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Most of the world's bruxitc reserves and a large proportion of the world's
undoveloped wator powor cre looatod in tropioal and sub-tropical belts, mostly in
developing oountries. Naturcl conditions oxist thurefore for cstablishing alumina
and aluminium reduotion plante in many of these countries.

Aluminium is now a bagio industry and oompetitive produotion unite roquire
large investmonts. Plants of economio siso therefore producc much more than can be
absorbod Wy tho limited market of » oountry in carly stage of development. For
theso roagons outlete to world markots arc necessary and ostablishmant of an alu-
minium industry is more aaeily achiovod with participation of cue of the major
aluminium companics.

The aluminium industry is vertically integrated and highly international in
oharaoter. .t the samc timc aluminium consumption shows one of the fastest growth
rates for 2 major oommodity. The mejor aluniniwm companivs are cager to dovalop
new souroas of alumina and primary rnetaul, providcd the projocte are coonomioally
sound and provided the countrias involved offor n» seocure aconomic and political
climate for long-term invostment.

Support of foruign governments and particularly of intornational agencies may
be moro acoeptable to amerging countrise, but governmments usually attach political
oonditions and ~gonoies have limited financing possibilitics.

Pev:loping oountries can, within roason, apply pressure to have forcvign companios
intercsted in their bauxits prooess it locally, suoh as Austiralia has sucoessfully
done. Howover, torme must be remsonabls so that projeots arc not killed in their
infanoy; the Avstralian Government's handling of their bauxitc concessions should
be carofully studied in this connoxion.

Various nluminium produoere have doveloped designs and practioes that differ
ocongiderably, due to diffuront oonditions and also to some oxtunt due to locnl
traditions in the industry. It ie therefore desirable to cngage tho sorvioes of
indepondent advisers to evalustc and compare available toohnologios, and recommend
tho solootion most suitabla for » partiocular projesot bofore making a final choioe.
Bach of the major aluminium oompanioe usually thinks, at lcast officially, that it
has the best toohnology. Unbiagod avaluation and advioe should be sought thorefore.

New direot reduction processus do not presont a threat to conwentional alumina
and aluminium reduction plants within tho foresecablo future. On the other hand,
the advont of oheap nucloar power could within o fow years provide new possibilities
for cconomic aluminiuwm re@wotion plamts in industrially developed oounirias where the
main aluminiwm markots arc and will be for nany years to cume.
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1. QMR OF TIE AURCNIW INDUSTEY
Barly develouments

l.  Alusinium was produccd from 1655 to 1889 by reduotion of cryolite or sodium
aluminium ohloride with sodium motal in small quantitios and was vory expensive.
The aluminium industry startcd in the Unitod Statos in 1888 and in 1889 in France
following thc invention of the electrolytic pronces simultancously by Héroult in
BEurope and by Hall in tho United Statos. Initially the aluminium industry was
limited to a fow of the most advanced industrial nations at that timc suoh as
Switserland, France, Oroat Britain and the United Statos. At about the samc time
the Bayer process devoloped in Germany providod o choap source for the pure alumina
roquired as intermediary for the elootrolytic proooss.

2, Electrolytic aluminium production rcquired a large amount of powor and induse
trially developed countrics soon scarchod for cheap water power outside their
borders for oxpansion. Thus Alcoa, the only Unitod Btates produccr at that time,
developed wator power rosourcos in Cenada, while British, French and later Unitod
States capital developed water powor resourcos in Norway for subsidiary aluminium
rodwotion plants. It is interesting to notc that Canada and Norway were under-
dovelopod oountrios at that time and that foroign oapital crcated vest aluminium
onterprises which havo oontributod greatly to the economic dovclopment of these ,
countries and to the high standard of living they now onjoy. It may bc rolovaat
to point out also that the stablo coonomic and politioal climatc of Cananda and
Norway madc these countrics safe for foroign investmont and that this oircumstance
ocontributed greatly to the attraction of ohcap povor,

3 Inits carly deys the Buropeen aluminium industry vas bascd almost ontirely
on Burepoan bauxitc, mainly from southorn France, Hungary, Yugoslavia, and Groece,
while tho North Amcrican aluminium industry mostly relicd on Unitod States baux-
1tes. from tho Carolinas and Arkanses. Howcvor, tho locding aluminium producore
in Burepe and tho Unitod Statos soon found out thet bottor bauxite qualitios could
bo obtained in ovorscas oountries, at that time oclonios such as tho Gold Coast,
Siorre leone, British Ouyans and Surinam, tc montion thoso where larco-scalc baux-
1%c mining oporations were first ostablishod.

2. At that timo the tondonoy of the main producors - Alcoa in tho Unitod Statas,
Alais, Froges ot Camarquo (now Poohincy) in Frenoc, A.I1.A.0. (now Swiss Alwairwme
Co.) and e British Aluminium Company - was to oonoontretc the alumina production
and fabricating facilities in thoir own countries where the main alwminiwm sarteete
wero. These markets werc initially almost entiroly oivilian, the firet uses of
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aluminium being for such itoms as cooking utonsils and clcotric cables. Howover,
this changed with the advent of tho Mirst World War and many military uses wore
found for aluminium; this resultod in ¢roat expansion particularly in the Unitod
States. Gormany was blockaded and su’fored from a doficicncy of coppor and other
basc metals whioh promptcd her to croate a domcstic aluminium industry. Thore
slroady oxistod a Swiss-ownod plant in Gommany bascd on hydroclectric powor from
the Bhine, but now the Vercinigto Aluminium-Worke was formod to produco aluminium
with thormel powor and this laid thc foundation for a larae Guman aluminium
industry. The Oorman aluminium industry was thoroforc a war dovclopment ome rether
than boing based on low cost hydroclootric powor such as the other ocarly alwminive
producers.

Ratvecn the Norld lars

5. The years botweon tho World Wars saw the growth of thc aluminium industry and
the pioneer work in fundamontal motallurgy such as alloys, hocat trcatment, fabrice-
ting mothods and surfaco treatmonts which laid the bacis for thc wide usc whioch
slwinive has since found. It was also e difficult period for the aluminiwm induse
try with tho deprossion in the 1930's oreating ovor-production of tho motal. To
»oot this prodlem tho major aluminium oompaniocs foundod the Aluminium Alliance Ce.
vith headgquartors in Baslc, Switserlond, whioh purohrscd, stockpilod and redistrie
utod surplus 2luminium from member oompoanios. Chnotic price cutting conditioms,
which disorganised sc many othor industries during thc doprossion yoars, were
avorted by this arrangoment.

6o It was ot this timo (1932) that the firet aluminium reduction plamt was built
in the Seviot Union. It wns Built at Velhewsk nenr Loningend with teohnionl
assistance frem the Fronch ocempeny Alais, Frege ot Camarquc (now Pechiney). At
the same timo a process wos doveloped for preducing nlumina, ns well as petash and
coment, frem thy vast nopholino-syenitc deposits of the Yoln pominsula. The
Seviet Union is doficient in good grade bouxitec so other rew materials had %o b
wed a8 e Soviet Union followed a polioy of self-sufficiomoy.

2 Sesend il lhs

Te ’n-.oahutoflulorum.m'lmodhram;unﬂdmnl
croatly capandod its alwminiwe industry se that Germany was the loading preduser,
ahood of the trited States, 2t the cutdreak of the Second Werld ¥ar. Te aceenmplish
Wis, Gesmnay Gsveloped hor vast lignite Guposite as the main power sousee. A
sisilar doveleognent took place in Japan, where the Yalu Rivur and Janchuria eeal
provided the main powver sourees.
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8. ™o Boocond World YWar s an unprecedontod oxprneion of tho nluminium industry
in all belligorent and many noutral oountries. In 1940 Germany overran most of
Wostorn Burope nnd Britain turncd to Cansda with her vast povcr rosourccs. The
Aluminum Company of Canada incronscd produotion nt o rapid pace cnd madoe Arvidn
tho largost nluminium plnnt in the world with a copacity of closc to 400,000 tons
por yoar, morc than the ontire Gcrman production. Aftor its entry into tho war

in Deocembor 1941, tho United Statos proceoded to oxpend aluminium production om a
hugc sonlc end nt en astonishing spcod. At the ond of 1943, ~ftor only twe yerrs,
the Unitod Stotos had incrensed ite pmduction'oapncity from about 300,000 to nbout
2,000,600 tons of n;minium por year. To achicve thie vast inoreaso groat inge-
nuity wes shown. Aluminium plants wore built in big citios such os Now York, using
oxisting DC power surplus and large quantitiqg Qf silvor borrowed from the United
8totes Troasury for usc ae bus-bars ~s no metal hoe a hichor olcotric oonductivity
than silver. '

Je At the somc time, Gommeny hnd ovorrun important nluminium produoing countrios
such as Norway nnd Franoc, and immodintoly took stops to kcep up and cxpand alumine
iwm preduction in ocoupied arcas. Norwny, in partioular, had the lnrgost undevel-
ored wator power resourccs in Gcrmrn-ocoupied torritory and Gormeny foundod an
organigation known ns Nordng to build n numbor of lareo aluminium plants in

Norwry. Howover, Norweginn snbotrgo, rllied bombin; , hazardous shipping lancs and
diffioult climetic oonditions foilod this grandiosc plan. In oontrst, aluminiwm
oxpansion wunt ahcad undisturbed on thc allied sidc in farawny Conndn nnd the
United Statos.

10. In 1942 the Germane ovorran the 1~rge Sovict aluminn nnd aluminium plants in
the Ukraine, and in tho Leningrad ~rea aluminiuve plante came into the firing sems.
Now pl~ats wore built farther cast, partly with movod cquipmont, but the Soviet
Union ncvertheloss sufforcd from an acutc shortagc of cluminium so that large
ouantities had to bo sont by Britain, Cannda and the Unitod Btrtes. Oreat Britain,
for oxnmplo, shipped most of hur aluminium stockpilu to the Sovict Union via the
vory hasapdous shipping route to Murmansk ond Archangolsk.

1l1. At tho ond of The Second World War the United Statos and Camade had built wp
large alwninium produotion oapacitics while many of the Buropean aluminium plants
werv destreyed, damn;ed or outdatod. Larec motal rtockpilus in North Amerioa had
o depressing offoot. Many foarod that it would talke n long time dofore civiliam

consumption would require the vast facilitios built in North Amcrion during the
war. Howowor, the tramsition to ~ booming pence economy in North Amorica, and the
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sehabdilitation of West Buropean coonemy wont faster than oxpoctod and alroady in
1948 the alwminium industries wore werking at oapacity and oxpending on both sides
of the Atlantie,

12, An important change in tho strwoture of the aluminium industry took place in
the United States, whore Alcoa's prowar monopoly wos broken as wartime govermmont
plants were sold o the newoemers Kaisor nnd Roynolds who have sinoe grown to
glants of almest tho samo sise ns Alooa. Othor Unitos Statos oompanios wont also
inte the alwminiwm ficld, orcating a Mghly computitive climate for the North
American nlwminivwe industry. At the samc time, Aloan, formerly controlled by the
same interests as Aloen, booamo 2 cempetitor of Alooa as ho rosult of Uni tod
States antitrust preceodings.

13, In Western Burope & repid growth of the alwminium industiiy took place, with
large alwminium reduction plants being built, partioularly in France and Norway,
and lavge fabrication plants in the mest industrially developod countries swoh as
Gvoat Iritain, Pronco, Gormany, Switserland, Bwoden, Italy and Bolgium. Vestera
Busepe’s checp water power resources were practically oxhausted with the exoeptien
of the Seendinavian Peninsula, and nov alwminiuwn reduotion plants in Prance and
Islland vere therefore dased on natupal 6as and on lignito power in Germany.

Ue New power sourecs and deuxite limitations forood Wostom Buropo 4o leok else-
vhore for satisfying repidly expanding alwminiwe noods. Oreat Nritain, the largest
fabsioator of alwminivm in Western Bureps, continuod to got alwminiwm from Canada,
traditionally ite main source. Fyemee built its firet ovorecas aluminive reduwstion
plant in tho Camereens.

15, Bastern Dureposn oountrios also shewed great intorost in oxpanding theip ,
aluning and metal poodstion, umtmumunammuuw‘
toumite reserves. Nowever, Polond and Dumania alse Wuilt alwminiwe plants, with
mmﬂm.mmm,mumtemxmmorm "
former alwminiwn produstion soposity whioh hod been confiscatod and reinstalled in
e Seviet Waien ot e and of the war.

ﬂ-nmmummtuwumm«uumuun
mlupmmuuwnu»m;w mwm-m
“uummmmmnmmutmmuw
umm&nmmmamuunnunn.uuu
agse, hove tom Goveleped. Nowover, losk of high grode buuxite deposite i eM1l
o poshien for the Soviet alwniniwn industsy and it therofore rolies %0 o consi@ege
ahutm‘wmmmmamwu.mum
Gomsstie alwniaiwn yowr madesials swoh as nepheline.

e
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ll.‘ The only country outsido North America and Buropc whioh possossod an important
‘aluminivm industry before tho war was Japan. A fow yonrs aftor thoe war Japan
started its spoctaculnr coonomio oxpension rcquiring inorossing quantitics of alu-
miniwm, Japencse policy has beon to moet its aluminium roquiromonts from domessic
produstion in epitc of high powor cost and lack of bauxito. Tho Japanesc alumine
and alwminium indiutry hee therofore grown vory ropidly in rocont yonrs; it has
probably passed 300,000 tons and is bxpoctod to ronch 500,000 tons por yoor in a
oouplc of years,

18, Ono of tho most intorosting forturos of tho postwar nluminium pioturc is thes
o interost in aluminium has bocomc universal. Aluninium industrics have there-:
fore sprung up in a numbor of countrios in Africn, Asin, South Amorion und theo
Pascific ma., aad'_ha.rdly any 'country hos not in reoent yoars inveotligatod tho
possibility of estrblishing an nluminium industry. The most spectacular dovelop-

monts arc taking place in ocountries with o larec population and potential marieot

swh as India and Brasil, in countrios with largo beuxitc doposits such ns

‘ Allt‘mua',‘ Jameioa, Surines, Ouinea, end Guyana, and in countrics striving fer

ooonomic independonco such ns Moxico and South Africa.

19, T™he present situation is illustratoed by the tablos included with this artielo
showing baugito and aluminiue produotion, oxports and imports in tho werld aooerd~
U te the latest availablc statistics. Produotion stntistios for alumina ape
#ot available for mamy cowntrios boenusc nlumine is an intorwedinry predust whiech
u'oﬁmlmt shom sopamntoly: howevor, tablos showing world alumias oxperts and
Asports are inoluded with this nrticlo. Theso tablos nrc token fyom Commonwoal th

 Boencaioc Gemmittoo: "Nou-forrous kotals", London, 1966,

2. Wit rogard to rlumina produstion, tho Prosent situntion is that mest alumime
plaats are 8ill loontod in the mnin aluminive motal producing countrics, rather

o s in beumitc predwoing cowntrios. This has historical ronsens sinec the

alwning industoy fiset crow up in the old ostablishod aluminive predusing soumtsion,
and thie sibuation has Boen porpetucted by tarify protostion afforded by these
oowtsion agninst alwming iaperts, and also probedly 4o seme oxtens W the majer
slubintua sompenios’ rluctancy 40 invost the large swas roquired in bauxite pre-
Gusing somnteton. Watover the Foasons, Who present sitwation is that dovoloping
W‘ugma daposits mn, Sxport mest of the:r bawxito ia wpreseseesd
o, Mis 18 illustrated W e table showing 1960 produotien figuees fop

Sausite, slustas sad alwataim, talon free “Boanite, Alwina and Alvaindw®,

. PEBAERL 1962 Iy Who Unitod Kingdeets Oversens Goelegionl Survepe. e flgwes
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are not up-to-date unfortunately because alumina produotion figures are not published
in all countries. BSince 1960 scveral alumina plants have boen duilt in doveloping
oountries, in particular Haxvey's plant at 81, Croix in the Virgin Islands (this is,
however, administratively Unitod Statos terntory), Alooa's plant in Surinam, Alcan's
plant in Guyana, and additional capaoiily in Brazil, India and Tormosaj the Fria plant
in OGuinod has reached a prcduction of more than 500,000 tons pcr yoar and a large
alumine plant with a cepacity of nearly 1,000,000 tons per year will be built in
Jamaica by s oomsortium including Kaiwer, Reynolds snd Anaconde. At the same time,
however, considerable expansion of alumina production facilities has teken plao¢ in
industrially advanced oocuntrios such as the Unitod States and Japan who import their
bauxite and in Australia whero scme of the world's largost bauxite deposits have
been disoovered in the oourse of thc last tan yoars., The general trend appears t0 be
towards locating new alumina production facilitics mear the bauxito sources, that is
to a oconsiderable extent in deweloping oountries.

21, The table shows an even more striking comcentretion cf aluminium roduction capas
oily in indusirially advamced countries. Substantial aluminium reductioa facilities
have been added since 1760 in a few doveloping oountrios, such as Ghana (Kaiser's

Volta prejeot), Surinam and Nexico (alooa), Brazil, Teiwan and India (mainly Aloan

and Kaiser); a govermmenteowned reduction plant is plamned in the Unitod Ared

Republio and another plannod in Iran, Nevortholess, by far the greatest oxpansiom

has teken plane and in being plammed in industrislly advamced countrios, where en=
pension is going on rapidly, particularly in the Unitod States, Novwey and Jepan,

and where seversl countries have joinod the ranke of aluminium producing nations,

wwch as Greece, the Netherlands, Mumania, while otheiw are in tho planming stege, |
sach as South Africa. In sluminiua metal production onc cannot $horofore diseowm 1
mich of a trend towasds bridging the gap between tne adverced and the deveoioping g
countries, |

22. Of all commen motals aluainium has shown the fastest consumption inorease in
recent yoasrs and this tread is expected $0 contimwe for a nmumber of logiocal ressens
suek a8 he desireble qualities of, and wide applications o1 tho metal, the large
rescuwsees of high grade raw materials, and the lack of other non-forrous metal eres
in nesy parts of the world. The empected average growsh rate is of the order of 6
PoT cent par yoar, corvespending %o s world preduction of primasy metal of rearly
12,000,000 netris tons ia 1975 and nearly 16,000,000 in 19680 if projested on 4 o
lative basis fyem 7,000,000 tons ia 1966,
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2). The main factors nffooting tho ocononice of aluminn nnd aluminivem predwotion
are row matoricls, cloctric powor nnd fucl, labour, markots, transportntion, plaat
8is0, onpitnl and technicnl know=hot:. Each of thoso frctors will bo discwseed,
inoluding thoir cffect on the poseibilitie of ostnblishing nluming and nluminium
industrioe in coonomically ond teohnicelly undurdoveloped countrios.

24. Boumito is nnd wili b, a& fur ~hecd o8 one can 600, by fnr the mcin row sstore
ial. DBawxite is tho result of tropical surfaco woathoring of nlusinous recks md
is thovrefore mainly found in the tropiccl and wigm soncs of the enrthe It is thopoe
fore defioiont in meny of the industrinlly ~dvanccd countrios with thc lergo alwmie
nium industrior such ng the United Strtos, Sovict Wion, Gumany, Grent Britain,
Japan and Canadn. Howover, thero oxist cnorwmous doposita in the worm climate 0R0e
on both sidos of tho cquator and bruxitc will thurefor: alweys be Plontifully availe
ablo in = poacful world with froc commorcinl oxchange.

8. ™c aluminous minorels in bauxito or¢ alumine trihydmtc (eibbeitc), nlumima
monohydratc (in two difforont crystal forms « bouhmite rnd diasporo) and corundus.
Of those, .ibbsito nnd boohmitc oy tho most s0luble in the Layor precues and
fortunatoly clso tho provrlent minerrls in most bruxitos. Zuropoan bruxitos nrg of
tho monohydrnto typc and some Orock bruxitos contrin subst nt.al amounte of ai aspero
ond corundum. Jurinam, Ouyonr ~nd somc Wost .frican, -8 well ag Jaloyan and Weet
dwtralisa bauxitos arc of the trilydrate typo. lmny of the bauxitcs found Toocently
in largo quamtitics, for cxwmplc in Jemaion and ir Quoonslnnd, nre prodominantly
trikydrmtc but with eigni fioant contonts of monohydantc rs wcll; thosc *mixod
bevumitus" now probebly reprosont tho 1asgost tonnngc of bauxito usod by tho alwminiwm
induatry,

25, Practiocally all the world's Numdn:. is prodwecd fyem bouxite by the Boyor pre-
6oss. 8insc tho infrnoy of tho aluniniwm indusiry - lnpgo numbor of precesses,
wostly based on cxtraction with oolds or with solutions of strongly ncid salte,
ek ns ameniwm Sulphrtc, heve hoon proposcd for rooovoring aluminn, Swah P~
008008 havo partioularly boon suc amtod for the treatment of nitorials other thes
umite, swch as various olays, rlwima-rioh oonl nehos, lowsitg, nopheline, cada-
lusite, labewdorito ond alwaito. T™hosc rew maturinle aro not suiteble for the Dages
PrOSees, primarily docnuso of thoir high silion centonts. They have boen weed %
%me extont in waretisw whon sufe olent beux:ite wes mot avnileble in somc oounteios,
and those rew masorinls oould bo uscd ngain im an umergoncy . Novover, the wvesld
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rosorvos of bauxito nre wvory large and other rew matorials will probnbly not bo exe
tcnsivoly uscd ns long as thc nomnl supply of bdauxitc is not impedod by cmorgoncics
such w war nnd politioal instnbility in tho beuxito nining countrics. Tho only
non-bauxitc rw mrtoricl whioh is uscd today em a large soale is nophcling, n sodivee
potassiwm-nluninium siliontc contrining approximatoly M por ocnt 1.1203. I¢ i
obtainod as n hWy-produot from the bencficintion of apatite mined om n l-reo sealec

on tho Koln Pominsula. This ncpholine is uscd for tho preduction of aluminn im the
Sovict Uniom, wheroby potash is obtrinod ns a by-product.

<7. Protionlly all bruxito produced in the Wostorn Nomisphure, Afrion, 4ain nnd
Australin ie minod by open<pit methods. In Buropc som bdauxitc is produced by
wdorground minine but aleo thore most of shc preduotion comes from opon=pit opure-
tions. Opon-pit mining of bauxito consists usunlly of rumoving, overburdcon, aining
the bauxitc and fimelly roplacing the ovorburdon whon this is proscribed. Mtlm
vory grontly with rospoct to thicmoss ~nd natusc of overburdin, thicknues of baouge
itc layor and othor conditions. Bauxito quality, imoluding oxtrrctadlo clumine
contont, undosimblc impuritics swch ns renctive silioa, moisturc contunt wd ved
md sottling charactoristios also vary gratly. Loeal ocomomic oconditions, such a8
olimntc and distanco from tidowatcr or anvigablo rivers nleo affeot the oconony of
bruxito pro@wstion. No gencrnl rulc oan thereforc %o ;ivem for minimwm oconomic
sisc of Wruxito mining oporations. T™hc largost individual operntions ore mow of
tho order of omo to Wwo million tens of bwxitc per yonr. The oponing wp of lasge
boui ¢ Bining oporntions roquircs large iaveetments for nocossary mochamical oguip-
mont and for preparing lasge nrons for mining, bonzing in mind that the surfnec is
ofSon covorod vith tropicrl junglo semotimos above a #hiok layor of moist humws.

In nddition, largo investacnts nrc oftun required fop redlway nad ship loading
faollitics.

Rt ANniie. Easess

2, Prstioally all the werld's alwmina pro@uotion 10 still \y e Iayer presess,
o vory flemible poeeces engrbdle of troating a wide Tangs of dxito qualitics and
aleo cagadleo of predusing a vide vemgc of alwmine @alitics, toth with yespest %
shamionl mniyeie and govin strusturc. Prom 100 beglaning 28 © bateh presess with
mtnu.mmmmmmmixmnmummmm
Msh \hroughput production wits and Mghly officient heat recovury syetems. Toi-
Wdrato dauxitc hno boen Seentod centimmeusly for n mwmbor of yoors, and aev the
Bore suftestony aonshydratc bauites onm aloe be tyoated contiswously.

20¢ Joserding %o conventionsl Nerth Amesican preetice, trilgdmto bewxite i
ligoatet r¢ sgpremimately /.8 ntmespheres (90 pot) ~ad 14%° ¢ (200° ¥). A Jesge
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proportion of $he hunt is rcoovored by flashing the diccstod slurry from 145° 4o
105° ¢ (290 o 220° F) in two to four stagosy wid the rocovered hest i uscd to prc
hoat tho incoming cruetio solution, The larse Frin trihydento plont recently built
in OQuinoa, MHost &fricr, uscs digostion nt ~trmospheric proseurc thip simplifice
oonsiderably duei n ond nointonance.

e In Buroponn Bayor procticc, monohyde-te bruxite ig digested ot 20 t0 50 nte
mospheros (280 to 700 pei) ~nd 180 to 250° € (355 to 480° F). it thosc hich tome
poratuwros and pressurcs the vontinuouse hendling of glurrics preecnts mrny tochnionl
problums ond convontionnl monohydmtc Brycr prootice hee theroforc hithorto boon
basad on batoh opuration, Hovover, thoac difficultics hovo erduclly beon overcom
and oontinuous proccesing is now beccoming stondapd practicc also fop monohydsratc
beuxi tcs,

Me Alnppc proporiion of new bruxite sourecs doveloped in roocnt yonps supply
“mixcd bruxitug®, prodominctely trihydr-tc but with signific~nt amounts of nONOc=
hydretc prosont ~ well. Lepeu bruxite doposits of thig typc have in roocnt ycare
boon duvclopod in the Crribbcan aron, prrtiocul-rly in Jomrion, Hriti nnd Pucrto
Rico, and in Austenlin. Me tronteont of thosc bruxitcs is compliontcd by e
preoipitation of initinlly dissolved trihyde-tc, g monohydrntc, undigestod BONO=-
hydeat. in thc bruxitc ~cting as scod.  This problen h-g been ovarcome by shogs
dicostion timc -t clovntod tomperntune and prossurc . Diicetion conditiong for
"mizod bouxite" rangc from 28 to 40 ~mosphcrcs (400 to 560 pei) and 220 to 250° ¢
(430 to m. P). ™ trend ie to usc lower onustic conoccntr~tion thrn in Nroponn
pracéic., resulting in loms solution to be ovaporatid ~nd henoc lower stcam ocon-

sumption. Moat im rocovurcd from the diguntcd slurry in thoe oontinuous procuss Wy
8ix $o ton hcat omehrngor strecs,

n. Initirlly the Bryer prosoms uscd sodium oarbonntc ng crustic makceup but
Practioally ~ll plamts have now switohed to sodiup hydroxidc which pomaite n highop
osuetic lowgl ~ad consoquuntly - bottce utilis-~tion of tac oquipment, and in parti-
cular the hydentc procipitotion mootions of the Plant.  ™iero arc nlgo othor advan-
Sagoe. Alwmine plnate opc l:oponed Yo heve inorergod theip Shroughput 08 much ag
20 %0 X0 por oont in semc 02808 by ohanging from sodium crrbonntc 1o sodiwm rdven-
i, Anothor renson for this trond ie the avellodility of ohonp sodiwe hpdremids
solution, dolivored in bulk %y lodec tnnkors: thic is cconomionlly sigaifiennt
oinec mest now laggc nlwming Plants " now bwilt ip constrl loertions,
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roposc and themrl insulntion ohnrecturistics arc frvournblc for thu operntion of
cortnin typos of nluminium rodwction cclle.

M. To swmarise the trend im nluminc prodwotion it can b said that:

(2) T™ho Bayor proccss hes beon groatly improved in sooont yonre and
will cortninly producc most of thc world's ~luminn ruquiromcnts
for many yoors to comc.

(b) Continuous digostion hns docoms standard proctios for nll typos
of beuxitc, rnd contimwous procipitation i aimo boing widcly
adoptod.

(o) It im now possiblo o t1c0at cfficiontly r lapgs varicty of
banmite qunlitios, imoluding “mixod bnuxitos®.

(d) Fuul comsumption hne beon grontly rodwscd ns tho roeult of
improved hont oxchangor cfficiency.

(o) Plont capaoity Ans buon inorcnsed Wy uaing sodium hydsoxidc
fastood of sodium onrbomctc.

ANLLAGEX IO OSSR
35. The main auwxilinry rew matorials in aluminiwe production nrc flworidcs (cryo-
lite and alwminive fluworido),  nd snode metorinle, i.0. low ash cokc and piteh.

¥e The only kmewn lorgo naturel oryolitc deposit at Ivigtut in Gpoonlend ie
prooticelly cshavstod. Most prusont amd nll futurc fluoride roquiromonts will
Noreforo Bu basod on precessing flworepar (oaloiwm fluoride) of which there uxist
laggc doposits in the world in Nowfowndlamd, Xcxico, Mramec, Spoin, Bwodin, China,
South Afwien and the Sovict Union.

Te Prastically all the low ash coku wecd as anedc matorinl is potrol coku, of
which thero aro adoquntc sugplies today. Poutrol cols could howowor, bocome n
bottlonesk if the Alwminium induetey srows fastor than potrolowm refining nad ite
oubstitutes any Woreforo noquire impertanec in thy futuro, Tar coke has boon wsod
extempivoly in Govanny Wt this is o lisitod soweu. OGileomitc could bocomec am
inpertant swbetitwie but tho largest petoatial souwrec of oarbom is of courso oonl
from which ash oan be removed W mcthods swoh as ohlorime wolatilisatiom. Oarben
roquivensnts vould bo shasply vedweed By the uwsc of nlwminium rodwtion colls with
posEARORt anodes Wt hose ie mo indication of Whe swocoseful dovolopmont of swsh
a oell.

Heatfle.amk

M. Blestste power is the 800t iapertant coononic faoter in alwminive predustion.
Blostoolgtieo alminims soduotion on an cocnenic 08l Toquires large quantitios of
ohoap powes. Grect teshnienl offerts have thesoforo beenm mrdo - Nl eare still
Seing aade - %o Foduse powes Foguiremante Vg improviag the clostrolytic presces.

T I T
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Bost rosults to dato nmo  tho order of 13.5 KW por kilo (6.2 KMl por pound) but
this figurc is basod on 1low ourront donsity colls and large bus-bar oross=section,
both of which rosult in high invostment. Roduccd pOvOr oconsumption achievod in
Tooont yonre is duc meinly to lower cnods and onthodc roesistanco, larger oclls (wp
¥o 150,000 amporos) with bottcp thorenl officionoy, bottor onodo levol and power
rogulntion rosuliing in lowor interpolar voltngc, bottor ourront distribution and
bus-bar dosign rosulting in bottor currcnt officicnoy nnd luss magnotic distupe
&ncesy orustrcaking -ad sluwiine fréding ut corroct initnyer-1n resultin- in beotter
control of ~nodo offoots, nnd uso of floury ~lumine in somc casue. Tho lowont
Power consumption figurcs nro nchioved with prebnkc anodos and tho proscat spond
is thorofure from Bodcrborg to probnko ~nodos, rcvorsing the trond of ton to fiftoem
yoors ngo.

39+ 4ctual power consumption is still sovorrl timos tho thoorvticnlly roquired
amownt, and it can bo safoly prodictcec that powor oconsumption will bo fupthor
roduced in yoare to como. This will péoi:abiy bo achioved by furthor incronsing
ooll sisc - 250,000 ampcro cclls arc ourrontly being tostod - by perfocting autoe
antic coll voltacc control now introduced on an cxporimontal basis by mony mnjor
produccrs, Ly furthcr mochanisntion of ~lumine chnrging nnd orustbronking, and Wy
furthor imporvomont of anodo and cothod qunlity. Rocont dovclopments reduoing
00ll voltngo, such ns hizh conduotivity clootrolytos with lithiuz splts and titan=
fum boridc cnthodo condwtors, mry be rdoptod for commcroinl plants.

4. Povor from corl, lignite, nnturnl (s and in perticular from hpdroelootrio
powcr dovelopmonts, is uscd for aluminiue produstion Of thosc power Sourecs,
netural gos roquires sho lowcet investoent por kilowntt installod, but fwol cest
is usuelly comparntivoly M. Rydroulootpic dovolopmcnts, on the othep hond,
uswelly roquire tho highost investmont but aw vory chenp to opornte. Amortisa~

4l¢ The lowost powor costs ore found inm old nluninium plants vith Whoir own fully
“mortised hydrooloetric powor ploate.  In guoh 0808y powor costs oan %o as lew s |
U.8. mill and Shis ie probebly tho caso for somc plants inm Cancdo and Noswey. Whe
highost powor coet peid for aluminium produotion is probably abous 7 aille; {4 4o
boliowd that someo plonts in Hoatom Burope and Jopan howe pewer cests of e
order, partioularly whon purehasing powor frem @utsido power oompanics or matuennl
€vid ayotons.

42 Tho mximwm powor cest for ceonemic prodwction of clwminive doponds o the
othor ooets in cash ease, ofwudluhuuthomttm'l. In Forth Amwsten
. with its high 1nbour oost the Baxiewm is abowt 4 aille whorcas Westem Busepean
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and Japanesc plants cen compete with up to 6 or 7 mille power.

<3s Aluminium rcduction plnnts have until now bhoon loontcd closc to cheap powor
sources but two roocnt developmonts will sive moro frocdem of choiee for the lo0ne
tion of future plwnts. The firat of thcuo im high voltrnge AC and IC trensmingion,
which will for oxample providc coonomic power tronsmission ~t ~bout 800 KV fron
Churohill Mills in Labrador to points 2,000 to 3,000 kilomotcrs ~way. Tho other
important dcvelopmont is nuclear power which is snpidly beccoming oheapur. o fuw
months ago Rio Mnto Zinc Corporntion proposad to build ~ nuclcar powered nluminium
roduotion plant in Gront Britain and now scvoral cthor comprnics arc sceking to do
the samc,

44, Elootrio power is of muoh loss coonomic smignifionnoc in r.lumin~ production.
Noverticloss n large ~luminn plant roquircs & onnsidoreblc nmount of pover and this
is o probloa if no power sousec oxists at thc bost plant sit., which is often close
to $hc Wauxitc minc. The Baycr proccss roquirce lorsc amounts of sterm and in many
cases stoak prodwotion is thorcforc combincd with cluotric power  cnorntion. Thie
conbinction is partioularly attmotivo wvhon Sronting monohydratoc or mized bauxites
bocausc of the required Righ steam pressurc.

&ahour

45, With rising living standards 1abour bocomes n incroasingly importamt coomomio
faoctor aleo in the nluminium industry. Oreat offorts arce being made therefors, to
roduce labour roouiromonts, pnarticularly in North imerica nnd Wustcwn Buropc whoro
liviag standords and thoreforc labour costs nrc highost.

45, Thesc offorts are dircetcd mainly towasds large produstion units, remownl of
mnawal labour by mechnnisation, and reduction of suporvision by autom~tic comtrole.

27+ Labour requiremonts for bauxitc mining howe beon groctly sodmecd in reoont
yeure by oxtonsive use of modomm mcchamionl cquipmont such ne bulldosore, deng-
lincs, large treels amd in particular cnormous rotngy busckct oxorvators whiok have
boon in weo for somc yonre now in Surinem nnd Ouynnn,

A8, Bager alumim plant opomnting labowr roquiromonts hnve boen reduced by thc
adoption of lapgc waite and the now Almost umivorenl changu=ovor to ocontinuows
oporations. laintonamoo 1nbour roquiremcnts hove boon redused substantinlly W
improved &esaling nothods nnd the wse of spmthctio filtcr fabedos.

45, Labouwr roquircments ~rc important in aluminium redwstion plants beonuse of Whe
large mumber of clootwolysic oalle vhieh havo to bu lookod after. To rodusc thase
roquivensnts the trond, partisularly in North Amcrica, is to usc tuams vith mobile




beft ol

oguipmont, who porfom » singlo oporation - such ng aluming oharging, STt broakin
motal Sapping, o%c. - on = large numbop of colls, rathor tham o older syetenm of
individurl wordmon porforming n11 tho opuretions on n fow colls. Tho trond i
also %0 limit tho nuebor of oclls by using largo uwnits but $ho poseidilisics in

about 150,000 omporus but lapgor 00lls ayo boing tustod and the dovolopmont of
largo oolls wil) Prodably not stop nt Whis siso.

¢ It is in alwminium fabriontion - easting, oxtrusion, rolling, nad othop pro-
008808 - that labour comtont is Mighost nd rlso in $his ficld lndbowp saving
offorts nro most pronowneod. Acaim, tho trond ig Sowcrds 1arcor waite nad sothan-
isation, Modopm continwous rolling mills for sluminive uso incots woi hing wp o
12 tons; rolling spcode cad rolling mill power dpivos ~IG oontinuously ineronsing.
Cemplivated and larec shopos arc producod by prossurc dioorsting. In wire amd
oable mnmufeoture the tsomd is towneds autometod pod wills Wt alse tovards dipeet
Mugaunuug ofndbmhepom prooces. BM!MMMM“
he fiatehing oporations whero hi;h spocd slittore, contiamous strctching and
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51, Alvadaiwlm is wsod for o lapge vrpioty of products and nluminium consumption

in 2 cowntry mfloots its standerd of liviag. Consoquontly aluminium consumption
por Amhnbitant is for highor in thoe moh induetrinlly doveloped countrics than in
unds rdoveloped countrios, ns shown by tho fisuree bolow, talon irom Tponda dn M

IaEhA AL IadaEy by Storling Bruboker:

olaased Sau0iKics ke Ablacr aux. sandia (0964)
Ungted B%atos 15.6
Svitsoriand 10.1
Onnndr 9.8
'»-1 9.7
Oveat Deitain 9.9
Nosway 3.4

Bonstl .6
Nemteo 0.9
Golwbia 0.9
India 0.2

38. The inflummse of Whio faoter n e PEoEpest of Guveleping an alwial® in-
Qotay in cowtsiens otill nt & Jew lowel of indmtrial devologmont will B0 @ioe
ouwsned 1ster.

53« Dooamse of 140 intesmatienal strustuse Whe alwmini@ industsy ie prefowmndly
affested Yy the mplidiy changing werld teunaportation pattora. Trensportation
o0ote age Sownd %0 plag & Sajer sole in an Andustry in vhioh Whc maia rew Satesial,
boumite, 16 found mestly Sn touplesl end swbtoupieal cowiries whcross the preduss,
slumiaiwm, 10 consuled nootly in industulally doveleped countiies of tho tempotnte
sone .
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54. Gront chrngos ape happenin:: thcac daye to tronsportntion costs of bulk mator-
icls such ns bruxite nnd nlumipn. Oocrn froicht costs nro doing sroatly reduwood by
the usc of larse bulk corricra ~nd nt tho same timc, mechonicnl londing and une
londing oquipmunt is lowering temrinal costs. Ovurland rril froight chargos, on
the othor hond, ghow o, tendonoy to inercrsc in mogt countrics.

35¢ The rosult of thig is thet it hes Leosme cconsmionl for the mojor ~luminium
producors to brin; in bruxite or slumin~ frop dictant cources, using larcc bulk
onrriors. To tnic full ndvantage of thie siturtion the sourec of bauxito op aluming
8 wull ng the Tucuivin, nluwninium roduction Plont, should be looated olose o
tidowator, Horo rav gomc oxrmplce of this trond, EBwige Aluminiun Compony is dovole
oping o bruxite deposit in Northomm Austrnlin where o lorge aluming. plent will be
built; from thore nluminn will be shipped in 60,000 tcn ships to the oompony®s alue
miniuwm reduction plante in Norwny, Ieclnnd, Holl~nd, Unitod Statce and othor
countrice, Simil~rly, Péchingy ig shippin; its part of Quocnsland Aluming Co.'s
Production to the Intajoo Plont on tho Northewcst oonst of thu United States,

which PSohincy owns Jointly with .mericon Motal Climrx. JAmcrionn Motal Climax has
mrde n long=torm contwnot to import its part of Intrloo's Aluming requiremcnte

from Aloon of justralin Ltd. in Yostom dustralin. We sce thereforo Austmnlin
repidly doocaing the world's largost oxportur of alumine in spitc of its romoto
loontion, thanks to tho Spactecular rodustion in oconn bulk froight costs in rooent
yonrs,

56, Alumin: is much ohcoper to traneport than bauxitc. The nain rensoen is, of
courscy that two to throc tons of bauxitc ~ry roquircd to producc onc ton of alu=
nina,  idditionnl frotops are the ¢ronter crec of hendling nlunina with nodomn bulk
charging anc dsoharging couiptiont, ~nd tho noccseity of deying the bruxito bofore
shipoont in somc ensos. It ic themefor usually norc coconomionl to Procoss bauxite
into ~lumin~ on the spot than to ship the bauxitc to nluminn plonts in the aluye
Luiniun producin; countrics. From this it follows that tho most cconomic loension
for futurc alumins pPlonte is ne closc 78 possiblo to bruxity doposits ond also as
closc ns possidblc to dogp sur. shipping froilitice; thig ig nlso inportant fyom the

viowpoint of utilizing low oost oocunn bnik tf;msbortntion for bringing in fucl oil_
end onustio soda in solution.

57. T™e tmnsportation of moltcn aluminium motal, by truck op reilwny oar, has
boon im wee for somy yenrs in tho Unitod S¢ntoe and Conndn, This tuchniquoe saves
substantinl handling costs a8 woll a8 tho oost of orsting and romolting ingots,
but is only appliondle to lapgc tonnagus. Liquid nctal trensportation will wne

doudbsodly bo usod om np ineronsing scale in the futuro, nt lcast in industrially.
devolopod oountpies.
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Dlont aixo

5C. With tho growth of the industry tho sizcs of compotitive aluminn as well ns
zluminium roduction plants heve inercascd ond this trond will cortninly oontinuc.
Whorons » 100,000 tons por yoar aluming plant and = 20,000 tone poer yoar cluminium
roduction plant wero considored large units boforc tho last war, now the mnjor
eluminiun companics usurlly think in torms of clumins plants with o cepacity of at
loest 300,000 tons and aluminium roduction plants with o oapooity of at lonst
100,000 tons.

53. Boonomioc ciroumstoncus very so much that tho minimum plant sizo must bo

dotormined in onch individuel ceso. Howovor, the following sisos for alumina

plents arc civon as an indiontion in tons alumine por yoor produstion capacity:
(a) Sclf-containod alumine plant in North imorion, Jnpen or

Buropo: soy 150,000 in Burope and Japen nnd about
250,000 in North Amoricn.

(v) Alwminn plant connoctod with mining of n bauxito doposit

(for oxomplo in Australin, Surinam, Jamnica, Wost Africa):

about 200,000. Tho minimwm ccononic sigo oan, howovor, bo

cmidambly largor than this if the projoot roquiros o

costly intrastrwoturc, such ns a now railway lino or

harbour; tho Frie plant in Ouinen, initinlly dosignod for

480,000 tons, is an oxnmplc of this. On tho othor hand,

Aloca of Australin startocd ~ couplo of yonrs ngo o vory

profitablo alwmine produstion of* 200,000 tons per yoar ot

Brinana in Wostom Australiag in this casc cxcollont port

fasilitios oxistod only 28 milos (45 kilomctors) from the

bauzito doposit ot Jorrnhdalc.
In this commoxion it should bo pointod out that the oconomy of \n alumina plant
ingwovos with inesonsing onpacity up to about 660,000 tons Al,0, por yonr (2.000
toms por operating day) wvhioh is tho largost unit sisc in operation todw, ‘ol
thouch most modomn plonts are based on wnits with caproitios from 200,000 to
330,000 tons por yoar. J largor plant will thorufore “onsist of two or moro

parallol prodwotion waits, and furthor cost savings be o ¢ loss merkod,

60. It is move difficwlt %0 giwe nmy gonornl Tulos sbout $ho MiNIm coowsmio
sise of alwniniwm roduotion plamts. Bvem $he largost aluminium roduction oell is

5 small prodwetion wmit rnd tho clootrolytio procuss vhus provides groct flemi-
blity with respest %o plant lilo. T™ho mein cost itoms in alwminium rodwetion are
clestris powor and ladowr, osidos traneportation costs for ‘aluifpa and moval,
Comsoquently a smnll mtsu plut ons ¥ compotitive providod powor cost is low,
partioularly vheso Whie oom bo oanbined with a tidewater location. This is, for
ocmmple, tho case in Norvay oad in North-wostern Unitod Statos. It wes aleo the
emnmammucnm-q-mmmumnm-mmw
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has booomc oxponsivo in this arca. To €ive somo iden of minimum compotitive sises
for aluminium roduction plants under proscnt cconomic conditions, it can bo mone
tionod thet now projoots in North Amoricn havo bocn brsod on n prodwotion of at
loast 100,000 tons por yorry in Burope on 30,000 to 80,000 tons por yoor, ond in
Japen most roocont projocts havo boen initinlly plonncd for 30,000 to 50,000 tons
por yoar,

61, Boononios rre nchioved by vortical intoiration such ns thc sombinntion of
bouxitc mining with nlumina production, nluminium roduction ~nd fobrication.
Sucllor plants onn thureforc become competitive when sovornl production stagos arc
vortically integratod. This has boen done in Brogil, Austroliz, Norway, Switsore
land, Canadn, Japan and the Unitcd States,

Saadlal rocuiremcnis

€@, Alwminy, nluminiuwe roduction and modorn fabrication plants roquire largo ine
vostmcnts, and also the intrastructurc requircd sweh ns clactric powor gonemmtion
and tromemiseion, port fooilitics, proparation of bauxito mining and townesitos
Waero projcots aro loeatod in virgin tonitot‘y;

€3¢ ™o magnitudo of the invostmont is 1llustrntod by tho publishod cost of somo
rooent aluminium ~nd nlumin. projocts.

Typo of plantt alumina from "mixod bauxi to*
itys 600,000 lomg tone/yor
Produstion: startod: 1967
Total aost: $U8 117,000,000 (including some infrostroturc
inwstmonts

Sbao.fuknne. ioat ACico

e of plant: alwminn from lowegrado trikydreto bruxitc

Cagasitys 480,000 motric tons/yoar

Prodwstion startod: 1963

Total cost: $U5 150,000,000, (including mining and tronse
portation faoilitics)

At Sacmarn. ol loneicc, Jondevilie, Jomico

of plant: alwmine from “mixod bouxi to"
sopasity:s 950,000 shovt vons/yonr
stars: - 1970
Betiantod cost: 185,000,000

Tree of plent: alwminiwm rodwtion plant

.03

| MNage X
E ke
Tota) 228,000




Insludos alumina wmlonding and storcgc facilitios, Wut
»o powor facilitios boyond reotifivr tronsformors.

asisim de Grd Eoint Jachal g
Typc of plant: io. Aluminn from monohydr-tc bauxite
b) Lluminiuwe roduction plant
Capacitys 200,000 metric tons/ycrr nlumine
12, 000 motric tons/ycor aluminium
Produotion lin.ﬂodt 1966
Totol ocosts B 130,000,000, (including infrostmoturc
invostmonts such as o
bouxisc onrpo ship oad oone
tributions towards town-sitc )

Zashoisol imanahar

64 ™o toshnology of alwmina ~nd nlusinium production, as well cs nluminiwm
fabriention, is woll known in conorel. Nowowvur, tho loading aluminium producers
spond vast amounts on rosceroh and dotoils of their lntost tcohnienl impsovomonts
arc wswally mot availeblo to oussiders. An important fnotor in commexion with o
now aluminiwm projoct is ¥horoforc to obtain full nccoss to wpetoedato toohmolocy,
ineluding plant dosign, oporesing prnoticc and tmiming facilitios. |

101, GO S ALK ZXNRI

5. The alwminiwm industey has nlweye boon ohnnctorised by vortionl imtogsmtion.
Tis was dwe initially to tho necossity for pioncor produscrs swsh os Aleoa in the
United Btatos, ™o British Aluminiws Compony im Oroat Beitain, Péokinoy in Fromeo
ond Alwsuiose in Switsorland, to dovelop rew mntorinle and markote for the now
motal. These worc R0 existing orgomisations axporiumced in manufncturing ond
solling aluminiwm produsts, so thay had to do it themsclvos. Tho twend sowards
vertionl integmtion 5as bosomo oven mere proncwnsed im wecant yoars, reashiag n
point whose 1¢ 45 nlmest ingesnidle for nn indopendent bauxite, alwmina, nluminiwm
roduntion of alwminiun felrisating oporation to survive in tho oonpotitive one
visosment of the fiee entovpstiec esoncaies. -

66 At the seme timc londing ocmpanies, ‘tdmoawuuuwu“
*MMMM{M%MI.&«!“«MMA“
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0. . lare proportion of the rluniniun industry in froo onturprisc yponomics from
bouxito mining %0 markoting of finishod aluminium products, is now controllcd by
oomparntively fow comp~nics. Thosu componics have in the courec cf yonre noquired
control ovor most of thu kmown bruxit. doposits, mostly throu h thoir own cxplomne
tion offorts but nlso by systomnticnlly purchnsing bruxite deposits from smallop
mining companioes, nnd by obtnininy long~turm mining. oonoussions fyom rovornaunts
involved. As n pusult of this policy mrjor oomprnios hnve ~lso obtajnud offootive
control of the alumina industry, nd it ie bolicved that thore is now only onc ine
dopondont produccr of rluninn in the frec cnterpriec cconomios of the world,

68, Tho nluminiue roduction industry hrs trnditionally tocn muoh mowc sprond out
but also hore tho (innts hrve beon cPoWing nt the oxpunsc of indepondont producess.
In Buropc onc of the lar ust produccrs, .~rdnl o; Suandal Vork in Nosway, with nn
aanwal cnpacity of morc than 200,000 tons ~nd ownod by the Noswogian Govormmont,
fownd it difficult to oarry on ns nn indcpondont supplicr of primary metal whilo
one aftcr the othor of their ocustomcrs - the indopindont frbriontors in Busopc -
onmo undor oontrol of tho 1arc., nostly North .mcricnn aluminiun companics., Aapdal
og Bunndnl York wns therefore foreod bty oirci@stincos to come tn an arPancement
which gives dloan factunl conirel of tho Nowwo ian company.

9. But it is in the fabriorting ficld that the lar ¢ comprnios hnve boon most
nigrossivc. Thue tho proportion of frbrionted ~luminium products suppli.d by indoe
pondent f-bricators in Buropc hns sunk from ~bout 50. per cunt in 1958 to about

25 poer oont now, ~nd will undouttodly bc further roducud in yeors to come. The
larco companios hove bought out tho indopondents in order to scowsc outlcts for
thoir primary motnl by controlling the fabricnting industry. In Buropo onc hns,
for oxsmplo, scon Kaisor rnd Aloor oquire contpol of two loading indopondont
fabricators in Gront Britnin, whilc ilean and Kniscr hnve moved into Nest Gormany
and Swiss Aluminiuwn into Nolland and Italy; ~t the somc timo, Péohincy hns nogquirved
oontrol of most of thc Mrunch and Bolginn frbricnting industsy., In North imcriece
o pieturc is similar; lmcricnn Motnl Climex h~s aoquircd control of theoe of the
larcost indopemdont frbricntors in tho Unitod Statcs (and, inoiduntally, of ome in
derwmany), .loan has tokon ovor thruc or four f~brionting componics in thoe Unitod
Statos whilc Reynolds has obtrincd confeel of a rolling mill and oxtrweion ploat,
vhich wore formorly indopondont, in Chnnda.

0¢ Tho (innts of tho nluniniwm industry have in roocont yoors cvon taken mr oe.-
Plotc intogratod oompanius which found thomsolvos hendionppad in tho Wdea intore
nationnl competition, weunlly for lnok of capital to cxpond at o suffieient mte. i
Somc yeare ngo, Regmolds Motal Company noquired Tho British Alwiniwe Compeay, Vg
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far the largest ia Oweat Britain, aftor o ficht in whioh Aloon wos the losor im $he
fight for control. 1In Jopam, Alenn nequired 50 per cent of Wippon Light Mosale
lsd., by far the largost intesmted nluminiwm compony in that cowntry. Similap
dovelogments took place in Awstenlis, Brasil and oleowhomn .

71. Nost of tho now plants, whothor sluming, ~lumiaiue roduotion or alwminiwe
fabeioating plants, rocontly milt in the world outeido of North .merien, nye oome
trolled by, or have substamtinl prrticipation by major compenios. Por oznmple,
Llesuisse omns or controls nluminium reduction plamts Muilt snd planned reeeatly ia
Nolland, Iocland, Itnly wd Nowwry: Péohinoy-Unine coatrols Lluminiwm du Owdee;
Harvey hns onjor posticipation im she Alnor plant im Foswny; Lloen ia tho Mosal and
now Lietn plomts im Noswny; Kaisor is in teohniocl control of thy Voltn projoet ia
Ghnne and o aajor pastiocipant iz Comnles in Austeelin, whilo lleon owns or ceatsels
iaportaat novw intcoernted rlwminivn industrios in Justrnlin ad Surin~a: Alorn and
Endoer in Indin, nad 80 on.

78 In %he Witod Btates, however, this trend has been -lmoet rocvereod. The lasge
sotnblished sonpanies, Aloon, Kniser and Reywolds, hve rown oven lar:or but at

e same tine nov independent prodwsces have escr(od, firet Annocndn, thoa Nasvey,
Cvmet, and new %o or theee now Ccuponies Plan 40 omter o nlumiaiwe ficld. The
reason thie oould hagpen in the Unitod States ie obviocwsly What Whe markot is o

large that A newscmer can start immodiately on aa coonemie ssalc, ad ¥hnt eapital
ie availadle fer vory latee tadustricl prejocts. On both eownte the United States
1o quite wigee in the world of todny.

V. SRR AR SN
75. The alwmiaiuwn Ladustsy 48 o young ad aggressive industey. It apends lasge
Wounts on senveh and industeinl dovelepant, and thie hes sesuited ia centinmses
\agrovensnts of the present produstion methods "8 well a8 great offorte %o dowelep
medoally asv precenses.

Danibe.amnlemtise 2nd NRANE "
M. 411 majer alwminiw senpanios 0o wil as yovesument ngensios howe intensdified
cplosntion for boumite in yesent yonse, wtilisin: sodern caploration tochndques.
hanite aiaing, carvied on an overnimorensing sonle, has niepted moder Sass b

liag aothels wing for emnple as for ops pit 00al and ligndte mintaz, huc® Sotaly
VR tess, Sowebie drglines with Light wicht aluniaiwm trestles.

e
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Lliaind arcdugtion
75 RMesvaseh {s dirceted Wostly townrds improvemunt of thy convensiomal nyve
PPOSess nnd its adrptation to the rowly found "m'zed" baux tos To a lvsser dagree
rosenroh 18 Arvotcd townpds tho utilisntion of ru maturgale othor than h\dhol
™is may b o major fivid of research in the Sovict Union.

AR Sctia
76. Rescareh in nluminiva roduction is dipocetcd nostly townrds lamgor colls,
roduecd powor Sonswmption, roducad labour roquirimcnts through moohnnisation and
oontsol inelwding camputerisod oporations ~nd new netorinls of constywetion ¢ ime
POVS o0ll 1ifc, it lonst ono of the Bajor producors is ourrontly dovoloping a M.
polar oold whioh, if suwoocseful, ocould Erontly inorenec ooll produotivity,

. M™is 4o probably thce most notive ficld of roscarch bocawsc it is the aron of
cheatest potontinl 1abour savings nnd boonusc it ip dirootly comnootod with the

scareh for auw markots,

78, dow fabetonting tochniquos boing dovoloped partioularly in North Amorien and
Wostomm Buropc will crontc signifionnt ohangus in fabrioasion, toohmolocy in ine
dustrially dovolopod cowntrios in coming yorps. Jdaong thoso devolopmonts can be
montionod continwous sasting of shoot, rcoontly ndopted for - largo now rolling mid}
in Nosway, wollia, and oxtrusion of aluminium pollcts and powdor, oxplosion fesming,
now stpip and rod casting mothods, now nlloys and now surfnoc finiehing tochniquos.

la dizietradugtion arcasece

7 Alwmintwm technolory hos romnincd besod on the Bayor alwming procoss and the
Mnll-lioroul s olootrolytic ruduction prooess sinoc e odrliait hoamu'éftu ales
Siaiwm industey. Thesw procosscs require lasvo invoetmonts. Mo yor process een
anly bo coomomionlly applicd to cortnin rluminous T maturiale and the elostye-
lytie rodmetion procoss rcquirce lerce ambors of emall Production wmitae, hemeo
sether Mih 1abowr requircnonts, Doonomic incuntive oxigte for dovoloping prosesses
which would prodwee alwminium diroctly frox orgs vithowt goin throwh %he alwming
®%age, thws avoiding axponsivo clootrolytic oclle with low individual prodestien
oagasity.

®, ™o ides of produwsing alminiwe by dircot rodwtion of Alusiaium conpomnde in
olestrie resdetoncc or are farmnoos is mot now, Newover, thie dovolopment hee
@Rined ingotus in the ingt Swonty yoare and tcohmically fonsidie solutions have hoen
fowd. Soni-comcrionl Plamts have boon bujlt by ilwminium Conpany of Conada, for
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the subohlorido procces, jointly by Péohinay and Ugine for the carbothomioc pro-
c0ss and by Roynolds MNotel Compeny for thu secrogntion proocss.

s aluminivm Compruy of Conade (.loan) has boun working on the subohlowido pro=

ooss whioh is beasod on $he oxistonoc of alumanium monoohloride 4101 (also known ~s
aluminium subohloridc) whioh undor cortnin oonditions of tunporaturc nnd prossurc

docomposcs into nluminiwm trichloride nnd nluminiua motal according to the roworge
idle reaction;

1 L0 .".1013 ¢ 2.1

In prootiocc, baumito is roduocd with ocarbon in na clootric mmolting fum~oc to nn
alloy of alwminiwam and the roduction products of tho othor oconstituonts of the
bauxitc, such ne izon, siliocon m‘tttm\-. This nlloy ie twvntod at clovntod
tomporaturc with aluminiwm trichlorido gns, whorcby the aluminiwm contont of tho
rlloy is volntiliscd ns nluminium moncohloridc. The cosoous rluninium moncohloride
is thon dcoomposcd by cltering tho teapernture and pressure conditions; the doocom-
position prodwots are pwro Aluminium mutal and alwinium trichlorido (ns, whioh is
rooyclod to the volatilisation or &istillation step.

82, o carlicst proooss of this kind was patontod by Llcoa in 193. In this pro-
ccss impurc alwminium, nluminiun carbido, cto., wore troatod with fluoridos such
os AIPB. &7,’2, carz, oryolite, oto., at 900° to 1300° C. T™hc condonsatc wns o
nixturo of fluorides and purifiod Alwminium wmotal, whioch could b sopamtod by ro-
molting the ocondomente. 1.G. Farbonindustrio took out n Gorenn patont in 1940
basod on o similar troatmont of forroaluminive with fluoridos ot 1050° to 1200° C,

83¢ Tho firet patoats on tho volrtilisation of aluninium with chloridos worc takom
out by Voreinigto Jlwminium-Workc in Gomeny in 1943, and in 1944 Righ Duty Alloys
Ltd. Sook out patents which spocify the wec of .“.1013 vopour for oxtraoting nlumin-
iwm fyem a preboatod aluminiwm contrining matorial. Thoso patonts worc bnsod om
the work carriod out Wy P. Ososs nt the Pulmcr Moscarch Inetitutc in W lond,

T™he patents worc 1ator tramsforrod to Intermationsl ‘lloys Ltd. nad Llmin Lsd.,
from whem Whey werc ooquirod by Aluminiwm labowetorios lAmitcd, ~ compnny bolonging
to the Llean crowp. -

84, During the 1ast wolve to fourtoon yoore llwminium Laborntorics Limitcd hns
carriod out oxtemsive dovulopmont work nt¢ Arvidn, Quodce, oculmimcting in the bwile
diag of %ho lasgo pilot plant whieh Mns alroady boon momtioncd. 4ilooa also lookwd
into this prosess in o pilot plant at Bnet 8t. Lowis but the work was ~bandomcd in
1933, Other leading alwminiwe companice whioch hevo invosticntod the subshlopido
prosces are Briss Adwmiaiwm Wd., V...V, (Gosmon), Ucine and Knisor. T basie
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potents have eapired dut Alcan has taken out a large mumber of patents on precess
and dosign dotails in recent years,

85, Aloan decided in 1960 %o duild a 6,000 %o 8,000 tens per yeor pilet plamt at
Arvida, Camada Wt ren into difficult problems when applying the process en this
large & scale. These difficulties, mainly commected with ocorvesion and tremsfer of
inpurities, caused long delays and large additional expenses until Alcan gave wp the
project in 1967,

86, PMohiney in Fremce has been working on a oarvoshermic process for a msbes of
yoars, A mumber of patents have been issued to Péchimay, the earlicst dating fres
1951, This dovelopment has resulted in the building of a large piles plant at
Reguores, Pramoce in 1960-1962, jointly owned by Péchiney and Ugime, The Péchiney
potents desoride a mmber of process stops whioch cam be used in vearicus esmbine~
tiems, Newever, the process mow being investigated at the Negueres eaperiaentel
plant appears to comsist of the following three main stepet ‘

(u) Beunite is yeduoed in electric furmaces in %wo stages. Piret the

imgurities are reduced with a limited smount of carbem m
metallusgical coke) and removed as an Pe-8i-Ti alley, leaves

o fairly puse molten alumima, which is probably tapped and gremu-
lated for use in the second step of the process.

() e fused alwmine is reduced vith additional carbon (probedly
petrel oshe) %0 & mixture of metallic aluminiwe, alwminive easbide
A1,0, ant alwsinium suboxzide A1, 0. Deger alumina, vhich is
'l“l: purer than m;oxmn‘.mmu profuced alwina, oem
aloe be weed a8 rew matorial for this step.

The melten Al-d) c,-n 0 sizture is slowly cocoled wherely a

neterial is rernle’ocabisting of an alwaintw oarbide orystel .
lattice wvith the voids filled with molten alwminive, Pure alwminiwm
ie separated frem this nizture and the alwminiwm cesbide is reqpoled,
prshably to the seoend reductien step,

. mmmmummmumuwmumm.
outh a» sefusticn at 2 very high Semperature (mw&m°u“‘c)n.;’~
hﬂﬂ.‘l‘hﬂﬂﬂ”‘l‘hﬁhﬂh&lf,ulﬂoﬂlldm the

M-uuouhmnunamnmnmuam
s000® ¢,

8, mmmummuummm.muum
velotilisation of aluninive (mestly ss subemide) at the high Senporatusre roguised

(1000° v0 2000° ), and aloe Gue 10 the previems cemnected vith aluintun carbide

fomind 42 o precess. Mehiney and Ugine are probebly contimuing ressereh en Wis
pressss 6 o Bodest ssale But {4 is ressenadle to beliove that the presess i ootll
fur foun cosnanie cupleoitation,
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82 PMohiney has also taken out a number of patents on a process involving aluwmine
ium nisride AIN as intermediary product but it is not belicved that tho nitride pro-
0008 has besh developed bayond small-scale experimentution,

2. Reynolds Meteals Company hze beon working for some time on a dircct reduction
procenss The first step consists of reducing bauxite dircctly in an cleotric fur=
nace to an aluniniumesilioon-iron-titanium alloy, and is thus similar to the firet
stop in the Alcam process. The allay is subjectod to controlled solidification by
slow cooling, and the oonstituents are subsequently seprrated by finc grinding,
flotation and nagnetic separstion. Tho process is primarily boing doveloped for
produoing aluminium-siliocon alloys and it is doudbtful that it ocan be used for pro-
ducing pure aluminium,

9. The dovelopment of Alcan's and Péchinay<Ugine's now oloctrothormic proocesses
has met with s0 many techniocal difficulties that Alcan has abandoned further lasge~
scale work on their process; tho Pohingy-Uginc proocess is elso belioved to be far
from commerdialisation, The Roynolds prooess, if sucocssful, would probabdly be
limited to the direct production of aluminiua-silioon alloys and would therefore
have only limitod application. It is therefore roasonably safe to state that these
and siniler new procosses will not influemce the aluminium industry for a mumber of
yoare - say the next tem years. Bven if a direct reduction proocess should dbecome
suitable for ocmmercial oxploitation in five to ten yoars from now - which is vesy
unlibely - this would not render ccaventismsl plants ismediately. obsclete because
such companies as Aloam, Péchingy, Ugine and Beymolds all have enormous invostments
in conventional alumina and cleotrolytic alusinium plants and undoubtedly will wish
to continwe operating thess at a profit,

92. Whem evaluating tho possiblo future impact of the new processes it is importamt
to keep in mind that the Boyer alwmina and the NHall-jicroult electrolytic reduction
prooesees have bty no moans yot reashed ultimate perfection, The cenventional pre-
0088088 AFe doing further improved and a mumber of present developnents will oer-
tainly result ia substential future eeomcmies.

Ly & & NI T O

9 A Geveloping sountsy esn uswally, at & modest investment and with some
farifr pretestion, eotablish s mallegcale slwminium febricating industsy to eatiefy
loeal Gamand for pots and pams, and other articles which ase oemparetively simple %o
preduse. Indesd, neet dsvelopiag countries have small alwmianiwm holloware plante
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ahd in many cames small rolling mills, extrusion plants and jobbing foundries.

$4, Nowever, the prospects that dcveloping countries have for establishing basic
aluminium industrics, thot is, alumine and aluminiuwm reduction plants, is the next
oconsideration,

95, Nost of the world's bauxite rcsourccs and o lange proportion of the world'e
undeveloped weter power resources are both located in countrics with little indus~
trial dewelopment in tropical and sub=tropical regions, Nany of these countries

in need of new jobs and production to combat under-employment and improve living
standards have the ncoessary natural resources within their borders. This is the
case in West and Contral Africa, Oentral znd South America, and South and South
Bast Asin, Yot thosc resourccs ofton remain undeveloped or not utilised to the
full bonefit of the country, What are the limiting factors, and what are the prob=
lems that have to be ovcrcome whon o developing country wishos to ostablish a basic
alwminium industry?

96. The main limiting factor is probadly the large investmonts roquired for alumina
and aluminium reduction plants of cconomical sise. The output of an intematiomally
oompetitive plant is usually much larger thon can be absorbed locnlly, operation of
suwoh 2 plant must thorefore, to a considerczble extont, be baged on exports to arees
of high consumption,

Exasibilisdas thasuch KM A ANGLLLE SORRARAAS

97. It has already been cxplained that lcoding aluminium producers have beoome
vertically integreted and increasingly international in their structure, These
large oompanies are continucusly striving to broadon their rew material bdasis - in-
cluding bauxitc, wlumina and primary cluminium - to satisfy the rapidly oxpanding
world demand for aluminium, Practically all thesc companies are basically iaterested
in participating in alumina and aluminium reduction projects in developing ocoumtries,
provided the projects arc economicaly that is, provided they will create competitive
Aew soureces of alumina or aluminium motzl for export to world markets in whiech these
iaternntional companies have fobricating plants and sales crganisations. In sweh
cases, large aluminium oompanies can in effect be oxpected to compete for the prie
vilege of establishing such plants. Their reputation and influence in the maim
money markets such as Yestcrn Burope, thc Unitod States and lately Japan, is weually
such that they ocan finamco prejects involving very huc»nhu-ot mohay. In Beny
oases thay oem nleo emert influemce and guarantes the technicnl and econemic resulte
nooded to obtain fimancing support from govermments of countries with funds availe
able for foreign imvestmont,
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98. Prom this it is ovident that large aluminium companies wish to estabdlish basdo
slwiniue industries in developing countries, and that thay are capable of making
financial arrengements for the very large amounts of money involved., Their objeo=
tive isy of course, to profit from such projects for a number of years oommensurate
with the very substamtial financiel and toshnioal effcris nade. . This means that,
besides the natural conditions existing for a compotitive project, econcaically amnd
politically stable conditions must also oxist in the country in order to make suoh
an investment and effort attractive. Purthermore, existing conditions and the past
record of the oountry must be such that onc oan roasonably oxpeot these stable com-
ditions to last for A numbor of yoars into the futurc, The importance of future
stability is obvious when ome comsidere that in most cases an alumina or alwminiwe
refuction plant is plamned for futurc expansion in stages and may only resch ite
ultimate ecomomy ten to fifteon years after building the initial stage, The richs
about whioh the private investor mesds reassurance are primarily confiscation -
often ealled mationalisation = future tax squecse, imposition of prioce comtrol
aystems which limit profits, and ourrency controls which prevent repatriation of
dividends,

99. Unfortumately, many of the countries with substamtial dauxite and in seme cases
aleo water power rescurces, have gomne through political wpheavals ond econemic
orises ia recent yeare; such a record of oouree makes a company, whose responsi-
bility it is to safeguard its shareholders' momey, very reluctant to invest ladge
suls in the country. It can take many years to re-establish a political and eco=-
noRie climate atiractive to private capital, In many coumtries formerly umfer
oolonial rule one has witnessed an emcossive mationaliem whioch is paycholegioally
very understandadle but whioh has had an unfortuncte effect on the desive of foreign
private capital to imvest in these omtuoi.

100. Private ocompenies have net Yeen entirely without dlame with respeot to their
operations in developing ocountries. Often they have wielded more econcmie powes
and emried nore political pressure tham is palatable $o0 loeal govermments and
native populations, and have tended %0 kesp local nanagement in the hands of theis
o mationals, In seme cases aggressive and greedy compenies must shage -the ree-
pousibility for the corrwpt oonditions which have dsveloped, They have often
preforred extrastion of beuxite %0 proceseing it losally, therely depriving dsvele-
plag countoden of ineene e wplognent,

101. Major alwniniun osmpanies are now well aware of this prodlem and of thelr
responsibilitics as dsmenstrated Wy the faet that prectically all alunins and ale-
aialu plante built in recent yeare in develeping countries have besn created with
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the assistance and in most cases the participation of major aluminium companies.
The osmpanies are also treining and using loocal people to operate and administer
these plants,

Lassdhilities Sheoush forei sevecumenta Abd Antamnational Asaiciss
102, A private company's possidbilities are limited by its responsibility to invest
safely and profitably in the interest of its shareholders., Certain developing coun-
tries, because of recent performance, present economic and politioal risks which a
private oompany cannot take sven if natural resources exist, Govermments and inter-
national agencies, suoh as the United Nations end the World Bank, serve wider pur-

pooes and are todsy prepared to take greater economic risks in order to promote
policies that will benefit developing countries.

103 Thus, the govermments of several leading industrial countries are willing to
guarentes investments made by private companies in developing countries looked upom
as esosnemically risky. Some countries, such as Fremoce and Oreat Britain, are
actively premoting and economically assisting programmes of industirial development
ia their fommer colonies, From the standpoint of the receiving country, however,
investasnt or guarantes by a foreign government is usually connected with political
conditiems or influence, whether exrressed or tacitly understood.

104, International agencies are probably the most palatable foreign souroe of invest-
meat to a developing country; there is a minimum of political pressure and it is
payohologically easier to accept aid from an organisation of which ome is a member,
Nowever, international organisations have been quite limited to date in their invest-
sent capacity, and they often suffer from the bureaucracy and inocompetency uhieﬁ oan
be typical of very large organizations,

JacML harriaks ataiial daxalSRINE ORUALLISS

105, Teriff barriers protect the alumimium reduction industry in most indwstrially
odvanesd oountries, and aleo the alumina industry in some, Thus the United States
has impert duties on both alumina and aluwminium, and the Common Narket om aluminiwm,
Japen 18 aleo heavily protecting its aluminium reduction industry, The Seviet Union
and other centrelly-plamned economy countries do not allow any free imports whateo-
evel. These westrictions limit, and in some cases make inaccessidle the mest imper-
tant alwnine and aluminium metal markets to developing oountries, This is possidly
omne of the nest serious barriers against development of an alumina or alwmiaium
reduction industry in many underdeveloped countries,
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106. The importance of this factor is olearly illustrated by the fact that important
alumina and aluminium reduction industrics have boen established by private companies
in areass which have, besides natural resources, also duty free access to industrially
developed ocountries. Thus Alooa has developoed an integratod alumina-aluminium in-
dustry in Surinam, and Péchiney with Ugine an aluminium reduction plant in the
Cameroons; both oountries have free access to the European Common Market through
associate membership.

107+ Aotually there is 1ittlo or no justifioation for alumina tariffs. Most of ‘the
industrially doveloped ocountries are highly defioient in bauxite, and it is more
eoonomioal t0 process bauxite olose to its source. Tho alumina tariffs in indus-
t-inlly developed oountries with no bauxite or comparatively small bauxite resources
such as the United States, Japan, Germany, Italy and Great Britain, have therefore
oontributed to the lack of development of bauxite oountries.

108. The case of the Unitod States must oome under perticular scrutiny because of
its importance as tho world's largest importer of raw materials for the aluminium
industry., The United SBtates imposed for years a duty of 1/4 oent per pound alumina
(equal to $UB 5.50 per metrio ton) and built up & huge alumina industiry behind this
tariff wall, The duty was temporarily suspended in 1957, when Harvey entored into
& long=term alumina contrect with a Japanese supplier; sinoc then, United States
oompanies such as Intaloc and Conalco have been inorecasingly dependent on imported
alumina and it is therefore unlikely that this duty will be reimposed - although
the notion that it is foamally only temporarily suspended creates a climate of un-
certainty for any alumina projoot in a doveloping country, based on export to the ,,
Unitod States. In this connoxion it is interesting to note that until Alcoa very !
recently built an alumine plant in Surinam, United States companies had not built a ‘
single alumina plant in the Caridbbean area or in South America, where they, how- ;
ever, mined bauxite on a huge soale. ~‘

e e D e e T nal T

109, In Burope the situation is no better. Oreat Britain and Switserland have im-
port duties on alumina, and tho Buropean Common Markot has decided on a ocommon out~ |
side tariff of 11 per cent g4 yalorgsle o from 1968 (unless the Kennody Round \ '
agresment resulied in a reduction). Japan has also followed a policy of producing
all of its alumine requirements within its own borders, therehy preventing the
cstablisiment of alwmuina industriecs in such countries as Nalaya and Indonesia, its
treditional bauxite suppliers. Only quite reocently Japan broke this rule whea
Nitoubishi enterod into a long-term oomtresct for alumiama supply from Australiag
this, hovever, was @ue %0 the Australian Govorvment's firm stend oomosrning produc-
tion of alwmine in Austiralic as & oomdition for gremting bauxite mining conocessions,
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110, The Soviet Uniom is the world's seoond largest cluminium producer and has very
1little good quality bauxite within its borders. The Soviet Union should therefore
5 “have been a natural and large market for alumina which could have helped developing
i oountries to build up alumina industries. However, the Soviet Union has followed a
policy of self-suffioiency bosed on less economio substitute raw materials, such
as nepheline; the modest imports of beuxite and zlumina have oome from Greece and
Mungary .

111, ¥ajor aluminium producing countries with duty free imports of alumina are
Canada and Norway, Alcan, the major Cancdion producer, built alumina plants in
Jamaioa and Ouyana some time cgo and has been expanding ever sinoe, although the
; oempany s¥ill operates its original alumine plents in Arvida, Quebec, Norway, on
the other hand, does not offer on easily accessidble alumina market for developing
countries because the Norwogian eluminium industry is largely oontrolled by large
international compenies (Alcan, Alcos, Alusuisse, Reynolds and Harvey) providing
aslumina from their own sources. |

e

112, Primasy aluminium is protected to an even greater degree by import duties in

0 ke advamoed imdustrial countries where the large oluminium markets are. The
United States' duty is 1,25 cents per pound (5 per cent gd yalorgp ot the present
prics); the Buropsan Common Narket cutside tariff will be 11 per cent g XAIQKSR
frem 1968 (unless reduced by the Kennedy Round) and the Jepanese duty is 13 per oent
M MBS Of the important markets, only Great Britain allows duty free ilport.
In this commexion it is interesting to mote that some developing countries are
ohavgiag emcessive import duties, although they do not even produce aluminium

| Mlmhmcml;tlmuBrasilnadIMonuiacham}Opermtum;
| and Isdia 45 per cent (35 per oent duty plus 10 per cent surcharge).

; 113, Pab:icated preducts such cs strip, sheet, tube, rod, wire and extruded shapes
are the most protected aluminivm products. Import tariffs amount tc 2.5 cents per
povnd in the United States, 15 per cent gd yalorge in the Buropean Common Narket
(fwen 1968), 20 por oent in Japam, 12,5 per cent in Great Britain, and 50 to 140
por oont in same dsveloping countrics such as Bresil, India and Indonesis.

e
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114, Teriffe on aluminium metal are also in many oases obsolesoent because the
avallibility of clectric power cannot kecp up with the repidly iacreasing demand ia
iuduotrially developed countries, Thus Switserland, Prance, Great Nritain, Gevmany
and Japast have ne cheap power sources left and must actually in sohe cases Rew deny
power to aluminiva plants because of increasing demands for gemeral distributien
| o for industries which cem afford 1o pay moTo for power than he alusiaive indws-
“ Voy. I coms illegiosl thot these countries should $ry to keep out metal frem
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oountries which can potentially provide it in abundance and at low cost. Thie
situstion sould changs casily if the alminiwm reduction industsy can be eoxpanded
csonsnicelly ia industrially developed countries on the basis of muclear power,
™is dovelopnent, vhich soems probable teday, is therefore & sericws threst %o
doveleping countries that wish to estadlish sa slwniniue iadustry, s alveady
cplaiasd.
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