacturing of ammonium
Inlttate,‘andlonlykammon!a in production of urea. The last two rows
othable‘3iare'the lnput-output relations of ammonia contained in
:nltrle‘aeid‘and total ammonla, respectively; developed to standardize
unftsaln,terms of ammonla equivalents (metric tons of ammon'a). Input-
output relatlons expressing outputs In units of fertilizer material
and nltfogen,nutt}ent are presented.

For the case'of compound. fertilizers, it Is necessary to point
out that the input-output relatlon's expressing output in fertillzer
matetlai unlts ma§ be misleadlng since they vary substantlally wlth
the type of fertllizer consldered. However, relations expressing
output In terms of nitrogen. nutrlent unlts are rather accurate. |Input-
output relatlons expresslng.output‘ln terms of nitrogen nutrient units
&are used to standardlze unlts to ammonla equivalents. Thus, not many

'derrors, If any, are brought about by these relations.

L 6Input output relatlons developed from information in: United
hwqatézgs Industrlal DeVelopment Organlzatlon (1967) and Bixby - et et al.,
19 >



Table 3. Main input-output relations

Ammonium Ammon i um
Inputs/outputs Nitric acid nitrate sulfate Urea Compounds
Material|Nitrogen|Material |[NitrogeniMaterial [Nitrogen|Material|Nitrogen -

Ammonia 0.29 0.22 0.61 0.26 1.26 0.58 1.26 0.23 0.62
Sul furic acid 0.757 3.60

Nitric acid 0.80 2.25 0.33 2.2
Ammonia in nitric acid 0.23 0.65 0.24 0.64
Total ammonia 0.45 1.26 0.26 1.26 0.58 1.26 0.47 1.26

8¢
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Costs of Production Estimation

As pointed out before, this study Is designed to compliment the
planning and decislion making process of governments and policy makers
of Andean Group countries by emphasizing the Interrelatlionships be-
tween nitrogenous fertilizers (and plants) of these countries and by
{1lustrating the Industry-wide consequences of alternative policles,
including the establishment of a common market (Custom Union). Hence,
emphasis is glven to using costs and technical relationships which are
generally representative of the industry as a whole, rather than
trying to representvaccuratefy any specific flrm or plant. For
obvious reasons, It Is quite Impossible to obtaln precise Information
on economic costs of production for each plant. Estimated costs of
production must, therefore, be derived using engineering data and
a set of standardized assumptions.

in some instances the manufacturing and investment cost estimates
considered by this study may differ slightly from values computed by
other studies. They may not be as reliable for some speciflic situations
as more In-depth estimates by others. However, the use of somewhat
standardized assumptions which are believed to be reasonably accurate
and reliable Insure that the various alternative processes and supply

systems are evaluated on the same basis.

Assumptions and Procedures

Basically, factors are categorized as 'fixed" and ''variable"
consistent wlth the economic meaning of these terms. That ls, fixed

factors are lnputs to a process or actlvity that do not vary directly
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with the level of output, whereas the quantity used of a variable

factor varles directly in proportion to the level of the output of

that activity.

Production facilities or plants are assumed to be already bullt

at corresponding points In time. Fixed factor costs or fixed costs of

production are assumed to be the following:

(a)

(b)

(c)

(d)

(e)

()

(g)

(h)

Operating labor: assumed to be a fixed cost since very
small changes of operating labor cost, If any, occur by
changing levels of output. A rate of $3 per man-hour Is
assumed, even when in developing countries a lower rate
would apply. Experience indicates that larger numbers of
personnel would be used at lower wage rates and the total
cost should be about the same.

Analysis: cost assumed to be equal to 20 percent of operating
labor cost.

Handling: in-plant handling cost is assumed to be equal
to 4 percent of operating labor cost.

Overhead: assumed to be equal to 100 percent of operating
labor cost.

Depreciation: 15 years straight line depreciation or
6.67 percent of plant investment.

interest: assumed to be 8 percent of one-half of plant
investment or 4 percent of plant Investment per year.

Maintenance: assumed to be equal to 5 percent of plant
investment.

Supplies:  assumed to be equal to 10 percent of operating
labor cost.

These assumptions were developed from several studies made by

the Tennessee Valley Authority in Andean countries.

The main variable factors or variable costs are assumed to be the

following:

(a)
(b)

raw materials such as natural gas, heavy oil, etc..

electrical power
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(¢) cooling water
(d) boiler feed water
(e) steam
(F) fuel
(g) catalysts and chemicals
(h) other variable factors inherent to each processing activity
Per unit cost of variable factors were estimated for each country.
Assumptions about investment estimates are the following:
(a) The battery limits investment cost (cost of processing
equipment and its installation) of various plant units
in the Andean countries was assumed to be 1.3 times
corresponding United States battery limits costs.
(b) The cost of auxiliary facilities (steam, power, water,
supply, etc.) was assumed to be 25 percent of the
total battery limits cost of the plant unit.
(c) The cost of supporting facilitles (roads, civil works,
office and administrative bulldings, etc.) is assumed
to be 25 percent of the total battery limits cost plus
25 percent of auxiliary facilities cost.
(d) Investment cost of exlisting plants was estimated taking
as a basis the year in which the plant was bullt. An
addlitional assumption is that no return on investment
above Interest .cost Is to be obtained, i.e., 0 percent
return on investment Is assumed for all cost estimates.
Using input-output relations as specified in Table 3 and the above

assumptions, processing costs for ammonia and final prod.:ts were

estimated by simple budgeting.

Estimates of Ammonla.Processlngfposts.and Economies of Sca]el

Estimates of processing .costs of ammonia at production faclilities
in Andean Group countries are shown In Table 4. These costs are

estimated as If plants were operating at full capacity. Average total



Table 4. Processing costs of ‘ammonia at production facilities

Venezuela
Maracaibo Moron Puerto La Cruz
297,000 m.t./year 198,000 m.t./year 495,000 m.t./year
Input- Per unit Dols. per| Per unit Dols. per| Per unit Dols. per
Input output input cost |m.t. of input cost| m.t. of input cost| m.t. of
Inputs units . ratios (dols.) ammonia (dols.) ammonia {dols.) . ammonia
Natural gas 1,000 ft.>  38.50 0.15 5.78 0.15 5.78 0.15 5.78
Electricity KWH 50.00 0.015 0.75 0.015 0.75 0.015 0.75
Cooling water 1,000 gal. 75.00 0.02 1.50 0.02 1.50 0.02 1.50
Boiler 1,000 gal. 0.53 0.40 0.21 0.40 0.21 c.ko 0.21
feed water
Catalysts 0.50 0.50 0.50
Average
variable
cost 8.74 8.74 8.74
Operuting
labor 2.20 2.62 2.61
Analysis 0.44 0.52 0.52
Handling 0.09 0.11 0.1
Overhead 2.20 2.62 2.62
Depreciation 6.50 6.68 6.02
Interest 3.90 k.00 3.61
Maintenance L.87 5.00 .51
Supplies 0.22 0.27 0.26
Insurance 0.17 0.17 0.15
Average fixed
cost 20.59 21.99 20.41
Average
total cost 29,33 30.73 29.15 w
Plant
investment 28,950,000 19,810,000 44,687,000



Table 4. {(continued)

Colombia Peru.
Cartagena® Larrancabermeja® Talara - ~
132,000 m.t./year 17,800 m.t./year 99,000 m.t./year
input- Per unit Dols. per| Per unit Dols. per| Per unit Dols. per -
Input output input cost |m.t. of input cost| m.t. of input cost | m.t. of
Inputs - units ratios (dols.) ammonia (dols.) ammonia (dols.) -ammonia
Natural gas 1,000 ft.>  38.50 0.21 8.09 0.20 7.68
Electricity KWH 50.00 0.015 0.75 0.015 0.76
Cooling water 1,000 gal. 75.00 0.016 1.21 0.029 2.18
Boiler 1,000 gal. 0.53 0.28 0.15 0.38 0.20
feed water
Catalysts 0.50 0.50
Average
variable
cost 10.70 16.64 11.32
Operating
labor 2.80 3.00
Analysis 0.56 0.56
Handling 0.11 0.11
Overhead 2.80 3.00
~ Depreciation 5.91 10.51
Interest 3.55 6.30
Maintenance L. 43 7.87
Supplies 0.28 0.28
Insurance 0.15 0.27
Average fixed
cost 20.59 34.65 31.90
Average
total cost 31.29 51.84 43,22
Plant
investment 11,700,000° 15,600,000

£e



investment

6,500,000

Table 4. {(continued)
. Peru
Callao® Cachimayod
29,700 m.t./year 25,000 m.t./year
Input- Per unit Dols. per Per unit Dols. per
Input output input cost m.t. of input cost m.t. of

Inputs units ratios (dols.) ammonia (dols.) ammonia
Bunker & oil 12.75
Natural gas 1,000 ft.3 38.50 0.02
Electricity KWH 50.00 0.02 1.50
Cooling water 1,000 gal. 75.00 0.38 0.11
Boiler 1,000 gal. 0.53 1.48

feed water
Catalysts
Average
variable
cost 15.84
Operating
Labor 3.00
Analysis 0.60
Handling 0.12
Overhead 3.00
Depreciation 14.60

interest 8.75
Maintenance 10.94
Supplies 0.30

Insurance 0.38
Average fixed
cost k.69
Average

total cost 57.53 80.00

" . Flant

he



Table 4. (continued)

Bolivia

Yacuiba
198,000 m.t./year

~ Yacuiba
330,000 m.t./year

Chile ;:;k' _ A
Punta Arenas - »
198,000 m.t./year

Input- Per unit Dols. per| Per unit Dols. per {Per unit Dols. per-
Input output input cost |m.t. of input cost |m.t. of input cost | m.t. of

inputs uni ts ratios (dols.) ammonia (dots.) ammonia (dols.) ammonia
Bunker & oil 3 )
Natural gas 1,000 ft. 38.50 0.20 7.70 0.20 7.70 0.10 3.85
Electricity KWH 50.00 0.02 1.00 0.02 1.00 0.01 0.50
Cooling water 1,000 gal. 75.00 0.02 1.54 0.02 1,54 0.02 1.50
Boiler 1,000 gal. G.53 0.40 0.2] 0.40 0.2] 0.47 0.25
feed water
Catalysts 0.50 0.50 0.50
Average
variable
cost 10.95 10.95 6.60
Operating

labor 2.61 2.18 2.61
Analysis 0.51 0.43 0.51
Handling 0.10 0.09 0.10
Overhead 2,61 2.18 2.61
Depreciation 6.69 6.01 6.69
Interest L.,00 3.60 k.00
Maintenance 5.00 L, 51 5.00
Supplies 0.28 0.23 0.28
Insurance 0.7 0.16 0.17
Average fixed
cost 21.97 19.39 21.97
Average

total cost 32.92 30.34 28.57
Plant w
investment 19,810,000 29,740,000 19,810,000 b



Table 4. (continued)

®Investment cost estimated for plant built in 1962.
PEstimated from data in: McCamy and Waggoner (1970).

“bifferent processing technique using Bunker & oil, rather than natural gas, as basic raw material.

dDifferent processing technique: electric hydrogen process.

9¢
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cost or cost of processing ammonia per metric ton varies ‘from $28.57
in projected plant at Punta Arenas, Chile, to an estimated $80 at
Cachimayo--these plants being of different size and using different
processing techqology and raw materials. Most of the plants, however,
use natural gas as raw material. For these plants estimated costs of
ammonia processing per metric ton varies from $28.57 in Punta Arenas,
Chile, to $43.22 in Talara, Peru. These differences arise mainly
from differences in size (198,000 metric tons per year for the plant
at Punta Arenas versus 99,000 metric tons for the plant at Talara)
and also due to differences In the most important element of in-plant
costs, that is, the cost of natural gas ($.20 per 1,000 cubic feet in
Talara versus $.10 in Punta Arenas). Differences in average variable
costs among plants using natural gas as raw material are due basically
to differences in costs of natural gas. Other variable costs such
as electricity, boller feed water, etc., represent a rather small
proportion of total costs. Although some differences In costs of
these factors exist among countries, they can not be considered great
enough to affect total costs of production significantly.

Estimated average variable costs indicate that Chile and Venezuela
have a significant advantage In ﬁroduct{on costs at their plant sites.

In reference to economies of scale in the production of ammonia,
the average fixed cost for various plant sizes using the same production
techniques provides an estimate of the economies of scale In the
production of .ammonia. Assumptions on operating labor costs and other
fixed costs make these costs independent of the prices of fixed factors

In each country. However, if the average total cost is used as a
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measure of economies of scale, this would not be the case since total
costs are then a function of the prices of variable factors which
-are different among countrles.

The slope o an average cost curve at any given level of produc-
tion is equal to the derivative of the average cost function with
respect to the quantity produced. Assuming a linear total cost
curve, it is possible to compare changes in average cost at a given
output for different plants: Let: A.F.C. = average fixed cost

T.F.C. = total fixed cost

q = output

then:
AF.C, = ALECe)
d(A.F.C.) _ _ T.F.c. _ _ (A.F.C.)g _ _ A.F.C.
dq q2 q2 - q

To compare the slope of average fixed cost curves of ammonia
plants using natural gas as raw material at an annual output of 96,000
metric tons of ammonia, we let q = 96,000. Then it Is possible to
obtain:

Ammonla plants location Plant size Slope of average fixed cost curve

(m.t./year) (S/thousand m.t.)
Talara 99,000 -0.34
Moron 198,000 -0.47
Maracaibo 297,000 -0.66
Puerto La Cruz 495,000 -1.10

The slope of the average fixed cost curve of each plant size can be
taken as a measure of the economies that take place In unit processing
cost by Increasing output from a given level q, In this case 96,000

metric tons of ammonia per year. However, it is necessary to make a
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_clear separation between economies of scale In physical production .
.:unlts andithe slope of an average cost curve showing changes ;n costs
Mfrom increasing output. Assuming the same technology and prices of |
| 6tﬁér factors constant, economles of scale can be expressed in terms
bf annual output of ammonia In metric tons per unit of capital Invest-
ment. Let one unit of capltal equal $1,000 of plaﬂt Investment; thep

for the same plants we have:

Annual output per unit

Ammonia plants Size of capital
(m.t./year) (m.t. of ammonia/year/$1,000)

Talara 99,000 6.34

Moron 198,000 9.99

Maracalbo 297,000 10.26

Puerto La Cruz Lg5,000 11.08

Annual output per unit of capital can be taken as an estimate of

economies of scale in physical production units.

Estimates of Final Products Processing Costs and Economies of Scale

Urea: Estimates of Urea processing costs net of ammonia cost,
at different processing facilities in the Andean Group countries, are
shown in Table 5. Average unit costs are estimated as if the plants
were operating at full capacity and are expressed in dollars per
metric ton of urea, nitrogen nutrient and ammonia equivalents. Costs
per metric ton of ammonia equivalents are the relevant ones to be
used in the mode! and they represent the cost of transformlng one
metric ton of ammonia into urea. Costs per metric ton of ammonia
equivalent have been deflved»frqm the costs of processing one metric

ton of uréa given the 45.5 percent of hltrogen nutrient content In urea



Table 5. Processing costs of urea at production facilities
Venezuela
Input- Maracaibo Moron
output 227,027 m.t. of am.eq. 141,891 m.t. of am.eq.
ratios, Dols. per Dols. per|Dols. periDols. perj Dols. per |Dols. per
Input input/ m.t. of |[m.t. of |m.t. of |[m.t. of m.t. of m.t. of
Inputs . units m.t. urea |urea nitrogen [am.eq. urea ’ nitrogen |am.eq. -
:Electricity ~ Kwh 170 2.55 2,55
Cooling waters 1,000 gal. 32 0.64 0.64
Steam 1,000 gatl. 4.2 1.68 1.68
Av. variable
cost 4.87 10.70 8.49 4.87 10.70 8.49
Operating
Tabor 2.50 2.50
Analysis 0.50 0.50
Handling 0.10 0.10
Overhead 2.50 2.50
Depreciation 3.49 4.06
interest 2.09 2.73
Maintenance 2.6z 3.40
Supplies 0.25 0.24
Insurance 0.09 0.10
HAverage
fixed cost 14.14 31.08 24.66 16.13 35.47 28.15
Average .
_ total cost 19.01 4b1.78  33.15 21.00 h6.17 36.64 -
Plant,
i 20'720,000 17'053,600

oy



Tab]eiSa;d(Eontinugd)

| nput- Barranquilla _ Barrancabérméjaa ﬂ ;,€; ......
output - 51,080 m.t. of am.eq. 7,338 m.t. of am.eq. -
: ratios, Dols. per|Dols. per|Dols. per|Dols. per |Dols. per| Dols.-per
R Input input/ m.t. of |m.t. of |m.t. of |m.t. of m.t. of m.t. of
" Inputs:. . units m.t. urea |urea nitrogen. |am.eq. urea. nitrogen | am.eq..
. Electricity  Kwh 170 2.60
' Cooling: waters 1,000 gal. 32 0.58
Steam. 1,000 gal. k.2 1.95
Operating |
labor 2.64
Analysis 0.53
Handling 0.11
Overhead 2.64
Depreciation 5.88
Interest 3.52
Maintenance 4.5
Supplies 0.26
Insurance 0.15
Average
fixed cost 20.14 Ly 25 35.13 i4.32 31.47 24,98
Average ,
total cost 25.27 55.53 L4 07 Lk 9 98.70 78.33
Plant
investment 7'850,000

L



Table 5 (continued)

Peru
Input Talara
output 96,315 m.t. of am.eq.
ratios, Dols. per Dols. per Dols. per
input input/ m.t. of m.t. of m.t. of
Inputs units m.t. urea urea nitrogen am.eq.
Electricity Kwh 170 3.40
Cooling waters 1,000 gal. 32 0.64
Steam 1,000 gal. 4.2 1.68
Av. variable
cost 5.72 12.57 9.98
Operating
labor 2.55
Analysis 0.51
Handling 0.10
Overhead 2.55
Depreciation 5.24
Interest 3.14
Maintenance 3.93
Supplies 0.25
Insurance 0.14
Average
fixed cost 18.41 Lo.L46 32.11
Average
total cost 24,13 53.03 42.09
Plant
investment 13'203,120

(4]



Table 5 (continued)
Bolivia -
Input Yacuiba Yacuiba
output 170,270 m.t. of am.eq. 283,783 m.t. of am.eq.
ratios, Dols. per|Dols. per|Dols. per{Dols. per|Dols. per| Dols. per
Input input/ m.t. of [m.t. of |m.t. of |[m.t. of |m.t. of m.t. of
I nputs units m.t. urea |urea nitrogen |am.eq. urea nitrogen | am.eq.
Electricity Kwh 170 3.40 3.40
Cooling waters 1,000 gal. 32 0.64 0.64
Steam 1,000 gal. 4.2 1.68 1.68
Av. variable
cost 5.72 12.57 9.98 5.72 12.57 9.97
Operating
labor 2.22 2.20
Analysis 0.44 0.44
Handling 0.09 0.09
Overhead 2.22 2.20
Depreciation L.25 3.99
Interest 2.55 2.39
Maintenance 3.18 2.99
Supplies 0.22 0.22
Insurance 0.11 0.11
Average
fixed cost 15.30 33.63 26.69 14.63 32.17 25.54
Average
total cost 21.02 46.20 36.67 20.35 Ly 74 35.51
Plant
investment 18'910,000 29'433,600

£



Table 5 ‘(continued)

v

S . Chile . . -
i * Input= o "~ . Punta Arenas "
output - 170,270 m.t. of am.eq.
. .| ratios, Dols. per Dols. per- Dols. per
S Input . input/ m.t. of m.t. of m.t. of
. Inputs i units:- m.t. urea ~ urea ' nitrogen am.eq.
Electricity Kwh - 170 1.71
Cooling waters 1,000 gal. 32 0.64
Steam _ 1,000 gal. 4.2 2.14
Av. variable
cost 4.49 9.87 7.83.
Operating
labor 2.22
Analysis 0.44
Handling 0.09
Overhead 2.22
Depreciation 4,25
Interest 2.55
Maintenance 3.18
Supplies 0.22
Insurance 0.11
Average
fixed cost 15.30 33.62 26.68
Average
total cost 19.79 43.49 34.51
Plant
investment 18'910,000

¥Modified old plant using different processing technique.

Y
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and the Input-output relation of 1.26 metric tons of ammonia per metric

ton of nitrogen nutrient. This is:
Dols./m.t. of. urea

Qols./m.t. of nitrogen = S
Dols./m.t. of ammonia equivalents = DOIS'/m‘ti.Zg nitrogen
Hence:
Dols./m.t. of ammonia equivalent = DOIS'éT§;;3°f urea’

Except for the case of Barrancabermeja's plant, which uses a
different processing technique, average variable costs are similar
among plants. The small differences which exist are due to varlation
In the costs of electricity among countries.

Average total cost of processing urea, net of ammonia, in dollars
per metric ton of ammonia equivalent, varies from $78.33 at Barran-
cabermeja to $33.15 at Maracaibo. Exclusion of the Barrancabermeja
plant reduces cost variations from $33.15 at Maracalbo to $42.09 at
Talara, these fluctuations being basically due to differences in plant
size. Average total costs as specified In Table 5 represent points
on the long-run average total cost curve.

Following the same procedure used for the case of ammonia plants,
the slope of the averrag fixed cost curve can be taken as a meésure
of the economies that take place by increasing production from a
glvén level of output. For an annual output level of 96,000 metric

tons of ammonia equivalents we have:

Urea plants Plant size Slope of average fixed cost curve -
Talara 96,315 _ -0.33
Moron 141,891 -0.43
Yacuiba 170,270 -0.49

Maracalbo 227,027 -0.61
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Comparing these results to those of ammonia processing at plants

In Talara, Moron, and Maracalbo; economies assoclated with output
Increments, as measured by the slope of the average fixed cost curve,

are a little smaller in urea processing than in ammonia production.

Ammonium Nitrate. Estimates of processing costs of ammonium

nitrate are presented in Table 6. These estimates do not Include the
cost of ammonia used in processing nitric acid, Nelther do they include
the cost of ammonia used directly in ammonium nitrate processing.

Plants at Barrancabermeja and Cachimayo have faced technical
operating difficulties. This and differences in processing techniques
have made it necessary to use data from other studies to derive
estimates of processing costs. A specific study made by The Tennessee
Valley Authority In Colombia (McCamy and Waggoner, 1970) and an
evaluation of the Cachimayo plant in Peru were used for this purpose,
For the plant at Callao, however, our standardized assumptions were
applied. For all cases, adjustments in nitric acid costs (net of
ammonia cost) were made.

Average processing costs are expressed in dollars per metric ton
of ammonium nitrate, nitrogen nutrient, and ammonia equivalents. Costs
per metric ton of ammonia equivalents are derived in the same fashion
as those for the case of urea, using this time a nutrient nitrogen
content of 35.5 percent and an Input-output relation of 1.26 metric
tons of ammonia per metric ton of nitrogen nutrient processed in the

form of ammonium nitrate.

Dols./m.t. of ammonium nitrate
Dols./m.t. qf ammonia equivalent T.26 (0.355)
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Table 6. Processing costs of ammonium nitrate at production facilities

Colombia
Input- 3
output Barrancaberme]a
ratios, 10,418. m.t. of am. eq.
input/ Per unit |[Dols. per|Dols. per|Dols. per
Input m.t. input cost|m.t. of |m.t. of [m.t. of
Inputs units material {dols.) material |nitrogen |am.eq.
Netric acid m.t. 0.80
Electricity Kwh 36.00
Steam 1,000 gal. 0.54
Average variable
cost 34,28 96,58 76.65
Operating labor
Analysis
Handling
Overhead
Depreciation
Interest
Maintenance
Supplies
Insurance
Average fixed
cost 17.52 49.32 39.15
Average total
cost 51.80 145,91 115.80

Plant investment
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Table 6 (continued)
Input- Peru
output Callao
ratios, 17,934 m.t. of am. eq.
input/ Per unit |Dols. per|Dols. per|Dols. per
Input m.t, Input cost|m.t. of Im.t., of [m.t. of
Inputs units material (dols.) material |nltrogen [am. eq.
Netric acid m.t. 0.80 21.59 17.27
Electricity kwh 30.00 0.02 0.60
Steam 1,000 gal. 0.54 0.50 0.27
Avérage variable
cost 18.14 51.12 40,56
Operating labor 1.20
Analysis 0.24
Handling 0.05
Overhead 1.20
Depreciation 3.29
Interest 1.97
Malntenance 2.46
Supplies 0.12
Insurance 0.09
Average flxed
cost 10.62 29.91] 23.74
Averagé total
cost 28.76 81.03 64,31

Plant investment

2'220,000



Table 6 {(continued)
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Peru
Input-
output CachimayoP
ratios, 11,183 m.t. of am. eq.
Input/ Per unit |Dols. periDols. per|Dols. per
Input m.t, input cost|m.t. of |m.t. of |m.t. of
Inputs units materiall (dols.) material |nitrogen |am. eq.
Netric acid m.t. 0.80
Electricity Kwh 30.00
Steam 1,000 gal. 0.5k
Average variable
cost
Operating labor
Analysis
Hand1ing
Overhead
Depreciation
Interest
Maintenance
Supplies
Insurance
Average fixed
cost
Average total
cost 47.59 134.07 106. 4

Plant Investment

31 fferent processing technique:

Ammonia produced from electrolytic

hydrogen and netric acid derived from the pressure oxidation of ammonla.

b

Modified old plant using different processing technique.
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Although our cost estimates are not adequate to obtain estimates of
economies of scale In ammonium nitrate processing, other studies
(United Nations Industrial Development Organization, 1967) show that

these are smaller than those for ammonia and urea processing.

Ammonium. Sulfate., Processing cost estimates of ammonium sulfate

net of ammonia cost are shown In Table 7 for the two processing
facilities or plants in the Andean Group countries.

Avearge cost estimates are expressed in dollars per metric ton
of ammonium sulfate, nitrogen nutrient, and ammonia equivalents,
the last one to be used In the model. Costs per unit of ammonia
equivalent are derived from the estimated cost per metric ton of
fertilizer material, glven that ammonium sulfate has a 21 percent nitrogen
nutrient content and that 1.26 metric tons of ammonia are required to
process one metric ton of nitrogen nutrient in the form of ammonium
sul fate.

Dols./m.t. of ammonium sulfate
Dols./m.t. of ammonia equivalent = 728 0.27)

- Dols./m.t. of ammonium sulfate
0.2646

Variations in estimated average variable costs are due to
alfferences in costs of sulfuric acid, which have been estimated on
the basis of the sulfuric acid plants in Ecuador and Peru with annual
outputs of 41,000 and 66,000 metric tons, respectively.

Economies of scale cannot be estimated adequately because the
plants were builp at different points In time. However, they are,

in general, smaller than those of ammonia and urea processing.



Table 7. Processing costs of ammonium sulfate at production facilities

Input- Ecuador
output Guayaquil
ratios, 8,732 m.t. of am.eq. - . -
input/ Per unit Dols. per Dols. per Dols. per
Input m.t. of input cost m.t. of m.t. of m.t. of
Inputs units - material (dols.) material nitrogen am.eq. -
Sulfuric acid m. t. 0.76 21.07 16.01
Water 1,000 gal. 6.0 0.02 0.12
Electricity kwh 8.0 0.02 0.16
Average variable
cost 16.29 75.79 60.15
Operating labor 0.72
Analysis 0.14
Handling 0.03
Overhead 0.72
Depreciation 3.62
Interest 2,17
Maintenance 2.7
Supplies 0.07
Insurance 0.10
Average fixed
cost 10.28 47.81 37.95
Average total
cost 26.57 123.50 98.10
Plant investment 914,000

s



Table 7 (continued)
Input- Peru
output Callao
ratios, 3,929 m.t. of am.eq.
input/ Per unit Dols. per Dols. per Dols. per
Input m.t. of input cost m.t. of m.t. of m.t. of
Inputs units material {dols.) materia) nitrogen am.eq.
Sulfuric acid m.t. 0.76 26.07 19.81
Water 1,000 gal. 6.0 0.02 0.12
Electricity kwh 8.0 0.02 0.16
Average variable
cost 20.09 93.47 74.18
Operating labor 0.72
Analysis 0.14
Handling 0.03
Overhead 0.72
Depreciation 4.94
Interest 2.96
Maintenance 3.71
Supplies 0.07
Insurance 0.13
Average fixed
cost 13.42 62.4 49.53
Average total
cost 33.51 155.88 123.71
Plant investment 1'112,000

A
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Compound -Fertillizers.. ﬁertlllzer materials such as nitrophosphates

and diamonium phosphates have been designated in this study under
the name of compound fertilizers. These fertilizers, in addition to
nitrogen, contaln phosphorous and/or potassium nutrients.

Differences in processing technology among existing plants, and
In comSlnatlons or grades of nutrient content of products produced by
each plant, make it very difficult to obtain precise estimates of
processing costs.

To estimate processing costs for the plant at Moron, producing
diamonium phosphate, the following assumptions were made:

1. Nutrient grade: 18-46-0

2. Plant capacity: 146,000 m.t./year

3, Processing technique: Tennessee Valley Authority

Glven these three assumptions, which correspond to the plant at
Moron, englneering Information was used to derive the estimated proc-
essing costs presented In Table é. Average costs are expressed In
dollars per metric ton of fertilizer material, total ni:trient content
and ammonia equivalents. in order to deivive the cost per metric
ton of ammonia equivalent, It has been assumed that one unit of
nitrogen nutrient is worth as much as one unit of phosphorus nutrient,
so that, the total nutrient content can be taken as if It were nitrogen
nutrient; In this case, 64 percent of nutrient content and the linput~
output relation of 1.26 of ammonia per unit of nlitrogen nutrient were
used to derive the average costs per metric ton of ammonia equivalent:

Dols./m.t. of ammonia equivalent = Dols./mk;.ez§~fe££illzer material,

Dols./m.t. of fertilizer material
0.8064 o




Table 8. Processing costévof compounds at production facilities

Input

Inputs - . units -

Venezuela

Moron

.33,113 m.t. of am.eq. -

I nput-
output
ratios

Per unit
input
cost (dols.)

Dols. per | Dols.. per"
m.t. of m.t. of
material .| nutrient

Dbls. per -

m.t. of

Phosphoric acid m.t.
Phosphate rock

" Potassium choloride
Netric acid

tlectricity : Kwh
Fuel : Gal.
Steam

Cooling water

Average variable
cost

Operating labor
Analysis
Handling*
Overhead
Depreciation
Interest
Maintenance
Supplies
Insurance

-Average fixed
cost

- Average total

cost '

0.96

22
3.3

0.015
0.12

35.56

36.39 56.86

3.61 5.64

L0.00 62.50

. putrient

45,12

’1..1.8\

49.60

hS



'T?Tﬁblé;8 (continued)

-~ - - -

Input
Inputs- . - - units

“Ecuador

18

Guayaquil

900 m.t.. of am.eq.

Input-
output
ratios

Per unit
input
cost (dols.)

Dols. per
m.t. of
material.

Dols. per.

m.t. of.
nutrient

- Doi$g‘pen;

m.t, of
am.eq.

Phosphoric acid m.t.
Phosphate rock -

Potassium chloride

Netric acid

Electricity

Fuel

Steam . 7

Cooling water

Average variable
cost

Operating labor
Analysis
Handling
Overhead
Depreciation
Interest
Maintenance
Supplies
Insurance

Average fixed
cost

Average total
cost

68.43

152.08

120.70
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Table 8 (continued)

Colombia

Barranquilla
24,696 m.t. of am. equiv.

Input- Per unit Dols. per Dols. per Dols. per
Ingut output input m.t. of m.t. of m.t. of

Inputs units ratios cost (dols.)| material nutrient am.eq.
Phosphoric acid m.t. 0.062 213.83 13.25
Phosphate rock m.t. 0.237 7.69 1.82
Potassium chloride m. t. 0.237 33.06 7.83
Netric acid m. t. 0.33 45,24 14.93

Electricity Kwh 30 0.015 0.45
Fuel Gallons 0.012 1.05

Steam 1,000 gal. 0.12

Cooling water 1,000 gal. 2 0.02 0.04
Average variable

cost 39.52 86.86 68.94
Operation labor 0.66
Analysis 0.13

Handling 0.03
Overhead 0.66

Depreciation 0.85

Interest 0.51
Maintenance 0.64

Supplies 0.06

Insurance 0.02
Average fixed

cost 3.56 7.82 6.21
Average total

cost 43.08 94.68 75.15

11800,000
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Table 8 (continued)

Colombia
Monomeros
56,700 m.t. of am.eq. -
Input- Per unit Dols. per Dols. per Dols. per
Input output input m.t. of m.t. of m.t. of

Inputs * . ~ ) units ratios cost (dols.)| material nutrient am.eq.
Phosphoric acid m.t. 0.0395 213.83 20.31

Phosphate rock m.t. 0.168 7.69 1.29

Potassium chloride m.t. 0.250 33.06 8.26

Netric acid m.t. 0.33 39.39 13.00

Electricity Kwh k7.5 0.015 0.71

Fuel Gallons k.o 0.12 0.48

Steam 1,000 gal. 0.04

Cooling water 1,000 gal 0.8 0.02 0.02
Average variable

cost k4 1t 196.95 76.94
Operating labor
Analysis

Handling

Overhead

Depreciation

interest
Maintenance

Supplies

Insurance
Average fixed

cost 3.92 : 8.61 6.84
Average total

cost 48,03 105.56 83.78

2'000,000

LS
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Processing cost estimates, also using engineering information,
were obtained for compound plants at Barranquilla and Monomeros.

Both plants are assumed to produce nitrophosphates of nutrient grade
15-15-15. However, they differ In processing techniques and size of
plant.

The plant at Barranquilla has an annual capacity of 140,000
metric tons of fertilizer material and Is a plant of the type used by
""Societe Potasse et Engrais Chimiques,' whereas the plant at Monomeros
has an annual capacity of 300,000 metric tons of fertilizer material
and is basically a plant of the type used by The Tennessee Valley
Authority.

Average cost estimates are presented in Table 8., Costs expressed
in dollars per metric ton of ammonia equivalent have been derlived
following the same procedure as for the previously described.case of
the plant at Moron considering 45 percent of total nutrient content
as if it were nitrogen nutrient and the input-output relation of 1.26
units of ammonia per unit of nitrogen processed in the form of
nitrophosphate.

The plant at Guayaquil has been operating under strongly protective
policies on domestically produced phosphoric and sulfuric acid.
Processing costs are, therefore, quite high. For the purpose of this
study, however, estimates of costs of production have been based on
those of Monomeros with an upward adjustment for (a) greater costs of
variable factors, and (b) smaller size of plant.

Economies of scale in compounds processing are very small. Varia-

tions in prices of some variable factors may easily offset the



29

reductions In average costs brought about by economies of scale. High
proportion of variable factors cost (average variable cost) Is very

clear In this processing activity.
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CHAPTER 5

THE TRANSPORTATION SYSTEM

The six countries that form the Andean Group stretch along the
full 4,500 mile length of South America covering almost two million
square miles., Large distances separate most population centers. The
high, rugged Andes mountain range is the backboﬁe of the region and
the cause of many of its transportation problems. Overhead access
between the Andean countries is poor. The only international raillways
are those linking Bollvié with Peru and Chile, and the only inter-
national road connection is provided by the Pan-American Highway. Inter-
country transport of fertilizer materials is made by sea. In general,
nine-tenths of the merchandise traded among the Andean countries is
carried by sea. This pattern is typical of almost all Latin American
countries. Chile, Peru, Ecuador, and Colombia all have ports on the
Pacific, and Colombia and Venezuela have Atlantic ports., Bolivia
is the only country completely landlocked but has access to the Pacific

through Chilean and Peruvian ports.

Transport Cost of Final Fertilizer Products

In order to obtain transport cost estimates of shipping fertilizer
materials from processing plant slites to distribution centers, trans-

port costs were divided into:

1. Intra-country transport costs or costs of transporting
fertilizers from plant slite to port and from port to
distribution center, and

2. Inter-country transport costs, which, in general, are
composed of port charges and ocean frelght costs.

Intra-Country Transport Costs

The importance of the different means of Andean intra-country

transport varies from country to country depending mainly on



61

§¢p01atlon,'geographlcal, and topographical features. Colombia, with
large population centers (distribution centers) in the highlands and
the Magdalena River navigable from the Atlantic coast almost to Bogota,
relies mainly .on road and river transport. Chile, with distribution
canters mainly along the long coastline, relles on coastal shipping

and rallways for most of Its transport needs. Peru, Ecuador, Bolivia,
and Venezuela rely mainly.on rall and road transport. These factors

in addition to some differences in quality of transportation among
countries explain variations in intra-country transport costs.

Intra-country transport costs, that s, transport costs of
fertilizer materials from plant sites and importing ports to distribution
centers, and from plant sites to exporting ports, within each country
are presented in Appendix A. These cost estimates have been derived
from data in previous country studles, updating them to year 1970.
Nominal 1970 exchange rates were used to estimate costs in terms of
dollars per metric ton of fertilizer material.

The decision to use direct Information to estimate transport costs,
although more costly in terms of data gathering, was made in order to
obtaln more precise estimates. Estimation by using transport cost
functions is expected to provide estimates with a g;eater degree of
error. In the Andean Group countries transport costs for a glven
means of transportation are not only a function of distance. Geographical
and topographic characteristics of a country, and even within a region
of tHe country, are very important variables affecting transport

costs and sources .of error for cost estimates obtalned from transport



62

cost functions. For example, transport cost per metric ton of
fertilizer from La Paz to Cochabama, in Bolivia, Is $10.87 while

that from Cochabamba to La Paz is $12.68, although the distance
remains constant. Stratification of data for routes, with respect

to topographic characteristics and the estimation of several transport
cost functions, or, the use of 'dummy'' varlables In a generalized
transport cost function, may be an alternative estimation procedure.
However, data needs for these procedures are almost as great as those
of obtaining direct Information on transport costs between the
geographical points necessary for the purpose of the model used in

this study.

Inter-Country Transport Costs

Inter-country transport costs may be divided into port charges
and ocean freight costs. These two components will be discussed in

turn.

Port Charges. Andean countries port charges account for from
50 to 70 percent of total ocean transport costs (Brown, 1966).
Estimated port charges for Andean countries ports are presented In
Table 9. These figures do not take account of ship turnaround time,
nor do they include surcharges on particular ports, which change
frequently and can be significant. Surcharges of up to six dollars
per ton and three dollars per ton plus 15 percent of the freight rate
were in effect as Callao, Peru, and Valparalso, Chile, respectively,

around 1964 (Brown, 1966, p. 250).
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Table 9. Port charges: Estimated costs of loading, unloading, .and
assumed port charges In dollars per metric ton of -fertllizer

materials
Assumed port
Country. Ports- Loading | Unloading .chargesa
Venezuela Maracaibo 8.00
Puerto Cabello 6.00
Colombia  Buenaventura 3.50 3.50 L.o00
Barranquilla 3.00 2.50 3.00
Cartagena 3.00
Ecuador  Guayaquil 4.00 3.50 4.00
Peru Callao 10.00 12.00 10.00
Paita 4,00
Salaverry L.o0
Chimbote 4,00
Pisco 4,00
Matarani L.00
Chile Valparaiso 10.00 10.00 10.00
Antofagasta 5.00
San Antonio 5.00
Talcahuano L.00
Pt. Montt 4,00
Punta Arenas L.00

3Estimates assumed for port charges do not take account of the
different lengths of time needed to load and unload a ship in different
ports, nor do they include surcharges which change frequently. Esti-
mates for ports without avallable information were made on similaritles
of cargo handled and location.

Source: United Nations Economic Commission for Latin America (1969).
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Ocean Freight Costs. Ocean freight charges are bellieved to be

higher for trade within Latin American countries than for trade be-
tween Latin American countries and the rest of the world. Two main
reasons have been suggested for the high cost of ocean frelght:

low volume of traffic, and discrimination by shipping conferences
which are dominated by foreign companies (Dell, 1966).

Information on ocean freight costs of fertilizer materials be-
tween Andean countries Is VeryAIjmlted. With the exception of sodium
nitrate from Chile no other significant trade of fertilizer materials
has taken place among Andean countries. Estimation of ocean frelight
costs for fertllizer materials In general was made on the basis of
information on sodium nitrate frelght charges. This Information
(United Nations Economic Commission for Latin America, 1969) has been
plotted and presented In Figure 2 In the form of a plecewise linear
ocean freight cost function, which was used to estimate ocean freight
costs among Andean country ports shown in Table 10, with some adjustments.

The basic data plotted In Fiture 2 corresponds to ocean freight
costs for shipments from Valparaiso, Chile, to Buenaventura and
Barranquilla In Colombia, and to Guayaquil and Callao in Ecuador and

Peru, respectively. Specifically, this information Is the following:

Origin Destination Ocean Freight Distance
Dols./m.t. Statute ml les
Valparalso Barranquilla 17.00 3,685
Valparalso Buenaventura 16.00 3,000
Valparalso Guayaqull 14,00 2,335
Valparalso Callao 12,00 1,502

Adjustments for the estimation of ocean fraight costs presented



65

Ocean +
freight
cost In
$

25 1

20 1

d”"

15 =

10 -

2

Distance in

statute mlles

z0s‘1 o
cee‘z
000°¢
G89°¢ =

Flaure 2. Piecewlse ocean freight cosi function



Table 10. Estimated ocean freight costs among Andean countries ports, in dollars per metric ton of
fertilizer material

Puerto Punta

Importing ports Cabello| Maracaibo |Barranquillal Guayaquil| Paita| Callao|Matarani| Arenas Antofagasta
Maracaibo 5.00 12.00 12.00 13.060 16.00 27.00 20,00
Barranquilla 6.00 5.00 9.00 9.00 12.00 15.00 24.00 16.00
Buenaventura 10.00 8.00 6.00 5.00 6.00 10.00 12.00 22.00 13.00
Guayaqui! 12.00 12.00 9.00 6.50 10.00 19.00 12.00
Paita 12.00 12.00 9.00 5.00 8.00 17.00 10.00
Salavery or '

Pimentel 13.00 12.00 11.00 5.00 7.00 16.90 10.00
Chimbote 14.00 12.50 11.50 6.00 6.00 16.50 8.00
callao 14.00 13.00 12.00 6.50 5.00 6.00 14.00 7.00
Pisco 14.00 13.00 12.00 7.00 6.00 14.00 6.00
Matarani 17.00 16.00 15.00 10.00 8.00 6.00 13.50 5.00
Antofagasta 20.00 20.00 16.00 12.00 10.00 7.00 5.00 13.50
Valparaiso 23.00 23.00 17.40 15.00 13.00 10.00 8.00 12.40
San Antonio 23.00 23.00 17.40 15.00 13.00 10,00 8.00 12.00
Talcahuano 24 .00 24,00 18.00 16.00 14.00 11.00 9.00 10.50
Puerto Montt 25.40 25.40 20.00 17.40 15.40 12.40 10.40 8.40
Punta Arenas 27.00 27.00 24.00 19.00 17.00 14,00 12.00 13.50

99
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distances between.ports. For all ports not separated by more than

300 miles, a fixed rate was assumed irrespective of distance. Between
ports more than 300 miles apart, the freight rate was made a function
of distance as Indicated in Figure 2.

. Given the lack of information, it Is very difficult to estimate
ocean freight costs. The use of the rate-setting process by shipping
conferences as an estimation procedure Is almost Impossible to adopt.
It seems generally agreed that conference freight rates are based
not on any single criterion or '‘formula' but rather that they are
derived in an ad hoc fashion using a number of criteria: Brown (1966,
p. 118) lists 28 factors which play some role in rate detecrmination.

Estimation of Transport Costs from Plant
Sites to Distribution Centers

Transport costs from each plant site to each distribution center
were estimated by adding up corresponding intra-country transport
costs, port charges, and ocean freight costs for each possible plant
site-distribution center combination. When alternative means of
transportation were possible, the cheapest cost was selected. These
estimates, In dollars per metric ton of fertilizer material, are
shown in Table 11 following a matrix-likc format. However, transport

costs to be used in our model must be expressed In terms of dollars

.oy

per metric ton of ammonia equivalent. Different nlffogen nutrient
content among fertillizer materials makes It necessary to carry out some
transformations that will affect transport costs per metric ton of

ammonia equivalent in inverse relation with the nitrogen content of



able 11. Transportation costs of fertilizer materials from plant sites to distribution centers, in dollars per aetric ton

Puerto
Maracaibn |Moron [La Cruz |Monomeros |Barrancabermeja Barranqulllal Guayaquill Callao| Talara Cachimayo| Yacuiba| Punta Arenas
alera 4.61 8.61 20.40 20.61 12.20 25.61 27.61 33.11 27.80 41.61 72.36 43.61
. Cristobal 10.10 14.00 23.90 19.88 6.80 24.88 33.00 41.60 33.30 47.10 77.85 49.10
carigua 10.00 5.40 17.09 13.75 18.81 24.75 26.75 34.45 26.95 40.75 70.50 41.75
arquisim. 6.80 4.00 15.60 18.35 16.81 23.35 25.35 33.35 25.55 39.35 69.10 40.35
aracay 13.45 3.35 8.25 17.79 26.85 22,70 24.70 32.70 24.90 38.70 68.45 39.70
aturin 22.40 12.30 3.00 26.65 35.80 31.65 33.65 41.65 33.85 47.65 77.40 48.65
. Bolivar 25.45 13.15  4.50 27.50 36.65 32.50 34.50 42.50 34.70 48.50 78.25 49.50
aracaibo 0.00 10.10 21.70 16.50 16.81 21.00 23.00 31.50 22.00 28.00 63.75 39.00
ogota 29.25 27.5C¢ 27.25 13.25 6.65 18.23 26.75 37.75 28.05 42.75 77.50 43.75
ucaram. 23:91 22.26 20.5! 7.91 2.59 12.91 23.91 32.9 23.31 38.91 73.66 38.91
ali 22,20 22,55 22.20 16.12 9.47 21.12 16.20 27.20 17.60 32.20 67.35 33.20
bague 28.80 29.15 28.80 12.62 7.05 17.62 22.80 33.80 24.20 38.80 73.55 39.80
anizales 28.00 28.35 28.00 16.20 11.11 21.20 22.00 33.00 23.40 38.00 72.75 39.00
adellin 27.33 25.68 24.33 $1.33 5.64 16.33 27.33 36.33 26.73 42,33 77.48 32.33
ziva 30.67 29.02 27.67 14,67 8.85 19.67 30.67 39.67 30.07 45.67 80.42 45.67
asto 29.00 29.35 29.00 26.25 19.62 31.25 23.00 34.00 24.40 39.00 73.75 40.00
anja 28.08 26.43 25.08 12.08 9.53 17.08 28.08 37.08 27.48 43.08 77.82 43.08
artagena 16.00 14.35 13.00 6.76 13.08 11.76 16.00 25.00 15.40 31.00 65.75 31.00
sayaquil 33.00 31.35 31.00 26.00 39.08 31.00 10.00 30.50 16.00 37.00 71.75 37.00
iura 22.40 20.75 20.40 15.40 29.68 20.40 16.00 10.00 0.80 25.60 60.05 26.30
rujillo 24.20 22.55 22.20 18.20 28.28 23.20 13.00 5.20 6.00 21.20 58.95 25.10
riclayo 24,20 22.55 22.20 18.20 28.28 23.20 13.20 7.00 4.00 23.00 58.95 35.20
rimbote 24.50 22.85 22,50 18.50 31.58 23.50 14.00 4.00 6.60 18.30 57.75 24.50
1zca 26.80 25.15 24.80 20.80 33.88 25.80 15.60 4.50 15.70 11.60 42,20 25.80
1llao 31.00 29.35 29.00 25.00 38.08 30.00 20.50 0.00 11.00 16.00 47.06 30.00
1Zco 35.00 35.35 35.00 31.00 L4 08 36.00 27.00 16.40 26.50 0.30 30.66 31.00
1ancayo 36.00 34.35 34.00 30.00 33.08 35.00 25.50 5.00 16.00 21.00 51.56 35.00
"equipa 27.80 28.15 27.80 23.80 36.88 28.80 19.80° 9.00 19.00 12,20 25.60 23.80
icre 54.42 52.77 52.42 48 .42 61.50 53.42 L4 42 34.00 44.00 16.50 15.15 548.42
schabamba 52.66 51.00 50.66 46.66 59.74 55.66 42.66 33.00 43.00 18.00 26.00 46.66
1 Paz 41,74 Lo.og 39.74 35.74 38.82 Ly 74 31.74 28.40 39.40 14.00 26.20 35.74
-uro Le. 14 4h.50 44,14 Lo.14 53.22 L9 14 36.14 32.00 42.00 15.50 21.80 Lo.14
stosi 52.00 50.35 59.00 46.00 59.08 55.00 52.00 32.50 42.50 16.00 13.80 46.00
:a. Cruz 63.53 61.88 61.53 57.53 70.61 66.53 53.33 43.00 53.00 28.00 11.45 57.53
rija 59.40 57.75 57.40 53.40 66.48 62.40 49.40 43.00 53.00 28.00 6.50 53.40
1itofaga. 33.00 30.35 30.00 23.50 36.5R 28.50 21.00 22.00 20.80 23.00 57.75 22.50
ralle 43.75 45.10 44.75 37.15 50.23 42.15 35.75 36.75 33.55 34.75 69.50 33.15
incagua 34,10 35.45 35,10 27.50 40.58 32.50 26.10 27.10 25.90 28.10 62.85 23.10
»s Angeles 37.90 35.25 34.90 26.90 39.98 31.90 25.90 26.90 25.70 27.90 62.65 20.40
. Montt 37.40 34.75 34.40 27.00 40.08 32.00 25.40 26.40 25.20 27.40 62.15 16.40
:a. Arenas 39.00 36.35 35.00 31.00 44,08 36.00 27.00 28.00 25.00 29.00 63.75 0.00
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fSIdfilah to those,used In estimating processing costs per metric ton

bﬂQémménJa‘equIvalent, are the following:

For urea and compounds transport costs:

'pols./m.t. of ammonla equivalent = Dols./m.f:zzf(gfzéé;Izer mater!s]
_ Dols./m.t. of fertillzer materlal -
0.5733
For ammonium nitrate transport costs:
- ‘ _ Dols./m.t. of fertlilizer material
Dols./m.t. of ammonia equivalent 128 (0.355)

. Dols./m.t., of fertillzer

materlal

0.04473
For ammonium sulfate transport costs:

Dols./m.t. of fertilizer

material

Dols./m.t. of ammonia equivalent = T.26 (0.21)

o Dols./m.t, of fertillizer

material -

0.2646
For Chilean nitrates transport costs:

Dols./m.t. of fertillzer

material

Dols./m.t. of ammonla equivalent = 3%

Estimates of transport costs in dollars per metric ton

equivalents are shown In Tables 12, 13, and 14 for urea and

of ammonla

compounds,

ammonium nitrate, and ammonlum sulfate and Chllean nitrates, respectively.

These estimates are the ones used In the final products transportation

activities of our model.

Transport Costs of Ammonia

The possibility for ocean transportation of anhydrous ammonla.by

specially deslagned cargo vesseéls has been considered in this study.



Table 12. Transportation costs of urea and compounds from plant sites to distribution centers, in dollars per metric ton of ammonia
equivalents

Punta

Maracaibo Moron Monomeros Barrancabermeja Barranquilla Guayaquil Talara Yacuiba Arenas

Valera 8.04% 15.018 35.950 21.280 L4 .67 48.1598 48.4912 126.217 76.068
S. Cristobal 17.617 24.420 34.676 11.861 43,398 57.5615 58.0848 135.793 85.645
Acarigua 17.5443 9.419 34,450 32.810 437 46.6597 47 .0085 122.972 72.824
Barquisim. 11.861 6.977 32.008 29.321 40.729 44,2177 44,5665 120.530 70.382
Maracay 23.461 5.843 30.874 46.834 39.595 43.0839 43.4328 119,396 69.248
Maturin 39.072 21.455 46.485 62.445 55.207 58.6953 59.0441 135.008 84.860
C. Bolivar L4392 22.937 47.968 63.928 56.689 60.1779 60.5268 136.490 86.342
Maracaibo 0.000 17.617 27.909 29.321 36.630 40.1186 38.3743 111.198 68.027
Bogota 51.020 47.968 23.112 11.600 31.886 L46.€597 48.9273 135.182 76.313
Bucaram. 41.706 38.828 13.797 4.518 22.519 41,7059 40.6593 128.484 67.870
cali 38.723 39.334 28.118 16.518 36.839 28.2575 30.6995 117.478 57.910
Ibague 50.235 50.846 22.013 12.297 30.734 39.7698 42.2118 128.292 69.423
Manizales 48.8L40 49.451 28.257 19.379 36.979 38.3743 40.81563 126.897 68.027
Medellin 47.671 44,793 19.763 9.838 28.484 47.6714 46,6248 135,147 56.393
Neiva 53.497 50.619 25.589 15.437 34.310 53.4973 52.4507 140,276 79.662
Pasto 50.584 51.195 45.788 34.223 54.509 450.1186 42,5606 128,641 69.771
Tunja 48.980 46.102 21.071 16.623 29.792 48.9796 47.9330 135.740 75. 144
Cartagena 27.909 25.031 11.791 22.815 20.513 27.9086 26.8620 114.687 54.073
Guayaquil 57.561 54.683 45.351 68.167 54.073 17.4429 27.9086 125.153 64.539
Piura 39.072 36.194 26.862 51.770 35.583 27.9086 1.3954 104,744 45.875
Trujillo 42.212 39.334 31.746 49.328 L40.467 22.6757 10.4657 102.826 43,782
Chiclayo 42.212 39.334 31.746 49,328 40.467 23.0246 6.9771 102.826 61.399
Chimbote 42.735 39.857 32.269 55.085 40.991 . 24,4200 11.5123 100.733 42.735
Nazca 46.747 43.869 36.281 59.096 45.003 27.5597 27.3853 73.609 45.003
Callao 54.073 51.195 43.607 66.422 52.329 35.7579 19.1872 8z.086 52.329
Cuzco 61.050 61.661 54.073 76.888 62.794 47.0958 46.2236 53.480 54.073
Huancayo 62.794 59.916 52.329 57.701 61.050 L4 .4793 27.9086 90.110 61.050
Arequipa 48.491 43.102 51,514 64.329 50.235 34.5369 33.1415 by 654 b1,y
Sucre 94,924 92.046 84 .458 107.274 93.180 77.4812 76.7486 26.426 84.458
Cochabamba 41,854 88,959 81.388 104.204 97.087 7h.4113 75.00L4 45, 351 81.388
La Paz 72 807 69.928 62.341 67.713 78.039 55.3637 68.7249 45,700 62.3M
Oruro 80.81 77.621 70.016 92.831 85.714 63.0385 73.2601 28.028 70.016
Potosi 90.703 87.825 80.237 103.052 95.236 73.2601 74.1322 24.071 80.237
St. Cruz 110.815 107.937 100.349 123,164 116.047 93.3717 92.4472 19.972 100.349
Tarija 103.611 100.733 93.145 115.960 108.84% 86.1678 92.4472 11.338 93. 145
Antofagasta 57.561 52.939 40.991 63.806 49.712 - 36.6300 36.2812 100.733 39.246
Ovalle 76.313 78.667 64.800 87.616 73.522 62.3583 58.5zu8 121.228 57.823
Rancagua 59.480 61.835 47.968 70.783 56.689 45,5259 45,1770 109.628 40.293
Los Angeles 66.108 61.486 46.921 69.737 55.643 45,1770 45,8282 109.280 35.583
Pta Montt 65.236 60.614 47.096 69.911 55.817 44,3049 43.9560 108.407 28.606
Pta. Arenas 68.027 63.405 54.073 76.888 62.794 47.0958 43.6072 111.198 0.000

oL
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Table 13. Transportation costs of ammonium nitrate from plant sites
to distribution centers, in dollars per metric ton of
ammonia equivalents

Distribution - . Plant sltes

centers Barrancab. |  Callao | Cachimayo
Valera 27.27 74.02 93,02
S. Cristobal 15.20 93.00 105.30
Acarigua 42,05 77.02 91.10
Barquisimeto 37.58 74.55 87.97
Maracay 60.03 73.10 86.51
Maturin 80.04 93.11 106,53
C. Bolivar 81.94 95.01 108.43
Maracaibo 37.58 70.42 62.60
Bogota 14.87 84.39 95.57
Bucaramanga 5.79 73.57 86.99
Cali 21.17 60.81 71.99
Ibague 15.76 75.56 86.74
Manizales 24 .84 73.78 84.95
Medellin 12.61 81.22 94,63
Neifva 19.78 88.69 102.10
Pasto 43.86 76.01 87.19
Tunja 21.31 82.90 96.31
Cartagena 29.24 55.89 69.30
Guayaqul 1 87.37 68.19 82,72
Plura 66.35 22.36 57.23
Trujillo 63.22 11.62 47.39
Chiclayo 63.22 15,65 51.42
Chimbote 70.60 8.94 40,91
Nazca 75.74 10.06 25.93
Callao 85.13 35.77
Cuzco 98.55 36,66 0.67
Huancayo 73.95 11.17 46.95
Arequlipa 82.45 20,12 27.27
Sucre 137.49 76.01 36.89
Cochabamba 133.56 73.78 L4o.24
La Paz 86.79 63.49 31.30
Oruro 118.98 71.54 34,65
Potosi 132.08 72.65 35.77
S, Cruz 157.85 96.13 62.60
Tarija 148.62 96.13 62.60
Antofagasta 81.78 4g,18 51.42
Ovalle 112.30 82,106 77.69
Rancagua 90.72 60.58 62.82
Los Angeles 89.38 60.14 62.37
P. Montt 89.60 59.02 61.25

P. Arenas 98.55 62,60 64.83




Table 14. Transportatlon costs of ammonlum sulfate and Chilean
nitrates from plant sites to distribution centers, in
dollars per metric ton of ammonia equivalents

. Plant sites
Distribution Ammonium sulfate. Chilean nitrates
centers . Guayaquil | Cal. ao Antofagasta
Valera 104. 35 125,13 109.73
S. Cristobal 124,72 157.22 126.76
Acarigua 101.10 130.20 105,15
Barqulsimeto 95.80 126.04 101,03
Maracay 93.35 123.58 99.12
Maturin 127.17 157.41 125, 44
C. Bolivar 130.38 160,62 127.94
Maracaibo 86.92 119.05 97.06
Bogota 101.10 142,67 105.15
Bucaramanga 90.36 124,38 86,50
Cali 61.22 102.80 71.18
Ibague 86,71 127.74 90.59
‘Manlzales 83.14 124,72 88.23
Medellin 103.29 137.30 96.56
Neiva 115.91 149,92 106. 32
Pasto 86.92 128.50 91.18
Tunja 106.12 140.14 98,76
Cartagena 60.47 94,48 63.23
Guayaquil 37.80 115.27 91.18
Piura 60.47 37.79 86.47
Trujillo 49,13 19.65 56.47
Chiclayo 49.89 26.45 85.88
Chimbote 52.91 15,12 50.00
Nazca 59.7] 17.01 TERY
Callao 77.47 61.76
Cuzco 102.04 61.98 67.64
Huancayo 96.37 18.90 76.47
Arequipa 74.83 34.01 46.47
Sucre 167.88 128.50 118.88
Cochabamba 161,22 124,72 113.70
La Paz 119.95 107.33 81.59
Oruro 136.58 120.94 94.53
Potos| 158.73 122.83 111,76
S. Cruz 202.30 162.51 145,12
Tarija 186,70 162,51 133.52
Antofagasta 79.36 83. 14
Ovalle 135.11 138.89 52,50
Rancagua 98.64 102.42 38.53
Los Angeles 97.88 101.66 Lo.29
P. Montt 95.99 99.77 34.70

P. Arenas 102,04 105.82 | 66.17
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Technical achlievement has made It economically feasible to transport

: shIpIOads of anhydrous ammonia over long distances at a relatively

Jow unit cost per ton (Haude, W. J., 196L). Howévef; transportation

of anhydrous ammonia among Andean countries has not taken place. There-
fore, In order to Include this possibility in our model, estimated
anhydrous ammonia transport costs for other routes (United Nations
Industrlal Development Organization, 1967) were used to derive

estimates for the possible Andean countries routes. This basic
Infofmatlon is the following:

Estimated anhydrous ammonia
transport cost’

Loading/discharging nautical miles ._(dollars per ton)
Trinldad/Wilmington, N.C. 1,703 4,50
Kuwal t/Madras 2,612 6.10
Trinidad/London 4,010 9.30
Kuwalt/Manila 5,166 11,00
Kuwalt/London 6,545 : 15.80
Trinldad/Melbourne 9,130 21.20

These estimates, however, were made for the year 1966 and
adjustments‘were made to update them to 1970 using Industry economic
Indicators of costs. A scale-up factor of 1.17 was used. |t was
then possible to derive the estimates shown In Table 15.

Interpolation was then used to estimate anhydrous ammonia transport
costs among Andean countries ports.

In order to obtain estimates of total ammonia transport costs
from ons. plant to another, terminal charges must be considered, A
geheralvassumptlon_was set up for thléﬁpurppse:« Storage capacity .

of\lO;OOO metric tops'and storage throughput of'4§,500 metric tons
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Table 15. Basic estimates used to derive ammonia transport costs

Loading/discharging:

Steaming distance
(statute miles)

Estimated anhydrous ammonia
transport cost
(dollars per ton)

Trinidad/Wilmington, N.C.

Kuwai t/Madras

Trinidad/London

Kuwait/Manila

Kuwal t/London

Trinidad/Melbourne

1,958

3,000

4,611

5,940

7,527

10,500

5026

7.14

10,88

12.87

18,49

24,80




per year was used to estimate terminal charges of $5.90 per metric
ton of‘anhydrou_s ammonia (Patterson et al., 1969).

EstAlrr'i_ated total transport costs (Including terminal charges) of
anhydrouvsb ammonla amcng Andean countries ports closest to ammonla
procecsing plants and/or ammonia using plants are presented in Table

16,
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Table 16. Estimated anhydrous ammonia transport costs In refrigerated
ocean-going ships from Andean country ports closest to
ammonia processing facilitles to ports closest to ammonia
using facilitles

Outshipping Destinations
ports Barranquilla | Guayaquil [ Callao

(dollars per metric ton)

Pto. La Cruz 14.50 16.60 18.50
Pto. Cabello 14.50 16.40 18.30
Maracaibo 14,50 16,20 18.20
Barranquilla 15.30 17.20
Paita 15.60 14.50 14,50
Cailao 17.20 14.50

Punta Arenas 24,20 21.70 19.50
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CHAPTER 6
NITROGENOUS FERTILIZER CONSUMPTION PROJECTIONS

Factors Affecting. Fertilizer Consumptlon

Several factors have been found to be important in determining
future fertilizer consumption in Andean countries. Estimation of
demand projections for fertlilizers in these countries should, in

general, take into consideration the following factors:

Economic returns to fertilizer use

- The avallability of fertilizer at the time the farmer needs
it, l.e., quality of distribution system (available or'to be
established)

- General attitude of government officals, extension workers

and farmers concerning the need for increased production

- Physical factors of area planted to various crops, soil
fertility, climatic conditions, farming methods, previous
experience with fertilizers, response of dlfferent crops

and varieties to fertilizer, etc.

To the extent that statistical data are available the physical
factors could be quantified but attitudinal factors would have to be
based on intuitive assessment and judgment.

It Is important to point out that in this study when we refer to
consumption projections we are not talking about demand projectlions in
the usual sense of free market demand, which respond to price and
Income consideration, but rather to consumption projections based on
the actual use of fertilizers and Its rate of growth as compared with
recommended levels of use even though the rate of growth of fertilizers
use lIs impllhltly affected by prices and income. The factors mentloned

above are spec!fied within this context.
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These consumption projections are directed toward specific future

periods of time: 1975, 1980 and 1985,

Estimation of Consumption Projections

The normal procedure to estimate consumption projections for each
Andean country should have been to pre-establish an estimating method
or procedure to be applied uniformly to each one of the Andean countrles.
However, in some countries the required data are qulite unrelliable or
do not exist at all. Therefore, the estimating procedure has been left
to be dependent on such factors as the avallabllity of data and exist-
ence of previous studies on fertilizer consumption projections. Thus,

a uniform estimating procedure has not been used for every country.

As a general rule the estimated projections have been checked
against other estimates, mainly against those presented by each country
to '"La Junta Acuerdo Cartagena.“7 Also, In some cases they have been
discussed with persons related to fertlilzer processing and marketing
activities as well as agronomists of promotional government organizatlions
in these countries.

Whatever method. is used to estimate consumption projections, the
further one moves Into thg future (1985) the greater the error that
may be expected in the estimates.

Consumption projections were estimated for cach selected distribu-
tion center in every Andean country. Selection of distribution
centers was made on the basis of amounts of fertilizers sold in

previous years in the different distribution centers. Estimated

7Technlcal body of the Cartagena Agreement.,
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ngénsumptIOn_projectlons for each country were then allocated to each
detrlbutlon cehter.proportlonaily to sales in prevlous years, i.e.,
It was assumed that distribution patterns will remaln stable over time
In proportional terms. Detalled consumption estimations for each

région within each ébuntry would requlre additional assumptions.

Consumption Projections for Venezuela

Consumption projectlons for Venezuela have been obtained using
time series data on nitrogen nutrient consumed during the last decade
(1962-1972) . Unpublished estimates obtained by the Tennessee Valley
Authority In its projections were adopted. For these estimates a
regression equation of the following form was used for estimating

projections:

Qe = o+ B +82t2+£ (19)
where:
th = nltrogen nutrient consumed In year t, expressed in m.t.
t = | for year 1962
t = 2 for year 1963
t = 11 for year 1972
§ = random error

Ordinary least squares yielded the estimating equation:.

2

Qyq = 8090.7 + 1246.2 ¢ + 7h.2 ¢ (20)

which Implies that annual increments of nltrogen consumption have
been increasing in thls decade. This equation was used to project
quantities of nitrogen demanded for years 1975, 1980 and 1985, which

Impllcitly assumes that all the factors affecting fertillzer consumption
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up to 1985 are going to be similar to those that have existed during
the decade 1962-1972. (Appendix B gives the graphic representation
of estimating equations.)

The projected quantities demanded are:

For 1975, t = 14, then 6dM = 8090.7 + 1246.2(14) + 74.2(14)2
&dlh = 40,086 m.t. of nitrogen.
For 1980, t = 19, then 6d|9 = 8090.7 + 1246.2(19) + 74.2(19)2

éd|9 = 58,565 m.t. of nitrogen.
For 1985, t = 24, then &dzh = 8090.7 + 1246.2(24) + 72.4 (24)2

&d24 = 80,738 m.t. of nitrogen.

These estimates used in this study are, however, substantially lower
than those presented by Venezuela to the 'Junta deél Acuerdo Cartagena.“8
It has not been possible to obtain Information about the methodology
used in these estimations. In any case substantial changes in

physical as well as attitudinal factors concerning fertilizer
consumption in the next fifteen years must have been considered. In
general, estimations of demand projections in these countries have

been based on goals or objectives as to levels of fertilization and
cropland areas to be reached at given future points In time, by assuming
annual rates of growth In fertilizer use. Past experience shows that

In most cases these projections have proven to be overestimates of
actual consumptlon.9 Nevertheless, the projections for Venezuela used
in this study must be taken with caution. They may well be considered

as underestimates If ''positive' changes in factors affecting consumption

8Consumption projections presented by Venezuela were 50,600, 89,100
and 157,000 metric tons of nitrogen for years 1975, 1980 and 1985,
respectively.

9

F.A.0. projections for 1970 were in general areater than actual
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ofwféftllléers in Venezuela actually take place during the next fifteen
>years.

Eight distribution centers were selected for Venezuela, according
to the distribution of fertilizer sales by region for year 1970 and
1971 (Food and Agriculture Organization Fertilizer Mission to
Venezuela, 1972). Estimated proportions (percentages) of sales were
used to ''allocate'' the projected consumption for the country into
projected consumption for each distribution center. Consumption
projections for years 1975, 1980 and 1985 by distribution centers,
expressed in metric tons of nitrogen and ammonia equivalents, are

presented in Table 17.

Consumption Projections for Colombia

Estimates obtained by the T.V.A. following an estimation procedure
identified to the one used for Venezuela were used to estimate nitrogen
consumption projections for Colombia. Time series data of nitrogen
consumption during the last decade were used. In this case the
ordinary least squares estimating equation was the following:

Qdt = 32,647.2 + 204.6 + 336.6 t2 (21)

This estimating equation has similar characteristics to that of
Vénezuela. However, In this case, annual increments of nitrogen
consumption are Increasing more rapidly. Using this estimating
equation the projected quantities of nitrogen consumption by Colombia
are:

For year 1975, t = 14, hence:

Qd ), = 32,647.2 + 294.6(14) + 336.6(14)>

6dlh = 102,738 m.t. of nitrogen.



Table 17. Consumption projections for Venezuela, by distribution centers, for years 1975, 1980

total

and 1985
Prbporfion i97§ 1980 1885 -
Distribution of country Nitrogen Am.eq. Nitrogen Am.eq. Nitrogen | Am.eq. -
centers demand m.t. m.t. m.t. m.t. ‘m.t. m.t. :
(percent)
valera - 2 802 1,010 1,757 2,214 2,422 3,052
San Cristobal -7 2,806 3,536 4,685 5,903 6,459 8,138
Acarigua 1 4,610 5,557 5,85  -7,379 8,074 10,173
Barquisimeto 2 8,819 11,112 11,713 14,758 16,158 - 20,346
Maracay 47 18,840 23,738 25,769 32,469 . 35,524 44,760,
" Maturin 5 2,004 2,525 4,100 5,166 5,652 7,121
C. Boiivar A 1,603 2,020 2,928 ,3,6_69 17,037 5,087
Maracaibo 2 802 1,010 1,757 2,214 2,422 3,052
Cduhtry . - o _‘3,
100 40,086 50,508 58,565 73,792 80,738 101,729
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For‘year 1980, t = 19, then:.

a

Qg = 32,647.2 + 204.6(19) + 336.6(19)%

a

leS-n 159,744 m.t. of nitrogen.’

For 'year 1985, t = 24, then:
Qdyj = 32,647.2 + 294.6(2h) + 336.6 (24)

adzh = 233,598,m.£..of~nltrOgen;'

The rapldly Increasing annual Increments in nltrogen con;ymptlon Implied
by estlratlng equa;lon.(Zl) resu]; In quite high levels ‘of ‘annual -
Increments for the perlod 1980-1985. A comparléon'of our ‘estimates

with those presented by Colombia to the "Junta del Acuerdo Cartagena''
shows substantlal differences for the 1985 projection. An alternative

linear (time trend) estimating equation was then tested:

hdt = v+ e; t+ g, (22)
Qdt = 23,896.5 + 4,333.4t (23)
So that:

Al
ad,, = 84,564

al .
,:QdIS = 106,23Q

o _
Qd,, = 127,897,

This qstlmatlng equation flts thq data less accurately and, according
to other nltrogen consumption projections madelfor.Colombla,|0 1t seems

to undqrestimate. projected consumption.

loDemand nrojections made by the Latin American Institute of Economlic
and Social Planning (ILPES) for 1975, 1980 and 1985 are 95,000; 133,000,
and 170,000 m.t. of nitrogen, respectively. Corresponding demand
projections presented by Colombla to "Junta del Acuerdo de Cartagena‘'
were: 104,000; 153,000, and 195,000 m.t. of nltrogen.
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Glven these results, estimating equation (21) was used to obtaln
nitrogen consumption projections for years 1975 and 1980. For the
year 1985, however, the arithmetic mean. of both estimates was adopted

as our '‘projection, that is:

- : PO | o .
24 2 T2

6d2h = 180,747 metric fons of nitrogen.

Ten distributlon centers or markets of fertllizers were selected
for Colombla following the same procedure as the one used for
Venezuela. However, prcportions for allocations of projected country
cdnsumptlons among distribution centers were based on data about
estimated consumption of fertilizers by Departments (Urrego, 1973) in
1970, -assuming the followling correspondence between distribution

centers and Departments:

Distrlbutlion.centers - Departments

Bogota Cundinamarca and Meta
Bucaramanga Santander and Norte de Santander
Call Valle del Cauca

Ibague _Tollma and Quindio

Manizales Caldas and Risaralda

Medellin "Antioqula

Nelva Hulla

'Pasto | Narino and Cauca

Tunja ‘ . Boyaca

Cartagena | Atlantico, Magdalena,, BolJvaf,

Cordova, Cesar, La Guajira
~and Sucre, '
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7 Tablé 18’shows the consumption projections for years 1975, 1980 and
1985, by distribution cqnters; expressed In metric tons of nltrdgen

and ‘ammonia equivalents.

COnéUmptlon Projections for Ecuador

. Different sets of nltrogen consumption projections for Ecuador
have been considered in selecting the consumption prjections .used In
this study. Tennessee Valley Authority (T.V.A.) projections based on
a linear.time trend estimating equation (22) obtalned from time serles
data on nltrogen consumption for the decade 1962-1972 provides the

following estimates:

For year 1975, t = 14, then:

&dlh = 753.7 + 2,263(14) = 32,436 m.t. of nitrogen.

For year 1980, t = 19, then: .
&dlg = 753.7 + 2,263(19) = 43,751 m.t. of nltrogen.
For year 1985, t = 24, theﬁ:
adzh = 753,7 + 2,263(24) = 55,065 m.t. of nltrogen.
However, differences bet;een the data used by T.V.A, and that-provided
by the Agricultural MlnlStqry'of‘Epuador.arq Important. The ~stimated

projections provided by this lnétltuglon were (In m.t. of nitrogen):

Maximun Minimun.
For 1975 27,000 - 31,000
For 1980 : 56,000 72,800

Nﬁlle, nltrogen cbnsdmptldn projections présented by Ecuador to ''La
Junta del Acuerdo Cartagena'' were: |

For-1975. 25,900 m.t. of nitrogen

For 1980 . - A,, 59,300 m.t. of nlfroéen

For 1985 135,700 m.t, of nltrogen



Table 18.

Consumption projections for Colombia, by distribution centers, for the years 1975, 1980 and

102,738

159,744

201,278

180,747

1985

: Proportfon 11975 . 1930 ~1985»
Distribution of country Nitrogen Am.eq. Nitrogen Am.eq. Nitrogen Am.eq.
centers demand m.t. m.t.- 4 m.t., , m.t. m.t. m.t., ¢

(percent)

Bogota . 26 26,712 33,657 41,534 52,333 6,994 59,149
Bucaramanga 5 5,137 6,473 7,987 10,064 9,037 11,387
Cali ] 11,301 14,239 17,572 22,141 19,882 25,051
ibague 14 14,383 18,123 22,364 28,179 25,305 31,884
Manizales 7 7,192 9,062 11,182 14,089 12,652 15,941
Medellin R 11,301 14,239 17,572 22,141 19,882 25,051
Neiva 3 3,082 3,883 h,792 6,038 5,423 6,833
Pasto ’ 7 7,192 9,062 11,182 14,089 12,652 15,94)
Tunja 12 12,328 15,533 19,169 24,153 21,690 27,329
Cartagena y 4,110 5,179 6,390 8,051 7,230 9,110
Couﬁtry

total 100 129,450

227,676

98
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The: projectlon for 1985 1s in confllct wlth the estlmated 79,000 metric
' tons of potentlal consumptlon of nitrogen, made by .ILPES in 1971.
:Conslderlng similarities and" dlscrepancles among . these estlmates, the
following nltrogen demand projections .to be used.In this study were
''selected'': |

m.t. of nltregen m.t. of am. equivalents

For 1975: 31,000 39,060
" ‘For 1980: 56,000 70,560
. For '1985: 65,065 | 81,900

The data necessary to estimate ‘sales-or use of fertilizers by reglions
were not avallable. Therefore. Guayaquil was assumed.to be.the only

fertilizer distribution center for Ecuador. -

Consumption Projections for Peru

‘Data available on physical factors affecting fertilizer consumption
euch as crop dlstrlbutlen by reglons; rate of cropland expanslion, present
Ieyels of fertilizer u;ed by crops and region,.and soll fertllity and
reEommended levels of %ertlllzatlon were used to estimate nitrogen
-éonsumptlon projectlons for 1975, 1980 and 1985. It Is assdaed that
croPland expanslon ls golng to contlnue at .the same average ‘annual
rate of 37,000 hectares maintalned during 1951 to 1965 (Dlamond.gs_gl:,
1968) until 1280, éﬁe thet;fhle~annual increment is distributed
proportlonally acée;dlng'to the slze of existing irrigation projects.
VAssumlng also that crop dlstrlbutlon to. each reglon Is to remaln stable.
.over tlme it ls posslble to estlmate nltrogen demand projectlons ‘for -
1975, 1980 and 1985, taking . into, conslderatlon that 90 percent of

average recommended levsls of fertlllzatlon per hectare for the-coastal

departments and 80 percent of recommended Ievelsiof fertillzation for


http:available.on
http:assumed.to
http:projections.to
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" the ''Sierra' Depértmsntsn can.be reached by 1990, followlng a .
constént-raté'offgfowth (1inear). The follﬁwlng_nltrogen‘consumptlon

proJections, used In this study, were thus estimated:

For-1975: “ ‘133,7h0 metric tons
~ For 1980: : 171,238 metric tons
For-1935: - 196,h36 metric tons

Comparing ‘these projectloﬁs with others, it Is obséryed,théf_they are
greater.tﬁan those presented by Peru to 'La Junfa del Acuerdo
Cartagena'' but smaller than projeétlons made by U.N.I1.D.0. (Unlted
Natlons Organization for Industrial Development) and by the F.A.O.Iz
Nine fertillzer distribution centers were selected for Peru distrlbut-
Ing projected nltrogen.couﬁtry-consumptlpn according to expected
fertllized crop areas and avefage levels of fertilizatioi: per hectare
by .regions. . Nitrogen consumptlo; projections by distribution center
expressed In metric tons of nitrogen and_ammonia equivalents, are

presented In Table 19. The following correspondence.between

distribution centers and Departments was assumed:

Distribution centers . ' Departments supplled

Piura Plura and Tumbes

Trujlllo La-Libertad and Cajamarca
Chiclayo Laﬁbayeque, Cajamarca, Amazonas

-and San Martin

IIAve}'age recommended ‘levels of fertiliz~tion per hectare by
reglon obtalned from Diamond, et al.. (1968).

IZOther nltrogen consumption brojectlons, in.metric tons of
nitrogen, are: . J.A. Cartagena U.N.1.D.0. F.A.0.
For 1975: ,, 121,100 190,000 160,000
For 1980: 151,700 310,000

For 1985: 184,100



Table 19. Consumbtion projection;‘for-Peru, by - distribution ggpteré;ﬁfor the years .975, 198G and 1985

—

total

— ~1975 - T
: Fertilized Level of Projections .
Distribution areas L fertilizing Nitrogen Am.eq.
Centers (hectares) (m.t. of N/ha.). | m.t. ‘m.t:
Plura “ " 164,540 0.097 15,960 20,110
Trujillo 259,158 10.057 14,772 18,613
Chiclayo 388,754 0.057 22,159 27,920
Chimbote =~ 203,960 0.051 10,401 13,105
Nazea 191,570 0.109 13,735 17,306
Callao 130,810 "0.105 20,881 26,310
Cuzco 142,380 0.082 12,955 16,323
Huancayo 446,750 © 0.029 11,202 RRIE)
. Arequipa 311,160 0.036 11,675 14,710
"Country ‘
- 133,740 168,511:



Table 19 (continued)

: — . 7980 . —

Fertilized Level of Projections . .
Distribution areas . fertilizing Nitrogen Am.eq.
Centers (Hectares) (m.t. N/ha.) m.t. m.t,-
Plura- 179,540 0.106 19,031 23,979
Trujlllo 280,164 0.067 18,771 23,651
Chiclayo 420,254 0.067 28,157 35,478
Chimbote 226,460 0.065 14,720 18,547
Nazca ' 201,570 0.114 16,331 20.577
Callac 145,810 0.112 22,978 28,952
Cuzco 177,380 0.092 19,603 24,700
Huancayo 466,750 0.042 15,329 19.31k
Arequipa 326,160 0.047 16,318 20,561
Country
‘total - 171,238 215,759

06



Table 19 (continued)

— ‘ T985 —

s Fertilized Level of - K . ..Projections
Distribution areas - fertilizing - Nltrogen [ Am.eq.
centers . (hectares) (m.t. N/ha.) - m.t. 1 - m.t.
Piura 179,540 0.115 20,647 26,015
Tr,ﬁjll,,l_c - 280,164 0.07‘7 21,573 27,182 -
Chiclayo. 420,254 0.077 32,359 40,772

~ Chimbote 226,460 0.079 . 17,890 - 22,541
Nazea . 201,570 0.119 17,351 21,862 -
" Callao 145,810 0.119 23,986 30,222

Cuzco 177,380 0.102 25,67 32,345
Huancayo 466,750 0.055 - 18,917 23,835
Arequipa 326,160 0.058 . 18,092 22,796
. Country . ) A
total 196,486 247,570

16
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Chimbote Ancash

Callao Lima

Nazca lca

Cuzco Cuzco, Apurimac, Ayacucho and
Puno

‘Huancayo© Huancavellca, Junin, Pasco and

o Huamuco
Arequlpa - Arequipa, Moquegua and Tacna.

ConsumptlonyProjectlonsﬂfor‘epllvla-

ﬁltrogeh consumption projections for Bolilvia used in thls study
are basically those obtained by the Tennessee Valley Authority (T.V.A.)
In a study on the agriculture and fertilizers In Bolivia (Russe!
et al., 1970). The consumption projection for 1985 was obtained by
assuming a constant ‘annual rate of growth of consumption of 7 percent
between 1980 and 1985. The following nltrogen consumption projectlons

“were obtained: .

For 1975: 7,995 m.t. of nitrogen
For 1980: 14,148 m.t. of nitrogen
For 1985: 19,920 m.t. of nitrogen

The selectlon of the seven fertilizer distribution centers for Bolivla
and ‘thelr consumptlion projections have also been derlved from the T.V.A.
study and are presented In Table 20 expressed In metric tons of

nltrogen and ammonla equlvalents.

Consumptlion Projections for Chile .

Nltrogen consumptlion projections In Chile for 1375 gnd 1980 have
been adopted from a study made by Kearney and Co., Inc. (1970) which did-

explore the crop production and fertilizer use data .In considerable



Table 20. -Ccnsumption projections for Bolivia, by distribution centers .for the years 1975, 1980 and

1985
_ 1975 19850 T985 —
Dlstrlbqtlon Nitrogen Am.eq Ni trogen Am.eq. Nitrogen Am.eq.
centers m.t..- m.t m.t. m.t. m.t. m.t.-
Sucre 1,131 1,425 2,018 2,543 3,050 3,843
Cochabamba 1,722 2,170 2,498 3,147 3,130 3,944
La Paz 798 1,005 1,155 ~ 1,455 Al,hlS 1,783
Oruro 370 466 472 595 690 756
Potos! - 1,423 1,793 2,260 2,847 3,050 3,843
santa Cruz 2,0i3 2,536 4,641 5,848 7,050 8,883
Tarila 536 678 1,104 1,392 1,625 2,047
Coﬁntry
total 7,995 10,073 14,148 17,827

19,920

25,099 -

¢6
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detall. The 1985 consumption projection was estimated by assuming a
3 percent average annual growth rate betweer. 1380 and 1985,
Distribution centers were selected by ‘thelr geogrgphlcél locatlon

with respect to the region or Provinces they were assumed to supply:

Distribution centers . Provinces

Antofagasta Tarapaca, Antofagasta and Atacama

Ovalle Coquimbo, Aconcagua and Valparalso

Rancagua Santiago, O'Higgins, Colchagua,
Curiaco and Talca

Los Angeies Linares, Maule, Nuble, Concepcion
Arauco, Blo-Blo, Malleco and
Cautin

Puerto Montt Valdivla, Osorno, Llanquihue and
Chiloe

Punta Arenas Aysen and Magallanos

Consumption projections for nitrogen by dlstribution center were
obtained from the consumption projections by Provinces, as estimated
by the Kearney.study. Nitrogen consumption projections by distribution
center adapted for the purpose of thls study are shown In Table 21
expressed in metric tons of nitrogen and ammonia equivalents. These
projections are, however, substantially smaller than those presented
by Chlle to the ''lunta del Acuerdo Cartagena,' which were: 159,900;
228,400; .and 280,000 metric tons of nitrogen for years ‘1975, 1980

and 1985, respectively.



Table 21. . Consumption projections for Chile, by distribution centers, for the years 1975, 1985 and
‘ 1985 :

1975 7580~ TT35%"

'Distri5qtion Nltrégen- Am.eq. Nitrogen Am.eq. . Nitrogen Am.eq.
centers ' .. - . . - om.t. m.t. ‘m.t. : m.t. m.t. - m.t.

Antofagasta | 1,150 1,449 1,468 1,850 1,702 2,144

Ovalle : 8,800 11,088 11,231 14,151 13,020 16,405 -
Rancagua | 35,400 bl 604 45,180 56,927 52,375 65,992

Los Angeles ' 38,400 48,384 49,009 61,751 '- 56;815 71,587

Pto. Montt : 5,100 6,426 | 6,509 8,20i 7,545 9.507'

Punta.Arenas" 1,15C 1,559 1,468 1,850 . 1,702 2,144

Cobntry_

total 90,000 113,400 114,865 1hh,730 133,159 167,779

S6



CHAPTER 7
MARKET ING FLOWS, PRODUCTION LEVELS AND -EXCESS- CAPACITIES”
OF -LEAST COST SOLUTIONS ‘FOR PROCESSING AND DISTRIBUTING
NITROGENOUS FERTILIZERS IN ANDEAN GROUP COUNTRIES

The Solutions -

Tvio altuirnative least cost solutlonéffor processing and distributing
nicrogenous fertilizers In the Andean group countries were analyzed.
First, an Andean Group Custom Unlon (A.G.C.U.) solution was obtalned,
assuming free trade among Andean countrles, l.e., no restrictions and/
or trade barrlers were assumed to exist ;mong Andean countries. Second,

n “InOependent Country' solutlon was obtalned assuming that trade
barriers were In effect so as to permlt exhaustion of each country's
domestlic flnal products processing capacities befcre any lmpoFts could
take place. Costs of Imports resulting from thls solution were
estimated on the basis of Import prices Implled by the correspondlﬁg
Andean Group Custom Unlon solution. These two aiternatlve solutlons
were obtained for the expected consumption and supply situations for
years 1975, 1980 and 1985, glven the assumptions and lImitatlons of
the model. The results of these solutions are analyzed In thls chapter

In terms of marketing flows of ammonla and final products and levels

of production and excess capacltles of plants.

A

The-Andean'Group.Custom Unlon Solutlon

Given the assuhptlons and‘llmltaqlons_of the mode! (see chaptor
3) the objéc;lve_func;lbn,(l) was minimlzed for the supply and
consumptldn slituations speclfled for the years 1975, lSBO.éﬁd 1985,
Supply - sltuatlons for 1980 and 1985 were modlfled only by. the entry

Into operation of ammonia-urea complexes '"]planned' at Yaculba, Bollvla,
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;and’Punta Arenas, Chlle. Consumptlon sltuatlons were modlfled

Zaccordlng to the ccnsumptlon projectlons._'

: Marketing flows of ammonla and’ flnal products (expressed in-
fmetrlc tons of ammonla equlvalents) that mlnlmlza the . costs of
:processlng and dlstrlbutlng nltrogenous . fertlllzers In the Andean
Group countrles are presented in Tables 22 23 and 2# for the years "
1375, l980 and l985, respectively. Marketing flowsvof,ammonla can be
‘observedﬂbyfreadlng,the;upper part of the tables from left to right
and:upwards, whereas those of final products can be Identified In the
lower partiofuthese tables, reading from top to bottom.

WIth,the exception oftl7,93h metrlo tons of ammonia shipped from
Maracalbo, Venezuela, to Callao, Peru, for the processing of ammonium
nitrate, all ammonia .is used at the same plant site locations In the
processlng of.urea. This Is the case for every year for which
solutions were obtained.

Numbers shown ln these tables within parentheses Indicate costs
of uslng'alternatlve non-optimum ""routes'' at the margin, that Is,
the additional costs assoclated with activating these ''routes' by
one unit of ammonra eqdlvalent. They can be used as Indlcators of
‘the sensitivity of marketing flows to changes In the pre- -astablished
costs of processing and transport. By restrlctlon (13), ammonia
allocated for the processlpgxof urea at the same plant locations
) ls;sensltlve to*costfehanges’only through the sensitivity of flows ‘of
.flnal prodhots to coStdehanQes.:aHOWerer,<shlpments‘of .ammonla to
xplants manufacturlng fertlluzers other than urea -are also sensitive

‘to costs of ammonla ltself (glven the marketlng flows of flnal

-ﬁploducts) Ammonla shlpment from Maracalbo to, Callao is sensltlve


http:flows.of

Table 22. Marketing flows of ammonia and final products in metric tons of ammonia equivalents for 1975,
Andean Group Custom Union solution, and costs of using alternative routes at the margins, iﬁ

dollars
AFinal;pro&uct.production sites by‘countries )
S - g - Urea - Ammonium nitrate
Venezuela. - Colombia . | Peru . Colombia. - Peru.

Ammonia ’ Barranca- | Barran- ‘ Barranca- |

soufces» . |Moron. | .Maracaibo | bermeja quilla Talara bermeja - | Callao | .Cachimayo
Venezue]aE .

" Moron 33,840 . ( 1.50)

Maracaibo 310,384 17,934

Colombia: 4

Cartagena 51,080 ( 0.96)

Barrancab. (28.27) (51.84)

Peru:

Callao ( 10.00)

Talara 96,315 (10.19)

Cachimayo (63.57)
Final products

destinations

by country

Venezuela. 33,840 16,668 (32.66) (44.97) (63.89) (50.90) (112.76)  (122.95)
Colombia’ (1.84) 78,370 (1.36) 51,080 (23.20) (17.20) ( 72.47) (93.62)
Ecuador (2.01) 39,060 (50.03) (15.70) (1.57) (83.16) ( 61.03) (85.49)
Peru (2.01) 54,262 (47.10) (17.45) 96,315 (68.09) . 17,934 ( 0.01)
Bolivia (2.00) 10,073 (51.74) (17.37) (12.88) (67.27) ( 31.44) ( 2.30)
Chile, (0.20) 111,951 (43.08) ( 8.72) ( 6.78) (76.61) ( bh.1k) (56.40)
“Totals . 33,840 310,384 51,080 96,315 17,934

86



“:TabléCZZf(confinued)

. -

Final product production sites by countries

. Nltrates|.

Ammonium sulfate Compounds ° . :
- : Peru Ecuador Venezuela Colombia __|Ecuador -| Chile | Ammonia
Ammonia . Barran- Guaya- | Antofa- | production-
sources. : {Callao | Guayaquil Moron quilla Monomeros | quil ~gasta m.t./year .
Venezuela: ' ' '
Moron (49.03) (18.84) (12.96) £38.67) (38.71)  (47.13) 33,840
Maracaibo - (47.53) (17.24) (26.06) (37.27) (37.31) (45.53) 328,318
- Colombia: ’ ' ‘
Cartagena (48.49) (18.30) (28.02) (24.73) (24.77) . (46.59) 51,080 -
Barrancab. S
. Peru: , ' ‘
callao (57.53) (43.74) (58.06) (68.17) (68.21)  (72.03) PR
‘Talara_ (57.72)  (29.43) (' .15) (53.16) (53.20). " (57.72) T 96,315
Cachimayo ‘ S %
Final products ’Prdjébtéﬂ5
destinations - demand by
by country - ‘ . countries
Venezuela.  (174.09)  (147.08) ( 0.01) (bh.96) (b4h.72)  (89.89) (143.49) . 50,508
Cotombia (125.30) ('86.39)  ( 1.84) ( 0:01) (0.01) {(47.67) . (87.60) . 129,450 "
Ecuador (73.66) ( 4a.15) ( 2.03) (15.72) (15.48)  (18.06) (°88.76) 39,060
Peru (10.82) ( 71.33) ( 2.01) (17.43) "(17.19)  (39.07) (53.13)° 168,511
Bolivia ( 93.37) (110.96) ( 1.94) (17.43) (17.19)  (4o.76) ( 63.87) 10,073 -
- Chile ( 89.30) (88.19) ( 0.24) ( 8.77) (8.53) (37.27) - 1,449 113,00
Totals

‘5115002

ﬂ6§3; 



Table 23.

Marketing flows of ammonia and final products in metric tons of ammonia equivalents for 1980

Andean Group Custom Union solution, and costs of using alternative routes at the margins, in

dollars

-Ammonia..
- sources.

Flnal products productlon sltes byﬁcountrles

Urea

Venezuela

Y.Colombla_

Peru

Bolivia

Thile

Moron

Maracaibo

Barrancabermeja

Barranquilla

Talara

Yacuiba

Punta
Arenas

Venezuela: |

Moron
Maracaibo -
Pto. La Cruz

Colombia:
Cartagena
Barrancab.

Peru:

Callao
Talara
Cachimayo
Bolivia:
Yacuiba
Chlle

. Punta Arenas

17F|nal products

destlnatlons
jby country

- Venezuela -

 Colombia

. Ecuador

48,703

48,703

" (1.84)

(2.01)
(2.01)

(37.42)

(12.12)
48,703

302,096

25,089
150,198
70,560
56,249
“(35.32)
(11.85)

302,096

(61.93)
(28.27)
(78.30)
(65.70)
(82.55)
(85.75)

51,080

(44.97)
51,080

(15.70)
(17.45)
(44.11)
(23.19)

. 51,080

96,315

(64.42)
(23.72)
( 2.10)
96,315
(47 65)
(22.32)

96,315

37,548

170?37ﬁ

(gl
144,730

179,270



| Tabls 23 (continued)

Flnal products productlon sntes by countrtes

Ammonium nitrate -

Ammon ium sulfate

Colombla

S NS Perux .‘ - Peru . Ecuador,~-? x:ﬁf;;
Ammonia . ' ' - R
sources. . . - ‘Barrancabermeja Call?o ‘Cachimayo, Callao Guayaquil - o
Venezuela: " ‘ o ’ o o
‘Moron - ( 1.50) (49.03) (42.90)
“Maracaibo = - 17,934 (47.53) (41.30) -
Pto. La Cruzi; ( 0.02) (47.65) (41.52) -
Colombla * '
, Cactagena (48.49) (42.36)
Barrancab ( 0.96)
Peru: B
~ Callao .- ( 10.00) (57.53) . {67.80)
. Talara’ fgf (10.19) X (57.72) (53.49)
: Cachlmayo ( 64.07) - Lo
iBolxv:a -
YaCU|ba
: Punta Arenas ' ( 0.54) (48.07) (46.04).
iﬁFmal productss  .
destlnatlons
by country '
Venezuela (102.74) (113.28) (122.44) (174.09) (123.02)
Colombia ( 69.04) ( 73.00) ( 93.12) (125.:30) ( 62.33).
‘Ecuador (135.00) ( 61.56) (.84.98) ( 73.66) (720:09)
Peru (119.40) 17,934 ( 0.00) ( 10.29) ( 46.7%)
‘Bolivia (139.15) ( 61.61) ( 38.33) (115.71) (106.94)
;Ch.le (141.25) (54.41) ( 65.53) ( 98.71) ( 73.54)
“Totals" 17,934 ’

fol



 fTaB1e 231'(COn§?nued)

- Final.produc;s p}oduction sifes by countries-
, - : Compounds ) . Nitrates
‘ Yenezuela . Colombia . - . | .Ecuador. Chile
Ammonia . ' ' ’ Ammonia .
sources. . .. - - .{ Moron- Barranquilla Monomeros Guayaquil Antofagasta production
 Venezuela: - .

Moron- ( 0.00) (38.67) (38.71) (47.13) 48,703

Maracaibo (13.10) (37.27) (37.31) {45.53) 320,030

Pto. La Cruz (12.92) (37.09) (37.13) (45.75)

Colombia: : :
Cartagens (15.06) (24.73) (24.77) (46.59) 51,080
Barrancab.

Peru: _

Callao (45.10) (68.17) (68.21) (72.03)

Talara (29.19) (53.16) (53.10) (57.72) 96,315
- Cachimayo '

‘Bdlfvia: :
~ Yacujba _ 37,548
Chile:

Punta .Arenas (22.84) (46.21) (46.25) (50.27) 170,270
Final -products Projected
destinations demand .
by country by countries

‘Venezuela (12.96) (44.96) (Lh.72) (89.89) (143.49) 73,792
~-Lolombia - (14.80) ( 0.01) ( 0.01) (47.68) ( 87.60) 201,278
“Ecuador. - (14,99) (15.72) (15.48) (18.06) ( 88.76) 70,560
<Peruz - - 4 (14.97) (17.43) (17.18) (38.70) ( 53.64) 215,759
(34.94) (44 .47) (44.23) (60.81) ( 83.91) 17,827
(25.03) (23.27) (22.23) (49.11) ( 9.41) 144,730 é‘

723,946 -




;»1a51ej24;, Marketlng flows of ammonia and final products in metric tons of ammonia equnvalents for 1985;

- Andean - Group Custom Union solution, and costs of using alternative routes at the margins, 'in
dollars

Final products production sites by countries

Urea

S R Venezuela - Colombia - Peru | Bolivia |  Chile.
- Ammonia- ’
. sources. . - Moron Maracaibo Barrancabermeja |[Barranquilla |Talara | Yacuiba | Punta Arenas

~ Venezuela:.

~Moron: . . 67,141
Maracalbo U 391,569
Pto. La Cruz‘

Colombla )
: Cartagena K 51,080
Barrancab (28.27)

,Peru

~'Callao V
_Talara - 96,315
- Cachimayo

“Bolivia: |

‘Yacuiba 57,kh4

wCh}le: o - L
. Punta.Arenas. 170,270
'Flnal products

'destlnatlons
‘by. country

Venezuela 67,141 344588 (33.66) (44.97) (67.55) (115.80)  (65.44)
Colombia (1.84) 176,596 ( 0.00) 51,080 (26.85) ( 85.16) (15.70):
- Ecuador (2.01) 81,900 (50.03) (15.70) ( 5.23) ( 74.68) (13.95)
“Peru ( 2.01) 98,485 (34.30) (17.43) 96,315 32,345 - 2,49]

“Bolivia. (37.42)  (35.32) (82.55) (44.041) (50.78) 25,099 (16;5]);
~Chile . (1.61)  (11.34) (56.97) - (22.68) (24.94)  ( 61.62) 167,779 -

;?OFéIS. ' 67,11 391,569 51,080 96,315 57,444 170,270

1J€orr



Table 24 (continued)

.Final products production sites by countries

Ammonium nitrate

- Ammonium sulfate

" Totals . 17,934

" Colombia Peru Peru Ecuador
Ammonia
sources Barrancaberme ja Callao Cachimayo Callao Guayaquil
Venezuela:
Moron ( 1.50) (49.03) (42.39)
Maracaibo 17,934 (47.53) (40.79)
Pto. La Cruz (0.12) (47.65) (41.01)
Colombia:
Cartagena ( 0.96) (48.49) (41.85)
Barrancab. (51.84)
Peru:
Callao (10.00) (57.53) (67.29)
Talara (10.19) (57.72) (52.98)
Cachimayo (64.08)
Bolivia:
Yacuiba
Chile:
‘Punta Arenas ( 0.54) (48.07) (45.53)
Final products
destinations
. by country
- Venezuela (50.90) (116.42) (122.44) (174.09) (123.53)
~ Colombia (17.20) ( 76.13) (93.12) (125.30) ( 62.84)
..Ecuador.. (83.16) ( 64.69) ( 84.98) ( 73.66) ( 20.60)
. Peru, (64.43) 17,934 ( 0.00) ( 7.17) ( 47.25)
.’Bolivia . (87.31) ( 64.74) ( 38.33) (115.71) (107.45)
Q;Qﬁi[@{ - (88.90) ( 57.03) ( 65.02) { 98.20) ( 73.54)

701



:;Téblé?zk (qgnfihued)

S,

Final products product

ion sites

by countries

- Nitrates

Totals .

: Compounds - A
, Venezuela Colombia - ~ Ecuador - Chile - T

Ammonia ~ Ammonia . . .-
sources . Moron Barranquilla Monomeros Guayaquil Antofagasta prodUEtion
Venezuela: S

Moron ( 0.00) (38.67) (38.71) (47.13) 67,141
" Maracaibo (13.10) (37.27) (37.31) . (45.53) 409,503-

Pto. La Cruz (12.92) (37.09) (37.13) (45.75)

Colombia: ; .;

Cartagena (15.06) (24.73) (24.77) (46.59) 51,080

- Barrancab. o
Peru:

Callao (45.10) (68.17) (68.21) (72.03) o

Talara (29.19) (53.16) (53.20) (57.72) 96,315

Cachimayo : N
Bolivia: o
~Yacuiba 57,b44
Chile: ‘
~Punta Arenas (22.84) (46.21) (46.25) (50.27) 170,270
‘Final ‘products Projected
destinations demand. .
by country by countries
Venezuela (12.96) (44.96) (4k.72) - "(89.89) (143.49) 101,729
Colombia (14.80) ( 0.01) ( 0.01) T (47.68) ( 87.60) 227,676
Ecuador . (14.99) (15.72) (15.48) (18.06) ( 88.76). 81,900-.
Peru (14.96) (17.42) (17.19) (38.71) ( 53.13) 248,570
Bolivia (34.94) (44, 47) (44.23) (60.81) ( 83.91) 25,099
Chile (24.53) (22.76) (21.72) (48.60) . ( 8.90) 167,779°

849,753

501 .
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to changes in costs of ammonia processing and/or transport. For
the year T975, an overestimate of ammonla cost from Cartagena or an
underestimate of ammonla cost from Maracalbo greater than $.0.96 per’
metric ton overall would lead to shipments of ammonla from Cartagena
to Callao rather than from Maracalbo, assuming all other costs constant.
In order to simplify thls, and the forthcoming analysis of results,
let us name thls magnltude ($.0.96 per metric ton In previous
paragraph) ''cost estimation error'' which can be deflined as:
- Underestimation In processing and/or transport costs of actlve
route (optimum route) given all other costs constant and

correct.

- Overestimation in processing and/or transport costs of
alternative route (non-optimum route) given all other costs

constant and correct.

- Underestimation in processing and/or transport costs of

active rcate (optimum route) plus overestimation of these

costs for alternative (non-optimum route) given all other

costs constant and correct.
Keeplng these definitions in mind we can continue with the analysis of
ammonia marketing flows. Results for years 1980 and 1985 show that
shipments of ammonle from Maracalbo to Callao are even more sensitive
to changes In costs. The entry in operation of the planned ammonia
plant at Puerto La Cruz results In that a ''cost estimation error
greater than $0.12 per metric ton of .ammonia may lead to shipments of
ammonla from Puerto La Cruz rather than Maracalbo. To activate the
ammonia plant ét Callao, however, a ''cost estimation errdrﬂ grgé;e% _ L

than $10.00 per metric ton of ammonla would be required.
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The marketlng flows of final. products are, however, the basic
‘,determinants of ammonla use and" shlpments. The small size of plants
'manufaCturIng‘nltrqgenoys fertlllzers other than urea resultedaln
high proCesslng costs, which, lq additlon to high tfanspprt costs
due to lower grades of nitrogen, helped determine the’selectlon of
urea as the main source .of nltrogen to be used In order to minimize
costs of processing and distributing nltrogenous ‘fertillzers In the
Andean countries. In spite of large low-cost ammonia plants at
Venezuela, and the possibility of. Its transport to plants producing
nitrogendus fertillzers others than urea, all -but the ammonlum nitrate
plant at Callao are excluded by the minimum cost solutlons.

Marketing flows of final products from plants to each country
are shown In the lower part of these tables.13 They Indicate the
‘use of urea as the main source of nltrogenous fertllizer. Venezuela,
and more specifically the ammonla-urea fertllizer complex at Maracalbo,
}s the maln suppllier of nitrogenous fertlilizer for the Andean countries.
For the years 1980 and 1985, the entry Into-operation of planned
ammonia~urea fert!lizer complexes at Yaculba, Bollvia, and Punta
Arenas, Chlle, reduces the relative Importance of the Maracalbo
complex’as.a supplier, although increased consumption results In
Increased quantities of exports to other Andean countries. Chlle and
Bollvla are transformed from-Importers in 1975 to exporters In 1980
and 1985. Colombia, Ecuador and Peru remaln as the Importing

countries, facing, .also, substantlal excess capacities In terms of

E ‘3Due to, large numbers, marketlng “flows .are now shown with respect

A ’.to dlstrlbutlon -centers. ..
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high-cost, snall size plants available to produce, mainly, nitrogenous

fertilizers other than urea.

Costs of using alternative ''routes'' at the margin were obtained
with respect to each distribution center., However, since marketing
flows In these tables are presented with respect to each country; the
smallest cost of using alternative '‘routes'' by each plant with respact
to distribution centers within a country were selected, and are shown
within the parentheses as indicators of the sensitivity of the flow of
final products with respect to changes in costs.

Marketing flows to supply Venezuela are rather stable to changes
In costs except for the case of the compound plant at Moron, which could
be activated by a ''cost estimation error'' greater than $0.01 per metric
ton of ammonia equivalent. The same could be said for Colombia, with
the exception of the compounds plants at Barranquilla and Monomeros,
However, even though these plants could be activated by small changes
in costs their levels of production would be low, resulting in much
highet unit costs than those pre-established under the assumption of
full capaclty production levels. It is now necessary to evaluate this
assumption in the light of the solutions obtained.

Levels of production and excess capacities, expressed in metric
tons of ammonia equivalents, resulting from Andean Group Custom
Unlon solutions for years 1975, 1980 and'1985 are shown In Table 25.
The considerable excess capacities shown for the ammonia and urea
plants at Moron and Maracalbo In Venezuela with respect to
consumption of Andean countries could easily vanish If exports to the
rest of the world market are considered. The large size of these

plants and low costs of raw materlals (natural gas) in Venezuela make,



© Table'25.

g

Levels ‘of productlon ‘and excess’ capacltnes in metrlc tons

Punta Arenas

of ammonla equivalents, as. Implled by Andean Group Custom
‘;Unlon solutions, for 1975, 1980 -and 1985
: 1975 SR
K Plant Production | Excess Percentage
Plants N capacity levels .capacity .ex. capaclty
Ammonla ‘
Moron 198,000 33,840 164,160 83
Maracalbo 594,000 328,318 265,682 45
P. La Cruz
Cartagena 132,000 51,080 80,920 61
' Barrancab. 17,800 17,800 100
Callao 29,700 29,700 100
Talara 99,000 196,315 2,685 2
Cachimayo 11,183 11,183 100
Yacuiba
Punta Arenas
Urea:
Moron 141,891 33,840 108,051 76
Maracaibo 4sh, 054 310,384 143,670 32
Barrancab. 7,338 7,338 100
Barranqui. 51,080 51,080 0.00 0.00
Talara 96,315 96,315 0.00 0.00
Yaculba
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Table 25 (continued)

! 1980
Plant Production | Excess Percentage
Plants. .capaclty levels capacity | ex. capaclty
Ammonia:
Moron 198,000 48,703 149,297 75
Maracaibo 1,188,000 320,030 867,970 73
P. La Cruz 495,000 495,000 100
Cartagena 132,000 51,080 80,920 61
Barrancab. 17,800 17,800 100
Callao 29,700 29,700 100
Talara 99,000 96,315 2,685 2
Cachimayo 11,183 11,183 100
Yacuiba 198,000 37,548 160,452 81
Punta Arenas 198,000 170,270 27,730 14
Urea:
Moron 141,891 48,703 93,188 66
Maracalbo 454,054 302,096 151,958 33
Barrancab. 7,338 7,338 100
Barranqui. 51,080 51,080 0.00 0.00
Talara 96,315 96,315 0.00 0.00
Yaculba 170,270 37,548 132,722 78

Punta Arenas 170,270 170,270 0.00 0.00
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Table 25 (continued)
—— T
Plant Production | Excess’ Percentage
Plants - capacity levels capaclty|.ex. capaclty
Ammonia:
Moron 198,000 67,14 130,859 66
Maracaibo 1,188,000 409,503 778,497 65
P. La Cruz 495,000 495,000 100
Cartagena 132,000 51,080 80,920 61
Barrancab. 17,800 17,800 100
Callao 29,700 29,700 100
Talara 99,000 96,315 2,685 2
Cachimayo 11,183 11,183 100
Yacuiba 198,000 57,Lh4k4 140,556 71
Punta Arenas 198,000 170,270 27,730 14
Urea:
Moron 141,891 67,141 64,750 53
Maracaibo 45h,054 391,569 62,485 14
Barrancab. 7,338 7,338 100
Barranqui . 51,080 51,080 0.00 0.00
Talara 96,315 96,315 0.00 0.00
Yaculba 170,270 57,44k 112,826 96 -
Punta Arenas 170,270 170,270 0.00 0.00



112

Table 25 (continued)
1975
Plant Production | Excess Percentage

Plants capaclty levels capacities| ex. capacity
Ammon { um

nitrate:

Barrancab. 10,18 10,418 100
Callao 17,934 17,934 0.00 0.00
Cachimayo 11,183 11,183 100
Ammon ! um

sulfate:

Callao 3,929 3,929 100
Guayaqui 8,732 8,732 100
Caompounds :

Moron 33,113 33,113 100

Barranqui. 24,696 24,696 100
Monomeros 56,700 56,700 100
Guayaquli | 18,900 18,900 100
Nitrates:

Antofagasta 122,850 1,449 121,401 99
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i ~T5%0 —
‘ Plant Production | Excess . =~ |Percentage
Plants -capacity levels .capacltlesiex. capacity -
Ammon i um
nitrate:
Barrancab. 10,418 10,118 100
Callao 17,934 17,234 0.00 0.00
Cachimayo 11,183 11,183 0.00
Ammon 1 um
sul fate:
Callao 3,929 3,929 100
Guayaqul 8,732 8,732 100
Compounds : .
Moron 33,113 33,113 100
Barranqui. 24,696 24,696 100
Monomeros 56,700 56,700 100
Guayaqull 18,900 18,900 100
Nitrates:
Antofagasta 122,850 122,850 100
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Table 25 (contlinued)

: 1985 |
Plant Production | Excess Percentage

Plants .capaclty levels capacities |ex. capacity
Ammon i um

nitrate:

Barrancab. 10,118 10,418 100
Callao 17,934 17,934 0,00 0.00
Cachimayo 11,183 11,183 100
Ammonium

sulfate:

Callao 3,929 3,929 100
Guayaquil 8,732 8,732 100
Compounds :

Moron 33,113 33,113 100
Barranqui. 24,696 24,696 100
Monomeros 56,700 56,700 100
Guayaquil 18,900 18,900 100
Nitrates:

Antofagasta 122,850 122,850 100
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them able to comﬁete well in the world market. Although they have
recently begun production, most of thelr output is In fact belng
eXportedrto the world market as well as to other Andean countrles.

Excess capaclty of 61 percent for the ammonia plant at Cartagena,
Colombla, Is probably the most Important single source of error In
our solutlons as they stand in Tables 22 to 24, |If a restriction
based on demands for phosphorous were established to keep the
compound plants at Barranquilla and Monomeros in operatlon, the
excess capacity of the ammonia plant at Cartagena would be very small,
and imports from Venezuela would be substantially reduced.]h How-
ever, the value of the objective function would increase. This
problem wlll be discussed later in the analysis of costs assoclated
with the least cost solution.

For the years 1980 and 1985 substantial excess capaclities are
observed for the ammonia and urea plants at Yaculba, Bolivia. How-
ever, the economic feasibility to bulld this complex depends very
heavily on a priori arrangements to export to the Argentine market,
so that excess capacltlés should be very small, If any.

Excess capacity of the ammonia plant at Punta Arenas, Chile, is
rather small and would be even smaller If consumption of ammonia for
other uses Weré ln;luded. All other plants would be elther operating
at full capacity or idle.

Construétlon of .the ammonia plant at Puerto La Cruz, Venezuela,

which shows 100 bercent excess capacity In 1980 and 1985, should bé

]hFor the year 1975, the solution for Zolombla as a part of the
Andean Group Custom Unlon viould be equal to that for Colombia as an
""Independent-Countrv' (see Table 26).
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evaluated only.in terms of its abllity to export- to the rest of the
world market. |

The existence of plants with 100 percent excess capaclty as a
result of the ''optimum' solution implies that In order to derlve
estimates of ''gains' In terms of lower costs associated with the
A. G. C. U. solutlons, all costs for these plants must be varlable
from the year 1975 on. The assumptions adopted to estimate the .
processing costs shown in Tables 4 through 8 Indicate that the only
costs thgt would be Incurred after closing down a plant would be
deprecfat[on and Interest. In this study estimates of 'galns,' costs
and transfer that take place under the Customs Unlon situation are
derived under the assumption that from 1975 on a new cost structure
Is In effect for these plants: new maintenance costs are atsumed
to be increased In an amount equal to prevlously estimated depreclation
and Interest costs so that if these plants are closed down, total
costs would be saved. The following facts make this assumption a
very reasonable one:

(1) These plants were built in the early sixties. The ammonla =
urea - ammonlum nltrate complex at Barrancabermeja was originally .
bullt In 1952 and mod!fied (equipment replacement) In 1962 and 1966
(McCamy and Waggoner, 1970). Plants at Callao, Guayaqul] and
Caclumayo were bullt In 1960, 1962 and 1965, respectively.” Most of
thésé plants are therefore substantially depreclated out. Continued
operation would require substantlal replacement of parts and
equipméntl as It Is shown In the McCamy and Waggoner study of the

Barrancabsrmeja complex. It Is thus reasonable to assume that from
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|975 on the malntenance cost will Increase substantially In the form
6f parts and ;qulpment replacement.

(2) Conslderation has been given to discrete observations .(results)
for the years 1975, 1980 and 1985. That Is, a gap of 5 years exists
between these .observatlons. It is reasonable to assume that costs
which are normally considered to be ''flxed" within a glven year are
actually varléble for the five-year perlod. Actual fixed costs for
these plants are, therefore, expected to be Insignificant. Nevertheless,
it Is Important to polnt out that the decision to close down a partlicular
plant will Have to be based on detalled, precise Information about
processing costs In that plant and a clear-cut distinction must be
made between flxed and varlable costs. With respect to the compound
plants with 100 percent excess'capaclties In the solution, thelr
operatlion will actually depend on the demands for phosphorous and
potassium nutrients. As suppllers of nltrogen, however, the results
do Imply that these plants should close down (Moron, Barranqullla,
Monomeros and Guayaqull); fﬁrocesslng costs of compounds, however,
are mostly variable. Only 8 percent of the total costs are flxed
(Table 8), and oniy '3 to 4 percent correspond to depreclation and
Interest costs. fhus, no signiflcant errors In estimating ''galns'' and
transfers are ekpected to be Incurred by assuming all costs are varlable
for.the purpose of closling downithese plants.

l; Is necessarf'at~thls polnt to speclfy some Important quallfl-
catlons to these and forthcomlngrresults. First, the long-run problem_
of optimum plant locatlon_for the years 1980 and 1985 Imply that
planF}iocatlons should be considered as varlable. In thls study,

i

héwﬁ?br, plant locations are pre-determlhéd according to specliflc
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possibility studies. Two main reasons can be presented for inclusion
of pre-determined plant Iocatloos: | |

(1) The nitrogenous ‘fertilizer industry Is basically a raw-material
oriented industry. Plant locations are normally restricted to raw
material production sites (natural gas, sulfurs, gtg:), while markets
or distribution centers .are geographically scattered.

(2) variable plant location studies require the use of program-
ming models which are not able (so far) to handle large size problems
and still guarantee an optimal solution'.]5

Another lmportant qualiflcatlon of the results related to long-
run considerations Is the problem of technology changes over time.

In this study it is assumed that technology will remaln constant; how-
ever, technological changes would probably take place in the next 10
years, modifying the results of this study in directions that are

difficult to predict. Results for 1980 and 1985 (llke any other

projections) must be taken with caution.

The ''Independent-Country' Solution

The '"Independent-country' solution was obtained by applying the
model to each country situation, Introducing an Import activity with
costs high enough to force exhaustion of domestic final products
processing capacities -before any imports could take place. The value
of the.objectlye funotlon was then adjusted to account for dlfferences
in. costs of imports. Import ”prices“ as. implled by the Andean Group,
Custom Unlon solution were USed for this purpose as well as to

determlne;tnterpoqntryﬁmarketlng,flows. The solutlons obtained for .

N 151'1;_;‘:.1.‘1 vy ﬁ';-;t‘ R T T T R s e o L T



119

each country were thenlgbgregated to have ‘an “lndependent-country”
solution for the Andean;éroup'countr[es as a whole. Solutions were
thus obtalned for 1975, 1980 and 1985.

Following the same design as In Tables 22, 23, and 24, marketing
flows of the Independent-country-solutlons are presented In Tables
26, 27 and 28, for the years 13975, 1980 and 1985, respectively. In
this case, costs of using alternative routes at the margin were
obtained only for plant-distribution centers "routes'' within each
country. Therefore, they are not shown In these tables.

Marketing flows of ammonia presented In these tables indicate
that for the Andean Group Custom Unior sclutions ammonia Is mainly
used for the processing of final prdducts at the same plant sites.
Shipments of ammonia are restricted mainly to those from Maracaibo
to Guayaqull, Ecuador, for processing of ammonium sulfate and compounds,
Ecuador belng a non-ammonia-producing couatry. A small shipment of
ammonia from Maracaibo to Monomeros, Colombia, Is, however, Included
for the 1980 and 1985 solutions.

Marketing flows of final products are, of course, determined
basically by the forcing of domestic output consumption in each
country before any Imports take place. For the year 1975 the excess
consumption over domestic production are satisfied by imports from
Héracalbo,»Venezuela. The entry In operation of the ammonia-urea
complexes at Yacqlba, Bollvia and Punta Arenas, Chile, by 1980 makes
these countries exporters of urea to Péru, while expansion of
deméndS also resulted In Increased ]mpqrtS-by Peru, Colombia, and

Ecuador, from Venezuela.
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Marketing.flows of ammonia -and final products In metrlc

Chile

_ Table 26. |
' tons ‘of ammonia equivalents for 1975, "Independent=
Country" solutlon
Final product production site; by countries
Urea -
Venezuela Colombia Peru
Ammonia Barranca- Barran-
sources Moron .Maracalbo bermela quilla Talara
Venezuela:
Moron 33,840
Maracaibo 77,319
Colombia:
Cartagena 51,080
Barrancab.
Peru:
Callao
Talara 96,315
Cachimayo
Final products
destinations
by rountry
Venezuela 33,840 16,668
Colombia 51,080
Ecuador 11,428
Peru 39,150 96,315
Bolivia 10,073
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. Final product production sites.by countries R
, _Ammonfum nitrate. Ammonium sulfate
L Colombia | - . Peru . . - Peru Ecuador
Ammonfa . Barranca-
'sources - bermeja |- Callao | Cachimayo. Callao Guayaquil

Venezuela:
qudh,

!Maradaibo‘

Cojbﬁﬁla:
Cartagena
~ ‘Barrancab.

Peru:
Céllao
Talara
Cachimayo

FInaluprqdudts
destinations
by country

Venezuela
Colombia
- Ecuador
Peru -
Bolivia
Chile

17,934

17,934

8,732

3,929
11,183

11,183 8,732
3,929
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Table 26 (cont!inued)

Final product production sites by countries
- Compounds- Nitrates :
Venezuela ~ Colombia Ecuador| Chile |Ammonia

Ammon!a Barran- Guaya- |Antofa- [production
sources Moron [quillla |[Monomeros | quil gasta m.t./year.
Venezuela:

Moron 33,840
Maracalbo 18,900 104,951
Colombia:

Cartagena 21,670 56,700 129,450
Barrancab.
Peru:

Callao 21,863
Talara 9613]5
Cachimayo 11,183
Final products ' Projected
desintations demand by
by country countrles
Venezuela 50,508
Colombia 21,670 56,700 129,450
Ecuador 18,900 39,060
Peru 168,511
Bolivia 10,073

Chile 113,400 113,400




f,fjéb}é'27_ Marketing flows of ammonia and final products in metric tons of ammonia equnva]ents for 1980
e : ."lndependent-uountry” solution

Ammonia
sources ' .

Final,productsgproduction sites by countries:

Urea .

" Venezuela

Colombia

Peru ' Bolivia

Chile

. Mara-
Moron - | caibo.

Barranca-~
-bermeja

Barran-
auilla Talara Yacuiba

Punta Arenas

Venezuela:
Moron
Haracaibo
Pto. La Cruz,

Cclombia:

Cartagena
Barrancab.

Peru:

Callao
Talara
Cach(mayo
Bolivia:
- Yacuiba -
thile:
Punta Arenas

Final products

‘destinations
by country -

Venezuela
" Colombia
Ecuador
~.Peru

" Bollvia
“'Chile

48,703
- 171,384

48,703 25,089
51,046
42,928
52,321

7,338

7,338

51,080

96,315

26,364

51,080

96,315 8,537
17,827

170,270

25,540'
144,730°

—



‘Table 27

(continued)

Ammonia
sources

Final products production sites by countries

Ammonium nitrate

Ammon : um

Vsulfate

. Colombia

Peru

Peru

Ecuador

. Barrancabermeja

Callao

Cachimayo

Callao

Guayaquil

Venezuela:
Moron
Maracaibo
Pto. La Cruz

Colombias—
Cartagena
Barrancab.

Peru:
Callao
Talara
Cachimayo

Bolivias
Yacuiba

Chile:
‘Punta Arenas

" Final products
‘destinations

" by‘country

. Venezuela

.‘Colombia. .

10,418

10,418

17,934

17,934

11,183

11,183

3,929

3,929

8,732

8,732

hel



Table 27 (continued)

| Final products production sites by countrles

| Compounds - Nitrates

|Venezuela Colombia Ecuador Chile
Ammonia ! Ammonia
sources. . | Moron © Barranquilla Monomeros Guayaquil Antofagasta production
Venezuela:

Moron 48,703

Maracaibo 476 18,900 199,492

Pto. La Cruz 0]
Colombia:

Cartagena 24,696 56,224 132,000

Barrancab. 17,756
Peru:

Callao 21,863

Talara ' 96,315

Cachimayo _ 11,183
Bolivia:

Yacuiba 26,364
Chile:

Punta Arenas 170,270
Final products Projected
destinations demand by
by country countries
Venezuela i 73,792
Colombia 24,696 56,700 201,278
Ecuador 18,900 70,560 -
Peru 215,759
Bolivia. 17,827

Chile 144,730

s¢l




Table 28. Marketing flows of ammonia and final products in metric tons of ammonia equivalents for 1985,
"Independent-Country'' solutions '

Final. products production sites by countries
: ‘ Urea . . -
. Venezuela Colombia Peru Bolivia | Chile
Ammonia Mara- Barranca- Barran- N
- sources. Moron caibo bermeja . quilla Talara Yacuiba Punta Arenas

Venezuela: ‘

-~ Moron - 67,141

Maracaibo 260,856
‘Pto. La Cruz

Colombia:
Cartagena 51,080
Barrancab. 7,338

Peru:

Callao

Talara 96,315
‘Cachimayo

Bolivia:
Yacuiba 46,261

Chile:
Punta Arenas 170,270

Final .products

.destinations

‘by:country

‘Venezuela: 67,141 34,588

‘Ecuador 54,268 o
Peru 94,556 96,315 21,162 2,491 T
‘Bolivia: ' 25,099 Cenev
‘Chile 167,779



Table 28 {continued)

Ammonia
sources -

Final. products productlon sntes by countries -

Ammonium nitrate

Ammon i um sulfate -

Colombfa»

Peru .-

Peru ’ Ecuador

Barrancabermeja

Callao

- Cachimayo

-Callao -Guayaquil

Venezue_:la:'~
Moron -
Haracalbo o

Pto. La Cruzf

:Colombua
Cartagepa_.
~Barrancab,
Peru: .. -

_ Callao _
Talara . ~
Cachimayo

Bo}pvna,-_
Yacuiba

Chile:

Punta.Arenas

- Final products
destinations
by country

Venezuela
Colombia
Ecuador
Peru

" Bolivia
Chile

10,418

10,418

17,934

]7’934'

11,183 -

115183.' '

8,732'

3,929

. ' 8’732'
3;929‘

s



 Tab{é328ﬁ;(éontinued)

‘Chile .

Final products production sites.by countrieslru’u:
- Compounds - Nitrates
- . Venezuela Colombia . . Ecuador -Chile _
Ammonia - Barran- _ Ammonia
‘sources 7. - - |Moron . quilla Monomeros Guayaqui | Antofagasta production
Venezuela:
. Moron - . 67,14
Maracaibo - " 476 18,900 288,964
- Pto. La Cruz - .
Colombia: : S .
Cartagena 2k ,696 - 56,224 - 132,000 -
Barrancab. o 17,756
Peru: ' _.".‘
Callao. - 21,863
Talara - .96,315
~ Cachimayo - 11,183
Bolivia:. - :
Yacuiba . 46,261
Chile: S '

- Punta A73535 ' 170,270
_Final products . Projected
destinations . demand by
by country . countries
‘Venezuela o 101,729
Colombia . 24,696 ~ 56,700 . 227,676
"Ecuador : ; ' 18,900 81,900
Peru - 247,570
‘Bolivia- - 25,099

167,779

gel
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Productlon levels and plants wlth excess capacltles resultlng
from ”lndependent country” solutlons ‘are shown ln Table 29 Excess
_capacltles are expressed In metrlc tons of ammonla equlvalents and
_percentages.i Evaluatlng the valldlty of our processlng costs .
hestlmatlon assumptlon about full capaclty levels of operatlon, we
fﬂcan observe that substantlal ‘excess capacltles are. Implled for
‘ ammonla and urea plants at Maracalbo and Moron ln Venezuela, and at
Yaculba In Bollvla. Full capaclty operatlon levels for the
%Venezuelan plants, as prevlously noted, can be justlfled In terms of
:exports to. the rest of the world market glven the large slze of
'these plants and the relatlve low costs of raw materlals. Levels
kof operatlon at full capaclty for the plants at Yaculba, Bollvla,
can be justifled on the grounds that: this- pIant has ‘been planned with
the idea . of supplylng the Argentlne market.
| The next hlghest_excess:capaclty, percentagewise, Is observed
for»the ammonla-plant'atféallao (26 percent), which could.be‘reduced
substantlally 1f, consumptlon of ammonia. for other uses were . consldered
Excess capacltles shown for other plants are smaller than 15
percent, most of them operatlng at full capaclty. As expected, these
psolutlons result In Very few Idle plants even when output Is destlned
solely for Andean Group countrles. The -plants showing substantlve
excess capaclty are the ammonla plant to be bullt at Puerto La Cruz,
fVenezuela whlch would have to depend on exports to the rest of the
world market, the compound plant at Moron Venezuela whose operatlon
i'~:wlll actually depend on: demand for phosphorous’rather than nltrogen
l'fertl’lzers, and the nltrates productlon In Chlle which Is becomlng

‘more dependent on the demand of- thls product for other Industrlal

uses, rather than.as a. fertlllzer..
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?Table 29. Levels of production and excess capacltlss ln metrlc tons

" of ammonla equlvalents, as Implied. by ”lndependent Country“‘
solutions, for 1975 1980 and 1985 '

~1975. N T
o ) f“"i:-; R N R “ . Excess capacitles
;.Plants i ~‘Productlon;leVels, | -+ mt. - | Percent

.f‘;Moron o 33 840 164,160 83
. Maracalbo 104 951-~; 489,049 82
S P ‘La’ Cruz L e R

~Cartagena 129 4503‘~ - 2,550 2
L fBarrancab.. ' 5 i - 17,800 - 100
“callao f;21 863? 7,837 26
© TYalara - - 96,315 2,685 2
- :Cachimayo @ " pf]t;183“-f , 0.00 - . 0,00
co"Yaculba = . - o ' '
v Punta Arenas

fiUrea

ﬁ;qMoron _ }33 840 108,05] 76
.~ Maracalbo 377 319 : 376,735 83
. Barrancab. o ' 7,338 100
" Barranquilla 51, 080” , 0.00 0.00
Talara . - 96 315 0.00 . 0.00
‘Yacuiba
. Punta Arenas

- Ay nitrate- . ‘
"Barrancab. : 10,418 100
‘Callag s 17
' Cachlmayo; ‘ 11

}iAa;sulfate& L N
-+ Callao ' .3 929. 0.00 0.00

f7ComEbUhds: R R

‘Moron- - . T R 033,113 ~100 :

Barranquilla. .2],670 . ~-3,026 '

- Monomeros 564,700 .0
0

11

026 ;
, 56,700 00 0.0
- Guayaqull 18,900 - 00 ¢

0 ooﬁ
Nltrates: A S R R
- Antofagasta. 113,400 - o 9:h500 0T
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" Table 29T‘(¢thTnUéd)' ‘

1980 . )

D S Excess capacities
Plants . ‘| Production levels . m.t. | Percent
Ammonla: SRR

Moron . 48,703 149,297 75
Maracalbo 199,492 988,508 83
P. La Cruz S 495,000 100
Cartagena 132,000 0.00 - 0.00
Barrancab. 17,756. 0.00 0.00
Callao : 21,863 7,837 26
Talara 96,315 2,685 2
Cachimayo ' 11,183 0.00 0.00
Yaculba ' 26,364 171,636 87
Punta Arenas 170,270 27,730 14
‘Urea: S
Moron. 48,703 93,188 66
' Maracaibo 171,384 282,670 - 62
Barrancab. 7,338 0,00 0.00;
Barranqullla 51,080 0.00 0.00
‘Talara 96,315 0,00 ° 0.00
Yaculba ’ 26,364 143,906 84
Punta Arenas 170,270 0.00 0,00
A. nitrate: .
Barrancab. 10,418 0.00 0.00
Callao 17,934 0,00 0.00
Cachimayo 11,183 0.00 0.00
A, sulfate: o
Callao 3,929 0.00 0.00.
Guayaquil 8,732 0.00 0.00
Compounds : ‘
Moron ' S 33,113 100
Barranquilla - 2k,696 0.00 0.00
Monomeros 56,700 '0.00 0.00 .
Guayaqu! | 18,900 £ 0.00 0.00

‘Nitrates: . o : o
Antofagasta 122,850 . 100



© Table 29 (continued).

3

Knto?agasta

e o et e o '98§ . -
R oo | _Excess capaclities
Plants .Production levels . . ‘m.t. | Percent
- Ammonla: o
~Moron 67,141 130,859 66
Maracaibo 288,964 899,036 76
P. La Cruz. SN 495,000 100
Cartagena 132,000 0.00 0.00
Barrancab. 17,756 0.00 - 0.00
- Callao 21,863 7,837 26
Talara 963315 2,685 2
- Cachimayo . 11,183 0.00 0.00
. Yaculba - k6,261 151,739 77
~ Punta Arenas 170,270 27,730 14
Urea:
Moron 67,14 74,750 53
Maracaibo 260,856 193,198 42
‘Barrancab. 7,338 0.00 0.00
Barranquilla 51,080 0.00 0.00
‘Talara 96,315 0.00 0.00
Yaculba 46,261 124,009 73
Punta Arenas 170,270 0.00 0.00
A. nitrate:
Barrancab. 10,118 0.00 0.00
~‘Callao 17,934 0.00 0.00
Cachimayo 11,183 0.00 0.00
A. sulfate:
~Callao - 3,929 0.00 0.00
Guayaqul) 8,732 0.00 0.00
Compounds :
Moron - ; 33,113 100
" Barranquilla 24,696 0.00 0.00
Monomeros 56,700 . 0.00 0.00
" Buayaqull 18,900 -0.00 0.00
Nitrates:- o o
122,850 100
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Effects of Andean Group Lustom Unlon Solutlon

The effects of the Andean Group Custom Unlon solution wlth respect
“to the “Independent Country“ solutnon ln terms of marketlng flows, |
fﬂevels of production and excess capacltles can be summarlzed as - follows'l

'

Yff (a) Ammonla productlon s used malnlY f°r urea. Pr°°655'"9

irather than for processlng fertlllzers other than urea., Urea thus‘
(hecomes the maln source of nltrogenous fertlllzer aor the Andean
’countrles.‘ | i o - ‘l’ : _ | ’

: (b) All plants produclng nltrogenous fertlllzers other than urea,
;except for the ammonlum nltrate plant at Callao, would have 100 per-
;cent excess capaclty (that ls, would not be produclng) o
(c) For l975 Venezuela would be the exportlng country for
tammonla and urea, all other countrles In the Andean Group belng the
flmporters. However wlth the entry ln operation of ammonla urea
(complexes at Yaculba and Punta Arenas,‘Bollvla and Chlle will also
7become exporters. The effect of the A .G. C uU. solution Is shown In
iterms of the conslderable lncrease ln lmports of urea by the lmportlng
1countrles, Peru, Colombla, and Ecuador (the maln source of supply
“being Venezuela,yat,i ’

(d)‘ Levelsiof productlon of ammonla and urea plants at Maracalbo; ‘
2and Moron ln Venezuela and at Yaculba ln BOIIV|a would lncrease, wlth
,¢resultlng reductlon ln excess capacltles, Lie., the degree of

,dependency of these plants’on!world markets would be reduced. f a



CHAPTER 8
CoST STRUCTURE OF SOLUT'ONS AND BALANCE OF TRADE lMPLICATIONS

Cost Structure of. “Independent Country'' Solutlons and
“Effects.of Andean Group Custom.Unlon Solutions .

In order to carry out a more detailed analysls about the effects
of the Andean Group Custom Union solution, the value of the objectlive
‘ function for the different solutions has been decomposed Into
7processlng costs, Inter country transport costs and Intra-country

tranSport costs for each country.

AReSUIts obtatned for the two alternative solutions are presented
ln.Tables 30, 31 and 32 for.the years 1975, 1980 and 1985, respectively.
‘Solutions for the year 1975 show that total costs of processing

and d[sttibuting fertilizers in- the Andean Group countries would be
reduced by $8.7 million per year under an Andean Group Customs Union
sltuat[on. This cost reduction arlses from a decrease in the processing
costs of~nltrogenOUS fertilizers of $14.7 million mainly due to lmports
of‘urea‘from~Venezuela to Ecuador, Colombia, Peru and Chile in piace

of thher~cost, domestically produced fertilizers other than urea.

fThe conslderable Increment In Inter-country transport costs (and a

-"small decrease In Intra-country transport costs) causes total transport -
icosts to Increase by $6.0 million, offsetting partially the'gains |
‘from lower processlng'costs. Transport costs as a proportion‘ofﬁ
‘the total costs of nltrogenous fertillzers Increases from 22: percent.'

Qfor the "independent country” solutlon to 36 percent for. the Andean f;

EGroup Custom Unlon solutlon due to greater volume of inter-country Rﬂi

‘trade.



_Table 30.

Effects of Andean Group Custom Union ‘(A.G.C.U.) solutlon on cost. of fertllazers ln 1975, as
compared with the ”Independent Country" solution (thousands of dollars) : : Ao

Processnig costs .

Inter-country
transport costs

Intra-country
transport costs

Independ- .| Effects Independ- Independ-
ent- of ent- ' ent- _
, Country A.G.C.U. | A.G.C.U. Country A.G.C.U. Country A.G.C.U,
ltem. . solution. solution. | solution solution solution solution solution
- Venezuela 3,321.1 3,321.1. -~ . he3y 493.7
Colombia 12,680.3 8,745.9 - 3,934.4° ©2,531.3 - 3,759.9 2,869.5
 Ecuador 4,662.3  2,440.5  -.2,221.8 - 906.1°  1,657.0 858.9 681.2
Peru 15,644.4  13,286.3: - - 2,358.1  1,681.2 2,414.4 1,256.4 . 1,718.0
o Bolivia . 629.4 629.4 w7 45p.g9- 450.9 181.6 181.6-
Chile = 13,335.8 - 7,165.1 - 6,170.7 6,762.6 . L4,568.1 - = L452.3
Totals: L . S _ S . e T
Indep.-Country : : S SRR
solution 50,273.3 13,038.2 11,1186
A.G.C.U. . S g o 111 ‘  \[‘)fff§%;;l
solution -35,588.3 - 13,726.2 - . .6,396.3
jEffects of \
A.G.C.U, o ,
‘solution - -14,685.0

sEL
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Table 30 (continued)

Jotal transport cost

Total coét/

Independ- Effecfs ln&epehd- Effe§£5‘ A'
ent- . of ent- of :
Country A.G.C.U. A.G.C.U. Country A.G.C.U. A.G.C.U.
“ltem - solution . solution. . solution . solution . solution . . solution
Venezuela 493.7 4937 3,814.8. 3,814.8
Colombia 3,759.9 5,400.8 + 1,640.9 16,440.2 lh,]h6.7 -2,293.5
Ecuador - 1,765.0 2,248.2 + 483.2 6,427.3 4,688.7 -1,738.6
Peru 2,937.6 4,132.4 + 1,194.8 18,582.0 12,418.7 ~1,163.3
"‘Bolivia 632.5 632.5 1,261.9 1,261.9
Chile 4,568.1 7,214.9 2,646.8 17,903.39 14,380.0 -3,523.9
Totals:
- Indep.-Country
solution 14,156.8 64,430.1P
A.G.C.U. |
* solution 20,122.5 55,710.8P
Effects of
‘A.G.C.U.
~solution 5,965.7

‘18’7]9-3 .

;'a?nocessing costs of.fertilizer demanded by each country.

: PValue of .objective function.

o8l



‘Table 31.

Effects of Andean Group Custom Union (A.G.C.U.) solution on costs of fertllizers in 1980 -as
compared with the ''Independent-Country' solution (thousands of dollars)

. a
Processing costs

Inter-country
transport costs

Intra-country
transport costs.

Effects of

Independ- Independ- tndepend-
ent- of ent- ent- o
: Country A.G.C.U. A.G.C.U. Country A.G.C.U. Country A.G.C.U.
;ltem - solution solution solution solution solution solution solution
’,,Venezuena' 4,848.8  4,848.8 751.2 751.2
Colombia 18,892.6  13,233.7 - 5,658.9 1,468.5 4,754.3 4,923.0 3,806.1
VE:c‘ua:dg_r'r 6,630.6 4,408.6 - 2,222.0 2,169.9 2,830.8 1,408.3 1,230.6
Peru. 18,672.4  16,393.8 - 2,278.6 3,825.4 4,134.8 1,223.7 1,945.0
. Bollvna 1,240.6 1,240.6 500.1 500.1
‘Chlle 9,129.6 9,129.6 5,616.0 5,616.0
Totals:
lndeprCountry
solution 59,414.6 7,453.8 H4,422.3
A.G.c.u. .
- solution 4g,255.1 11,719.9 13,849.0
'Effects~of
'AiG.C.U.. -10,159.5

LEl



Table 31 (continued)
Total .transport.-cost Total cost
Independ- N Effects Independ- Effects
ent- of ent- of
{Country A.G.C.U. A.G.C.U. Country A.G.C.U. A.G.C.U.
ftem solution solution solution solution solution solution
Venezuela 751.2 751.2 5,603.0 5,600.0
Colombia 6,391.5 8,560.4 + 2,168.9 25,2841 21,794 .1 - 3,490.0
Ecuador 3,578.2 L,061.4 + 483.2 10,208.8 8,470.0 - 1,738.8
Peru 5,049.1 6,079.8 + 1,030.7 23,721.5 22,473.6 - 1,247.9
Bolivia 500.1 500.1" 1,740.7 1,740.7
Chile 5,616.0 5,616.0 14,745.6 14,745.6
Totals:
Indep-Country b
solution 21,886.1 81,300.7
A.G.C.U. b
solution 25,568.9 74,824.0
Effects;of
A.G.C.U. solution + 3,682.8 - 6,476.7

'y'?Processing costs of fertilizer demanded by each country.

;QValue of objective function.

gEl
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'”T§5j¢332 Effects of Andean Group Custom Union (A.G.C.U.) solution on costs of fertilizers in. ]985;5
BRI R as compared with the "Independent - Country"! solution (thousands of doliars) o
T a Inter-country Intra-country

Processing costs"™ . transport costs transport costs
Independ- " Effects Independ- Independ-
ent- of ent- ent- v
: Country A.G.C.U. A.G.C.U. Country A.G.C.U. Country A.G.C.U,
“item . ‘solution solution |"solution | solution solution solution solution
f’;\Ienezuela _ 6,684.3  6,684.3 ‘ 1,035.9 1,035.9
:!«;colomb.a 20,541.9  14,883.0 - 5,658.9 2,410.5 5,635.3 5,043.1 3,993.9
.:;’Ecuador 7,339.2 5,117.1 - 2.222.1 2,624.8 3,285.8 1,616.1 1,428.4
Peru’ 20,735.8 18,457.3 - 2,278.5 5,437.4 5,730.3 1,339.0 2,079.1
~{Bolxv1a 1,746.6 1,746.6 683.7 683.7
<Chnle 10,583.3 10,583.3 6,510.4 6,510.4
Totals ‘ ‘
‘Indep. -Country ‘
{ solutnon 67,631.1 10,472.7 16,218.2
;A‘.»G,c.u.
solution 57,471.6 14,651.4 15,731.4
Effects of :
A G. C U. solution -10,159.5

56,51



Table 32  (continued)

Total cost

-Total transport costs

Effects

Effects

- . .A.G.C.U. solution

Independ- Independ-
ent- of ent- : of
Country A.G.C.U. A.G.C.U. Country A.G.C.U, A.G.C.U. -
item’ solution solution. _sciution solution. solution solution
Venezuela 1,035.9 1,035.9 7,720.2 7,720.2
Colombia . 7,453.6 9,629.2 + 2,175.6 27,995.5 24,512.2 - 3,483.3
Ecuador 4,230.9 L 714.2 + 483.3 11,570.1 9,831.3 - 1,738.8
Peru 6,776.4 7,809.4 + 1,035.0 27,512.2 26,266.7 - 1,245.5
" Bolivia 683.7 683.7 2,430.3 2,430.3
Chile 6,510.4 6,510.4 17,093.7 17,083.7
Totals:
indep.-Country . b
solution 26,690.9 94,322.0
‘A.G.C.U. b
solution 30,382.8 87,854 .4
‘:-Effeéts of
+ 3,691.9

- 6,467.6

~aProce$sing costs of fertilizer demanded by each country.

?bVBIUq?of,objectiVe function.

opl



Intra country tran5port cost decreases for the Andean Group Customf'

cifUnlonvsolutlon because of thelr lower transport cost for urea wlth a
ﬁf;hlgher nltrogen content compared wlth other nltrogenous fertlllzers.
The countrles that galn more from the A G, C U. solution ln terms

'of lower costs for fertlllzers are preclsely those that end up with

'fﬁmore excess capacltles In the form of . ldle plants (Colombla, Ecuador,

’TiPeru and Chlle) 0f'course, the producersoperatlng~lnefflc|ent plants
lWOuld be the losers and producers of exporting countrles the galners.

Solutlons for l980 presented in Table 31, are modlfled by the -
:entry,of.ammonla-urea complexeskat Yaculba, Bolivia, and Punta Arenas,
‘Chile, aS'well;as-by chanpes in consumption. The reduction in total
costslof supplylng nltrogenous fertilizers to the Andean countries,
resulting from the Andean Group Custom Union situation, $6.5 million
per year, lIs smaller than that obtained In l975 because no gains In
terms of lower costs of fertlllzers are Incurred for Chile and Bolivia,
Galns In these terms are restricted to Colombia, Ecuador and Peru.
Greater galns are observed for Colombia because higher consumption
brings Into operation a high-cost fertilizer complex at Barrancaberme]a
under the ''Independent=country' solution.

Other results-haveAslmllarvcharacterlstlcs to those obtained for
l975 Reductions ln“costs of'fertlll:ers for Andean .countries brought
about the A.G.C.U. solutlon in 1980 arlse from lower processnng costs

of fertllnzers supplled ($lO 2 mllllon per year) which are only
}partlally offset by hlgher transport costs ($3 7 mllllon) The pro-
lportlons of transport costs to. total costs are 27 percent for the
é"lndependent country“ solutlon and 3h percent for the A G C. U.; |

;solutlon. The dlfference between these proportlons compared wlth



‘:*fthat for 1975 has been reduced due to the fact that changes in 5
’g'marketlng flows for Chlle and Bollvla reduces Inter country transport
cos*s from $13 7 to $l| 7 mllllon for the A.G. C.U. solutlon, desplte '
the increased consumptlon In 1980.

‘ Results of solutlons for 1985 are shown in.Table 32, The only
change from 1980 was the Increased. consumptlon requlrements. There-
fore, the cost structure s qulte slmllar to that obtained for 1980.
ngherbvalues_of.the,obJectIVe function, higher processing costs and
transport costs;'resu1ting from .effects of increased consumption, are,
of course, obtalned.

‘ Galns in terms of reduced costs of fertllizers to be consumed
by Andean countries in 1985 as a result of the A.G.C.U. situation
are, however, almost equal to those obtained for 1980. This Is
because consumptjon estimated for 1980 will actually exhaust domestic
processing capacities of Colombia, Ecuador and Peru, under the
"I ndependent-country'' solution, so that, consumption Increases in
these countries from 1980 to 1985 will have to be satisfled by
imports, whether the ''independent-country' solution or the A.G.C.U.
solution is applied. For both cases, it is assumed that imports
will come from exporting countries within the Andean Group. Small
changes, however, are observed due to adjustments In transport cost
(vartations in marketing flows with respect to distribution centers).

If, as a special case, It is considered that the substantiaf
excess capaclty of the ammonia plant at Cartagena resulting from the f

A.G.C.U. solutlon for 1975 Is not acceptable (the ”Preferred“ solutionn

for. Colombia belng the one that corresponds to the "lndepe
country” solutlon for 1975), then galns from the A G C U.«situation,

would be overestlmated by about $2 3 mllllon per year.;'



s

Balance of Trade Imlecatlons

N'iA]though the totaltdolume of trade that mlght develop ln

ffertlllzers among the Andean Group countrles represents only a

irather small proportlon of the total trade amonq these countrteslé
tlt Is Interestlng to analyze the solutlons in thls respect

| The effects of Andean Group Custom Unlon solutnons on the
;balance of trade for each country are presented In Tables 33 3h, and-
35 for the years 1975, 1980 and 1985, reSpectlvely

: ff As expected values of trade are'smaller for the. “Independent-
country" solutions as a result of the Implicit protection policies
fassumed.‘ This is also observed In terms of the ''cost-value'' of
domestic‘processlng, or cost'of.fertillzer output produced by each
country. Importing countries have a much. greater ''cost value“‘of
domestic processino under protection ("independent-country solution')
- than under -an Andean'Group Custom Union situation.

Thelsolutfons'for 1975 presented in Table 33 show that for the
""Independent-country" solution exports by Venezuela will amount to
$4.6 miliion while Importstby Ecuador, Peru and Bolivia will amount
to $7.6 million, the dlfference'belng the inter-country transport
cost which Is assumed to be paid by the importing countries. In
the A.G.C.U. solutlon~the value of exports from Venezuela Is in-
creaséd by $14. 3.mlilion. Colombia and Chile become importers and
vrepresent the maln source of increase in exports from Venezuela

to the Andean Group countrles as. a result of the A.G.C.U. solution.

® 16Volume of trade -among" Andean.Group colntries amounted to $26.

l:‘mlillon in 1968 In agrlcultural products alone.ﬂ5
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Table 33. Effects of Andean Group Custom Union solution on domestic processing‘ana'balanqe,of.tféde:forl
1975 (thousands of dollars) :

Effects on balance of trade among
member countries .
Independent- -
Country solution

Y"Cost-value'' of
domestic processing

independent Effects of ‘
Country- A.G.C.U. A.G.C.U. exports importsa Balance
" Country solution solution solution (+) (=) ‘of trade
(1) (2) (3) (4) (5) (6)
Venezuela - 7,921.2 22,198.5 +14,277.3 4,599.9 +4,599.9
Colombia 12,680.2 3,849.4 - 8,830.8 |
Ecuador 3,137.8 - 3,137.8 2,430.6 ;2,930.6
Peru 13,198.3 9,370.0 - 3,828.3 4,¥27.3 -4,127.3
Bolivia 1,080.2  -1,080.2
Chile 13,335.8 170.4 -13,165.4
Total 50,273.3 35,588.3 -14,685.0 4,599.9 7,638.1



 Table 33 - (

(continued)

Effects on balance’ of trade among

member. countrles

| . .AE:C.U. solution . - Effects oé:A.G;,c.u.

Value of Value of - ‘ o S B
L exports_,— imports Balance Value of Value of .
,760untny;nm . (+) ~ (=) of trade - exports. . Imports?d .-

(7) (8) (9) (10) Q)

;tVenezuela . 18,877.4 18,8774 +Ih;277;5
;_fr:olombia 7,427.8 - 7,427.8 + 7 427 8'5
.‘hén:d 6,330.7 - 6,330.7 - + 2 203 L»
;‘ BoTana . 1,080.2 - 1,080.2 :
"ch.ue = 13,757.3 -13,757.3 +13 757 3;
;;Tgtal_ ) 18,877.4 32,603.5 14,277.5 . zh 965 h

alntér-goﬂntry transport paid by importing countries.

snl



Table 34.

Effgcts of Andean Group Custom Union solution on domestic processing and balance of trade
for 1980 (thousands of dollars)

""Cost-value' of
domestic processing

Effects on balance of trade

among member countries

Independent-
Country solution

Independent- Effects of Value of Value of

Country A.G.C.U. A.G.C.U. exports importsd Balance
Country. solution solution . solution (+) (-) of trade

(1 (2) (3) (4) (5) (6)
Venezuela 14,820.9 22,682.1 + 7,861.2 9,972.1 + 9,972.1
Colombia 15,682.3 3,849.4 -11,832.9 4,699.3 - 4,699.3
Ecuador 3,137.8 3,137.8 5,662.5 - 5,662.5
Peru 13,198.3 9,370.0 - 3,828.3 9,299.5 - 9,299.5
Bolivia 1,834.7 2,613.0 + 778.3 594.1 + 594.1
Chile 10,740.6 10,740.6 1,611.0 + 1,611.0
- Total 59,414.6 49,255.1 -10,159.5 12,177.2 19,631.3

9l



"Téble534  (cénE;hued)

Effects on balance of trade
among member countries.

?;Effécts’
. A.G.C.U. solution - of "'A.G.C.U.
Value of Value of o ' ' ,
o , -exports imports® Balance Value of Value of .
“-Country .. - {+) (=) of trade exports imports?
o | (7) (8) (9) - (o) (1)
qunezqélgﬁ; 17,833.3 +17,833.3 + 7,861.2
‘cp’j'gmb’ia " 14,138.6 -14,138.6 + 9,469.3"
‘Ecuador 7,239.4 - 7,239.4 +1,576.9 .
Peru:. 11,158.6 -11,158.6 +1,859.1
;?diiVié' 1,372.4 + 1,372.4 778.3
Chile . 1,611.0 +1,611.0
Total 20,816.7 32,536.6 8,639.5 12,905.3

alnter-country transport paid by importing countries.

I



Table -35.

Effects of Andean Group Custom Union solution on domestlic processing and balance .of trade for’

1985 (thousands of dollars)

""Cost-value' of
. _domestic processing

Effects on balance of trade -

among member countries

Independent

Country solution

Vaiue of

Independent- Effects of Value of

Country A.G.C.U. A.G.C.U. exports imports? Balance
Country- solution solution solution |. (+) {-) - of trade

" (1) (2) (3) ) (5) ()

Venezuela 21,653.0 29,514.3 + 7,861.3 21,653.0 +21,653.0
Colombia 15,682.3 3,849.4 -11,832.9 7,249.2 - 7,249.2
Ecuador 3,137.8 - 3,137.8 6,826.0 - 6,826.0
Peru 13,198.3 9,370.0 - 3,828.3 12,974.9 -12,974.9
Bolivia 3,219.3 3,997.5 + 778.2 1,472.6 + 1,472.6
Chile 10,740.6 10,740.6 157.1 + 157.1
Total 67,631.3 57,471.8 -10,159.5 23,282.7 27,050.1

ghl



_ Table 35 “(continued)

Effects on balance' of ;trade
- - among- member -countries. . ..

» T TEffects of 7
A.G.C.U. solution - N T EUR A.G,.C.U,

AR Value of Value of - Balance 4   ) Vélue of |- 'Véjﬂéﬁéf;f?
Country . - L {exports.: .. - imports® .. _-of -trade. .. | exports .. |- ~imports?.-.

, | e e T
t.ygnezgélé;‘ - 29;51#;3 +29i5'3i3 ‘+‘?;861;3t i

'_i'cbibn}bi‘a}i  16,669.0 -16,669.0 + 9,1,193
g tfﬁéc‘:_qéfdkjf : '» 8,402.9 - 8,402.9 “ +l ,5769
Per . o 14,817.6 -14,817:6 »,- +1. 31,27 :
Bolivia - 2,250.9 +2,250.9 o+ 783

Chnle 574 + 1571 o

Total. 31,922.3 39,889.5 8em6 12,84

”l“;?iﬁfefecéqnfry transpoft paid by'importing countries.

e
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:BOjivta, wlthoutfavallabie processing capaclty for .1975, remalns'an
vlmporter of Vene2uelan urea under both solutions, The most afchted
countries tn terms of forelign exonango needs for addltlonal,}mports
resulting from the A;F.C.U; solution Woold be Chlle, Colombla, Peru
andyEcUadOr,“for whlcn,addltlonal'lmports In millions of dollars
amoqnt to 13.8, 7.4, 2.2 andvl.6, respectlvely (assuming Inter-country.
transport costs are pald by tmporting countries).

Assuming  the ''total'' balance of trade of each country is in
equilibrium In the Independent-country solution the A.G.C.U. solution
would, then, cause a surplus for Venezuela and a deficit for all of the
other Andean countrles.

The results of solutions for 1980, presented In Table 34, are
modified by the entry in operation of ammonia-urea fertllizer
complexes at Yaculba, Bolivia, and Punta Arenas, Chile, and, by the
increased consumption for nitrogenous fertillzers. Thesg consumption
Increases cause the ''cost value' of domestic processing for Colombia,
Ec.ndor and Peru to reach a maximum for the 'lndependent-country"
solution. For Colombia a higher degree of substitution In consumption
away from domestic processed fertillizers is Implied by .the A.G.C.U,
solution. Therefore, the Increment In the value of Imports by
Colombla (from Venezuela) as a result of the A.G.C.U, solution Is
greater than It was'for 1975 (increase of about $2.0 million). Compai'lng
both 1980 solutions wlth 1975, higher consumptlon causes Values of
exports and Imports to Increase., HoWever, new sources .of supply at*

, Yaculba and Punta Arenas change the . lnter-country marketlng flows.;w

. Bollvla and Chl]e become exporters (to Peru) taklng away from '
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fgpQIEI?
f?venezuela some of Its export market. For the A G C U. squtIon the .
QiVaIue of exports from Venezuela Is actuaIIy reduced from $I8 9 mIIIIon
Cn 1975 0 $17 8 mIIIIon In 1980. SImIIar to the results for 1975,
Ithe 1980 A G L U squtIon ImpIIes ‘a consIderabIe Increase ln the value
I'of Imports and exports over. the Independent country squtIon. Howevera
"thIs Increment In 1980 is smaIIer because of the seIf suffIcIency of
:BoIIvIa and chIIe obtaIned by .the operatIon of ‘new processlng facilitles
p;at Yacuuba and. Punta=Arenas.‘ VaIue of .exports amount to $Ih;3 and

";$8 6 mIIIIon in 1975 and 1980, respectIver.

AssumIng baIance of trade equilibrium, under protection (''indeperdent-
country".solutIon), the A.G.C.U. solution would result in surpluses for

:Venezuela and‘BoIIvIa and deficlits for Peru, Ecuador and Colomblia, this
last country facing the highest deficit ($9.5 million),

Results of squtIons for 1985 are presented in Table 35. In terms
of the effects of the.A.G.Cru.'squtIon, they are very similar to those
for 1980, However, higher consumption results in higher ''cost-value'"
of domestic processing for the exporting countries, Venezuela and
Bolivia (the urea plant atJPunta‘Arenas,‘ChIIe, Is already operating at
full capacity In,ISBO), and higher. values of exportS'and-lmports. For
both solutions the‘onume of.trade.Increases from 1975 to 1986, Measured
In terms. of VaIue~of“exports trade:wIII Increase from $4.6 million In
1975 to $23 3 mIIIIon In 1985 for the “Independent-country“ squtIons,,

: and from 518 9 mIIIIon In 1975 to $3I 9 mIIIIon In 1985 under the

A s c u. solution.'7]@f:s7

I7These results. shouId be considered as a'sort’ of "lower ‘bound
‘estimate'' since export prices of fertilizers will be: determined by . suppIy
and demand situations at these points in time. They will also depend on'%
the precision of our consumption projections and unexpected changes In "
supply within the Andean countrles.
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CHAPTER 9
EVALUATION OF -ALTERNATIVE PROTECTION POLICIES BY COUNTRY

Analytical Procedure.

The analysls focuses on estimating the effects of alternatlive
policies that governments of Andean countries may adopt (or are
actually using) to protect their domestic nitrogenous fertillzer
industry. Estimates are based on results obtained by the solutions.
Thus,'import prices facing each country are assumed to be those
resulting from the A.G.C.U. solution, while levels of production of
domestic Industry and Imports under protection are assumed to be
those provided by the ''independent-country'' solution. Pollcy
effects are measured In terms of resulting transfers among consumers,
producers and government, and in terms of prices of fertillizers
to consumers. Addlitional costs to each country's economy compared
with the A.G.C.U. solution are not modified by these policies, since
each country's objective of exhausting all domestic processing
capacities before any Imports could take place is assumed to remai:..

A typlical situation of an Importing country in a generalized
form Is represented in Figure 3, where:

Sd(Q) = domestic supply function or '"marginal cost' as a
function of output Q. The supply curve Is upward
sloping, since at higher prices small, higher-
cost plants will come Into operation.

S. = the rest of the Andean Group supply, assumed to
be perfectly elastic at the Import-price (P )
implied for this country by the A.G.C. U. solutlon,

T = tariff or tariff-equivalent resulting from protectlon

policy, .equal to FD,
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Figure 3. Generallzed form of effects of domestic industry protection
policy



the rest of the Andean Group supply under ‘domestlc
Industry ‘protection péllcy.

perfectly Inelastic country demand, Qt being the
fixed quantity demanded.

Import-price as Implied by the A.G.C.U., solution.
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price of fertillizer per metric ton of ammonia-equivalent

glven domestic Industry protection policy (tariff T

on Imports).

For this generallzed form the following extimates could be made:

(a)

(b)

(c)

(d)

Cost of fertilizers to consumers excluding changes In Intra-

country transport cost:

(Pt) ) (Qt) ' (24)

Additlional processing of domestic fertllizers produced

under protection policy:

/Q; /Q;
5,(Q) dq - P40 (25)

Qy Q
or, .the shaded area BCE-In Figure 3.

Transfer from fertilizer consumers to government If a
policy of a tariff on Imports is considered, or from
consumers to Importers If a quota on imports Is adopted:

(b, - P) x (g - Q) (26)

Domestic producers surplus under protection policy:.
|

' Q
[(Pt)x (Qd)] YA s,@.d0 (27)

(o]

or, . in Figure 3, area ABCL.
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J“(e)ﬁ'Domestic producers surplus without protection, ‘that
s, under .the A G. C.U. solution.,

- o ‘

“or, In Fiﬁure 3, area ABK,

(f)  Transfer from consumers of fertilizers to domestlc
producers as a result -of domestic industry protection

policy:
DoneStlc producers _ | Domestic producers
surplus under protection surplus without protection

This Is, substracting (28) from (27), or the area KBCL in Figure

This generalized form represented in Figure 3, can now be
transformed. Into the ''llnearlzed" form implied by the application of
the linear programming model used to obtain our least cost solutions.
Such corresponding. representation for a typical importing country
Is presented In Figure 4. This '"Ilnearized" form and the resulis
from “Independent;country“ and A.G.C.U. solutions were used to obtaln
the estimates nccessary to evaluate alternative protection oollcles
for each Andean'Group‘country. The followlng .computations were made:

(a) Costs of fertlllzers to consumers excluding changes in
Intra country transport costs:

iP ) X (Q )
or, area LDJO In Flgure 4,

(b) Addltlonal processlng costs of domastic fertilizers -
produced under protactlon pollcy
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Figure 4. Linearized form of effects of domestic Industry protection
policy :
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. ' rfor:al]ﬂﬁsjr> Pm'_ (29)

T | T S

erj:' output supp]led under protectlon, by flnal product
: domestlc processlng faclllty J at P sJ unlt processing
cost,,greater;than_Import price P_.
' ln'Flguredhvthle is:
+ Q. -p_ +0Q 4

Q P. +Q P Q. *P P (Q52 Qe3 Q3h)

or anded;area18CE.

These costs, however, were computed from results previously
obtained by subtractlng;frdmvthe‘deerease fn "cost-value'' of domestic
processlng (column (3) in Tables 33, 34 and 35), the Increase In o
value of Imports (eolumn (11). in Tables 33, 34, and_35) as a result
of the A.G.C.U. solution (for the years 1975, 1980 and 1985, .respectively).
Thet s, the va1ue Of»5ubstltutlng fmports was substracted from the
cost of substltuted domestlc output resultlng from the.A.G.C.U.

solutlon

(c) . Transfers from fertlllzer consumers to the government or
to importers 1f a tarlff or quota on” Imports, respectIVely,
1s adopted. were estlmated by

(Q Q ) Import value net of ammonia imports (30)
d SR under Independent-country solution

‘or, the area ECDF ln Flgure h

3That Is, the cost of Imported fertilizers to consumers
} under protectlon pollcy minus the import cost of these

fertlllzers to the government or to importers.
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(d) Domestlc producers surplus .under protectlon pol!cy .
was obtalned by uslng

~or 'the area,ALVR‘lanigure 4 |
where |

under'the lndependent country soiution,
Including value of ammonia imports if
any. '

(e) Domestic producers surplus without protection was
estimated by using:

[(P::) X (Qd):l - 3: Oy * Pgy forall Py <P (32)

. where

n¥ Value of Imports net of ammonia imports value
under A.G.C.U. solution

Q- G
d P, forall P X, !
an f‘QSJ'.ﬂ 5] or-a 5 $ P, Is equal to

“Ucost value“ of -domestic processing under A,G.C.U,
"solutlon lncludlng value of .ammonla Imports If any.

lhfFlgure,h thls Is area AKBR. .

,(f) Transfers from fertilizer consumers to domestic producers

as a result of protection policy are finally estlmated by

  substractlng domestic producers surplus without protection
 (32) from that resulting under protectlon policy (3[),;5
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7Estlmates Were thus obtalned for, each Andean GrOUp country for the |
years 1975, 1980 and 1985 on the basls of correspondlng solutlons. o
:These results wlll “now -be - analyzed In the llght of- alternatlve
protectlon pollcles., Tarlffs and quotas .on lmports, subsldles to
domestlc processlng facllltles, and a- mlxed pollicy of tarlff and .

bsubsldy are considered.

' Tarlffs and QUotas on lmports of Flnal ‘Products.

_ Tarlffs or quotas on lmports adopted to keep domestic flnal
products plants in operatlon yleld the same results In terms of
cost of fertilizers to oonsumers,‘addltlonal processling costs of
fertilizers consumed (soolal-cost), and transfers, If under the quota
‘system the'government ls;the only importer. Otherwise, the available
transfer from fertilizer consumers to the government will actually
go ‘Instead to importers recelving quotas. Keeping In mind this
Important difference, the.resulta of a tarlff policy on import are
analyzed first.

v In Table 36 domestlc and Import prlces (P P*) and quantltles
(Qt’ Qd and Qd) resultlng from the adoptlon of a tarlff on Imports
for 1975, lSBO.and;lSBS,are shown:for,the naln,lmportlng countrles,
Colombla,_Eooador}and,Pero._ lheeeﬂprlees.and_quantltles were used
ln the‘eetlmatlng.procedure prevlously descrlbed to obtain the resglts
preaented‘ln Tables;37, 3Q'§nd 39.for the’years;1975, 1980 and 1985,
respectlvely.

ln order to lllustrate better the effects of a tarlff on. lmports -

to protect the domestlc fertilizer Industry, results for Colombla :

In 1980 (from Table 38) are approxlmated graphlcally in Flgure 5 Ah;
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Table 36,

Domestlc and import prtces In dollars and quant!ttes ln
metrlc tons of .ammonla- equlvalents, resultlng from a.

tarlff on Imports protectlon policy

Colombia

. -Ecuador

Peru . .

Year:. -

1980.

“Variable.

115.07
94.78
129,450
129,450
51.080
20,29
167.64
94,13
201,278

150,232

51.080

73.51

167,64
9h39

227,676 -

166.23
102,60
39,060

27,632

63.63
166.23
102:60

70.560

27,632

63.63

- 166.23

ii;1°2?66,

186.40

100.96

168,511

129,361

114,249

85.44

186.40

101.00

215,759

129,361

114,249
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~Table 36 " (contInued)

:1Y65f§:i . Varlable. . - Colombia: | Ecuador .|~ Peru. .« .

it
B

oy wam men s
fﬁd ' ;51}085 | | i]h,zhs

T 73.51 163.63 - 81.66

- 53P61§§ bF'Fertlllzen»per.metrlc ton of ammonia equivalent .in
dollars per-m.t.

; bAVerage.lmport'pr[ce as ‘Implied by the A.G.C.U. solution In
dollars per m.t. " '

gTotaI!qUantlty;dqmanded in m.t. of ammonia equivalents.

; dDomesth'oqtpUt produced under protection policy in m.t. of
‘ammonla equivalents.

eDomes'tl; output .produced as Implied by A.G.C.U. solution In m.t.
of ammonia equivalents. ‘

Frariff on Imports In dols, per m.t. of ammonla equivalent.
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Table 37.

gJCqsts_énd transfers resulting from protection of domestic industry as implied by A.G.C.U.
~ solution and ''Independent-Country' solutions in 1975 (thousands of dollars)

Cost of

Additional

fertilizer cost of
to consumers fertilizer Additional
under produced cost in Transfer from
protection under intra-country consumers to
Country . . {Pt)x(Qt) protection' transport cost government
(1) (2) (3) (4)
Venezuela . 3,321.2
Colombia 14,895.8 1,403.0 890.4
Ecuador 6,492.9 1,560.9 177.7 727.2
Peru’ 31,410.4 1,624.9 - 1461.6 '3,170.4
Bolivia 1,261.8
Chile 13,335.8 - 591.8 4,115.9
Total 70,717.9 3,997.0 4,722.4 3,897.6

418



_Table 37 * (continued):

s

-

|_protection-

Under

"[ “Without

protection

Producers: surplus.

Transfer

from consumers -
to;producersf -

~ “Additional.
cost to. - .
-economyd - ..

Country' = .

Venézuéié;?
Colombia-
Ecuadorhf
~Peruh
Bolivia
Chitle

Total

‘o

(5)

2,215.6
197.3-
10,914 .4

13,327.3

-

(6)
992.0

2,557.2

3»549f2

(7)

1,223.6
8,357.2

9,778.1

@)
2{293;4
11,738.6
]f]63{37ﬁ

BT

®calculated by subtrac;ingjcolumn (10) or (11) from column (3) in Table 33,

bl;‘rom intra-country transport .costs in Table .30.

,9Calculated;byfusing equation -(30).

“qCal;ulated’by using equation (31).

‘éCa]qu]agediby using equation (32).

;ftalcula;ed,by'subtracting column (6) from (5).

E?Qalcu]ated by adding columns (2) and (3).

'hAdjustments made for impqrts°of ammonia.



;Jhb1§ﬁ38f;ACosts and transfers resulting from protection of ‘domestic industr

Yy as implied by A.G.C.U.

.- solution and Independent-Country solutions in 1980 (thousands of dollars)
" Cost of AddTtional

fertilizer cost of

to consumers fertilizer Addl tional

under - produced cost in Transfer from

£ protection under a intra-country consumers to
. Country . (Pt)x(Qt) protection transport cost. government®

; ‘ (1) (2) (3) (4)
Venezuela . 4,848.8
Colombia 33,742.2 2,373.1 1,116.9 3,740.1
Ecuador! - 11,729.2 1,560.9 177.7 2,731.5
Perul 40,217.5 1,969.2 721.3 6,607.7
Bolivia 1,240.6
Chile 9,129.6
Total 100,907.9 5,903.2 573.3 13,079.3

h9l



~ '_Produce.rs su_rp]qs
- | Transfer " Additional! = .
B T Under. ‘Wi thout from consumers cost to L
Country. .- .. . .| protection” . | protection® to producers’. economyd .
o e (5) 6 (7) @

Venezuela |
,;fco}fofrnbi a: 11,109.5 958.8 10,150.7 3,490.0
| Ecuadorh t : 197.3 ’ 197.3 1,738.6

‘ pé.:,,ﬁ‘__j-’*g; 10,914.4 2,370.3- 8,544, 1 1,247.9
Bollvid) |
fch;]¢3fk?; | o

Totai 22,221.2 3,329.1 18,892.1 6,476.5

)aciafl‘évt,:i‘l;f»e}:‘l%;b;',/-_ls,dbf;'_acting column (10) or (11) | from cc;lumn- (3) ‘in >Tabl_e. 33.
‘ »bFrovm“iﬁt’ra-co'unt.vry -transport costs in Table 31.

‘?Ca]cﬁlated l;y uSi”n’g,eqUation (30).
' _ééa}tqlét@d by using equation (31).
- eCAal'cu,ly'atéd.‘by” using equation (32).

’T;fj.Cach‘até'd‘by‘ féubtfacting column (6) from (5).
-ff’gcél'cUI_ated by adding columns (2) and (3).

hAdjustments ‘made for imports of ammonia.

S91



Costs and transfers resulting from protection of domestic Industry as implled by A.G.C.U.
solution and Independent-Country solutions in 1985 (thousands of dollars)

Additional

Cost of

fertilizer cost of

to consumers fertilizer Additional

under produced cost in Transfer from

protection under intra-country consumers to
Country - (Pt)x(Qt) protection transport cost government®

(1) (2) (3) (4)

Venezuela 6,684.3
Colombia 38,167.6 2,434, 1,049.2 5,692.9
Ecuador 13,614.2 1,560.9 177.7 3,456.9
Pery” 46,147.0 1,985.6 - 740.1 9,059.5
Bolivia 1,746.6
Chile 10,583.5
Total 116,943.2 5,980.6 486.8 18,209.3

991



| Table 39 (continued)

- NP I SO -

Producers surplus

Additional .

Transfer tio
sk , Under E wrthout. e from consumers cost to_ o
~ Country:- - ... protection protection to producersf_,~ 'economyg_w -l
T ) N ) ) I
Vepezyéiéf ) - )
Colombia. - 11,109.5 958.8 10,150.7 3,483,3
Ecuador” 197.3 197.3 1,738.6
Cperd® 10,914.4 ©2,370.3 8,544, 1 1,245.5
_ Bolivia’ ‘
;; ch5‘3 ;a ;
Total 22,221.2 3,329.1 118,892.1 6,467.10

: aCa},cula_ted by ‘subtracting column (11) from'coluhn k3) in Table 33.
'bFrom intra-country transport costsltn Table 32;

-~ Ccalculated by using equation (30).

.dCalculated‘by us'ing equation (31).

'eCa]culgted by using equation (32).
fCa]culated.by subtracting column (6) from (5).

“TgCaiculéteé by adding columns (2) and (3).

‘hAdjusthents madé‘for imports of ammonia.

i

L9l
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tar!ff .(T) of about $73.51 per metrlic ton of ammonia equivalent

18 would be

imported (Pt-P;) or $42.14 per metric ton of urea,
required to keep all domestic processing facilities In operation,
Including the ammonium nitrate piént‘at Barrancabermeja. This

policy results in a demestic fertllizer price of $167.64 per metric
ton of ammonia equivalent rather than $94.13 under the A.G.C.U.
;o]ut[on.> Additional t6Qal costs of fertilizers to domestic
cbnsumers resuli.ing from this policy amount to $16.3 mi1lion with
$10.15 milllon (column (7) in Table 38) in the form of transfers to
domestic producers, $3.7 milllon (column (4) in Table 38) as a
transfer to the government, and $2.4 ml1lion (column (2) in Table 38)
due to Increased processing costs resulting from keeping In operation
all domestic processing facilities. This increase In processing cost
can be considered as an estimate of the social cost or 'welfare loss"
("welfare galin") resulting from the protection policy (A.G.C.U.
solution) In terms of misallocation of resources In fertllizer pro-
duction. An additional indirect effect of this protection policy Is
the Increased Intra-country transport cost that domestic consumers
will have to pay amounting In thls case to $1.1 mil1lion (column (3)
In Table 38). This cost Is not shown In Figure 5. However, It aay
be considered as a'''social cost'' in terms of misuse of resources

in the domestic transportation industry due to marketing flows’

18 h2,14 = (73.5) -vf.26)-ﬁ9,455) or

in general: ~ (pols./m.t.Am.)|m.t. Am. . -\ [m.t. nltrogen
Dols./m.t.urea = ' ‘m,t.qn[trogen’ m.t. urea .
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Aresultlng from the protection policy. Therefore, total addltional
cost for the Colombian economy or total “soclal costs' amount to $3 5
million (column (8) In Table 38), $2.4 milllon In the form of Increased
processing costs of fertilizers, plus $1.1 milllon in the forﬁ of
hlghbrftntré-cOuntr%‘transport cost.

Maoh!tdoes of transfers and '"'social costs! for Colombla in 1975
(Table 37) aré‘éobstantlally smaller because levels of consumption
did not bring Into production the fertilizer complex at Barrancabermeja
for the ''Independent-country'' solution, Thus, the tariff on Imports
required to keep other plants In operation is reduced to $20.29 per
metrlc ton of ammonla equivalent (Pt,=.115'07 minus P: = ?b.78).
Results for 1985 (Table 39) are very similar to those for 1980, In
terms of ''soclal costs' and transfers from consumers to producers.
However, trohéfers from consumers to government rise in proportion to
import increases due to higher consumption.

Comparable results for Ecuador and Peru are shown In Tables 37
through 38. For Peru, results are similar to those of Colombia In
1980 and 1985, but with larger transfers from consumers to government
increasing over time duo to rising imports. However, ''soclial costs'
for Peru in terms of higher processing costs of fertillzers are
partlally offset by lower Intra-country transport costs under protection
policy. Results for Peru In 1975 are, hoWeyer, different from those
offColombla,‘élnoe Peru needs to lmport to satisfy 1975 estlmatod

consumptlon requlrements even If Its domestlc industry is operatlng

at full capaclty. For Ecuador, the exlstence of only tWO smakl

cost processlng facl]ltles produclng small outputs causes tho countryﬁ

to be an 1mporter;from.]975pon. Producer surplus 1s smal];slnce,the g
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lefference ln costs between plants ls small.” "Soclal costs," however;

relatlvely large due,to hlgh costs of domestlc processlng

ﬂfacllltles{? Wlth'the°exceptlon of transfers from consumers to the

’ggovernment that Increase over tlme as consumptlon and Imports rlse,

f

ﬁ"soclal costs“ and transfers from consumers to. producers remaln
;jconstant for 1980 and 1985. | | | |

The maln problems assoclated wlth a pollcy of a tarlff on Imports
jcompared wlth alternatlve protectlon pollcles can: be summarlzed as
hfollows:v_j ' |

- ngher prlces of fertlllzers to consumers, which will reduce

.fertlllzer use. and Increase’ prlces of farm products.

| --Large transfers from consumers to producers which will generate

| '"rents" to less lnefrlclent domestic producers, making [t more
dlfflcult for the .government to change this policy. The larger
these transfers tht more opposition the government may expect
to change this policy,

- Larger transfers from consumers to the government. This
also Increases the dlfflcultles.for pollcy changes, since
the government would have to flndvsubstltutlng sources of

revenue. .
Under an ”equlvalent quota system'' the only difference would be
that transfers from consumers to government would be - transformed into

transfers from consumers to - lmporters recelvlng quota asslgnments.
.
Then, opposltlon to pollcy changes wlll arise not only from domestlc

i \

produoers but also from lmporters, In dlrect proportion to the
;magnltude of the transfers.*

For Peru and Colombla the m'gnltudes of these transfers are qulte

flmportant and can be taken as an lndlcatlon of the degree of

idlfflrulty governments would have to facelln carrylng out economlc.,

;lntegratlon when protectlon pollcles are In effect.‘f
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 AVh6fe ﬁﬁéglbé addéd abéut the ''soclal cost“ estimatés,reSHfff
lng from domestic lndustry protectlon pollcles. Under the assumption

t'of perfectly inelastic demands, estimated ''soclal costs'' are to
: remaln constant for all alternative protection policies considered

In this study.

Subsidies to Flnal.Products Domestic Processing Faclllities-

Prqgééfion of domestlc processing facilities can also be provided
by direct subsidies from the government to the plants. The amounts
of such subsidies are equal to the ''soclial costs' of Increased proc-
essing costs of fertilizers incurred by keeping In operation inefficient
domestic processing faclllities plus increased costs in intra-country
transport costs. .

These are shown in column (8) of Tables 37 through 39 for
Colombia, Ecuador and Peru. For the case of Colombia in 1980, it Is
represented by the shaded area in Figure 5, plus the Increase of
$1.1 milllon In intra-country tranéport costs., Under this policy
no transfers from consumers to producers nor from consumers to the
government will take place. However, the government, and thus
taxpayers in general, will have to pay domestic producers to keep
ﬂtﬁem In operation. The cost of fertillizers to consumers will be
equal to that resulting from the A.G.C.Qf solutions.

(The main results of a sﬁbsldy policy to domestic produce(g.gan-
be summarized as follows: |

- Fertillzer prices to consumers will be basically ~qual to
‘those resulting from Imports of fertilizers.

;:Slnce there are no transfers from consumers to producers‘
nor from consumers to the government, it will be less .
difflcult for governments to change this polucy as well as

to face the problems of regional economic Integration,



’]n order to establlsh thls polloy governments must use other
souroes of flsoal revenues, whloh ln most cases are dlfflcult
jto obtaln, and wlll have economlo effects on the rest of the

‘oountry s economy.

;Thls problem suggests conslderatlon of :an alternatlve ”mlxed“
‘pollcy of .a tariff on Imports and a subsidy on domestIo Industry.

o “Mlxed“ Polloy oﬁ ‘a Tarlff on Imports and a Subsldy to Domestlc
» o .~ - i Processing Facilities

' Iiheloroojnm of ]ack of government revenues necessary to.carry out
alsubsldy}protectlon policy can be solved by establishing a ”mlked“
polloy;of‘tarlfrs on Imports ‘to provide for revenues ‘and a reduced.

‘ subSidy,to less efficient processing facilities not able to produce
~under the”protectlon of .this.reduced tariff.

The case for Colombia In.1980, shown in Figure 5, was used to
e*olalnfthe effects of this policy. If a tariff T' equal to $34.00
oer,metrlc ton of ammonia equivalent is assumed to be In effect, then
-government revenues from it will amount to:
| ‘TL(Qt . Q;) = 34(51,046) = 1,735.6 thousands of dollars
wh}ch can be used totpay subsidies to less efficient producers. Under
the protectlon of this- tarlff (T'), the amount of subsldy will be

reduced from that resultlng under an: only subsldy pollcy.‘ ‘The

sestlmated “prloes“ of Imports glven thus ‘tariff protectlon (P ) will

be equal to

ek
’?‘Pmi: = Pm + T a 9h 13 + 3.1; oo
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The amount of subsidy can now be estimated on the basis of unit:
_processing cost of domestlc processing facllitles (Ps) shown In Figure
o %
5, plant outputs, and Pm . These estimates are:

Subslicy to urea plant at Barrancabermeja:

as,, (Ps), - P;*) = 7,338 (130.17 - 128.13) = $15,000.

Subsidy to ammonium nitrate plant at Barrancabermeja:

0s; (Ps - P;*) = 10,418 (167.64 - 128.13) = $0.411 ml111on.

In additlon, subsidies to different plants due to Increased intra-
country transport will have to be provided In the amount of $1.1
mi11ion (column (3), Table 38). A total susbidy of $1.5 mi1lion will
be provided from revenues obtained from the tariff on Imports, In
this case more than enough to satisfy subsidy needs.

The effects of this policy as compared with considered alternative

policies can be summarized as follows:

- "prices' of fertilizers to consumers will be greater than those
resulting under the A.G.C.U. solution or under the subsidy
only policy. However, prices will still be substantially
lower than those arising under the tariff only policy. For

the case of Colombia these ''prices' are:

For tarliff only policy: $. 167.64 m.t. of am.eq.
For '"mixed' subsidy tariff policy: $. 128.13 per. m.t. of am. eq.
For subsidy only policy: $. 94.13 per m.t. of am. eq.

- Transfers from consumers to producers will however, be
substantially smaller than those resulting from the tariff
only policy. Transfers from consumers to government might
exist too, depending on the tariff (T') level. Therefore,
some degree of difficulty in Instituting policy changes will

develop.



f- The government wIll receIVe less revenue under the mixed
f~lpollcy ‘than in the case of the tarlff only pollcy, and the~
jderaln In revenues from the government would be less than ”
- In the case of an subsidy only policy. Thls polIcy may
well be consldered as a 'compromise'' pollcy between ‘the" other

two "'extremes.’

The analysis made for Colombia can also be extended to the other
”lnportlng countries, Peru and Ecuador. Using the same year 1980 and
‘a tarlff of $15 per metric ton of ammonla equlvalent19 (T'), the
approxlmated results‘for Peru would be the following:

%?1Government revenues:

T (@t - Q') = 15(86,398) = 1.296 mi1lion dollars.

- EstImated "orices' of lmports given this tariff:

*k
Pm = P + T = SIOI 00 + 15 00

"= $116.00 per m.t. of am. eq.
- Subsldles:
To ammonium nitrate plant at Callao:
17,934 (121.84 - 116.00) = 0.104 million dollars.
To ummonium sulfate plant at Callao:
3,929 (181.23 - 116.00) = 0.256 million dollars.
To ammon fum nftratevplant at Cachimayo:
.ll,f83 (186;h0‘r'116.00);- 0;787~mltlion'dollars.
”a}Thhe;makeélup a\total_subs}dy of‘].lh7 million dollars. However,

}jfﬁeaV]ngs?ln'Jntra-countryrtransport_coets associated with the

]9A lower tarlff level would be required for Peru to generate
government revenues since larger quantltles of Imports are expected
to. take place (86 398 m.t. of ammonia equivalents).
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“lhde@e@dentjcduh;ry“ solution are considered, the amount of.subsldy
will beﬁréau;ed by 0.721] mllllon‘dollars (see Table 38), In any
kca§é, a $15 tariff on Imports per metric ton of ammonla equivalent
would generate more than enough government revenues to subsidize the
less efficlent domestic fertillzer Industry.

For the case of Peru implied 'prices' of fertilizers to consumers
under alternative protection policies would be:

For tariff only policy: §$186.40 m.t. of am. eq.

For "mixed" subsidy tariff policy: $116.00 per m.t. of am. eq.

For subsidy only policy: $101.00 per m.t., of am. eq.

Results for Ecuador In the same year 1980 glven a tariff on
imports of $25 per metric ton of ammonia equivalent (T'), are the
following:

- Government revenues:

T'(Qt - Q'd) = 25(42,928) = 1.073 milllon dollars.

- Estimated prices of imports given this tariff:

ok %
= ! =
Pm Pm + T 102.60 + 25,00

i
Pm = $127.60 per m.t. of am. eq.

- Subsidies:
To ammonium sulfate plant at Guayaquil:
8,732(143.63 - 127.60) = 0.140 million dollars.
To compounds plant at Guayaquil:
18,900(166.23 - 127.60) = 0.730 million dollars.
Hence, a total subsldy of $870,000 Is required to keep in operation
- domestic processing facilities. Government revenues ($1,073,000)

are, therefore, more than sufficient to pay for these subsidles.

"Prices' of fertillzers to consumers in Ecuadorzunder_a]ternq;lygf{f

protection policies would be:


http:18,900(166.23
http:8,732(143.63

For tari fF only poiicy: §$166.23 per m.t. of am. eq. -
For "mixed" subsidy tariff policy:. §127.60- per m.t. of am. eq.
For subsidy only policy: $102.60 m.t. of am. eq,- - e
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~ CHAPTER 10 |
SUMMARY -AND CONCLUS!ONS
yﬁThls study has been devoted to an analysls of the economics of

reglonalylntegratlon for the chemical nitrogenous fertilizer industry
In the AndeaanrOUp countrles, Venezuela, Colombla, Ecuador, Péru,
Bollvlia and Chile. |t has focused on the costs of processing and
distributing these fertilizers in the reglon and the assoclated
marketing flows or trade patterns, plant production levels and
capacities, and welfare gains (losses). The analysis was also
extended to evaluate alternative protection policies required for
some countries to keep their domestlc processing facilities in
operation.

The transshipment formulation of the general linear programming
model with a cost minimization objectlve function was the basic
analytical tool used in this study. The model included one
intermediate product, ammonia and five final products that are
assumed to be perfect substitutes - urea, ammonium nitrate, ammonium
sulfate, compounds, and Chilean nitrates - and two intermediate
processing actlvities.

Solutions for the Andean Group countries operating as a Custom
Union and for these countries behaving independently under
protection were obtained. Consumption projections and supply
situations expected to exist in the years 1975, 1980 and 1985 were
used to carry out the analysis with respect to changes err time,
lie., to provide some dynamic aspect in the analysis. 'Expected"
supply situations were derived by accounting for exlsting;plants

and expansion plants In each country. Processing cost estimates.
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Y_ywere obtalned by using englneerlng data and standardlzed assumptlons;?
 while consumptlon projectlons were based malnly on evaluatlon of
previous studies made for these countrles.‘ | ’
On the basis of the results obtained In this study, It is

ooncluded that the least cost system of processing and distrlbutlng
Aoltroéonous fertilizers In the region is obtained when the Andean
drodp countries operate as a Custom Union. Net ''welfare gains''‘in
terms of lower processing costs and Intra-country transport costs,

as compared with the case of eacﬁvcountry operating lndopondehtly
their own fertilizer industry under protection amounts to $3.5, $6.5
and $6.5 mil11ion for 1975, 1980 and 1985 respectively, assuming that
In the long run all cost would be variable. Marketing flows or
resulting trade patterns are rather stable. small errors In
processiing cost estimates and/or transport costs do not modify trade
patterns substantially. For 1975 Venezuela becomes the exporting
country with the other five countries being Importing countries.

In 1980 the entry into operation of ammonia-urea fertilizer complexes
at Yaculba, Bollvia, and Punta Arenas, Chile allow the two countries
to'become sel f-sufficlent and exporters. The Andean Group Custom |
Unlon solution results in considerable substitution of urea for other
nitrogenous fertilizers.hecause of the higher nutrient content and
laroe plant sizes forvoreé; Thorefofe, considerable excess capacity
In terms of ldlo,planté of ammonium nitrate, ammonium sulfate, and
compounds s generated malnly in Colombia, Ecuador and Peru. Excess
capacltles In compounds ‘processing should -be t:ken with caution

" since operatlonfof;tbese planos would depend partially on the.demand

E for:phosohorous,nutrlents in éddltlon to'nltrogon;
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.Excess capacities in terms of idle ammonium nitrate and ammonlum

sulfate plants In Colombia, Ecuador and Peru imply that these plants
wéUld be closed down., Under the proSpectIVe of an Andeﬁn Group
Common Market the decislon about construction of new plants should
not be based oin Import substitution but rather on the competitive
abillity of the processing facillity under conslideration.

Plant processing costs estimates under the assumption of output
levels close to 100 percent of capaclty were In general consistent
with the solutions obtained. Although substantial excess capacltlies
were observed for the Venezuelan ammonia and urea plants, output
levels close to 100 percent of capacity can be reached by exports
to the rest of the world markets. Low costs of raw material (natural
gas) and large plant sizes make them able to compete well in the
world market.

The decision to build larger ammonia-urea plants at Yacuilba,
Bolivia, will have to be based on possible exports to the Argentine
market. For the case of larger ammonia-urea plants at Punta Arenas,
Chile, competition with Venezuela for the Peruvian market may develop
but the decision should be based mainly on possibilities of exports
to the rest of the world. In any case, excess capacity of the
Andean Group countries as a whole will increase.

From the evaluation of tariffs, quotas, subsidies and subsidy-
tariff as alternative policies for domestic Industry protection in
Colombla Ecuador and Peru, it Is concluded that for the purposes of
lower fertillzer 'prices' to farmers and less difflcultles for
for governments (internal opposition from those receiving trqnsfersﬂ"

under alternative policies) to change pollicies In a process ‘of
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economic integration, a direct subsidy to domestic processing facilitles
is the preferred policy. i .wever, this policy Is costly in terms of
government revenues, which may lead to the consideration of a mixed
subsidy-tariff policy as an alternative.

The evaluation of tariffs, quotas, subsidies and subsidy-tariff
combinations as alternative protection policies in Colombia, Ecuador
and Peru shows that for the purpose of lower fertilizer prices to
farmers and less difficulties for governments to change policies
in the process of economic integration, a direct subsidy Is the
preferred policy. To solve the problem of lack of government revenues,

consideration should be given to a mixed subsidy-tariff policy.
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Appendix A. Intra-country transport costs of
fertilizer materials

Estimated transport costs from importing ports and plant sites
to distribution centers, and from plant sites to exporting ports, are
expressed in dollars per metric zon of fertilizer material.
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Appendix A Table 1. Intra-country transport costs of fertilizer
materials in Venezuela

Plant sites and importing perts
I tem Maraclbo | Moron (Pto Cabetloj Pto. La Cruz

Distribution Centers:

Valera 4,61 8.61 9 96 20.40
San Cristobal 10.10 14.00 '5 3¢ 23.90
Acarigua 10.00 5.40 6 7 17.00
Barquisimeto 6.80 4.00 5.35 15.60
Maracay 13.45 3.35 4.70 8.25
Maturin 22.40 12.30 t3 65 3.00
Ciudad Bolivar 25.45 13,15 i14.50 4,50
Maracaibo 10.10 1l 45 21.70
Exporting Ports:

Puerto Cabello 11.45 1.35 1.35 13.00
Puerto La Cruz 21,70 11.60 13.00

Source: Food and Agriculture Organtzation Ferti'icer Mission To
Venezuela (1972).
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Appendix A Table 2. Intra-country transport costs of fertilizer
materials In Colombia

Plant sites and importing ports
| tem Barranquilla [Barrancab.| Cartagena| Buenaventura

Distribution Centers:

Bogota 13.25 6.65 15.28 13.75
Bucaramanga 7.91 2.59 9.70 19.30
Cali 16.21 9.47 17.14 3.20
Tbague 12.62 7.05 15.45 9.80
Manizales 16.20 1.1 18.84 9.00
Medellin 11.33 5.64 13.20 10.30
Neiva 14.67 8.85 17.71 15.00
= Pasto 26.25 19.62 27.30 10.00
“Tunja 12.08 9.53 17.48 17.80
Cartagena 6.76 13.08 22.88
Exporting Ports:
Barranquilla 5.32 6.76 22.85
Buenaventura 22.85 12.67 22.88

Sources: National Department of Planning (1971).



Appendix A Table 3.

Intra-country transport costs of fertilizer materials in Peru

ftem

Plant sites and importing ports

TalaralCachimaonCallaolPaita[SaIaverryiPimentel|Chimbote]Pisco|Matarani

Distribution Centers:

Piura
Trujillo
Chiclayo
Chimbote
Nazca
Callao
Cuzco
Huancayo
Arequipa

Exporting Ports:

Callao
Paita
Pisco

0.80
6.00
4.00
6.60
15.70
11.00
26.50
16.00
19.00

0.4o

25.60
21.20
23.00
18.30
11.60
16.00

0.30
21.00
12.20

13.40

10.00 0.40
5.20 0.20
7.00 0.20
L.oo
4.50 1.80
9.00
16.40
5.00 1.80
9.00

Source: Robertson (1968) and Diamond et al. (1968).

881
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Appendix A Table 4. Intra-country transport costs of fercillizer
materials [n Bolivla

Plant sites and importing ports
| tem Yacuiba | Matarani | La Paz

Distribution Centers:

Sucre 15.15 30.42 18.12
Cochabamba 26,00 28,66 10.87
La Paz 26,20 17.74

Oruro 21.80 22.14 5.43
Potos| 13.80 28.00 16.30
Santa Cruz 11.45 39.53 21.74
Tarl]ja 6.50 9.00 21.74

Source: Russel et al. (1970).



190

Appendix A Table 5. Intra-country transport costs of furtllizer
materials in Chile

Plant sites and Iimporting ports
Punta San Pto.

| tem Arenas |Antofaga.|Valparaiso|Antunio|Talchuano|Montt
Distribution Centers:
Antofagasta 22.50
Ovalle 33.15 17.85 6.75
Rancagua 22,10 13.10 2.10 2.10
Los Angeles 20.40 13.70 1.90
Perto Montt 11.80 0.00
Punta Arenas 22.50
Exporting Ports:
Punta Arenas 0.00
Antofagasta 0.00

Source: Kearney (1970) and Davis et al. (1970).
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Appendix B. Consumption Projections
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Appendix B Figure 1. Estimating equation of consumption projections for
Venezuela
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6dt = 28,896.5 + 4,333.4t

a

a

ddt = 32,647.2 + 294.6t +
336.6t2

Estimating equations of consumption projections for Colonibia
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Qd, = 753.7 + 2,263t

Y

Appendix B Figure 3.

Estimating equation of consumption projections for Ecuador
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Appendix C. Plant locations in the Andean Zone
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