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1. Introduction

Aluminium is the most widespread metal in the molid earth’s
crust.representing its 7-85, This fipure is one and a half
times larger than that of jron and it is the multiple of
other metais technically apniied, Aluminium is vresent in
the carth’s cruast partiy in the form of silicates, mtil)
bauxite containing alumina mostiv in the form of hydrate

is aimost the only raw-material for aluminium production,
lJarre high-grade bauxite reserves are known today and more
ave expected to be discovered in the future. "he reserves
already discovered conuld ensure the supnlv of aluminium
production for the time period of at leagt 75 years, even
if aluminium consgumption will continue to increase by the
rete experienced in the last three decades, As additional
sources of aluminium, hi;h-eilica hauxites, various alumina-
ailicaten, shalesn, fly ash and a number of other raw
materials may be conaidered orn the long run,

Aluminium possesncs a lot of favourable characteristics
such as ils excellent elcctric conductivity, easy
deformability, sood corrnajon resiastance, ote, in addition
to i{tn smmll specific weirht and mecharical uropertien.

A a conpequence, aluminium har alreadv heen uged in ever
Increaging quantitites and Lhe exploaton in enersy prices
has created further nogsibilities for exnaunsion hecauge of
weighl economy jn trangportation, Congequentiv, aluminium
congumntion irn euxpecited Lo increase in the vears to come
both in developing and develuped countries,

The produclion prbcoeeeo of aluminium 0 back to a past

of some 100 years. Processing of bauxite into alumina by
means of the Mayer process and the electrolysis of alumina
into aluninium meta: hy ihe llatl-lerou!t process are sti!!
the methods overwheimingiv avpiied, but a number of research




testing and even industrial ecale applications have been
carried out or developed directed on the one hand to
producing the metal from raw material by direct reduction
aiming at .écreasing specifie .avestment costs, and on the
other hand to alternatives aiming at reducing the high
gpecific eneggy consumption.

From the new methods tested so far, neither the subhalogenizing
nor the carbothermic processes proved to be competitive and
the process of direct producing aluminium has as its result
the yield of an alloy, the use of which is quite limited.
Recently the Alcoa smelting process has been developed; this
process continues to rely on Bayer alumina production, but
alumina is not electrolyzed by dissolution in fused coryolite
salt, but transformed into aluminium chloride by reducing
chlorination, and then the chloride i8 broken down to primary
aluminium and chlorine via electrolysis after having diesolved
in the fusion ot molten alkali metal and alkali-earth metal
chlorides recycling subsequently the chlorine product for
repeated chlorination.

"his process in carried out at a temperature of 700 ¢
operating with bi-polar electrodes and with direct energy
consumption of 9 kWh/kr~, according to the information
provided.one has however to reckon with energy consumption

in the phase of production of &luminium chloride as well

and it is possible that the total energy consumption
wil) be no less than the end value of less than 13,000 kWh/to
of the declining trend in further developing the classical
Hall-Heroult process. The success of this new Alcoa process

may still be helped perhaps by some additional minor specific
investment cogt advantages."-

After 15 yvears of research work Alcoa started up a plant
2 years ago with a capacity of 135,500 tpy ueing this process
with the pmrpose of doubling it in a short time. Although
detailed particulars have not been disclosed about the plant,

it is known, that ai least 5 more years are required until
the Alcoa Smelting Process may be suitable for industrial
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utilization, '"herefore the conclusion is that for & new
smelter to be started up in the coming decade it io

hv 277 means the classical Hall-lleroult process to be
taken into consideration,

In the Soviet Unjion alumira i8 produced on industrial

geale from new materials others than ~ood quality bauxite,
e, from nepheline and alunites, Tn addition to alumira
other ugefu’l nroducts are also renerated in the course of
these nrocerses; Wt they are considerahly less favourub!'e
from a nower en-ineevrins noint of view than the layer
nrocess, stili the ~iven economic recion and climate
deterrminecs i{ they can be anplied in an econonic way.

4.8, cenrrt i8 required in the ziven economic rer~ion in
iarge quantities and its production is not viable otherwise
or its transportation is too expensive - the combination

of this type of advantares may ocompensate the technical
Aisadvartares of the process., It ig expected that if and
vhere bhouxite 18 notl avatlable or its cost or price is
arohibitive, it the conditiore of establishing aluminium
ameltins are otherwise favourahle, endeavours will he made
to make use of comparative henefits of processin~ local
raw matecialr, other {than hauvite., Such efforts are reported
from he.h the UUnited Statee and turope. Thos will, however,
and in our judgenent, not chanre the baaic ionr-term trend
thot primavily Maver alumina nlants will be established in
vhe Tuture fed by ~70o0d nuality bauxite Lo meet further
requirencnty in ameiter srade alumina,

Consequently the hasic technolopical line of' makinm decimions
on investment in the a'uminium industrv in the foveneeahlc
future ia:

hauxite - Paver alumina proeduction - molten salit elecirolysis
of erieiite and alwnina fusion - nrocessing of primary
auniniu oroduct,




¢. Dauxite Mining

Main factors of investment decision for mining bauxite

for simpl~ sales purposes are the quantity a1 1 quality

of the bauxite as it is in situ, ites cost accumulated

until it reaches the site of consumption and its market
value at the site of cunsumption. In case of a more complex
deeision of mining and proceesing of bauxite within the
framework of the same project, the factors of decision

are naturally also more complex and intricate,

2.1. Pauxite - quantity and qualjity
2.1.1. Quantity of bauxite

Distinction is made between geological regerves

of bauxite, wh{ph means the total volume of
ore laying within the boundariee of & given
deposit and minable reserves, vwhich are always
lees than the geological ones. The difference
depends on the character of the deposit, the
mining method chosen and on other technical
and mining factors and considerations also oy
determining the mc-called cut-ofi rate /lowest
quality still intended to be mined/.

Minimal quantity of minable reserves required
depends in case of direct close-by processing of
- proceseing capacity to be fed;

- minimum expected operating life of same;

- apecific consumntion of beuxite;

- losses of bauxite at mining, transport and
eventual treatment /e.g. drying, ocrushing,
clasgificatiion, washing/.

nxample: for an alumina plant of 6G0.000 tpy

capacity for a 1ife of operation of 50 years

and in case of specific consumption 2,5/1 to/to
an overall quantity of 45 million tons of
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tauvite in cenuired Lo be gunniied to the

ates ol the neecessing niani,

v ]
kb

The miniral ruarvicitv of inaole reserves
inducive to st vtinc minia; o rracion in
gage axpori nuraoges oniy, wii denerd on the
resui s of ¢inn.e economic catcunlatiors of
returas axd prolitan.ity, based on the

miniaum ~oected narvketante rrice ol

bauxice o0 ~lve cuvatitr to be atmorien,

QAL o oo saut e

“he cheica  avd mirevarorical ¢cemmositions

ol tawti o~ oare [no uecisive Yacuares, o

s}

ifaroriav . ene Lean conmener s fron this view

N
|
[

soitvh are the asariviut-owide aod gliica
snera v ochavac..orised by e Co-cadlcea ~
ciliea odu v, o= A ,0./810,, weishth nereert.

froeya. v Firct coans tawii o~ would have a

eitica nodyvoe atove U, nees o ¢oans pausite
i i Uhe e e 0l T=00, thivd eoags Tauriie
ino Shio e o ol ey, e dand sseond
¢hace tavtiden sonod o he ceoeal o uliabl e
for the nivorie @ver opaaess o0 oA
reodue o, Lined eodoe oy feoendlab’e Jor
vhe conbication arer opoeese and Tor Lhe wo=-
caied jine-roda-ginter nrocess only. It io
to he added, however, that the nore the
techiiolc vy o processing and methode of
evalraiion o tauviter have advanced, the eses

sacielaclarr bhny rinie ochenica! ovasur Lion

Bad - R T - .. .

(AN Y S R L T
Jad Lot corongeLn ancgidarea to ol e
Adesled o o We Tawer rocess ares carbenates

0 ca ciw, A cesiun ard irven ard aico

ploma-ts e Siiac i, caognnoras, sulnaur,




carhon, etc.

Mineralogical compogition refers mostly to the
minervalogical form f alumina, sii’ a8 ard jiron
oxides presenl in the ore. Alunina appeers
bagically in the wineralogicai form of trihydrate
/eibhei te/ and/ov monohydrates /boehmite and
dlanspore/. Ao it will be explaived in wmore
detai o taler or, fotiowing ihis seauence the
dicestion of bawsite in more and nore difficult
and cogtly, Diaspore algo increasep s fieantly
the cost o cruching apd grinding becanse of 118
hardnens, _

4ilica mas apnear in no-called reactive avd non-
Active forms Je.-. canlive and eryeictiine quart:/,
‘e non-active formg are discarded from the
process ol thoul “oon of veaenbs, but up to that
moment ther aiso increase the volume of material
Tiow and equipnent. From various forms of iron
oxide, poethite /te00il/ is the Teaut welcome
beeauge of posaibie Josges of aluainium oxide
embedded in it lattice. 1L way aiso nefatively
jniuence the 'ecirologrical behaviour of bhauxite
/ged .mentation of re. mud/,

14 ia imperative today already that lahoratory
evaluatior of banxite inelude also technolopical

evalualion which comprises evailnation of the

behavionr of various univeraliogsical forwe of Lhe
main chemica' compoente and its effect on
technolory and equipmeni, cost of processing

and investmeut, is,m, resuits of technological
evalualtion may 1ead 1o a deciaion of selecting

a lens expensive proceasing technology, implying
additional Josses of alumina present in a
apecific mineralorical form, in cage bauxite




is avil ';Lable in large quantities and at relatively

low mihing costs.

2.2, Fagtors of cost of beuxite

A1

Charecter of mining operatione required is one

of them. It depends on whether the ore is loosted
on the surface /thickness of overburden/ or
requiree underground mining and whether does

i1t orcur in large massives or in scattered form
embedded in gangue material.

Open-pit mining may be applied in dependence of
thicknees and physical properties of overburden

and degree of mechanization available. As &
general approach the open-pit method is always
viable economically if the overburden is of
favourable physical properties /e.g. dry, sandy/
and the ratio.of overburden in eubie mter on
disposed of for mining eme ten of ere is

leses than 5. In case of overall mechanigation
thio ratio may increase to up to 10.

Scattered tvpes of u.eposits are ec.aomically
viable to mine by open-pit method only. Open-pit
mining - like earth moving - has a rreat
flexibility concerning labour/capital substitution.
It may provide Job for larpe number of people.
Under tropical conditions and with manual work
applied manpower pequirement is about 3-4 man-
hours per ton of bauxite mined. In case of large
scale fully mechanized operation this may decrease
to 0.3 - 0.6 per ton of bauxite. Impact of
meteorological conditionse is also 8 cost factor
and if it is sipgnificant the mining capacity has
always to be larger than the rated supply of
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the ore required. Storage of bauxite mined, may
also be necessary at location not affeoted by
weather conditions.

Replacement of overburden for re-use of the
surface after mining is over, may be required
and this may also result in higher overall
mining cost.

Underground mining. The specific investment costs
in this case are several times more than that of
open-pit operations. Other important features:
nature of soil to be tackled, possible complications
from the presence of water, gas and coal in the
deposit, less dependence from weather conditions,
less elasticity in labour/capital substitution,

the value of surface area which may be affected by
mining operations, etc.

If large scale mechaniagtion is applied, ore layers
of the deposit less than 2 meters thick are |
generally disregarded for mining. Manpower
requirements for manual operations amount to

about 4 man-hours/ton, for mecha ized operations -~
about 1,5 man-hours/ton.

ilconomic scale of operations depends on a number
of factors and it may range from 5-10 thousand

tons per year for surface deposits to at least

300 thousand tons per vear in case of highly
mechanized underpground operstions. The latter
fipure may be required to achieve also for open-
pit operation at remote location when considersble
infrastructural investment is required. The smaller
figure may be justified in case of little of no
overburden of high-grade bauxite and of possibility
or necessity to use to & great extent manual work.

-




2.3. Invegtment and mining costs

2.3.1. Invegtment cogts, The nain factors are:

character of mining operation /surface or
underground/ ratio of cubic meter of overburden

to be moved for mining 1 ton of bauxite /in

case of surface operations/, treatment of bauxite
st mine /drying, washing, classification, etc./,
scale of operation, ‘specifice of iocation, infra-
structure required. Coste vary within wide 1limits.
Open-pit mining: 8-80 § per annual ton of processible
ore. Examples: Ghana 8-9 §/ton; Hungary 10-12 §/t;
Jamaica 20 §/ton; Guinea-Boke 45 §/ton; Brasil,
Amazonas region 76 §/ton.

Distribution of factors in investment costs:
construction 12-18%, machinery and equipment
45-55%, other 32-39%,

Underground mining: 70-150 § per annual ton, whioh
does not include costs of water pumping and
disposal and transportation costes more than to

the next railway station or to the nearby alumina
plant.

2.3.2. Mining costs: These may include fuel, electric
power, explosives, labour, administrative and
overhead costs, depreciation, debt servicing. These
coste vary greatly depending on various factore
mentioned above.

Excluding transportation to larger distances,
production cost for gpen-pit mining amounts to
2-3,5 §7t in case the ratio cubic meter overburden
to be moved per ton of bauxite mined is less than
1. Any additional specific cubic meter added would
increase production cost by about 0,5 /t of
bauxite. For underground mining production cost

in Hungarian bauxite mines vary between 16-25 gt
of bauxite mined.
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. Tranenoriatior of nauxite

3idce guecific consumntion of bvauxite for
ailunina nroductio. iz between 2~ tons it is

a zenecral ru'e that transporiation of alumina is
preferable to tranaportation of bauxite. The
lower She cuaiity of hauxite,

. the more this renera’ ru’c anplies,
Bxelusior from ithis meneral rule may ne justified
e.o. bv seorvaphic a:d “errain conditions
nrohihitive Lo Toeaiior harse indugiria’
processits onerations in the vicinity of larse
ore denosite /Je.e, India, Trasil/ or by extremely
ravourable conditions of investment and construction
of ailunaina niant at another location e.7. the
rew Anminigh alumina plaat in JTreland. Jontinental
tracgnortation mav he nrovided Ly rone-ways
/esneciat vy diffien’t terrain, relative.y small
quartities to Le transported - up to 300 tons/howr/,
hel t convevors /no road infrastructure, linited
distances, ‘arze volume of ore/, road vehicles
/favourahle terrain conditions, Jjimised distances/
and rail!war traneportation /larre cuantities,

Tonr digticen/,

iatee trargsnortation ic convenient and ‘ess
expensive in itgeif where deposits are close to
tide-water or river /e.r. Jamaica, Greece,
Austlralia, ©rasil, etc./. Cost of conplementary
orerationg cuch as loading, unloading and also
relevant vatural conditions /harbour, denth of
sea ard river, meteorolorical conditions/ may
be critica’ /e.r. ovth-Drasilian deposits/.
Solution= of loadinr of ore for ocean shipping
mav renuire and investment of un to 50 miilion
U5 dollars.
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Adverse acceosibiiity of the deposits, under-
developed trans: rrtation infrae “ructure,

long distances, unfavourable natural conditions
may doom the best quality bauxite deposits

to be idle for a considerable period of time
/e.g. deposits in Guinea, Kamerun, etc./.

2.4, Mapket

As it was mentioned already, information available
show that the world possesses ample reserves of
bauxite and expected to be discovered in the future.

Consequently - competitive cosi or price at consumer’s
looation is a key condition of succcssful marketing.
The new suiding price of IM - 24 & US /%0 OTF W8 potd
destination - may nrovide some orientation, but we
are aware of offers as low as 12 § US/to FOD of
excellent Maver quality.

*he policy of mtates and overnments of countrieon
rossessing, mining, processing or expor .ing bauwxite
may also have significant influence on the success of
marketins /incentives, subsidies, levies, political
factors, etc./. This aspect, is specifically relevant
to those developing countries, where the value of
bauxite mined and processed or exported in the form
of ore or alunina constitutes a significant part

of the overall national product and export value of
the economy. Lffective technical and financial contro)l.
and supervision of mining operations being carried
out by private and foreign companies may also be of
‘definite mipgnificance for the national economy.




%. Alumina Producticn

3.). General

In 1976 27,9 wa.ciavu vias 0 &lluald Wed produced in
the world’'s alumina plants and the present production
capacity may be estimated to be around 31,5 million
tons. The mrjority of alumina produced, that is
9%-945, serves for aluminium suelting purposes and

the remaining 6-75 is the basis for manufacturing wvhite
corundun, refractory materials, aluminium salts, fine
ceranics, catalyct carriers, etc.

A charact-ristic feature of the world’s alumina
production is thet ihe regional distribution of
producing capacities is of a pattern, different from
that of regserves and mining of bauxite, as illustrated
below:

1977: the proportion of partieipation
S in the vorld’s

bauxite re -erves bauxi'e prod. alumina
prod.
Westiern rurope 1, 2% 2, % 13,4%
Bactern “arope X 4,84 19,0" 18,7
Africa 283,0" 15,2" 2,0"
Javnan 0,0" 0,0" 5,1"
Asia without
Japan 5,0" 5,4" 3,3
lNorth-Aucrica 2,5" 2,5" 23,2"
Jatin-America 30, 5" 25, 11,7
Oceania 28,0" 29,9" 22,6"
Total 100, 0% 100, 0% 100, 0%

x= including Jugoslavia and Greece

4
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Tt ig elear from "he ~ivern data that Sirmificant
uantitice o3 bauxite are requirved to be tra:gported
overegean annua.’v in order 4o supply the alumina nlantsg
of iiorth-America, estern hurove and Japan with raw
material,

The average single production capacity of today’s sone

80 operating alumina niants is 390,000 tpy, however,
there are =ome anonest them with a canacity of above

2,3 milijion tpy as well. Seven years 1rom now, in :965
the avera-e -iant sine -~ as a resuls of the gcheduled

ard in-process expansions-wi’! reach the “eve’ ol 470,000
oy

The average rate o1 increase of the nroductiorn vasg 6,5
in the veriod of 1966-735, /which can bhe estimated 1o ve
934 at ihe r1cesent tine/ard accordin~ to the estimatiesg
1t 19 expecied to he some 4,1-4,%5 by the earlv ¢0's,

he worid’s alumina nroduction is almost exclusively
carried out by the gso-called Iayver process. ‘rhe cuality
of vauxite, deternining fundasentaily the economic
effictency of the rroduc’lon, car he che-acterized by
an avewa e o7 53, A1205 and 4,0-4,55% 516, content,

Sitinz: of & umira -lantg

There huas been a fundamerta® change in the sitlings of
alumina plants during the past decade. /hile ear)ier
wew a‘umina plants were sited almogt exciusively in

.industrial.y deveroped couniries - consumers of relatively

much aluminium,-a‘iumina nlante are establighed now -
apart ‘rom a few exceptions - at lecations where
gulficient cuaniiting of ore of satisfactory quality
are closely available.
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This phenomenon is & result of the changed significance
of specific bauxite costs /price of bauxite + trensport-
ation coats/ per ton of alumina.

Up to tt.: 70’s the price of Jauxite had bee.. 8-9 g/t

which even with the costs of ocean transportation added
did not exceed the vatlue of 15-17 § at the large overseas
alumina plante. WVith the chanpge of prices of rew materials
and fuel and 1'ast bui not least with the foundation

and activity of the Tnternational Bauxite Association

the price of bauxite of ordinary quality has increased

to about 25 §/t CIF North-American and Buropean ports.

In other words the specific bauxite costs of alumina
production have been increased by & round 50 e

I+ is evident then that siting of new alumina plants is
determined basically by the size and the vicinity of
available bauxite reserves,

Deeide the outstandingly important aspects of raw
material supply the most significant objestive siting fasters
are as follows:

einity of sea ports, waterways, rallvayn and roads;

- Satisfactory soluiion /independent of geasons/ of
technologica!l water supply;

- Possibility for inexpensive disposal of red mud and
other wagte material;

- Meteoroiorical and soil conditione;
- Possibiiity of establishins the infrastructure required;

- Tocation of the market for the alumina produced.




%.%. ‘ial Jaciore deterniniine the ecenomic effic
a'uaili,n ~»roduction

4
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4¢%.1. vuatitly of vauxite nrocesred

The quaiily of vauriie nrocessed hau a
slgiificant iapact ot the ecomomic efficioncy
of alunina »roduciion. From the techro o<«ica
soiut oi wiew we have 4o Joir t-v evardne tae
aineraliosieal ot chesrea’ couoogitioe of
vawive au che devamaiir facilors ol cua Lo,
AG 1 Ay aervioted 2iccady alanina i s D
in lauxite waagica’ 7 in Whree difrere
sineralogical forms, such as
ivbslte Jiontea =i tite/
bLoonnise and

giacohore.

Gisbsive earn Lo di ecved 1 Lhe casieg. Ay

aind the —e.ora v a-jed Jiconilor encord Juce
In 40 S ot v, he ttmorin ce of JhL

LOCL. oE OvLaeoy am. L ds waker 1t wo
coiglderaiio. it ercmaliv Foar the nproductic:.
of T o o A widia drom hauxite of ILhHtelie twpe
gous nA&ML @ to _egs sovan v veouired than

isn “he case ot the “nehuite e, TL ir A2
igheraast thal as a coagecuarce oy onlw ie
specific ioves ey costs are “over, Lao

ney orcllaevioe eoazeT ave a4’ oo T age S0 quad on
areduei, Coro=et o @l anly annita 2.0 rraduet,
Mis e od aTwiina e characterized U

Geriil e onysicai nmroneriics amd 4% 4o mere apd
aore preferred to the other 0o called floury type of
alumina,
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'the digestion of bauxite of boehmite type is
already more difficult and the gererally
applied temperature is 220-240 °c.

0f the oxidhydrates of aluminium, both from

the pdint of view of prinding and aj.zestion

/temperature and chemical conditions) it is

the diasphore which poses the most stringent
renuirements, Generally it 1is di;ested at a

temperature of above 250 °C in the presence

of lime,

In addition to the aforesaid, further immorvtant
features of the mineralogicai commogition of
bauxite are the drms of silica and of iron
minerals present. As it was mentioned already,
silica may be present in naractive and active
forme and from the iron minerals goathite

shows generally a noor gettlin~ and thickening
capability, whereas hematite presents nore
favourabhle techrolosical features if prevails

in a given type of bauxite.

If the reactive silica content increa:es, the
quantity of baurite and caustic soda required
for production of alumina will grow as well,
That i8 why the Al,04 content of Mauxite 1is

not enough in itself for analyzin: nrocessing
costs. Pauxite with higher A]203 content may

be more expensive {o process 1o one unit of
alumina if its veactive 5iC, content 18 hirh

as opposed to hauxite of noasible smaller

A1203, but also smaller reactive gilica content.
Presence of goethite inastead of hematite may
result in higher specific inveatment cost of
processains and in additional losses of aluminium-
oxide and jaustic soda.
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A useful indicator for decisions to be taken

is the "available alumina" - that is - what may
be mxpected tc be produced practically. It is
estadlished by experimental digestion and it
actually reflects. .ae quantity of aluminium-
oxide lest with the rinotivs silion oontemt as

compared to the full aluminium-oxide content.

Amongst other technologically undesirabdle
impurities of bauxite attention has to be drawn
in the first place on the carbonate /calcite,
dclomite/ and organic naterials content, but
the titanium, sulphur 2nd phosphorus content
ocannct be left out of consideration either.

3.3.2. Sige of the alumina plant

In the last cne end half decades efforts aimed at
deoreasing the specific investment costs led to
installing unite and plents of larger prcduction
capacity. In the 50’s up-to-date alumina plants
were established with production lines of 120~
150,000 tpy, whereas the size of lines recently
constructed in up-“o-date plants ‘s mostly
between 300-500,0C) tpy.

Although there arec exclusions originating from
specific conditions, still it can be stated as

& rule of thumd that under similar circumstances
the increasing of productivity of production lines
and overall capacity by 507 would mean the
decrease of the specific investment cost by some
15-20%.

Better investment efficiency is not the only
advantage of large capacity lines and plants.
Oonsiderable advantage is constituted by more
favourable heat and electric power balances secured
by larger equipment wnits, not to mention
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+he specific marnower requirement which can
be an important factor occasionallwv in itself.

3.3.%3.The technical level of nroduction

The technical Yevel of nroduction is one of the
main factors influencing the ecorowic efficiency
of alunina production. Comparies of world-wide
revutation ir techrolony of alumina ireludiry
thoge ir gocia ies comrtries e,7. i~ unrary
engape in this area many sutsiandinz ernerts
and scientists in numerous teans in the iieid of
technological research and develonment.

he reru'ar and concentrated technica’ develonmnent
activities have resulted i the im»lementatior
of continuoug vrocesses of important phases of
nroduction, the switching over wo web »~rinding,
multi-stas~ Tlaghing, <he introduction of faliing
fiim evanovrators, etc. 'he latest achievenents
are: hish-temperature digestion with additives,
symthetic floculanis, the use of counter und
mixed currert evanc ation, irtensi o remnval
of gadt ard inpurities, fluidized bed calecination
and coolivs;, antomatic »rocess control, hizh-
nerfection of material testing and in-process
control.,

3.3.4. Space requiremei.ts and infrastructure

Alumina production recuires relatively large space.
An un-to-date viani of A(C0,000 try capaciiy
requireta lard cf &5-100 hectare, which inciludes
the territory within the nlant feice only, land
requirement for red mud ponds coud be 2-4 times
bigger in dependence of the riven gituation,.
Protective rones around ithe nlart have to ve
considered as wei..
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Regarding the infrastructure of the alumina
plant the following are highlighted:

In oase of location at the sea transportation
is organized completely or mostly by esea.

Yor the production of 1 ton of alumina 3,0~
3,5 tons of rew and auxiliary materials are
40 be moved which means that in case of &
600,000 tpy alumina plant an average tota)
material flow of 6,500-7,500 t/day has to be
effected, not to mention the requirement of
fixed assets’ maintenance.

The constrmation costes of the port may vary
within wide 14ni¢s due to differencee in
nature) oonditions and requirements. Today
& cost item of between 10-20 million US §
may be acoepted as being within the normal
range.

- Rowep station
In & 600,000 tpy alur‘na plant choeer ap our
example, ¢n L=is)ycongumption of 250 tone of
steam and 20,000 k'/h of electric power hae
to be considered. Because of peak consumptione
and waintenance 3 boilers of 140 t/hour
oapacity each and 3 power units equipped with
extreaction/back-pressure turbines may bde
reckoned with. It is highly advantageous to
link - if possible - the alumina plant to an
opereting high-capacity thermal power station,
the latter also benefiting from the resulting
more even and permanent load factor.

- Water supply
The specific technological water consumption of
alumina plants is renerally 7-9 m!'/t with
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drink water requirements of the plant and the
housing estate to be added. In the interest of
securing undisturbed water supply hizh-capacity
storage hasins are to be built and operated.

- Housing estate

In order to ensure undisturbed operation housing
estates located close to the plant are required
even if there are larger setilements in the
vicinity of the plant. Since most of the new
alumina plants are established at locations remoie
from cities, a compiete new settlement has to

be often created at the plant, comprieing beyond
housing aleo shopping network, schools, educational
and entertaining facilities, sanitary and other
services, etc., Lstablishment of a suitable
housing estate may be & primary condition since
its absence may decisively affect the level of
qualification and stability of manpower required.

7.4, Investmeni costs

Production of alumina is & typically capital intensive
branct of industiry. The s1 cific investme. t costs depend
on several factors /size of the plant, technologr applied,
gources of equipment and machinery, qualification and
experience of the comranies engared ir and contracted for.
construction and erection, etc./. "hat is why thev have

to be determined aspecifically in each concrete case.

They are estimated to amount to within the ranze of
550-~650 #/tpy capacity if starting desism and construction
in this year. Durinz the last 10 vears these investment
costs have been increasing steadily and this tendency

is expected to continue.

Characteristic distribution of investment vosts: 353
construction, erection, mounting,- 4%} machinery and
equipment, -20:{ other.
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"eeides the invesinent cosis nroner, the worlin:
capital requived and interest charges arisinc from
the inveetment 2'so renresent a relativeiy hirzh value

and require naturaily further congiderable financial
means.

A simplified break-dovn of capital required for the
establishment of a new alumina nplant is shown belows

investment costs T5=50 5

wvorking canita: 5-6 )

financing cogts 15=20
Total 100 35

Liannower recuirenentis

It mav e caid wiva some era~:eratior that the oversa
manoover vrequirement of an a‘umiaa plant is indenendert
07 itz oize within the usua’ warre of capaciiv. “he
exnianatvion jes in the faet that Hoductio» “inves of
different caracily renregent a'.nost the zame "wiber of
vorlk uym mlaces ana hijhe - oroductivity 2 refectaed
mnstivy on the sseeilic reacuirenents of maintenarce,
Other differences ir nost cages nav ve aitridbuted to
circumstances of material handiinsg, to operatins of owm
power station, tvo maintenance conditions in ~eneva’ ard
to the qua’ification of »nrant nersornel.

A 600,C00 toy alunina piant emnioye 700-500 nergors,

Hall of the gtalf way be seni-skil.ed, ore third of the
manuai nergoune! are to he skilied with hishly ocuvaiified
mechanicians and sneciai technicians on the Lon of them
nerformins maintenance of eliectronic eauipment, RNeside
the mana;ement neraorme’ of technjcal-economic university
qualification /some 2:i/, there is a need for a number of
engineers and cconomirte of secondary qualificetion

/some 15-203/, niore ztarting u» a reew nlant part of the

overntiir staf showl 36 oiven theoretical and vractica’

d

e




training in an operating plant of similar design and
technology.

As a result of the increasing automation of plants and
proces es and of increasin sophisticatior and complexity
of technology applied the recuirements towards the
quaification of operating personnel grow vtesdsips
Greater care gziven to improving levels of qualification
would pay back abudantly in the vhase of operation,

It 18 evident {rom the ahovementitioned that production

of alumina does not have great flexibility in mannower/
capital substitution, nor has ite development sismificant
effect on decreasing unemployment,

%.6. Factors of production cost

The quantity of materials and enersy consumed in
production of alumina depends primarilv on the quality
of bauxite mined, on the type of alumina produced and
on the 1level of techuoiogy applied and equipment used.
"his i8 why it is dAifficult to nrovide puiding numbders
of snecific consumptions, As au orientation we mention
the following:

bauxi. 3 conasumption /dry \ :ight/ 20 - 2,5 t/t
caustic soda consumption 0,07-0,17 t/t
fuel o0i? consumption /for steam

nroduction and calcination/ 0,25-0,38 t/t
eleciric nower congumntion 300-350 k¥h/¢

""he structure of cost of nroduction of alumina will aleo
vary according to concrete conditione and circumstances.
We are providing just as an example production cost
structure of an imagined alumina plant based on
assumptions and prices of 1977.

Lot us 'supyese that ‘he prosenssd deuzite is of bechiite type vwith a
composition of 53% A3203; 4,24% reactive 510, and
14,55 F9203 content, Iron oxide is present mostly in
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the form of hematite. "he nlant is located on the sea

and it processes overseas bauxiie. "he go-called uronean
Dayer process technology is applied with a dicestion
temperature of 250 O:. Steam and electric power is
supplied from the plant’s own power station. The
production cost items per ton of alumina are the

following:
g p
2,4 t Dbdauxite; 24 F/+ 57,6 40,0
0.095 t ocaustic soda;
150 S/t .‘.4,2 9’9
0.350 t Zfuel oil 65 #/t 22,7 15,8
naterias, repair
and mainteunance, 10,0 6,9
wazes and salaries, 14,5 0,1
miscalienouns 25,0 17,3
Production cost: 47,0 100,0

jould the plant have its ~m onen-nit haurite mine with
the net bauxite minine costs charzed oniy, the above
nroduciion cost could decrease to the vaiue of close o

W00 $/t.

In case the plant could reiy a:so on own or cloge-by
coai-supply for the produciion of technolosgical steam,
the net production coati could be reduced further to
beiow 100 Fft.

3. T.:arket relations'

Since this subjec’ is dealt with in more details and
depiths by other papers, we shall touch upon it here




briefly only.

It i® known that in the sixtieth over 905 of alumina
produced in the world was consured by smelters from
within sources of the own group of companies. 5ince
then this figure has decreased, but it is still on
the level of 80-8%5%. Most of the balance has also
been moving around under long-term contracts from
producers to smelters.

It is also evident that there arc a few developing countries
only which could consume the full production of & new
alumina plant with an annual capacity of hundreds of
thousand of tons of alumina for local production of
aluminium, such are e.;. India, Prasilia. An additional
consideration is that the minimum economic capacity of

an up-to-date alumina plant is at least two-three times
larger than the alumina feed required for a nodern
minimum economic capacity aluminiun smelter. The
conclusion is that the decision on investment concerning
a new alumina plant is all the more dependent on securing
the long-term selling of the aiumina product. lio positive
investment decision is taken nowadays without placing

on the markct in advance at leact 2/3rd of the alumina

to be produced.

As far as the long-term trend of world market of alumina
i8 concerned it is clear that taking into consideration
the consumption basically for aluminium smelting purposes,
the market is dependent on the tendency of growth of
aluminium production. In case aluminium production and
consumption will grow on lonz term by say 4% annually




thie will be equivalent to about 1,200,000 tons of

annual increese in requirement at the current level

of world's aluminium production. It is difficult to
foresee how steadily this growth rete will keep on

in the function of time and to what extent the
utilisstion of thie growing market will be accessable

for new alumina plant venturees to be undertaken in and by
developing cantries,




A, Aluuiniun Smel tint

As vas already menticored in the introduction the
clanssical Hall-Herou't nrocess is gtill the only
golution to he considered.

Whitat in establishine ar alunira »iant the main

ohjective factory of decision concermiry condilions
of nature are *‘he viciritv of hauxite and/or ~ood
“rangnortation lfacilities /lee»n nea mori/, the
vicinity of ener;y sources ic the indisnensab’e
condition for estaliishii: an aiuniniun sne’ter.
Transnortation of electric nower renuired for an
aluninium amelter from a lons distance renuires
larse investreat, it carrvies hi Josses and it irn

not accentablie either Trom the noirt of view of
re’iah.e nlant cveration,

The main materia: and nower requirenenig of a wuminiun
sueltiny for »roducin~ 00,000 oy of alunriniun aves

alunina - 10%-765, 00 tow
neiroieun coke -~ 44=47,00C 1w
tar piich - 11=12,000 %py
fluorides - 2,5-3,000 tny
electric vower - 1,5-1,5 sillien mi-houre

The latter is equiva.ent to an oneratinr eieciric nover
generating capacity of 175-1.90 i/,
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4.2. 8iting, Role of sources of energy

The ideal condition is when sources of cheap energy
and good bauxite reserves are close one to the other
and .he &luminium, produ ed has local me ket poseibilities

or it can be transported by sea at low oost to buyer’s
market.

In the past smelters were constructed in industrially
developed countries and on oheap electric power gouUrces.,
olose to the aluminium market. /North-Western part of
the USA, Quebec region of Canada, Norway, the Alps and
the European parts of the Soviet Union/. With no
bauxite available at moet of these locations, bauxite
and alumina were brought there from considerable
distanoces. The increasing demand for aluminium required
the establishment of larger and larger power generating
ospaoities for new smelters and less and less resources
of eleotric power at relatively cheap cost were available
in industrially developed oountries. Utilization of
resouroes of electric power had been hampered also by
growing considerations of environmental protection., On
the other hand more and more electric power is required
for industrial and communal purposes in developed
oountries. The price of energy senerateu by both old
and new hydro-ele ctric power stations has been adjusted
more and more to its national average eoonomic value
also for aluminium smelters, disregarding the aotual
generating cost of the electric power. /North-Western
part of U.S.A. or New-Zeeland/,

Similar considerations are expected to prevail in oil-
produoing countries for electric power generated from
gas, which may be utilized also for other purposes and
revalued upwards thereby.




There are huge hydro-power potentials still underutilized
especially in Africa amd Asia, Hydro-power is the cheanest
of sources 0f energy, it is - however - investment intensive
and requires long-term financins on favourable conditions,
Recently /e.g. in Norway/ landscape protection aspects

have been emerging asainst vew decisions on establishing
hydro-power stations.

Wxisting potentiais of hydro-power will be utiiized in the
foreseeable future primarily at places where rieks of
investment are smallest and the return of capital invested
geems to be guaranteed for decades, Starting from this
congideration multinational! firms olten choose the second
best solution 4 it involves smaller risks for the capital
invested, e.g. locating smelter nrojects in industrially
developed countries. Under such circumstances the absence
of cheap electric nower is compensated by other factors,
e.g. benefits from further processing for local market,
Tess investment costs, the linking up with the existing
infrastructure, availability of qualified mannower. ''hese
factors taken io;:ether may stimuiate the larsge a’uminium
nroducines firms Lo further develop the aluminium industry
existing already in deveioped countiries; e.g. in Canada,
liorway or i: the U.S.A. even it case of higher enersy
nrice. Other developed comtries may join this trend on
encry produced by nuclear or new coal-fired nower stations
at a reagonable price, Recent examples are the Keynolds
smelter in lHambure, the Poshimey smelter in Vlissinrsen,
Holiand, and the mew gnelter project in Hunsary,

In any casge nosgibi'itics of development of this character
are l'imited and thew wil’ not satisfy the increage in
tongz=teru demand for ailuminium exmected Lo accelerate in
the next vears. ""his may further encourage construction

of national smel ters sunported Hhw state and sovernmeni and
bagad on decisiomg indenendenti of the muitinatiora® {irme
/oee Grvpt, ATreria, Vensswels, Dubad)e
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In the past it was quite common that aluminium smelters
paid unit prices for hydro-power which may be viewed
today as insignificant, There are unit prices even today
of 2-3 mi1l/kWh and their increase by at least 3-6 times
is on the agenda of the new negotiations expe.ted on

the expiration of the valid contracts. Even in the most
favourable cases of thermal power stations installed

im 1976-77 new unit prices of at least 15 mills/kWh

have to be calculated.

If investment and fuel costs keep increasing it may

happen that this unit.price may douhle within one decade
and it may reach or even exceed 30 mills/kWh. Consequently
the coat item of 220-240 § of energy based on a unit

price of 15 mills fer the productden of 1 t of aliuminium

is expected to at least double in the next ten years’
period.

Whereae in case of oil-fired power stations the price

of fuel represents 2/3rd of the price of energy, in

the case of coal-fired power stations based on relatively
cheap coal and lignite the seme 2/3rd part of the price of emergy
is represented by oepital cost fasters.Iw sase of muoclear power stations
fusl costs are the least itom and they do met reash even

20% of the price of the energy produced.

From data at disposal it may be calculated that hydro-
power remains competitive if the specific investment
copt per unit of capacity is maximum 15-20% more only
than that of high-capacity nuclear power stations being
established in developed countries.

Other main factors determining the rate of efficiency of

aiug;n;um smel ting

4.3.1. Raw materiale

The production of ) ton of aluminium requires
about 2 tons of a.umina, hence from the point of

~
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view of hoth n~uariisy and va.ue ajuiira is ithe
nost imvorta: L raw —aseria’ and ite cogt cenora’ iy
amounts to ?5-50°% o that of a'uminium. A" thour
i ie trangoorted b iapl ves atreadyr, g8t’70 Lhe
transportatior cosis mav e consgideratie 1L 1o
distances are o me covered and ii reioadin und
railvay transoortaiior is required.

Genera.ly it is advisabie o decure sitabisz su 'y
of the smelter L comneiudir v - onn=tern conhtracis
for at leasl 75-.0, of ihe werviveneni; oot
rurchazes may oceasio a. v Le very atvtractive

but they may surnvisz ug by their wirejiabi iy ard
by cauging wierreciynd additioral ermenzer, Tt

comes inte »oractice to Jix the wrice of atumira

as a certain rerceantase of the cuoted wrice of
aluaminiur,

jaw raterianls for anodes arve a4 g0 velatively
exnengive, Prebaked avode h ocls used in up-on-date
smelters shou’d be ~roduced at the sme {er,
othervige thev cos: more, their trangnortatior is
difficutt and the »roner utitization of the buits
representins sti'! 20-,0 . of weirnt caimol ne
goived, ishi techwiica’ contro” of annde
manufaciyrirs ie irdiecncizab’e  a.co because ol

the influeitce of ocuaiity oi arodes o the oneration
of the eilectroiveis ce''n,

The raw materia.s oi arcdec - Lhe netroleun coke
/ealcinated/ and tar nileh - are menerally
rurchaged and gecurin~ sunn'r of stabie cua ity
by long-term npurchase conracts is desirablie.
There are relativeiv lew rources of raw naterials
for anodes avaj ahle {ree’r and ir most cases with
no much deviatio» ir npices. Sirce the deviation
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of conditions i3 not significant ei{ther, the
rew materials for anodes do not play significant
role in taking investmen: decisions.

Starting from iheir quantity and value the same
applies to fluorine malts and coal materiais
required for cathode lining as well.

Sgge of the gmelter. Amperage

Half a century ago smelters established in developed
countries were of very small size with capacities
of 3-10,000 tpy e.ps. those baged on hydro-power
etations in the Alps. The amperage applied was
20-30 KA. After the Second World War in order to
satisfy increasing requirement in aluminium the
amperege and pot sizes applied and unit capacity
of smelters established have heen increasing
steadily. Today a smelter with a capacity of less
than 100,000 annual tons can hardly be profitable
due to the disproportionately high specific invesgt-
nent oconts.

The p-te heving been rece tly developed r~erate

on & ampercg: vs 1LuU 270 hA pruaucaag, JLGu=550
tons per year of aluminium each. The nunber of
pots in series may vary between 120-240, one line
produces theredby 50-10,000 tone of aluminium in

& year. S8horter series require somewhat larpger
investment for electric equipment for the same
oapaoity, but on the other gide operating problems
arising wiil cause less jogses if nroduction and
working conditions are iwore safe with Jower overa:!
voltage of a potiine.

The conclusion is that today in gereral at least
two pot lines of 50-75,000 tpy capacity each are
to be built in orvder +tn achiove economic plant
sige. On the other end environmenia' nollution

BAY cause probiems above a couteniration of 250-300,00
9y of aluminiun preduasicn cron despite good gas ocollection
and oleaning.

0
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The sveru . sl preluciica ocpscity of 170 odd alusiniwa
smelters cpercting in the varld toley 16 abdout 90,000 tons,

It has to be'added that specific local conditions,
financia) considerations, requirements of the
market or priorities uvet by goverument and state
.ay in some cases ju.tify the estabi.shment of
production capacities smaller or larger than what
saems to be the normal ran¢ge, based on direct
technical, economic or emvironmental consideratione.

fechnology and environmential protection

The Hall-Heroult process itself has remained
unchanged for nearly 100 years, the construction
of the industrial furnaces have however become
more and more sophisticated. For a new investment
it is a requircment that the technology and
technique applied keep to be acceptably up-to-date
as Jong as poruible. Aluminium smelters may have
a life-time of 30-40 years before requiring basic
reconstruction or finel closing down. In the
electrolysis halls prts can be contiuously kept
in good ~~ 7't T LZIl,lug vwe wereslully the
pot maintenance required in every 4-5 vears.

The latest ond wn.Y y,-to-2at: conetruction and
technology being operated already by the designers
on large indugtrial scale - thig is what has to

be selected for a new investment. The electrolysis
furnace or cell or pot - which is the main and
basic equipment of an aluminium smelter - conaists
of two main partes - cathode and anode. The
construction of the cathode part of .the furnaces
or cells is known to be rather uniform. Concerning
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the anode structure celle of 4wo basioc tynes

have been evolved: the Siderbers anode tyne aud
the nrebaked anode tyne. Stderbers aiodes are
further Aivided iuto 2 ty-es: horirnonial siud
anodes a~d vertical siud aiodes.

The horizontal type Siderber; anode calis have a
closed main operatinz aree with efficiern*t local
cell exhaustion but 1t is difficult to apply them
for high ampereages /above 100 KA/ and they have
organic limitations to the increase of manvower
productivity as well, Such pots are not constructed
any more in newly tuiit smeltera and in the
recongiruction of nid ones eiiher.

This tvre of not nrovides etil’ - however - 1/6
of the world's aiumirium vroduction,

The operatin~ area of vertical siud 3tiderberrs anode
tyne notm may only martiy be olosed aid the

efficiency of "oca™, cei! car exhausiion ie 60=3GO,)
only, Sone /% of wor:d's nroductior ig etilt

rroduced in esuch nois. Great develonment haz heen
achieved durins the as® decade by this wype of

note, reachin- arn amperarse of un to 150 4, and
eicnificantly hizh nroduetivitr with -~ood
mechanization. heir miva~tare ia tha' o senarate
anode haliin: ghops are recuired, hence the snecific
investment coste are “esr for sma ler canacitiesn.

By noW - however - :ew renujremer s and revu’ations

on environmeria’ nrotection and workins slace
conditions have Teen emonging, These sequirensate, vhen posed,
Sy Yo met vhen usiag Wi type nf cell bty intensive
ventilation only of the furnace hall with washin:

of the total quantity o -mses exhausted therefrom.
This resuiis ir additional invesiment coate, rendering
the choice incompetitive apairet un-to-date nrebaked
anode emelters. About half of the world’s aluminium




production is carried out today in prebalied anoude

type pote. Une veraior is the nrehake sidebreak

type, originally with a fuliy open operatinc area.

New deve hpment of this type .re nots with c ver

1ide which are to be litted when charsin of

alumina, Eexcver, this is unfertunately just the very perisa
of most intensive hall po’iutior hHy cell gases,
therefore additional roof zas washing in indispensable
here too as a congecuence nof the latest re~ulations

of environmental nrotection.

Today the center hreak type prebaked arode nots
are congldered to be most up-to-date., These potis
may operate with a relatively well-ciosed operating
area, which ig to be opened partial iy only and
rarely /for a period of 2-5 minutes/day/. The
charging of alumira takes place aulomaticaliy in
closed position. As a congsequence, the local cel’ gas
erercdicn s offeotive end no reef gas washing is required,
Concerning environmental pollution
problems of aluminium smelters, it is known that
fluorine compounds and in in case of Sdderbery type
anodes applied, tar distillate comnonents are the
main pollating commonents of .he cel’ rmg ana a'no
of the roof exhaustion. The quantity of fluorine
emiseion is 15-18 ke¢o for each ten of
olwminiun prednced, Up-to-date larre smelters with
2 capacity of 106-150,000 try would poilute the
~-ironment with 1500-2500 tons/y of fluerive if no
gas washing is applied. Significant part of this
flvorine would spread to the environment through
the open potroom area if not the most up-to-date
pot typea are anniied,
The upper 1imit of fiuorine emission into the
environment permitted today in developed coﬁntriea
is 0,5-2 kg per 1 ton of aluninium amd it is expected
that similar regulatione may come into force within
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some time vorld wide, hence 1t is prectical to
consider this stendard when esteblishing a new
smel ter. The heavy damare which may ocenr in the
health of 'l._ .. - vl 7hf2 &l L. ke naturael
environment of a2 smelter when the control of
emissions is negleclted consists of pouaibility of
developing incuradie liseaves for both human beings
and animale and of (:utuitica of curciuaitug vegesasien,
Subaaricing ¢ha ursz:4dt 4n the intaroct of effective
eavirc. Lyl Pt otien
&/ such cell senstruction and operating technology
have to be applied which ensure proper gas collectiofy
b/ the gas collected and exhausted has to be washed
efficiently.

As per item &/ - the center braak rrebaked anode type
cell is the satisfactory answer. As per item b/ -

it is known that wet gas gcrubbers applied earlier
were satisfactory but they were too costly and the
reclaim of fluorine was rather expensive, Jately

dry gas cleaning has started to prevail. This method
utilizes the canubility of alumina having large
active purface area io « .sorb fluorine . .ad its
gcompounds. A'umina is lead trough the dry scrubber
prior to be r'ed iulo the cells. On havins been
contacted with the gas there, it adsorbe the fluorine
compounds and ft:r having properly filtered out

from the gas it is forwarded to the pote and fed
throuszh chargers into the process, recirculating
thereby the fluorine adsorbed.

Infregtructure

For the operation of a cmelter the infrestructure
required is quite similer to that of an alumina plant.
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Firset the conditions of transportation are to be
taken into consideration. Quantity of materials to
be transported in and out for a ameilter of an

annual capacltyry of 100,000 + 18 400 006G +py, that ie
more than one thousand tone per day. It is natural
oomssquently that a plent located further from the seaside
cannot do without junctions for railway and heavy
road transportalion in view of the bir quantities

of goods to be moved.

If the source of alumina 1s not close or not alonsg
the same railway 1ine a deep-sea port is required.
This would reduce transportation costs of both
alumina and carbonaceous matevials arriving and

also aluminium products to be disnatched. The nort
has to be equipped with special unloading facilities
for alumina and carbouaceous materia’s.

The existinss infrastructure of industrially more
developed countries may ugually be utilized and the
connection has to be ensured only. This means a
distinct benefit regarding eiting costs /ensurins
and allr vance of up to 10-27"% of the invest ent/.

Sufficient siting area has {o be available for the
establishment of a smciter. A smelter with a capacity
of 100,000 tny recuires a icrritory of %0-40 hectares
and it is advisable alweys to consider possibiliiies
of future expansions. "he nearest settiement should
not be cloger han 500 m even in case ol suitanle
environmentai nrotection gecured., for the onera:iion
of a smeiter alzo ~ongiderable auantity of industrial
vater is required i"zachinr; %-4 thousand m5/1oo,ooo t AL/
vyear even in case o recirculation. Drinkirnr~ and
sanitary water is aiso to he ensured additiorally.
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Securing of operating staff may also have infre-
structural preconditions. Vicinity of town and
appropriate organization of transport of personnel
/e.g. by buses/ may be an easy solution, otherwise
& housing estate is to be constructed providing aleo
shops, schools, olinio, etc. Stability of manpower
and technioal staff is indispensable for smooth
cperation.

It is & great advantage if the siate or government
undertakee to support the infrastructural investments
considering them as part of developing the natioual
escononmy. An important roie may be played ir this
respeot by international and regional foreign finanecing
bodies, a number of which - as it is well-known -

are prepared to finanoe infrastructural investments
under favourable credit conditions in develoning
couniries.

Vieinity of market, availability of alumina within
¢asy reach and favourable investment conditions or
infrastructure existing - all these together may

make an &aluminium smelter project economically viable
even under less favourable energy cost conditions.

Iny t costs

20 years ago un investment cost figure of 500-600
§/annual. ton for establishwand of & smelter vas
considered as relatively high. iuring the ten years
period between 1964-1974 the average joint investment
cost from bauxite though alumina to metal in the U.S.A.
was 1100 $/annual ton of metal. This same figure
increased to 2250 § by 1974. In 1976 figures of 850-
900 § for the required 2 annual tons of alumina 1500~
1600 § for one annual ton of primary aluminium were
ocontemplated. latest data inéluding the infrastruoture
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required indicate 2000-3000 g/t of investment coste
for the smelter alone.

Sp.otor assumed in ear y 1976 investme .t costs in
dollar value for the vame year as follows:

in USA 16550 §/annual ton
in Venezuela 1840 "
in Middle Fast 2250 "

The cost of investment may vary considerabdly in
dependence of the locaiion and existing infrastructure.
It is algo influenced by the capability of manufacturing
locally the equipment required as against its

importing at usually higher cost. Unavailability

of qualified local cone‘ruction and mounting personnel
could also become & significant cost inoreasing

factor. In any case investment financing renks

amongst the most important factors of making decisione
on the establishment of a smelter. Capital costs

may amount to 25-30j% of *he metal’'s toial production

cost and they may become higher than the cost items
of alumina or electric power. They represent today
a total investment cosi of 250-450 M § for a smelter
of & minimum economic capacity of 100-150,000 tpy.
This does not include, howsver, the investment cost
of the hydro or thermal power station required to
supply the energy for the electrolysis.

Manpower

As compared to the value of capital invested and of
metal produced the manpower requirements of an
aluminium smelter are relatively low. The number of
staff required may change at a retio of 1:4 depending
on the technolozy, the degree of mechanization and

-~




automation chosen and on the availability or abeence
of external network of services capable to do the
maintenance work. An up-to-date smelter with &
capaucity of 100,000 tpy and with a basiually internal
gelf-supporting maintenance organization requires

a total staff of 600-1000 pergens, It is evident from
these figurees that the establishment of even a large
sige, economic capacity aluminium emel ter will not
have a significant impact on employment. Still for
smooth running and economic operation of a smelter
the human factor has & prominent role. Highly treined
operating and maintenance personnel is required to
exactly observe the technological instructiona,
performing a fully disciplined work. Consequently
stability of the majority of the personnel. is a must,
Deterioration of equipment of high value, consumption
fipures 10-205 higher than planned and expected,
decrease of production could be the consequences of
a frequently changing and therefore ir the average
insufficiently trained and experienced personnel.

The smelter demands wide range of knowledge of skilled
work /e.r. training of electricians, terhnicians,
mechanice, welders has to be organized/.

In developins countries smelters could educate and
train skilled workers for other future planie planned
thus they may become the basis of industrial
development of an entire region,

Coneideriny the aforesaid it is a point that both
Lechnical management and at least skilled workers be
raised as early as poseible from local resident
population. Carefu’ prosramming and well founded,
conpistent execution of renlacement of foreign experte
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after an initial period ¢f starting up ~ud establishing
smooth operatior with simultaneous tranafer of
operating knowledze and skill - thisg is the ideal and
reagsuring solution developing countries have to strive
at,

The factors of producsion cost

The three usain factore of nroductior cost - and at
the came time factors of investment decision - with
their welght indicatod in percentase of the cost are:

- electric power /availability and nricn/ 20-25%3
- alumine /stabiiity of sunpiv and price/ 25-30%
- capital charges /conditions of investmeny

and finencing/ 25-30%

These 3 rJactors ungetner cover 70-80% of the total

cost with a close to equral distribution, stil! with the
tendency that the gshare of alumina has a decreasing
trend whiie that of energy and capital charpges are
incressing. 3imiticant pary of the remaining 20-30%

/at leant 10 absoivie percert/ 1s made up by carbon
materials and Muerire walts, "he rest are labour,
maintenanca, sther pervicen, overhead and administrative
coats.,

Harkeu retationu

Fina]1y - with anecia? re-ard {o the fact that other
panera wili dee) witn this subjeet in depih - a few
words orly about the narkei aspects of aluminium mmelting.

It i8 advisable to mecure long-term market outlete for
producte of an aluminiun smelter to be established in
a developiry country. In most cases consumption of
aluminium in theme couniries is a fraction only of the
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capacity of an up-to-date smelter hence stadle’
expert markets are to be found. We would not

deal here in details with the prospects of
aluminium consumptio: in different parte of the
world but it may definitely be expected that many
of the dmelters to be sstablished in developing
countries in the foreseeable future will still

have to find markets in industrially devsloped
oountries. It is also true that an aluminium smelter
established in a developing country may well
undertake the regicnal supply with metal of a

group of developing oountries, facilitating therebdy
greater economic independence and integration.

In any oase, although the aluminium market -
compared tc that of other metals - has %een relstively
‘otable.fer o long tims, #8111 1% 18 2ot fyee frés periedical
fluctuations. Therefore it is advisadle to carefully
analyese the market prospects and - if possidle -

to sell in advance consideradle part of the
production prior to making final decision on
investment.
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Alum;pium Procegsing

“'hilet for reasons of economic viability a’umina nlants
gravitate towards hauxite denosits and aluminium emel ters
gravitate towards sources of energy; aiuminium procegsing
operations are to be 1ocated in the vicinity of buver’s
market. There are husge metal processing overations in the
developed countries offering wvide range of products. In
most of the developins countries the sma’l joca” market
does not encourasge the establishnert of metal nrocessing
operations of up-to-date scale and ranre of products.
Introduction of regiona’ cooperation and schemes of
development may be one wvay of progress. raying special
attention to this circumstance we shall touch upon four
major forms of semi- fabrication of alumirium as follows:

5.1. Roliing operation of the iraditional type /slad
casting - hot rolling - cold roiliing - heat treatment -
finishing/ ensuring a nroperly wide assortment of
size, composition, and finishing can only be established
with a productior capacity of noi 1ess thai 80-100,000
tong ner year. Such larg. recuirements 1o develoning
cour.tries are cuite rare. However, smaller econonic
capacities can stili be established with a limited
assortment based on continuous casting processes
different from the traditional one. A casgi sing and
rolling shop consisting of two cortinuous casting
units with cold vollinz mills which represent an
annual capacity of 25-30,000 tons may be econonically
viable already. It nmay be establ.ished at or not far
from the smelter nroducing molten metal.




5.2. Bxiruding operation of a capacity of 2-5,000
tpy of extruded products con be established with
one extrusion press and imported ¢iss and
1%-may operate r3onouically. Th~ establishment
of an’;nodi:iné sl Lloo. to the extrusion
mAy 8180 be practical vith possibility to be
extended by stagcs of 2-3,000 tpy. As another
viable extension, & shop for csasembling
aluminium window frimes, doors and other
building construction clemente, may be
congidered if marke: is zveilcble.

5.3, Bod, wire ex2 e oz tzi ,:7ius% = POwer transmigsion
les can be manufactured at the smelter

economically using continuous casting processes
on & capacity ol 15-25,000 tpy of semi-fabricates.
Production of aluminiu: trancmission cables
may be viable econcmic2lly on a capacity of
5-10,000 tpy alrcedy. lMonvlreturing of insulated
oable products is uworc capital intensive and
it requires in larzse guoniitios materials other
than aluminium. Conditio.as n2cessary for an
investment decision Iin this direction are more
complex and dif. .cult to fulfil

5.4. Castitee are required priuarily by the car-
manufacturing, machine building and eppliances
manufacturirg industries.

Securing supply of capiing €7 is a key issue,
it requires the procurement and operation of
oiicnsive machinez and a2lso highly
specialiged knowledge and experience especially
in ea0e of nnchins coaiies, Titdlorly 40 extrucien 44

is often advisable cnd economic to use purchased
tools. Scale of operation has less impaot and
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manufacturing producis of good nuaiity and
ready marketability al competitive cost may
be successflly orzarigzed on a scale of
1000-2000 tpy a :cadr in case 5 ecialined
knowledge, vroper’y ‘rained staff and well-
organized operation, following clogely the
changes in the market are present. role of
marketing operations is even more inportant
here than in the former cazes of nrocessing,

6. Investment climate, ircentives Tor indusirial developrient

In the previous chapters the -aural,shicctive conditions
and preconditions of industrial develonme:t were Lroadly
reviewed and the main factors ol decision of thio kind were
vointed out, It hac otill to be recorpiized thai even if all
the inducive natural conditions are nrese~t, developing
countries may face the danger of failins 4o secure capital
on suitable terms and still without jeoparcizins national
interests. In this respect the iavestment policy and support
of state and (fovernment may a’so be & deecisive factor of
vromoting 7 1dustrial investwen’ and develonme %, One of

the interesting new examplies iu the aecision tuv start the
investment of the &00,000 tpy Auchinish alumina viant i
Ireland, which will have accordins to pubiicaiions a specific
investment coat of about 660 ¢ per annuz’ ton of production
and operate on bauxite imported from overseas, also exporting
its production to smelters in Turone and ilorth Anmerica. The
climate and incentives creatsd vy ihe I.ish Government by
balancing the objective, natur:l drawbacks of this project
proved to n’ay a decisive role in ativacting foreism capital
and long-term customers of the nrodvet.

Incentive measures of government and siate may take the form
of:
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- assistance at the stage of effective preparation of investment
decision

- assistance in financing /volume and terms/

- tax i:centives and import duty concessior.s

- measures to facilitate and protect foreign investment

- fisca’ and other benefits for export orientation

- agsistance in attracting foreipn expertise required and
developing local gkills.

Lot ue 800 a oonorete example of a package of incentives which may Yo gremted by
state %0 & nixed -state and private = ownership industrial project

with a majority national interest in the field of the

aluminium industry.

a/ On taxation:

- sums equaling cumulatively to up to 100% of investment
realized may be deducted from net profit before taxation
for a definite period of time; ‘

- depreciation allowances may be tripled before deducting
from gross profit;

- expenses to create working capital may be deducted from
profit before taxation for a definite period of time after
the starting of investrent;

- losses may be carried forward to geat deducted from profit

- before taxation in a profitable period;

- & percentage of the FOB nroduct price is deductadle as

non-taxable expense;

- interest on loans from foreign banks are exempted from
taxation;

b/0On other fiscal measures:
- govermment granting part of equity capital witheut emreisiag
chareholder's rights and funotions;
= govermment sudbsidy of a definite perosntage wnit eff the rete
of interest granted by local banksy

« government export inocentivy granted as a perecatage of the NB
product prices
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- exemption from custom duties on equipment and spare parts,

from stamp duties and notéry and morigage fees;

foreign sxohangs is made availadle for impsrtation of

Tew Latesrials and fuslse;

- exemption from taxes and Auties for imported rew
waterials and fuels, exemption from special loading
and unloading chaxrges;

- & definite amount of i{mported capital is made exportable
for payments of know-how, consulting, engineering, eto.

o/ On attreacting foreign capital:

- gonstitutional protsotion of imported foreign capital;

- agsets of the project are exempt from expropriation;

= profits up to a definite percentage of imported equity
ocapital may be annually exporteds

- foreign sapital may be exported at a dsfinite annual
peroentage rate after production degins;

= interest up to a definite annual rete on outstanding
dedts are fully exportabdle;

- freédom of transferring foreign partner’s share to the
country of origin of the equity capital;

-~ foreign personnel employed has the right to export
significant part of earniags.

From the possidle iters of asistonse previded by state end govermment
to promote industrialisstion we wish to underlins once more
the importance of support at the very star ting pre-investment
stage. Presentation of teohno-economio viability, bankabdle
study and analysis reports on its financial attrectivity,
display of messures and incentives intended to de granted by
etate and government are indispensabdle instruments to atireoct
money, market and intentions required for & new industrial
projeot to materialisge within a short périod of time.
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7. Conclugion

A broad review of factors o7 makin~ decision orn i vesinerlL

in the field of hauxite, a umina and ajuminium was civen,
Natural resources and cenditionsg, btecn~ororw, caritva’,
market, manpower and skii®, ~cverrmenta. icceniiveos ara
rerxional cooperation were mentioned ard eemihinisod,

Our congiusior ie tha! no uniforn reeinn evinte lovr
nmaking decisione o iq@dgtrin® deveronmast, I each
individual case detailed studv and avaiveis of ratura:,
human, economic and Hoiitica’ factors has %o bLe u:derialer
to ascertain the techic-ccomonmic viabi ity of the »Hroject,
to draw conc'usiors, *to nrenare we'’~four:ed decisiong.

vle would like o*it Lo underiine the ro.e of The hupa»
factor. 3¢ many more fTavourab'e co-ditiors, atiraciive
rogsiti'ities, obieective wea th o naiure, erigtiv 1.
develoning countries cou'd be exr’oited a:l] ubti ined Tor
the bherefit oi" their mnonuranion and ecoronr aad sti™?
waitire for concentratio~ of wi!' and decicive action.

Our paner is intended to he a2 modest comtributior te

thie enc,
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