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'{1] BAUXITE, ALUMINA AND ALUMINUM

Introductory Notes

Unless otherwise specified, the unit of weight is
metric tonne in this report.

List of plants for bauxite, alumina and aluminum in
the world is attached as the appendix of this report.

The following abbrev1at10ns are ugsed for sources of

this report:

AME w—-é—mﬂ'Australiah Mineral EConomicé Pty. Ltd,-

IBA QR =-&--~ internatiohal Bauxite Asscciation Quarterly
Review

IPAI S5 --- International Prlmary Alumlnlum Institute
Statistical Summary

JAF o Japan Aluminium Federatlon

MB «=-=---~ Metal Bulletin

MG ~—wmmem Metal Statistics issued by
Metallgesellschaft

R Metals Week

USBM ~~-w=- The U.S. Bureau of Mines

[11-1



A,

I,

{1] BAUXITE, ALUMINA AND ALUMINUM

RESOURCES AND PRODUCTION PROUESSES OF ALUMINUM

Characteristics and Usage of Aluminpum

Although the history of aluminum as an industrial material covers

Only about 100 years, it has_acquired the second position of metal
behind iron thanks primarily to the excellent characteristics it
displays. The following characteristics are utilized in a wide array

of uses:

Lightweight: The specific gravity @f aluminum is. about 1/3 that of
iron or copper.T) Thus it is suitable as a structural material for
aircrafts, vehicles, ships and other structures that require

lightweight.

High strength: Aluminum has an advantage that if alloyed with
magnesium, silicon, copper, manganese or other elements, then heat-
treated and mechanically processed, it increases its strength. 1In
addition, the strength is maintained even at extremely low
temperature. ' :

Excellent resistance against cdorrosion: Natural oxidation in the
atmosphere creates a solid oxide film on the surface of aluminum to
prevent corrosion, Furthermore, it is possible to prbduca artifi~
cially the corrosion. resistant film by the anodizing method.

Good forming property: Because of its superior plasticity for
forming, aluminum can be processed into complicated shapes by the
unigue extrusion technique, such products being used widely, for
example, as window sashes,

High electrical conductivity: Comparing with??opper, electrical
conductivity of aluminum is approxmately 60% ~7, but ites weight is

-—
—

2)

Specific gravity Aluminum 2.7
Iron 7.9
Copper 8.9
Electrical conductivity: 36,36 m/iz.mm2



only 1/3. Therefore, aluminum conducts twice the electricity which
copper of the same weight can conduct, and has almost replaced
copper in the use of power transmission lines.

£. High thermal conductivity: Aluminum has about three times the
thermal conductivity of iron, and is guitable for heat
exchangers, ')

gs Good castlng property . Because of swmall specific gravity, low
mcEtlng point 2) and high heat capacity, aluminum can be cast into
any complicated, desired shapes with various casting methods.

h. Recycling: Aluminum can be recycled easily since its melting point
is low. The energy input to recycle aluminum is only about 1/28 of
that consumed to produce primary aluminum, and the recycle cost is
low accordingly.

The guality of reeycled aluminum is nearly comparable to that
of primary aluminum. If the recycling is also taken into account,
it can be said that aluminum is produced with a relatively small
energy usage and is contributing to efficient use of resources.

In addition, aluminum is non-toxic, non-magnetic and easily
recycled; and.can be finished on the surface in various ways with dif-
ferent treatment methods. As explained above, aluminum has a wide
range of superior characteristics,

Alumina, the intermediate raw material, is used mostly to produce
aluminum by smelting. It is alsc used widely for refractories, heat
resigstant ceramlcs and elﬂctrlc and electronic components making use
of its unique propertles,= very high meltlng point {about 2,050°C),
being chemically stable if ignited and high electrical insulation.
Furthermore, alUmlna can exists in various types of crystal and, for
this reason, is widely used_ln 1tems_$uch_as catalyst carriers and
adsorbents. Aluminum oxide is used also in the form of aluminum
hydroxide,  and a variety of aluminum salts {sulfate, chloride, sodium
aluminate etc.) are produced from aluminum hydroxide. Use as filler
for plastics is alsc a part of its wide range of applications. These
non-metallurgical uses today average more than one tenth of world con-
sumption of alumina, and this ratio is expected to rise in the future.

1} Thermal conductivity: 0.568 cal/cm.5.deg
2) Melting point: 660°C

[1)}-3



IT. Bauxite

AS an element, aluwminum is oné of the most plentiful. of all the
elements on the earth. Its Clarke Number, whlch represents its ratio
of quantity in the surface layer of the earth's crust, is thira
{7.56%) behind oxygen and silicon, and ahead of iron's 4.76%. - Lt is
one of the principal constituent elements of the. ecarth's cxust.

Almost all the minerals contalnlng aluminum are oxides. - Among
many aluminum-bearing minerals known o us, which are clays, shales,
feldspars, mica, aluminum phosphate, alunite eto. {(Reference Table
A~1), the only one currently used gconomically in indistrial aluminum
production is bauxite, whose alunina content is high enough and silica
content is low. Some nepheline and aluminous shale are used excep-
tionally in the limited regions.

1. Types and Origins of Bauxite

1.1 Types

Bauxite was némed after Les Bau region in France that pro-
duced the reddish-white rock~at that time thought to be a typa of
clay - whose primary mineral was confirmed to be alumlna.
Nowadays, laterite with particualarly high alumipa content enough
to use as an aluminum ore is called bauxite. In the strict miner-
alogical sense of the word, pauxite is not a single mineral. It
is an ore that contains alumina mlnerals and also iron oxideg,
titanium oxide, silicon oxide and other ‘components. The alumina,
a primary cqmoonent, usual¢y takes the forms of gibbsite (Al(OH}3),
boehmite {AlO{OH)) and other crystals. These two can also be
expressed as Al;04.3H,0 and Aly03.190 respectively, hence the
former is often called trihydrate and the latter monchydrate. On
cccasion, bauxite contains diasgore (H.A103) monohydrate.

Correspondingly, bauxite is generally designated trihydrate
bauxite {(gibbsite) or monchydrate bauxite (boehmite). Silicates
exist as clay minerals such as kaolinite (n1504,28105,2450) and
halloysite (A1404.2510,.2H50) and often exist freely in quartz
particles, and they are the most significant impurities when
bauxite is used as the raw material in the Bayer process. Usually
the less they are, the better. The iron ip bauxite exiusts as hampa-~
tite {u-Fe,03), limonite (FeyD3) ete. and is the reason for the
unigque reddish color bauxite almost always has. Bauxite is SOMmo~
times dark red or brown.

{1}-4



1.2 Origins‘

Bauxite is said to have been created by decompdstion of rocks

by chemical weathering. For bauxitization and laterization to
progress, -an environment that promotes the action of chemical
weathering is necessary. - Bauxite ig ofter produced in the
tropical and subtropical regions that have such environment.

An outline of the main bauxxte beds on the earth according to

their parent rocks is as follows:

B Y

Alkaline aluminum gilicate (e.g. nepheline and leucite)

This type of rock is exposed in loose, rolling tropical areas
and weathered.
Examples: The Los Islands (Guinea), Arkansas (USA)

Limestone

Limestone is weathered, and the alumina present as a residue is
concentrated,

Examples: Mediterranean region (France, Italy, Hungary,
Yugoslavia etc.}, Caribbean region {Jamaica, Haiti, Dominican
Republic etc.)

Sedimentary clay

Examples: Georgia, Alabama {(USA)

Neutral - basic igneous rocks (diorite, diabase, basalt)

These rocks are well-weathered and alumina is separated to form

a deposit of high grade bauxite.
Examplea: India :

- Other rocks made of aluminum silicates {granite, syenite,

gneiss, shale)

These rocks with relatively hlgh alumina content are extremely
weathered.
Examples: Guinea, Surinam, Indonesia, Malaysia, Australia

1.3 Typaes of Deposits

The forms of bauxite deposits can be classified into the

following four main types:

[11-5



a. Blanket deposits

This type of deposit exists thinly on the surface or as a

thin layer spreading near the surface of the flat tablelands,
hills or plateaus, in tropical and subtropical areas. Most of
these deposits were formed during or after the Tertiary period.

b. Interlayered deposits

These deposits are found ae part of the atrata, taking a
layered or lens shape either in sednentary rocks or between
sedimentary and igneous rocks. These develop as deposits on
top of the blanket bauxite layers which were formed earlier and

then subsided.

c+ Pocket deposits

Pocket deposits can be found in the parent rocks such as
limesteone, clay and igneous rocks, often along with blanket
deposits and layered minerals. The pocket deposits have irre~
gular shapes. ' :

d. Detrital deposits

These are the secondary deposits formed by rédéposition of
material which was eroded from deposits of the other three
types and mechanically decomposed and transported,

2. Distribution and Reserve of Bauxite

Rauxite reserve (including proven and inferred reserves),.
rather than being diminished by consumption, is actually increasing
as new deposits are discovered. 1In 1945, the world reserve vas '
barely one billion tonnes, but since 1950, with the discovery of
extensive deposits in Bustralia and Brazil and the discovery of
additional deposits in Guinea, this figure has goared dand is now
‘estim ted to tep 25 billion tonnes. At the current annual copsump-
tion ate of 88 million tonnes, this would last nearly 300 years.
Leavi g aside any issue of uneven distribution, bauxite can be con-
sidered an unusually abundant resource. o

Reference Table A-2 gives the USHY estinate of bauxite reserves
by country and shows the hauxite type, Referance Table A-3 shows
the grade of bauxite in different deposits. Here is an outline. of
the region~by-region bauxite reserves:
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Africa : ' 10 160 mllllon tonnes

America (North and South) 6,360 "

Asia- 2 180 0

Western Europe 1,260 "

Oceania , : 4,620 n
“{Trotal Pree World) : . (24,580 " }
{Total C,P, Economies) {510 S }

World Total . 25,090 n

Here is an outline of the deposits in each region:
a. Africa

(i) Guinea: It has nearly 8.2 billion tonnes, one-third of the
world's reserve, Boke, Tongde, Dabola and Fria have large ‘deposits.
The Boke deposit is over 25 meters thick and is the world largest
gingle deposit: -The alumina is mainly gibbsite, with boehmi te
included 'in the top . and bottom layers. The alumina content is as
-hlgh as H60%.

(11) .Other,African areas: Cameroon; Ghana and Sierra Leone havée
deposits of several hundred million tonnes, but serious development
has not . yet taken up. It is reported that bauxite has also been
-digcovered in South Africa but detailed information is not
available,

b. Latin America .

{1} Brazil: - There are large deposits in the Amazon River bhasin
(Trombetas, Paragominas), along the Atlantic coast (Pocos de Caldas)
and elsewhere, ' The Trombetas deposit is covered by a relatively
thick layer of topseoil, about 6 meters. Under this is 1 meter of
nodular bauxite, then 1 meter of laterite rich with iron, then a
further 5 meter massive bauxite layer. The alumina is mostly
gibbsite.

(ii)  Surinam: Moego region has 3-5 meter deposits with a layer of
a high iron content in the surface and is easy to be mined. On the
cther hand, the surface layer in Lelydrop has an upper layer that
reaches 6-12 meters and a lower layer that reaches 6-30 meters, angd
5 tonnes of topsoll must be remOVEd for each tonne of bauxite mined.
The alumina is glbbslte.

(111} Guyana: The particular characteristic of Guyana's deposits

ig the extreme depth of topscil under which they lie. The East
Montgomery deposit is up to 77 meters down ang requires various
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measures for mining. The alumina content in the bauxite - mostly
gibbsite - is up to 65%. Since the iron content is low, it is used
for production of refractorieb and abrasive materials without par~

ticular refining.

{(iv) Jamaica: The topsoil cover is’ unnsually thin., -The. deposits
are pocket or blankel type and the depoqlts are guite dense and
hard. The alumina is mainly gibbsite, The high dron ‘content
{18-20% Fe,03) is a characteristic of these 689051t3,

c. Australia

There are large deposites as below:
Weipa {Queensland) ,
Darling Range (Western Australia)
Kimberley (Western Australia)
Gove Penlnsula (Northern Terrltory)

Australia's reserve is second after Gulnea 5, - Among these -
deposits, the Welpa deposit has a lot of gibbsite but with some
poehmite mixed in, The topSOLl is extremely thin {less than 1
meter), The bauxite layer is 1 - 10 meters. The Gove deposit is
mostly gibbsite with a little boehmite. Its thickness is about 3.5
meters. The Darling Range deposit having about 4 meters topsoil is
gibbsite, and- although the alumina content is relatively low (30=
40%), the. reactive silica is partlcularly low,. . The Cape PBougainville
and Mitchell Plateau deposits are in the Kimberley region.:  In both
deposits, the alumina contains 80-85% gibbsite. The topsoll avera-
ges 9.3 meters in Cape Bougainville and less than 1 meter in. . '
Mitchell Plateau.

d. Other regions

(i) Arkansas (the United States): The deposits in this area hold
the majority of the bauxite reserve in the United States. The alu-
mipa is mostly gibbsite. The top%oll is made up of sand and clay.

{ii) iIndia: in the Deccan platean, Orlssa, Angdhra Pradesh and
elsewhere, there are lens deposits hetween laterite layers.

(1ii) Southern Europe: In Greece, Yugoslavia, Rumania, Hungary,
Italy, France and"élsewhere,_thera are deposits which mostly coexist
with limestone. They are almost all boehmite, but there:are depo~'
sits of gibbsite (Hungary) and diaspore (Greece) too., Many of these
deposits are deep underground and are extracted by underground
mining. The alumina content ig 45-65%, and 1-10% silica and a rela-
tively high content of iron (15-30%) are found.
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ITX.

1.

Production Processes

Bauxite'Mining

1,1 Mining

Because bauxite deposits often occur relatively close to the
gurface, they are usualy open=-pit mined, but some of the deposits
such as those in'Francefand;ﬁrkansas.are extremely deep and are
extracted by underground nining. :

1.1.1 . Open-pit mining

Many. of the larde scale deposits in tropical and subtropi-
cal areag are usually under the topsoil of 2 meters or less and
‘are 2~15 meter thick layers. In these layers, massive or nodu-
“lar bauxite is contained in the matrix of clay or fine sand.
Here is an outline of the mining process: First, the trees and
shrubs are removed. Than the topsoil is removed with bulldozers
and other heavy-duty machines. It is said that for economical
mining, the ratio of the thickness of the t0p3011 to that of
-bauxite should be no more than approximately 1:15. - Depending on
the hardness of the deposits, it is sometimes necessary to blast
the deposits with a weak explosive such as ANFO. Then the
bauxite is mined with shovels and haulers and transported with
large trucks, railways, conveyor belts or overhead ropeways.
Mining actually.goes on simultaneously with blending process.
Blending is to.€lminate the differences in grade of bauxite
existing horlzontally and vertically along the deposits. This
operation is necessary to supply a fixed grade of bauxite, For
this reasoh, bench~terracing: technique may also be used.
Frequently, the topsoil removed is piled up at the mine site and
returned after the bauxite has been removed in corder to help
preserve the natural environment.

1,1.2 Underground mining

European deposits are often pocket or lens type and mined
underground,.  The depths of the deposits are widely varied.
Deposits are mined at 700 meters in the USSR and at 300-400
meters in France, Hungary and Yugoslavia.

[1)~9



1.2 .Ore Dressing

Frequently, the impurities in bauxite (e.g, iron and silicon)
are quite finely and evenly dispersed, making it difficult to
separate them with physical methods. Sand and’clays contained,
however, are removed by crushing and washing as below. -

a. Crushing

As a method to up-grade bauxite,‘ctude ore is first crushed,
then the gangue material is reduced to obtain enriched rock ore.
Separation of the ore uses the sieves with the most appropriate.
mesh size. Oversize rock is then crushed again. -

b. Washing

Washing with'watef removes impurities, mainly fine-particle
clay and sand, from the crushed bauxite to upgrade it,

-In addition,'when bauxite with a high moisture content is to
be transported over a long distance, 1t is dried at relatively low
temperature in a rotary kiln for easiness in handling.

2. Production of*Aiumina and Aluminum -

2.1 Alumina Production Process

At present, almost all commercial production of  alumina uses
the Bayer process. This process is based on the principle that '
the solubility of alumina in caustic scda solution changes with

‘the temperature and the concentration.!) Because some of the .

silica in the ore is also dissolved by caustic soda, this process
ig inappropriate for processing bauxite with a high silica content
‘{e.g. when the reactive silica is 5% more) or for processing
nepheline etc. The Bayer process basically comprises. the
foilowing operations:

a. Grinding: drdinarily, dgome caustic goda soclution ig added and
the bhauxite is wet ground in 'a ball mill. :

b. Digestion: ‘"The bauxite is procesgsed with caustic Boda solution
at high temperature and pressure and the alumina iz extracted

e

1) The chemic¢al reaction in the Bayer process is egbreﬂsed ag:
- disgolution
Aly03+3H,0 + 2NAOH 77777777 2NaAlo
precipitation

5 t 4H29
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as gsodium aluminate. The other components in the bauxite are
left as indisscluble residue.

c. Separations: ZSettling; washing and filtration separate the regi-~
due and the pure sodium-aluminate'liquor is obtained.

4. precipitation: . The sodium aluminate solution is cooled, the
geed of aluminum hydroxide is circulated, the particle size is
‘controlled, and the aluminum hydroxide is precipitated,

e. Caléihation:-The_aluminum hydroxide is calcined at high tem-
perature and the chemically bonded water is released to obtain
stable anhydrous alumina.

- The conditions of the dissolution operation must change
according to the type of aihmina in the bauxite, i.e. the crystal
form. Specifically, gibbsite (trihydrate) can be dissolved at a
relatively low temperature (about 150°C), but boehmite (mono-
hydrate) must be processed .at a higher temperature (220-250°C).
Furthermore, diaspore (monohydrate) requires even higher tem-—
perature {over 270°C). '

The conditions of the precipitation operation. vary con-
siderably depending on whetherfthe alumina to be produced is the
small-particled floury alumina or the large-particled sandy alu-
mina., Besides, the calcining processes are developed to suit each
type of alumina. Fig. A-1 shows an example of a flowsheet for the
Bayer process. ' '

The raw material requirements for the Bayer process are shown
below. However, these guantities vary according to the grade of
bauxite, the form of alumimna in bauxite and the operating condi-
tions. For example, the caustic soda usage depends largely on the
reacti?e_silica_in the bauxite, and is also affected by the amount
of washinq'water used. The steam consumpticon is affected by the
efficiency of the heat exchanger etc,

. Consumption of raw materials per tonne of alumina:

Bauxite 1.9 - 3,0 tonnes

Caustic soda - 0.09 -~ 0.14
Lime ’ 0.03 -~ 0,04
Steam . 1.5 - 3,0

Crude 0il 0.08 - 0.16

2.2 Aluminum Preduction Process

Presently, the commercial production of primary aluminum uses
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the Hall-Héroult process without exceptions., The fundamental
mechanism is to dissolve alumina in molten cryolite and to elec-
trolytically separate it into aluminum metal and oxygen. The

- separated oxygen combines with the anode carbon to form carbon
monoxide and some carbon dioxide which are released,

This electrolysis operation takes place in a specially struc—
tured electrolytic furnace, ' Fig. A-2 shows examples of this
structure, Here are the main components:

Carbon anode -
Molten cryolite bath
Carbon cathode

Anode bus bar. _
Cathode iron bar.

The electrolytic furhace can be classified into Soederberg
and prebake types according to the anode structure. The former
self-bakes the anode (green anode) with the Joule heat generated
by applylng electric current, so continuous anode operation. is
posgible. The latter is a method that bakes the anode in a
separate operation in a specially built baking plant and uses the
alréady baked anode in the electrolytic furnace. Due to the
nature of the anode, its anode operatlon in the furnace is non-
continuous,

The main ¢omponent of the molten bath is cryolite, to which
are added aluminum'fluoriae,ICalCium fluoride, lithium fluoride
etc. in order to increase the current efficiency: ‘he operation
progresaes at 960 - 1, 000°C and the dissolved alumina is on the
level of 3 to 6% concentratlon. The voltage applied per furnace
is normally 4 - 5 volts, which includes decomposition voltage of
al&mina-plue voltage drops of bug bar, andde, cathode and bath.
However, in some of the modern plants, below 4 volts is achieved
to cut down electricity consunptlon. The amperage per furnace
ranges from 50,000 or 60, 000. amperes to over 200,000 amperes,
which is . more expanded as newer smelters are built,

Yhe cost of electricity accounts for a large part of the cost
of aluminum. The reduction of electricity consumption, therefore,
is an essential technological challenge. 1In relatively new
plants, it is estimated to be 13,000~15,000 kWh (DC) per tonne of
aluminum, while in some of old-type plants the level is 17,000 -
20,000 xWh. Here is an outline of consumption of the raw mate-
rialgs other than electricity:

1) the chemical reaction is: Al;03 + 3C —> 2Al + 3CO
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Fig. A-2(a) Sosderberg Anode Cell
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Fig. A~2(b} Prebaked Anode Cell
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Comsumption of yaw materials, per tonne of aluminum

{(tonnes)
Alumina o 1,90 - 1.98
Cryolite ' 0.02 -~ 0.03
Aluminum fluoride o 0.03 ~ 0.04
Coke- . : 0.40 - 0.45
Coal tar pitch . : 0.10 ~ U415

IV. Present and Future of Production Technology

1. Present Refining and Smelting Technology
1.1 Alumina Production Technology

1.1.1 Valuation of bauxité as a raw material

The value of the bauxlte used in the Bayer ‘operation
depends on the. content of a}umlna and of impurities such as
silica and also on thelr ctystal forms.  When hlghly reactive
silica exists in such form as XKaolinite (A1303+28107.2H50),
the silica is first dissolved py alkali and then forme in-
soluble sodalite compounds and ‘precipitates in dxgethon opera-
tion. This causes loss of caustic soda and alumina. For the
purpose -of an attempt to evaluate the value of different bauxi-
tes, Table A-1 shows the content of alumina and of impurities
such as silica in the typical bauxites,and Table A-2 calculates
the raw material uvsage to produce alumina. - Based on these data,
Tabie A-3 compares the relative value of bauxites, taking Bintan
ore as 100. Copparing the price of bauxites on an assgumption
that alumina production cost is made identical among bauxites,
‘Boke ore is evaluated to be competitive even when its price is
2.14 times that of Bintan ore, for example.

1+1,2 Refining technology

The future trends of technologles in the Hayer process are
thought to be the following:
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value

100 144

13

108

Tahle A-1 Compositions of Typical Bauxites (examples)
o - (%)
_ Type Gibbsite Boehmite Diaspore
[ — . . . . . - - ) ] . . . .
Vom._- Bintan Surinam Trombetas Jamaica Weipa Boke Arkansas Greece
position : : - : " :
Aly04 53 55 54 49 55 60 49 56
8109 5 4 5 5 1 15 4
Feq04y 12 9 11 18 11 6 ) 22
Ti0, 1 1 T 2 4 2 3
Table A-2 Raw Material Consumptions in Alumina Production
_ (per tonne of alumina)
Ma?:;ial Bintan Surinam Trombetas Jamaica Weipa Boke Arkansas Gove Guyana
Bauxite . 2,180 - 1,580 23,100 '2,290 2,050 1,760 2,810 2,200 1,910
Caustic 102 72 101 29 97 25 313 70 86
soda .
Steam 1,560 1,490 1,490 1,600 1,550 'i,410 1,810 1,610 1,480
Red mud 680 460 6500 780 610 280 1,540 820 431
Table A-3 Comparative Value of Bauxites "
Bintan Surinam Trombetas Jamaica Weipa Boke Arkansas Gove Guyana
Bauxits

214 67 138
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a, B change in smelting gfadefaluﬁina twward sandy typé-“

In recent years, the fluorlde gag recovery system used
in electrolysis operation moves to prefer the dry scrubbing
method making use of adsorbency of alumina, In line with
this alumina with greater adsorbency (sandy Lype) is becoming
the predominant typa to be produced.

b, Improvements in each step of the Bayer process

flexe are main items of process improvements to reduce
energy consumption. : :

o Digestion area: Developnents of tube reactor Squem}
bauxite slurry preheatlng by double’ tube, etc which help
to save steam consumptlon

el Precxpltatlon area: Developwents of intermediaté cooling
system, 2-stage precipitation and removal methods for orga-
nic impurities in the process to improve pr301p1tation
efficiency '

o Calcination area: Implementation of fluid flash calcining
process etc, to replace the conventional rotary kiln method
to save fuel consumption

1.1.3. Aluhina production scale

The relationship between the scale of production and
capital cost of alumina plants is shown in Fig. A-3,

As the scale of production inrreases, the preducﬁion cost
decreases. Similarly, concerning the number of -procegs lines in
one plant, larger scale per line is more economical when the
plant capital cost is kept the same, In Australia, a plant of
about 2,5 million tonne capac1ty per annum is already in operaw
tion.

i.1.4 Non-Bayer processes

Of the non-Bayer processes, the USSR's soda-lime process

i) A comparison of the characteristics of floury and sandy
aluminas

FlGEEZ. ' Bandy

Predominant particle _
diameter about 50 microns about 80 microns
Angle of rest over 40° balow 40°

~alumina content B0O% or more 50% or less
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> Capital cost (100 million ven)
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(The: alumina cost at 1 million tonnes per year capacity
~with low temperature digestion is taken as 100.)

Fig, A-3  Relationship of Alumina Production Scale,
Capital Cost and the Cost of Alumina
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u31ng nepheline as the. raw material is: one of the’ few cages in

operation on an industrial scale, - Other than this, in recent
years, various alumina pzoduction processes have been suggested

that do not use bauxite, and some have been tested on an lntaru-
mediate scale, but none have actually been 1mplemented because

they have not bheen able to progress ta the point at which they

could compete with the Bayer process economically and tech-

nically. .

duction processes.

Table A-4 shows examples of nonnbauxlte ulumlna pro-

Table A-4 Non-Bauxite Alumina Production Processes

Alkali : _
Process Hydrochlorie ©* Alunite =~ - Nitric Acid
' -acid ' . .
maii?ial Ahogiggsite Clay, Shale Alunite . Clay, Alunitfi
o Improved o Cooperation o 10 tonne/day o 300 kg/day
Bayer proc- with Alcan; 7000 pilot plant - pllot plant irn.
Develop- ess, pilot tonne/year plant construction operation
ment plant con- started in o Development a Fall-scale
progress struction - Bugust 1976 by Alumet Co. piant construc.
planned ¢ Capital cest 20% with finance tion planned
o Information  higher than for from National for 1990 or
exchange with the Bayer process Steel Corp., later
anaconda and o Joint develop- Southwire o The U,S,
ALCOA ment with Pechiney Corp. and Earth Bureau of Mine
and ALCAN Science Inc. plus 8 smelten
1.2 Aluminum Smelting Technology

smelting technology,

1.2.1 A comparison of prebaked anode

type

‘This sub-section covers trends and problems in present

type and Soederberg anode

In recently constructed plants, the prcbaked anode type
furnace is becomlng predominant for such reasons ag:

o A large size furnace is available (220,000-230,000 ampere fur-

nace has been developed}),
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ol AuLomaLlon gystem and mechanlaatlon in operation can be easily
introduced,

"o It has a cost advantago above a certaln level of productlon
gcale, .

o Good working environment is mailntained. Along with this
trend, . the dry scrubbing process is often adopted especially
in prebake plants for treatment of exhaust gas from smelting
oparation.. This process uses sandy alumina as an absorbent.
‘A3 for Soederbery ancde type furnace, expansion of furnace
size is limited because of the restrictions from its anode
structure, and the typical size is 100,000-120,000 amperes.
However, in the Soederbery plants, it has recently become
possible to satisfactorily eliminate the problem of tar-fume
in working places by implementing new technology developments
like "Dry Anode" technique,

The economics of these two furnace types being compared,
first, the capital cost of the prebake plants is lower in unit
production scale if the electrolytic furnace is large-scaled

and the production scale goes over a certain level, ) Fig,
A-4 shows an example of the relationship between estimated
const:uctioﬁ cost and scale of production assuming a location
In Japan. According to this figure, the unit construction
costs of the two types cross at a yearly prodiuction of ’

170,000-180,000 tonnes, but if the dry scrubbing system is
adopted for the exhaust gas cleaning, the cross p01nt comes
down.

Considering the production .costs, once again the prebaked
anode type is profitable in large-scale plants 2), Fig. A-5,
comparing production scale and hot metal cost in the two types,
indicates that the prebaked ancde type i$ advantageous above
210,000 tennes per year capacity.

1.2.2 Reduction of'consumption of electricity

To reduce electricity consumption, the operation voltage of
the furnace is lowered by improvements of furnace structure
which comprige increased thermal insulation, improved cathode
carbon materials, improved anode etc. At the same time, as a
- different approach, the computer control technique has been
developed and is applled to produce hlgher current efficiency by

R} 150 180 KA furnaces predominate, and 220 230KA furnaces have
been put into operation (Messana of ALCOA, Hgyangex of Rsv)y .

2) Many of newly bu1lt plants produce over 200,000 tonnes per
year.
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Capital cost per unit production scal

Fig. A-4 The Relationship betwcen Production Scale of Plant
and Capital Cost (excluding tha casting shop)
per unit Production Scale ' :
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Hot metal cost per unit production scale.
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improving Furnace operation control. In the latest technology,

there is little difference between the prebake and 3oederbery
types iu the consumption of electricity, which is on the level
of 13,000-13,500 kWh/T (DC) for both types. The limit of tlia
electricity consumption with the current process is said to be
12,3000 kWh/T (DC) as a plactlcal target under various 1estric~

tions of the process.

1.2.3 Mechanimation and automation

In the last 10-15 years, the electrolysis operations have
been greatly mechanized and automatéd mainly with the installa-
tion of a special crane to perform anode changing and metal
tapping (prebake type) and the computerized operation which
controls alumina feed, anode effect prediction and suppresslon,
furnace voltage, detection of abnormal furnace conditions etc.
There have been developments also in the operations particular
with Soedeberg type. For example, a technique using a special
crane for anogde stud pulling, anode paste charging etc. is
adopted. :

1.2.4 Technology for environmental control

The innovative change in the technology for cleanlnq
effluent gas from the smelting plant is caused by the advent of
the dry scrubbing method which uses sandy alumina as an adsor-
pent. Today, this method is widespread among newly built .
plants, because it offers relatively low construction cost,
recovers fluoride in the effluent gas as aluminum fluoriae,

‘releases no waste water, and accomplishes high scrubbing effi-

ing,

ciency ete. However, in the areas where the requlations on
sulpheroxides ave strict, there may require wet-scrubbing ov a
combination of wet and dry methods to remove them. Table A-H
shows recent levels of furnace exhaust gas collection efficiency
and fluoride emission.

Hew Smelting Methods

. Many different methods have been suggested for aluminum smelt-

ag Table A-6 shows, but since the establishment of the Hall-

1) An example of the reduction in labor ré&ﬁirement (average of all
the Japanese smelter plants)

1965 2.60 man.day/tonne
1870 1.82 "
1980 0.91 "
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Table A-5 Furnace exhaust gas collection efficiency and
Fluoride Emigsion Level

_Levels of 10-15% years ago Racent levels

Soederberyg Prebake Soederberg Prebake
Collection efficienty  80% 90% 95% 98%

Fluoride emission

~ Without roof
‘g¢rubbing

'~ With roof
scrubbling

3-5 kg/T-Al  1-3 kg/T-Al 0.9 kg/P-Al  0.4-0.5 kg/T-Al

0,8~1.,2 » 0.7-1.1 »

_Héroul;'process,-almost no other processes have been seriously
implemented. Among the examples that have been seriocusly researched .
recently on a laryge scale or that are still being developed, there
are the monochloride pracess and the carbide process of the 1960g
and, since ' the 1970s, the aluminum chloride electrolysis process has
been in opération in the United States on a pilot plant scale.!) on
the other hand, the carbothermic reduction process by a blast fur-
nace with no use of electricity has attracted attention in the USA
-and Japar, This section discusses especially the aluminum chloride .
electrolysis process and the blast furnace process whose future
development is expected,

2.1 Aluminum Chloride Electrolysis Process

This process comprises the production of alumina, the produc-
tion of aluminum chloride and the electrolysis of aluminum chlo-
ride. In this process, alumina particles are first coated with
thermally-cracked carbon from heavy resin oil and chlorinated on a
fluid bed to produce aluminum chloride on a' large scale. Next,
the eleckrolysis operation uses a horizontal or gradient electrode
type multi-cell electrolysis furnace with the bath of sodium
chloride - aluminum chloride as a basic composition to which is
added lithitm chloride and magnesium chloride. The electrolysis
takes place at. 700°C.. The chlorine generated circulates to the
aluminum chloride producticen. Table A-7 compares the aluminum
chloride process and the presently used Hall-Héroult process.

Here are the distinctive features of the aluminum chloride
procesyg: '

1} ALCOA 1lg operating a plant in Anderson, Texas whose ocutput is
about 7,500 tonnes annnally.
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Table A-7

‘Hall-Héroult Electrolysis

Comparigon of. Aluminum Chloxide Electrolysis and

Aluminum

Hall-Héroult
Process

Furnace Design _
Electrolysis Temperature o
Ore Concentration _ %
. Bath Composition

Current Density A/en?
Interpolatubistancé. cm
Decomposition Voltage,

(Theoretical) - - v

Operating Voltage {Theoretical) V

Anode Overveltage v

bifference in Specific Gravity,
Bath/Metal . '

Electrical Conductivity o ten™!

of Bath .

Vapour Pressure of Bath Torr

Vviscosity of Bath o cp

Vigscosity of Aluminum cp

Anode Consumption Rate cm/day
Voltage per Cell. . Y

‘Current Efficiency

Voltage Efficiency

Enexgy LfflClency

Eleutr101ty Consumptlon kWh/t al

Production Capacity tonne
{Per day per cell)

Anode Matevrial

Chloride Process

Multi-Cell
| 700
v 5% AlCl3
AlLl3*NaCl—LlC1
0.8 - 2.3
1.~ 2.5

-
°

(o R N
® O N ®

0.85

0.74%

0.63% .
10, 500
10 ~ 30

Graphite

Single-~cell
960
2 - 7% Al,03
Als03~NajAlFa- AlFj3
0.6 ~ 1.0

0.89

0.,47%

0.42%
13,400

Carbon

* Voltage

efficiency'and enefgy efficiency are based on theoretical

operating voltage and theoretical electricity consumption respectively.
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a+ Conpared to the Hall-Héroult process, the consumption of
electricity is about 25% lower.

bs» The product1v1ty pel unit of equipment is high.

¢+ The elactrolytlc furnaco is tightly closed, so good womkxng
environment is maintained.

Howevey, the following have become subjects for Eurther
research and development:

as The development of congtruction matevials for the electrolytlc
furnace which are resistant to bath attack.

b. Aluminum chloride's absorbency of moisture
c. Resources and cost of lithium chloride

d. The establishment of technology iox a. laLge scale productlon of
ajuminum chloride ~

2.2 Blast Furnace Process

Since high temperature over: 2,000°C is required to reduce
aluminum ore with carkon, an electric arc furnace had been used
and the possibility of obtaining crude alloy containing aluminum
had been tested. ‘The blast furnace method uses a blast: furnace
instead of an arc furnace. It burns coke or other carbons in the

“air enriched with oxygen to obtain high temperature and lets car-
bon reduction take place. A characteristic of this process is
that, unlike an arc furnace, it does not use electricity.

, Two methods have been suggested recently for refining alumi-
nur from the crude Al-Si-Fe alloy thus obtained. The first method
"is to expose the crude alloy, obtained from the blast furnace, in
a molten lead bath of about 1,200°C, and after extracting alumi-
num, separate the lead with rédureduprescure distillation. The
second method is to apply segregation operations to the crwie
alloy to eliminate moet of Fe-5i, then electrorefine the remaining
al-Si alloy by using a chioride bath {e.g. lithiuwm chloride -
sodium chloride - aluminum chloride} and through a diaphragm made
of porous graphite etc. to extract aluminum., Before the process
can be put to practical use, there are many technologies to he
further developed in future research developments, such as the
technology for producing the Al-Si-Fe crude alloy with a blast

. furnace, the technology for extracting aluminum from this crude
alloy and the technology for efficient use of the hyproductsg of
Fe~8i alloy and a large guantity of carbon monoxide.
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2.3 New Smelting Processes and Resources of Alumimum Ore

_ Bauxite is no more than one of many varieties of aluminum
bearing minerals, but at present it is almost the only one used as
aluninum ore. The following cases could be imagined in which the
use of bauxite as aluminum ore would be elimihated:

a. If alumina is to be produced by a process other than the Bayer
" process, in which minerals such as clay are to become usable;

b. If aluminum production convert to a process that does not
require alumina., In direct reduction, ores other than bauxite,
such as clay or some other minerals, might be usable.

However, bauxite reserves are quite abundant and the guantity
of this resource should present no problem in the future.
Furthéermore, it seems quite certain that the cost superiority of
alumina obtained from bauxite will remain almost unchanged barring
any extreme political raise of the price of bauxite.

The reason why a process other. than the Hall-Héroult process
is neeéded is that this process consumés a large quantity of elec-
tricitys 'In areas where electricity price has skyrocketed, pro-
cesses that use no electricity, or only a little electricity, are
being seriocusly investigated. However, the establishment of a
non-Hall-Héroult process that can compete economically with the
Hall-Héroult process in locations where cheap electricity is
obtained from water power (hydroelectricity), coal, natural gas or
other resources seems certain to be many years away.

Thus, the possibility of case "a“ or "b" manifesting itself
in a short term is still slight. 1In the future, it seems certain
that bauxite will continue to play its role as the main raw
material for aluminum,
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Reference Table A-1

Mineralogy and Alumina Content: of Nonhw Bauxito Rocks

and Materlalq t+that are Possible Sources of Alumlnum

Theoretical

% of Mineral

“% of AlgQ3 in

Source: AME

{1]-30

. ROk Major Aluminous % :
Mineral "Minerals % of AlpD3 . in Whole. Rock Whole Rock
linera and Formula in Mineral - or Material or Material

Alumi num vavellite 3741 - -

phosphate Al3(PO4), (OH)3

rock “*5H40 : . :

millisite . 37.4 -variable 5-15
(NaK)CaAl6(P04:4 '
(OH) " 3H 0 _

kaollnlte 39.5 . - -

Aluminous 1111te 38.5 " variable 15--30

shale (011)4}(2(&,162312)

Alunite alunite 37.0 15-40 '5.5-14.8

ro_ck K‘A13(E’04)2‘0H)6 '

Coal illite ‘and 38.5-39,5 variable 25-30

washings Kaolinite : _

Coal ash mulllte 84.0 - minor 5-35

A1651?013 ' ’

Dawsonite dawsoni te _ 35.4 8+ 3

in oil Na?\l(OH)2CO3'

shale

High- “¥aolinite 39.5 75-95 > 30-35

alumina clay
Igneous plagioclase
rocks feldspaf
Anortho- NaA1Si;0g* 19.4 6595 22-30
site CaAlzsiQOS** 36.6
Nepheline nepheline . : 35.9 - -
syenite {Na,K} (A1, 51)?04
alkalic feldspar 18.4 80+ 20-25
'KA1S340g

* Albite Hay0°Al)03° 6510,

¥** Anorthite Ca0»*Al,04°2510,



Reference Table A-2

Estimates of World Bauxite Reserves

{million tonnes bauxite)

: U ~ Main :
Country ?g?ga) ?2?25) Other®) Bauxite Aliézdf%)
' Type '
WEST BLOC:
Africa: :
" “Cameroon 762 1,016 gibbsite 44
Guinea 4,572 8,332 8,200 IBA Mar. 1979 gibbsite 44-62
3,572 Measured IBRA '
, - June 1980
Ghana 335 580 780 IBA Sept. 1977 gibbsite 50--54
_ . 450 MB 11 May 1976
Sierra Leone 122 132 100 ACDC 1878 gibbsite 52
South Africa nas nas 20 Min.J 14 Oct. 1977
: : 50 ACDC 1978
Other nas 102 102
Total 5,893 10,162
USh: 40 40 gibbsite 50-58
Latin America: .
“Brazil 2,540 2,540 3,072 Measured IBA gibbsite 40-59
i : June 1980 : :
2,500~5,000 MB
5 Dec. 1980
Costa Rica nas nas 136 ACDC 1978
Colowbia nas nas 400 Reuters 22 Mar. 1979
Dominican _
Republic RAas nas 32 Measured IBA gibbsite/ 25
. -Mar. 1977 boehmite
Guyana 152 1,016 gibbsgite 35-65
Haiti nas nas 7 IBA Dec. 1975 gibbsite/  50av.
boehmi te
Jamaica 1,016 2,032 2,000 EMJ Nov. 1977 gibbsite/ 50av.
»1,500 1IBA Sept. 1976 boehmi te
Surinam 508 498 gibbsite 45-60
Venezuela nas nas 37 Measured IBA gibbsite 49%av.
June 1980
_ 500 EMJ Nov. 1977
Other nas 213 234
Total 4,429 6,320
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Reference Table A-~2 {cont'd.)

Main

- : . Grade .
Country ?33251) l:g?;b) Other®) B(auxl-_te Ala0y (%)
fype - .
Asia: : - LT
India 305 1,422 1,600 Ind Min Nov. 1978  gibbsite 52~58
122 Measured IBA o :
: June 1980 :
Indonesia 406 711 700 IBA Dec. 1975 gibbsite 53ay.
Malaysia. nas nas : o gibhsite . 56-58
Philippines nas nas . B3 MW -7 Apr. 1980 : “A0~50
' o 100 ACDC 1978
Turkey - nas ‘nas 21 Measured IBA June 1980 60
South Korea nas nas 10 Min Mag June 1976
Other nas 50 50
Total 761 2,183
Western Eulope: : :
France nas nas 25-30 IBA Sept. 1978 boehni te 55-60
{some gibbhsite
_ and diaspore)
Greece 762 762 119 Measured IBA beehmite 53-65
‘Jupe 1980 :
1,000 Min Mag Dec. 1980  (some gibbsite
900 Ind Min Pec. 1979 and diaspore)
Yugoslavia 203 406 200 Heasured IBA June 1980
"QOther nas 102 9 '
Total 864 1,259
Oceania:
Australia 4,572 4,572 4,600 IBA June 1980
4,443 Aus Min Ind Quart gibbsite 30-62
32 (1979) {(minoxy
4,440 BMR 1980 boehmite}
Other nas 50 50
Total 4,622 4,622
Total
Free Wogégg 16,609 24,586

-

3z



Reference Table A-2 (cont'd.)

_ USBM  USBM Hain
Country " 16762) 1978b) Otherc) Bauxite Alggid?%)
. 5 Type
The Centrally Planned Economies
China 152 152 100 EMT Aug 1978 diaspore/
hoehnite
Hungary 152 203 230-240 Min J 28 boehmite/  45-60
: May 1976 gibbzite/
diaspore
Romania. . nas nas boehmite/ 45260
: gibbsite/
: _ diaspore
USSR - 152 152 250 ACDC 1978 boehmite,/  26-52
diaspore _
{some gibbsite)

Total 456 507

World Total 17,268 25,093

a) USBM, 1976. Mineral Facts and Problems

p) USBM, 1978, Aluminum (Mineral Commodity Profiles MCP - 14)
¢} ACDC = Aluminum Conductor Development Corp.; for other abbreviations,

"sec the list at the beginning of Part A.
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Reference Table A-3

Range of Chemical Constituents (% content) of’

Bauxite

(from Shaffer, 1975; EMJ Nov. 1975 for Trombetas; IBA OR Mar. 1979 for
Guinea; IBA QR Mar. 1977 for Dominican Republic; ‘and IBA QR Sept. 1880 .

for Jamaica}

Country and

Location of Deposit Ala03 510, F8203 10 Lo
Australia: ' _ CLo
Cape York 52-60 210 5-13 2,131 21-29
Gove 48 34 L7 3-4 26
Darling Ranges. 30-48% % N.2. n.a, n.a. n.a.
Kimberley 47-50 2,5-3.5 Nede n.as n.a.

Brazil:
Trombetas Nodular 47,1 7.1 8.2 1.3 27.9.
Trombetas Massive 49.9 4.8 9.3 1.4 28.6
Minas Gerais . 55-59 1.6-5.6 6.9-9,6 1.1-2.0 25-30

China 50-70 9-15 1-13 2 Ne.a.

Dominican Republic 50 5 20 Nn.as 25

France 55~70 3-16 4-25 2~3.5 n.a.

Ghana: - '
AWaso 48~61 0.4-2.4 4-22 0.8-2.1 . 26-33
Kibi 3260 0.3~2.9 6-45 2.,0-6,2 13-30
Nyinahin 41-63 0,3-3.1 1.2-30.9  1.5-5.3

Guinea: :

Fria 48 2.5 21 2.2 25
Sangaredi 60-61 Q.3-0.7 2-4 3-5 30
Guyana 51-61 4-6 1-8 2-3 25-32
Haiti 48.6 3.4 2.9 2.8 24,1
Hungary 5060 i-8 15-20 2~-3 13-20
India 45-60 1-5 . 3-20 5-10 22-27
Indonesia 53 4-5 12 n.a. nea.

Jamaica: ¥

5t. Ann 47.3 1.3 19.8 2.4 27.9

Clarendon 48.5 0.5 18.8 2.4 26.4

Average Jamaica 49-51 0.7-1.6 19~21 2.5-2.7 25--27
Mz laysia 38-60 1-13 3-21 1.2 n.a.
Sierra Leone 51-55 1,52 1018 1.5 27-31
Surinam 50-60 2-6 2-15 2-3 29-31
Turkey 55-60 5-7 15-20 2-3 12~14
ISA: .

Arkansas _ 4557 5-24 2-12 1.6~2.4 22-28

Oregon & Washington 31-35 5-11 33-35 5--6 16-20

Southeast states 51-56 12-15 1-5 1.5-3.5 22-30
USSR 26-52 2~32 1-458 1:4~3,2 N.a,
Yugoslavia 48~-60 1-8 17-26 2.5-~3,5 13-27
Romania 55 5 22 1-2 N.a,

* loss on ignition
** available '
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B.

PRODUCTION

L. Trend of Aluminum_ﬁroduction

1. Bauxite Prodiction

The world total prodiuction of bauxite was 37.292 million tonnes
in 1965 and 92.623 million tonnes in 1980, showing an increase of
approximately 2.5 times over the level of 1965. The average annual
rate of growth during that period is 6.3%. Reference Table B-1
gives detalls on bauxite production for all major producing-
counﬁries during the period,

The most remarkable characteristic in the growth of bauxite
production is that, while the rank among major producing countries
has been changed, the production has been concentrated to the major
producing countries and their share have increased. The five major
producing countries in 19265 were Jamaica, the USSR, Surinam, Guyana
and France, and the total share of these five countries was 62.4%.
As of 1980, the five major producing countries were Australia,
Guinea, Jamaica, the USSR and Surinam in that order, with the total
share of 68.9%. <Table B-l summarizes the changes in the shares of
world bauxite production of the major producing countries for every
five year.

Production increased significantly in Australia, which started
commercial production in the second half of the 1960s, rising from a
little over 1.1 million tonnes in 1965 to more than 27 million ton-
nes in 1$80. Similarly, production in Guinea grew from 1.6 million
tonnes in 1965 to more than 13 million tonnes in 1980. Jamaica's
production also increased from slightly more than 8.6 million tonnes
in 1965 to 12 million tonnes in 1980. Jamaica, which once enjoyed
the pogition of the largest producing country in the world, has been
overtaken by growing Australia and Guinea, and currently ranks
third. Reference Fig. B-2 indicates the changes in production
levels of the main: producing countries.

As the data indicate, the largest bauxite producing country in
the world is currently Australia followed by Guinea, Jamalca, the
USSR; Surinam, Brazil, Greece and Yugoslavia. 'These eight countries
now account for more than 80% of total world production. Above all,
Australia now ranks as the world's single largest producer and
accounts for approximately 30% of total world production. Guinea is
the second largest producer, accounting for 14% and Jamaica 13%. Of
the world total bauxite production of 92 million tonnes, the output
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Table B--1 Changes in Production Share of Major Bauxite
Producing Countries :
(Percentage share of total world production)

Figures shown in ( ) indicate the ranking.

1565 1970 1975 - . . 1980

Australia | ~ (2) 15,2 (1) 27.2 (1) 29.3
Guinea 4.3 4,1 {3) 11,0 (2) 14.4
Jamaica ' _ (1) 23.2 (1) 19.8 (2) 15,0 (3) 13.0
USSR Co(2) 12,6 (3) 10,7 (4) 8.5 (4) 6.9
surinam ©(3) 11.7 (4} 9.9 (5) 6.1 (5) 5.3
‘Bragil ' - - L= 4,5
Greece 3.4 3.8 3.9 3.5
Yugoslavia 4.2 ‘3.5 3.0 3.4
-Guyana {4y 7.8 (5) 7.3 5.0 3.3
Hungary _ 4.0 - 3f7 3.2
France : (5) 7.1 5,0 3.3 -
USA 4.5 3.5 - -
Total share of the :

first.5 major preducers  62.4 62.9 £7.8 68.9
Total share of the ' |
first 10 major producers 82.8 82.8 86,7 86.8

Source: Metal Statistics, 1965H75, 1970-80

of these three major countries reaches 52 million tonnes, or

" approximately 57% and approximately 65% of the free world produc-
tion. In conclusion, the most obvious characteristic of bauxite
production is its concentration teo a limited number of countries
abundant in natural resources. Co

2. Alumina Production

As described above, the demand for alumina is divided into two
categories, metallurgical and non-metallurgical., The demand for
non-metallurgical-alumina accounts for approximately 10% of the
total alumlna product10n.1) Due to a lack of published data for the

1) On the basls of-thg.1981'5tat13tical Suryey of tha'lnt@rnationaiw

' Primary-Aluminum Institute (IPAI), free-worlid production of alu-
mina in 1981 totaled 26.648 million tonnes, of which metaliurgi;
cal alumina was 24.461 million tonnes and non- metallurgical
alumina 2.187 million tonnes.
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bxeakdown of alumlna production, this Section shows the trend of
alumina production based on total alumina production including non-
metallurglcal alumina. “The world alumina production in 1966 !} was
14,784 mllllon tonnes  and 35,053 million tonnes in 1980, showing an
increase of ‘2,4 times over the 1966 level. The average annual rate
of ‘growth between 1966 and 1980 was 6.3%, being the same rate for
baux1te recorded between 1965 and 1980,

Reference Tab]e B~2 °hows the productlon data for the period
1966 1980." =

-As the data indicdté, the Charactexistlc of alumina production
is that the’ major produ01ng couritries have not changed at all since
1970.

Table B-2 Changes in Production Share of
Major Alumina Producing Countries
(Percentage share of total world production)

FPigures -shown in ( ) indicate the ranking.

1966 1970 1975 1980
Australia 20 (3) 10,2 (2) 19.2 (1) 20.7
Ush ' _ (1) 35.9 (1} 28.5 (1) 19.2 {2) 20.0
USSR ' ' (2) 17.6 (2) 12,7 {3} 11.2 (3) 9.3
Jamaica ' {(5) 5.4 (4) 8.1 (4} 8.5 {4) 6.8
Japan © 4.5 (5) 6.1 (5) 5.9 (5) 6.3
Germany, Fed, Rep. 4.1 3.6 4,7 4,6
Surinam 2.8 4.9 4.3 4.1
France - {4) 5.7 4.7 4.1 3.8
Yugoslavia - - - 3.6
Cahada (3) 6.1 5.2 4.3 3.4
““Hungary = - - 2.8 -
Guinea. 3.6 2.9 ~ -
Total share of the first - : :
5 major producers 70.7 65.6 64.0 63.1
Total share of the first
10 major producers 87.8 86.9 84.2 82.6

Source: Metal Statistics, 1965-75, 1970-80

‘T) Worlid production figures for alumina in 1966 was used as the base
data from Metal Statistics (MS) 1965-1975.
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ihe five major: producing countries in 1966 were the United

States, the USSR, Canada, France and Jamaica, and since-1970 they
have can51sted of. the Unlted States, the USSR, Jamalca, Japan and
Australla. There have been the changes in the share of these five
countrles._ Partlcularly production of Australia showed remarkable
growth, 1ncrea31ng from slightly more than 0.3 million tonnes in
1966 to 7.25 million tonnes.in . 1980.. Australia has now become Lhe
largest produc1ng country for both alumina and pauxité. It has an
overwhelmlng alumlna share,.accountlng for appxoximately 20% of
total world production and roughly 25% of that: of the free world. .
The United States and the USSR, the major ‘alunina produ01ng coun-
tries next to Australia, showed increages in productlon put their
share fell down under the pressure of Australia's rapid growth.
However, the United States still maintains its 9051t10n of a ma]or
alumina producing country and can compete with Australia. These two
countrles account for approximately 40% of the vorld production and
approx1mately 50% of the free world productlon,, :

Reference qu. B~3 summarlzes the changes in production for
these main produ01ng countries, As the data indicate, world alumina
production is concentrated to the major produ01ng countries, as in
the case 6f bauxite. For bauxite, the ten major countries produce
approximately 87% of the worid total, while the ten major countries
account for approximately 83% in the case of alumina. Furthermore,
excluding countries such as Japan and the Federal Republic of
Germany which proauce only small guantities of bauxite or do.not
produce it at all, the major bauxlte producing countries are also
the major alumina producers. In the major bauxite producing coun-
tries, bauxite, being the primary .resource, tends to be further
processed to alumina, being the industrial product, to add the
value.

Attention should be paid to the fact, however, that the degree
of concentration to the major producing countries has been steadily
decreasing since 1966. The shares of five and ten major countries
were approximately 71% and 88% respectively in 1966 and fell down to
approximately 63% and 83% respectively in 1980 as the result of con-
tinuous decline in shares for that period.: This change in shares
indicates the decentralization of world production and such trend
can be also seen in the case of primary aluminum production as
referred to in Subsection 3 below.

3, Primary Aluminum Production

Needless to say, the production of bauxite and alumina changes
in response to primary aluminum production. Therefore, more
detailed’ observation of the changes in primary alumipum productlon
is necessary. :
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Primary aluminum production was 6,586 willion tonnes in 1965
and 16.064 million tonnes in 1980, . show1ng an increase of about 2.4
times over the level of 1965. The average annual growth rate
between 1965 and 1980 was 6.3%. Refersence Table B-3 shows the pro-
duction data by country for the period 1965-198l,

Latin America grew at the highest rate for these 15 years. In
contrast lower growth rates were recorded in North America and the
centrally planned economies. The growth of production between 1965
and 1981 is summarized as follows.

Latin america 1

5.5 times
Africa 8.7 times
South Asgia 6.2 times
Qceania - 6.1 times
Burope 2.9 times
Bagt Asia : 2.6 times
The C.P. Economies 2,2 times
North America 1.8 times

Fig,. B-1 shows the changes in the percentage shares of world
primary aluminum production by geographical area.

Primary aluminum production, which has grown rapidly, is charac-
‘terized by a cdoncentration of production to the developed countries,
Assuming the developed regions in the free world consist of North
America, REurope and East Asia (mainly Japan), the change in total
share of these regions is summarized as follows:

1965 95%
1970 - 91%
1975 88%
1980 83%

In paéficular, the position of the United States is so strong
that it has remained in the first rank since the beginning of alumi-
nun smelting industry. With the development of production in other
countries, the share of the United States has been declining every
year, but it still produces almost 30% of total world production,
The combined share of the United States and Canada is almost 36%,
with their combined annual production capacity amcunting to more
than 6 million tonnes. The major producing countries next to them
are. the USSR, Japan,_the Federal Republxc of Germany, Norway, France.
Each of these is stably keeping the share of production. As stated
above, the main primary aluminum producing countries have remained
almost unchanged, as in the case of alumina., Table B-3 indicates
the changes in the percentage share of production for the majox pro-
ducing countries, showing the above-mentioned trend, and Reference
Fig. B-4 shows changes in production for these major producing
countries,
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Pig, B-1
‘ by Geographical Area
East Asia 1965
4.7% )

Latin America

South Asia Latin Anierica __Africa
1.0% —— EESS 9.8% 1.6% 7 =TT 1068
.- f\\\\Africa Oceania '\\\South Asiy
Qceania . 0.8% 2 0%’ : . o
1.3% e
North Y-
. North
L. FEurope
America 19 g% America
49.4% P 44.4%
Centrally " The
Planned »"Lentlally
Economies Planned
_ Economies \
21.8%
1975 1980
;. aAfrica } South Asi
Oceania _ Africa _____ bouth Asia
— 2.1% o 7 5%
2.5% : . . . . 2.7% -. 2
South Asia-~ | Latin America Oceania~
2.7%, | 2.1%

I ‘North

Percentage Share of World Primarvy Aluminum Production

1970

2% . ) 5 1% 3 n Horth
_ . | A_merlfa : ) 4\3%_\\\! America
The 34.3% The ey 35.7%
Centrally. Centrally S "
Planne@ Planned - /, ™
Economleb Eeonomies
22‘9°// Europe o Europe
25.2% 23.4%
Source: Metal Statistics, 1965-75, 1970-80

{11-40



Table B~3 Changes in Production Share of
Major Primary Aluminum Producing Countries
. " (Percentage share of total world production)

Figures'shown in { ) indicate the ranking,

1965 1970 1975 1980

USA o (1) 37.9 (1) 35.0 (1) 27.4 (1) 29.0
- USSR : (2) 18.2 (2) 16.5 (2) 16.7 ({2} 15.1
- Japan, . A5) 4.4 (4) 7.1 (3) 7.9 (3} 6.8
Canada - : {3) 11.4. (3} 9,3 {4) 6.8 (4) 6.7
Germany, Fed. Rep. 3.6 - 3.0 {5) 5.3 (5 4.5
Norway 4.2 {5} 5.1 4.5 4.1
France (4) 5.2 3.7 3.0 2.7
Spain; - - - 2.4
UK - : ) - - 2.4 2.3
Chlna (malnland) 1.4 1.7 2.3 2.2
Netherlands - - 2.0 -
Augstralia . 1.3 2.0 - -
India , o o= 1.6 - -
Italy : : : 1.9 - - -
‘Total share of the first
5 major countries 7701 73.0 64,1 62,1
Total share of the first :
. 10 majox. countries 89.5% 85.0 78.4 75.8

Source: Metal Statistics, 1965F75, 1970-80

Table B-3 also indicates that the share of the major producing
countries has been declining every year. As the shares of the deve-
loped regions have been falling, the share of ten major producing
countries has also been slowly declining. The share of the ten
major producing countries was about 90% in 1965 and about 76% in
1980, This trend indicates that the world production of both pri-
mary aluminum and alumina has been decentralizing. Namely a number
of new producers appeared, having undermined the position of tradi-
tional main producxng countries. Reference Fig. B-5 shows the main
primary aluminum produclng countries, . (Regional grouping is based
on IPAI statistics as shown in note 1) and difinition is explained
in Reference qu ~B=5.)

1} Reglonal area is baaed on IPAT StaLlSthS whlch divides the free
world into seven geoyraphical areas, and.the centrally planned
economies is added as Area 8 (See Reference Fig. B-6).
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Reference Fig. B-5 shows the following countries commenced pri-
mary aluminum production between 1960 and 1970,

Africa I Ghana

Latin America : Mexico, Surinam, Venezuela
Europe ": Greece, Netherlands, Xceland

The C.P. Economies: Romania, Poland

FurthemeLE, countries which began produulng prlmary alumlnum_
productlon between 1971 and 1982 are as follows:

Africa B South‘Africa,_Egypt

Latin America + Argentina

Basi Bsia ' :  South'Korea, Indonesia _
South Asia : . Bahrain, Iran, Turkey, Dubai
Oceania : New Zealand

. Besides these, countries such as Btaail, India, Spain,.
australia and ¥ugoslavia have been steadily increasing thelr
productlon. : - '

. It should be noted that new producers of primary aluminum -
appeared mainly in the so-called developing countries. The produc~
tion capacity of the countries mentioned above totals approximately
4 million tonnes (About 20% of 1982 world production capac1ty) and
‘their position has become very strong, |

In fact, the trend of such decentralization of primary aluminum
production is changing the situation of world aluminum production
and creating significant. changes in the structures of world aluminum
industry. ' S :

4, Recent Trend in Production

Based on the above study, primary aluminum production seems to
have experienced-a ‘continucus high rate of growth, along with alu-
mina and bauxite production after the Second World War. Certainly,
such was the case until 1974. Primary aluminum production continued
+to expand and this brought about correspondlng increase in alumina
and bauxlte productlon. '

1) UNCTADH(United Nations Conference .on Trade. and 5gcglopment}
Report regards Argentina, Brazil, Venezuela, Yugoslavia, Egypt,
Ghana, Bahrain, India and others as developing countries; and the
'productlon share of these developlng countri@s has increased asg

follows
-1960 - 2.6%" 1975 - 7.9%
1965 - 3.5% C1977 - 8.3%

1970 -~ 5.7% 1979 - 10.4%
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However, world aluminum industry Faced the neceSSLty of a large
production cutback in 1975 for the firgt time in its history due to
the worldwide recession aftnr the first oil crisis, Free world pri-
‘mary-aluminum production in-1975 decreased by ag wuch as 11% over
the previous year, to the level of 1972, In 1975, the operating
rate sharply fell to a level of 81%, from 92% in 1974.

Nevartheless, thlq ‘cuthack in production causad’ relatlvelj
little damage, since buslnoss activity again began an upswing from
the bottom of 19735, and in 1977 returned to the level of 1974, the
previous peak year. The rising curve of increased production
returnéd to the past pattern, and this growth trend <ontinued for
about 4 years until 1980. (See Reference Fig., B-1)

“During this period of growth however, it ‘must be noted that a
fundamental change was in progress in the vorld aluminum smeitlng
industry. . In other words, .in spite of the. decline ' in 1875, new pro-
‘Jects were established one after another and commenced production.
Especially, the developing countries showed a striking trend towards
the opening of new smelters: ‘The annual production capacity in the
developing countries which’ newly commenced production between 1975
and 1980 reached 820,000 tonnes, exceeding such capacity of the
developed countrles_ln the same period.!]) .

Congequently, annual free world production capacity, which was
12 million tonnes in 1975, increased by 15% to 13.83 million tonnes
in 1980 As a result, the level of free world operating rate of
1974 vwas restoréd finally in 1980, :

Under such circumstances, the alumlnum 1ndustry encountered the
further recession of world-business actlvzty in the wake of the
second 0il crisis. From the first half of 1981, free world primary
aluml nom produgtion began to show a steep decline month after month.
1) Countries which newly commenced productlon between 1975 and 1980

were as follows:

Developing countries  Annual capacity

1975 Lgypt © {166,000 T/y)

Argentina ' (140,000 n )

India (100,000 u )

1978 Venezuela (280,000 . )
1979 Dubai (135,000 =« ) (Total 821,000 T/y)

Developed countries _ _

1975 Japan {100,000 T/y}

1978 Spain (180,000 =« )}

1980 USA {179,000 o )}
Canada (171, 000 w ) {Total 630,000 T/y}

In additxon, new smelters began production in Brazil (86,000 T/y},
Indonesia (225 00 T/y} and -Australia (204 000 T/y) for 1981-1882.
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This decllno was So dldSth that: as of. July 1982, the average operat«
ing raté of the freé world fell down- to 73%, ‘far more gharp decline
than 1975. The present level of production.is egual- to that of

1976, six years ago, or that of 1973, nine years ago. - ‘Recent -free
world annual productlon capacity; aotual productlon and operating
rate in terms of . dally productlon basis are shown in Fig. B-2, which
provides a vivid picture of these circimstances. It seems that the
aluminum industry of the free world which appeared Lo overcome the
decllne in 1975, have run 1nto real stagnation._ : :

Nevertheless, if such a.astate. of stagnatlon was puroly a result .
of the business recession, the problem would not be so complicated.
The problem is, however, serious because. the various difficulties
which the free world aluminum. industry has been. compelled to face in
the preqent business recession have been deeply connected with the
structure. of the aluminum 1ndustry 1tself. Reference Figs. B-6-1 to
B-6-7 illustrate the recent situation of free world alumlnum produc-
tion by region (Rased on IPAI regional qrouplng). -As shown ¢learly,

. the deeline is most seriouns in North America, Eurcope and Fast ‘Asia,
and the. s;tuatlon s part1oularly desperate in. Fast asia {(mainly
Japan), where produotlon capacity itself is 3tead11y decreasing.
Production cutbacks are also severe in North America (mainly the
United States), where the operating rate has declined to 72%.
Compared with those regions, Europe is in a more stable position,
keeplng the operatlng rate of as much asg 82%. :

- In contrast, the four reglons of Afrloa, Latln AmerLCd, South
Asia and Oceania thow no sign of production cutbacks at all.  The
low opeérating rate in certain regions (Latin America and South Asia)
is mainly caused by operational problems, and is not likely to indi-
cate voluntary production cutback.' For example, the full operatlon
continues in Africa and Oceania in spite of the prevailing difficult
circums tances., :

_ “In summary, the current business recession has struck a blow to
the developed countries, where almost all smelters fell into a rela-
tively'disadvantageous position, and it has on one hand given a
chance of getting a larger market share to the doveloping countries
with relatively advantageous smelters,

I1I. Structure of the Aluminum Industry

'!;_ Balance of wOrld Supply and Demand

The level of world productlon, ‘a8 alrnady discusgsed, chanyes
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dependent upon the actnal conditions of demand and consequently can-
not give a true picture of world supply and demand, . The world
supply and demand should, therefore, be discussed in terms of-
surplus and ‘shortfall, based on the- productLOn capacity of indivi-
dual countries. A comparatlve study is made below on the actual
supply and demand balance and the balance based: on capacity of
bhauxite, alumina and aluminum in the maln countrmes, refclrlng to
Reference Tables B-1 to 3 and Appendix Table 1.1

1.1 Bauxite

Actual Balance R
' {million tonnes)

Surplus in Shortfall in

producing consuming ‘Balance

countries . - countries o
1977 o 36.1 27.6 +8.5
1980 39.6 . . 33.6 +6

" Balance BRased on Capacity {(1981) _

Rated capacity 50 33.7 +16.3
Operating rate 90% 45 30,3 o +14.7
Including stockpiles 42 32 o +10

1) The method of calculation is as follows:'

[Bauxite]

Surplus in produ01hg country
Bauxite production (actual or capaclty)
-~ Domestic consumption for alumina production {= alumina
production (actual or capacity) x 2.55). '

Shortfall in consuming country:
Bauxite demand . [= alumina production {actual or capacity)
x 2.4] —'Domestlc baux1te production

The unlt COHSUmpthR is the weighted average value 0f AHE
{Australian Mineral Econemics Pty Ltd.) data. Reference Table
BR-4~1 shows the unit congsumption for individual countries,

{Aluminal :

Surplus in producing countxy:
Alumina production (actual ox capdclty)
~ bomestic consumption for aluninum production [= aluminum
production (actual or capacity) x 1.95)

Shorfall in consuming country:
Alumina demand [= aluminum productlon {actual or capacity)
% 1.95]) ~ Domestic alumina production

it is ngted that above calculatioin is applied only to the main
countries.
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Though details cannot be discussed based on the above simple

calculation, it will be possible to grasp a rough trend. Bauxite
~is now in the situation of a worldwide. surplus of capacity. i Even
1f the operating rate is regarded as 90%, taking stockpiles into
account {5% for both producing and consuming countries), surplus
amounts to about 10 millionh tonnes. This supply and demand situa-
tion almost applies to entire free world. If free world produc-
tion, 80 million metric tonnes for 1980, grew at an annual rate of
5%, this 10-million tonne surplus capacity would be sufficient to
“cover the growth in‘demand for about 3 years, As already men-
tioned, since demand has drastically cooled after 1981, five to
six years may be easily covered by this surplus capacity, if
taking into account the redovery period from this sluggish demand.
Needless to say, the major supplying countries are Australia,
Guinea, Jamaica, Surinam, etc, Reference Table B-4-1 indicates
the baldance of supply and demand for the major countries.

1.2 Alumina

Actual Balance (iﬁcluding non—metallurgical use)

Surplus in Shortfall in

producing consuming Balance
“countries countries
1977 | 12 9.1 £2.9
1980 14.7 11.8 +2.9
Balance Based on Capacity (1981)
Rated capacity 15.9 1" +4.9
Operating rate 90% . 14.3 9.9 _ +4.4
Including stockpiles 13.6 10.4 +3.2
Excluding non~ 12,2 9.4 +2.8

metallurgical use

To study supply and demand balance for alumina is guite dif-
ficult because of the following reasons., First of all, the oper-~
ating rate for alumina production plant varies considerably, and,
"in some cases, alumina may be produced at the rate exceeding the
rated capaclty by as much as 20%. As for demand side, there are
many smelters vhose actial capdc1t1es are unknown. Furthermore,
demand for non- metallurqical alumina fluctuates by roughly 10% in
texms of overall demand of alumina.  Conseguently, the table above
may contain some contradiction, For example, the shortfall of
alumina in consuming countries estimated from the rated capacity
in 1981 was 1} million tonnes, but the shortfall estimated from
‘the actual production in 1980 was a higher figure at 11.8 million
tonne%.
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Despite such minor inaccuracy, it can be said that there
exists a surplus capacity in the alumina supply and demand. . ‘The
greater part of this surplus capacity is in the free world and is
estimated to be in the vicinity of 3 willion tonnes. . This esti-
‘mate is supported by the fact that demand for alumina in 1980, the
peak year,. was approxmmately 27 million toénnes 1) whlle production
capa01ty in 1980 was appr0x1mately 30 milllon tonnes :

A surplus capacity of 3 mllllon tonnes, 1f calculated in the
same way as for bauxite, represents the quantity of about 2 years'
growth of demand, Taking the estimated recevery period from pre-
sent sluggish demand intd consideration, the surplus capacity is
sufficient for covering the demand for 4 to 5 years. As indicated
in Reference Table B-4-2, the major supplying countries are.
Australla, Jamaica, Japan, &uxlnam, and othels.z)

1.3 Primary Aluminum

For primary aluminum, an estimate similar to that for bauxite
or alumina <annot be made. This is because the balance of supply
and demand is mainly related to consumption, The balance of pri-
mary aluminum production and consumptlon for the major countries
is given in Reference Tablesg B-5-1 and 2. ‘For the purpose of the
study, Tables above are based on the years of 1977 (supply and
demand recovered to the normal level from the decline in 1975) and
1981 (an example of the recent decline). The main points are sum-
marized as follows:

(1) 1In 1977, the world supply and demand was balanced (produc-
tion: 14,3 million tonnes; consumption: 14.5 million tonres), but
in 1981, overproduction reached 1.15 million tonnes (production:
15.7 million tonnes; consumption: 14,55 million tonnes).

{2) The United States had a shortfall of 0.64 million tonnes in
©1977; but_conversely a surplus of 0.35 million tonnes in 1981,

(3} Japan experienced a shortfall of 0.23 million tonnes in 1977,
but production cutbacks were. progressively carried out resulting
in a dramatic increase of shortfall to 0.8 million tonnes in 1981.

1) Primary aluminum production in 1980 (12.8 million tonnes) x
1.95 —> alumina for metallurgical uses (25 million tonnes)
+ Alumina for non-metallurgical uses (2 million tonnes)
2) Acaordlng to AME, the surplus supply capacity for pauxite and
- alumina are as follows:
Bauxite: (from 1980 to 198%)
From 8 million tonnes to 25 - 26 milllon tonnes
Blumina: 11987: 2 to 3 million tonnes
1985: 5 million tonnes
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(4) © Surplus supply position has been continued in the countries
which have small or almost no domestic consumption. The main
supplying countries in terms of surplus and shortfall in 1981 were
as follows:

Supplyihg countries having a surplus
production over consumption:

Canada {820,000 tonnes)
Norway (530,000 wo)
usa - : {350, 000 n o)
Venezuela (240,000 v}
Spain ' {190,000 no)
Ghana (190,000 1 )

- Australia, New Zealand, Bahrain, UAE,
Eqypt, Argentina and others

Tétal surplus: 4 million tonnes

supplying countries showing a shortfall
production against consumption:

Japan - {800,000 tonnes)

-Germany, Fed. Rep, _(290?000' no)
Belgium - - {210,000 no )
China {210,000 w o}

. Italy, France, South Korea and others

Tetal shortfall: 2.60 million tonnes

_.As- ghown above, the supply surplus in the major countries
reached 1.40 million tonnes.. This gquantity almost equals the
total annual production capacity of new plants which have com-
menced production since 1975. :

To summarize the above data, the balance of world bauxite
supply and demahd stands at a supply surplus position, and alumina
is also in a supply surplus position to a smaller degree., The
balance of supply and demand for primary alumipum, which depends on
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consumption, is now in a significant over-supply position. %here is
no sign of recovery frow this supply. surplus position, '

2. The Major Producers of the Aluminum Industry.

The aluminum industry is not a simple aggregate of companies
operating: independently with each other. -In the history of the
development of the aluminum industry, enorious power has continued
te be exerted by the existence of the blg companies known as . the six
Major Producers. . ‘Iwo companies, in partlcular,_the Aluminum  Company
of America (ALCOA), formerly the Pittsburgh Reductlon Company, -
established in 1888 by C.M. Hall to commercialize hlS ‘patent, and
the Aluminum Company. of Canéda {BLCAN), an offshoot ‘of ALCOA to make
use of the abundant hydroelectrlc power resources in Canada, are
gigantic companles accountlng for 23, .33 and 24% of the free world
production capacity for. baux1te, alumina and prlmary aluminum in
1980 respectively. At the same time, in Europe where M, Héroult's
technology was developed, France and Switgerland establlshed their
aluminum industries to have two Maﬂor pProducers, Aluminium Pechiney.
and Swiss Aluminium Company (ALUSUISSE}. - In 1980, the share of
these two companies redched 8, 12 and 13% of the free world produc-
tion capacity for bauxite, alumina and primary aluminum respectively.

Before the Second World War, the production capacity of these .
four big companies was so large as to account for about 60% of total
world capacity, 1nclud;ng the USSR. With the post-war economic
recovery, both the Reynolds Metals Company and:Xaiser Aluminum and
Chemical Corp.. commenced production of primary aluminum in the
United States, breaking the monopoly of ALCOA and ALCAN. These twWo
companies thereafter increased production steadily and, their share
in the free world productlon capacity in 19280 reached 13,.19 and 16%
for bauxite, alumina and primary aluminum- rpspectlvely. Tahle B4
shows the percentage share of production capacity for these six
Major Producers. The aggregate of their shares has reached enormous
proportions, i.e., 43, 64 and 52% for bauxite, alumina and primary
aluminum respectively. Judging from these figures, the world alumi-
num industry is definitely dominated by the six Hajor Producers.

The main points to explain the strong position and the effec-
tive strategy of the Major Producers are. summarized as below, . The
first is the efforts of the Major Producers to secure relatively
low-~cost energy. ‘their utilization of the abundant hydroelectric
pover resources and the relatively low-priced. energy such as coal-
fired electric power in the United States, Canada and Europe have
resulted -in their profit margins growing and their position
strengthenlng further.
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Table B-4 ' Percentage Share of Six Major Producers
~.in Free World Production Capacity (1980)

{Unit: Ownership percéhta@é in production capacity)

Bauxite Alumina -Aluminum

RLcoa 166 20,7 13.3
ALCAR S 6 11.8 10.5
‘Kaiger = - 1.8 10.2 7.7
Reynolds 4.9 8.9 8,0

Pechiney . 2.7 7.5 8.1
ALUSUISSE 5.0 4.5 4.7

Total for these
- 43.4 63.6 52.3

6 companies-

Source: Compiled from Spector Report, UNCTAD Report, etc.

©.The second is-the securing of sources of cheap raw materials.
Originally, each Major. Producer started as an aluminum smelter and
then gradually continued to expand its activity into raw material
sources.. - For example, to procure cheap bauxite from overszeas sour-
ces, ALCOA acquired a mining area in Guyana as early as 1912, and
subsequently acquired mines in Surinam, the Caribbean countries and
other. countries.one after another. Kaiser and Reynolds, latecomers
as Major Producers, also made positive efforts to secure overseas
sources, such as Jamaica.

. This industrial structure, known as vertical integration, con-
stituted a formidable barrier to newcomers. 'This is because new
companies were forced to purchase relatively highly-priced raw mate-
rials from the Major Producers whereas the Major -Producers could
obtain their raw materials at.a low cost, The vertically integrated
companies established self-sufficient system ranging from the raw
wmaterials to finished products,. and they enjoyed profits at each
stage. of production process, i.,e., bauxite, alumina, primary alumi-
num and.finished product, To illustrate this situation of vertical
integration established by each of the six Major Producers, Refer-
ence Tables B-6-1 to 3 list the hauxite mining companies, alumina
preducing  companies and aluminum smelting companies related to. the
$ix Major Producers. In addition, Reference Figs. B~7-1 to B-7-3
sunmarize the state of vertical integration.

:Thé,third point is the-economy of scale of production.  In case
the technology reaches a certain level, the increase of scale is
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classidally the most effective method for reducing  the unit. produc-
tion cost. The Major Producers have pursued and gained profits from
this economy of scale in each stage of bauxite; alumina and aluninum
production respectxvely,

The fourth point concerns variety of products and strong N
securing their markets. . Diversified production structure of the
Major Producers have 1ncreased the type of products marketed by them
and increased their ‘added value. - This has been nade. p0351b1e by the
monopolitical markets controlled by the Major Producers. Therefcre,
it is a q1gn1flcant handlcap for newcomers to have to overcome the
problem of finding their way: through the markets of the Major:
Producers to obtain their own new markets.

. In addltlon to the above—mentloned strategles and sources of

. power of the Major Producers, there are two points which must be
borne in mind.  One of these is superior technology. Concerning the
capability of technologlcal development, there is few company in the
world which has: ample resources of funds and accumulated experience
equivalent to those. possessed by the Major Producers... The second
point concerns ample reserves of funds. . In the case of the new
investment of bauxite, - alumina or ‘aluminum, enormous - funds;
amounting to a figures of anywhere between several hundred million
dollars - and several billion dollars, must be invested during the
period from development to productlon._ This remains the: greatest
obstacle ‘in the path of newcomers. Privately owned company capable
of investing such large amounts of funds are limited to the Major-
Producers. : :

In spite of the capability of the Major'Prbducers,'however, the
funds necessary for projects. such as the development of bauxite and
construction of plants for alumina and aluminum are so huge that the
. risk of the new investment is great. Accordingly, an organization
of mutual cooperation among the Major Producers or of cooperation
between-Major Producers and non=Major Producers has been developed.
Such joint ventures, which may be called horizontal integration,
gain the advantages of large~scale operation while reducing the
financial burden and risk- on a single company, so as to give greater
flexibility to thé develoPment of the project, For example, a'joint
venture for developing bauxite in-Guinea comprises ALCOA, ALCAN,
Pechiney, Martin Marietta'— a middle-level company in the United
States and Vereinigte Aluminium'Werke (VAW) of the Federal =
Republic of Germany and ig exploiting the mine with an annual pro-
ductiocn capac1ty of 9 million tonnes 1} .which is one of the. largest
mine of baux1te inc the world, In Australia also; ALCOA, by means of

1) HALCO Mlnlng Inc, - : ) B : :
Shareholders: ALCOA (2?%),_ALCAN (27%), Martln Marietta Aluminum
{Usa) (20%), Pechiney Ugine Xuhlmann (France) (10%), Vereinigte
Aluminium Werke (Germany, Fed. Rep.) (10%) and Alumeta] {1taly)
(6%},
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~joint capital investment; -with the Australian interests, successfully
developed the worldts largest project with an annual production
capacity of 13 million tonnes of bauxite and 4 million tonnes of
Calumina 1), iIn the'area of -aluminum smelting, such examples of
horizontal integration are too numerous to mention, It may be cer—
tainly concluded that the horizontal integration is the most flex-
ible and promising form of organization to raise necessary funds,
which is expected to increase in future, and to avoid the risk in
making new investment.

3. Decline of the Major Producers and Nationalization

In spite of the various handicaps of entering the aluminum
industry, its rapid growth has been attractive to newcomers. The
remarkable increase in new companies and the decline in share of the
Major Producers in, for example, the United States are indicated in
Table B-5. The share of the Major Producers in the free world con-
tinu_ou_sly declined 'fror'n "65% in 1970 to 56% in 1975 and 52% in 1980.

Companles under the dlrect or 1ndlrect control of a natlonal
government or local government body (hereinafter generally called
government~owned campany) and 1ndependent companies have been emerg-
ing in place of the Major Producers, Particularly government-owned
companies have grown so strikingly that their share of ths free
world primary aluminum production capacity calculated by ownership
percentage, which was only 13% in 1970, reached 16% in 1975 and 20%
in 1980. For bauxite and alumina, the government-owned companies
'share‘Calculated by.ownérship'percentage reached 22 and 10% respec-
tively. Fig. B~3 provides details of the respective shares.

_ In addition, Réierence Table B-7 indicates the government-owned
companies shares in each of the free world countries.

Nationalizatioﬁ is”espebailly progressing in the developing
'r@glons, malnly ‘South' Asia and Latin America, where the government-
-owned companies share 40 to 60%. These regions control a production
capaCLty amounting to 2.4 million tonnes {(government-owned capacity
is 1.2 million tonnes) In Furope also, due to national enexgy
peolicies for the effective utilization of state-owned electric power
corporations and the recognition of aluminum as a strategic
material, government«owned companies are not’ uncommon, like in West
~ Germany, Italy, Norway, Spain and Austria.  In North America,
Oceanla and Japan, ‘however, no government -owned Companles exist.

Furthex &xamination of the recent production trends mentioned

1) ALCOA of Australia
Shareholders: ALCOA (51%), Australian interest group consisting
of 4 companies (49%).
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Table B-5 Percentage Share of Aluminum Companles
in the USAa)b)

%)
1948 . 1957 1964 1973 1974

32.1 - 32.0

ALCOA 50.7 . 43.1 33,0

Reynolds - 29,3 26.6 -27.9 19,9 19.8
Kaiser . . © 20,00 27.t 25,0 14,5 14,7
Anaconda : - 3.3 2.6 BTN 6.1
Ormet ©) - - 6.9 5.1 -
Howmet : : - - - 4.4 4.4
Martin Marietta - ~ 3.3 4.1 4.2
National-Seuthwire - - - 3.7 3.7
Conalco h . - ~ 1.2 3.6 7.0
Alumax = - P 2.7 2,7
Revere . . - - - 2.3 4.0
Noranda - . - - S 1.4 1.4
' 72,7 73.6

Total 100 100 92.8

Notes : a) Each share may not add up to total due to rounding.
b) Based on year-end production capacity.
c} Ormet's productlon capa01ty in 1874, 250, OUO tonnes is
not shown but divided and included in the Cdpa01ty of
' Revere {34%) and_conalco {66%), both partrers in Crmet.

Seource: The Aluminum Association, Aluminum Statistical Reviews;
1973, 1974.

above shows that the countrles in Afrlca, South Asia and Latin
America do not show any sign of production cutbacks even under the
present adverse circumstances, and Europe has managed with a relati-
vely small production cutback. In fact, thege are the areas where
government-owned comapnies are dominant. This is not mere coin-
01dence,_but rather a sxtuatlon to be expected. Particularly these
cempanles in the developlng ‘countries are forced to continue produc-
tion. at any rate because of the necessity of acquisition of forelqn
currencies for their national development plans or social conditions
peculiar to these ‘countries., Thls is a characteristic of government-
owned companies.

A government-owned éompany naturally has a strategy different
from that of ‘a private company. The v1ew901nt of the government~
owned company toward the competltiveness is clearly different from
that of a private bu51ness. It is natural in a sense that decisions
made_from such a different v1ewpo;nt, or the keeping of high level
of the'producticn:irrespective of the actual markei situation, may
put pressure on the private company which must consider the market
"gituation and the profitability,
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-

In addltlon, it %hould not be overlooked LhaL another type of
aluminum producer is acting to encourage such trend. Although alu-
minum guantity produced by such. producer" is. now small, it is note-
worthy that this small qudntlty adds the turther complex:ty to the
existing structure of the alumihum 1ndustry. ‘These producers are
the third type of producer different from both the Major Producers
and government- ~owned companies. This type of pxoducers have been so
far purchagers of primary aluminum o holder of markets for. prlmary
aluminum anhd they venture for themselves into primary alumlnum pro-
duction. When demand is on the ebb, consumers whose demand for pri-
mary aluminum exceeds their produutlon capaclty try to maintain =
their production levels by reduc;ng purchase guantity from outside
sources, in order to safeguard against losses due to their own pro-
duction cutbacks. In any case, this results.in the disregard of
market conditions. The continuous full production in Oceania, which
has no government-owned companles, shows this situation, Such pro-

" ducer may be properly called an lndependent producer {(company ) and

creates another factor to put pressure on alumlnum market.

The lmportant fact is Lhat govelnment owned cnmpanles ‘and inde-
pendent companies are keenly interested in keeping production level
high regardless of the relationship betwcen the productlon cost and
the market prlce. The continuation of productlon 1rrebpect1ve of
the balance of supply and demand naturally COntUSEa the market
price. It is a serious problem that productlon level is maintained
even though the market price falls to the level below- the productxon

.cost. Chapter I has already described the world aluminum production
‘trends on a regional basis and the relatlve advantages and disadvan-

tages of the production facilities by reglonal area, It should be
noted . that such reglonal trends of aluminum production implicate not
only comparative advantages or disadvantages of the production cost
but also the difference of basic strategy concerning production
level. ;

The share of the Major Producers has declined every Year, and
in contrast the share of the government-owned companies has

~increased. The production of'indepehdent companies has also contri—

buted to the decline of the share held by the Major Producers. It
can be arqued that this situation shows a strong trend of structural
change in the existing aluminum industry.

What has made possible such change? The first point is the
effort of newcomers to secure low-priced sources of electric power

has consequently weakened the relative advantages of the Major Pro-

ducers. Particularly, the recent development of hydroelectric power
and power generated by low-cost gas in the developing countries have
eriabled these newcomers to materializé the development plans

_ successfully.

In the second point, however, the situation has not heen favor-
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able for newcomers to easily obtain cheap raw materials. The Major
Producers have the sufficient technology and the planning capability
necegsary for: hauxite: exploitatlon and:.are still in a dominant posi-
Ction-with- outstanding power.  The companies in the developing coun-
tires, large portion of which share was once held by the Major

. Producers, were nationalxzed ags: the nationalism advanced. In this
connection the government-owned companies are still forced to rely
on the Major Producers in respect of their marketing. Such being
the casé, it .can be concluded that most of the free world bauxite
resources are still under the control of the Major Producers and
neWComers have to take thls structure into con31d9ratlon.

Thirdly, from the-standpoint of the economy of scale; even
small~scale production for primary aluminum becomes competitive if
relatively low-priced electric power is available. Accordingly, as
long as the price of electric power is low, small-scale productlon
become competitive against large-scale production. Here is one of
the reasons for the emergence of newcomers who have been able to
utilize low-priced electric power.

Fourthly, a remarkable growth to date of demand for aluminum
has greatly helped newconers to obtain a share of the market. The
'rapxd increase of aluminum demand, outpacing the rather slow
increase of production capacity of the Major Producers, has given
great incentive to newcomers to enter aluminum industry.

In additionh to the above four points, it should be noted that
"the superlorlty of technology once held by the Major Praducers has
been no longer monopolistic to them. 1In -this regard, since com-—
panies other than Major Producers, being forced to rely on high-
priced electrlc power, have devoted themselves to the development of
energy~sav3ng technology, they: are .almost on a level with the Major
Producers in technology. BAbovée all, Japan s technoleogical improve-
ments on energy and labor saving are so remarkabhle that a certain
Japanese smelter's technology has been exported to the Major Pro-
ducers. However, the Major Producers are still in a deminant posi-
tion with significant power in teims of overall technological
superiority and development capability,

‘Lastly, consideration should be given to the capability for
raising funds, 1In fact, this is the main. factor for the share
increase of the governmént-owned companies. It is impossible for a
gingle newcomer to raise enormous funds required for new project
development.. Therefore such big project is to be treated as a
national project.  In this connection, development projects in the
developing countries can be only carried out as the national pro-
ject, if taking the risks of investment inte account. It is obvi-
ous, however, that the'required funds cannot be always provided even
for the national project and the project cannot be materialized only
by the funds. Naturally; the necessary coopelatlon must be provided
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by companies with the superiority in technology and the developuent
capability. It is even more. important to secure gstable markets,
For this purpose, the mittual cooperation not only with primary alu-
minum producers but also with the consumers or: purchasers is
required. ~Such cooperation among the parties in different:position
of the industry, which has already been realized as horizontal
integration in many cases, ‘is one method to f£ill the gaps in the
industry created by the structural changes mentioned above, and-
indicates a suitable divection for future development projects,

III. DProduction Cost of Aluminum

1. Bauxite

1.1 Production Cost

Needless tc say, bauxite, being a resource mined from the
earth, has a produatlon process different from a product manufacﬂ_
tured- in a factory.

The elemnents of cost,,however,-are basically Siﬁilar to those
of the manufactured products. The cost (ex-works base) comprises
~the following elements:

¥-Raﬁ_ﬁaterials and fuel

.. Labor
Direct (mining) cost ——

Maintenance

!

hdmihistrétion

: — Interest on capital cost
- Indirect {(mining) cost - o '

— Depreciation

“The cdsts, such as royaltiea, levies and so on, lmposed under
the. flscal reglmes of varlous countries are further added, s0 as
to give the total hauxite production cogt.  Based on the published
data, each cost element is explained as follows i'):

1} Bauxite is usually transported in terms of wet-~base with about
10% moisture. The description below {s on this usual wet-base.
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1.1.1 Capital cost

. The deciding factor for interest and depreciation costs is
capital costs, the approximate levels of which are given in
Table B-6.

Table B~6 ~ Reported Capital Costs for Mines

Capacity Date of Cost/tonne

Company and Location (1,000 tonnes/ Cost  annual output
S yedr) Estimate (USS 1980)
Completed:
* CBG, Boke (1973) - 6,000 1973 123
* Min. Rio do Worte, Trombetas, 3,350 1975 120
Brazil {1979) ‘
Guymine, E. Montgomery, Guyana (1979) 800-1,000 1979 45- 56
* Comalco, Weipa, Australia (1979)#%+ 11,0060 1979 29

Under Construction:
Nat'l., Aluminium Co., Orissa, India 2,400 1979 3

Ezanned:*** _
* Min. Vera Cruz, Paraogominas, Brawril 2,000-4,000 . 1978 95-190

-ALPART, %. Coast HMines, Jamaica : 1,500-2,500 1879 45~ 75

* Bauxiven, Los Pijiguaos, Venezuela 3,000 1980 183

* * Includes cost of infrastructure.
%% Costs over the period from the early 1960s.
%%  Pstimates based on various stages of feasibility studies.

Source:_ AME

As far as shown in this Table, no specific trend is found
in bauxite capital costs. In other words, this shows that
. bauxite capital costs greatly vary in accordance with the
availability of infrastructure and natural conditiocns.

1.1.2 Direct (mining) cost

: There are not so many data on the levels of direct (mining)
cost, Metals Week of 1968, though a little out of date, esti-
mated the net cost at US$3—10/T. The Qppenheimer Report of 1975
estimated the cost of as much as US$6/T, Recent information
obtained from the Metal Bulletin of 1980 indicates approximately
U$4~7/T, as shown in Table B-7,
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Table B-7 Comparative Direct Mining Costs of Bauxite
“in Jamaica, Brazll, and Australia
Item Costs ln US${tonne
Jamaica  Brazil. *Australia
Labor 1,18=1.30 0 1,95-2.15 1;S3~1.69
Fuel oil 0.37-0.41. 0.51-0.56 :0,37-0.41
Internal transport 0,472-0.79 - 1423-1,35 0.72+-0,79
Maintenance 1.17-1.28 1,37-1.51 1.18-1,30
Misc. costs _ 0.83-0,91 " 1.32-1,45 0.86--0,94
Total direct mining costs  4.27-4.69 6.38-7.02 4.66~5,13
Source: Mefal Bulletin (Sept. 1980)

1.1.3 Fiscal regimes; bauXite levy and royalty

There are three distinct measures by which bauxite produc-
ing countries obtain a share in the profits from the development
of their resources. ' '

The first is the corporation tax and dividend withholding
tax as practised by countries such as Australia. In addition,
the royalty-——-the tax imposed .on m1n1ng——~ is levied in many
countries based on the quantlty of ore extracted from the ground.
This may be compensated, as in Rustralia, by investment allow-
ances and government finance to Lnfrastructure or as in Brazil,
by the exemption from taxation for a certain period. Secondly,
there is the system taken hy Jamaica, Surinam and other coun-
tries which is to impose a tax or levy on bauxite pfpduction.
Thirdly, there is the direct eguity participation or control by
the Government, as found in Indonesia and the planned economy
countries. Of course, these three measures are not independent
and more than one measure are employed together in wmany cases.

The levels of these royalities and levies varyffrom country
to country and are summarized in Table B-8.

As the above data indicate, it should be noted that the level

of bauxite cost greatly depends on the various factﬁrs, guch asg
natural conditions (the condition of ore deposit, quallty, guan-
tity, ‘general. topography), access to and price of materials and
fuel necessary for development and operation, avajlability of
skilled labor and government policy towards ‘the exploitation
including fiscal regimes and accounting system, ete.
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Table B-8

Bauxite Lievies and Rdyalties in

the Main Bauxite Producing Countries

Coﬁntry Leﬁy Royalty Comments
Jamalca - 6.8%~5.5% US  USS 0.55/S%, tonne
ingot price
Surilnam '6.0% US ingot US$ 0.50/S. tonne Levy based on ALCOA US ingot
price price; conversion rat;o 4.3 5.
tonne = 1 g, tonne metal as
in the case of Jamailca;
information as of mid-1977
Haiti 8.0% Us$ 0.50/S. tonne Levy indexed to Reynold's
' ingot price; converson ratio
5,0 s, tonne = 1 s, tonne
metal
pominican 7.7% uss$ 0.60/S. tonne Agreement with ALCOA extend-
Republic : ing to 31 Dec., 1982 for mini-
mum payment of US$17.00/tonne;
ALCOMN also to pay a royalty
of US$ 0.60/S. tonne on
exports, compared to previous
charge of US$0.55/S. tonne
{Reuters, 5 Dec., 13980).
Guyana - Uss 0,04-0.10/tonne
Guinea Variable n.a.

Sierra Leone

Ghana

Indonesia

Australia

10% of f.o.b.
export value

-

Us$ 0.17/tonne

6% of realized value
of ore plus mineral

duty of 10% on realized

ore gelling price

Mineral tax of
Uss 0.06/tonne

Variable range
from nil to
Uss 1.00

Information as of mid-1977

Nil applies to ALCOA which
pays alumina royalties
instead

Source: AME
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there are few data'to fully clarify this peint, the estimate of
bauxite cost is shown in general form in Table B-9.

Table B-9 Estimated Total Bauxite Cost:

_fUS$[T)

Cost Item Jamaica "Ngﬁ'Plént
Mining cost 6.07% 6,07
Depreciation 0.66 3.31
Infrastructure cost 0.28 0.55
Interest 1 1.38
{Sub Total) o {8,01) (11 31)
Royalty & Taxes 17.04*%% 3.86
{Total) (25.05) (15.17)

* Tamaica's mining cost is estimated at $4.27 -~ $4.69 in
Table B-7, but estimated at $6,07 in this Table,
the same as new plant.
% In 19792

Source: JAF {Japan Aluminium Federation)

1.2 Shipping Cost

As described in Section II, the guantity of bauxité domesti-
cally consumed in the mining country is not generdlly 1arge. ‘HMost
of bauxXite is transported to consumers by means of marine trans-
portation from loading ports, Bauxite consumers such as alumina
producers, therefore, are interested in the bauxite price includ-
ing the shipping cost. Consequently, in addition to the produc-
tion cost mentioned above, the cost of marine transportation
should be also studied. — :

Since the shipping coast shows great variation according to
the volume of goods shipped,-the distance of vayage, the method of
transportation, the availability of port facility and other fac-

- tors, an overall description of this item is dlfficult. General
trends, however, are 1ndicated in Tab]e B-10,

As shown in Table B-10, although the Shipplng costa differ
considerably in réspective shipping routes, most of them, roughly
speaking, exceed the level of Us$10/T.. This indicatesg that the
level of shipping. cost is a very important factor, compared with
the level of bauxite production cost (US$10 to 30/7). . The ship-
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Table B-10

Selected Bauxite Shipping Costs

Source of.

Deastination of

Freight cost

Date of
Freight cost

bauxite

hugtralia:
Gove, N, T,

Weipa, Old.

. Welpa/Gove
Jamaica:
Various ports

port Rhoades

Dominican-Republic:

Cabo Rojo
Brazil:
Amazon

Guinea:
Port Kamgar

Greece:
Itea

Indonesia: _
Bintan Island

shipment

Stade, Germany, FR

Gladstone, Qld.

Porto Vesme, Italy
Netherlands/Germany, FR
Germany, FR

Japan

Usa

Louisiana, USA
Texas, USA

USA gulf
USA

usa gulf: .

Canada (Port Alfred,
Quebec)

W. Europe
Yugoslavia

Taranto, Italy

Rotterdam, Netherlands

uss§/tonne

10.50-12.50

20.00-21.50
17.00

18.75

8., 00*
12.50-12.65
18.00
17.50

15.00~20.00%

4,40~ 4,90%*
5.50

5.50

7.50
8.00-9,50%%

10.25%
10,50%

10.50%
20.00

5.50

14.00-14.50

Feb.-June 1979
Jan, -JdJune 1980
Nov, 1980

Jan,-Apr. 1981

Hay 1981
Jan.-May 1979
Nov. 1980
Mar, 1981

May 1981

Sept. 1980
Dec. 1980

Apr. 1980

Sept. 1980¢

May 1981
May 1981

May 1981
Aug. 1980

Mar. 1980

Mig-1979

* Estimatés by Sydney-based shigﬁing consultants
** Estimates by Met. Bull. Month., Sept. 1980

Source: AME
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ping lot (the size of vessel) is also an'élement'greatly affecting
shipping cost, The unit Shlpplnq cost by & large-sized vessal
proves more economlcal than that of Small shlpment.1)

As mentloned above, bauXLLe Shipplng cost - is an. element
greatly affecting the cost of alumina production, and care should
be always taken of the saving of shipping cost through the estabw
lishment of economlcal transportatlon system. . : .

1.3 Bauxite Exploitation and Items for Investigation

In this sedtion-consideratioh_is héﬂ given to the bauxite
exploitation prodedure,and the main elements related to it

The exp101tat10n of baux1te dep031ts flrst requires the
investigation of the physical and chemical. propertles of the ore
to be mined, and confirmation of the guantity of the ore., Next,
research and investigation are usually performed on the treatment
‘processes suitable for ore quality and quantity, such as crushlng,
water-washing, and drylng and, fur¥ther, on loading and thpplng
conditions. Then, an overall feasibility including infrastruec- -
ture, wWater resources, electric power, labor conditioens, eto. is
studied, and a final plan can be worked out. ‘The summary of this
procedures is as follows: ' '

Research and investigation concerning
ore guality and quantity, mining method,

Detailed research 'J treatment, shlpplng, etc.

I

Feasibility study

Preliminary research “L

...Research and investigation concerning
overall feasibility of exploitation
] ' including infrastructure, water '
resources, electric power, labor
conditions, etc, :

Final plan

In order to study the feasibility of exploitation in the
above procedure, the following are the main points to be
invegtigated. :

The first is the quality of the ore. For example, bauxite
found in the Mitchell Plateau area in Bustralia with advantageous

1) UNCTAD estimates that a large-sized vessel (60,000 DWT) proves
more economical by 40 to 50% than a small-sized vessel (15,0007},
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conditions for exploitation is evaluated to be less profitble, in
spite of rich alumina content, than the low-grade ore at the
- Darling. Ranges., As .a further example, bauxite mined in Trombetas
(Brazil) appears to have desirable quallty for alumina productlon
and reduce the: cost of alumina 17,

Furthermore, it is .also important to stably maintain the ori-
gxnal quallty for a long period of mining. In the case of domes-
 tic processing of bauxite (alumina refining) economics can be kept
- in spite of the reduction in quality to some extent, It should
be, however, noted that certain high gquality must be maintained by
establlshlng higher cut-off grade for the purpose of export.

The second polnt is the cost of" mlnlng.' Except in the case
of Europe, bauxlte is mlned by the open-pit mining method. Since
topsoil must be removed at the beginning of open-pit mining, the
conditions of topsoil, such as quality, thickness and the vegeta-
tion are investigated. Bauxite is usually mined after blasting
the, ore by using dynamite. Some ore deposits in Soth-East Asia
and Cape York in Australla, however, do not require such blasting.
This d lfference .in the method of mining affects the mining cost.
Furthermo:e, post mining rehabilitation and protection of the
natural environment are very important factors to be considered.

The third peint concerns'the costs of shipping and loading,
Bauxite is treated at the processes of crushing and water-washing
and it is conveyed ‘to the stockyard and loaded. This transpor-
tation process of bauxite also becomes an element greatly affect-
ing the economics of exploitation. In particular, the cost of
inland transportation ig important for the economics of exploita-
tion, In other words, a mine requiring long-distance inland
transportation is placed in a highly disadvantageous position and
the distance of inland transportation constitutes one of the most
Jimportant factors determining. economics of exploitation,

Fburth are the question of infrastructure, water resources,
electric power, labor conditions, etc. Particularly, development
of infrastructure has been the biggest problem in the developing

1) Bauxite in the Kimberley area in Australia, which belongs to
the gibbsite with 47 to 50% Al,05 content, needs high-
temperature digestion because of its content of several percent
of boehmite. On the other hand, bauxite at Darling Ranges,
which is a low-~grade ore'with 30 to 48% Al,03, requires only
low-temperature digestion since it is pure gibbsite. Bauxite
in Trombetas is pure gibbsite with 47 to 50% Al,03. The pro-
caess of high-temperature digestion is disadvantageous in both
the capital cost and the operating cost compared with low-
temperature digestion.
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countries. For examle, the proposed projects, such as West
Kalimantan in-Indonesia, Aye Koye in Guinea and Port Loko in
Sierra Leone repoxtedly have to golve the problem of development
of infrastructure as the top priorlty. In this regard, governmen-
tal assistance to solve thlS problem is reguired, since one pri-
vate business cannot bear the burden of enormous funds required
_for the development of - 1nfrastructure. '

The fifth point.is-the'economy of-scale.-'For the expleolta-
tion of the baukite mining, the economy of scale plays a very
important role. A large-scale mining is naturally more advantage-
ous in unit cost of bauxite than a small-scale wining. On the
other hand, the exploitation of a laxge~scale mine requlrcs enor-
mous investmeént and involves a big risk.: It is also dlfflcult to
secure the markets in the case of the exploltatlon of a large-
scale mine. Therefore, it is necessary to determine the optimum
scale of the mining operation in cpnsidération of these'ﬁdints.

in the exp101tatlon ‘of bauxite mlnes, overall consideration
should be given to capital’ cost on the basis of investlgatlon in
the five points mentioned above, direct mining cost and levies and
royalties’ which are drastically different from coluntry to ¢ountry.
Needless to say, thé cost of marine transportation from the load-
ing port to the consumer is also an 1mportant factor for determin-

1ng competltlveness.

2., Alumina

2.1 Production Cost

Alumina production facilities constitute a type of chemical
plant. BAs described in Chaptér A, the production. process most
widely adopted today is the Bayer process. BAlumina production
cost based on this process consists of the following elements.

Direct costs - raw materials -y bauxite
- : .15: caustic soda
energy .. others
labor

others (maintenance, administration etc.,)

Indirect costs_+[:jdepréciation
o interest

The main items in discussing alumiha production cost are as
follows: (1) capital cost, (2) bauxite price, (3) energy cost,
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