5. Pre-marketing Activities

In industrial pfojects, it is extremely difficult
to attain a balance between marketing and full production
capacity of the plant simultaneously with the completion
of plant construction except in cases where the consumer
market 1is already established, either by imports or by other
producers already in operation. On the other hand, fixed
costs as a share of total production costs are fixed, ir-
respective of the volume of sales. Accordingly, the smaller
the production, the larger the unit cost and lower the
profitability of the project is. It is necessary to take
measures to ensure the market simultaneously with construc-
tion of the plant.

For example, in the case of fertilizer, it is
necessary to expand the market with measures such as set-
ting-up demonstration farms using imported fertilizers of
the same kind, etc. In the case of vinyl chloride it is
desirable to construct processing plants and to promote the
sales of products, The costs of these pre-marketing acti-~
vities should be reflected in the project cost, depending
on the form in which théy are financed, i.e., if they are
cévefed by the project cost itself or if they are done
under the responsibility of the distributing agent.

6. Financial Arrangements for Projects

The economic feasibility of a project is evaluat-
ed in terms of the IRR, which measures the cash generating
power of a project itself. However, when the project is
undertaken by a private enterprise, it is very important
to evaluate the return with respect to the equity and the
cash balance during the project life. The conditions of
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the loan to be used in the project are the most important
factor in detailed viability analysis regarding this aspect.
Tt is necessary, therefore, to carry out further detailed

analysis for each individual project.

7. Cost Inflation and Finished Product Price Inflation

The inflation related to the selling price of
the finished products and the inflation of raw materials
are neglected in the economical evaluation carried out here.
Generally speaking, inflation has an effect on both selling
prices and raw material prices. It has no influence on
capital and debt, however. As a consequence, the IRR is

improved when inflation exists.

In terms of profitability of the product, however,
it is presumed that a more correct evaluation is possible
by making a comparison neglecting the escalation, Accord-
ingly, calculations are carried out by fixing prices at
1981 money values. Attention should be paid to the fact
that the influence of this escalation cannot be neglected
when carrying out detailed analysis of the cash flow of the

project, however.
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V. Recommendations for Detailed Feasibility Study
1. General

As discussed in the foregoing, the important
factors for determination of the feasibility of each project
are the investment required to construct the plant, deter-
mination of the source and price of raw material supply and
the marketable quantity and price of the products. Accord-
ingly, in the detailed feasibility study it will be neces-
sary to carry out a survey on the status quo of these
factors both in Paraguay and neighbouring countries, to
analyze the collected data and information and to evaluate
the feasibility'of the projects. The contents of the sur-
vey to be carried out in the detailed feasibility studies
for each project are outlined in the following sections.

2. Feasibility Study for Fertilizer Project
2-1 Market Survey

The current fertilizer consumption scale in Para-
guay is small and does not justify the construction of a
plant of economical scale. However, in many countries the
stable and economical supply of fertilizer became possible
thanks to the start-up of domestic production. Furthermore,
the domestic production of fertilizers often triggers a
rapid increase in the consumption, which reguires an ex-
pansion in the production capacity of the plant, which in
turn brings a reduction 'in the cost of the product and
further expansion of demand. The survey on the aforesaid
potential market should cover the following:
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(1) Forecast of current and future planting acreage in

Paraguay by type of crop and region.

(2) Survey of yield improvement potential of arable land
in the various regions through the use of nitrogenous

and phosphatic fertilizers.

(3} Survey of current and future farmers' sales price for

crops.

(4) Estimation of farmer's gate price for fertilizers pro-
duced domestically (ex~factory price is determined
through feedback of the market scale to the estimation
of plant construction costs and raw materials costs).

{5) Determination of optimum fertilizer dosage per area
and per crop. The estimation is determined by com-
paring fertilizer input cost and yield improvement

output value,

(6) Determination of measures required to expand the

market,

2-2 Raw Materials Survey

It will be necessary to confirm the following
items related to the raw materials for fertilizer produc-
tion.

~ Nitrogenous fertilizers: Confirmation of the available
quantities and prices of hydrocarbon for evaluation
of the alternative process of water electrolysis adopt-
ed in this study.
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-~ Phosphoric fertilizers: Confirmation of the location
of supply sources and prices (factory gate) of phos-
phate rock, silica, coke or serpentinite, which are
the main raw materials. With regard to phosphate
rock, the study should be done on the premise that
mainly rock produced in the State of Sao Paulo, Brazil
is to be used. The execution of simultaneous investi-
gation of domestic resources may bhe taken into con-
sideration, however, for the time being we consider
it best to set forth on the project assuming the import
of rock phosphate (from Brazil, Plorida or Morocco} in
view of the restrictions related to available time.
Domestic supply should be considered as future poten-
tial.

Survey Items
{1) Rock phosphate, silica, serpentinite

1) When there is commercial production
(Imports from Brazil, etc.)

a. Confirmation of supply sources and prices.

b. Selection of optimum means of transportation
per supply source and estimation of transpor-
tation costs,

2) Wwhen there is no commercial production

a. Confirmation of existence of deposits by means

of boring, etc.-

b. Estimation of exploitation process and pro-

duction costs.

¢. Selection of means of transportation and rele-

vant costs.
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With regard to determination of the transportation
cost and means of transportation, it is necessary to select
the optimum alternative taking into consideration the plant

site selected.

(2) Coke

It is recommended that coke be imported from

Brazil or Argentina because there are large scale steel-
making industries in these countries. However, it is neces-
sary to study the possibility of developing domestic sources
of carbon because the coking of residual oil may become
justifiable as a consequence of changes in the demand and
supply structure for petroleum derivatives in Paraguay and
in such a case there is a possibility of obtaining coke at

economical prices.,

2-3 Plant Site Selection

Considerable differences affect the investment
required for construction of production facilities of
chemical industries depending on the plant site. 1In other
words, there is a considerable influence of factors such
as availability of access routes for transportation of raw
materials and products (including roads, railways, and
jettys), the necessity for facilities to obtain utilities
(electricity, industrial water, etc.), the necessity for
auxiliary facilities such as dwellings for plant workers,
hospitals, etc. On the other hand, operating costs such
as acquisition of raw materials, transportation of pro~
ducts, discarding of waste, etc., are influenced by the
location of the plant, source of raw materials and location
of consumption centers.
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Accordingly, it is necessary to select several
alternative sites and analyze the following points concern-
ing each of them,

(1} Soil Conditions

The plant site should have sufficient load bear-
ing capacity. No additional cost should be required for
ground improvement, pilings, etc., for construction of the
foundations (buildings and equipment)}. Preliminary dril-
ling should be carried at the plant site.

(2) Availability of Transportation Facilities

It is necessary to use transport means such as
ships, freight cars, trucks, etc., for transportation of
the raw materials, products, construction materials, etc.
Accordingly, it is necessary to verify if it is necessary
to construct new jettys, unloading facilities, etec., at
the selected plant site and the required costs in case such
are necessary. In case construction of railway sidings and
branch roads from trunk roads are necessary a comparative
study of required investment should be done.

-(3) Availability of Utilities

Electricity and industrial water are utilities
indispensable for chemical plants. Facilities for their
supply may require considerable cost depending on the
location of the plant site. Accordingly, it is necessary
to confirm the availability of transmission lines, availa-
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bility industrial water and the costs required to consturct

relevant facilities.

(4} Environmental Survey and Environmental Management Cost

If the plant construction site is selected near
urban areas with convenient access, it may be necessary to
consider measures to reduce plant noise levels, the control
of raw materials and industrial wastes and the required
costs. Accordingly, it is a survey of conditions prevail-
ing around the plant site is required to assess quantita-
tively their influence on the project.

(5) Survey of the Infrastructure

Transportation costs can be reduced if the plant
site is selected close to source of raw materials (rock
phosphate and other minerals). 1In such a case, however,
facilities for the livelihood of the personnel required to
operate the plant may not be available. Such being the
case, it may be necessary to construct not only dwelling
for the workers, but other facilities such as schools,
hospitals, garages, etc., which require additional invest-
ment. This means an increase in costs. If conditions for
the betterment of the livelihood of the workers are not
available, it may be necessary to make considerable exXpendi-
ture to hire manpower of high guality. Therefore, it is
necessary to study carefully these aspects to select the
plant site.
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2-4 Technical Studies (Conceptual Design)

The determine the feasibility of the project it
is necessary to decide the scale of the production facili-
ties, the facilities required to receive and store raw
materials, basic design of the production facilities, design
of the utility facilities, the facilities for processing
exhaust gas, waste water and waste materials, the repair
shop for maintenance of the plant, design of laboratories,
offices, etc., required for operation of the plant, etc.,
based on information and data obtained from the survey
described in sections 2-1 to 2-3 of this report. These
decisions, design and planning are required prior to esti-
mation of the investment and period of construction required
for the plant. The required raw materials, secondary
materials, utilities and manpower can be determined as a
result of the aforesaid design. Making it possible as a
consequence to decide the data required for estimation of
the production cost.

2-5 Financial and Economic Viability Study

All results of the investigations described in
sections 2-1 to 2-4 of this report are converted into mone-
tary terms and at the same time the taxation and financial
system of Paraguay, conditions of the investors, purchase
of raw materials, demand for marketing funds for the pro-
ducts, ete., are scrutinized in order to carry out finan-
cial analysis of the project. The contents of the analysis
are the same as the Appendix, but sufficient reliability
is ensured with regard to the results, thanks to final ac-

curate input data.
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3. PFeasibility Study for Electrolysis Plant

Feasibility studies for the fertilizer project and
this project should have the same contents except for the
market survey and raw material survey. Accordingly, only

these two items are described here.

3-1 Market Survey

The scale of the electrolysis plant covered by
this report is determined by adding a bleaching powder plant
of minimum scale to the scale of the plant responsible for
supply of the chlorine required to produce polyvinyl chlo-
ride described in the above secticn. On a long-term basis,
the bleaching powder produced by this plant can be used in
various kinds of products in addition to consumption in
paper & pulp plants. There is possibility of demand in
other applications in additon to export to the alumina
plant planned this time and use for sterilization of pota-
ble water, depending on the results of the potential market
survey. In such a case it will be possible to expand the
scale and improve profitability,

(1) Caustic Soda
The demand for caustic soda is estimated by analyz-
ing the status quo and forecasting future trends for the

industries listed below to determine their production and
demands. |
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1} Pulp & Paper

2) Soap

3) Glass

4) Water processing, oil refining and others.

(2) Derivatives of chlorine (calcium hypochlorite)

1} Pulp industry
2) Cotton spinning
3) water sterilization

3-2 Raw Material Survey (Rock Salt)
" {1) Exploitation of Domestic Sources of Brine

It is necessary to confirm brine source currently
being exploited in the Lambre area and to estimate exploi-
tation and transportation costs.

(2} Import of Rock Salt

According to statistical data of the United Nations
in 1979, the annual production of salt is of the order of
1 million ton in Argentine, 2.8 million tons in Brazil and
600 thousand tons in Chile, We presume that feasibility
of the project at the present time can be determined by
estimating the means for importing and transporting salt

from these sources and the relevant costs,
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4, Feasibility Study for Poly Vinyl Chloride Project

A detailed feasibility study for this project can
be carried out by the same method as the fertilizer project.
The following idea should be adopted in the market survey

and raw material survey, however.

4-1 Market Survey

Plastics (such as vinyl chloride) have many appli-
cations as building, packing and agricultural materials,
miscellaneous goods, etc., and it is very difficult to
forecast the demand by focusing on specific applications,
The method described below is often used to estimate demand,
however. In the first place, the relationship between vinyl
chloride demand and demand for alternative materials such
as polyethylene, etc., and the evolution of the GNP and
industries related to these materials is determined in
countries with peculiarities similar to Paraguay. In ad-
dition, demand is forecast taking into consideration the
influence of other factors such as price, etc., in addition
to the GNP, The demand in Paraguay is forecast taking into
consideration competition with products imported from
foreign countries, based on factors like development of
domestic industry, future trends in production cost, etc,

4-2 Raw Materials Survey
The raw materials for production of vinyl chloride
are limestone, carbon and rock salt. The existence of

limestone has been confirmed in various places in Paraguay
and exploitation and transportation costs are estimated by
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setting optimum exploitation sites corresponding to each
possible plant site.

Discussion of carbon (coke) and rock salt is omit-
ted here because they are the same as the cases of the
fertilizer project and the electrolysis project.

5. Typical Study Program

Details such as depth, required personnel, etc.,
of the study program depend on whethexr the study is carried
out on the premise that the decisions related to investment
are to be made based on the number of plant sites, quality
and guantity of data related to the supply of raw materials,
quality and quantity of data required for market study,
number of plants covered by the project, number of products
and the results of the study itself (in this case there is
a clear idea of investors and financial arrangements),
whether applications are to be sent to potential investors,
etc., but the study program should be as follows, in order
to make it comprehensive enough to allow for investment
decisions.

(1) Pre-conditions

1) With regard to mineral resources, data reguired
for estimation of deposits are available

2) The plant sites are restricted to several places.
3) Basic data required for market study, demographic

trends, economic indexes, status quo and future

trends for key industries.
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(2)

4) Soil and meteorological data, water resource data,
etc. related to the plant sites are available, at

least at minimum level.

5) Minimum data related to the costs of facilities
for transportation of commodities related to Para-

guay and neighbouring countries are available.

Experts to be Involved (Preliminary.Typical)

Function Number  Working time {(months)
a. Market study Two Six to eight 12-16
D o and Two  Six to eight 12-16
c. Investment estimation Two Pour to six 8-12
d. Geologist One Four 4
€. Mining engineer One Four 4
f. Civil engineer One Six 6
g. Utility - off-site engineer Two Four 8
h. Transportation expert One Four 4
i. Project manager One Eight to ten 8-10
j. Economist One Four 4
Total Pourteen M/M 70-84
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Appendix I
Study of Fertilizer Market in Paraguay

1. Introduction

The current status of the domestic fertilizer
market of Paraguay and the possihility of domestic produc-
tion of fertilizers from the point of view of potential
demand in the country are discussed herein.

Generally speaking, it can be said that there is
a market for a certain commodity only when the following

conditions are satisfied.

1. There is either existing or potential demand for the

commodity in question.

2. The commodity in question has sufficient competitive-
ness to capture a significant share of the market even
when there is a rival product.

0f the two conditions above, only the former one
is discussed in this chapter.
2. Current Status of Fertilizer Consumption in Paraguay
(1) Demand for Fertilizers

The supply of fertilizers in Paraguay is depend-
ent completely on import. There is currently a mixed

fertilizer plant in Paraguay but details on production are
not available. Data on demand are given in Table A-1-1.
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(2) Current Status of Fertilizer Consumption

The fertilizer consumption level per unit area
in Paraguay is shown in Table A-~1-2, It is evident that
the consumption is extremely low compared not only with
neighbouring Brazil but also with the average for all of
South Amerjica.

3, DPossibility of Expansion of Domestic Demand for Ferti-
lizers in Paraguay

(1) Method of Study

As mentioned above, the fertilizer consumption
level in Paraguay is very low compared with other countries.
It ig not correct, however, to conclude that there is no
potential for expansion of consumption in future from the
mere fact that the current consumption level is low. The
potential maximum consumption level is influenced by fac-
tors such as the structure of agricultural operations,
conditions of the soil, type and variety of crops, system

of irrigation, etc.

At the present time very little data is available
on the structure of agriculture operations and the effects
of application of fertilizers in Paragquay. It is desirable
that this subject be discussed taking into consideration
the aforementioned factors existing in Paraguay but in this
report the possibility of expansion of demand is discussed
with reference to the conditions prevailing in Brazil as
it has soil conditions relatively similar to those of

Paraguay.
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(2) Possibility of Expansion of the Demand

Table A-1-3 gives a forecast of demand for ferti-

lizers on three levels as follows:

Level 1l:

Level 2:

Level 3:

Maximum potential demand level. This is
maximum application of fertilizers for each
crop which can be justified by the conditions
existing in Brazil (this is the maximum
fertilizer application level from the eco-
nomic point of view and not from the physical

point of view).

This is the fertilizer application level
currently prevailing in Brazil.

This is the fertilizer application level
expected to exist in 1990 in Paraguay, extra-
polated from past fertilizer applications.

For the planted areas of the crops mentioned

below a) b), these are determined by choosing the smallest

from among the

areas estimated for 1990 according to the

criteria described below and the area extrapolated for 1990

by linear regression of the planted area expansion tendency
for the 1975-1979 period.

a) Soybean: Area regarded as the most appropriate

b) Cotton:

(1,362 million ha) for cultivation of
soybeans according to PROGRAMA NACIONAL
DE SOJA.

Area estimated assuming an annual growth
rate eguivalent to 1/2 that occurring in
1979 (the production expansion plan for
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the period up to 1979 assumes a growth
rate equivalent to 1/2 that of 1979 for
1980 and 1981).

The planted area for all other crops in 1990 is

extrapolated by linear regression from the planted area of
the 1975-1879 period.

Assuming the incentive policy for the development

of agriculture is strengthened as the way currently imple-

mented, the demand for fertilizers is estimated to expand
by the Level 3 rate (1990).

It is not clearly known why the fertilizer appli-

cation level is so low in Paraguay. Generally speaking,

however, it can be attributed to the following:

ll

Farmers do not have sufficient knowledge of the
fertilizer application effect itself.,

Farmers have sufficient knowledge of fertilizers but
no increase in yield can be expected from such
application.

vield improves, but the application of fertilizers
does not bring a positive financial return because
the fertilizer is too expensive or the crop is too
cheap.

The market for agricultural products is not of suf-
ficient size to absorb increases in production.

Fertilizers are not available.

The Paraguayan Government is currently taking

measures to increase the production of crops such as soy-
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bean, cotton, wheat, etc. but it is not clearly known how
effective these measures have been in eliminating the afore-
mentioned obstacles against application of fertilizers,

I1f the production of fertilizers is started in

Paraguay and measures to stimulate use introduced by
Paraguayan authorities, it is presumed possible to reach

Level 2 construction, however.

Level 1 is the maximum level in terms of possible

expansion of demand.

(3)

1)

2}

Forms of Fertilizers

Tendency in Brazil

There is no information available on the kinds of
fertilizers currently used or which are the most ap-
propriate types in Paraguay. In this connection, the
consumption shares of the various fertilizers in Brazil

are given in Table A-1-4,

With regard to nitrogenous fertilizers, the consump-
tion of urea is increasing in place of ammonium sulfate
and fertilizers of the ammonium nitrate family. With
phosphatic fertilizers there is a tendency for ammonium
phosphate to increase. The principal causes of the
aforementioned changes are attributable to the pre-
ference for more concentrated fertilizers, which cut
down transportation costs rather than for improvements
in agricultural technigues.

Calcium Cyanamide

Calcium cyanamide is a basic fertilizer which contains
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3)

4)

approximately 50% calcium in the form of Ca0 and has a
soil conditioning character. On the other hand, the
cyanamide contained in it is toxic to animals and
plants in general, hinders germination and causes
withering of leaves when if it comes in contact,
therefore, it is effective when used in acidic soils
for soil conditioning, soil sterilization and as a
herbicide. In view of these properties the timing for
its application should be determined taking into con-
sideration the decomposition period and seed-sowing
and transplantation timing. Furthermore, calcium
cyanamide should be buried in the soil in orxder to
achieve effective results, therefore, this fertilizer
is not suited for extensive type agriculture,

Fused Phosphatic Fertilizer

Fused phosphatic fertilizers have rather poor effects
in the case of crops with short growing periods and
in the case of alkaline and approximately neutral soils
because it does not contain water soluble phosphate.
It is quite effective in the case of strongly acidic
soils with shortages of phosphorus and soils with
shortages of magnesium because it neutralizes the
acidity and supplies magnesium at the same time.

Other Fertilizers

With regard to other fertilizers, currently available
information is not sufficient to judge which is the
most appropriate form of application. It is presumed,
however, that concentrated fertilizers may £ind their
"raison d'etre" in reduction of transportation cost.
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4. Possibility of Export to Neighbouring Countries

As can be seen in Table 3, the domestic fertilizer
market of Paraguay is very small. Accordingly the produc-
tion of fertilizers in Paraguay is not feasible if only the
present domestic market is taken into consideration as the
objective market. Neighbouring Brazil is the largest
importer of nitrogenous fertilizers and phosphatic ferti-
lizers in South America, however, and nitrogenous ferti-
lizer plants are currently under construction in Brazil.
Nevertheless, it is expected to continue importing large
amounts of fertilizer. Accordingly, if the fertilizers
turned out in Paraguay are competitive from the point of
view of production cost and transportation cost, the south-
western region of Brazil can be taken into consideration as

a possible export market.
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Non-ferrous Metal Refining Industry

I. Introduction

Non-ferrous metals include a wide variety of
materials ranging from such as copper, gold and silver, used
since early mankind to new metals such as aluminium, tita-
nium, ete., which are being consumed in increasing amounts
concurrently with the development of modern industry. The
consumption of non-ferrous metals is growing both in terms
of quantity and variety along with modern technological
developments and,therefore, the refining industry is con-
tinually experiencing growth. In essence, the metal indus-
try, including the iron and steel sectors, is a business
dedicated to the concentration, extraction and refining of
the metallic elements contained in ores, the metallic
mineral deposits found around the world. The refining pro-
cess is carried out suing either thermochemical reaction
equipment or electrochemical reaction eguipment.

The metal refining industry is an energy-intensive, instal-
lation-~intensive and capital-intensive business,

Until the early 20th century, metal refineries
were located in regions where the raw material were found.
Nowadays, however, siting a plant near the raw material
source is not necessarily the most advantageous alternative
for many kinds of metals in view of developments in trans-
portation, large-scale production, diversification of energy
sources and other technological advances,

In the case of Japan, for example, as one of the
most important metal producing countries in the world and
also as one of the principal metal consumers, its geographi-



cal peculiarities as an insular country have been advan-
tageous in the transport of both raw materials such as ores,
petroleum and coal, as well as the resultant products.

This has enabled Japan to turn out metals at production
costs sufficiently competitive on the international market,.
However, fundamental changes have been taking place in the
production structure of world metal refining industries in
recent years. The substantial rises in the prices of
petroleum resulting from the o0il crisis of 1973 are gradual-
ly offsetting the merits of bulk transportation and massive
production of the metal refining industries in metal con-
suming countries, therefore, locating refineries at sites
where cheap energy is available increasingly advantageous
for certain kinds of metal.

Paraguay is not endowed with metallic minerals
that can be used as raw materials for the metal refining
industry. As well, the domestic consumption of metals is
small, Consequently, common sense suggests that this
country is not suitable for establishment of a metal refin-
ing industry. This conclusion is not necessarily correct,
however. There is an extremely wide variety of non-ferrous
metals in the world, and is quite possible to introduce a
metal refining industry of a type dedicated exclusively to
export of products to the world market utilizing the cheap
and abundant electricity generated at Itaipu. In such a
case the appropriate kind of metal industry will have to
be selected taking into account factors such as unit prices
of raw materials, and the product, the transportation cost
as a share of the production cost, the volume of electrical
energy consumed in the production process, etc. It is
indispensable to overcome several major obstacles existing
in Paraguay at the present time, however, in order to make
such projects feasible. Measures required to remove these
barriers include the following:



(1) Improvement of transportation infrastructure to lower
the transportation cost of imported raw materials such
as ore, etc.

(2) Training of management personnel, engineers and tech-
nicians for operation of plants.

{3) Strengthening of fund raising capability.

The aforementioned measures are key points for
successful implementation of any metal refining projects
in Paraguay. These problems are unavoidable in promoting
industrialization of any inland country the economy of which
is based principally on the agriculture and the problems
should therefore be solved through long range efforts for
development of the national econcomy.

In this study several metal refining industries
are selected which can be introduced in Paraguay. Pre-
liminary discussion is presented for each on the assumption
that long range efforts to overcome development obstacles
will be made by Paraguayan authorities.

The metal refining industries that may be feasible
in Paraguay discuss in this study were selected based on

the following premises:

(1) Related production techniques are mature and technology

transfer is relatively easy.

{2) fThere is a possibility of importing raw materials
from the Latin American region, particularly from
countries located near Paraguay for the industry in-

troduced in the country.



(3) The related industry's electricity cost requirement
represents a large share of the production cost.

(4) The transportation cost for material movement for the

industry represents a small share.

(5) There is a good possibility for export of the products
to the Latin American market.

From the standpoint of the order of magnitude of
the consumption of metals, particularly non-ferrous metals
in the domestic Paraguayan market which is small even in
the long term view due to the production structure of the
national economy. Metal refining industries introduced in
Paraguay should be export-oriented. They should consist of
import of raw or intermediate products and export of finish-
ed products through use of electric energy.

The 3 projects described below are selected based
on the aforementioned criteria.

(1) Aluminum refining industry for production of aluminum
ingots by electrolysis of imported alumina, which is
an intermediate product.

(2) Copper refining industry for production of electrolytic
copper by electrolysis of imported “crude copper, which
is an intermediate product.

(3) Zinc refining industry for production of electrolytic
zinc from imported zinc ore. This is the type of zinc
refining industry which has the largest consumption of
electricity.



II.

Aluminum Smelting Industry
1. General Description of Aluminum

Metals such as iron, copper, etc., have been used
by mankind since ancient times. Aluminum, however, is a
"young" metal discovered only 170 years ago. Industrial
production of aluminum started barely 90 years ago. Both
the use of and demand for this metal has expanded remarka-
bly within the 90 year period and nowadays the scales of
production and consumption of aluminum exceed those of other
metals such as copper, 2inc, tin, etc. Aluminum is the
second most popularly used metallic material next to iron
and steel.

The specific gravity of aluminum is approximately
1/3 that of steel and copper and, in addition, it is strong
and easy to work. In the early days of production, aluminum
was used mainly for utensils for home use. Nowadays it is
widely used as a structural material for airplanes, ships,
rolling stock, automobiles and other transportation machin-
ery and equipment. It is also consumed in conductors for
high voltage transmission lines, electrical machinery,
electronic equipment, etc., owing to its good conductivity
of heat and electricity. The demand for aluminum in the
fields of construction and packing materials, including
cans, has expanded considerably in recent years.

In the 1920s the production of aluminum was bare-
1y of the order of 0.02% that of steel but in the 1960s
that ratio increased to 1.3 to 1.5%, followed by 1.73% in
1973 and 2.24% in 1980. The average annual growth rate of
aluminum demand in the 1970s was 4.3%, larger than the
world economic growth rate of 3.2% and higher by far the



growth rates of 1.9% for steel, 2.7% for copper and 1.9%
for zinc recorded during the same period. The primary
aluminum industry attained remarkable growth, supported by

the strong increase of demand.

The primary aluminum industry has two processes,
namely one which converts bauxite, the raw material, into
high purity aluminum oxide {(i.e., alumina) by means of
chemical reactions and the process which converts alumina
into aluminum by means of electrolytiec reduction. The pro-
duction of alumina composing the first step in aluminum
smelting is an inorganic chemical process based on chemical
equipment such as digestersg, kilns, tanks, filters, etc.,
while the second step where the metallic aluminum is turned
out is a pyrometallurgical process with the alumina being
dissolved in a moltencryolite bath, While alumina produc-
tion is of a highly chemical nature, the production scale
and price of bauxite have a decisive influence on produc-
tion costs. On the other hand, the aluminum electrolytic
process requires a huge amount of electricity, normally
14,000 to 16,000 KWH per 1 ton of aluminum produced. 'The
cost of electricity is an important factor determining the
production cost, therefore for this reason aluminum is
called "Packaged Electrical Power."

One of the factors contributing to the dévelop-
ment of the aluminum industry is abundant reserves of
bauxite, unlike in the case of iron and copper. With iron
and copper it is necessary to make major investments to
exploit new deposits and to develop new technologies to
cope with the impoverishment of the ore grade concurrently
with a expansion of production. Such investment is a heavy
burden on the copper refining and steelmaking industries.
On the other hand, bauxite is widely distributed in the



tropical and subtropical zones within 30° to the north and
to the south of the equator. Confirmed deposits of this
mineral as of 1980 were of the order of 30.7 billion tons.
Furthermore, exploitation and mining of these deposits is
relatively easy because it is found in the form of conglo-
merates exposed on the earth's furace,

With regard to the location of alumina and
aluminum facilities, alumina plants are located in coastal
areas where bauxite can be economically transported by
ships constructed exclusively for this purpose. On the
other hand, aluminum reduction plants are located in areas
where large amounts of electricity are available at low
cost., Until 1974, when the price of petroleum was low,
fully integrated complexes located in coastal areas, cover~
ing all stages ranging from bauxite to aluminum and associ-
ated with large scale oil fired-thermoelectric power plants
used to be the most advantageous. Most aluminum reduction
plants newly constructed at that time in the U.S., Japan
and Europe were of this type. Since then, the new tendency
taking place in the aluminum industry is toward establish-
ment of alumina plants at or near the bauxitiminesite and
smelting plants at or near the area where a supply of cheap
hydroelectric power is available.

As a consequence of the substantial rise in the
price of petroleum energy following the oil crises and the
increased consciousness of the bauxite producing countries
regarding the value of their natural resources, the aluminum
industry of the former type is being faced with substantial
increases in production costs. As a result,; plants of the
latter type are becoming increasingly advantageous. The
aluminum industry was developing quite satisfactorily until
recently but since 1980 it has faced an unprecedented



reduction in demand as a consequence of the worldwide eco-
nomic recession. The market prices of this metal suffered

a substantial drop, and the world aluminum industry is now
in an extremely difficult position. On a long-term basis,
however, the demand for aluminum is expected to increase

at a rate higher than the growth rate of the world economy.
In particular, the Latin American market, where the consump-
tion of aluminum is currently at a low level, is expected

to expand very rapidly.

2. Present Market Situation and Price of Aluminum
2-1 Production and Consumption

Aluminum is produced in 34 countries of the free
world and in 8 countries of the communist block, totalling
42 countries as of 1980. The world production of aluminum
was 10.3 million tons in 1970, but in 1980 it increased to
16.06 million tons, growing therefore by approximately 60%
during the decade. In terms of distribution by area, North
and South America has 40% share, Europe, 24% the communist
block 20%, Asia 10% , Oceania 3% and Africa 3%. In terms
of production share by country, the U.S. produces 29%, the
Soviet Union 15%, Japan 7%, Canada 7%, West Germany 5%,
and Norway 4% . These six countries are the principal
aluminum producing countries of the world. In Latin America
there are currently 5 countries producing aluminum, with
Venezuela leading the group, followed by Brazil, Argentina,
Mexico and Surinam. The production of aluminum in Latin
America in 1980 was approximately 820,000 tons, or 5% of
the world total.

As a consequence of the rise in energy costs
after the oil shock of 1974, the production of aluminum in



the major traditional producing countries such as the U.S.,
Canada, Japan, West Germany and Norway is either stagnant
or declining. On the other hand, production has been grow-
ing remarkably in countries such as Venezuela and Brazil,
which are favoured with abundant resources of bauxite in
addition to cheap electrical energy.

The world consumption of aluminum was 15.3 million
tons in 1980, with a growth of more than 50% compared to
the 10.02 million tons produced in 1970. The consumption
of this metal has been stagnant since 1974 due to the reces-
sion in the world economy caused by the oil crisis., In
terms of consumption by country, the 5 leading countries
consume 62% of the world total, with the U.S. consuming
29%, the Soviet Union, 12%, Japan, 10%, West Germany, 7%
and France, 4%, In Latin Bmerica, Brazil has the largest
consumption with 280,000 tons, followed by Mexico with
110,000 tons, Venezuela with 80,000 tons and Argentina with
70,000 tons. The total consumption of Latin America is
approximately 600,000 tons, representing barely 4% of the
world total. The growth rate for consumption of aluminum
in the '70s was ll%/year, surpassing by far the world aver-
age of 4.3% during the same period, however.

The consumption of aluminum has a close corre-
lation with the income level of the population and the
industrial level of the country in gquestion. Statistical
data on consumption of aluminum per capita in the indus-
trialized countries as of 1980 show that it was 26 kg. in
the U.S8., 22 kg. in West Germany, 21 kg. in Japan and 14
kg. in France. Compared with these large consumption
figures, those for Latin America are quite modest, with
2.9 kg. in Brazil, which has the largest consumption in
the area, followed by Argentina with 2.7 kg.



Currently the consumption of aluminum is stagnant
due to the worldwide recession. But considerable growth
can be expected on a long-term basis concurrent with the
increase in per capita income and the rise in the industrial

levels of developing countries.

2-2 Demand Trends

Analysis of the supply and demand balance for
aluminum in the world using statistical data shows that
production exceeded 100% only in 1970, 1971 and 1975 in the
'70s and in 1980. 1In all other years consumption exceeded
the production. The two statistics are not perfectly ad-
justed but it is presumed that the gaps between supply and
demand were compensated for using cushion stocks. With
regard to the communist block, the production of aluminum
exceeded consumption in 1976 but demand has since been

larger than production.

By area, Africa, Oceania and America can be con-
sidered supplier areas while Europe and Asia have consump-
tion larger than production. As for Latin America, produc~
tion of aluminum in 1980 was 820,000 tons while consumption
was 600,000 tons, i.e., production is approximately 1.5
times larger than consumption and therefore a large amount
of the metal is exported to other areas.

In terms of share per country, in the free world
Norway, Canada, Holland, etc., are traditional exporters
but recently newcomers such as New Zealand, Bahrain, Spain,
Venezuela, etc. have entered the world aluminum export
market. As for the U.S., this depends on the economic
situation of the country, i.e., when the domestic economy
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Table II-2-2
Aluminium (unwrought)

1975 1976 1977 1978 .| 1979 1980
World exports

Canada . 509 508 655 863 551 785
Norway _ | 42 562 555 630 565 521
UsA ° 1 169 139 89 102 164 608
Netherlands 264 290 316 294 359 365
Germany, FR 160 281 199 272 248 224
France 164 149 166 166 158 177
UK 88 162 145 160 205 194
Ghana 136 145 148 11 153 132
Australia 71 6 | . 78 80 16 44
Other 649 196 810 858 936 645
WOCA Total 2668 3097 3161 3536 3415 3695
USSR(e) 500 520 520 580 560 na
Other non-WOCA(e) 160 180 330 290 210 na
World total(e) 3328 3797 | 401 4406 4185 na.
World imports ;

Japan 378 430 534 740 748 910
USA 415 517 611 686 517 5217
Germany, FR 287 417 440 434 . sn 589
France 218 251 275 91 | 315 333
Italy 111 197 1% | 191 237 295
Belgium 188 258 238 267 253 233(0
Netherlands 121 162 162 146 167 216
UK 160 218 197 186 182 169
Other 369 468 553 551 533 600
WOCA Total 2241 2917 3204 3490 3463 3872
Non-WOCA(e) 450 450 500 680 580 n.a.
World total(e) 2697 3367 3704 4170 | 4043 na.

Note: (g} January to November.
(e) estimate.
n.a. not svailable,
WOCA: World Qutside Communist Areas.

Source: World Bureau of Metal Statistics, World Metal S:a:i;n'c:. (May 1981} and Department of Trade and
Resources estimates.
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is booming it is an importer of aluminum but durihg reces-
sion periods such as occurred in 1970 and 1980, production
surpasses consumption and the country is an exporter of
this commodity. As for West Germany, Prance, Italy, Great
Britain and Japan, these countries are classified as alumi-

num importing countries,

According to statistical data for 1980, the prin-
cipal exporters of aluminum in the world are Canada {790,000
tons), the U.S. (610,000 tons), Norway (520,000 tons) and
Holland (370,000 tons). These four countries generate 62%
of total exports in the free world. The principal importers
are Japan (910,000 tons}, West Germany (590,000-tons), the
U.S. (530,000 tons) and France (330,000 tons). These
countries take 61% of all imports in the free world. De-
finitive 1981 statistical data for individual countries
throughout the world are not available yet but the produc-
tion of aluminum in the free world is estimated to be 12,47
million tons and consumption 11,24 million tons, a drop of
2.3% in production and 6.2% in consumption compared with
1980.

The aforementioned data reflect the declining
demand in every major industrial coun%ry as a conseguence
of the serious economic recession., The supply/demand balance
indicates a considerable excess of supply causing'stocks
of aluminum in the free world to increase rapidly. Accord-
ingly to inventory statistics of IPAI (International Primary
Aluminum Institute), the stock of aluminum in the free world
(excluding Yugoslavia) reached a peak of 3.39 million tons
in September of 1975, coinciding with an economic recession,
after which it declined gradually, reaching a bottom of
1.39 million tons in April of 1980. Stocks then increased
rapidly, reaching 3.11 million tons at the end of 1981 and
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3,32 million tons in February of 1982. This is almost
equivalent to the peak stock registered in 1975,

The proportion of stock in relation to production
corresponds to 3.9 months for all member countries of IPAI,
with 8.2 months in Asia, 4.9 months in North America, 3.5
monthg in South Asia, 2.9 months in Europe, 2.5 months in
Africa, 2.1 months in Latin America and 2.0 months in
Oceania. The data above indicate extremely large stocks
in the first two areas.

The stock of aluminum in free world countries
surpassed 3.1 million tons in mid 1982 and there is no sign
of substantial improvement. On the other hand, while no
accurate data on demand is available there ig no indication
of change for the better in the form of stock reductions by
increases in shipment to cover growth of demand. As a
matter of fact, stocks are being adjusted by controlling
production.

In Japan, aluminum smelting facilities are being
scrapped due to unprofitability caused by soaring energy
prices after the oil shock. Production in the U.S. is also
undergoing drastic cut backs due to the sharp decline in
demand.

Detailed reports on the production cut back situ-
ation are carried in trade and economic newspapers and
magazines such as the American Metal Market, Metal Bulletin,
etc. The information contained therein can be summarized
as follows. The rate of operation, expressed in terms of
the ratio (operating capacity)/(installation capacity) is
low all over the free world, with 31% in Japan, 12% in
Taiwan, 58% in the U.S. and 66% in Great Britain, resulting
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in an estimated average of the order of 75% for the free
world as a whole. There are countries with no slow-down
at all in operation, however, and the situation varies
according to country and individual company.

2-3 Price

There are various aluminum transaction price
indexes, namely, the export quotation of Alcan, the U.S.
producers guotation, the NY market quotation in the U.S.,
the London free market gquotation and the LME spot market

and 3 month futures quotation,

The export gquotation of Alcan is called the World
Price and is an important reference price for international
transactions of aluminum ingot. The Alcan guotation experi-
enced 4 successive rises in 1979 but the current price has
remained for more than 2 years, with the latest hike to
US$1,750/ton in March, 1980.

On the other hand, the LME quotation is changing
bit by bit. Starting from £631/ton in January, 1979, the
guotation peaked at £931/ton in February, 1980 (the London
Free quotation peaked slightly above US$2,000/ton in the
same month) but after this the price slowed down as a con-
sequence of the reduction in demand and the increase of
stocks, bottoming at £523/ton in . .June, 1982 (in June, 1982
the U.S. Market quotation was US$945/ton and the London
Free quotation was US$981/ton).

Very recently the transaction volume of aluminum
has been increasing and the LME quotation, an index which
is sensitive to the supply and demand balance and other
relevant factors, is attracting attention and exerting an
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Table II-2-3

Overseas Aluminum Ingot Quotation {January, 1978
to March, 1982)

Lendon Free Market LME

Alcan Pro- u.s.
Efport ducers Market
List 99.5% (US§/ton} | 99,7%(Us$/ton) 3 month | Settle- | List
uss/ton Spot futures | ment

(Centg{ High Low High Low 8/ Quota-

Poun ouota- | guota- | ouota- | peata- | ton} | Vion (¢/9) (¢/6)

tion tion tion tion {$/ton) | (§/ton)

1978% 1R 1!?124(511300) 955625 | 970625 - - - - - 53000 18940
2 x  » 953750 | 968750 - - - - - 53000 A8t39
k] * 450000 | 365000 - - - - - 53000 q_goa:)
4 P 961250 | 976250 - - - - — 53000 463713
5 |pr # 971875 | 985000 - - - - - 3000 49545
& |1168(s3000)| 1020000 |1036567 - - - - - 53000 50284
7 P 1041250 1056875 - - - - - 53000 50925
8 |~ # 1057500 (1078375 - - - - - 53000 51358
9 |[1253(56019X 1070000 )1091667 - - - - - 53000 52500
10 L 1110000 [11235000 - - - 9581 - 531500 53619
11 - 1175625 11203750 - - - 60645 - 53000 ;swsq
12 » 1170000 [1185000 - - - 62154 - 53900 55328

1979% 1A g 1225625 (1240625 | 1240000]1260000( 63078 63077 68128 55000 57182
2 |1300(58968)] 1325750[1343125(1326250]1353750| 71941 71851 72055 55000 53324
3|, » 1452778 (1477778 | 1463333 | 1491667 75657 75315 75723 55341 70432
4 |1400(6a504)] 1475000 1500000 |1,490000]|1530000| 75637 75554 75747 58000 72762
5 e P 1497500 1520000 | 1515600 |1545500| 76625 77258 16683 58000 73182
6 » w 157333411610667{1582222115610000) 75665 75860 45155 8000 14392
7 ” » 1521667 (1548333 1532222 (1557222 67892 67693 | 67970 58000 71381
8 » 152000 153750| 153000) 156500] 69786 69070 ‘59880 5BDOD “T1413
9 fzzs(sgru) 152000| 154000 1530008] 158000] 73534 72843 73623 650079 {12525

10 p ¥ 158833| 150833 155333 158333 33193 78185 83561 65318 /73409
11 P 170500 173222 171778| 174889 86055 BO547 86318 58000 72579
12 ligooC72576) ’ 1740001 172000| 176000 86937 32926 87128 66000 | 75875

19608 1A | » ” TAB0714{ 195500 | 1871667 194500 90764 BYE1J 90834 66000 84084
2 s » 186000| 204000| 197000] 205000| 93033 93733 .ggmg_, 65000 90570
3 1250 7o4)| 7B000| 1BE400( 186000 189500| 80679 86675 89590 65000 BEAET
4 ¥ 1827143(1887.143 | 1571250 1907506 87235 83951 87400 65000 32159
5 » o 1758533} 1791667 | 1770,00011,788889] 77133 76129 77215 68000 74766
6 ” » 1540625| 1675625} 1675625| 1711250 71412 T1452 71451 6E000 70476
7 »” » 9) aom- |9 nom. |8)pom. |9) nom. 74112 72450 | 74196 655000 76509
] r 1674286} 1702357|9) nam. |9) nom. 75285 73598 | 275378 68000 72333
9 r 1664444 1694444| 153500| 1566667 68905 659878 | ) 68977 69333 71429

10 » » 15337001 1660000]|1530000(1660000| 67307 69759 67378 75455 72432
11 » » 1530000 1558332} 1,475000(1500000| 62699 65153 62755 76000 70253
12 z z 1432500 14575007 1461875{1,486475) 61083 53114 §1155 76000 67398

19815 1A | » » 143500| 146250 146000 p48500({ 59498 61513 £9558 7600 67595
2 r  » 1430007 145500] 146000| 148500 63254 §4593 | ~ 432113 7600 67861
3 » e 1421137 144167] 143333] 145833 64722 65617 | “64789 7600 6§E00C
4 r  » 138500| 140375| 128786] 1,40714| 62854 64349 | 1 62915 7600 65977
5 | ” 129500 | 131020 | 30000} 131S5p0| 62058 63984 62103 7600 62763
6 1o » tYoem. |6)nom. {6)nem. {6)nom. 62374 64425 | »6242Q 7600 60102
LA ” $)nom. |6)nom. |6)nom. {B}nom. 62660 64688 | , 62711 7600 56695
a |» 6) nom. |6)nom. |6)nom..|6)nom. 67656 | 70040 |.~67723 1 7600 57305
5 |» & 6)nom. |6)nom, [6)nom. |6)anom. 64416 67018 |~ 64451 L7600 56905

1o |»  # 6)nom. |6)aom. |[€)nem. |&)nom. 61869 | 64598 | - 61908 1500 54786
11 » » 110000} 1123250 |6)nom. [6)nom. 56875 55269 | L. 56929 7600 43317
12 [~ L 1,13500f 1,18000 |6)nom. |8)nem. $9135 61625 | ~ 59149 7600 50614

1982 t A| » ” 1107250| 115000 ([6)nam. [&)aom. 59004 61436 | 2159045 7600 51250
2 . ” 110500 1,12500 [6)nom. {6}nom, 58899 61051 |- 58942 7600 51560
3 4 4 104500 106750 |6)nom. |6)nem. 56929 59152 [ 56970 7600 5C0B7

Note: 1) Since April 1, 1977 2)
4) Since February 6, 1979
6) Since September 28, 1979
8) Since March 27, 1980
9) Nominal: Diserepancy from actual state due to insufficient amount.

Source:  Metal Bulletin, Metals Weel

Since Jure 19, 1978

5) Since April 18, 1979

7) Since December 20, 1979
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important influence on spot quotations for the metal, Cur-
rently the supply and demand balance is slack, stocks are
increasing and it is presumed that ingots turned out by
producing countries of the communist block and other coun-
tries which are keeping high operation rates are flooding
the LME, therefore, the LME aluminum business is becoming

gradually active.

In view of the fact that the current guotation is
under US$1,000/ton, it is said that U.S5. aluminum producers

are also incurring losses.

A new trend taking place in.the world aluminum
market is the relatively close correlation between the LME
stock fluctuation described earlier and the situation imn

other markets.

2-4 Form of Transactions

Primary aluminum ingots are ingotiated in the
same form as other non-ferrous metals but in addition to
the spot transactions and long-term contract transactions
there is also the so-called development import where the
amount of metal offtake and other conditions are determined
in advance between the participants in the projects. The
price is determined on a CIF major ports of the world basis.

In spot transactions the prices fluctuate consider-
ably depending on factors such as the LME quotation, inter-
est rates, time of commodity delivery, etc., and there are
many uncertainties for the consumer. Negotiation is carried
out in relatively small lots in spot transactions. On the
other hand, in the case of large consumers and trading
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companies which reguire the product in large lots, trans-
actions are carried out on a long-term contract basis. In
this case the transaction is stable from the point of view
of quantity and there is the merit of planned production for
both producer and consumer.

On the other hand, the investment required for
construction of new aluminum smelting plants tends to in-
crease and, in particular, additional investment in addition
to the plant installation itself is required when the in-
frastructure is not sufficiently consolidated at the con-
struction site. The tendency recently for construction of
new aluminum refining plants is therefore to organize inter-
national financing consortia with the participation of
local capital and foreign investors, aiming at sharing the
fundraising responsibility and dispersing the risk. This
form of financing is often adopted in Latin America.

In the case of international joint venture pro-
jects of this kind, it is common to determine the share of
the produced aluminum ingots commensurate with the invest-
ment share and other relevant factors. This type of pro-
ject has merit for both parties concerned, i.e., the in-
vestor has a stable ingot supply source and the producer
can engage in planned production on a long-term basis with
no concern about marketing.

There are some points which require special at-
tention, however. The aspects following should be carefully

discussed by parties investing in the project.

-~ The transaction prices should be set in such a way as
to ensure competitiveness in the international market.
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- The price and the guantity of aluminum to be taken
should be guaranteed on a long-term basis.

- The supply and price of electricity, which constitutes
an important influence on the cost of the product,
should be guaranteed on a long-term basis.

- The construction period, time of commissioning, infla-
tion hedge and other aspects should be carefully
studied.

In Latin America {(only Argentina, Brazil, Surinam
and Venezuela) there are 1l projects in operation or in the
process of implementation (described later in this report)
and in most of them the aluminum ingots seem to be taken
according to the investment share.

The construction of an aluminum smelting plant
requires the investment of huge capital and a long period
of time, therefore, the start and completion of construction
may be varied, depending on factors related to market con-
ditions and the economic situation in general. This aspect
should be studied with special care in view of the insta-
bility of the international economy.

2-5 Major Aluminum Companies

The 6 international major aluminum companies,
which are traditional integrated aluminum makers, exert of
strong direct and indirect influence on every aspect of the
aluminum industry ranging from exploitation of bauxite
nmines to aluminum production and marketing.
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These aluminum companies are ALCOA (U.S.), ALCAN
(Canada), Reynolds (U.S$.), KAISER (U.S.), PUK (France) and
ALUSSUISE (Switzerland).

These major companies have a 40% share of world
bauxite production capacity (45% of free world production
capacity), 54% of alumina production capacity (63% of free
world alumina production capacity) and 43% of aluminum
smelting capacity (53% of free world aluminum refining
capacity). 1In recent years the share of the major aluminum
companies in the world has been declining due to increases
in the alumina and aluminum production capacity of indus-
trialized countries like Japan and the intervention of the
governments of bauxite producing countries in the aluminum
business and, therefore, their influence on the international
aluminum market is also weakening.

3. Future Prospects of the Aluminum Market
3-1 Supply and Demand Prospects

The consumption of aluminum in the free world
expanded with high growth rates averaging 9.2%/year in the
'50s and '80s, however, it slowed to 4.2%, as a consequence
of the oil shock and the world economic recession in 1975,
1980 and 1981. Consumption of aluminum is growing steadily
in the fields of transportation, construction and packing
materials, however, and on a medium and long-term basis it
is expected to show stable growth, supported by demand in
these fields.

A quantitative demand forecast for aluminum on a

medium and long~term basis is very difficult. Several
authoritative survey organizations are carrying out such
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forecast work though. Such being the case, the Chase
Econometric forecast, a typical example, is used as a refer-

ence in this study.

So far Chase Econometric has published many medium
and long-term forecasts. In the report of February, 1982
it forecasts the consumption of primary aluminum ingot in
the free world based on forecasts from the principal coun-

tries,

This forecast refers to 2 cases, namely the trend
of most probability and the standard cycle.

Growth rates of 2.3% to 3.4% for the 1980 to 1985
period and 3.8% to 4.1% for the 1985 to 1990 period, regard-
ing consumption of primary ingots of aluminum in the free
world seem to be rather optimistic. It is presumed possible
to maintain a growth rate of approximately 4%/year for the
coming decade (1980 to 1990}, however.

Production is determined by the installed capacity
and the operation rate. Production capacity is expected to
reach 15,803,000 ton by 1985, on the basis of the currently
existing capacity and the planned ones. '

According to the Spector Report of August, 1982,
the free world production capacity was revised from the
15,363,000 tons announced in the same report of late 1981
to a more moderate 14,982,000 tons. Accordingly, the éfore-
mentioned forecast seems somewhat exaggerated for the pre-
sent. 1In any case with respect to the balance between con-
sumption and production, the operation rate is expected to
be of the oxrder of 80% in 1985, with a surplus supply
capacity.
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The same source forecasts future investment costs
for aluminum plants of US$6,220 to US$6,450 per ton of
capacity in 1985, with an increase of 8% to 9% compared
with the investment required in 1980, Accordingly, the
direct production cost is expected to rise from US$1,157
ton prevailing in 1980 to the order of US$1,830 to US$1,930
in 1985 and the target marketing price is therefore expect~
ed to rise to US$2,660 ton to US$2,790 in 1985 compared
with US$1,718 in 1980,

Forecasts by the Spector Report and the IBA are
also given as references.

As can be seen from the above, there is consider-~
able fluctuation in the supply and demand prospects, accord-
ing to the surveying organization, evidencing the difficulty
forecasting present. In any case, the various forecasts
seem to agree that even in 1985, aluminum smelting facili-
ties will not be required to operate at full capacity.

3-2 Export Market

The supply and demand prospects balance in the
free world aluminum market is expected to be loose by 1985
and, therefore, in the case of start up of new smelting
facilities, it is expected to be quite difficult to find
markets for the products.

In the case of production at relatively low cost,
there is a possibility that exist clients in the inter-
national market will exist but the situation will be quite
unstable.
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The economies and industries of South American
countries, including Paraguay, are currently in a develop-
ment stage and there is possibility of creation of new
markets in future. On the other hand, competition is ex-
pected to be severe and the absorption capacity of aluminum
by the market is not expected to be sufficient.

On the other hand, when aluminum is produced by
an international consortium and the share of the product
for each investor is agreed to in advance, the project
stands in an advantageous position becuase a stable market

is guaranteed.

In other woxrds, in the case of an aluminum smelt-
ing project in Paraguay, it is expected that it will be
gquite difficult to enter the export market in the near

future.
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Table FII-3~1 Forecast by Chase Econometric

1980 1985 1990
Standard Standard
1, Demand (1,000 tons, X) Trend Cycle Trend Cycle
Uu.s. 4,473 5,048 (2.5} 4,644 (0.8) 5,863 ¢3.0) 5,676 {4.1)
Canada 292 M“4l4 (7.2) 390 (6.0) 542 (5.5) 522 (6.0
Japan 1,637 2,184 (5.9) 2,118 (5.3} 3,126 (7.4) 3,123 (8.1)
Europe 3,858 4,435 (2.8) 4,197 (1,70 5,A28 (4.1) 5,318 4.9
Brazil 309 363 (3.4) 360 (3.1} 410 {5.2) 470 (5.5)
Others 1,457 1,757 (3.8) 1,134 (3.3) 2,552 {(7.8) 2,398 (6.7
Free World Total 12,025 14,202 (3.4) 13,444 (2.3) 17,981 (4.8) 17,509 (5.4)
80 + 90 (4.1) (3.8}
2. Production {1,000 tons)
Free World Total 12,775 14,054 13,558 17,944 17,222
3. Capacity (1,000 tons) 13,41% 15,803 15,803 18,934 18,082
4. Production (1,000 tone) 12,775 14,054 13,558 17,944 17,222
5. Rate of Operation 95% 89% 86% 95% 95%
(Reference)
Spector (1,000 tons)
Demand ! 15,295
Production 15,127
Capacity 15,963
Rate of Operation 94.8%
{Reference)
IBA - (1,000 tons)
Demand = Production 14,919
Capacity 17,974
Rate of Operation 837
6. Direct Cost Total (US$/tom}| 1,157 1,831 1,925 2,695 2,874
Cepital Cost (US$/ton) 4,194 6,217 6,446 8,408 9,106
Target Price (US§/ton) 1,718 2,663 2,788 3,821 4,093
7. U.5. Producer List
(Us$/ton) 1,534 2,782 2,664 4,093 3,822
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4. Aluminum Production Process
4-1 Alumina Refinery

The aluminum production process consists of two
parts, described as follows:

- Alumina refining process where bauxite is treated with
caustic soda (Bayer process).

- Aluminum smelting process where alumina is electro~
lytically reduced (Hall-Heroult process)

In the alumina refining process the bauxite is
crushed, mixed with caustic soda and digested at a temper-
ature of more than 130°C under a pressure of 5 kg/cm2 in an
autoclave or digester. 1In this treatment, alumina hydrate
present in the bauxite is dissolved in the caustic solution,
becoming sodium aluminate. After digestion is completed,
the insoluble conponents of the bauxite - primarily iron
oxide, silica and titania - remain as a residue known ag
red mud. The red mud is filtrated and discarded. Next, the
sodium aluminate solution is diluted by adding approximately
double the amount of water and is sent to a precipitation
tank for cooling. The diluted sodium aluminate solution
is cooled down to approximately 50 to 60°C and agitated for
approximately 100 hours, during which time the alumina
hydrate is precipitated out. The aforesaid alumina hydrate
is calcined in a kiln at a temperature of approximately
1,200°C becoming calcined alumina.
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Figure II-4-1 Alumina Production Process
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4-2 Electrolysis of Aluminum

In the electrolytic reduction process, cryolite
is initially charged in a reduction cell (or pot) and is
melted by introducing direct current. The alumina is then
charged in moltencryolite. Alumina itself has a melting
point of more than 2,000°C, and is quite hard to melt, how-
ever, its melting point can be lowered by adding cryolite
and temperatures of the order of 950 to 1,000°C are suffi-



Figure II-4-2 Aluminum Blectrolysis and Casting Process
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cient. When electrolysis is carried out with a current of
the order of 2A/cm2, by applying a voltage of 5 to 6V,
molten aluminum is deposited on the cathode located at the
bottom of the cell. Molten aluminum accumulated at the
bottom of the cell is tapped with a vacuum ladle and then
transported to the holding furnace. Aluminum contained in
the holding furnace is poured in to moulds of the casting
machine where it is cooled and solidified to form aluminum
ingots, the finished product of the aluminum reduction
process.

The electrolytic process consumers large amounts
of electrical energy, requiring approximately 14,000 to
15,000 KWH to produce one ton of aluminum.

5. Quality and Market of the Principal Raw Materials
5-1 Bauxite

The confirmed reserves of bauxite existing in the
world amount to 30.7 billion tons as of 1980. 1In terms of
the current annual consumption level of bauxite (90 million
tong), there is a quantity sufficient to cope with more
than 300 years of consumption. Further, confirmed reserve
surpassing consumption are discovered frequently. Accord-
ingly, there is no concern about shortage of aluminum re-
sources.

The most important deposits of bauxite are locat-
ed in New Guinea (37%), Australia (16%), Brazil (1%) and
Jamaica (5%). These 4 countries have approximately 70% of
the total reserves of the world.

- 27 -



Table II-5-1
World trade ('000 tonnes)

) © 1975 1976 1977 1978 1979
Bauxite .
World exports
Total 30547 32016 34884 35208 34997
of which:
Guinea 6505 8576 9 146 10225 9338
Jamaica 6368 7166 7447 7591 7831
Australia 7839 6904 7314 6563 6854
Surinam 1948 1817 2261 2486 1771
Guyana 1119 1297 1398 1716 1530
Greece * 1035 990 1119 1595 1767
[
World imports |
USA : » 11861 13111 13616 15333 14 506
Japan . 4600 4275 5318 4743 4596
Germany, FR 4213 4087 4091 3614 3694
USSR 3477 4140 4140 3610 3612
Italy ] i 1830 1824 1913 1608 2169
Canada .1 2430 1231 2755 2433 2149
France © 1458 2270 1919 1955 1720
Alumina
World exports
Total 10 484 11683 13029 12947 13 409
of which:
Australia . 4194 5442 6153 6085 6 809
Jamaica L1831 1787 1935 2148 1977
Surinam i 1028 811 970 1159 1010
USA ; 397 888 924 873 775
i !
World imports ] ' '
USA Io3192 3288 3759 3967 3767
Norway | 1235 i 1312 1312 998 1174
Canada : 763 909 822 1057 953
Japan I 546 627 940 757 759
UK ! 558 526 703 740 596

Source: World Bureau of Metal Statistics, World Metal Statistics, various issues,

Metallgesellschafl A, G., Metal Statisties 1969-75.
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In terms of production also, these countries have
the largest share. According to statistical data of 1980,
five countries, namely Australia (29%), Guinea (14%),
Jamaica (13%), Surinam (5%) and Brazil (4%) have 65% of
world production totalling 92.6 million tons.,

The principal exporters of bauxite as of 1979 are
Guinea (9.34 million tons), Jamaica (7.83 million tons),
Australia (6.85 million tons) and Surinam (1.77 million
tons) .

The principal importers of bauxite are the U.S.
{14.51 million bons), Japan (4.6 million tons), West Germany
(3.7 million tons), and the Soviet Union (3.61 million tons).

. For aluminum smelters, principally the major
aluminum companies participate directly in the production
of bauxite and in most of the cases they have the majority
of production. The amount of bauxite sold on the free
market is approximately 13% of total bauxite production
therefore the gquality of the bauxite presents different
chemical compositions and physical properties according to
the mine and, therefore, it is not uniform. Generally
speaking, however, it must contain more than 45% Aly03 and
less than 5% of 5i0j.

5-2 Alumina

Alumina is the aluminum oxide (Aly03) extracted
from bauxite and is the intermediate product between bauxite
and aluminum ingots. Currently, the most common pattern in
the aluminum industry is massive production of alumina in
bauxite producing countries and export by sea to smelting
areas.
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Fluctuation in the production of alumina is rough-
ly linked with the production of aluminum ingots. World
production is of the order of 35 million tons as of 1980.
The principal alumina producing countries are Australia
(21%), the U.S. (20%), the Soviet Union (9%), Jamaica (7%)
and Japan (6%). Australia exports 90% of its production of

alumina, while Jamaica exports 100%.

The principal exporters of alumina as of 1979 are
Australia (6.81 million tons), Jamaica (1.98 million tons)
and Surinam (1,0l million tons). As can be seen from these
figures, Australia has the absolute majority of world exports
of alumina, being a supplier to countries all over the

world.

Aluminum makers are principally the major aluminum
companies participating in the production of alumina, as in
the case of the bauxite exploitation. They generate the
majority of production. Approximately 80 to 85% of total
alumina production is either consumed by these majors or is
supplied to their subsidiary companies and the remaining
is traded on the free market.

Alumina is normally sold on a long-term contract
basis and the prices are reviewed every 1 to 2 years.
Alumina traded on the international market is of three types
according to grade, namely, metal grade (for smelting),
chemical grade and others (for refractories, abrasives,
etc.), but the chemical composition is approximately the
same, being more than 99.3% alumina.
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5-3 Cryolite and Aluminum Fluoride

Cryolite and aluminum fluoride are indispensable
materials in the aluminum smelting industry. Aluminum
fluoride is added occasionally to adjust the cryolite bath
ratio of NaF/AlFj3, because it is dispersed during electroly-
sis.

Usually, cryolite is recovered by the smelters in
the form of synthetic cryolite using the fluorine gas col-
lected during the smelting to meet their own requirement
and so smelters purchase from external sources only when it
is needed.

In Japan, aluminum fluoride used as an additive
is purchased from makers specializing in its production.

Fluorite concentrates (more than 96% of CaFj,)} are
used as raw material for production of both cxryolite and
aluminum fluoride in most cases. Recently however, use of
the fluorine contained in rock phosphate, extracted during
the treatment of this mineral, is becoming.

5-4 Carbon Materials

Anode and cathode are required in the aluminum
electrolytic process. There are two types of anode, namely
the pre-baked type electrode and the self-baking type elec-
trode. The former type is produced using the same method
as other type electrodes, while the latter type, called
Sodeberg, is formed by self-baking during the electrolytic
process,
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Recently, the pre-baked electrode (anode block)
is used more commonly in view of soaring electricity costs
and increasingly severe environmental pollution control.

The anode is normally produced at a carbon plant
constructed together with an aluminum smelting plant. The
raw materials required for production of anode are calcined

petroleum coke and binder pitch.

Carbon blocks are used as cathode at the bottom

of cells.

The U.S. is the leading petroleum coke producing
country and it supplies this product to countries all over
the world.

As for the quality of the calcined petroleum coke,
it must contain more than 98.5% fixed carbon, less than
2.5% sulfur, less than 0.5% volatile mater and less than
0.5% ash.

6. Aluminum Smelter Project Planned for Paraguay
6-1 System of the Smelting Plant

There is a possibility that bauxite exists in
Paraguay but no study has been carried out so far with
regard to deposits, quality, etc. In the production of
alumina, the intermediate product from bauxite, a larger“
production scale provides better profitability and, there-
fore, the required investment becomes quite huge. \

Digcussion of this matter is carried out assuming
construction of smelting plant with a minimum economic scale

- 32 =



of aluminum plant with imported alumina in the first stage
of the project, in order to learn operating techniques and
enter the aluminum export market.

Next, it will be necessary to open up new export
markets, expand production capacity of the plant and carry
out detailed studies of domestic bauxite resources. Once
a deposit has proven to the economicaly feasible then
construction of an alumina plant with a capacity balanced
to the smelting plant can be beguan.

It seems appropriate to establish an integrated

aluminum complex ranging from bauxite to aluminum,

6-2 DPlant Site

The site for construction of the aluminum plant
must meet the following conditions, as in the case of other
electricity~intensive industrial plants:

(1) The transportation cost of both raw materials and
finished products shall be economical.

(2) The supply of electricity shall be stable and inexpen-

sive.

Further, a rationalized transportation infrastruc-
ture is indispensable in order to minimize the transporta-
tion cost because the optimum production scale is large and
requires the massive movements of both raw materials and

products.

Details regarding selection of the plant site
should be decided upon completion of the field survey. 1In
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this report discussion is set forth assuming construction
of the plant in the outskirts of Asuncion, in view of the

available data and information.

6-3 Possible Supply Sources of Principal Raw Materials

(1) Alumina

As mentioned in Section 5-~2, the principal ex-
porters of alumina are Australia, Jamaica, Guinea, Surinam,
Guyana, etc., with Australia having the largest capacity.

Due to the geographical conditions of Paraguay,
Jamaica, Surinam and Guyana, located in the Caribbean, seem
to be mogt advantageous in terms of transportation cost.
In future it will be possible to take Brazil into consider-
ation as a supply source as it is currently implementing
new alumina projects. In any case, the source of supply of
this material should be studied with special care from the
points of view of supply stability and economy because this

is the essential raw material of the project.
(2) Cryolite and Aluminum Fluoride

Exporters of aluminum fluoride are industrial
countries which have their own aluminum smelting industries.

The U.S., Japan and West Germany can be taken

into consideration as possible suppliers of this material
because they have sufficient production experience.
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(3) Carbon Material

As for petroleum coke, the U.S., is the most im-
portant producer of this material and exports to countries
all over the world because it refines the largest amount of
petroleum in the world. 1In the case of Paraguay, it would
be most advantageous to import this material from the U.S.A.,
in view of its geographical location.

6~4 Possible Markets for Products

The consumption of aluminum in the domestic market
of Paraguay is extremely small and therefore it is presumed
that the entire production of this project will be destined
for export. Statistical data on the production and con-
sumption of aluminum in Latin America (described later in
this report) indicate that consumption tripled in the 10
year period between 1970 to 1980, On the other hand, pro-
duction increased by 5.8 times in the same period. It is
expected that several large scale alumina and aluminum
smelting projects will start operation within the next
several years in Brazil and, therefore, this country is
expected to become a major exporter not only of bauxite,
but of alumina and aluminum ingots.

If this project has sufficient international

competitiveness, the U.S., Japan and Europe seem to be pro-
mising export markets therefore.
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6-5 Production Scale of Plant

Scale merit is a factor of fundamental importance
for aluminum smelting operations and therefore the minimum
economical scale should be taken into consideration in dis-
cussion of this project. Further, the production scale
should be determined taking into account the possibility
of export of the product. There are many other determinative
factors but in this study the discussion is focused on the
two points mentioned above.

On the basis of aforementioned consideration,
adoption of 160,000 Ampere pre-baked electrode type elec-
trolytic cells has been decided upon.

In this connection, the project should start with
one pot line with an 80,000 ton/year production capacity to
attain the best current efficiency in systems of this amper-
age.

Criteria for selection of electrolysis system

(1) The larger the electrolydis current, the.larger the
production per cell and the better the productivity.

{(2) Operations related to anode and anode maintenance are
easy in the pre-baked type multiple electrode cell,

(3) The anode voltage is low and therefore the consumption
of power in the electrolysis is small in this system.

(4) The environmental conditions at the work place are

better in this type of cell, because it uses pre-baked
electrode.
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7.

Estimation of Model Plant Construction Cost

7-1 Pprincipal Facilities

(1)

(2)

(3)

Facilities and scale of the smelting plant
Electrolysis current 160 Ka

Number of electrolysis 208 cells (With an average of

cells 200 cells in operation)

Current efficiency 87.5%

Required power 143 MW (Including auxiliary
power)

Production/year 160 KA x 0.335 kg/KA.H x 24 H/D

x 365D x 0.875 x T/1,000 kg x
200 furnaces = 82,267 tons

Assuming that 835 tons/year of aluminum metal is con-
sumed in its own plant for anode coating, the amount
of metal turned out as finished product is (82,267
tons -~ 835 tons) x 0.994 = 80,943 tons/year.

Casting Plant

Three holding furnaces heated either by fuel oil ox
electrical means are installed in the casting plant.
Aluminum is cast in 20 kg ingots with 3 ingot casting
machines.

Anode Plant

The ancde plant consists of grinding, moulding, baking
and rodding processes.
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(4) Analysis and Inspection Laboratory

(5) Storage Facilities

7-2 Plant Layout

Refer to the plant layout in Figure II-7-2,

7-3 Estimation of Model Plahat Construction Cost

The construction cost of the model plant taken
into consideration in this study is estimated on the follow-

ing premises:

(1) The construction cost is estimated by assuming procure-
ment of the required materials, machinery and equip-
ment in Japan and partially in foreign countries at
August 1982 prices on an FOB basis.

(2) Construction materials for buildings, etc., aré not
included.

(3) The exchange rate is assumed to be ¥250/USS$-.

Machinery, equipment and materials

- Substation and power receiving . Us$27,600,000

facilities
- Anode plant US$45,600,000
- Electrolytic plant _U85$85,600,000
~ Casting plant Uégg,ZO0,000
~ Service and maintenance facilities © Us$10,800,000
- Spare parts - -UsS$8,000,000
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Figure 11-7-2

Entire layout of an alurinium smelting plant

(80,000 metric ton per year)

(model plant)
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The construction cost of the model plant is esti-
mated as follows, based on the figures listed above.

- Construction work Us$93,400,000
- Machinery, equipment and materials Uss$186,800,000
- Brection Us856,040,000
- Transportation Uss$74,720,000
- Engineering and know-how Us$40,000,000

Total Us5450,960,000

Therefore, the construction cost per ton of pro-
duct is calculated by dividing the total amount above by
the annual production of 80,943 tons of aluminum.

Us$450,960,000 =+ 80,942t = US$5,571/T
It is necessary to bear in mind that the construc-

tion, erection and transportation costs may be further in-
creased, depending on the location of the plant site.
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8. Operation Conditions Expected for Model Plant

8-1 Amounts of Materials Handled (Raw Materials, Secondary

Materials and Products)

The principal materials and products to be handled
and the respective amounts are as follows:

Name Basic Unit Amount/T.Y.
Alumina 1.93t/al.t 158,800
Aluminum fluoride 0.027t/Al.t 2,200
Cryolite 0.005t/a1.t 400
Fluorite 0.001t/Al.t 80
Calcined petroleum coke 0.707t/Anode.T 33,700
Hard pitch 0.173t/Anode.T 8,200
Cathode carbon blocks 15,9t /furnace 770
Other carbon materials For cathode 530
Refractories, etc. For cathode 1,120
Steel materials For cathode 650
uel oil 0.123t 9,800
Aluminum ingot 80,000
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8-2 Utilities Requirements

The utilities required by the model plant are as

follows:
Electricity: 1,234 billion KWH/Year
(15,425 KWH/ton)
Fuel oil: 9,800 tons/year
Industrial water: Omitted
Land: 327,000 m? required for plant

only.

8-3 Personnel Requirements

The personnel required by the model plant are as
follows (Only for operation of the plant).

Plant Manager 1
Operator,

Manager  Foreman etc, Total
Anode plant 1 3 63 67
Electrolytic plant 1 5 148 154
Substation, recti-
fier, power 1 17 18
distribution
Ingot casting plant 1 54 55
Analysis laboratory 20 20
Operation 12 12
Maintenance 1 89 90
Control 1 60 61
Total 3 11 463 477

- 42 -



9. Estimation of Production Costs in the Model Plant
9-] Estimated Production Cost

The production cost of the model plant is esti-
mated on the following premises, with factors contributing
to the composition of the cost being elucidated.

{1} Depreciation cost {(Refer to Section 7-3 for details

of construction costs)

20-year straight line depreciation is assumed in this

study.

(2) Interest

In this stidy it is assumed that 70% of the construc-
tion cost is covered by loans, with the principal
reimbursed in 15 years.

Interest rate of 10%.

(3) Real estate tax and insurance

Omitted

(4) Personnel expenditures (Refer to Section 8~3 for details
of personnel requirements)

Wages per function are assumed as follows:

General manager UsS$48,000/yY
Manager Us$40,000/y
Foreman UsS$19,200/Y
Technician/clerk US$15,000/Y
Operator UsS$14,400/Y

{5) Cost of electricity

Calculated on plant receiving end basis.
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(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

Maintenance cost

Assumed as 2%/year of the installation cost.

Material cost (refer to Section 8-1 for details of
principal materials)

Utility cost (refer to Section 8-2 for details of
utilities regquirements)

The project is discussed for 3 electricity cost cases:
US#1/KWH

USE2 /KWH
US#3/KWH

Fuel oil cost: The project is discussed assuming
a fuel oil cost of US$240/KL (FOB)

Transportation cost

The transportation cost depends on the type of raw
material handled. This matter is discussed by divid-
ing transportation into ocean transport and fluvial
transport. Generally speaking, the cost is assumed
to be of the order of US$35 - 70/ton {(for details
refer to following table).

Infrastructure:

Not included

The project is discussed assuming import of all con-
struction and raw materials on a duty free basis.

Exchange rate

¥250/USS

Prices as of August, 1382
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Estimation of Principal Raw and Secondary Materials Prices

(Us$)
Un%t Ocean Fluvial

Product (ig;?jT Freight  Freight Total
Alumina 200 35 35 270
Aluminum fluoride 920 35 70 1,025
Cryolite BOO 35 70 905
Fluorite 135 35 70 240
gzi:ined petroleum 200 35 35 270
Hard pitch 260 35 35 330
Cathode carbon 1,320 35 70 1,425
Other carbon 840 35 70 945
Fuel oil 264 35 35 334

The smelting cost per ton of aluminum estimated

assuming the prices above is as follows:
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Aluminum Production Cost (Prices as of 1982)

Cost per
Cost Item Amount Ton of Share
Aluminum
(x103Us$/Y) (US$) (%)
(Fixed cost)
Depreciation 20,548 257 14.6
Interest 11,838 148 8.4
(1) Sub-total 32,386 405 23.0
(variable cost)
Alumina 42,876 536 30.4
Aluminum £luoride 2,255 28
Cryolite 362 5 10. 3
Calcined petroleum coke 9,099 114
Hard pitch 2,706 34
Electricity cost
(14 /KWH) 12,340 154 8.7
Labour cost 7,060 BB 5.0
Cathode carbon 1,097 14 1.1
Other carbon 501 6
Fuel oil 3,273 41 2.3
Maintenance cost 8,272 103 5.8
Contingencies 2,695 34 1.9
(2) Sub-total 92,536 1,157 65.5
{1)+{2) Production cost 124,922 1,562 88.5
Head office cost 3,748 47 2.7
Marketing cost, etc. 12,492 156 8.8
Total cost 141,162 1,765 100
(NOTE) : Basic electricity cost: 15,425 KWH/T
Marketing cost: 10% of production cost
Maintenance cost: 2% of installation cost
Contingencies: 3% of variable cost
Hiead office cost: 3% of production cost
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9-2 1Influence of Electricity Cost

Aluminum smelting is an industry which consumes
large amounts of electricity. The estimated production
cost and the percentage represented by the electricity cost
are calculated for a model plant with a production capacity
of 80,000 T/Y, assuming electricity charges of USlg/KwH,
2¢/KWH and 3¢/KWH.

Share of
Electricity Cost Estimated Cost Production Cost
(USZ/KWH) (US$/T) {%)
1 1,765 8.7
2 2,073 14.9
3 2,227 20.7

10. International Competitiveness of Estimated Cost

The estimated construction cost of the model plant
taken into consideration in this study is US$5,570 per ton
of production capacity. This is quite expensive in terms
of international competitiveness.

In terms of production cost, the direct production
cost is US$1,562/T and it eventually becomes Us$1l,765, when
head office and marketing costs are added. It is important
to bear in mind that these costs exclude industrial water,
land, infrastructure, etc., however. Further, the plant
construction site is inconveniently situated from the point
of view of transportation and therefore it will be necessary
to maintain stocks of raw material sufficient for at least
10 months of operation. Delays can also be expected in
shipping of the aluminum ingots produced, but the interest
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resulting from these extra expenditures are not taken into
consideration in the cost estimation. The revolving capi-
tal and its interest are not taken into consideration in
cost estimation,

Technicians and operators should be carefully
trained with a sufficient lead time before start of plant
operations. The relevant costs are not taken into consider-
ation, however, as the local situation is not clearly known.

Such being the case, it is evident that the total
production cost, including these expenditures would be quite
high. We are regretfully forced to conclude, therefore,
that the price of aluminum ingots of this project exceeds
by far the Alcan quotation of US$1,750/T, and has no inter-
national competitiveness at all.

The principal reasons leading to this lack of
international competitiveness are as follows:

- The fluvial transportation routes through the inland
rivers are too great and do not allow the use of large
ships.

- All construction materials and raw materials required
for implementation of the project must be imported.

11. Problems Requiring Further Discussions

In this study the estimated costs are based on
1982 prices on the premise that raw materials are imported
from Japan (partially from other countries). This study
also assumes construction of a model plant adopting the
most economic and modern techniques available in Japan.
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Further discussion taking into consideration more concrete
conditions and local conditions prevailing in Paraguay are

needed, however,

Conditions which require confirmation in future

studies are as follows:
(1) Market Survey

The international aluminum market has been fluc-
tuating considerably over the last several years and there-
fore it does not seem appropriate to rely on data of the

past,

Investment timing should be determined through
correct judgement based on a careful survey of the supply
and demand balance in the international market.

(2) Raw Materials

The cost of raw materials is estimated by adding
the ocean and fluvial transportation cost to the acquisition
price in Japan. It is necessary to carry out a field survey
of this subject, including a study on possible acquisition
of construction materials and raw materials from neighbour-

ing countries and a price survey.

(3) Construction Materials and Costs

In this study the construction cost is estimated
assuming execution of construction work in Japan for the
sake of convenience.

A portion of the required construction materials
can be replaced by domestically materials, however. On the
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other hand, the required construction cost will be increas-
ed if carried out by contractors of Japan or other foreign
countries staying in Paraguay.

(4) Transportation

Rational means of transportation for the raw
materials, secondary materials, operation materials and
products should be studied taking into consideration con-
crete conditions in order to evaluate actual costs.

(5) Process

The most modern processes adopted in similar
projects implemented in Japan and other foreign countries
is adopted in this study. Further, adjustments are made
taking into consideration local conditions. Execution of
a field survey is required in order to elucidate further
details.

{(6) Utility

This study requires the examination of the
utility supply plan based on a concrete process design and
the corresponding cost evaluation, particularly the elec-
tricity cost evaluation. As mentioned before, factors like
land cost, industrial water, infrastructure, etc., are not
taken into consideration in this study. As for the elec-
tricity, the cost is estimated on the premise that the
transmission and distribution facilities are provided by
third parties up to the gate of the plant.
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(7) Fund Rising Plan

It is necessary to study the cash flow plan by
taking into consideration the most advantageous way to rise
the required funds and the economic conditions of Paraguay.

{B) Infrastructure

The construction of an aluminum smelting plant in
a virgin land requires huge investments in public infrastruc-
ture like harbour facilities, urban development, road con-
struction, etc. The aforesaid investments are completely
neglected in this study, but normally most of them are
covered by the government of the country where the plant in

guestion is to be constructed.
As a matter of course, it is indispensable to

discuss in detail the infrastructure at the occasion of the
feasibility study to be carried out futurely.
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12. Research and Development of New Aluminum Smelting
Processes

The industrial production of aluminum is carried
out by producing alumina from bauxite using the Bayer pro-
cess, and by producing aluminum with electrolysis of alumina
through the Hall-Heroult process. This refining method is
a traditional one, having been used for approximately 90
years. In the Hall-Heroult process, however, production
per cell is extremely small it therefore has demerits such
as low production efficiency and large consumption of elec-
tricity. Accordingly, aluminum companies and research
institutes in various countries are making efforts to
develop new smelting methods.

Many processes have been proposed and tested to
date but none are used in commercial production due to
inherent technical and/or economic difficulties,

The new smelting methods proposed so far can be
classified into two types.

a) Crude aluminum alloy or crude aluminum is produced by
carbonic reduction of the ore. Aluminum is refined
from the aforementioned crude alloy or crude metal by
distillation, electrolysis or by the monochloride pro-
cess which uses the reaction with aluminum chloride.
The monochloride process was intensively tested by

Alcan at one time.

b) Aluminum chloride is produced as an intermediate pro-
duct from either alumina or bauxite. Next, aluminum
chloride ig either reduced by using manganese (TOTH
process) or electrolytically refined in a chloride
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bath. Alcoa worked actively in the development of this

latter process at one time.

The current topic in new aluminum smelting pro-
cesses is the blast furnace process developed by Mitsui
Alumina. In this process aluminum raw materials (bauxite,
clay, etc.) are initially pelletized together with coke.
Next, the pellets are melted in a blast furnace at a temper-
ature of the order of 2,000°C, Lead is added to this molten
material to produce an aluminum-lead alloy. Impurities
such as Fe, Si, etc., are separated from the aforesaid alloy
and then aluminum is obtained by vacuum distillation. This
process is in the test stage and many problems are still to
be solved in order to make possible its use for commercial

production.
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III. Copper

1. General Description of Copper

Copper is a metal characterized by the following
properties;

~ High electrical conductivity

-~ High thermal conductivity

- Corrosion resistance

- Excellent workability due to extremely high ductility

- Easy formation into alloys with other metals and excel-
lent castability.

Copper is used either as a pure metal or copper
alloy in forming electric wires, rolled copper and copper
castings., In particular, more than a half of all copper
is used in the electrical industry as pure metal. In spite
of the appearance of alternative materials such as aluminum,
optical fiber, etc., it is presumed that the demand for
copper will expand further through technical innovations,
development of new applications, etc.

Copper is negotiated as an international commodity
in the form of ore, intermediate products and metal, How-
ever, factors such as the energy problem; environmental
pollution control in the industrialized countries, etc.,
exert serious influences which may change the supply mecha-
nism of this product in the international market.

From the technical point of view, on the other-
hand, progress in exploration techniques and mineral dres-
sing techniques ensure the required economic ore reserves

and progress in smelting and refining techniques have
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solved problems related to energy, environmental pollution

control, etc.

2, Trends in the Copper Market and Price

The consumption of copper has stagnanted at a
level not exceeding 10 million tons in the last several
years due to stagnation of the world economy. The princi-
pal consumers of copper are the U.S., the Soviet Union and
Japan, which represent 50% of the total. On a long-term
basig, it is expected that the consumption of copper will
grow at an annual rate of 2,6%, exceeding 13 million tons
by the year 2000,

The production of copper ore is approximately 8
million tons and the principal producers are the U.S., the
Soviet Union and Chile, which produce 50% of the total.
The principal deposits are located in Chile, the U.S. and
the Soviet Union, which represent 50% of the total. The
production of metal, on the other hand, is approximately
9 million tons and the principal producing countries are
the U.S., the Soviet Union and Japan, which produce ap-
proximately 50% of the total. '

The principal copper producing countries can be
classified into the following types. The U.S. and the
Soviet Union have sufficient natural resources, refining
capacity and consumption to maintain a relatively even
balance while Japan imports ore and some metal. Chile is
blessed with abundant natural resources in addition to a
sufficient refining capacity and exports ore, intermediate
products and copper metal, The European countries are of
the Japanese type but they have export a larger percentage
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of the metal. Korea, 'Taiwan and other Asian countries are

of this type also. On the other hand, Canada, Australia,
etc., are of the Chilean type.

Statistical data on production of ore, production
of smelters, production of refineries and consumption of
copper arxe indicated in Tables III-2-1, III-2-2, III-2-3
and III-2-4,

Copper refining is carried out in various ways.

- Integrated smelting and refining from concentrate to
metal

-~ Smelting from concentrate to intermediate products
such as matte, blister copper, anode, etc.,

-~ Refining from blister and cepper scrap to metal

- Refining from anode to metal

Copper is negotiated on the market in the form
of raw materials and intermediate products such as copper
concentrate (Cu 20 to 30%), matte (Cu 30 to 50%), blister
copper (Cu 98,5 to 99%) and anode (Cu 99.0 to 99.5%), and
finished products such as electrolytic copper (Cu 99.99%
or more), fire refined copper (Cu 99.9% or more), etc,

In view of the recent stagnation of demand and
the low price of metallic copper, some mines have suspended
production while other mines have closed. On the other
hand, copper refineries, which are typically energy-inten-
sive, have been forced either to suspend activities or to
go out of business due to the rise in energy costs, the
rise in pollution control installation costs due to the

increasingly severe pollution regulations, etc. In any
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case, a gradual change is taking place in sectors such as
mining, smelting and refining, processing, etc., in the
world copper market, due to changes in conditions related
to the availability of raw materials, transportation of raw
materials and finished products, availability of energy,
control of environmental pollution, availability of markets,
etc.

As for the price of copper metal in the inter-
national copper market, there are free prices such as the
London Metal Exchange Price (LME Price), the COMEX Price,
etc., and producer's prices such as the U.S. P.P., etc.
The LME quotation, which has a relatively strong influence
on the market, is indicated in Table III-2-5,
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3. Copper Extracting Process

Broadly speaking, there are two copper extract-
ing processes, namely the hydrometallurgical process which
turns out copper by means of electrowinning of ore leached
with acid, and the pyrometallurgical process, which pro-
duces copper by electrolytic refining of anodes obtained
by high temperature smelting, oxidation and reduction of
copper concentrate. The hydrometallurgical process is
suited for refining of oxide ore, while the pyrometallurgi-
cal process is suited appropriate for refining of sulphide

are.

Qutlines of the aforementioned extracting pro-
cesses are illustrated in Figure III-3.

Most of copper ore is of the sulphide type and
therefore is smelted and refined by means of the pyrometal-
lurgical process., The ore is melted and oxidized together
with flux and the Cu is carried to matte (Cu 30 to 50%),

Fe and other material are carried to slag and S is convert-
ed into gas in the form of S0,. Matte, together with flux,
is submitted to further oxidation in a converter where
copper is concentrated in the form of blister (98.5%),
other materials are carried by the slag and S is carried
by the gas in the form of S0,. Blister is refined and

cast in the form of anodes (99.5%). The cast anocde is
electrolytically refined by an electrolysis process and is
converted into cathode (99.99% or more).
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4, Copper Ore, Secondary Ingredients and Byproducts

4-1 Copper Ore

Copper ore exists in the form of native copper,
sulfide ore and oxide ore, but sulfide ore is the most
common.

Normally, ore of a copper grade of the order of
1% is treated by floatation to obtain copper concentrates
of the order of 20 to 30%, therefore, copper ore is negoti-
ated on the market in the form of concentrate. Deposits
of copper estimated to exist currently in the world total
approximately 500x10% tons, and the principal countries
favoured with deposits of this metal are Chile with 97x10087
(19.7%), the U.S. with 92x106T (18,7%) and the Soviet Union
with 36x100T (7.33), followed by Zambia, Canada, Perd,
Zaire, the Philippines, etc. The principal producing
countries are the U.S., the Soviet Union, and Chile but
other ore exporting countries include Canada, the Philippines
and Chile in this order. In addition to the ore itself,
copper is negotiated on the market in the form of inter-
mediate products such as matte and blister. Chile and
Perd, in South America, export more copper in the form of
metal and blister copper than concentrate.

Scrap is an important resource in countries like

the USA, etc., which have large consumption of copper and
furthermore a consolidated distribution route.
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4-2 Secondary Materials
4-2-1 Silica

Silica is used as a flux in the copper smelting
process to control the composition of the slag. Silicate
ore containing Au and Ag is used in some cases. Cu has
the property of absorbing Au and Ag well and these noble
metals can be separated out in the form of slime during

the electrolysis process.

Silica is added to the ore in proportions of the
order of 20 to 30%., Requirements for purity of silica
used for copper smelting are quite loose.

Limestone is added to the copper ore and silica

in some cases.

4-3 Byproducts

Copper ore contains various metals in addition
to the copper itself. The copper smelting and refining
process turns out various byproducts when each of these
metals are separated out.

4-3-1 Slag

Oxides of Fe and other metals contained in the
copper ore form silicates. These silicates compose the
slag generated in the copper smelting process. Normally
this slag is discarded but in some cases it may be used as
a raw material for the production of cement.
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4-3-2 Sulfuric Acid, Gypsum and Liquid Sulfuric Acid

Normally the copper ore contains § (sulfur),
which is separated out in the form of S0, contained in the
gas generated during the smelting process. This SO, is
fixed and collected as H2S04, CaS04-2H20, liquid SO, etc.,
which can be marketed, should there be demand.

4-3-3 Slime

Precious metals such as Bu, Ag, etc, contained
in the copper ore go to the anode mixed with Cu and are
separated in the form of slime during the electrolytic
process. This slime can be either refined into Au, Ag,
etc., or sold as raw material for these noble metals.,

4-3-4 Crude Nickel Sulfate

Ni contained in the anode goes to the electrolyte
in the electrolytic process, and is cristalized in the form
of NiSO4:6H0 in order to maintain the electrolyte concen-
tration balance. This nickel sulfate can be sold as raw
material for nickel plating and other uses.
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5. Copper Extracting Project to be Implemented in Paraguay
5-1 Current Status of Copper Market in South America
A portion of the statistical data for 1981 on

South America selected from the tables of Section 2 of this
report is shown in Table III-5-1,

Table III-5-1 South American Copper Market (1981)
Unit: 103T

Mine Smelter Refinery
Production Production Production Consumption

Argentina - - - 48.0
Brazil 18.0 - 29.1 le4d.1
Chile 1,080.6 953.7 775.5 39.6
Peru 335.1 317.0 207.4 16.9

As mentioned in Section 2 of this report, Chile
and Peru export blister copper and metal in addition to
copper concentrate. Data given in the table shown that the
capacity of the refineries is insufficient compared with
the production of concentrate. This tendency is pronounced
particularly in Chuquicamata, Chile, largest production
mine in the world.

On the other hand, the demand for copper as a
basic material is expanding in countries on the eastern side
of South American - like Brazil, Argentine, etc. - and
according to long-term plans of these countries, it is ex-
pected to expand further in the coming years. As for the
problem of the copper market within South America, it is
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naturally indispensable to fill the increasing demand for
metal within the region itself. On the other hand, copper
produced in this region is exported once in the form of

ore and blister copper and then imported again as metal.

It is evident that it is more advantageous to export the
metal or processed products instead, in order to increase
the added value. In particular, Paraguay is located in an
advantageous geographical position from the point of view

of processing the abundant raw materials found on the west
coast of the South American continent and shipping products
to consumer centers on the east coast. Furthermore, if the
international railway and highway routes will be improved,
it will be possible for Paraguay to export refined copper
products through ports on the Pacific Coast of South America,
by taking into consideration countries in Asian markets such
as Japan, Taiwan, etc.

5-2 Form of Copper Extracting Industry in Paraguay

Copper ore is easily available in South America
but Paraguay is in a very disadvantageous position from
the point of view of access for large-sized ships compared
with copper smelters in Japan and Europe. The form of
integrated custom smeltering existing in Japan and Europe,
which starts from import of concentrate and turns out elec-
trolytic copper, can not be considered advantageous for
Paraguay as well.

Currently all factors involved in locating a
copper extracting plant in Paraguay are not clearly known.
The form of the extracting industry to be introduced in
Paraguay is planned based upon the following premises,

however,
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(1) This project should be planned as a part of an inte-
grated copper production system in the South American
region covering "Ore Production" - "Smelting and
Refining" - "Metal Consumption" and "Metal Export",

{2) The raw materials should be available under as
economical terms as possible and at minimum

transportation cost.

(3} Electricity should be used as effectively as possible
for production of the finished product.

Such being the case, it is supposed that the most
advantageous form of copper extracting for Paraguay is
import of blister copper produced in Chile and Peru in view
of its relative compactness and transportation advantage,
Electrolytic copper can then be produced by electrolysis
of the blister copper and the copper exported. The electro~
lytic process does not require much labour and the process
itself is simple and clean, with generation of little indus-
trial waste. Furthermore, there is a possibility of expan-
sion to an integrated process covering all phases from
concentrate to metal., The above proposal can be regarded
as the most recommendable as a first step for introduction
of copper smelting and refining in Paraguay. ’

5-3 Plant Site

The vicinity of Asuncion is the best place for
siting the copper refinery in view of the following:

(1} The traditional fluvial routes can be used for trans-
portation of the raw materials, secondary materials
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and finished products between the plant site and the
Atlantic coast. Furthermore, land transportation can
be used for countries located on the Pacific coast
side such as Chile, Peru, etc.

(2) A stable supply of electricity can be ensured at this
site,

(3) The required labour can be recruited with relative
ease.

The problem of environmental pollution has been
technically solved already and so presents no obstacle to
construction of the plant.

5-~4 Source of Supply for Raw Materials and Market for
Products

As mentioned in Section 5-1 of this report, the
countries of South America able to supply blister copper
are Chile and Peru. At Chuquicamata, the largest copper
smelter and refinery complex of Chile, for example, the
capacity of the refinery is insufficient compared to the
capacity of the mine and smelter and this situation is ex-
pected to continue in the future because electricity is not
abundantly available in the area. Similar situations are
evident in other mines, smelters and refineries of northern

Chile and Peru,.

From the point of view of the transportation
route for the raw materials to be used in this project,
import blister copper from Chile by land transportation is
recommended. It is expected that improvement of the land
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transportation routes between Chile and Paraguay will be
useful also from the point of view of marketing of the
products turned out by this project.

The most important copper metal importers in
South America are Brazil and Argentina. It is indispensable
to develop new markets on the east coast of North America
and in Asia (Japan, Korea, Taiwan, etc.) via Antofagasta,
the Chilean port facing of the Pacific Ocean, in addition
to the traditional markets of South America, the east coast
of North America and Europe via the La Plata River. There-
fore, improvement of the land transportation route between
Paraguay and Chile is indispensable from the point of view
of both import of blister copper the raw material for the
refining plant, and export of electrolytic copper. Such
being the case, it is necessary to draw up a rational trans-
portation plan and a realistic marketing plan in order to
successfully implement this project.

5-5 pProduction Scale of Plant

The copper electrolysis plants existing in the
world at present have varying capacities ranging from
50,000 T/Y to 400,000 T/Y. In South America the Oroya
Refinery and the Ilo Refinery of Peru have 50,000 T/Y and
150,000 T/Y capacity, respectively, while the Protrerillos
Refinery, Chuquicamata Refinery and Las Ventanas Refinery,
all in Chile, have capacities of 79,000 T/v¥, 390,000 T/Y
and 150,000 T/Y, respectively.

In the case of custom refineries (raw material

purchasing type), the larger the production scale the better
the economic efficiency. 1In this case, an annual production

- 81 -



capacity exceeding 100,000 T/Y seems to be best. In the
case of Paraguay, however, we assume an annual capacity

of 60,000 T, which is the minimum scale from the operational
point of view, because the required raw materials are
available nearby.

6. General Description of Process in the Model Plant

6-1 Production Process

This study is set forth assuming a copper refin-
ing plant with an annual preoduction capacity of 60,000 ton
of electrolytic copper, using blister copper as the raw
material.

Melting & refining Cylindrical horizontal rotary
furnace system
- Casting: Walker system

- Electrolytic refining: Conventional system

6-2 General Description of the Process

A flow sheet for the process adopted in this pro~
ject is presented in Figure III-6-2,

The blister copper is melted and refined in the
refining furnace and is cast in the form of anodes. The
electrolytic refining of copper is carried out by arrang-
ing the cast anodes and cathodes consisting of thin plates
of electrolytic copper in an electrolytic cell containing
(Cusoy + H»p50,) solution and applying direct current between
the anodes and cathodes. Electrolytic copper is obtained
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as a result of the electrochemical transportation of the

Cu of the anode to the cathode. The electrodes used in
this process are replaced periodically, i.e., the anodes
are replaced at intervals of 24 days and the cathodes at
intervals of 12 days. Part of the anode left as residual
copper is recycled to the refining furnace. The cathode
obtained by this electrolytic process is shipped as the
finished product after being washed., Crude nickel sulfate
is obtained from the electrolyte. Au and Ag are deposited
at the bottom of the electrolytic cell in the form of slime.
These precious metals can be sold in the form of slime but
in the future it is possible to carry out refining of the
Au and Ag as well., The anodes and cathodes of the electro-
lytic cell should be permanently monitored and adjusted in
order to prevent short circuits between them. The elec-
trolyte should be kept always at the desired conditions by
circulation and purification and by providing the required
additive. The electrolytic copper refining process de-
scribed does not require special skills, the installations
are simple and the operation itself is easy to understand,

6~3 Plant Layout

The layout of the model plant is shown in Figure
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7. Estimation of Model Plant Construction Cost

The construction cost of the model plant is esti-
mated on the following premises:

(1) The construction cost is based on prices prevailing
in Japan in August, 1982, plus 25%. (The aforemention-

ed prices prevailing in Japan are assumed to have an
accuracy of +30%).

(2) The installation cost is included in this estimation.

{3) The land acquisition cost and land preparation cost
are not included in the plant construction cost.

(4) The maintenance workshop, office building for manage-
ment of the plant, warehouses, etc., are not included
in the estimation.

The congtruction cost of each plant of the project
is estimated as follows.

1 Estimated Construction
Plant Cost (US5103)
Refining & casting 4,500
Electrolysis 27,900
Slime leaching 850
Nickel sulfate 550
Boiler 350
Total 34,150




8. Expected Operation Conditions of the Model Plant

8~-1 Materials to be Handled (Raw Materials, Intermediate

Products and Finished Products)

The grades and amounts of the principal materials
to be handled in the model plant are as

follows:

c

Name Grade (%) Amount (T/Y)
Blister copper Cu 98.5 61,000
Ni 0.02
Enode Cu 99.5 73,000
Electrolytic copper Cu 99.99< 60,000
Crude nickel sulfate | Ni 20 60
Slime Au 0.2 to 1.0 Depending on the con-
Ag 10 to 20 tent of these pre-

ious metals in the

raw material

8-2 Principal Materials Required for Operation

The basic units and consumption of the principal

materials required for operation of the plant, in addition

to spare parts, are as follows:

Sulfuric acid
Hydrochloric acid
Glue

Thiocurea

ammonia

The material flow of the items mentioned in sections

3 kg/T.Cu
0.06 kg/T.Cu ~
0.08 kg/T.Cu
0.04 kg/T.Cu
7 kg/T.Cu

3.6
4,8
2.4
420

T/Y
T/Y
T/Y
T/Y

T/Y (Ammonia can be
replaced by LPG)

8-1 and 8-2 are described in Figure ITI-8-1.
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8~3 TUtilities Requirements

The basic units and annual consumption of utili-
ties required for operation of the plant in question are

as follows:

Electricity 430 KWH/T 25,870 MWH/Y
Steam 607 Kg/T 36,400 T/Y
Cooling water 22.4 T/T 1,344x108 T/v
Fuel oil 88 L/T 5,280 KL/Y

8~4 Personnel Required

The personnel required for operation of the plant

are as follows, (Plant personnel only}
Manager 1
Engineer Foreman Operator
Refining 1 1 11
Electrolysis 2 2
Stripping sheet 8
Current check 9
Replacement 6
Mother blank 6
prepatation
Crane operation 2
Others ’ 14
Total 3 3 56



9. Estimation of Production Costs in the Model Plant
9-1 Profitability of Custom Smelters and Refineries

9-1-1 Determination of Purchasing Terms

There are two types of copper smelter, namely,
the domestic smelter and the custom smelter. The domestic
smelter carries out an integrated process from the mining
to the refining and basically is operated on the income
generated by sales of the copper metal. On the other hand,
the custom smelter and refinery covers only the smelting
and refining processes and basically is operated on the
income resulting from the treatment charge and refining
charge in the purchasing terms.

Broadly speaking, the purchasing terms (CIF basis)
at custom smelters and refineries are as follows.

Copper concentrate price (US$/T)
= (K~a) x (x-b) x 2204.6 - Cc x 1/100 (9.1.1)

K : Metal price (£/Lb)
a : Refining charge (R/C}) (£/Lb)
X Copper grade (%)
b : Unit reduction
2204.6 2204.6 1b. = 1T
C : Treatment charge (T/C) (US$/T)

a: R/C is the item corresponding principally to
the refining cost for obtaining electrolytic copper from
blister copper, c: T/C corresponds to the treatment cost
for obtaining blister copper from the concentrate, b: Unit

reduction is the recovery, in other words, {Recovery) =
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(x~b)/x. When the concentrate contains Au and Ag and their
content exceeds a gi-en value, they are evaluated in a
form similar to that for Cu, through the recovery and

refining charge (R/C).

In addition to the precious metals mentioned
above, the copper concentrate also contains various other
metals, for example, S, Ni, etc., and these contribute to
the earnings of the plant as byproducts. Other materials
such as As, Sb, Bi, etc., may be subject to penalty because
they have a noxious influence on the electrolysis process.

When the copper concentrate is actually handed
over to the smelter and refinery, other expenses such as
domestic transportation freight, commission to trading
companies involved in the transaction, miscellaneous ex-
penses, etc., are added to the copper concentrate price

given by the expression (9.1.1).

In the case of blister copper the price configu-
ration is basically the same as that of for copper concen-
trate, and is given by the expression (9.1.1) minus item
C: the treatment charge.

Blister copper price (US$/T)
= (k-a) x (x~b} x 2204.6 x 1/100 (9.1.2)

K: Metal price (£/Lb)
a: Refining charge (R/C) {#/Lb)
x: Copper grade (%)
b: Unit reduction
2204.6: 2204.6 lb. = 1T
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a: R/C corresponds to the refining charge for
obtaining electrolytic copper from blister copper. b: Unit
reduction corresponds to recover.

When blister is handed over to the refinery,
othexr expenses such as domestic transportation, commission
to trading companies involved in the transaction, other
miscellaneous expenses, etc., are added to the price above.

Now, let us calculate the price of blister copper
on the following premises.

Metal price: 80¢/Lb
Refining charge: 104/1b
Copper grade: o8%
Unit yield: 1

Blister copper price {(US$/T) =

(80-10) x (0.98-0,01) x 2204.6 x 1/100
70 x 0.97 x 2204.6 x 1/100

1,497

n

Electrolytic copper is sold after refining blister
purchased at a price of US$1,497/T, therefore, the refin-
ing cost should not exceed 10¢4/Lb if recovery is assumed
to be (0.98-0.01)/0.98 = 0.990, i.e., 99.0%. The project
is not commercially profitable if the refining cost is not
restricted to less than 6#/Lb, if the expenses such as
domestic transportation, commission to trading companies,
miscellaneous expenses, inventory interests, etc., are
assumed to total 4¢/Lb.
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The actual ore purchasing conditions depend on
each individual case and it is very difficult to obtain
accurate data on this because it is top secret for the
mines, smelters and refineries. This study is carried out
assuming a target value of the order of 5 to 6£4/Lb for the
refining cost, which is obtained by estimating and deduct-
ing the amounts of the CIF prices under conditions equal
to those of custom refineries in Europe and Asia, domestic
transportation, commission to the trading companies involv-
ed in the transaction, other miscellaneous expenses, inven-

tory interest, etc.

In the next step of the study it is indispensable
to determine the target wvalue in accordance with the afore-
said purchasing terms, by determining concretely the materi-
al to be purchased (e.g. blister copper from Chuquicamata,
Chile).

It is particularly important to materialize
transportation costs eqguivalent to those of custom smelters
and refineries in Asia and Europe, as assumed in the pre-
mises, otherwise, the target refining cost has to be further
lowered. Such being the case, a careful study of the trans-
portation methods and routes concrete -ases {alternatives)
is also an important point for determination of the ore

purchasing terms.

9-1-2 Profitability of Custom Smelters and Refineries

The earnings of custom smelters and refineries
are as follows:

(L) Treatment charges and refining charges (T/C and R/C)
stipulated in the ore purchasing conditions.
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(2} Earnings resulting from the sale of metal obtained in

excess of the recovery stipulated in the purchasing
terms.

(3} Earnings resulting from the sale of byproducts.

The profit of the smelter and refinery is the
difference betwen total earnings and the cost required to
carry out the smelting and refining, therefore, profits
brought about by the income items mentioned above are inde-
pendent of the metal price itself, with exception of the
recovery mentioned in the item (2). The objective of the
operation of the smelter and refinery is how to cut down
the apparent refining cost, including the earnings brought
in by sales of byproducts, with regard to the T/C and R/C
stipulated in the purchasing terms. This is a fundamental
difference between copper refining and aluminum refining.

The materials evaluated as byproducts in the
copper extracting industry are sulfuric acid in the smelt-
ing process and crude nickel sulfate and others in the

refining process.

There are impurities contained in the ore which
contribute to increasing income as metallic byproducts,
but there are also impurities which exert a noxious influ-
ence on the process, contributing to a decrease in income,
by increasing the costs and/or affecting the purity of the
refined product.

In this study, crude nickel sulfate is generated
as a byproduct in the process where blister is refined into

electrolytic copper.
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The amount of metal generated by the difference
in recovery between the actual and the purchasing rate
depends on the purchasing terms and on the skill of oper-
ation of the refining facilities. Particularly at the out-
set of operations, the recovery rate is low. It is not
taken into consideration as an item of earning in this
study, therefore. The recovery difference is possible only
when the refinery is operating satisfactorily and the raw
material is available under advantageous conditions. Accord-
ingly, it should not be taken into consideration in the
profitability calculation at the refinery planning stage.

In this study profitability of the refinery is
discussed by estimating the refining cost, including the
earnings brought about by the byproducts, and comparing it
with the target value.

9-2 Estimation of Refining Cost

The refining cost for the model plant is esti-
mated on the following premises, with the purposes of eluci~
dating the elements composing the cost,

(1) Depreciation cost (Refer to the Section 7 for details
of construction costs)

A depreciation period of 13 years is applied, assuming
a residual book value of 10% and 10 year depreciation
for the refining in facilities, 20 years for the sheds
and a proportion of 70:30 for the construction costs
of the refining facilities and sheds.

(2) Interest

It is assumed that all of the required funds are cover-
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(3)

(4)

(5)

(6)

(7)

(8)

ed with loans with an annual interest rate of 10%.

Real estate tax and insurance

The real estate tax and the insurance expenses are not
taken into consideration in this calculation.

Personnel expenditures (Refer to the Section 8-4 for
details on required personnel)

Wages corresponding to each class of function of the
required plant operation personnel are assumed to be

as follows. (Expenses of auxiliary management sections
are included in the overhead costs).

Manager Uss$48,000/Y
Engineer UsS$24,000/Y
Foreman Us$19,200/Y
Operator Us$14,400/Y

Repair costs

The repair costs are assumed to be 2%/year of the

installation cost.

Material costs (Refer to section B-2 for details on
principal materials required for operation of the

plant)

Utility costs (Refer to section 8-3 for details on
utilities required for operation on the plant)

Electricity cost Assumed as USZ3KWH
Fuel oil cost Assumed as US$320/KL

Transportation costs

Transportation costs refer only to the transportation
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(9)

(10)

(11)

(12)

carried out within the plant by means of forklifts,

etc.

Overhead costs, etc.

50% of the personnel expenditures

Income from byproducts

Crude nickel sulfate: Assumed as US$600/T.

Au and Ag are not taken into consideration (these are
assumed to have the same recovery as the value stipu-
lated in the ore purchasing conditions).

Marketing costs, etc.

10% of the prime cost.

Exchange rate

£250,/US$

The refining cost estimated on the premises list-

ed above is given in Table III-9-2,
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Table III-9-2 Estimated Costs for Refining of Electrolytic
Copper from Blister

Cost of
Cost Item Amount Electrolytic Share
6 Copper
(x10°US$/Y) (USg/Lb) (%)
(Fixed costs)
Depreciation cost 2.364 1,79 27.7
Interest 0.263 0.20 3.1
Real estate tax,
insurance, etc. - - -
(1) Sub-total 2.627 1.99 30.8
(Variable costs)
Personnel expenditure 0.984 0,74 11.5
Repair cost 0.683 0.52 8.0
Material cost 0.384 0.29 4.5
Utility cost
- Electricity cost 0.776 0.59 9.1
- QOthers 1l.678 1.27 19.7
Transportation cost 0.163 0.12 1.9
overhead cost, etc. 0.492 0,37 5.8
{2) Sub-total 5.160 3.90 60.5
(1)+(2) Prime cost total 7.787 5.89 91,3
Byproduct earnings A0,036 A0,03 40.4
Direct marketing cost, 0.779 0.59 9.1
etc.
Total prime cost 8.530 6.45 100.0
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