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ABSTRACT

Brazil is largely dependent on foreign supply for copper,
and this situation is expected to continue at least for the
next ten years. & copper shortage would intensely affect the
Brazilian economy. Measures to ensure its copper supply have
tor be taken, and gone such measure would be the creation of
a copper stockpile. Its econcomic feasibility is the scope
of this thesis.

An analysis of the Brazilian supply-demand for copper.
including forecasts, is presented in this paper as a basis
for the study of creating a stockpile. An organization is
visualized, assuming it will have the responsibility for
management of the stockpile, including purchase and disposal
of copper when necessary.

Threc alternatives for stockpilce objectives are calculated,
based on the dependence on foreign copper supply. An ll-year
project is analyzed for each alternative of the stockpile ob-
jective. The investment appraisal method of discounted—-cash-
flow rate of return including sensitivity analysis 15 used.

The economic analyses show us that a copper stockoile may
be created in Brazil and would be sconcomically wiable, assuming
that income to offset capital and maintenance costs would be
goenerated from fees charged on the value of imported copper.
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INTRODUCTION

Ko big deposits of copper have been discovered in Brazil.
Therefore, no primary refined copper is produced, and Brazil
is totally dependent on foreign supply. In the last few
years, Brazilian copper consumption has increased to the point
where Brazil is among the world's fifteen major consumers.

Though detailed reconnaissance studies have been carried
out on some potential areas, it is not axpected that Brazil
can be self-gufficient in copper, at least not in the short
or medium term. The international copper situation shows that
no major problems caused by disruptions are expected in the
near futyre., However, countries largely dependent on foreign
supply have to take measures to ensure copper supplies during
short-term disrupticong. One such measure is the c¢reation of
a stockpile.

The purpose here is to study the economic feasibility of
stockpiling copper in Braril. Such a study will try to determine:

l. Brazilian copper dependence on foreign supply for
the next few years,

2. Stockpile objectives,

1
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3. Location of the stockpile,

4. Medel to operate the stockpile organization,

5. Dperating costs of the organization,

6. Financial results.

The first chapter of this thesis presents the known copper
depopsits in Brazil and alsc their geological gotential. The
location of each deposit is given, plus a brief analysis of
the geology and reserves, where available. &Alsc included is
a synthesis for the whole country of potential geoclogical areas
where copper deposits might be discovered.

The second chapter deals with the copper market, par-
ticularly in relation to Erazil. Some intermational data
are presented. Previcus data for the Brazilian copper supply-
demand are analyzed in some detail, mainly for imports and
domestic consumptien; forecasts are prepared for the Brazilian
copper dependence on foreign supply. 4 study of the intex-
national price pattern during the past few years is made,
and future trends are projected.

An appreoach to the creation of a stockpile is presented
in Chapter Three. Location of a storage depotr and three alter-
natives for stockpile objectives are suggested. These alter-
natives are eguivalent to 2, 3, and 4 months of forecasted

Brazilian dependence on copper supply. A model of the stockpile
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grganization is included,plus estimated cperating costs.
The way in which the stockpile organization may be financed,
by government and consumers, is also described.

Chapter Four is a financial analysis of a hypothetical
project with an ll-year life span. Two studies are made
during the analysis to determine if a copper stockpile can
be created in Brazil without increasing the copper purchase
price for the copper consumers. In the first study, a sen-
sitivity analysis, using the Discounted Cash Flow Rate of
Return technigue, is applied for several alternatives and
hypotheses. The second study is an analysis of the prices
which have been paid by the Brazilian copper importers, com-
pared with the prices in the international market, and with
the results of the sensitivity analysis.

Finally, the advantages and disadvantages of creating

the copper stockpile are discussed.
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COPPER DEPOSITS AND GEOLODGICAL POTENTIAL

Known copper deposits in Brazll are in the states of
Bahia, Rio Grande so Sul, Ceara, Goias, Parand, and Sao Paulo
(figure 1}. Despite the size of the country -- more than 8.5
million square kilometers -- few deposits of copper of eco-
nomic importance are known in Brazil. Based on actual geo-
logical knowledge, the most promising areas for copper dis-
covery are described in this chapter.

A synthesis of the known copper reserves in Brazil is
presented in Table 1. Total measured reserves are about 574
thousand metric tons, according to official data from the
Brazilian Department of Mineral Production (hereafter referrad
to as DNPM). The copper deposits in Bahia State account for
92 percent of those reserves.

Total reserves (measured, indicated, and inferred) are
about 1.1 million metric tons of contained copper. More
recent DNPM internal reports, and perscnal information, indi-
cate a potential addition of 1 million metric tons of copper.
This is being prospected in the States of Rip Grande do Sul,

Goids, and Ceara.
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Bahia

The most important copper deposits knowm in Brazil
are located in the State of Bahia, in the Cwracad Valley
Copper District. These deposits are within the following

© oow and %° 00' -

geographical coordinates: 399 oot - 40
10° 00's. This Copper District is situated in the NWorthern
part of the State, comprising the counties of Cura¢é, Juazeiro,
Jaguarari, and Uaua.

According to Delgado and Souza (1975, p. 376-380), the
area is underlain by two rock groups of distinct litholeogie-
structural-tectonic characteristics: they are the Caraiba
and Canudos.

The Caraiba Group, which is believed &to be Lower Pre-
cambrian in age, was subdivided in three distinct litho-

stratigraphic seguences (from top to base):

—Granitoid rocks, metasomatites, and associated
diaphthorites;

-=Tangue Novo Seguence; and

-Rio Curaga Sequence.

The copper mineralization is associated with mafic-
ultramafic bodies, which occur concordantly with rocks of
Rio Curacd and Tanque Novo sequences. The mafic-ultramafic
bodies f{amphibolites, serpentinites, norites-pyroXenites
and gabbrodiorites) have, in general, a lenticular length

or tabular form with variable dimensions {maximum length
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of 5 kilometers and maximum width 300 meters) and are of the
pinch and swell structural type.

The mineralization consists of copper sulphide concen-
trations which occur only within noritic-pyroxenitic bodies.
The genesls of these deposits is uncertain, though petro-
graphic and chemical characteristics indicate a magmatic
origin.

The sulphide mineralization is composed of the follewing
minerals in decreasing order: chalcoeopyrite, pyrite, bornite,
pyrrhotite, and chalcocite. Detailed or semi-detaziled geclo-
gical investigations for the Curaga Valley Copper District
have been completed for 18 of 30 anomalous zones identified to
date. There are 7 deposits with known reserves in the area:
Caraiba, Barauna-Imburana, Surubim, Lagoca da Mina, Cercado
Velho, Pirulito.and Santa Fe. The calculated reserves for
these deposits are presented in Tabkle 2. From the total
measuraed reserves of 528,762 metric tons of copper content,
442,486 metric tons are at the Caraiba deposit, which amounts
ta 83.7 percent of the known measured reserves In the district.

In addition to the copper sulfide mineralization, many
cmall oxide occurrences are present in the area. These
occurrences are a result of the oxidation of small bodies
of sulfides formed by the remobilization of low—-grade copper

mineralization in the mafic-ultramafic rocks, and the
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reconcentration in fault zones or hydrothermal metasomatic
zones f(Delgado and Souza, op. cit., p- 381-382).

Total reserves (measured, indicated; and inferred) for
Bzhia are about 1,000,000 metric tons of copper content, with

a grade in the range of 0.3 to 1.3 percent.

Rigo @rande do Sul

The second most important Brazilian Copper District
{Sul-Riograndense) is lacated in the Rio Grande do 5ul state.
It is logated in the South of the country hetween 529 15' -

54°

45'W and 30° 00' - 31° d5's geographical coordinates.
More than 50 copper occurrences are known in this area, and
alsoc some economic deposits, one of which, the Camagqua mine,
was being exploited until 1975. This mine is located in
Cagapava do Sul county; its mineralization gccurs in the
sandstones and conglomerates of the Arroio dos Nobres forma-
tion which is included in the Bom Jardim Group (Superior
Precambrian age).

The most important known ocourrences are in the counties
of Cagapava do Sul {Cerro dos Martins, Cerro dos Andrades,
Primavem, and Passc dos Enforcados), Lavras do Sul, and Sac
Gabriel, all of which are only partially prospected.

All the copper occurrences are older than Cambro-

Ordovician, and most of them are related to the Bom Jardim

Group (Crespos and Arroio do Nobre Formations), of Superior
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Precambrian age (DNPM Bull. 42, p. 36). The copper mineraliza-
tion occurs along secondary northwest trending faults or in

the near vicinity of trending faults or fault zones. The
genesis of copper is related to the andesites of the Crespos
Formation which generally are found near the copper occurrences.
Ribeirgo (1975, p. 7} states that other rocks may alsc ke the
hosts for the primary copper, such as the basic and ultra-
basic rocks of Cerro Mantigueira Formation of the Porongos
Group (Superior Precambiran age}; Acampamento Velho rhyolite
from Bom Jardim Group {Superior Precambrian age); Lavras do
Sul, Cagapava do Sul and Jaguari granites; and Rodeio Velho
andesite of the Camagqua Group (Cambro-Ordovician age).

Aecording to many avthors, these cccurrences are vein
type; the copper is associated with Pb, Zn, and 2u, and in
a lesser degree with Ag, W, and Sn. The main copper minerals
are chalcopyrite and chalcosite, though in most of the occur-
rences because of oxidation, malachite and chrysccolla are
the major minerals present.

The known measured copper reserves in the Sul-Ricgrandense
Copper District are of 28,000 metric tons of copper content.
Total reserves (measured, indicated, and inferred) are offi-
cially estimated to be about 68,000 metric tons of copper

gcontent, from ore which averages 1 percent.
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Hoewever, prospecting of various occurrences is going on.
More recent information, from DNPM indicate total reserves

to be about 400,000 metric tons of copper content.

Ceara

A few copper occurrences have been known in this State
for some time. The most important (Pedra Verde) is located
in Vigosa County, in the northwest part of the State.

Pedra Verde's copper deposit occurs within the phyllite
of the Ceard Series (Algonkian age). The copper minerals
present are chalcopyrite, chalcocite, and on the surface
malachite as a result of oxidation (Leonardos, 1956, p. 20}.

The phyllite was'classified by Franca (1972, p. 7) as
a tectonic microbreach of pelytic-calcic nature; it occurs
locally in a "graben" of NE-SE trend, witha plunge of 60°-
70° to the NW. The "graben" is covered to the NE by more
recent rocks and in the area of occurrence, it has a width
of about 1 kilometer. There is no information on the dimen-
sions of the pre bhody.

Prospecting is being carried out at present. An internal
report of the DNPM lists measured reserves of about 60,000
metric tons and inferred reserves of about 250,000 metric
tons of copper content, from ore with an average grade of 1

percent.
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COther important occurrences are known in the Southern
part of the State, in Aurora County (Coxa's occurrence) and
in Barro County {(¥ara's occurrence).

The new discovery of copper impregnations and dissem-
ination of chalcopyrite in a volcanic-sedimentary seguence
of Jaibaras-Sedimentary Basin in the northwest part of the

State (Franga, 1973, p. 2} appearsto have promise.

Golids
Small ccopper deposits in Goias State are known in basic-
ultrabasic and metasedimentary rocks of the Araxa Group, which
are dated as medium Pre-Cambrian. The area of occurrences

© oo'w

lieswithin the gecgraphical cocordinates of 4¢° po' - 50
and 14° 00" - 15° no's. The main occcurrences are in the coun-
ties of Campinorte (Chapada), Anicuns (Americano do Brazil),
Pilar de Goias, and Uruacd.

The occurrence at Chapada is considered to be a medium
to large deposit, whereas the Americano do Brazil is considered
to be a small deposit. Explorations aimed to guantify total
reserves are being carried out at present; however, no re-
serves are as yet fully measured. No official data are avail-
able, but personal estimates of total reserves are about

300,000 metric tons of copper content for the Chapada deposit

and 15,000 metriec tons for the Americance do Brazil.
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In accordance with Guimaraes {1975, p. 5-6}, the fol-
lowing stratigraphic sequence appears in the Chapada deposit
area (from top to base):

-Anphibolites;

-Ferrous Quartzites;

-Mica Schists;

-Anphibolites;

-Micaceous Quartzites: and

-Gneisseas.

This sequence dips 40 degrees to NW.

Copper mineralization is disseminated in the mica schist
and covers a surface area of about 4.8 sguare kilometers
{6.0 x 0.8). Gold accompanies the copper mineralization.

For the deposits of Americane do Brazil, Guimarades
{op. cit., p. 2) stated that the mineralized host rocks are
ultrakbasics and gabbros enclosed within gneisses of the
Goiano Basal Complex; they are dated as Supericor Precambrian.
Here the mineralization is associated with nickel. The more
common minerals are pyrite, chalcopyrite, pyrrotite, and
pentlandite,

In Niguelandia county, sast of the discussed area, copper

is asscociated with nickel deposits.
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Parana

A small copper deposit is mentioned in Adriandpolis
county., in the eastern part of Parana State. This deposit
cecurs within phylites. They are a part of the Agunguil Group
of Upper Precambrian age. However, recent exploration has
shown that copper mineralization is less important than lead,
zinc, and silver in the ores.

All the copper are is oxidized to malachite and chryso-
colla; the deposit has not been exploited yet. Measured
reserves for the deposit are only 2,000 metric tons of
copper, in ore with a 2.0 percent average grade.

Other occcurrences are reported in the central-west part
of the state. MNative copper occurs in small fractures in
volecanic rocks (basalts and diabases) in the Paranad basin
which are included in the Serra Geral Formation of the Sao

Bento Group (Triassic-Jurassic age).

Sac Paulo
In the north part ¢f the state, in Itapeva county, there
is a small copper deposit known as the Santa Blandina mine,
Aceording to Pouchain (1944, p. 1), the mineralization
is in limestone of the 53o Rogue Formation included in the
Group Acungui, and dated as Superior Precambrian.
Measured reserves for the deposit ars only 14,000 metric

tons of copper content, in an ore with an average grade of 4.0
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percent. According to limited information, no large increase

is expected in these reserves.

Other Geologically Potential Areas

Basides those areas with known reserves described above,
other geclogically potential areas have been identified in
Brazil (DNPM, 1975, p. 1%9-23).

These areas are shown in Figure 2, and are described
briefly below:

1) Sequence of acid-volcanic and sedimentary-volcanic
rocks of Early-Paleozoic age and sequence of sedimentary-clastic
rocks of Silurian-Carboniferous age {Curua-Erere-Mascuru and
Nova 0Olinda formations).

2) Sequence of conglomeratic and sandstone rocks of
Cambro-Ordovician age.

3) Sequence of carbonatic and conglomeratic rocks of
Eo-Cambrian age (Corumba Group).

4) Basic-ultrabasic intrusions, amphibolites, and sedi-
ments of the Araxd& Group- This is considered one of the best
potential areas.

5} Sequence of carbonate, sandstone, and slate rocks
{Bambui Group}.

6) Sequence of c¢lastic and sandsteone-limestone rocks

of Triassiec-Jurassic age (Sedimentary Basis of Parnaiba).
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7) Seguence of clastic and sandstone rocks with car-
bonate and ceal levels of Gondwanic age (Sedimentary Basis
of Parana).

8) Basaltic spreads into the Parand Basis.

Although there are many occurrences in all of these
areas, only some are considered of relevant interest.

In Table 3, most of the occurrences menticned in the
literature are listed by State and County. HNote also that
in Pigure 2 the areas drawn were limited, enclosing varicus

geological areas with some potential for copper occurrence.
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TABLE - 3
OOFFER OCOCURRENCES Ik BRAZIL*
STATES COUNTIES
BAHTA Curaga, Juguarari, Juageiro, Uaua
CEARA Aurora, Barro, Jardim, Vigeosa
GOIAS Americano do Brasil, Mara Rosa, Niquelandia,

Pilar de Goids, Uruagy

MARANHAQ Gra jau
MATO GROSSD Caceres
MINAS GERAIS Ipanema, Itabirito, Moeda, Ouro Preto, Sete

Lagoas, Vazante

PARA Alenquer, Altamira, Itaituba, Monte Alegre,

S3p Felix de Xingu

PARANA Adriandpelis, Bocaiuva do Sul, Cerro Azul,
Caioba, Irai, Matinho, Rio Branco do Sul ,

Sengés

RIO GRANDE DO SUL Bagé, Cacapava do Sul, Dom Pedrito, Encru-

zilhada, Lavras do Sul, Sao Gabriel
SANTA CATARIKA Blumenau

SAO PAULO Itapeva

# Only the countries with the more important occurrencos are cited.

Various sources, mostly published by Departamento Nacional da
Producdo Mineral.



T-2156

COFPER MARKET

Copper consumption in Brazil has been rapidly increasing
over the last few years. Domestic production has not increased
with demand; thus, there is a widening gap between domestic
supply and demand. The absence of large reserves makes it
improbable that this situation will change in the near future.
Two new mines of medium size are expected to start operations
by 1980, with an annual production of 40,000 and 5,000 metric
tons of copper supplying about 1é percent of the demand at
that time,.

The probability for domestic supply meeting demand seemns
te be very small, even for a medium range of 10 years. Explor-
ation for copper continues throughout the country, mainly by
the National Department of Mineral Production. Results have
not been spectacular because no big deposits have been dis-
covered; however, the number of potential areas far copper was
increased due to the improved knowledge of the country's geology
Exploration by private mineral enterprises has increased.

These facts may be considered as increasing the probability
for an increment in the actual reserves. However, even if

big reserves are discovered in a short time, the countiry will

20
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have to wait about 8 to 10 years to put them into operation;
this is a necessary period to compute reserves, define their
economic availability, and design mine, smelter, and refining
plants.

In Figure 3, we present a supply-demand relationship
for copper during 1979, which gives us a good idea of the

actual Brazilian market behavior.

SuEEIE

The supply of copper in Brazil is composed of domestic
production of primary and secondary cooper and 1imports.
In the last ten vears, domestic production of primary copper
accounted for only 3.1 percent of the total supply and secon-
dary recovery for 30.% percent. Imports to completes supply

accounted for 66 percent (see Table 4}.

Production

All the Brazilian primary production of copper comes from
mines in Rio Grande do Sul State ([(Camagqud) and Sdo Paule State
{Santa Blandinaj.

The Camaguid mine in Cagapava do Sul County, Rio Grande
do Sul State, 1s the only one of importance in the production
of copper cre. This mine has been exploited since the end
cf the last century; however, up to how there has been no
large production. Since 1%66, all the ore utilized for

domestic production of primary copper came from thiz mine.
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The ore in Camagua is concentrated to a 35 percent grade
average of copper content and is then sent to Sao Pauloe fer
glectrolytic refinfng. The mine is presently not gperating.
Exploration continues to guantify reserves of the remaining
copper deposits and to define the best kind of treatment for
the ore. A new plant will be designed in accordance with
the results.

The Santa Blandina mine in Itapeva county, S53dc Paulo
State, has been expleoited since 1942 and its production is
utilized in the fabrication of copper chemical compounds.

The production ¢f primary copper in Brazil comes from
only one refinery, located in Utingz County, in S5fc Paulec
State: the Laminagdoc Nacional de Metais. This refinery has
a capacity of 5,000 metri¢ tons per year. From 1960 to 1871
its production was lncreased from 1,200 to 5,100 metric tons,
but after that it began decreasing, and in 1975 its production
was only 1,300 metric tons (see Table 4). The decrease in
production of srimary copper is associated with the decrease
in production and average grade of ore from the Camaguia mine
{(Table 5). At present, the refinery is alsoc out of operation.

Exploitation of the major copper deposit known in Brazil,
the Caraiba mineral deposit in Bahia State, is expected to
start by 1980. Its initial production will supply about 40
percent of the refinery to be installed in.the same state, with

an annual production of 100,000 metric tons of metal copper.
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Another copper deposit (Pedra Verde) in Vigosa County.
Ceard State, is to be mined at the same time, with an initial
annual production of 5,000 metric tons of copper content.

The ore will be sent in the form of concentrates to the same
refinery.

fhe remaining 55 percent will be supplied by imported
copper concentrates, at least during the first several years
of operatiomn.

The production of secondary copper as shown in Table 4,
was small until 1963, but since then it accounted to about 31

percent of total copper supply in Brazil.

Imgcrts

Copper imports have heen increasing approximately in the
same proportion to the supply since 1964, with an average of
66 percent of the total supply during the period 1866-1975
{see Table 4). The yvearly average increase has been 13 percent
for the same period. An analysis for the last five years
shows that, of these imports, about 96.6 percent has been
acquired in the form of primary refined copper (electrolytic
and fire-refined) and the remaining 2.4 percent in the form
of secondary, alloys, finished, and half-finished copper products
{see Table 6). From the total primary copper imported, wire-
bar represented about B2 percent (see Table 7).

The main copper exporting countries to Brazil are Chile,

United States, Zalire, and Zambia; these four ecountries accounted
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TARIZ 6 - IMPORTS OF QnPeRd  RY TYP:, 1971.137S
QUAKTITIES {in met. tons)
YEARS PRIMARY | SECONDARY | ALLOYS n?’}‘;ﬁm FINTSHED TOTAL
E
1971 70,437 325 497 650 Lo 72,416
1972 84,817 24 121 900 478 86,340
1973 94,001 997 516 1,208 342 97,154
1974 131,418 4,573 £75 2,115 1,017 | 139,808
1975 127,565 215 66 1,526 980 130,252
1971/1975 508,138 6,134 1,675 6,798 3,315 | 526,060
PERCENTAGES  OVER _ QUASTITIES

PRINARY | SECONDARY | ALLOVS | M1EF_ 1 FINTSHED [ toraL

1971 97.3 0.4 0.7 0.9 0.7 100,0
1972 8.2 - 0.1 1.0 0.6 100.0
1973 96.8 1.0 0.5 1.3 0.4 100.0
1974 94.0 3.3 0.3 1.7 0.7 100.0
1975 7.8 0.2 0.1 1.2 0.7 100.0
1971/1975 96.6 1.2 0.3 1.3 0.6 100.0

YVALDES (in thous of (88}

PRIMARY | SECONDARY | ALLOYS FrxiGHEp | FISISHED TOTAL

1971 81,673 279 542 1,599 2,133 86,226
1972 96,056 18 158 2,395 2,642 101,269
1973 159,697 1,451 824 4,035 2,487 168, LOL
1974 313,10 7,932 1,076 9,L36 6,630 336,205
1975 177,083 275 267 5,781 6,958 190,392
1971/1975 827,700 9,955 2,867 23,2L6 20,880 B&L,6LS

SOURCE: Comércio Exterior do Brasil - Importagdo, Centro da InformagGes Evono-

mico Fiscalis

(CIEF-VF),

1971-1975.
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for about 78 percent of the primary coprer imported in the
last five years. Other exporting countries were West Germany,
Netherlands, Canada, Belgium, and Luxemburg. Zambia was the
major exporter during the period 1971-1973, but in 1974 and
1975 it has leost its position to second and fourth place

areng the copper exporters to Brazil. c¢Chile maintained third
position during the period 1971-1973, then moved to first
position in 1974-1975. The United States has maintained
second place in the last five years, with the exception of
1974 when it was third.

Az Brazil has to import almost a hundred percent of the
Primary copper necessary to its consumption, these imports
have affected its balance of payments a great deal. In the
last five years, the country imported 526,060 metric tons of
metal copper and alloys, valued at about U.S. $884,648,000,
as shown in Table 6.

As can be seen, Brazilian copper dependence on foreign
countries has been great, and there is no expectation of elim-
inating this dependence, at least in the short or medium term,
even with the expected improvement in domestic production, by

1980.

Demand
Copper demand in Brazil is practically restricted to
domestic consumption. Exports are irrelevant and represent

less than 1 percent of total demand.
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Consumption

Brazil is the major consumer of copper in South America
and third in all America, where only the United States and
Canada have had larqger consumption than Brazil. Also Brazil
is among the 15 major consumers of copper (imcludes only pri-
mary and secondary refined) in the world (see Table 8). Its
consumption of 155.2 thousand metric tons in 1975 represented
2.1 percent of the total copper consumed throughout the world.
If we consider only America, where the consumption of copper
in 1975 was 1,902 thousand metric tons, Brazil's consumption
represented 8.2 percent of that total. For oaly Latin America,
the consumptimn'of copper in 1975 was 309.6 thousand metric tons,
and Brazil's consumption represented about 58 percent of that
total.

When we look at the per-capita consumption of copper in
Brazil, we see that it rose from 0.46 kg in 1965 to 1.55 kg in
1974. However, this consumption is very low when compared
with the per-capita consumption of selected countries in the
world (Table %). Of the countries tabulated, Brazil has the
lowest per-capita consumption after India, while Belgium has
the highest: 18.18 kg in 1974. When compared with the per-
capita consumption of copper in the world (2.2 kg par inhabi-
tant), Brazil is near that figure. ©On the otker hand, Brazil
was the country with the highest change in per-capita consump-

tion in the last ten years {237 parcent), while the average
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TAELE - 8
WORLD  CONSUIMPTION OF  REFINED COPFER
{in th--sand of metric tons)
1960 1965 1970 1974 1975
Brazil 20.7 30.7 6.2 173.9 155.2
Canada 106.7 200,0 229.0 z70.1 156, 1
United Sates 1,22L.6 1,845.6 1,854.3 1,904.9 1,396.3
Other America 60 4, 136.2 109.6 161.2 154.4
TOTAL AMERICA 1,421, 4 2,221.5 2,262.1 2,600,1 1,902.0
Belgium 76,2 121.0 145.0 178.2 1774
France 236. 58 287.3 330.7 L14.2 364.5
HWest Cermany R16.2 536,73 697.5 731.2 834.60
Italy 185.0 192.0 274.0 308.0 200.0
Spain 45.0 593 108.2 143.0 119.4
United Kingdom 560.3 50,1 5537 486.9 450.5
Uther Europe 301.5 331.7 369.9 398.5 391.5
TOTAL  EUROPE 1,921,0 2,177.7 2,L65.5 2,670.9 2,427.4
TOTAL  AFRICA 30.9 4.5 47.5 91.8 85.0
Australia 72.2 102.3 105.6 121.6 104.0
China, P.R e/ 110.0 120.0 200,0 300.0 330.0
Eastern Europe e/ 150.0 213.0 304.7 452.3 A75.7
Japan 304L.0 427.5 820.6 830.9 B21.58
U.5.5.R &/ 651.6 782.6 985, 0 1,150.0 1,200.0
All Other 745 65.9 92.7 134.2 139.1
TOTAL 1,362.3 1,715.3 2,508.6 3,0%9.0 3,009.6
WORLD  TOTAL 4,735.6 &,150.0 7,283.7 B,401.8 7,484.5
Kater ef - estimate.

SOURCE: Werld

Mctal Statistics [several issues)
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change for selected countries was 20.8 percent.

The per-capita consumption of copper is closely related
to industrial activity, type of industry, and level of exports
within a country, and in a lesser degree to average living
standards. Consequently, in general, industrialized countries
have a larger per-capita consumption of copper than under-
developed or developing countries.

The consumption of refined copper in Brazil rose from
28,700 metric tons in 1%60 to 155,200 in 1%75-~an average
growth of 1l.6 percent per year. For the periods 1965-1975
and 1%70-1975, these growths were, respectively, 17.6 and
17.5 percent pe r year, showing a major growth in consumption
during the last ten years. For the world as a whole, the
yearly increment in equivalent consumption was 3.1 percent
for the peried 1965-1975 and 0.5 percent for the period
1970-1975 (computed from Table B). We conclude that, while
the increments decrease for the world, they increase for
Brazil. Brazilian consumption of copprer increased almost
four times faster than the world consumption in the last 15
years, and eight times faster in the last 10 years. No com-
parison was made for the last 5 years, since 1975 was an
anomaly vear for copper in all the world, with a big decrease

in consumption related to the previous vyear.
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The consumption for copper is based on its many useful
properties. The foremost of these is high electrical conduc-
tivity, making copper the choice metal in electrical applica-
tions. Other uses such as constructicon, engineering, and
transport are also relevant. The resulting pattern of copper
nses in Brazil and some selected industrialized countries is
shown in Tables 10 and 11. Ngte that copper alloys are alsc
included in these tables.

Cable and Wire Industry. This is the most important

sector in the consumpticn of copper. It accounts for about

60 percent of the copper and copper alloys consumed in Brazil.
The principal uses of copper products are in electrical trans-
mission, and as winding in electrical armatures, stators,
rotors, transformers, and telecommunication and electrical
instruments.

The figures in Table 11 show that the percentage of
copper used by the cable and wire industry is greater in
Brazil than in the other selected countries., This divergence
is explained by the intense program of electric power distri-
bution and communication carried out in Brazil, primarily
intended to improve the infrastructure, which is not the
case in developed nations.

Building and Construction. The proportion of copper

consumption in building and construction in Brazil is ahbout

7 percent. This percentage 1s very low compared with the
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consumption in selected industrialized countries {about 1a
percent] and even for the world as a whole {about 15 percent).
Only Japan has a percentage near that of Brazil. The Brazilian
use of copper in this sector is applied mainly to water pipes,
faucets, other sanitary fittings, locks. and decorative ware.
Transport. About 16 percent of copper consumption is
absorbed in the transport industry in Brazil, whereas this
sector accounts for about 10 percent of United States and
Western Europe copper consumption. Again, omly Japan has a
percentage near that of Brazil, a fact that is explained by
the large production of motor vehicles in these two countries.
Japan is second and Brazil is the ninth producer of motor
behicles in the world; Brazilian production of motor vehicles
was about 1 million inl975%. Besides motor wvehicles, copper
is used for the transport sector in ship propellors; railway
engines and rolling stock: engine parts and fittings: bikes:
aircrafts:; and cothers. The transport sector by highway (auto-
mok:iles, trucks, tractors, bikes, =tec.) accounts for about &3
percent of the total in this Brazilian sector; water transpor-
tation accounts for about 32 percent; railway about 4 percent;
and aerial akout 1 percent.

General Engineering. This sector accounts for about 11

percent of the copper consumed in Bragil, while ir the indus-

trialized countries it varies from 14 to 24 percent.
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This is a very diversified and important sector in the
consumption of copper in all its shapes. Copper is used
mainly as an alloys in industrial valves, pumps, heat ex-
changers, and condenser tubes and machine tools. In general,
copper is used in all the industrial activities.

Other ugses. Finally the copper not previcously described

{about 6 percent in Brazil and B percent in the other selected
countries) is applied te other uses such as housewares, coinage,

handicraft, military, etc.

Exporis

Exports of copper and alloys in Brazil are of small im-
portance when compared with domestic consumption., Exports
represent about 0.55 percent of consumption during the pericd
1971-1875. Most of the copper exported has been in the form
of finished and half-finished products, especially in the last
two years analyzed (see Table 12}. As the quantities of copper
exported are small, so are the values of such exports, re-
sulting in a negative copper foreign-trade balance. In 1975,
this kalance was U.5. 5187.7 million, while in 1574, it was

0.5. 5335 million.

Supply-Demand Forecasts

Forecasts of supply are made for primary and secondary
refined copper: the first cone is based on the copper projects

that are geoing on and the second is a function of demand,
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Forecast on demand is made only for domestic consumption
of copper and alloys, since almost no exports are made in

these forms. Exports include only finished and semi—-finished

copper products,

Demand Forecast

As we saw previcusly, the domestic consumption of copper
nas been rapidly increasing in the last few years, compared
with world growth. The most important factor for this rapid
increase seems to be the Brazilian Gross Domestic Product
{GDP} , which has also had an accelerated increase (Table 13).
Comparing these growths (GDP and Copper Consmmption), we can
establish a very close relationship, as shown in Table 14.
The relation between the yearly average growth of copper con-
sumption and GDP has been 1.62 for the last 15 years: similar
relationships for the last 10 and 5 years have been, respec-—
tively, 1.76 and 1.58. As we see, both copper consumption
and GDF have been growing together proportiomately.

Based on the present facts, we forecast the consumption
of copper and alloys in Brazil for the next few years, using
the following eguation:

Y = a{x}b
where: Y i1s the estimated consumntion of comper

x is the estimated GDP

a = 0.0028

b= 1.6015
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TABLE - 13

BRAZILIAN CONSUMPTION OF COPPER AND ALLOYS RELATED

TO THE GDP, 1960 - 1975

CONSUMPT ION GDP CONSUMPTION  OF

YEARS OF COPPER (1) AT 1972's PRICE (2) | COPPER ESTIMATED

(in metric tons)| (in million of USS)| BY POWER CURVE
1960 34,000 27,656 36,102
1961 42,000 30,504 42,238
1962 52,000 32,106 45,846
1963 55,000 32,603 _ 46,988
1964 47,000 33,556 49,207
1965 4,000 34,475 51,383
1966 58,000 36,235 55,648
1967 56,000 37,966 59,967
1968 74,000 41,504 69,164
1969 79,500 £5,240 79, 402
1970 88,000 49,538 91,82}
1971 107,740 55,136 108,999
1972 125,790 60,870 127,714
1973 143,050 67,809 151,818
1974 178,570 74,319 175,826
1975 174,560 77,292 ¢/ 187,226

( 200,000 )&/

Note: :3_/ -~ estimate figures used at time of computations.
SOURCES: (1) - CEBRACO, CEB - 508.114, several issues

(2) - Centro de Contas Nacionais, IBRE-FGV (adapted from current

values).
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This power curve equation shows a coefficient {rzl equal
to 0.98, which is considered satisfactary. The wvalues "a“
and "b" were obtained by using the historical series (1960-
1375} of consumption and GDP, as shown in Table 13; also
included in this table are the estimated values for consump-
tion of copper in that period, using the abave eguation. As
we can see, the estimated values are, in genmeral, nesar the
real wvalues,.

The forecasted guantities of copper comsumption for the
period up te 1987 are given in Table 15, based on three dif-
ferent incremental rates of GDP; 5, 7, and % percent annually.
For each estimated annual incremental rate of GDP, a forecast
was given for consumption, respectively called low, medium, and
high. For our purpose we are going to use medium forecast
in the following chapters. The medium forecast seems to be
the most probable, since it is related to an incremental rate
of 7 percent yearly for GDP, which is equal to the increment
observed in the GDP historical series in the last 15 years
{see Table l4). The figures in Table 15 show that we can
expect a consumption of copper and alloys of about 330 thousand
metric tons by 1985. The forecasts after this year are pre-
sented only as a supplement for the financial analysis to be
presented in this paper. It would be very dangerous to fore-
cast more than ten years the consumption of copper, since we
do not have confidential data to support this analysis.

Though the numbers forecasted may appear very high, two
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TABLE - 15

FORECASTED CONSUMPTION OF COPPER RELATED

TO THE GROWTH OF GDP, 1976 ~ 1987

(in metric tons)

YEARS LOW MEDIUM HIGH

1976 202, 440 208, 652 214,933
1977 218,893 232,535 246,745
1978 236,685 259, 145 283,258
1979 255,922 288,803 325,181
1980 - 276,720 321,856 373,304
1981 299,213 358,688 428,550
1982 323,531 399,741 491,977
1983 349,821 445, L90 564,784
1984 378,253 496,473 648,370
1985 408,998 553,293 744,322
1986 442,233 616,614 854,477
1087 478,176 687,182 980,933

Note: A yearly increment of 5, 7, and 9 percent was
assumed, respectively, for low, medium, and high
forecasts.
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expectations, besides GDP, leave us more confident with the
given figures: the Brazilian per-capita consumption ¢f copper
and the electrical power distribution projects.

As we saw bhefore, Brazilian copper per-capita consumption
is still very low (1.54 kg in 1974) when compared with the
per-capita consumption in the industrialized countries (ahout
8 kg in 1974). As industrialization develops in Brazil, we
can predict a continued growth in its per-capita consumption.

Brazilian electrical power production shows a yearly
increase of 10.3 percent for the period 1965-1975 and 10.9
percent for the forecasted period 1976-1985 {see Table 16}.
Comparing these figures with the increases in copper consump-
tion--14.8 percent for the first pericd and 12.2 percent for
the forecasted period--we see that copper consumption forecasts

are more conservative than electrical power preoduction forecasts.

Supkly Forecast

Two copper mines are expected to start operation by 19B0:
Caraiba in the State of Bahia, with a production of 40,000
metric tons of copper content recovered: and Pedra Verde in
the State of Ceard, with a production of 5,000 metric tons of
copper content recovered. These two mines will produce copper
concentrates to supply the copper refinery that is being in-
stalled in Camagari, Bahia State, with a nominal capacity of
160,000 metric tons of metal copper to be produced in the form

of wire-bar, wire-rod, and cathedes. The balance, 55,000 metric
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TABLE - 16
BRAZILIAN  ELECTRICAL POWER  PRODUCTION,
1965-1975  (FORECAST 1976-1985)
( in GWh )
YEARS HIDRO THERMO NUCLEAR TOTAL
1965 25,515 4,613 - 30,128
1966 27,905 4,748 - 32,653
1967 29,189 5,049 - 34,238
1968 30,550 7,631 - 38,181
1969 32,692 8,956 - 41,648
1970 39,863 5,597 - 45,460
1971 43,274 7,714 - 50,988
1972 51,443 5,592 - 57,035
1973 58,809 6, 509 - 65,218
1974, 65,555 6,911 - 72,166
1975 73,836 6,457 - 80,293
1976 82,393 5,114 - 87,507
1977 91,725 7,229 - 98,954
1978 101,780 8,477 972 111,229
1979 112,104 10,198 3,841 126,143
1980 126,334 9,158 3,841 139,333
1981 142,144 8,027 3,841 154,012
1982 158, 329 8,431 3,841 170, 601
1983 169, 497 6,692 11,481 187,670
1984 185,018 5,533 15,301 205,852
1985 201,200 5,323 19,120 225,643
% PBased at an yearly increment of 8 percent for GDP.

SOURCE: Balanco Energético Nacional, 1976, p. 82-83.
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tons of copper, to be produced in the Camagari refinery, will
be supplied by imported concentrates.

No producticn of primary refined copper is expected for
1976 and 1977, since the only mine (Camagud in the Ric Grande
do Sul), which was producing until 1975 the feed for the
Laminag3o Nacional de Metais refinery, is presently out of
operation. An old forecast in "Encontro Nacional sobre Minerios
de Metais Nao Ferrosos" (1975, p. 9) predicted a production of
5,000 and 6,000 metric tons of copper content for years 1378
and 1279, respectively. These forecasts were used in our
work; however, & change is possibkle in these figures. Our
forecast estimates a total production of 50,000 metric tons
of primary refined coﬁper in 1980 from Brazilian ores. After
that year, we assume an annual increase in productlion of 10
percent, though we obtained no confidential data for this
estimate.

Production of secondary copper during the next few
years was estimated to be about 30 percent of consumption.
The average percentage over consumption for the period 1265-
1975 was 31 percent (see Table 4).

Based on forecasts for consumption and domestic supply.
the dependence on foreign copper supply was calculated. This
dependence is given in equivalent metal copper content;

however, it will be imported basically as primary refined
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copper and copper concentrate, and in small guantities as
secondary refined copper and copper alloys. Forecasts do
not include semi-finished and finished copper products, or
copper chemical compounds.

Table 17 and Figure % provide the forecasted supply-

demand figures discussed above.

Prices
A study of the copper internaticnal price pattern during
the past years is presented in this sectieon; the future price

trends and projections are also analyzed.

Pricing Basis

Copper is traded throughout the world in various form by
mining, smelting, refining, milling and semi-fabricating com-
panies, and merchants. Copper mainly changes hands in the
form of concentrates, electrolytic and fire-refined wirebars,
electrolytic cathodes, and scrap.

The usually adopted current price bases are the London
Metal Exchange (LME) official daily price, U.S. producer price,
New York Commodity Exchange (COMEX) cfficial daily price, and
U.5. Merchant prices.

The LME's price is the principal free-market basis for
copper pricing. The U.S. producer's price is adopted by the

major U.S. copper producers and is guoted for electrolytic



50

T-2156

(E) - (2) - (1) = (")

{sajewrysa doyiny ~ (£) pue (2)
{3seoodqoy wnipaw ‘G arqel - (1) :$I0HN0S

009 ‘€8t 081902 0SY 446 002 “489 L3861
000 “‘EYE 000 ‘ST 009 ‘g8 009919 9861
00g ‘90¢ 000991 005°08 00g ‘€SS GR61
009 ‘iz 056 ‘g7 002 ‘€L 0SL°96Y 7861
00t ‘S 059 ‘€LT 055 ‘99 00G ‘S €861
0SE‘612 006611 005‘09 0GL‘66E 2861
00T ‘961 009 ‘40T 000469 004 ‘gSE 1861
00€“GLT 05596 000405 0Sg ‘12t 0361
0G1*961 059 ‘0g 0009 008 ‘88¢ 6461
0074941 0GL*LL 000¢G 041 ‘652 8461
008291 05269 - 085G 2Ee LB
050971 00929 - 059 ‘goz 9461
Adv mpuaaou Amv ANV HHV
[ejow  uo jualeatnba) . SIYO  NVITIZvyd
A1ddn$  NOIFHOd HIJdOD  AHVINOOES WOud HAAHOD A¥WWINd | SAOTIV QNV  HIJdOO HVIA
NO  HONAANIJAA 40 NOIIOnaoud 40  NOIIondoud A0 NOILJWNSNOD

LG6T - 9461 *SISVYDHOd

(suo} oTajou UT)
SAOTIV OGNV

LT ~ 19Vl

43dd0D  RVITIZvdd



=~

uy
=i
™~

I~

48GI1 - 9261 *SLlSVO3UOS

Zipun gty ©yT1gyL  tsaduinog

- §461-0961 'SAOTIV ANV ¥3dd0O HOJ ATddilS NDIZHOY NO IONIINIGIA NVIHZVHE -G 94

HIJJOD ANYWING 20 NOILONAOY E

H3dd0d AHWVQNOD3S 40 NOILONAOHd

AddNS NDI3BO4d NO 3ION3IANIL3IQ

486 |

SHVY3A
0361
o]
4002
uoysdwnsuoy
ioiol
400+t
1069
4008

W 40 ONPFPSNOKL

.-
4=

SHOL Jid



T-2156 52

cathode, its principal copper refined product; other forms
are gquoted with differentials. COMEX and Merchant's prices
are very similar and are alsc used in the U.S.

The LME official daily price is the most widely used
pricing basis in the world, primarily because 1t enjoys such
widespread confidence. BAbout 70 percent of free world copper,
representing almost all except U.S. domestic trade, is priced
on an LME basis. The price base normally adopted is the
LME settlement price, although some contracts may specity

variations on the cash or three-month prices.

Pricing Analysis

The price of copper has been one of the more unstable
in the metal market. There are various reasons for this:
panic buying of copper following reports that engineering,
labor, or political crises are likely to affect the ability
of & major producer to meet deliveries. In most of these
cases the market initially overestimates the extent of the
problem, after which prices gradually lower (Roskill, 1975,
p- 287). Several peaks and troughs in the behavior of copper
prices occurred from 1910 to 1975, as we can see in Table 18
and Figure 6. In general, copper price peaks occur during
periods of economic expansiecn, while troughs cccur during

recaessions.
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From 1910 to 1945 the annual average LME copper price
was more or less stable, close to L60.00 per ton. Only two
anomalies can be seen during the period: the first one is a
peak between the years 1910 to 1820, when an annual average
price of L122.64 was reached for the year 1917; the second
one was a trough between the years 1931-1%39, when the lowest
annual average was E29.74 for the year 1934. During the second
World War 1940-1945, the price was contreolled by the UK gov-
ernment and fixed at L60D.88 per ton. This price control
continued up te 1953 when the LME recpened. In fact, the
price steadily rose after the war, reaching L254.80 in 1952,
The strong price rises in the early 1950's were associated with
U.5. military involvement in Korea. After the Korean War,
prices continued to rise for some years as the U.5. govern-
ment built up a strategic stockpile of copper.

Since 1953, the market has undergone four complete cycles,
which have ranged from 48 to 65 months duration, with an average
of about 54 months, as shown in Table 1%. The peak prices
per ton ranged from £L275 per ton in April 1960 to 11,400 in
papril 1975, and trough prices ranged from %158 per ton in
February 1958 to L498 in January 1975. However, the average
peak and trough prices were irrelevant because of increasing
inflation during the post-war period. The rise in the late

1960's is related to the Vietnam War. The sharp upward
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increase in 1973 and 1974 is associated with an exceptional
economic expansion, coupled with high inflation (Roskill,

1375, p. 293)-

Forecast Trends in the Price of Copper

To project a future long-term price for copper is a
difficult task, perhaps impossible, as affirmed by the Stanford
Research Institute in its report "World Minerals Availability"
(1976, v. 5, p- 122). As we saw befeore, the price behavior
through the years has been very irregular, even if considered
in constant prices {Figure 7). This irregularity is also
observed through the months of each year (see Table 20}. In
1973, for instance, the monthly average price for wire-bar
copper rose from L475 per metric ton in January to L3%61 in
becember; in 1974, the average price reached L1,270 in April
and went down to L554 in December. It is very logical to
suppose that this irregularity will continue in the future
unless international contreol is applied.

At present CIPEC seems the only group likely to attempt
price influence and has suggested the formatien of a copper
buffer stock working aleng the lines of the International Tin
council (ITC). However, it does not seem to be very easy to
create a buffeor stock for twe major reasons, plus many lesser

ongs.
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The first majoer reascn is that the actonal members of
CIPEC are governments of countries [(Chile, Peru, Zambia, and
Indonesia) in which copper exporting plays a dominant role
in the economy, while the consumers are individual firms in
countries with diverse economies{Reskill, 1%75, p. 304); an
agreement between producers and consumers seems to be diffi-
cult,

The second major problem is that of financing the buffer
stock of copper:; a stock of 10 percent of the free world annual
copper consumption (about 750,000 tons) would cost over Le00
million at the LEB00 price levels regarded by the CIPEC coun-
tries as being desirable (Roskill, 1575, p. 3053), plus inven-
tory cost (interest and expense). The SRI {1976, p. 121), in
its "World Minerals Availability" says on the outlook for
copper:

The CIPEC cartel will become more effective as

more countries join. Even so, it can be expected

that CIPEC will he unable to ceontrol priges and

production effectively. Price flcoor maintenance

by production regulation will prove to be of limited

effectiveness, and it is unlikely that a price

ceiling will be or could he effected. This price

control will be limited because member nations

have too diverse a set of political systems, and

saveral exhibit a high degree of economic dependence

on COpper.

A prediction, based in the foregoing consideration, can

he made that prices of copper will c¢ontinue tc be unstable in

the International market. The cycles, with peaks and troughs



T-2156 61

as during the past 20 years, will prebably also cccur in the
future in 4- or 5-year intervals.

Recent studies have been prepared about price projections.
The Roskill Information Services (1975, p. 305} estimate for
1977/71%78 that the LME price in current sterling may be in
the range of L1,780 to LZ,530, assuming that:

1} infliation continues at roughly the current rate of
6 to 10 percent a vear in some leading industrial countries;

?2) rates of up to 20 percent continue in other industrial
countrics and much higher rates clsewhere in some develoring
countries;

3} the excharge rate of sterling against the currencies
of the other 18 major producing and consuming countries depre-
ciates steadily in 1975, but not spectacularly; and

4} a strong market for copper will he developed in that
period.

The SRI, which zalsc prepared a long-term price proljec-
tion for copper up to the year 2000 {(figures 7 and 8}, uses
72 cents per pound (U.S. 51,587 per ton] as 1975 base price for
the projection, since an estimated price is reguired to return
the traditicnal profit margins of the principal copper com-
panies. SRI made the following assumptions for the price pro=-

jection, based on NWorth American experience during 1962-1974:
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-Price set by highest cost marginal producer;
—Greenfield plants most expensive;
-Construction costs rising 3 percent in real terms;

-Operating costs increase (0.9 percent per year in
real terms;

-Projects financed 2/3 equity, 1/3 debt:
-Interest constant at 8 percent:

-Effective corporate tax rate at 42 percent on net
income before tax;

-Depreciation is straight-line, 20 years, no salvage; and

—-New projects reguire a minimum %-percent return on

egquity.

These components were factors in the weighted proportions
yielding a reguired price increases of 2 percent per year (con-
stant dollars) for the projection pericd. The historical rise
in copper prices (and the implied increase in production costs)
has averaged about 1 percent per year since 1554.

Also prepared here is a forecast based on the annual
average LME settlement prices during the pericd 1954-1875,
in which the LME was opened and consegquently prices in the
market were free.

The linear regression technique was used for forecasting
prices, and the results are indicated in Table 21 and Figure 9.
This forecast presents an annual average increase of about

3 parcent, during the period 1976-1986.
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TABLE -~ 21
FORECASTED PRICES FOR WIRE BAR COPPER, 1976 - 1990

( in £ and USS per metric ton )

YEAR PRICE 1IN £ PRICE 1IN USS$
1976 673 1,480
1977 696 1,530
1978 719 1,581
1979 742 1,632
1980 765 1,682
1981 788 1,733
1082 811 1,784
1983 834 1,834
1984 857 1,885
1985 880 1,936
1986 903 1,986
1987 926 2,037
1988 949 2,088
1989 972 2,138
1990 995 2,189
NOTES: 1 - Prices forccasted by linear regression

technique,based in the annualaverage IME
settlement price for the period 1954 -
1975.

2 - Exchange rate used: £1 = US§ 2,2
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Two assumptions were made for low and high prices, using
egquidistant parallels to the trend line, in Figure 9, with
a correspondence of U.S. %150: above to the upper parallel,
prices might be considered high, while below to the bottom
parallel, prices might be considered low.

High and low prices may be anticipated in the future in
accordance with the forecasted stocks of refined copper located
at world refineries. In the last five years we can Observe
a close correlation between the monthly average copper prices

and stocks (Table 22), as shown in Figure 10.



66

T-2156

Z10'066
00G5'6T2°T
000°6LT'T
00E‘'TI9T T
001’60T'T
00T ‘860°T
00T'Sv0’1T
009°€96
00V ‘Z¥6
188°068
S99°'v6L
g99’8¢L

0EB‘LEL

SieT

110/ 60%
¥8T’‘199
PVE'69S
755826S
9GE‘ VLY
BPE/LTY
9.6'68¢
geL’9ze
6£8°81¢
0Ty ‘zee
6TL'S0E
9vv ‘162

9%1°'20¢

Pilol

€L8° PS¢
TZT/S0E
0L2°862
£2TT1¢
08%‘Z1€
8Tp’GPE
S986€€
$E0‘862
L6V SHE
£26°97¢
67T’ 68€
908‘Z9¥b

L66°'E£0S

£Le6l

‘96-S6

698'8¢S
969°L99
820°08s
GG0'T8S
690’255
AYAR S
v8L'vza
SEVL0G
¥8Z €08
ELT €08
059'¢Cé67
0Z8 067

0LZ'08F

ZLe6T

(sucy 3aIoys urt)
GL6T-0L6T ‘PTIoM ay3 uT xaddod PautTisy 3JO SYO03g

Z¢ OTded

*d ‘9L6T

9L0'8EY
S8L'VLY
z88°8v¥
61Z'ZEY
8Zv ‘807
6LO'SLE
I86°'69¢
L16'8LE
TLL'ezwe
r4:3 A3 41
0L6°96¥
672205

£ST'¥0S

Ti6T

LOL 6bE
S8T 6LY
96E ' TYY
£EZ'L8E
LOL'6EE
PL6’BEE
8r1’LEE
EPT/G¥E
T6L'T2E
pSSeTE
yLE'TOE
GZ9'€0¢

98€L8¢

oLel

‘SDTYSTIRIS TBISBW :901INCS

‘yajuoul yoe2 JO PUS DUl 3B SITISUTIDI 3B SHO03§ 930N

abexaay
Iaquadag
IoqUaAON
19qoid0
Iaquazdag
1snbny
AInp
aunp

Aep
TTady
yoaey
Azeniged

Axenuep

SU3UOKW
sIe3%



T-2156 67

MONTHLY AVERAGE PRICE FOR WIRE-BAR COPPER

in pounds sterling per metric ton
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CREATION OF THE STOCKPILE

Stockpile Model

From the previous chapters we conclude that copper
must be considered as eritical metal for the development of
the country. However, the prospect of self-suffieiency is
remote, at least in the short or medium term. Consequently,
it is expected that Brazilian dependance on foreign supply of
copper will continue, by approximately 69 percent for the
period 1%76-1972, and by 55 percent for the period 1980-1990.

Though no major copper supply problems or disruptions are
forecast for the next few years, short-term disruptions will
probably ocecur, which may ke caused by such as:

-civil war and strikes in the producer countries;

—conflict ameng the producer countries;

-mines shut down due the prices dropping below
operating costs;

-lesses or late delivery due to shipping problems;
and

-mishaps in large mines.

In thisg respect, the SRI (1976, p. 70) noted that:

68
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No major supply problems or disruptions are forecast

for the next 25 years...Western Furope and Japan can-

not plan to be self-sufficient in copper, and should

take affirmative measures to ensure their copper

supplies during short-term disruptions.

Brazil should also take measures to ensure its copper
supply, due to its expected large devendence On COpPper as pre-
viously stated. One of the measures would be to create a
stockpile. This paper analyzes how a stockpile could be created
in Brazil, and in this chapter is a discussion of what the
stockpile objective would be and what would be the best loca-
tion for it. These parameters will be indicated in accordance
with the domestic market analyses in the previous chapter. A
model for the organization of the stockpile was also designed
and is described. Pinally the cost of running the organization
is esimated.

It is assumed that the copper to be stocked would be in
wirebar form, for two reasons:

1. Most of the copper imported in Brazil is in this form.
In 1975 it represented 84 percent of the total quantity imported,
and the average for the period 1971-1975 was 82 percent.

2. Operation of the organization would be simplified

because only cne product is involved.

Stockpile Obiectives

The gquantity of copper required as a stockpile cbijective

was primarily caleculated on the dependence of foreign supplies
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for copper. In Table 23 are three alternatives to the amount
of copper that may be stockpiled under future emergency condi-
tions. The alternatives represent the eguivalent of 2, 3, and
4 months dependence on foreign supply. For each of the alter-
hatives, the inventories would be equal to the stockpile ohijec-
tive at the fourth year. The amount to be stocked would be
equal to 25 percent in the first year, 50 percent in the second
year, and 85 percent in the third year. However, as the
Brazilian dependence on copper would be increased annually,

the objectives of the stockpile would also change.

Copper that may bhe stockpiled directly by industry, as
well as the material in transit, was not considered in any of
the alternatives. Also the industrial stocks in recent years
have not been covered in this paper, since no information is
available, but such stocks are estimated to be zbout the egquiva-

lent of one month's consumption,

Location

In the analysis of location for a copper stockpile, two
hasiec factors were considered: the location of the actual in-
dustries that use the primary refined copper and the port where
the imported copper is unloaded.

The total number of industries using orimary refined copper

in Brazil is about 110 {Arsky., 1975, p. 1), from which it is
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estimated that 96 percent are located in the State of 5ao
Faulo, B in the State of Rio de Janeiro, and 6 in other states.
On the other hand, it is estimated that about 88 percent of
the copper is consumed by the industries located in S8o Paulo,
9 percent by the industries located in Rio de Janeiro, and

the remaining 3 percent by theose in other states. The total
estimated data were based on statistics of 60 industries using
90 percent of the total primary refined copper consumed in

the country in 1975 {(see Table 24 and Figure 11).

The available data for 1975 alsc show that, for the
industries in the country using primary refined ccpper, only
22 are responsible for 8l percent of the consumpion, 20 of
which are located in the great 5%oc Paulo area and 2 in the
great Rio de Janeiro area.

No confidential statistics for unleoading of commodiiies
at ports are available. It is estimated that in 1975, 70 percent
of the copper delivered to Brazil was unloaded at the port of
santos (State of 53¢ Paule) and 30 percent at the port of
Vitgria (State of Espirito Santo).

From the previous analysis, we conclude that the best
location for storage of the stockpile would be at any place
between the great Saoc Pauleo area {(where most of the copper is
consumed} and the port of Santos (where most of the imported
copper is unloaded). Note that at present all the primary refined

copper consumed in Brazil is imported.
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F ThE PRIMARY REFINED COPPER CONIER

FIG. 11 - LOCATION ©

INDUSTRIES
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Storage

Though copper is produced in numerous forms, sizes, and
weights, most of it may be received for storage in such forms
as electrolytic copper wirebars, cakes, slabs, billets, ingots,
rods, and ingot bars; electrolytic copper cathodes; fire refined
copper ingot bars; and oxygen-free high conductivity (OFHC) wirebars,
billets, and cakes.

Copper may be placed in an open area with the surface of
the type stabilized aggregate or better, capable of maintaining
a load of at least 12 metric tons per sguare meter. It is
shipped loose, wired, or strapped, as required for transpor-
tation.

For our purpose, we are particularly interested in the
storage of electrolytic copper wirebar. This kind of copper
should be block stacked, the bottom tier consisting of 10 hars
fwide side down) crossed by 2 bars as spacers. Subsequent
bars should be stacked as double tiers, 10 bars per tier,
with each set of double tiers crossed by 2 bars as spacers:
each full stack contains 120 bars and is approximately 2 meters
high {see Figure 12).

Residual pieces remalning after a block storage has been
formed should be banded into 1ifts and stored in a separate
stock as part of the same block. This method of storage

permits the taking of an inventory at any time by count and
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FIG. 12 - STORAGE OF WIRE BAR COPPER

TAELE - 25

NECESSARY AREAS FOR STORAGE OF WIRE~BAR COPPER

76

QUANTITY OF COPPER

(in metric tons ) 65,000 100, 000 130, 000
2
AREA USED FOR STORAGE(in m ) 8,580 13,200 17,160
ADITIONAL AREA FOR OTHER USES
. 2
(in m%) 6,006 9,210 12,012
TOTAL AREA (in n?) 14,586 22,440 29,172
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computation. The stored material also has to be identified;

the brand name should be cast or die-stamped on each piecce of
electrolytic wire bar copper. In addition, a 7- by 1l2-cm

copper tag should be attached by a copper wire to the main

aisle stack of each storage row. The tag should be embossed

with information showing name, form of material, storage, lorcation,
number of stacks, and total guantity of the row. One precaution
has to be taken in the storage of copper: hecause of its in-
jurious effect on rubber, copper must not be stored within 7
meters of rubber.

The average area for storage of copper wire bar is approxi-
mately 0.132 sguare meter per metric ton, or 7.58 metric tons
per sgquare meter. This factoer does not include aisles or
other non-storage space for office, scale, etc. The non-
storage space must be approximately 70 percent of the basic
area used for storage. Table 25 zhows dimensions of areas
for stering electrolytic wirebar copper. In Figure 13 a

plan of an area for storage of wirebar copper is presented.

Organizaticon

As we saw at the beginning of this chapter, the main target
of the stockpile would be to protect Brazil from dangerous
and costly dependence upon foreign nations for the supply

of gopper in times of national emergency.
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NOTES:

SIZE AND WEIGHT OF WIRE BAR JOPFER
loverage)

Lenght. L3S0 mm
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weight. 20 Kp
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Capoeity 50,000 metric tons
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We also saw that a copper stockplile would protect Brazil
from a possible recession caused by a copper shortage. Finally,
industries using copper as z raw material would mest directly
benefit by the creaticon of a copper stockpile.

Howewver, we know that the capital and maintenance costs
for a stockpile would be very high. Therefore, creating a
stockpile in a developing country must ke as inexpensive as
possible. This raises the gquestion of who will finance the
stockpile? The government, the users, or bhoth? The most
reasonable answer would be to create a copper stockpile which
would be financed by the government and by the copper-using
industries, since both would benefit.

This creates ancther problem: who will manage the stock-
rile? The private enterprise or the government? Again a
mixed enterprise seems to ke the most applicabkle, for the
sama reasons as above.

The aspects of financing and managing the stockpile
are not within the scope of this paper. This matter regquires
a supplementary analysis. The idea presented is among several
which can be applied to the two main guestions above.

Cur jcob is to determine what the capital and maintenance
costs will be, to get the answer for the main question of this
work: is there, or is there not, an econaomic viability in

creating the stockpile? To evaluate operating costs we have
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to know exactly what the steckpile corganization will do. Some
considerations concerning importers are necessary before we
can define how the stockpile organization will operate.

The Brazilian importers of primary refined coppor may be
arranged in the following groups:

1. Cakhle and wire industries:

Z. Manufacturers, rolling mills, and brass mills;:

3. Commercial firms that import for resale to the
industries grouped in 1 and 2, plus others;

4, Government enterpriscs, and power and telephonic
public service companies. (Copper imported by this
group is sent for processing to industries grouped
in 1 and 2); and

5. Other industries with small copper consumption, not

included above.

From 127,465 metric tons of primary refined copper imported
in 1975, about 48 percent was imported by the first two groups,
37 percent by the third group, 11 percent by the government
and public service companies, and the remainder by others.

The figures in Table 24 show that in 1975 almost B0 percent
of the copper was consumed by 22 industrices, while from Table
26 we can estimate that only about 40 percent of the copper was
actually imported by those industries.

The analysis above indicates the possibility of the creation

of a central copper organization aimed at importing copper and

supplying the Brazilian industries grouped. in 4 and 5.
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BRAZILIAN  IMPORTS® OF PRIMARY REFINED COOPPER BY
SELECTED GROUPS
TYPE / GROUPS 1973 1974 1975
% % %

WIRE BAR 8.0 29.7 84.6
Cable & Wire Industry 34.1 32.2 34.7
Rolled Mills L.B 5.2 1.9
Resale Companies 35.5 22.5 34.7
Government & P.S. Comp. 73 17.0 10.5
Other 2.4 2.8 2.8
OTHER ELECTROLITIC 13.8 16.2 10.7
Cable & Wire Industry 0.0 3.0 1.8
Rolled Mills 5.0 7.6 6.7
Resale Companies 7.6 3.9 1.3
Government & P.S. Comp. 0.1 0.4 0.4
Cther 0-6 1'3 O'S
FIRE REFINED 2.2 4. 4.7
Rolled Mills 0.6 2.0 2.9
Resale Companies 0.4 0.4 0.8
Government & P.S. Comp. 0.6 0.7 0.0
Other 0.5 1.0 1.0
ALL REFIKED 100.0 100.0 100.0
Cable & Wire Industry 34.1 35.2 36.5
Rolled Mills 10.8 14.8 11.5
Resale Companies 43.6 26.7 37.0
Government & P.S. Comp. 8.0 18.1 11.0
Other 3.5 5.2 4.0

* Data relates to authorized imports;percentages differ from figures in
table-7, that is related with received imports.

SOURCE: Banco do Brasil - Carteira de Comercio Exterior {computer output-

several issues).
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Discussiorswith representatives of the copper industry
and Brazilian copper organizationshave led this author to
believe that creating a central organization designed to
acquire copper on the international market for distribution
to consumers would probably be well received by small indus-—
tries and by gorernment and public scrvices copnpor CONSUMETS,
even 1f it is assumed that major industries oprose such an
organization. Therefore such a central copper organization
will be assumed here, and its aim would be to acguire for
distribution to some of the consumer industries, besides its
main functien of acguiring, kecping, and maintaining the copper
stockpile. Figurxe 14 presents an organlization chart for the
suggested Drganizatioﬁ. Such an organization chart provides
a basis for calculating administration and overhead costs. It
may be necessary to modify this suggested organization chart, since
sufficient administrative background is lacking for setting up
a perfect model. EBut even supposing nodification of the plan,
there will be no major problem in the financial analysis, since
overhead and administrative costs arc not very substantial,

compared with the total costs (maintenance plus capital costs).

Financial Resources to Support the Stockpile Organization

The necessary financial rescurces needed to support the

project are the result of capital and maintenance costs.
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{Operating and capital running costs for the organiza-
tion are estimated in the next section. EBased on these costs,
the costs of capital and maintenance, related with a specified
rate of return over the investments for each year of the pro-
ject, will be calculated in the chapter on financial analysis.

As a means of raising financial rescurces to support
capital and maintenance costs, a fee c¢an be charged for all
the copper imported. This fee would be calculated on the
basis of a percentage rate which would be applied over the
value of the imported copper. The percaentage rate for gach
alternative studied will also be described in the financial
analysis chapter.

The application of the above methed justifies previous
statements that the stockpile should bhe financed by the govern-
ment and by copper-consuming industries. As copper continucs
to be imported by the government and mixed and private enter-
prises, these organizations would also finance the stockpile
in proportion te their imports.

Who will provide the investment capital is not discussed
in this paper, but will probably have to be discussed among
the copper—-consuming industries, power and telephone companies,
government, and financial institutions, before a definite
policy on the subject can be reached,

It is important to say that capital investments supporting

a stockpile would generate profits, as computed in the financial
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analysis, since the costs of capital and maintenance would be
financed by the importers. Each one supporting these invest-
ments would have an assured rate of return on its capital at

the end of the preject.

Acguisition and Disposal of Copper by the

Stockpile Organization

The acquisticn of copper, either for the stockpile or
for the consumcr {(cable and wire industries, power and telephcne
companies, government, and others), would be made as the copper
is acquired by the importer enterprises. Various copper
producers in the world have representative offices in Brazil,
where contracts can be made in accordance with the necessities
of the market., This procedure could be maintained.

However, the Brazilian government could get some advantages
from the organization by establishing, for instance, a barter
aystem wherchy the surplus from some products such as ireon
ore, coffee, soybcans, sugar, etc., would be exchanged for
copper when convenient to the country. These negotiations would
be held directly with the governments of copper-producing coun-
tries. This would be a way of alleviating the domestic balance
of payments and at the same time of avoiding disruption in some

sectors of the economy when a surplus ocours.
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Acquisition for the Stockpile

The amounts of copper to be acguired for stocks would
be in accordance with cone of the three alternatives presented
in the section "Stockpile Objectives" in this chapter. How-
ever,the organization would not have to purchase, each year,
the exact amount forecast for that year in the chosen alter-
native. Changes would probably occour for Lwo mailn reasons:

1. As amounts for stocks in the stockpile objectives were
forecast, these figures would have to be revised at the gnd of
each year in agcordance with the actual behavior of the market.
As a result, new forecasts for each following year would have
to be estimated.

2. As copper prices are very unstable, acguisitions for
stocks would have to be made only when prices were equal to,
or below, the forecasted average prices {see Figqure 92).

The acquisition of copper to be stocked would then he
less than the forecasted amount in some years and more in
octhers. In this way., the stocked copper would have an averago
price below the normal preojected price. Disposal of the
stocked copper would be made only if a copper shortage occurred
in the country, cauvsed by disruptions in the internatiecnal

market or late deliveries due to shipping problems.
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Acguisition for the Brazilian Market

The acguisition of copper for the domestic market through
the stockpile organization would be made in accordance with
consumer necessities and Brazilian regulations. These regu-
lations reflect the import harriers and vary from one product
to ancther. In the case of metal copper there are three
specific barriers: approval for imporis, taxes, and previous
deposits.

Requests for importing metal copper are submitted to the
Ministry of Industry and Commerce (MIC), and if approved, they
would then be submitted to the bDepartment of Foreign Trade
{CACEX) in order to obtain the "Impeort Guide.”

There are two kinds of taxes: (1} Import Tax, and (2}
Industrialized Product Tax.

The Import Tax is 15 percent of the CIF price of imported
copper, while the Industrialized Product Tax is 4 percent of
the total of CIF price of imported copper, plus the import tax—-
a total tax of 19.6 percent over the CIF price of the product.

Besides these applied taxes, the importer would deposit,
in the Central Bank of Brazil, the equivalent FOB value in
cruzeiros for a period of 360 days, 1f the copper imported
did not come from the member cocuntries of the Latin American
Free Trade Association {(LAFTA). This money would be returned

to the importer after the indicated period is finished, without
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interest ar monetary correction in favor of the importer. As
the LAFTA countries are unable to supply the whele Brazilian
copper market, some consumers would import, either partially
or totally, its metal copper needs from other nations that are
non members of LAFTA.

In cases of copper imported from other than LAFTA countries,
the product would cost the consumer about 50 percent more than
the FOB price; this percentage is approximately the total of
the actual rate of inflation (36 percent in 1975, and 45 per-
cent in 1976} plus the interest rate (6 percent).

In the suggested organization, it would be easlier for the
copper consumers to acquire the opper necessary for their con-
sumption, since the stockpile organization could get approval
from MIC, and the "Import Guide" from CACEX, for a bulk import
in accordance with consumer and stockpile necessities.

Since one of the organization's aims would be to regqulate
the market, it is assumed that there would not be a previous
deposit over the ocopper imported by the stockpile organization,
whether coming from a LAFTA country or nct. By this methed,
this kind of price differential, which will be discussed further
in the chapter "Advantages and Disadvantages in Creating the

Stockpile," would be avoided.
Appointments were made by the author with government

officials who believe in the possibility of eliminating the
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previous deposit in this case, since the stockpile organiza-
tion's cbjectives would be in accordance with the country's
policy.

The prices to be charged for the copper imported for con-
sumers would have to be defined in accordance with the prices
in the international market. In other words, the prices paid
by the consumer for the purchase of copper would have to be
the same as that paid by the stockpile organization, plus the
costs of transportation, Brazilian taxes, and service fees.
The stockpile organization would not make a profit for this
service.

There would be no importer obligation to buy the copper
it needs through the stockpile organization. Each one could
import directly from the producer, but it would have to pay
the percentage fee on top of the imports aimed to suppert the
stockpile organization,

As stated before, industries with little ceonsumption and
government and public service companies would probably be most
interested in buying through the stockpile organization, since
the price charged would probably be less than the price paid
in the normal way of acguisition. BSome reascns for this are:

~Most of the small companies do not import directly from

producers. The copper bought for them is acguired as
resale from other commercial enterprises who also include

2 profit in their sales.
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-Consumers who import small guantities have to pay a
major unit price, not only for transportation, but
even for the commodity.
~The stockpile organization would probably have bar-
gaining power with copper producers and shipping com-
panies due to bulk purchases, and would conseguently
cbtain a better price.
-No deposit would be required by the importer, whether
or not the copper was purchased from a LAFTA country.
Copper to be purchased by the stockpile organization would
have to be ordered three tb four months before the copper is
actually needed. This periocd coxresponds to the time lag
between the contract date and delivery date. This is a nec-
essary procedure to avold the disposal of copper from stocks.
FPayment for copper purchasces by the consumers would he
made to the stockpile organization, at the same time as the
latter has to pay the foreign seller. In general, the date
of payment is the date of shipment. 2 bill of credit is given
to the seller between the contract date and shipment datea.
Similar procedures could be practiced between domestic con-
sumers and the stockpile organization.
Payment of tax would be made in accordance with Brazilian
regulations. It is conventional to pay after the port has

released the merchandise to the importer.
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Transportation of copper purchased for consumers, from
port to storage, ccould be carried out at the consumers' risk.
Some industries already have their own trucks, or they can be
rented from a transpertation company. There would be no need
to physically enter the storage depot of the stockpile organi-
zation, since the goods would be registered only in its accoun-
ting system.

It is likely that about 50 percent of the copper to be
imported would be made by the stockpile organization. As we
ceaw before, in 1975, less than 40 percent of copper imported
was made by the industries that represent 80 percent of con-
sumplion. fThe remaining inports were made by resale companies
{37 percent); govcrnmént, power and telephone companies (11

percent); and small industries and others (12 percent).

Cost Estimating

Preparation of the scction on stockpile objectives had
three alternatives; and this section on cost estimating is
preparcd in the same way. For each of the alternatives, in
order to differentiate the type of costs, the subject will
be discussed under the fellewing headings: Capital Costs and

Cperating Costs.
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Alternatives first, second, and third should correspond
respectively to a stockpile of 16.66 percent (2 months), 25.0
percent (3 months), and 33.33 percent {4 months) of the Brazilian
annual dependence on primary copper. The total chjective for
any of the alternatives would be reached only after the fourth
year of stockpiling, and then the stockpile would rise in
accordance with the increased dependence on copper for the

country.

Capital Costs

These costs correspond to the acguisition of the gtockpile,
working capital, and fixed investments in the office and storage
dapot.

Costs for the acguisition of the stockpile are based on
the guantities calculated in the section “"Stockpile Objectives"
and on the prices presented in the section”"Forecast Trends in
the Price of Copper.” In Table 27, the acguisition costs of
the stockpile are presented. An increment of $70 was applied
to the basic unitary price for each ton of copper stored; a
cost of 560 was used for transport from the producer country
to the Brazilian port; and a cost of 510 was assumed for
transport from port to storage depot, plus custom fee.

Tax costs were not considered. It was assumed that tax
on copper purchased for the stockpile would be paid only at

the time of disposal. This procedure is possible since it
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is already used for steel, in accordance with Resolution Ho.
2829, of September 1, 1976, from the Customs Policy Council
{CPA).

Working capitals were considered for the following values:

First Alterantive U3 54,000,000
Second Alternative Us $6,000,000
Third Alternative Us SE,000,000

These values scem to ke small when compared with the total
values of the acquisition of the stockpile. However, so much
money is not necessary to runthe organization, since all the
acquisitiocns: apart from those for stockpilerwill be paid in
advance by the interested consumers, as explained in the previcus
section. The working capital would be primarily intended for
a capital contingency.

Investments in office and storage depot reguire a tentative
approach to compute the capital required for the stockpile or-
ganization, as shown in Table 28. The summary for capital
costs in items ¢ and D are detailed in Appendix A, Tabhles ALl

and A.Z.

Operating Costs

These costs include labor, material used, asset value con-
sumed, insurance, and appropriate overhead cozts caused by the

pperation design. These costs were estimated by the author,
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based on personal requirements applied to the structure of the
organization. Data were collected from private and public
enterprises, and the summary for operation costs in the first
year of operation is presented below, in Table 29,

Table 29

Summary of Operating Costs

Labor U.5. 5323,400 (A}
Fringe Benefits (50% of Al 161,700
Maintenance {50% of A) 161,700
Total G646, 800

From years 2 to 12, it was assumed that fixed costs would
be increased by 10 percent annually, in order to offset inflatio
increment in salaries, and increase in the expenses of office
materials, insurance, and even personal needs, since work in
the organization would be increased yearly. Overhead and ad-
ministrative costs for the first year of operation are detailed
in Appendix A (Table A~3}. Fringe henefits were assumed to be

50 percent of salaries normally applicable in Brazil.

Depreciation, Amortization, and Salvage Value

Depreciation and amortization were calculated by using
a straight-line method and periods, in accordance with the
Brazilian regulations, as shown in Table 30.

Salvage values for office property and storage depot

acquisitions werc considered equal to the book value at the



TABLE - 30

DEPRECIATION (D), AMORTIZATION {A), AND SALVAGE VALUE

(for all 3 alternatives)

TR (D) OR | % for |YEARLY(D)OR{Y)

(&) |mor @} Gn ts?)

A) Storage Depot Acquisition - - -
B} Office Property Acquisition D 2.0 4,000
C) Office Utilities D 10.0 3,500
D) Storage Depot Utilities D 10.0 4,000
E) Automobiles * D 20.0 3,000
F) SUB-TOTAL - - 14,500
G) Storage Depot Facilities A 10.0 3,000
H) Engineering A 10.0 500
1) Design & Consulting Fees A 10.0 500
J) Administration & Overhead A 10.0 2,500
TOTAL 21,000

* New acquisition of automobiles will be made in year 1982.

SALVAGE VALUE {in USY) 15t AT, 2nd ApT, 379 ALT.
Office Property Acquision 160,000 160,000 160,000
Storage Depot Acquisition 140,000 210,000 280,000

TOTAL 300,000 370,000 440,000
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end of stockpile operations. Note that no depreciation was
applied for storage depot acgulsition.

Finally, it was assumed that all the copper stocked during
the operational years of the stockpile would be sold at the
end of operations, for the forecasted market price, plus  the

cost of transportation and custom fees (US 52,157 for 1988).



FINANCIAL ANALYSIS

The first objective of this analysis is to determine if
a copper stockpile could be created in this country without
increasing the copper acguisition price by the copper consumers,
or, if the price increase exists, how much it would be,

To obtain these results, two studies were made. 'The first
one was a tentative approach in defining what percentage, over
the forecasted values of imported copper to Brazil, would gen-
erate the necessary income to offset the costs of maintenance
and money invested Iin the stockpile; & sensitivity analysis
using the Discounted Cash Flow Rate of Return (DCFROR} tech-
nique was used in this study. The second one is an analysis
of the prices paid by the copper importers, as compared Lo

prices in the international market.

Sensitivity Analysis

Before defining the percentage which would gensrate the
necessary income to offset the costs of money and maintenance
mentioned earlier, we had to determine the different rates of
return which would he obtained from several cash—flow statements
prepared for each of the alternatives and hypotheses, as indi-

cated below:

99
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1 - Three alternatives were studied, each with an egquiva-
lent stockpile obijective of 2, 3, and 4 months consumption,
as described in the chapter "Creation of the Stockpile.”

2 - An ll-year project was used as a hypothesis (see
Figure 15). During the first 10 years the organization would
have an income in accordance with that described in the chapter
"Creaticn of the Stockpile." Based on the assumed value of
the Brazilian dependence on foreign copper supply, four dif-
ferent percentages {1.5, 2.0, 2.5, and 3.0 percent) wecre applied
to these values and were taken as income to cover the maintenance
and capital costs during the organization's life span. In the
elaventh ycar,.the stockpile organization would be dissolved
and revenue would be received from the copper stocked at that
time.

i - Two kinds of cash flow were calculated for each
analysis; one of them in accordance with the Brazilian tax
regulations and the other one with no income tax attached.

The cash flows ocnsidered in the present analysis are included
in Appendix B.

4 - As a parameter to evaluate the resultsof the sensitivity
analysis, a l0-percent rate of return was used, since the
interest rate charged by the financial institutions is about

8 percent on outstanding balances.
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Discounted Cash Flow Rate of Return (DCFROR) is a gquan-
titative technique that incorporates the time value of money
and was used as one of the best methods for the economic eval-
uatiop of projects. Stermole (1%74, p. 187) defines DCFROR as
"the Rate of Return that makes the present worth of cash flow
for an investment (including after-tax salvage value) egual
to the present worth of all after-tax investments."

Tables B-1 to B-12 in the Appendix show the calculations
of cash flow and the DCFROR for all the alternatives and hypo-
thesis as indicated in itmes, 1, 2, and 3 above.

The basic equation used to compute the DCFROR was

K K

I COF (1+i) ™ = I CIF {1+i) (1)
n=90 n=1
where:
COF = Annual Cash Outflows
CIF = Annual Cash Inflows
n = Project life year

i = Rate of Return
The Rate of Return (i) was computed for each of the 24
cash-flow calculations presented in Tables B-1 to B-12. Each
DCFROR was calculated with the help of an HP-80 desk calculator,
by replacing in eguation (1) and using +<rial and error and inter-—
polation. The Rate of Return results are summarized in Table 31

and are plotted in Figure 16.
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To illustrate the calculation of the DCFROR in the analyzed
projects, an example for the alternative of a 3-month stock-
pile is presented below, when inocome eguals 2.5 percant over
the wvalue of dependence on foreign copper supply (heresafter
expressed as VCubD). The data come from the section "Cost Esti-

mating” in the "creation of the Stockpile” chapter.

Year 1 - 1978 {in U =000)
1. Income (2.5% of vCub) 7,229 (from tabhles 23, 27}
2. Operating Costs (647} {from tablc 29)
3. Gross Earnings 6,582 (1- 2)
4. Depreciation {21) (from table 30}
5. Taxable Incons 6,561 (3- 4)
6. Incocme ‘Tax {1,968) (30% of Taxable
income}
7. Net profit after tax 4,593 {(5- 6}
8. Depreciation 2} (from table 30}
9. Balance 4,614 {7+8)
10. Capitalized Investment {18,161} (from table 27}
l1. Het Cash Flow {13,547} (3-10)

The Net Cash Flow for years 2 to 10 was calculated in the
same way. For year 11, instead of an incoma, there is a revenue
equivalent to the sale of the stocked copper during the first 10
years., In this example, the calculated DCFROR cgualled 9.25

percent (see Table B.7).
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The curves of Figure 16 (a) show us that, for a two-month
stockpile chijective, the costs of maintenance are eguivalent
to about 1.8 percent owver the VCul, when income tax is normal,
and about 1.3 percent with no income tax. From tables B-3 and
B-4, it is estimated that the capitalized investments after the
4th year of the project could be cffset by net profits, if
the income is about 2.8 percent of VCuD when income tax is
normal. The DCFROR for this case is about 15.8 percent.

For a threc-month stockpile objective, the curves in
Figure 1l6(b) give the following results: with income tax,
the capital and maintenance costs are about 2.7 percent of
VCuD: without income tax, this percentage would be decreascd
to 1.9 percont. From Tables B-7 and B-8, it is estimated that
the capitalized investment could be offset by net profits after
the 4th year of the project, if income is about 2.8 percent
of VCuD without income tax. The DCFROR for this case is about
15 percent.

The curves of Figqure 16(c) show us that, for a four-month
stockpile objective, the capital and maintcance cogts arce cqgui-
valent to about 3.5 percent of VCull when income tax is normal,

and 2.4 percent without income tax.

Price Comparison

The study of prices of copper imported to Brazil show

us that the average price paid is higher than that in the
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international market. This znalysis was based on the calcu-
lated average price of wire bar copper imported to Brazil durino
the period 1971-1975, with the average LME settlement price.

Howewvor, as Brazilian statistics use the date of impor-
tation as the day on which the product is released at port,
instead of the sales contract day, we have to consider this
time lag im our comparison. According to Arsky (1975, p. 6},
the period hetween the sales contract day and the release
date is about 3 to 4 monthe. In our analysis, we assume 3
months; therefore the LME yearly average price iz given from
October of the previous year te September of the compared year.

The figures in Takle 30 show that, during the period
analyzed, the copper price paid by Brazilian importers was
consistently higher than that of the LME, with a varying dif-
ference of between 1 and 13 percent; the average for the
period was about 4.5 percent. 1373 had the highest difference,
probakbly occurring bLecause of the intense buying during months
when prices were highest. This means that, if better control
on foreign copper acquisition was applied, the difference
should be eliminated.

From Table 31 and Figure l6, we see that the percentage

over V(CuD necessary to pay costs of capital and maintenance
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for a stockpile varied between 1.3 and 3.5 percent, depending
on the hypothesis and alternatives used. Comparing these
figures with the average pcrcentage differential (4.5 percent)
between the total value of imported copper and the corres-
ponding market value (Table 32}, we see that the former was
lower in all hypotheses and alternatives used.

From this financial analysis we can conclude that, if
an organization designed to control the Brazilian copper sapply
had the opportunity to buy copper in the international market,
with an average price similar to the LME prices, a stockpile
could be maintained by that organization without affecting
the copper industry's operating costs. Naturally, the prices
paid by the consumers would be increased by a percentage rate
intended as income to maintain the stockpile, but would be
lower than the price increase percentage that occurred in the
period analyzed. Consequently, the prices paid by the con-
sumer would alsc be lower than the prices obtaining if the

status gue continued.
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ADVANTACES AND DISADVANTACGES

IN CREATING A COPPER STOCKFPILE

Previous analyses, used as a basis for the topics in this
chapter, were considered as advantages or disadvantages of
creating a copper stockpile. Only the more important aspects
are shown, though others exist but are neot taken into aceount
at the level of this work. Short explanations are given for
each topic; nevertheless, most cases may deserve more analysis,

which are not within the scope of this study.

Insurance of a Domestic Copper Supply Stability - In the

event of the flow of copper being cut off from countries that
would normally supply the Brazilian market, an alternative
source of supply would be necessary. At present, therec is no
available information for copper stocks within the industries.
However, it is estimated that these stocks are, on average,
about one month's consumption. Due to small quantities of
stocked copper, 1if a shortage of supply should cccur nowadays,
it would be reflected by the closing of production lines in
industries using copper as raw material. The conseguences

would also be felt by the copper consumer sectors  such as:

110



T-~2156 111

-Cable and wire industries (products used in electri-
cal transmission, and as winding in electrical arma-
tures, stators, rotors, transformers, and all the
telecommunication and electronic instruments):

-Building and construction (products used as water-
ripes, faucets, other sanitary fittings, locks and
decorative ware);

—~Transport (products uszed for motor vehicles, ship
propellors, railway engines and rolling stock,
engine parts and fittings, bikes, airecraft, and
others); and

~General engineering {(products used mainly as alloy
form in industrial valwves, pumps, heat exchangers,
and condenser tubes and machine tools}.

Other sectors not shown above, such as military, coinage,
etc., would also be affected. As copper is used in almost all
industrial activities, they would alsc he affected, at some
time, to a gertain degree.

Unfortunately, there are no available data in Brazil
that permit the analysis of the impact of a copper shortage
on the economy as a whole. However, we can assume that the
Brarilian economy would be highly affected if a copper
shortage should occur for a pericd of more than one month,

without having an alternative source of supply. A copper
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stockpile would avoid this kind of disruption at least for a

period eguivalent to that of the stockpile objective.

More Trade Bargaining With Copper Producing Countries -

As stated in a previous chapter, the stockpile organization
would have the opportunity of buying copper for its stockpile
objective and also of supplying small and medium consumer in-
dustries, power and telephone enterprises, and the government.
Large guantities would probably be hought at an adyantageous
purchase price and method of payment. WNaturally. a stockpile
organization would have a better opportunity of ncgotiating
better contracts than a single consumer. Also, assuming that
the organization would be guaranteed by the government, prefer-
ential treatment would probably be provided by foreign
gellers, such as special method of payment, for exXample.

Another important aspect is that of increasing exchange
trade hetween Brazil and countries with whom there is little
trade, or even none at all. Copper-producing countries such
as Papua, New Guinea, and Philippines are examples of countries
with very little exchange trade with Brazil.

Besides a normal increase in exchange trade, there is also
the possibility of the government creating a barter program with
some copper-producing countries. This program would be aimed
at exchange of surplus Brazilian products and the foreign
countries' copper surplus. A program such as this seems to

be advantageous to both sides.
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Lower Cost of Transportation - The number of shipments of

primary refined copper to Brazil has becn very high in the last
few years. Data for 1975 show that primary refined copper was
imported by 73 different enterprises, with a shipment freguency
equal to 1,122. This situation has resulted in high cost of
transportation. However, it is logical that unit prices charged
for large quantities are lower than those for small ones. Con-
sequently, the cost of transportationper unit delivered to the
gtockpile weould probably be lower.

It is still expected that the time lag between contract
and delivery date will decrease, as transportation companies
are more interested in delivering bulk guantities than
in delivering small guantities.

Also, there is more opportunity for using Brazilian ships
when transportation is only for a few buyers than when it is
for many; establishment of schedules and contracts would also
be easier.

As in the analysis for transportation costs, so with
insurance costs: large guantities result in lower unit prices

than small guantities.

Elimination of a Differentiated Price [or Copper Among

Brazilian Copper Consuming Industries - The differential price

paid by Brazilian copper-consuming industries is caused mainly
by the bargaining advantage large industries have over smaller

ones. Generally, the large industries are in a stronger
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position to get a better price. In general, purchases for
large industries are made directly from producers, while

small industries purchase copper through intermedliate resale
companies. As the intermediate resale companies have to make
a profit, the small industries conseguently have to pay a
higher price. Alsg, some intermediate resale companies do not
buy in large gquantities, leaving them at a disadvantage when
compared with large consumers. Transportation and insurance
per unit are also higher for smaller guantities than for bulk;
here again small importers are at a disadvantage.

Another cause of price differentiation is related to
Brazilian irport barriers. s stated bhefore, 1f the commodiiy
is imported from a member country of the Latin aAmerican Free
Trade Association [(LAFTA), no deposit need be made. However,
when capper is imported from cother than a LAFTA member country,
the deposit of 100 percent over the FOB value of the commodity
is applied. It means an incremsnt of about 50 percent over
the commodity costs, represented by the costs of the immebilized
capital {interest rate + inflation}. As the LAFTA countries
cannot supply the whole Brazilian market, large consumers
have more copportunity to negotiate contracts with these coun-
tries than small! companies.

The discussed price differentiation is reflected in the

operational costs of small and medium sized industries; and,
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as a conseguence, their final products are more expensive,
leaving these industries at a disadvantage to the large ones.
Assuming that the stockpile organization would acquire
copper for small and medium sized industries, and that they
would not be charged a deposit, no matter when the copper’s

origin, this kind of price differentiation could be avolded.

Decreasing of an Oligopoly Trend in the Copper Industry -

The existence of the price differcentiation above may cause some
industries to go out of business. However, with the elimination
of the price differentiation, the oligopoly trend would also

decreasc.

Better Control of Copper Imports by the Brazilian Govern-

ment -~ At present, all imperted copper is government controlled.
If the number of importers is decreased, control hecomes casier,
and consequently the bureacracy would be alleviated. We believe
that, with the stockpile organization, the frequency of imports

would be decreased by abgut 5 to 10 times less than in 1975.

Decreasing or Even Elimination of an Existing Activity -

As was scen hefore, some business enterprises buy copper in the
international market for resale to the Brazilian market. With
the creation of the stockpile organization, as suggested,
activities of resale enterprises would be decreased or oven

eliminated. This would cause change in the activities of
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these enterprises, or eliminate them. However, this disadvantage
would be compensated by the elimination of the price differen-

tiation, which has already been discussed.

Lack of Know-How in Creating the New Organization - & stock-

pile organization has some peculiar characteristics, unfamiliar
with other types of organizations. Among the wunfamiliar aspects
may be purchase system, stockpile objectives, and control and
disposal of the stockpile. These aspects, which have already
been analyzed, reguirc excellent administration by the organi-
zation to ensure success.

We helieve that good technical support for purchasing
would be achieved by the accumulated experience of large im-
porters. 2lso, two big Brazilian enterprises could give support
to international trade: the Brazilian Company of Staples and
Business {COBEC) and PETROBRAS-International Business (INTERBRAS).
These two companies are mixed enterprises aimed at improving
the exchange trade between Brazlil and foreign countries.

It iz clear that the success of the organization depends
on the ability of copper experts to detect the best moments
for purchase for, or disposal from, the copper stockpile,
which is a difficult task due to the great irregularity in

the copper market.
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Highly Expcnsive Investment - The creation of a copper

stockpile would require large investment, as analyzed in the
previgus chapter., As an example, a copper stockpile with a
three-month objective would need a total investment of about

585 million during its first four vears of operation {pericd

for stockpile ohjective to be reached). That amount of invest-
ment may be considered as highly expensive for adeveloping coun-
try. whers money is scarce and must be applied in so many
sectors. However, besides the advantages already discussed,

the stockpile crganization analyzed here was proved to be

economically viable, despite its high capital costs.

Applicaticn of a Wew Fee for Copper Importers - At first

glance, an extra feec, besides the noermal taxes, seems to be an
excessive charge for importers. However, we have to consider
that, with the creation of the stockpile organization, it is
assumed that no previcus deposit would be applied on copper
importers, ne matter what their origin, which would compensate,

by far, for the applied lce.
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CONCLUSTIONS

Copper must be considered as a critical commedity for
Erazilian economic development. Its consumption is expected
to increase during the next few years by about 12 percent
annually. We can forecast a consumption of copper and alloys
of about 550 thousand metric tons by 1085. Domestic production
is expected to supply about 45 percent of the market after 1980,
from which 15 percent would be as primary refined copper and
30 percent as secondary recovery; dependence on foreign supply
may be about 55 percent. The possibility of self-sufficiency
is considered remote, at least in the short or medium term.

No major copper-supply problems or disruptions are fore-
cast for the next few years; however, short disruptions pro-
bably will cccur, which suggest that the country should take
measures to ensure its copper supply. One of the best measures
is to create a copper stockpile.

Econcmic analysis shows us that a copper stockpile may
be created in Brazil and will be economically wviable, assuming
that income to offset capital and maintenance costs would be

gencrated from fees charged on the value of imported copper.

118
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To get a l0-percent discounted cash flow rate of return
{DCFROR} on the investment for a project with an ll-year life
span, the following percentage fees would have to be charged
on the value of imported copper (considered in the work as

the forecasted value of dependence on foreign copper supply-

vCouD) .

Stockpile Objective Fee{:) to be Charged Over VCuD
For normal Without income tax
income tax

2 months 1.8 1.3

3 months 2.7 1.9

4 months 3.5 2.4

For a 2-month stockpile objective, capitalized investment
after the fourth year of operation of the project may be sup-
plied by profits, since the fee charged over VCuD is equal to,
or more than, 2.8 percent. The generated DCFROR would be 15.8
percent for this hypothesis.

If no income tax is charged by the government, capitalized
investment after the fourth year of operation of the project
may be supplied by profits if the fee charged is egual to, or
more than, 2.0 percent over the VCuD for a two-month stockpile
objective and if the fee charged is egqual to, or more than,

2.8 percent over the VCuD for a three-month stockpile objec-
tive. The DCFROR would be, respectively, 15.8 and 15.0 percent

for projects with the fees mentioned in this hypothesis.
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From the sensitivity analysis we can conclude that the
lower the stockpile is, the lower will also be the percentage
fee to be charged over the VCuD, which means that, if guantities
forecast for yearly stockpile are over-estimated, generated
DCFROR will be more than calculated.

We can also conclude that DCFROR is more sensitive to
changesin the fee charged on VeuD when given the alternative
of a two-month stockpile chijesctive than a three-month stock-
pile objective; in the same way & 3-month stockpile objective
is more sensitive than & 4-month stockpile cbjective.

Brazil has been paying more than the international market
price for copper. The average differential price for the period
1971-1975 was ahout 4.5 percent, and for 1975 it was 3.4 percent.
The percentage fee to be charged, necessary to offset the
capital and maintenance costs of the stockplle organization,
will be, in any of the alternatives and hypothesis analyzed,
less than the average percentage ©f the differential price
mentioned above.

There are some advantages and disadvantages in creating
a copper stockpile. The most iwmportant advantage would be the
insurance of a domestic copper supply stability if the flow of
copper is cut off from countries that would normally supply
the Brazilian market. Other advantages would be more trade

bargaining with copper-producing countries; the possibility
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of lower transportation and insurance costs on copper pur-
chased abroad; and the elimination of a differentiated price
for copper-consumer industries,

Some disadvantages may be the necessity of large invest-
ment; the application of an extra fee for copper importers;
decreasing or even eliminating a business activity (copper
resale enterprises); and lack of know-how in creating the new
organization.

Opportunity costs for the creation of a copper stockpile
is an aspect which deserves further study. The Brazilian eco-
nomy may require capital investments in other, perhaps more
important projects, for the economy as a whole, than the creation

of 2 copper stockpile.
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TABLE - A.1
OFFICE UTILITIES AND FACILITIES
ITEMS QUANTITIES COST IN USS
Tables 33 3,960
Chairs 15 3,600
Type writers 10 7,000
Filling - Cabinets 10 1,000
Bookcases 10 1,200
Living Room Furniures 1 3,500
Telephone System - 6,500
Miscelaneous - 5,000
SUB-TOTAL 31,760
Contingency 3,240
TOTAL 35,000
TABLE - A.2
STORAGE DEPOT UTILITIES AND FACILITIES
ITEMS QUANTITIES COST IN Us:
Scale for 30 tons 1 7,000
Scale for 2 tons 1 1,800
Pile Driver 2 24,000
Miscelaneous - 3,500
SUB-TOTAL 36,300
Contingency 32700

TOTAL 40,000
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TABIE -~ A.3
OPERATING AND OVERHEAD COSTS
DESCRIPTION NUMBER ANNUAL SALARY
(in Us$)
President 1 36.000
Vice-President l 30.000
Technical Assistants 2 48,000
Director of Foreign Operations h 1% 200
Director of Domestic Operations 1 14,500
Financial Director 1 14 400
Administrative Director 1 1% 500
Executive Secretary 1 T .200
Secretaries 4 16,800
Purchase Manager 1 6.000
Exchange Manager 1 6,000
Sale Manager 1 6,000
Storage Manager 1 6.000
Accouting Manager 1 12,000
Treasury Manasger 1 6,000
Personnel Manager 1 6.000
General Service Manager 1 4 .800
Clerks 16 57 .600
Drivers 3 9.000
Labourers y 7.200
Office Boy 1 1.200
TOTAL LABOUR COSTS 45 (8) 323.400
FRINGE BENEFITS (50% A) 161,700
MAINTENANCE (50% A) 161.700
TOTAL 646.800
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