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Most of the world*• bauxite reserves and a large proportion of the world*! 
undeveloped water power ere looated in tropioal and sub-tropical belts, mostly in 
developing countries. Natural conditions exist therefore for establishing alumina 
and aluminium reduotion plants in many of these countries. 

Aluminium is now a basic industry and competitive production units require 
large investments. Plants of economic sise therefore produco much more than can be 
absorbed by the limited market of a country in oarly stage of development. For 
these roasons outlets to world markots are necessary and establishment of in alu- 
minium industry is more easily achieved with participation of one of the major 
aluminium oompanios. 

The aluminium industry is vertically integrated and highly international in 
oharaoter. At the samo time aluminium consumption shows one of the fastest growth 
rates for a major commodity. The mrjor aluminium oompanios aro ojgor to develop 
new sources of alumina and primary metal, provided the projects are economically 
sound and providod tho countries involved offer a secure economic and political 
climate for long-term investment. 

Support of foreign governments and particularly of international agencies may 
he more acceptable to emerging countries, but governments usually attach politicai 
oonditions and agoneios have limited financing possibilities. 

Bevjloping countries can, within reason, apply pressure to have foreign companies 
interested in their bauxite process it locally, such as Australia has successfully 
done* However, terms must bo reasonable so that projects are not killed in their 
infancy; the Australian Government's handling of thoir bauxite concessions should 
he oarofully studied in this connexion. 

Various aluminium producers have developed designs and practioes that differ 
considerably, due to different conditions and also to some extent due to local 
traditions in the industry. It is therefore desirable to engage tho servioes of 
independent advisers to evaluate..and compare available technologies, and recommend 
the solootion most suitable for « particular project bo foro making a final choice. 
•son of the major aluminium companies usually thinks, at least officially, that it 
has the best technology. Unbiasod evaluation and advioe should be sought therefore* 

Hew direct reduotion processus do not present a threat to conventional alumina 
and aluminium reduction plants within the foreseeable future. On tho other hand* 
the advent of oheap nuclear power oould within a few years provide new possibilities 
for aoononio aluulniu* rettet ion plants in industrially developed countries where the 
nain aluminium markets are and will bo for many yoars to come. 

.-.A. a&w» -jrfiS. a^X^fc.     -   ntJÊk    "-*- ^    ^-..m^.s*.j~EE*LÌÌEk À 
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3..     Aluminium was produocd fron 1855 to 1389 by reduction of cryolite or sodium 
aluminium chloride with sodium metal in small quantities end was very expensive 
The aluminium indue try started in the United States in 1888 and in I889 in Pranoo 

following the invention of the electrolytic process simultaneously by Hôroult in 
Europe and by Hall in the United States.    Initially tho aluminium industry was 
limited to a few of the most advanced industrial nations at that time suoh as 
Switserland, France, Croat Britain and the United States,   At about the same time 
the Bayer process developed in Germany provided a choap souroo for tho pure alumina 
required as intermediary for the eloctrolytic procos». 

2.     llectrolytic aluminium production required a largo amount of powor and indus- 
trially developed oountrios soou soarchod for cheap water power outside their 
borders for oxpansion.   Thus Alooa, the only United States producer at that time, 
developed water power resources in Canada, while British, French and later United 
States ospitai developed water power resources in Norway for subsidiary aluminium 
reduction plants.    It is interesting to note that Canada and Norway were under, 
developed countries at that time and that foreign capital created vast aluminium 
enterprises which have contributed greatly to the economic development of theme 
countries and to the high standard of living they now enjoy.    It may bo relevant 
to point out also that the stablo 00onoralo and political climate of Canada and 

»orway «ado these countries safe for foreign investment and that this circumstance 
contributed greatly to the attraction of ohoap powor. 

3       In its early days the Européen aluminium industry was based almost entirely 
on lureaoan bauxite, mainly from southern Franco, Hungary, Yugoslavia, and Oromoe, 
umile tac North American aluminium industry mostly roliod on United States baa» 

Has.  from the Carolinas and Arkansas.   However, tho loading aluminium producers 
in Burope sad the United States soon found out thr.t botter bauxite qualities oould 
bo obtained in overseas countries, at that time colonies suoh as tho Gold Coast, 
Sierra Leone, British Guyana and Surinam, to mention those where largo-scale WWB- 

**«   mining operations were first established. 

".     At that time the tendency of the main producers - Alcoa in the United States, 
Alais, Froges et Cmmarquo (now Fochinoy) in Franco, A.I.A.G. (now Swiss AlwLzm 
Co.) and fh« British Aluminium Company - was to concentrate the alumina production 
and fabricating facilities in their own countries where the main aluminium marmots 
wmro.   These markets were initially almost entirely civilian, the first uses of 

BBBSBm- 
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aluminium being for such itomi as cooking utensili and oloctric cables.   However, 
this ohenged with «be advent of the First World War and many military uses were 
found for aluminium; thia resulted in croat expansion particularly in the United 
St atea.   Oormany was blockaded and suiTored from a deficiency of copper and other 
bate metals whioh prompted her to oroate a domcBtio aluminium industry.   Thoro 
alroady oxistod a 9wiss-ownod plant in Ooroany basod on hydrooleotrio powor from 

the nine, but now the Vereinigte Aluminium-Worko was fonaod to produco aluminium 
with thoraal powor and this laid the foundation for a largo Ounaan aluminium 
industry.   The (Joman aluminium industry was thorcforc a war development one rather 
than beine based on low cost hydroeloctric power such as the other early aluminium 
producers. 

5.     The yean between the World Wars saw the growth of the aluminium industry ami 
the pioneer work in fundamental metallurgy suoh as alloys, heat treatment, fabrioe- 
tinf méthode and surface treatments whioh laid the basis for the wide use whioh 
aluminium has since found.   It was aleo a difficult period for the aluminium indus- 
try with the depression in the 1930*8 creating ovor-production of the metal.   To 
meet this problem the major aluminium oonpanios founded the aluminium Alliance Co. 
with headquarters in Basle, switserland, whioh puroh&sed, stockpiled and redistri- 
buted surplus aluminium from member ooapomios.   Chaotio prloo outting conditions, 
whioh disorganised so man/ othor industries during the depression years, were 
»verted by this arrangement. 

<).     It wee at this timo (1932) that the first aluminium reduction plant was built 
in the Soviet Union.   It was built at Volhevek near Leningrad with technical 
assistance from the Fronen ooamany Alais, Frece et Comarque (now Feehiney).   At 
the MM time a process was developed for producing alumina, as well as potash and 
eomemt, from the vast nemhclino-eyenito deposits of the Köln peninsula.   The 

•ovist tJmlem is dofielent in good grade bauxite ss other row materials had to bo 
used M the soviet Union followed a pelloy of self-sufficiency. 

T. 
iieatly 
ahead of 
this, 

advont of »tier to pewer, fewnmy planned for a 
it« eloMniwn industry M that Oensamy was the leading 

tJmited ftatoo, at the outbreak of the Second World War.   To 
developed her vast lignite deposits M the mail 

took plaee in Jape«, «mere the Yalu Hwr and 

iAii  t  m   Élu - mV "r-i'flii ,*-*>-'—»».»• i "Wi I'riiii iriimi ni Jk-dÉÉteMáHlállkai 



r ^w^mm^^^^ff. 

n/m.ii/i 
Page 8 

3.     Tho Sooond World War saw an unprecedented expansion of the aluminium industry 

in all belligerent end many neutral oountries.    In 194O Oermany overran most of 

Westorn Europe and Art tain turned to Canada with her vast power rosouroos,    The 

Aluminum Company of Canada increased produotion at a rapid paco and mado And da 

tho largort aluminium plant in the world with a capacity of closo to 400,000 ton» 

per yoar, more than the ontire German produotion.    After ite entry into tho war 

in December 1941, tho United States prooeoded to expand aluminium produotion on a 

hugo «calo and at an aatonishinc speed-   At the end of 1943, after only two years, 

tho Unitod States had increased its produotion oapaoity fron about 300,000 to about 

2,000,000 tons of aluminium por year.    To aohiovo this vast increoso groat inge- 

nuity was shown.   Aluminium plante wore built in big cities such as Now York, using 

existing DC power surplus and large quantitiqs. Qf siIvor borrowed from the Unito* 

States Treasury for uso ae bus-bars -is no motal has a hiçhor oleotric conductivity 
than silver. 

9»     At the same time, Germany had overrun important aluminium produoing countries 

such as Norway and Franco, and immediately took stops to keep up and oxpand alumin- 

ium production in oocupied areas.    Norway, in particular, had the largest undevel- 

oped   water power resouroos in Ocraan-ooeupied territory and Germany founded an 

organisation known as Nordag to build a numbor of larto aluminium plants in 

Norway.    lowover, Norwegian sabotalo, allied bombing, hazardous shipping lanos an« 

difficult climatic conditions foilod this grandiose plan.    In contrast, aluminium 

expansión wont ahead undisturbed on the allied side in faraway Canada and the 
United States. 

10.    In 1942 tho Germans overran the large Soviet alumina and aluminium plants in 

tho Ukraine, and in tho Leningrad area aluminium plants otme into the firing DOSO. 

Hew plants were built farther cast, partly with moved equipment, but tho Soviet 

Union nevertheless suffered from an acute shortage of aluminium so that large 

quantities hai to be sont by Britain, Canada and the Unitod States.   Oroat Britain, 

for oxamplo, shipped most of her aluminium stockpile to the Soviet Union via the 

vory hasardons shipping route to Kuraansk and Archangelsk. 

U.   At tho end of The Sooond World War the United States an« Canada ha« built up 

large aluminium produotion capacities while many of the European aluminium planto 

were destroyed, damaged or outdated.    Larec metal rtookpilos in North America km« 

a depredine «ffoot.   »any feared that it would take a long time before civilian 

ootraption would roquire tho vast facilities built in North America during the 

war.   Bowever, the transition to a booming poaee economy in North Amerio a, an« «he 

-"—-*—- - -**»• -'" - **" 
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rehoiilitatioa of Meet lwrepeM oooneny wont factor than oxpoctod and already in 
lfdt tfao alunlaiun induetriee wore working at oapaoity and expanding on both oidot 
of tfao Atlanti©. 

It.  An inportant ofaanio in tfao etreeture of the aluuiniun industry took plaoo in 
tfao tkitod Itatee, wfaoro Alooa'e prewar Monopoly was broken ao wartino government 
planto woro oold to tno newoenore Kaioor and loynoldo who have oinoo grown to 
fianto of alaoot tfao MM oito ne Alooa.   Other Uhi tot Stato» oonpaniot went aloe 
into tfao aluuiniun field, eroating a highly ooup*titive olinato for the forth 
Anerleaa alumni« lnduetry.   At the oano tine, Aloan, fomerly controlled fay the 
MM intérnete an Aloea, faooono a ©eapetitor of Alooa ao tfao reoult of United 
•tato» antitmot 

of the 

II,  In neetern Burope a rapid growth of the aluuiniun indutt*y took plaoe, with 
large alemalM rednetion plante being built, partieularly in Franoo and Worway, 
ant largo fabrioation plante in tfao Met induetrially developed oonntrieo eueh ne 

i, Ireneo, Oeiaeay, ftwiteorland, Sweden, Italy and Bolgiuu.   weetem 
>•• ofaoa» water poner rooouroeo were praotioally exhausted with the exeoptien 

renineula, and now aluninluo reduotiou plante in Franoo end 
therefore fanned en naturai gae and on lignite power in Oemaay. 

14«   faew power eeureuo end beoni to linltatione foreod woetom Inropo to look olee- 
wfaoro fer eatiofying rapidly enpandiag aluuiniun noode.   Qroat Britain, the largeet 
fnfarioator of aluuiniun in Heotorn Inrepo, oontinuod to got aluuiniun fron Canada, 
traditionally ite nain eewree.   Prmee bellt ito firet evoneae alnmninn rodnotion 
ayJebMn»")   eVo*   VJow   ^^eBnVoT^PVMnv e 

U. laotorn •nrepoen oeuntiioe alee efaowed groat lntoroet in oapanding their 
aWomna end notai prodnetlon, in pnrtlenlar lugeelavia and lengniy with inportant 

p, Poland end aúnenla oleo built alvnlniun piente, with 
i, <wm wi iwjwnnigr proooodod to roplnoo MM of lue 

UM oapaoity whiofa had boon eonfieoatod and reinetallod in 
at tM end of tfao war. 

44. AlMiniM prient tien WM groatly eepandod in tfao Soviet felon after the war. 
plMto U the Okraino end at Stalingrad • new Tolgograd - were 

effort U reoont yearo fane taken plaoe la Central 
of tfao Siberian ri vero, euofa M tfao 

p, laek ef high grade bauxite deperite le «Mil 
a iMfalM M th. inwAM >i-i>i« lnduetry and it tfaorefero reliée te a 

i 

»»-> 4*     ^#-^.^4^ A y¡¿   u,r y**». •¡i -y, ñffiaJÉi .'f áiftiafj-^-^A ^.¿&im»..M. 
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11.   The only country out.ido North Aaerioa and Atrope which pooMod an important 
aluainiuu industry before the »w woe Japan.   A few year, ivftor tho war Japan 

•tarted it. •peotaculnr ooonoaio expansion requiring increasing quantities of »to. 
«iniu».   Japanese polioy hot boon to moot its aluminium requirement, fron doaestio 
production in spite of high powor cost and lack of bauxite.   Tho Japanese alumina 
and alvini« industry hat therefore grown very rapidly in recent years; it hat 
probably pawed 300,000 tons nnd is expected to roach 500,000 ton. por yoar in a 
oouplo of year«. 

IS,   One of tho aost intoroitinf. features of tho postwar altsiiniuB picture it that 
** interest in aluminium ha. become universal.   Albini»» industries have there- 
fore sprung up in a number of oountrio. in Africa, Aiin, South ¿«erica and tho 
Pacific area, and hardly any country ha« not in recent yean, instigated tho 

psssibiiity of eotabliahing an aluainiun industry.   The most spectacular develop» 
•sat. are taking place in oountrio. with a large population and potential «artet 
•** a. India and »««il, i« oountrio. with large bauxite depo.it. such a. 
iiirtwlia, JaSaiea, Surinai, Ouinoa, and Ouyana, and in oountrio. «trivia* for 

'- independonoo such a. Mexico and South Africa. 

i*.   The prmat situation i. illuatratod by tho table, included wit« thi. article 
•*t*U« bavette and aluMni« production, export, and import, in tho world   mil 
i%   to the lateot available .tati.tic.   Production .tati.tio. for alubia avo 
•s* avallasi, for «ay oountrio. booouso alumina i. an intorasdiair product which 
is often not «tewa «oparntalyr howovor, table, «hewing world alumina experts «ad 
*-**• W included wit. thi. article.   These table, are takon fro« Ce»m«»oaU. 
fes«sale Oeamittoet   "Noe-forrou. Hotol.", London, 1966, 

H.   With regard to *l«mt»a produotioa, the prent .ituntioa i. that ao.t alamina 
•*•*• at» «till locato« in the «aia aluminium «otal produci«« cornatilo., ratte 

** *?* I****** w«*i4o..    Thi. ha. hitteileal roaaom. elaeo the 
ft*«M«m laduataj f*t»t g*sw up in the old eatabliahod aluminita. ^ ^ 
ima ernia *•*-» -....  ».    ^ «usai«*«« produeiag eeumtrle.. 
«M tais oituatiea «a. meo« perastuatod by tariff protection afforded br tasa. 
«m*nmm*»* a«a impsrt., a»d also probably te •*. oxfat b/L^L 

??"**' «l-ctaacy to imvu.t the lar*, ^ nmttá lB ^^ 

mmm*È.   lftatovur «he toasama, the pressi .ituatio« 1. that ésvsUaia. 
m««*m* d^t. .tin .mn «*.t 0f *«*^-T.^**« 

ü¡^Lun **"*• **** *•***"«• **«»> "* ut*«.**. 
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are not up-to-date unfortunately beoause alumina produotion figurée are not publiant* 
in all oountriee.    Since i960 sevoral alumina plante have boon built in developing 
oountriee, in particular Harvey'a plant at St. Croix in the Virgin Islande (thie is, 
however, administratively Uni tod Statoe territory), Alooa's plant in Surinam, Alean« e 
plant in Guyana, and additional capaoity in Brazil, India and Formosa| tho Pria plant 
in Guinea has reached % production of moro than 500,000 tons per yoar and a large 
alumina plant with a oapacity of nearly 1,000,000 tone per year will be built in 
Jaaaioa by » oonsortlum including Kaiser, Reynolds »nd Anaconda.   At the earne time, 
however, considerable expansion of ilumina production facilities has taken plaoe in 
industrially advanoed   oountrios such as tht Unitod States and Japan who import their 
bauxite and in Australia whero some of the world»s largost bauxite deposits have 
been discovered in the course of tho last t*» yoars.   His general trend appears to be 
toward« locating new alumina produotion facilities near the bauxito source», that is 
to a considerable extent in developing oountriee. 

21*   The table show« an even more strlkinf concentretion cf aluminium roduotion cama- 
oity la industrially advanoed oountrios.   Substantial aluminium reduction facilities 
have bee* added since i960 in a few developing countries, such as Ghana (Kaiser's 
•alia projeot), Surinam am« Mexico (alooa), Brazil, Taiwan and India (mainly Alean 
and Kaimer)| a goveranent-owned reduction plant is planned in the «hited Arab 

Republio and another plannod In Iran.    Nevor+holesa, by far tho greatest expansion 
has take* plane and Is being planned in industrially advanced countries, where en» 
pension is going on rapidly, particularly in the Unitod 3bates, Hovwey ani Japan, 

and whore several oountriee have joined the ranks of aluminium producing nations, 
such an Orease, the Netherlands, Rumania, while other's are in the planning stags, 
•mom am South Africa,   la aluminiua metal production one cannot thcreforo disseta 
much of a treat towards bridging the gap between tho adveroed and the developing 
oountriea. 

22.   Of all Basasi «»tais alumialua hai shown the fastest consumption laoreaso la 
reeeat jrsafs end tala tread is expect«* to oontinue fer a nuaber of logioal reasons 
•asm sa «As atslrenle (realities of, eat wide amplications for tho metal, the latas 
res nate «a of higa gaaêw säst materials, sad the lask of other noa^ferreus aatal etas 
U «mar «arts af mas world.   fae aspects* avatags growth rate is of tas order of i 
par sent far year, nnrraspsadlai te a «arid «reduction of srtmamy metal of nearly 
lt,000,OtO astrie taaa la 1975 and asarly 16,000,000 la I960 if prejaste* on a swan» 
lativm aaau frea 7,000,000 tons la Uff. 

^ââ Éntf li ili JêÈ*> ¿-**^*-*fri» i aattimii a*J 
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II. HaiMJBääMiSLIäiSSM 

2J.   Tho main facto» nfftotinc the Monetalo» of alumina and nlurtiü« iménoti«. 
*w raw «atorlM., electric powor ** f**,  Iûbour, mM§i %mmmrtnfim 

•ito, capital «id technical know-ho,;.   E«ch of th*Bo frétera «m   bo diaowjMi 

noludi^ thoir «met on tho pcibiim.« of o.tnbUshint .lumina c*d alunni« 
in«u.triOB m ooonomionlly and toohniorlly undurdowlopod oountrio.. 

fottttittf Tad Other ftliartfr, ^ r^g^^i! 

*   ^T rc"ult of tK,pi0!Vl •»'*« ««»»rt-s .f «MM. »i, na 

*"«-*•*. -•. t„cro oxi.t —«. *„.„. in ^ ,„ 011Kt. j^ 

«Mo in ,. „M*a »rw with fro, OO-K^I «*•»„. 

ITT!. rT0 *° ~*,olul,le in ** *»•*i—- — 

üüirr • o,a*10 in '°"iDn Md IR
 •—-n-, «. Statarti, 

*-•£ ~ PW, ^.»t the X.^o.t ton^c or ^it0 „.„„ „ ^ ,1-tli> 

«5.   ^Mif ali *, „ru-. ,,«,„, ta fMmat ^ 

""•" »»I»'««. I«» W W.Ki for ro.Wrt^ »l«»,«    ,_. J! 

^„^LT"4"1^ »""«'-*-* '•' «ta <MM of «toHai. 9*W\1 
i—**-   , w->^_ ^*w»wnoii ooiil ubai, loueito, noiàolia«   —'- 
lVAito, lafct*4»rltc nnd olmito.    Hose m, -.* ^   , «^•*w», RMB> 

M^-, pMaaril, toeiìw of thoir ài* ilUon emtonU JT• J* 

^ tho^ «^ «frinì, eouid bo u^d fS€ain ilt ,, ^^ * §~ •w^-. 
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re»orvot of bauxite aro very large and otbor nw nntorialt will probably not bo ex- 

tontivoly ueed ao long ao the nomai supply of bauxite is not inpcded by coortonolot 

•uoh M war and politioal inttr.bility in the br.uxito mining oountrlet.    Thu only 

non-bawtito rw «ntcrial union i H utcd today OB a lar$o ooalu it nephcline, a todim» 

potnttiun-alu&iniuM tilioato containing approxinntoly 34 per ecnt A1J>V    It ig 

obtainod a« a by-produot from the beneficiati©« of apatite uinod on a 1RI*O tonic 

on the Kola PoninauU.    Tuli ncpheline it utcd for the production of alualna in tho 

Soviet Union, »hereby potan* it obtened m a by-product. 

27.    Practically nil baumto produced In the Wottern looltphere, Afriea, Attn and 

Âuttralia io lüwd by open-pit nwthodo.   In Burope oooo bauxito 1« prodootd by 

underground Binine but alto there nott of the production oouea fron open-pit opera- 

tions.   Open-pit Binine; of bauxito oonolatt uoually of ranovinf, overburden, ni nia« 

the bauxite and finally replacing the overburden when thit it proocribed.   Conditi«» 

vary greatly with rotpoot to thlcfcnott and nature of overburden, thioknooe of bau*- 

itc layor and other oonditiom.    Bauxite quality, including extrae tabi o cimine, 

eontent, undctirablo iupuritica toon ao reactive til loa, noiiturc content *d rod 

nod nettling ohameterietiea alto vary greatly.   Loenl ooonomio oonditiouo, tutti at 

oliaat« and dittane o fro« tidewater or nnvieable river«  .Ito affeet ino ooununy of 

bauxito pro out ti on.   No gontral rulo oon therefore be ¿iron for niiunun eoononio 

tioc of bauxite Binine oporationt.   The lardent individual operati«» at« now of 

the offdtr of one to two Billion tont of bauxite por year.    The opening up of la*»« 

bäumte tanin* opomtiono roourot large i tve t toy n to for nooottary uoouaaUcrü ofuip» 

nont and for preparine, larto aroao for narine, beai in« in Bind that the ourfnoo ii 

often oovorcd with tropior.l junólo toaotinee above a thick layer of noitt hums. 

In addition, largo inveetacnte arc often roraired for railway nod ship loadta* 
fooilitiot. 

20,   rvottieelly nil tht »trié*o alumna prtÉnotton it Hill by not layor protoni, 

a reap/ floMUt pptooot capable of trenti« n wie» rnnpt of bauxite emmlitiei tod 

atoo eepnote of iffodntlnt a wide range of alumdnt «nalitieo, both with roopttt to 

«uflomoul aaal/ele and ¿rain •tmotore.   fton ito boatmint, at a batoh prootm «dm 

mall mito, the Bayer poocuot hot boon dsvoloned iato a oontimouo proeeot utint 

•A* tariighptt pr tenet ion mito and htmiy effiolont htat rooovery 

aramio banal to hno ham utente« omtinmomly for a nuobor of yearn, i 

on* aim bo treated oontlnuoualy. 

29. it 

a% !•• a' (SD noi) and U5* C (SCO* f).    A 

»Earn "8^--" """*"-' -'• :-—^~ iiiiiHai-rtl»iifiifir  -TUB ft' •   *    -J-—^.^' -• 



»on.ia.mbly 4u«i£n and tpintononcc. 

bttvït«»,, *" «.Mura pmctioc nl«o for aonohytmtb 

*•   A l'ileo proportion of nun bnuxltu .cui«!,., dv^i-. i 

(430 to 480» r).   s, trcn4 4, «„*   T 5     P€i) "* "° *C *»   e 

pno«tov, romtlnr In low «oluti• .„ >. ••••PMI« 

nur «. ^to ^^.«1- M„Jtl   t 0^'~,*• "* iB '"*'- 
»neo..   U)-lln ,i-«U «c ««». , .    . *"* * r!lM »*» 

"""" l" ',>oe,,* J«*«. *«.«» it. kl« M«u *r 
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ropoto «Mid ttoHttl lneulntlon ohoraotorittiet arc fr.vowm.blo for the operation of 
oertnin typot of ¿luainiwi reduction oollt. 

M.   To •o uto trand la r.luainr. production it can be »aid thr.t: 

(a) The Bayor prooooo hr* boon groat ly improvod in roe ont yer>rt nnd 
Mill oort-unly produoe aoat of the world1» aluadnn requiroaonta 
for aaay yoort to coa». 

(b) Contlmtou« digotti on hat boooau standard practico for all type« 
of bauxite, and oontiaaout precipitation it amo boiac widely 
adopted. 

(o) It if now poaaialo to ttoat effioiontly r. largo variety of 
baaalté qanlitloa, ¿»lading "aijtod bnuxito»». 

(d) Fuel etaavaation an« been crcr.tly rotated at tao re eu It of 
iaaroved hont oxohaitgor efficioaoy. 

(o) Plant oaaoeity ana bcon inorcaaod by vaine «odiun hydroxide 
iaatood ef «odi» oarboar.te. 

35.   H» amia aasUiary raw «ateríala in aluadaiaa production arc fluoride« (cryo- 
lite aad alaainiua fluoride), and anode aetorial«, i.e. low nan ooko and pitea. 

J6»   Tac only known largo natami oryolitc dopatit at Ivtgtut in Greenland la 
proetior.lly «torn tod.   Moat gceaont aad all future fluori da roqairoaonti will 

tacroforo as bated aa araoaaadag fiaoraanv (aaloiaa fluoride) of wkioa tacre exitt 
laage dapaaita ia ta* world la Ncwfoandlaad, Mtaioo, Praaao, Spain, Sweden, China, 
laaHi JLfrlea aad tat Soviet Uhi on. 

37«   Pmttiaally all tao loa -van ooko aaod aa naade aatetir.l it petrol coiw, of 

wklali there ata adtajante aappliot today.   Put rol eoat aoald aowevor, «©eon* a 
botti amok if ta« aitatala» iadaatry ^rowa fatter taan potrei«» reflala« an* itt 

any taoroforo noavire iapartaneo ia tao fatavo.   Tar toko hot boea uaod 
ia Sanaa* lad tad« ia a liai tod toarte.   Qilaoaite ooald bocea* aa 

i a»tad Mit aaarUtaU bat tfea largaat patoatial aourte of earaoa it of eourao ooal 
aa* «am at raaavad ay «afeada «aa* at ohlorlae «olatllitatioa.   Carbon 

«•aid at nmajply at datti ay tao uao of aluainiua radattioa oello with 
it aaodat bat «nata la aa iadioatloa of tito tuoooaafal dovoloaaoot of 

a toll. 

fatta* in aUaaaiwa pradaatioa. 

nia tapira« lata» «janatitiaa tf 

•ado -md&n ttill 

ta« ciootrolytic araaoaa. 

••" --->--'»•»--•• *fc***~  •ÉMi rtnil frflli nlbfcii    m*  liâB  Mtoft   ¡M ¡Tr i^ÉTll i Hill      ^    ~*~ ...     ,—.   -Jfc»^      • 
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*.t »«lt. «o **, w      th. ordor of ij.j affi po, kilo (6.2 KM .or ,««4) M 

thl. «*« i. b«o4 o» ta, .„„.„t «„„tt, MU. „4 l(a8, ^^ olw_.. 
*>«, of «won ««at i» hlsh ilmil)tll<m,. Sa)Moi ^ „„„.^^ nohteYo4 ta 

CÎÎ CT '" *î •Klnl7 ,0 lm"r ""'*' """ °Rth04° "*•*"-. ^«' ortU (up *> 150,000 -*>~.) .ltt „0„or ^^ omoloMyt MUr vMio lwol ^ •* 
~t«lBtl«, „«Iti* u ta, tBtcPpolw TOltntc> ^^ euwo|it ^^„^ 
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•««., «.««au« .*>. ctata, írttías a% mTMBt „rt wl(| ^^ ln 

•«M of «*. offoet., M0 w of fl,uly ,luWnr in ^ Miji     ^ iow)|it 

-«•» MMVH« ftp«. „, „^„^ „ith ^^ ^^ ^ tiM ^^ 
i. «tanta, fr« »„icrto* t0 prolK)fco !aatatt Kvaninc tho tKni 9t ton te 

form f\go. 

«-»«•, »4 it on» bo »M, pro4lotc¿ thnt i-Mr oonra|>ti0Il -u to ftwÄor 
~4»o4 ta „„. ,„ 0WM.   m, K1U pwbaM/ ¿ Mhlovg<l      ftirtter 

»t «'Lu* u'000 ^ °01U - "'**°"tl* "««*"~ - * *""«"« ^o- ««. cou «Itneo oontrol „ov tntrodBOl)d „ „ oxp<>plooI)tal 

J£-*-~ •' «— - «IM TO.   ^co»t „«lo.•. ££* 

»»   »«1*0 „tho*, .01l4»„r., „, „ rApto4 for eo-Maini ^       -* *"» 

ti«. «4 into„.t « .^ r,wfJ. ^ . lMW ^^^ of ^ ^^1"'- 

41.    ». l«o.t ^«.r ,.„„ M tornii» ,14 ^^„^ plal)t. w 

O.í. «all w4 «ht. i. prat-M, tkc «a«, f„ ,„, „, ..   .    . *"«•»•"«• 1 
H*W »o«r m« ^i4 for Mv-tai» »^„»i,, .. „„.„  T~   .   *""*'   *» k^ii«.^ 4k . . »«»MOMO» i. probably ttbott T Mllat i« 1. 

o^kor oet«« u «afe «HIM. of whit* inWu, *- .«. ^»« 
»it* 1U küH IrM^r ooot the >n«i«« t. AhMlt . ^„ 1T~,,•    & 

<«• "UM io nbotjt 4 nu« »jh^pe^ 
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and Japanese plants oasi compete with up to 6 or 7 mille power. 

•:3.   Aluni niun roduotion plants have until now boon located close to cheap powor 

Bouree» but two rooent developments will five moro frocdom of ohoice for the looa- 

tion of futuro plant«.    The firot of thcoo is hi^ voltai ¿C and DC transmission, 

whioh will for oxaaple próvido ooonomic power tmnsnission at about 800 KV frora 

Churohill Mis in Labrador to points 2,000 to 3,000 kilometers away,   Tho other 

important dcvelopxont it nuclear power whioh is rapidly becoming ohoaper,   A few 

months ago Rio Tinto Zino Corporation proposed to build ?. nuclear powered aluminium 

roduotion plant in Great Britain and now several ether companies aro seeking, to do 

the sano. 

44.   Ileotrie power is of nuca loss economi o significance in alumina pro duo ti on 

Nevertheless a large alumina plant raqui re e a considerable amount of powor and this 

is a problen if no power source exists at the best plant sit J, whioh is often olote 

to the bauxite sine,    The Bayer process requires lar&e amount s of stem and in many 

oases stow production is therefore combined with eluotric power generation.   This 

oombinr.tloa is particularly attractive when trentini, monohydrato or mixed bauxitss 

because of the raqui re* hifch stettn pressure. 

labour 

45«   With rising living standards labour bocosws an increasingly important coonoano 

factor also is ihn aluminium) industry.   Oreat efforts are beine mode therefore, to 

roduoe labour rooui restent s, particularly in North ¿serica and Western Europe where 

living stwd&ras nnd therefore labour oosts are highest. 

40«   ïheee offerts are directed mainly towards) largo production units, renoval of 

©anual labour by scotenni sat i on, and reduction of supervision by auto» .tic controls. 

47»   Labour reeuirononts for bauxite sdniag hnvu beon ¿rortly reducou in recent 

ysarc by extensive uno of modem uechaaionl equipment such as bttlldcsers, dril- 

li nest large tness «né la particular onoraous rotary buofeet excavators which have 

been in use for tone yearn now in Burlan» and Ouynaa. 

4$*   Bayer alunis* plant operating labour requirements have been reduced by the 

adoption of large unite and the now alnoct universal ehange-ovor to oontinuous 

operations.   Maintenance lnbour requirements br.ro been reduocd substantially by 

inpeoved nassaUs* nethods ani the me of syntactic filter fabrica. 

49.   Labour rocuirencnts ar© important in aluminium reduction plants beoaunc of the 

large nejsbsr of electrolytic celle which have to be looked after.   To reduce these 

reeniffejssnts the trend, particularly in Berth Jnwrioa, is to use teens with achile 

ilìf n*iTiìr"'    •"• *  -*"• •••-• ^'^'^ iff     ff't    V" - •* **-' 
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5I.   Alw*aiw !• wed fe* a lange vnrloty of producto and aluai&iun oonwnptioit 
in a oomtrjr reflooti it* «t^ndcrd of living.    Oontofitontly altmlniun eonmaeUo« 
por inhabitant io far Richer in the floh Industrially davolopcd countries than in 
undoréoyolopod oountrloo, rui shown by tho figuren bolo*, taken from 
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loi" "'^^ ^ * th° "-> "«. »*—«l lo-«"»* «I »- 
o«», hand, .h«, „ timdcnoy t0 lMreni(i ln mMt couBtrtoii 

. JSr it: irrr -*"1"/ron ^ — "** ^ «* 
ttta-J   7 Vln" 'll"i"iUB «*-«»» *••»*.  '»ould bo ImM 010.0 to 

s. L T^ in Borthora ^ wi->—» ^ -««x irr mult;  from thorc nlunim will h<   .m«    .»  •     ^ 

co»,rio.     ^/r,? "' H0U"-nd' DnitQ<i 3tat°" Mi °** 

, *     "" oont'~'t *° import it. part of Int,-.loo-, .-a«!« KMI»«».». 

w,i, t^ tTr^;rrz:r r •^ *•""< °f *-~ pum. «Postela, rototio» i„ „onn bulk ^^ ^ ln ^^ 

30,   Altaina is much oheniicr to t*»».^-*. *u 
course   thnt *-   •   ^ *"*»Port than bauxite.    The nain roaaon i.. 0f 

into ^lualRr. on the 3*ot thri» tn -H,    *U   . ^ononioal to prooe,, baiadte »nv. »jpot tftan to ship the br.uxitcj tn BI„M.     I    A 

for «•. „lualn, pl^.   . ^,„T * ^ *" "'* 0<"no01« »•»«• 

--w. or »tiu.i», ta, 00it l'^
1^' ''»»" »-i-«« f«- •• 

»d «»m. .„*, ln KlttUon "" ""^ »»-i«*-.*.« for brintinj i» r.«,! oll 
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•oo. i« «. for .o», yo^. in ,.. ^^ B4 "
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Plant «ige 

5S.   With the growth of tho industry the ai eoi of competitivo alumina a» woll as 
aluminium roduotion plants hr.vo increased and this trond will oortainly oontinuo. 
Whoroos a 100,000 ton« por yoar alumina plant and a 20,000 tons por yoar aluminium 
roduotion plant wore oonsidorod largo units boforo tho last war, now the major 
aluminium oompanios usually think in tonas of alumina plants with a capacity of at 
least 300,000 tons and aluminium roduotion plants with a oapaoity of at loost 

100,000 tons. 

59. loonomio oiroumstancoe vary so raueh that tho minimum plant siso must bo 
aotorainsd in oaoh individual caso.   Howovor, tho following si sos for alumina 
plants aro ci von as an indication^ in tons alumina por yoar production capacity: 

(a) iolf-oontainod alumina plant in North ümorioa, Japan or 
Suropot   soy 150,000 in Burope and Japan and about 
290,000 in North America. 

(b) Alumina plant oonnoctod with mining of a bauxite deposit 
(tor example in Australia, lurinam, Jamaica, Most Afrioa)t 
about 200,000.   Tao minimum uconoaic siso oan, howovor, bo 
oonsidorably largor than this if th«   projoot require« a 
oostly intrastruoturo, suoh as a now railway lino or 
harbour^ tho Pria plant in Ouinoa, initially dosignod for 
410,000 tons, is an oxaamle of this.   On tho othor hand, 
Alooa of Australia stortod a oouplo of years oto a vory 
profltablo alumina production r»f 100,000 ton» psr yoar at 
Xwiaaaa in Wostom Australia in this ooso oxoollont port 
faoilitios existed only Ä alios (45 kilometer») from the 
bangi to doposit at JorrohdaKi. 

Ill this oonmoxion it should bo poiatod out that tho ooonomy of an alumina plant 
improves with iaareaaing oapaoity up to about 660,000 tons AlgOj por yoar (2,000 
toa« por operating day) whioh is tho largost unit siso in operation today, al- 
thouch most modo« plants ore based on units with oapnoitios from 200,000 to 

330,000 tons psr yoar.   A largor plnnt will thorefor«    onsist of two or moro 
pamllol •rsèmotion units, and further oost savings be     e loss merkod. 

60. It is more difficult to fcive amy geaoral rulos about tao   minimum ooomómto 
sia« of alumialma roamotion plants.   IVon «ho largos* aluminium roduotion oell is 
a amali pcodustion «ait and tao olootrolytio afooess thus provides groat flexi- 
bility with respest to plant aise.   Tho acts oost i toas in aluminium roduotion art 
olsotris pswor amé labour, besides troaraortation costs for alumina and mo tal. 
Commequsatly a saall r«du«tiom plamt oaa he competitive provided power ooat is low, 

portiowlarly where tais oaa bo oaafclmod with a tidewater 1 ooat i on.   This is, for 
oxeaplt, the «at« ia Norway and la North woitem Ohi tod Itatos.   It was alas tas 
ooao ia the Alp« *•*• thsro ore asay small Premoh "and twiss plants but mow 

^y^A^^l^k^ 
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han booonc oxponsivo in this oro*.   To Civo corno idea of minima competitivo situi 
for aluminium roduotion pianti under prosont economic condition», it oan bo non- 
tlonod that now projoots in North Amorto* havo boon based on a production of at 
loost 100,000 ton« por yor.r, in Europe on 30,000 to 80,000 tons por year, and in 
Japan »est rooont projoota have boon initially planned for 30,000 to 50,000 tout 
por year. 

él.   Sconcalo, are achieved by vortical intonation auch as the oonbination of 
bauxite minine with alumina production, aluminium roduotion and fabrication. 

•mallor pianti enn therefore become competitivo when several production »taso« are 
vortieoily integrated.   This has been dono in Bruii, Australia, Norway, Switsor- 
laadf Canada, Japan and the United Statos. 

i ii. 
¡i y 
IH' [ 

It.   Alumina, aluminium roduotion and modor« fabrication plant, ro<miro larço la- 
w*t*ontn, and also the intra»tructure required »mem os oloctrio power Generation 
«4 tfannnission, port facilities, preparation of bauxite minine and town-mite. 
mm.ro projoots aro iooatod In virgin torri tory. 

iU   «o nafinitudo of tho investment i. illustrated by the publistod oost of 
rooont nluminiuo and alumina projocts. 

Jrpo of plant i    alumina from "mixed bauxlto" 
¡••¡»"f « «00,000 lomt tons/year 
Production stortodi   tyéf 
total oostt tiff 117,000.000 (includine some infrastrutture 

investments) 

2*m°-*v« 410,000 metric tons/yoar 
Prodnstton startodt   I963 
fc*nl «otti Kfi 150,000,000, (ineludinc minine and trarne 

portatlon facilitios) 

Srf» »f P*«**«   alumina fron «nixod banni to« 
¡J1*""* •Ofi»ilri   950,000 short toms/yoar 
Plan*** start:   Mo) . jofo ^^ 
Irtinatod eontt   iUB 189,000,000 

«f.   , 

«ff* of pt#srtt aluminium reduction plant 

•*•». T %Pll|m       ssMlmJml        ***** 

•**•**      Jai   iifi£   32 
*** aie.ooo      159,000,000 
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MlUlill lì1t1^M*"^   *"-""*'-• mi*"A •«"»*» (oontinuod) 
Xnoludo« alvnAna »loading and «tarage fnoilitio», but 
no powor facilitio« boyond recti flur tmntfofaors. 
Alf 4^u» ^ Qrtoû. Balnt Nionola«. Orocco 

Typo of pianti    (a) Alumina fro« »onohydrato bauxite 
(b) AluDinivft ro duo ti on plant 
200,000 motrlo tonc/yoar alumina 
72,000 notrlo tcn«^oa: 

Capacity! 
\T aluminium 

FttAMUon «tartod!    1966 
Toted eo«ti IW 130,000,000, (including. infrastruotnr« 

invo«t«ont« «neh n* a 
bauxite earto «hip and con- 
tribution« toward« tovn-eltc . ) 

«4*   Tho toehmoloar of alumina and aluminium produotion, as «oil a« aluminium 
fabrication, i« «oil know in ¿onorr.l.   lowovor, «ho loading aluminium produoer« 
•pana mat amount« on roeoarom ani dotali« of their lntomt teennieol iaprovoaont« 
are uomolly not available to outsider«,   in important factor In ooaneslon with a 
now almmlnlum project la therefero to obtain foil aeee** to up-to-dato tooknolouTt 
iMWÜag plant dosici, operating pmetieo and training facilities. 

in. 
•5.   fhw aluminium imé**tfy ka« alwnye «eon «kfitaetovined bjr vortical integration. 
1ml« mm one Initially to tho noooseity for pionoor proposer» ««am a« Alcoa in «ho 
united tinto«, Ino Imitimi Aluminium Company io Croat Britain, Mehiney in Frame* 
and Aiment nu In iwitoerland, to   develop raw naturi al« and maltet« for the nov 
neta.   «MP» «ore no esistine ot^onisatiem« empori oneed in manufacturinc and 
telllat aluminium prodwl«, no the/ hod to no it tnomsolvo«.   The trend toward* 
*er%4e*t lnteemtlon in« besom» «von nere pjomoumtod in reoemt year«, renenlnt a 
petal «hjore It i» nlmtifl lmpemmdbic for an independent bauxite, alumina, oleninimn 

of e4unim4vji fawrUatinc, operation to «ir*ve U tho competitive on. 

•e.   At tho «ont tin» lendini «iiojpmii—» «ti«» were originally national in 
eats» «Bin cndenllr eictondod thoir lntorert to all eommtriee ef «he world 

are allowed to 
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#?•   é\ lait« ptoportion of the aluraíniun industry in free enterprlac economiea fro« 

bauxite ainint to marketing of finiahod aluniniun products, iB now controlled by 

ooapnrntively few oorapanic«,    Theeu oonprjiica have in the courte cf yonr« aoifuirod 

control ovor moat of the known bauxite dcpo.it«, mootly through their own explora- 

tion offorta but nino by systematically purchasing bauxite deposits fron smaller 

•ininf companies, and by obtaining lone-tern ninin{  ooncessiona fro» /Tovcrnaenta 

involve*.    As a result of thifi policy major oonpanies have aiao obtained effective 

control of the alumina inrtuatry, and it is believed that there ia now only one in- 

dependent producer of alumina in the free enterprise eoonoaios of the world. 

a*.   Tac aluminium reduction industry has traditionally boen auch oorc aproad out 

but also hero the <:innta have beon ¿rowing at the expense of indopondent producer*. 

In »trope one of the lariat producen, Aardal oC Sunndal Verk in Norway, with mi 

annual capacity of oorc thnn 200,000 tona -and ownod by the Norwefian Government, 

found it difficult to carry en aa rji independent aupplier of primary metal »mie 

ono aftor the other of their ouatoacra - the independent fabricator* In Europe - 

onao under control of the larGe, moatly North ¿morlona aluminium ocaanaloa.    ¿ardai 

og Sunndr.l fork was therefore foroed by oircvaatanoes to ooae to an arrangement 
whioh givoa ¿loan factual oontrol of the »orweLian company. 

•*.    But it ia in the fabricating field that the la* e companies have been aoat 

aggressive.   Thus the proportion of fabricated aluminium producta supplied by indo, 

pondent fabricator« in Europe ha« sunk fro» about 50. per cent in I958 to about 

25 per oont now, and will undoubtedly be further reduced in yea» to ooae     Tmc 

lar^o ooapanioa have beucht out the independent« in order to tocure outlcta for 

their priaary metal by controlling the fabricating induatry.    In lurope one ha«, 

for example, «eon Kaiser and Alooa ae<niirc control of two loading independent 

fabrloator« in Great Britain, while ¿loan and Kaiser have moved into «eat Oeraaay 

«* Swiss Aluminium into «ollond and Italy; at the «aae tiae, Nomiaey ha. oownirod 

•ontrol of «oat of the French and Belcian fhbrioatinÊ induatt».    In North ¿aeri«« 

the picture i. aiailarï ¿mcrloan Metal Climax ha« acquired control of three of the 

latest independent fabricators in the United Stato« (and, incidentally, of one i. 

Ooraany), ¿loon ha« taken over three or four fabricating ooapanie« in tile United 

•tato« «mile Reynold, ha. obtained control   cf a rolline aill and extraen «Inai, 
whioh were formerly iniopondont, in Canada. 

TO, The ciant« of tho aluminium induatry have in reeont year« oven taken cm ^ 

pioto intofetatoé oomanaio« whioh found thomsolvoa handicapped in tho «ana istori 

national competition, uaaally for lack of capital to expand nt a auffioiomt rato. 

toae year« 040, Reynold« Metal Company aoauirad Tho British ¿lattaia* Ostava*/, hy 
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HUP ta» Urgent i» O«** •ritan, after i ficht m waioh aeon vai the loeor I« «IM 

fi Jit for «antral.   I» Japon, ¿l«na Manir»* $0 por oont of nippon Ucht Metal« 
It A., by ft* the latfceot intofmted r\l«*iniM ooapaay in that oowtry.   Hallar 

it« took placo In Attntmllr., imiti and elsewhere, 

71,   Boot of tao new plant«, whotfcei- alualna, r.lualaiua réduction or albini« 
fabrioMin« pianto, reoontly bnilt m the world outside of Morta ¿aorl«a, aro eoa» 
trailo« by, or nevo oubstantial pnrtioipation by anjor oonpenloc.   Por osoflMlo, 
Un—IOOB ewiw or oontrolo nlnainiua re Aue t lori pinato built «md pirated roeeatl/ in 
Mo Hand, Ieeland, Italy and tforwry; Ptohinoy-Ubino o ont rol» UuainiMB du Oroee; 
larvo** ana anjor pnrtioipetloa m thw Âlnor plant in Vonmjr; a00a in tno Vocal ani 
non U«tn plant« in Wormy- Kaiser it in Uohnioc.l oontml of th* Volta prejeot in 
Onnan and a anjor partioipnat in Coanloo in ¿untreu*, muid -loon OHM or oontroU 
iaaortaat no« lnteemte« r.lwatnlun Industrie« in Ano t ml In -»d Surlnnnr Alora nan 
Kaiser in Inaia, and no on. 

TI«    la tao ini toé tinto«, however, tu« trond ha« «non .iaoot reverse«.   UM lari« 

»osaanlo«, ¿loon, Knioer and neyaoldn, hawo cromi ovon lar¿or «at at 

1« UM now lnoaaenaent pro éMU to hart eaorto«, first ¿naooadn, thon Snrwof, 

«At now two or «MOO now ooaaanlM plan to ontor the alwMaivj field,   the 
tal« oowli limm in tho Caite« ttatoo lo obvioasly that the aarhet in M 

largo that a newooaer «on «tofft iamodlately on an 00on—1« oonlo, ani «hat «nattai 
I« «vnilAhlo far Tory laff« Indentri al prejoot«.   On ooth «omit« the United tint«« 
1« ojwAto «MOM la the world of today. 

.   It 
, aas tu« hm rosnlted la 
as ««41 at Êfont effort« to 

H*   Ail anjor avalai« 
In 

«oil «a 
, itlliftUt 

r«^t«WoV*j Vov  JKPv^P   OV«««BJH««M«^PB'VJI 

Hag for opon pit «oal 
Utftt «•!<** 

aad UfMto alninf, hw« 

in luminili i •§>*•• -an—A*-*   .^.~w,. ^^ . . P* fu iif It* ft** ir-ilh    mm r rv        "fiim 
j¡y 
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Piotai mid it. «dnptntion to the novi)- found V*»d" bftt« to. To a luM« tei« 

¡^ 4' **••*'* tovrJP* th0 «tiiuntio« of »» «vtcrtM. other «Mm *«!*, 
»it «gr »o ei mjor fluid of rcwroh in the Soviet union. 

^Jto«mwh in al^niu. ration i« dirooted ao.tly totmrJ. In^or oolU 

•~*W4 iMllünc, eo^t^rltod operation, RI* new antortnl. of o*m%wm%i<m U i«. 
»• ooll Uf6.    ,t loMt onô of ^ mior prcAwow it 

f*» -li *ioà, if .ooo.ful, could e^tly inerbo coli Jin** 

^r i!Llahottr "^ "d *--lt **~** —- « *«n •••••* for so. aarkct.. •* 

TI       «""«i• «»««s of «m, M.«, „to,,,,« for E ! 

- -. ». »* tau* „«*., m ^ ^ ^ ^ ft^*  |^-»-t. 

Mll-ktwa« olMtTClytio »«taction proo... «i»«. ». „,„„..      ' T "" " 
MM« bè.i>   1*^. *•««••• »lace «at oRrtiMt ioemmn of «, 

^. «TT'011'awUüd - cort*ln •*—- ~ »-«. -TE ZI 
ami« vomit rroawiu «><•<»<•- A««.^*!   *_ »»»»w*«»m»»if 

~M.^       .Mil« «^^ rt-to«^. oelu rtt|( l9. ^^ ^te<t 



ID/WO. U/1 
Paf.o 2? 

tho tuboalorido prooe«n, jointly by Wohl noy and Ut ino for tho oarbothoraio pro- 
00M and by Reynold« »total Coop*? for tho «ocrogation prooot«. 

Ol.   auBlnim Oosanny of Ganad* (¿lo&n) lin« boon working on the «ubohlorido pro. 
ooM whioh it baaod on tho oxlstonoo of alumniu» oonoohlorld« Aid (al«o known a« 
aluadniu* «ubohlorido ) whioh vmdor oortain oonditioiui of teopemturo and pro«turo 
do«o«po»ot into alualnl«* trloniorid» nnd alvainiu* raotai aooordinc to the rovor«- 
ibl« roaetiont 

3 UCl :.W1. • 2 Al 

In ptaotioo, owaite it reduced with oarbon in on olootric «»oltinß furnaoo to on 
alloy of oluMnlw« nnd the reduction produot« of the othor oonttituont« of the 
ba»*ito, «uoh a« iron, til icon mid tltaniu*.   mi« r.lloy it trar.tod at oiovatod 
temperature with aluniniu* trlohlorido 3at, whereby the albini» oontont of the 

piloy it wlRtilitod nt aluainiua «onooklorlde.    The (a«oou« aluniniu» «onooklorlde 
it the« docoapoaod by oltorint tho tcapcrr.ture and pre«««*« condition«, tke dooo»- 
potótio« produot« or« puro alusinl«« «otal nnd aluainiuti trlohlorido c^, whioh it 
pooyoicd to tho volatilitation or distillation «top. 

81.   mo carilo«* proeoM of thit kind wit pntontod by Uooa in 19».    In thit 
ooM iapure alvaUiua, ol«»inlun carbide, cto., wore troatod with fluori do« 
at &Xfv Hßf2, CaF2, cryolite, 0to.f at 900° to 1300° C.   Tho oondoaaatu wo. ft 

alxturo of fluoride« and puri fi od olvadniu» »«tal, whioh oouid bo «opomtod by 

«citine tho oondoaont«.   1.0. Farhonindwitrio took out a Ooraan patent in 1940 

bawd on a tlaiiar treataoat of fcrroaluniniu« with fluori du« at 10500 to 1200° C. 

8j.   Tho firtt patont« on tho volatilisation of al uni ni u« with ohi ori do« wore tafeo« 
<mt by foroinigto a«rtniua-ft>rke in Ootaany in 1943, nnd in 1944 lush Duty Alloy« 
Ltd. took out patont« whioh «poelfy the m of aci3 vapour for oxtraotii* alta*«- 
i» fro« a prohoatod aluniai«« oontainiaß «atoiinl.   Tkoso patoatt wore ba«od on 
tht work oarriod out by P. Oro«« at tho Pulaor »Moarok Institute in ftidaad. 
fht pntost« «oro Into» traMforrod to Intomational aioy» Ltd. mid U«in Ltd., 
fro« «ho« thoy «oro aofulrod by Musini«« Laboratorio« LEM tod, a ooasany belonging 
to the ¿loon croup. 

04«   »«H«c tht la«t twelve to fourtoon yea«« ¿luBiniu« Laboratorio« Liai tod ha« 
oarriod out ostoatlv« dovelopaoat work at Ar*da, Quebec, oulaiintine in the buil- 
<*«* of tho lfttgo pilot plant «hi«h ha« already hton «e*tinned.   JUooa alto looted 
i«t« tki« «rot«- in a pilot plant at la«t St. Loui. but tho work wa« abandoned 1« 

lfSl.   Othor iondinc «l«M«l«a ootaonie« wkioh h«ve invortltated tho «ubohiorldo 
«V« «»i«« Uuaiaiua Ltd., ?.¿.W. (Ooraon), UCiiw and Kaiaer.   Tho «avio 

^n ^mmUUÊÊm im aiift mil Étti IééMéIH in      nMÊ È Minili li iW 1 lÉriiiiif**r     -   •-' •Miíallib^iÉáiÉ •9BBS1 
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l pítente have enplred but alean KM teten out a large motor nf petente w 
1 te* étti» detalla te reoent yeero, 

«5.   UOM decided U I960 to build « 6,000 to 8,000 tane par |*ttr pi Ut platt at 
Arvlna, flMaia but ran into difficult problono when aptlying* ta« pre B IM an thin 
large a eoale*   1MM difficult 1M, Minly connected with oorraaian an* traMfar of 
tenurltUn, oauaad lanf telara and large additional anyone* yntll AIM» gava M «M 

praiaet in 1967. 

Sit   Mohlney in Franc« Kaa bann working en a oarbothemic pre e taa for a auMar of 

jraare,   A nwteir of patente have baan ieruad to Pvehiney, «ha aar li an* dating- fran 
1951.   fhin éeveleoMnt haa renulted in the building of a larga pilo* pian* a* 
»•Marna, fvaaea in 1960-1962, jointly owned by Pdohiney ana Ugtee.   H» NehlMy 
patente teaerlbe a   Mnr of proeaM atepa Mien e« be uneé in mrlnM uni Ini 
tten*.   »aw i ver, tha proonne new being invoetigo*ed at tha naguaran iMarinnntnl 
plan* appaerà te oeneiat of the following three nain atenei 

(n)   taunt« la Mènent in «leetrie furaaoee in two stagne.   Fire* the 
tenurltlec are rateoet with a lini tod aaeunt of eatte» (prevenir 
Mtnllujtloel MM) and renoren M m Fn-ti-f 1 alloy,   fhin Mm 
n fairly pare Mite altalan, whieh in probably tapped ate grami 
lateé for UM in the eeooM atop of ten pu inane. 

(I)   tea fMed nlMten in Mteeen with additional oarbon (probably 
petenl ente) te n »istauro of M tal lie alMteiM, alMiniM eartlte 
al.0. end nlMiniM euboniae Aia0.   Bayer alumiaa, whieh in 
pnMnly pnror thM the •leotrolhomioelly produoed alunlna, OM 
atee M «Mi M MW Mterlal for thia e*ep. 

(n)   tea Mlten A1-41/Î--A1-0 aixture in eiowly ooolod whereby a MMM 
Mterinl te feMid^ooniieting of an nlMtelM oarblée eryatal 
lnttiM »ite tee Mite filia« with Mlten nlMtetea*   "tee alMteten 
te Mparatid frcnv tela ninture and tee alaiUl« oarblda in reoyolee, 
ntetehly *• tea nooon* reéuotien atop« 

•?•   OteM tettante MM ayparMtly alee MM teina out in ten tenm pilot ntewt, 
«te « MteetlM at a vary high tenute (pretjably 1)00° te 1*00* e) 
te te AljO-41-40 gM aliterò whloh te Ntnoad te Al.C. in a ante filloa 

ent%l«e Mn te liianmt tete alMteiM Mtal an* grnphite et atete 
e. 

MtetilinntiM nf alMteiM <Mn*ly M MMMM) nt tee high 
(lu»4 |t IH»

9
 C), aai ntee ten te the preblnM ooMoctod with nil 

te ten priiiM«   Manin« and Ugtee ate probably MI* 

eeala Wt it 1« MMMnble te telle* tent ten proMM te «tell 

UNI II« Il      Mil 
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8?,   Mohlney KM «Ito taken out » mater of patent» on a prose«* involving alunln- 
iun nitrite Ali M intermediary product but it i« not believed that the nitride pro- 
otM has We« developed beyond «nsll-eoole sxperiaentution. 

90. Reynold« Natale Company has boon working for «omo timo on a direct reduotlon 
prooeen«   The first etep oonaitte of reducing bauxite directly in an electrio fur- 
nace to an alunlniun-silicon-iron-titaniuin alloy, and ie thus «inilar to tho firet 
•top in the Alean prooeM,   The alloy i« subjected to controlled solidifioation by 
•low oooling, and the constituent« are subsequently separated by fine grinding, 

flotation ana «agnatic separation«   The prooess is primarily being developed for 
producing «luniniusy-ailieon «Hoys and it is doubtful that it oan be used for pro* 
ducing pure aluminium« 

91. The development of Aloan's «nd Pechinoy¿Ugine*e now oloctrothornio prossssss 
has net with so m*ny teohnioal difficulties that Alean has abandoned further laffs- 
•oale work on their prooesst the Mehlnny-Uglito prooess is also believed to be far 
fron ementtfdislisntlon«   The Reynolds prooess, if suooessful, would probably be 
United to the direct product loe of alumimiun-nilioon alloys and would therefore 
have only United apalloatlon«   It is therefore reasonably safe to state that then« 
«nd similar new prnoosnes will not influenco the aluminium industry for « nwnber of 
year« - say the nest ten year«.   IVen if a direct reduction prooess should beoone 
suitable for uossni-clal exploitation in five to ten yoare fron now - whioh is very 
uallksly - this would not renier oosjf—ttsnal plants ismrsJ «toly. obsolete because 
tuen Bang nuil an Aloem, Mohiney, Ugine and Reynold« all have enoraou« lnvustnonto 
in conventional alwnina and oleo tro lytic aluminium plants and undoubtedly will wish 
to oenttneo oparmtlng these at a «refit« 

92. Into» evaluating the poeeiblo future inpaot of the new preoemm it i« insoetant 
to keen in Bind that the layer alumina end the Rnll-ftoroult electrolytic reduction 

Btn•••••• he«« by no nesns yet mseat ultime«« perfection«   The oenventiom * 
oeenen «te being further 1 «grovel and « ««griser of present envelopments will 

teinly remit la ««estenuai futur« 

t. 

, at n modest investment «nd with sen« 

eluninlun fahrieatiag industry to satigfy 

artielee whioh are oemmaratively simple to 

have «mil aluminium aollownr« plant« 

iMtiiJ)    -ri, ', t 1  1 Hi H    II l'i   ^¡attilli -••tauitflifc^K. riH 
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in many oas«s mall rollinf mills, «xtruslon plants and jobbing foundri««. 

94.   Howovor, the prompscts that dcvolopinf oountrlo« hnv« for establishing bMlo 
aluminium Industrio«f that is, alumina and aluminium reduotion pianti, it th« nmxt 
oon«ideration, 

95«   Nœt of the world'« bauxite resource« and a lorfo proportion of th« world1« 
und«vslop«d wt.ter powor resource« are both looated in countries with littl« iatu«- 
trial development in tropical and «ub-tropical regions•   Many of th««« oountrl«« 

in n««d of n«w job« and production to combat under-employment and improv« living 
st«mdarns have the noo«««ary natural roeourc«« within their bord«rs«    Thi« is th« 
O«M in W*«t and Centrai Africa, Central and South Amorío«, and South ana South 
•act Asia*   Tot the«« resource« ofton remain undeveloped or not utilised to th« 
full bon«fit of the country«   What are the Unititi** factors, and what are th« prob- 
1«M that haw to be overcome when a developing country wishes to o«tabli«h a baa lo 
aluminium industry? 

96.   Th« nain limitine factor is probably the large invootmonts required for alumina 
ami aluminium réduction plant« of economical «is«.   The output of an internationally 
eoftpotitive plant 1« usually much larger than can be absorbed locally, operation of 
sua« a plant Bust therefore, to a considerable extent, be based on exports to 
of high consumption. 

umhin ihiTsfti liliTiiitf il mlnln amMimt 
97«   It ha« already been explalnad that leading aluminium produoer« have b«ooa« 
vertically integrated and increaaingly international in their «truetur«.   Th««« 
larg« eiasjpsjii«« are continuously striving to broaden their raw material ba«i« - in- 
eludimf bauxite, alumina and primary aluminium - to satisfy the rapidly expanding 
world Asm «art for aluminium.   Practically all these oompanie« or« basically lntrnvmstmi 
U participating in alumina and aluminium reduction project« in developing oouatriM« 
pwvlioi th« project« aro economical} that 1«, provided they will oréate oompotltlv« 
a«w «our««« of alumina or aluminium metal for export to world markst« in vmiom tn«m« 
international oommomle« hav« fabricating plant« and sales organisations.   In «mom 

oases« larg« aluminium ooopanio« oan in effeot be expected to oompeto for th« pri* 
vil««« of «stabllshing such plant««   Their reputation and influ«no« in tms main 
mommy marlMt« «uoh a« faeton» lurope. the Unitod Stat«« and lat«ly Japan, i« «siisi lr 
such «mat tn«y oan finameo prejmet« involving very large sum« <ef mommy«   X» mmmy 

khsft* nam almo «sort lnflumnc« ami guarant«« th« teohnicol and annimmtp rotmlts 
to obtain fimamoing support from governments of oountri«« wit* twain «vmil- 

abl« for foreign investment. 
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96.   Fro« this it 1« évitent that large aluainlun oompanlo« wish to ««tablish basso 
aluminium lnsmstrle« in ssvslopins; oountrl««, and that thoy are eapable of eaklaf 
financial arranf saints for the very lavs* Mounts of money Involved.   Their objec- 
tive lif of course, to profit fro« such project« for a number of yoare ninminsuiati 
with th« vtqr M««t«Rtlal finenoi&l and toehnioal effort« sas».   Hila naana that, 
beside« th« natural oonditloni existing for a competitive project, economically ana 
pelitioelly «table oondltlona nu«t also exiet in th« country in ornar to make «uoh 
an iaviitnint and effort attractive.   Furthermore, exist¿nf condition« and th« pant 
record of th« country nuat be «uoh that one oon reasonably cxpeot these «table oon- 
dltlona to Inst for n nunbor of years Into th« futuro»   Th« laportanoe of futur« 
stability 1« obvious whan on« consider« that in nost oases an alumina or aluminium 
reduotloa plant is planned for future «»passion In «tasas and nay only reach Its 
ultlnate econosy tan to fifteen ysars after buildlnf th« initial «tase.   The risks 
about whloh ths privat« investor nssss rsassurono« ar« primarily oonflaoatlon - 
often «nils« nntlonalisation - futurs tas sfuse««, laposltion of prioo oontrol 

whlom liait profita, ani currency oontrol« which prevent rspatrUtion of 

99*   önfortunately, nany sf th« ooumtrlee with substantial bausit« and in ssss sssss 
als« water power rasourcas, have fone throe«* selltioal upheaval« ond ««ansilo 
orlses in rsesnt years 1 «uoh a rsoord of oouree natta« a conpaay, who«« responsl- 
billtr it is to snfsgnnrd it« fharsholesrs* money, vary rsluetant to Invest larss 
suss la ths oountry.   It eon tabs nany ysars to rs-«stablish a politioal and eco- 
nomic ollnat« attractive to privat« oapital.   In nany oountrl«« formerly unser 

ooloninl wis one has wltnssssd an saoosslvs nationalism whloh is pf ohol«fioally 
vsty und«rstandabl« bat which has had an unfortunate «ffeot on the sssir« of forel#i 
privat« capital to invest in these countries. 

100. Privata possami«« «avene* bes» «ntirely without blas« with respect to their 
operations In «mv«lominf oountrlce.   Oftsn they have wUlded sors «oononle powsr 
and «sorted nere politioal presure than 1« palatabl« to lessi fnvsrsnamt« «si 
native pepmlntions, and have tint«i to keep lessi «MUfinint in the banes of their 

'^•smm   nwnvvdiaasmmmjnjSjkfps)        «Ms   nrvamreF   •^ñmmp'S^V   nr^JJsT^n"cmnr«V^F^P   «sssen   AasT^erv^^p    TS^flemri«Ä«m>«s^mp   «mvJsmv w   mmmm«mm»w »mmmvm   «T^eHav^* 

possibility fer the oorrupt oonditless whloh have «svelopesU   They have «ftem 
•ctrnetim sf ssmmit« te processine, it locally, 

st 

101. 

plssts built ft* 

e« are now well awes« ef this probism and of their 

ted by ths fsst that practically all elusine and «Is- 

la 

j:,k*"- "-•-•«^ ^¿ÊËËm 
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the assistano* 

flM OSSf**!*» 

tftSS* piatta« 

in aott OHH the participation of major aluminium oompenlee. 

also training and using looal people to onorato tnd administer 

10t« â privato ooapony»» poMibllitioo aro linitod by ito responsibility to invont 

oaf•!/ and profitably in tho intoroot of ito shareholders« Cortain developing coun- 

tries, because of rooont performance, prooont eoonomic and political riako whioh a 

privato nempsny cannot taka ovon if natural resources exist. Oovernments and inter- 

national egonoiee, ouoh ao tho Unitod Nations End tho florid Bank, oorvo wider pur- 

nssss and aro today proparod to tako greater ocononic riako in ordor to pronoto 

polioioo that will bonofit developing countrioo. 

101» Thus« tho governments of coverai loading induotrial countrioo are willing to 

guarantee inveetment» nado by privato conpanioo in dovolopinf countrioo looked upon 

a« oosn—ioally risky« tono oountrioo, ouoh aa Prono» «id Great Britain, are 

actively prenotine and eoonomioally assisting programmss of induotrial dovolopnont 

in their fotaer coloni»». Proa tho standpoint of tho receiving oountry, however, 

investment or guarantee by a foreign government ie uoually connected with politisai 

oondltlons or influence, whether expreeeed or tacitly undoratood. 

114» International agencie» are probably the noot palatable foreign souros of invest- 

njont to a developing oountry| there is a uinimusi of politioal pressure and it in 

Bsyohologioally easier to acoopt aid fron an organisation of whioh one is a msnbsr« 

p. international organisations have boon quite limitsd to date in their invest- 

it eemmsity, and they often ouffor fron tho bureaucracy and inoonpotonoy whioh oan 

bo typioal of very largo organisâtione. 

Tiurtff W*i«« ^i-t toel«iM ^ri- 

105, Tariff borrloro protoot tho aluminium reduction industry in noot industrially 

adwsneid countries, and also ths alumina industry in some« Thus the United states 

ans import duties on both alumina end aluminium« and tho Cannon Marmot on aluminium« 

Jaman 1« als« heavily protecting ito aluminium reduction industry« Ths toviet Umloa 

and other central ly-plennod ooonoay oountrios do not allow any free imports 

ovar« Thame rostriotione limit, and in sono osse» make inacoeeeible ths moot 

tent alumina and aluminium metal markets to developing oountrioo« This is poosibly 

one of ths mast ssrious barrier» against devclopnont of an alumina or aluminium 

radnstism industry in many undordovolopsd oountrioo. 

snmfh dÉHM 
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106, The importance of this factor is clearly illustrated by the fact that important 

alumina and aluminium reduction industries have boon established by private companies 

in artas which have, besides natural resources, also duty free aooess to industrially 

developed oountries.   Thuc Alcoa has developed an integratod alumina-aluminium in- 

dustry in Surinam, and Péchiney with Ugine an aluminium reduction plant in the 

Caaeroonsf both oountries have free access to the European Common Market through 
associate membership, 

107« Actually there is little or no justification for alumina tariffs.   Host of the 

industrially developed oountries are highly deficient in bauxite, and it is more 

eoonoaioal to process bauxite olose to its source.   The alumina tariffs in indus- 

t-iaHy developed oountries with no bauxite or comparatively small bauxite resouroes 

suoh as the United 8 tat es, Japan, Oeraany, Italy and Great Britain, have therefore 

contributed to the lack of development of bauxite oountries. 

108. The osse of the Uni tod States must come under particular scrutiny because of 

its importance as the world's largest importer of raw materials for the aluminium 

industry.   The   United States imposed for years a duty of l/4 cent per pound alumina 

(equal to lUS 5*50 per net rio ton) and built up a huge alumina industry behind this 

tariff wall.   The duty was temporarily suspended in 1957, when Harvey entored into 

a lonfterm alumina oontraot with a Japanese supplier; sinoo then, United States 

ooapanies suoh as Intaloo and Conaloo have been increasingly dependent on imported 

alumina and it is therefore unlikely that this duty will bo reimpoeed - although 

tas notion that it is foraally only temporarily suspended creates a climate of un- 

certainly for any alumina project in a developing country, based on export to the 

United States.   In this connexion it is interesting to note that until Alcoa very 

reoently built an alumina plant in Surinam, United States ooapanies had not built a 

single alumina plant in the Caribbean area or in South America, where they, how- 

ever, rained bauxite on a huge soale. 

100, ¡a Büro»* the situation is no better.   Oreat Britain and Switserland have ia- 

port duties on aluaina, and the Suropean Co—on Market has deoided on a uusmon out- 

side tariff of 11 per etat a¿ valorea, as from 1966 (unless the Kennedy Bound 

•grimmest resulted in a reduction).   Japan has also followed a policy of produoiag 

all ef its aluaina requirements within its own borders, thereby preventing the 

estealiehecat ef aluaina industries in suoh oountries as Malaya sad Indonesia» its 

traditional bauxite suppliers.   On]/ quite reoently Japan broke this rule when 

Mitsubishi enterod late a long-term oontraot for aluaina supply from Australia! 

tato, aewevar, was due ta tas Australian Oovemaent's firs stead oonoeraing eradas 

tlsa ef aluaina in Australia as s ooaditioo for granting bauxite aining oonoessioas. 

tiisVjtÜL *. *mtM it ài +j*àa***iÈ~L-*T~-x**** aa^.1.¿riso., -tf 'jha-JiiiiàÊËt -'frîla- T iilil m 
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110« The Soviet Union is the world's second largest aluminium producer and ha» very 
little food quality bauxite within ite borders.   The Soviet Union should therefore 
have been a natural and large market for alumina which could have helped developing 
oountriee to build up alumina industries.   However, the Soviet Union hoe followed a 
pollo/ of self-sufficiency based on less economic substitute raw materials, eueh 
a« aephelinei the modest imports of bauxite and alumina have come from Greece and 

1X1« Major aluminium producing countries with duty free imports of alumina are 
Canada amé Bbrway.   «loan, the major Canadian produoer« built alumina plants in 
Jamaioa and Guyana «orne time ego and has been expanding ever since, although the 
oempeny «till operate« its original alumina plants in Arvida, Quebec.   Norway9 on 
the other hand« does not offer an easily aooeseible alumina market for developing 
oountrlem beoauso the Norwegian aluminium industry ie largely controlled by large 
International oomponiee (Alean, Alcoa, Alusuisse, Reynolds and Harvey) providing 

alumina from their own eouroes. 

112» Primary aluminium is protected to an even greater degree by import dutiee in 
the advmmoed Industrial oountrlem where the large aluminium markets are*   The 
United ft atee* duty ie 1.23 oents per pound (5 per cent a¿ va¿grjs¿ at the preeent 
pries) | the Inrepean Common Market outside tariff will be 11 per oent o£ y*m\8HI 
from 1966 (unless roduoed by the Kennedy Round) and the Japanese duty is 13 por oent 
gj| MBìIHBV   Of the Important markets, only Great Britain allows duty free import. 
In thU oonmexion it ie interesting to note that some developing oountrlem are 
emargini omeesoive Import duties, although they do not even produoe aluminium 
tlMmselvms im seme oaoesi thus Braiil and Indonesia oharge 50 per oent ad, 
and India 4$ per oent (35 per oent duty plus 10 per oent surcharge). 

113« Fabricated products such as strip, sheet, tube, rod, wire and extruded 
aro the most preteetod aluminium products.   Import tariffs amount to 2*5 oomts nor 

pommd im the United States, 15 per oent a¿ Xsmtfsm1 in the luropean Common Marmot 
(from 19*11), 20 per oent in Japan, 12.5 per oent in Groat Britain, and 50 to 14)0 
po» sont In some developing oountriee such as Brasil, India and Indonesia. 

114* »mriffe em aluminium metal are also in many oases obsolescent beoauee the 
avmilabilitr of electric power oannot koep up with the rapidly increasing sommo* 1m 
isjsmstriolly deveiopod countries.   Thus Switzerland, Prance, Great Britain, Getönes; 

amd lama* hove mo oheap power oomroet left and must actually in some oases mow cms* 

sower to almminium plants beoause of increasing domande for general cistribmtlom 
«st for Imetostrtoa which oem afford to pay more for power than the M"M*fr»r 
toy.   It soasm illogloal that those oountriee should try to koep ont metti from 

a 
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