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/516, c~. cbcS 

~HNICAL ALTERNATIVES IN THC ALLIMl'JIUM l''OUSTR~ 

A. I ntrociuction. 

One of the main recommcndat;ons of the First Expert Group Meetin9 on the 

Non-f€rrous Metals I ndu~tries, held in Vienna, 18-21 March 1985 /I/, was 

to conduct studies relating to the sele,-:tion of lechnologies in the aluminium, 

copper, nickel, zinc, lead and tin industries that would be more suitable 

for dPvelopin~J countries, with th<> aim of promotin9 a more integrated and 

self-r'<'lian'. dev,~lor:1'1t:>nt in thcc;e cou~trii>~~. 

The fir,,t studv sfiould b,~ ba::;ed mainly on ttw :..tuUit'~ tha'. hil\'C bee·:" carried 

out up to lh>'>'•, ~iving spe:-ial attention tG the research that h.:is be<>n dorie on 

reducing the si7e of the plants. 

On this basis the draftpr was requested by thP UNIDO Secreteriat to prepare 

a study "Technological Alternuti\·es in the Aluminium Industry" ~\ith the 

f0l lo1\ insi terms of rdcrcnce: 

al T 0 analyse the pre~ent situation of technolo~w in the non-ferrous metab 

indust ·ies under study in the developed and developing countries; 

bl To examine the main rese<.irch programmes presently being conducted 

in th•. field of technology, ~ivin~J their objectivC's, characteristics, results 

a-id po::.sihl<' dJt" of irn;:>lementation; 

altPrnativ.:·.., that are more adquate f0r developing countries. Also tu deterrninP 

thP main technical and ecor1omic charateri~tics of the possible technological 

alkrnativcs concentrating on their main advantages and disadvantages for 

dPveloping countries; 

di To propose a possible programmP of cooperation /both North-South and 

South-South/ to develop adequate technolo9ics for the non-ferrou,; metals 

industrie'> in developin9 countriPs. 

1 he structure of the present study correspond'> to the terms of refprcncf' 

indicated by the UNIDO Sccrcriat. As su~1gested a careful an..ilysis of the 

prcviow, studic,, was undertaken with p<wticular attention to those prepared 

throu~h the activitip~, of thf' Consultation £Jranch /I/ and of the Metallurgical 

I ndustrics Section /2/. 
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Ar cording to the terms of reference the main objective of the exercise is 

to de!ermine the possibilities of developing new technological alternatives 

that are more adequate for developing countries, indicdting the main 

advantages and disavantages of the possible technological options. For 

this purpose a review of the relevarit publications was undertaken in order 

to exa,.,.,ine the research programmes actually being carried out in the field 

of A l·.;'."!1inium Industry tedmology and a tentative assessment was made 

abuut cne pussibi lity of application of their expected re:sult.c> in developing 

col'rt-:e". Ob·.,;iously thP. presented results should be considered \\ith 

justif:ed caution, which is i"1medidte consequence of the naturf' of the task 

to be ;::i:::rformcd, but also du'~ to the fact that the presented analysis of the 

tech:-,.:,'·Jgical possibilities and options is based solely on the relevant 

p•_;b 1i:a:ionc. and th·~ exp•~r-iC'nce in Aluminiur:i l;idustry of the drafter. 

There:ore it might be expected that during the process of prep<:lration of 

the Consultation ~~eeting, through the contribution of collegues, experts 

in Alu-:iinium Industry, the number of technological alternatives more 

adeq~ate for developing countries might be considerably increased and 

the co-.c lus ions of the prt'sent study cons~q·_;ent ly amended. 

a/ The Aluminium Industry. 

Most of the integrated aluminium companies, in addition to the mining, 

chemical and metallurgi.:al operations trasforming the ore into aluminium 

ingots and serr.:s, are convertin~ the metal into different products'beveragc 

cans, radiators for home heating, cables, etc./. To increase their sharf· 

in the downstream fabrication business seems to be a generally adopted 

policy of the majority of the pr-imary producers. When considering the 

tech::c,logicnl alternatives in Aluminium Industry, more adequate for deve

loping countries., the problems rel.Jtcd to the conversion of the metal have 

to be very carefully considered becau~.e, in most cases, the metal is reach

ing the end user through this process. Ther·efore indications will be given 

concerning the viable ~ize of conversion procC'~scs and the quality and 
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quantity of semis requested for these technologies. They wi II be related 

to difforent levels of percapita aluminium consumption which could bt: 

envisaged in developing countries at corresponding steps of economic 

develop-nent. Nevertheless, ir. order to maintain the present study within 

coherent substantive limits, under Aluminium Industry bauxite mining, 

alumina-, aluminium and semis production will be uncierstood. 

b/ Selection of Technologies. 

Most of :~e process~s and devices being used in the Aluminium Industry 

correspo~d to a medium level of technological sop'iistication. There an' 

reiati.:?ly few exceptions e.<]. th 0 automatic regulation of so:ne tech~olo

gical processes, the production of composite-mat?rials, the development 

and fcibr;cation of high-duty alloys .13/ 

The majority of th<: 111:i;n pi':'ces of equipment, used in this ind:Jstry, can 

be produced in any country having a relatively developed mechanical 

industry; R and D ar::ti.tities concerning this equipment arc: bei;1g carried 

out in mcst of tile developed countries. Regarding the practical industrial 

realisation of Rand D results, concerning new technological processe5 

and new types of equip;it>nt, the big compan;es have the best possibilities. 

They only hd11E· the ner:es<;ary mean;:, to create: and introduce major inno-

fields of important Rand D activities. This is particularly true concerning 

the alumina and aluminium production, if one has in mind the size of the 

up-to-date industrial unit~. Therefore, without any doubt, the big six TNC 's, 

ALC.A.f'J, ALCOA, KAISER, REYNOLDS, ALUSUISSE and PECH I NEY have, 

for the time being, the technological lea:fership in the Aluminium Industry. 

It should be, nevertheless, noted that there arf: several other comp.:i'lies 

operating in various countries, e.g: FRG, ITALY, JAPAN, USA, USSR, 

not directly connected with the above rnentionned n.,:1~'s, having a techno

lo9ical h.nowledg-:: close to th<it of these TNC's, either concerning the 

majority of tne operatior.s in the Aluminium Industry or regarding a part of 

them. These comp<inies can be considered as possible sources of Aluminium 

Industry technology. It should also be noted that technology for this ind11stry 
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can be purchased via the major industrial consultants. 

One can agree with the opinion expressed by the UN Centre on Transnational 

Corporations /:+/that in the most cases there is no major difficulty in the 

purchase of Aluminium Industry technology. Exceptions '.Tlight occur with 

regard to relatively recent tf!C'inoiogical innovations, possibly under tes

tin9 or cor1LL 1in9 ne" very s;::ecific products. Generally speaking one 

could say that the ma:-kt>t of the standard aluminium technologies is rather 

a b•.;yE:r's marh..--:. 

/l.tter.ti0n is al~.o d:-awn to the fact that in the cost ot the aluminium metal 

reacf-iin9 th-:: cc~sumer there are three important inputs the price of which 

are mainly determined by the location of the industrial objects. These are 

the r;uality of the bauxite, the price of the electrical energy used in the 

5'ne
1
'.e>r ar,~! fir,iJ 1iy the tr<!nspo:-tation costs in'Jolved in the whole process 

of transformati,Jn of the ore into me:al. The individual or consolidated 

influe:nce of these thre<> items on the profit of the operations might be stronger 

than l'1at of slight differences in the technological level of the plants. This 

might be one of the re:asonc; of the relatively good results achieved by some 

smillk·r comp,:injec-. or; th 0 aluminium market. 

Actuaily there is r:c> ur1i\.ersally adop~c>d methodology which .,..ould allovv for 

any givt>n set of ci rcu::lstances. 

It might not be the objective of the present study to tq: to define relevant 

criteria, nevertheless it seems to be of purpose to explain some considerations 

on the constantly recurrins question of "appropriate technoloay"./5/ 

A<-:cording to r,fr.Biritz /5/ a technology is appropriate when it satisfies 

tour condition"', which are: 

- pu;pfy tf>chnological constraints and p;iramders, 

- limitations posec~ by the ability and know-ho\\ of th'°' personnel to 

practice the te'_hriology, 

- conformity to the economic requiremPnts undPr which it has to operate, 

- conformity to the prevai iing socio-political environment. 
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Mr.Biritz defines also subparameters to the above indicated parameters 

establishing correlation among process technology; product , its application; 

raw materials; economic benefits; manpower; socio-political constraints. 

From his findings the following main issues are quoted: 

I/ The adequacy of techriology can only be defined for a single industrial 

plant and operation and it is not directly applicable to an ide.1tical factory 

sc:-·~,\~1ere els?. The adequacy of products can be valid for a country or 

even for, a suf:Jregio,.., if prevailing econo:nic conditicJns arP similar. E.g. 

sen~is pruduc::d by strip Ci1Sting can be suitable for covering ti1e dema:1d 

in several developing countrit>S starting with broader application of alu

minium for different purposes. 

2/ The ec:'nomic conditions under which the enterprise has to operate 

sh'Jw~d be cie;:irly defined: 

I/ !h<-' plant is expe( ted to make a profit; 

II/ the plant is to be suhsidized, at least for some period of time; 

Ill/ the plant is to make a social or other contribution to the country, 

with profits b<..'i,..,g of secondary importance. 

3/ F'r'occ·ss industries technolo9iPs, e.g. cher:iical, petrochemical and 

mc>tr.illdr?ica: opt':rations cannot practically allow ch<rnges, if basis economic 

cv1u1,;., .. :;, ar', tu L•r· met, the only var·iatio:1 to b•, cori~,ickrcd is the ~i7e of 

the plant. 

4/ The definition of appropriate technology is a continuing and never 

ending process for industry and its very survival depends on it, be it in 

d(·vclo;:::ie:d or in developing countries. 

An attempt wi 11 be made in order to be more spf'cific on these basic issues 

when dealing with the technological processes being used in the Aluminium 

Industry /Chaptc:r D/. 

A descripti-:·n of tf1e sequence of operations for ddining indus~rial mc;~1ufac

turing tcclmologit>s, estdblished by Mr .Biritz i::> <Jltached for easy 

r·eferencc./Annt'X I/. 
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C. Present situation of th<" aluminium industry. 

I/ Demand - supply 

World cunsumption of primary aluminium shows a rapid increase from about 

the fifty's. About 2 million metric tonnes /hereinafter: tonnes/ of primary 

alurr.inium were prod...1ced in 1950, but 3 mi Ilion tonnes 5 years later and 

4,5 million tonnes in 1960. The level of production inc•cased rapidly and 

r('ach"'d the 10 million tonn;::s in 1970. 

Rccc:-it ly this trend chanq~d considerably .Annex 11. gives the relevant 

pictur('· 1973 to 1983. All though the World total aluminium consumption ' 

/primary+ secondary/ surpassed the 20 million tor;nes in 1983, a consi

derable part of it was secondary metal /over 25':,/ and the increase was 

r.ot mor·: t~an 32.CJO thousand tcnnes durin:i this period. ~ore than half of 

this a~J'..Jnt rcpresf'nt1~d however additional sr·condary consumption, so the 

total increase on primary metal amounted only to about 1700 thousand tonnes. 

According to Zorn /6/ the consumption growth l"'ate between 1970 and 

1983 was 3u;; per annum in primary aluminium. Regarding a shorter period 

howcvr:r the increasing represented o.1ly about I, g<y, pf'r annum in the World 

less CPc cnu'>\ries during the period of 19'i3 to 19·;9 and even less, only 

0,5'-0 per annum during the period of 1979 to 19S5 /Uird /?/ /. Th::! increa'".>:

of C.f-'E cou•.tries' consumption was somev-.hal hi9hcr, about y: ppr annum. 

It can be stated hence that the previous dynamic growth in consumplic,n 

of this metal stopped and the actual trend of it is ral'ler a very modest one. 

Actually the ~wowth of aluminium consumption is U5ually smal!er than the 

annual growth of rate of industrial production in most MEC-s. On contrary 

the growth of aluminium end-uses is greater than that of industrial production 

in most developing countries. 

The production of the primary ml"'tal did not always follow Ire dernand. 

Consumpti0n of the: primary aluminium was de:creasing in the early eighties, 

but production cut--backs came late, so inventories increased rapidly and 

reached a level in the vicinity of 3 million tonnes. This caused a rapid 

decline in prices. High intf'rests worked in the same direction. 

Consl'mption of aluminium is very different in various areas of Lhe world. 

The World-avera~1c is 3,5 kq /capita/ 1ecir·. Three countric:;: USA, Jdpdn, 



FRG consume over 20 kg /capita/year. The relevant figure for most of 

the developed countries is 9-15 kg recently. Developing countries use much 

less. There are some with a consumption of about I to 3 kg /capita/ year 

/e.g. Brasil 2,9 kg/ c; Mexico 1,7 kg/c/ and even the 5 kg /capitn/year is 

reached e.g. in Hong Kong and Vem~zuela, but most developing countries 

consun1e below I kg /capita/ year, even below 0,5 kg /capita/ year /e.£ .. 

Egyp! 0,9 kg/c; India G,4 kg.I c; Gh3na 0,5 kg /c I and the use of aluminium 

of JnJC:·t LDC-s is evl.!n b:'lrJ":. thi:::. level. 

2. Capacitic~, 

Capaciti~s of metallurgical gr·adc alumina plants, sme!ters arid semi

fabrication are shown in Annexe.::. 111. IV. and V. per continent based on 1984 

and 1983 data respectively./ King /8/ and I 9//..These data indicate clearly 

th.:;t tliere is a runsiderablt-· ~urplus capacity in all phases of aluminium productiur<. 

lhe total S:l'l<::lter capacity was over 18 million rntpy in 1984, whilst the demand 

in prir.iaryaluminium was only abDut 15 million tonnes in the world at th" su'ne 

time. This demand would need less than 30 million tonnes of metallur~ical 

grade aluminu, but the capacities '!mounted to nearly 40 mi Ilion tonnes in 

19E~. Scmi-falJri-::atior·1 capaci:it-s were also in exccf'S in 19E3. 

An insr·case of the::,e caracities i!::> Llr(:seen within the next years. There 

/8/ and Bir·d ,'7//, but it is expected that the smelter capacity of the World 

less CPE countries shall increase by about 2 million mtpy till 1991. Diffe-

rc.:nces between the estimations of increase of alumina copacities are larger; 

Bird /7/ expects a small increase only, while 1<.ing /8/ could imagine even 

an increase of 3 million mtpy. At the sdme time hovvever the possible clo"ic

downs have also to be considered in rcspf'ct of both smelters and alumina 

plants. Considering these as wc·ll, thf' sm<clter capacities mi~1ht increaSf! by 

l,S million mtpy only and the incresc of alumina capacities could be very little. 

There are no large expectations in incn~asing semi-fabrication capncities 

in the near future /till 1987/. 

3. Pricec.. 

The price of the primary metal grew stadily - apart from ,,hurter recession 

periods - up ti II 1980. 1\ strong recession rPsulted however in th<> steep drop 
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in prices thereafter and they are "sick" since. There are smelters which 

can hardly cover even their marginal/variable/costs, not speaking about 

their total costs including capital charges. According to Bird /7/ the 

marginal costs on average smelters amounted to 51, 7 cent per pound 

/1137 ,4 USO/mt/ and the total costs to 63,4 cent per puund /1394,8 USO/mt/ 

in 195.'.:. At the same time LME aluminium prices have been beluw the top 

52, 7 cent per p0ur1d level of July 198.:+ /they were however over this figure 

pre\·in~.L,!~·/, 

Bird/(/ had sPt up a'l analytical supply curve for 1985 to indicc1t1' the 

amou'lt of smelter capacity that can profitably stay in production at diffe

rent levels ."lf the aluminium price/Annex VI ./This derr.unstrates clearly the 

situation. It is easy to understand that smelters working much above their 

cu:;ts are cutting back their prod·..Jction. 

The situatio!'l is similar, if even not \'iOrse, regardir1g alumina pl;mts. 

4. Role of enerriv oriceo,. 

Energy prices increased since 1973. Aluminium smelting consumes a con

siderable amount of power, about 14500 KWH A.C. per ton of metal. The 

cost of this pow•:;r differs howe·,•er considerably in various regions of the 

worlci. Accordintl to the indications of a staff review of the ·,•,orld Bank /10/ 

i~;:;,:-. :~',',''~;:::--!cc-:- f,,,. el(istinc alurniniurr. smf'ltcrs wPrP br·t1\cP·1 3 to 26 ni Is, 

if lcJ1-. ones, and 2CJ-5U mils were estimuted for new smelters. lhe:ot: prices 

are higher today and they vary between about 8 mi Is to 50 mi Is or even higher 

pt:>r K\\H. So smelters have to pay a powf'r bill within the wide range of about 

116 USD to 725 USO per mt of metal. This explains some c I use-downs as wel I 

as the relocation tendf'>ncies of this industry towords cheap energy sources 

I as observed by e.g. Zorn /6/ too/. 

Alumina plants processing expensive bauxite deposits and operating with 

unsatisfactory kcl111olo~y concerning ener!Jy conservation were also closed. 

5. Reryclinn 

Annex I I. shows that sharC' of secondury metal in the total aluminium 

consumption increased from 18~~ in 1973 to 25% in 1983. 

In some devl'luped countries thf' share of recycled metal was much hight>r 

than the indicated average value /8ird /7/ /: 

Italy 41.1 £'.;, 

FR(, 30.3 % 

26.4 % 



USA 

Uk. 
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32.4 % 

26.1 % 

Further increase of the share of secondary metal in the aluminium 

consumption might be expected. 

6. Co~petitive materials. 

"Specific propPrty" is a very useful I characteristic when comparing 

competitive materials. This can be expres:.ed as follows: 

s;:i~.:cific property= wanted propc·rty in end use 

specific gravity X W"ight unit price 

The "wari~ed property" could be one of the fol lowing: tensile strengt~, 

yie Id strength, fatigue strength, conductivity, elastic module, etc. 

Using the ab:::ive equation the most suitable material for a given end-use 

may be dc-termined, but only if a dnminant sing!e property is in the focus. 

Aluminium is on the top if co:1ductivity is taken for wanteci r>ror<>rty. Th!s 

is the reason why aluminium is generally preferred in power transport. 

Aluf'linium has however an excellent or at least very good combination of 

properties which m':'et very well numerous end-use reqL·irements. This is 

the reoson of its wide ran~}"· application in various branches of indu:;try, but 

also of t!10 li:nits of its use. 

/•'-' ir ... :;,_.Jt•~-J, <iiLcni:1;urn i~. first only in ont:c "sp~·cific proper·ty'', tncref<_,re 

th~re are several materials and metals competing with alu1i;;nil.!:n, such as copper, 

wood, steel, high strength low alloyed /HSLA/steel and last but not least 

plastics. Synthetic materials seem to be the largest competitors for the 

future, 

1 o a ccrtair1 extent secondary aluminium is also a'competition" for the 

primary metal. 

Comp0titors from the point of view of the 9rowth of consumption of primary 

alurniniurn are the aluminium high quality products themselves. 

WPight reduction of the finished products can be achieved by application of 

high-duty aluminium alloys and/or high quality extru5ions. Price of such items 

is al ltlwugh higher, but le:;s material is needed for the fabrication of th<: same 

end-µroduct /e.g. higher strength by 10 % results in 3-5 'fo materials saving, 

when considt>ring mechanically loaded structures/. 
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7. Reasonable e><pectations for the future. 

The short term wi 11 bring no considerable changes, this is the essence 

of what e.g. Bird /7/ states. A v~ry slight increase in the consumption 

may be expected ti 11 1990, maybe 2 % per an;ium and the"sick" aluminium 

prices may "cure" to a certain extent. Recently no new capacities are 

nece:;sary within this period. 

This situation might change howevt>r considerably after 199U. 8ird /'I/ 

C'<f:OC'.-=:ts ar. onn'~a 1 9:--01'.th rate'. in industrial prod:..iction approching that of 

th? preToii crisis in the per·iod of 199D to 1993. This should brin9 an 

increase in aluminiu"n consumption too. The relevant data arc shown in 

Annex V 11. 

The diffprencc however between the periods 1964-73 and 1990-93 is 

res::> 0 :t of alu'11iniun1 is, th<it in the period befure the oil-crisis the annual 

cirowth of rate in alumiriiu'.TI consumption was in avert:igP much highPr th;in 

th<.ic in induo;trial production, whilst in the 1990-93 period the annual growth 

rate of alumir1ium consumption is expected to be in average slightly below 

the a-inual growth ra!e in industrial production.Newertheless ,the estimated 

4.:2 '; increnSi? per anr.~m in world average indicates a brigliter futur•· for 

this industry. 

I:,;~ cinnuc..i gruw'.'1 would IM..>dn h01\t.:ver ltlat capacitieo; wuuld b ... · fully utiliLed 

by 1993 and new capacities have to be built to follow the demand. This would 

ho~·•ever be only possible if both aluminium and alumina prices raise consi

derably. An excessive increase in metal pr ice would work against the 

expected growth of rate. This situation might foster further relocation of the 

aluminium indcistry towards 900d bauxite and cheep power possibilities and 

these circumstances might represent an opportunity for developing countries 

to further increase their shart in different Aluminium Industry operations. 

8. Is alumir:ium a rnatu"' ;,1etal? 

Comparing with other str·uctural metals the aluminium is the youn~1~st and it 

had the hi!.]hcst rate of growth in the last decades. Aluminium is the only metal 

of v.hich intensity-of-use /i.e. consumption per GOP/ is estimrited to Increase 

in all group of countries by 2CJ00 /II/. In this sence aluminium isn't a mature 

metal. According to another expectation /7/ average !'.Jrowth rate of world 
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aluminium consumption will be lower than the general industrial growth 

rate. A growth rate of aluminium consumption surpassing the world 

average might be expected howevpr· in developing C'Juntries, hence 

aluminium can not be considered a mature metal in repect of these countries. 

T ec.hnologies used for bauxite mining, alumina and aluminium production 

ar.:- 1-.el! estabiished. Their theoretical background is well-known. Important 

pcss::::i lities of economy of scale sPem tc be exhaustPd, smaller devt•lopmcnts 

pc:~ti.:u!arly concerning ener9y consc'rvation rn:ght be continuusly expected. 

A raC::ca! chang~ in these processes will very pro:iably not happen d.Jring the 

pre:se:~.t century. Computer process control may bring however important economic 

res~!t::. 

n,c:v:"ctical background of the mechanical technologies is yet less clarified, 

rah~:r tc:::nr1ologies based (Jn prr:pirical results prevai I. The future might bring 

hcnr:.: '.'nJre im;:wrtant develo;xnent in semi-fabr:cation processes. Computer 

proc'!,<: control might bring additio;ial economic results. 

Ri::garding the products and their application or.e could rather say that these 

art: not rnatw·e: yet. Alu:i1i,1iurri i~, not too young but there are still avenues to 

be exp:c;~ed for usin~ it in the most e<>.onomi:: way. Recycling of alurniniu;n 

re:c::c~•:d aire<:dy a consid•;rahl<c> level, but'' designir10 for ssrapt-aptn('s~" is 

st:1; '.:-Jt y·,:t ir.~piemcnted in rnd'.1y f1cids of applic;otion 

r-.;c;.,, dP.velopments expecteci in the far.1rication t2Clinulogy, the productio,.., of 

new alloys and composite-materials might strength en then the position of the alu

miniu;n in the competition with other materials for the different fields of app

lication. 

9. Crm-:- lusion 

The situation of the aluminium industry is not bright today, but it might 

char.9e 2rid e•:cn considerir"lg non-of)timi:,tic forecasts one might exf)ect a 

considl'rc:1ble additional consu nptic•n, mainly ir1 developin0 countr·ics. f\ further 

relOLdtion of thf' aluminium industry towards high quality bauxites and clleapPst 

energ; resourct>s mioht be expected after 199·). Th..?se phenomena justify a 

careful I review of possibilities for creating additional aluminium facilities in 

these: countries. Pr·obablc tf'~chnological alternatives suitable to correspond 

to pry.,,iblc need::. of these countries mer·it special attention. 



References. 

/I/ Report on the First Expert Group Meeting of Non-ferrous Metals 

Industries, Vienna 18-21March1985 /10/WG 436/5/ 

/2/ E.T. Balazs, Role and Assistance of UNIDO in the Aluminium Industry 

of Developing Countries. Paper presented to the 2. Arab Aluminium 

Conference, Cairo 23-26 October 1985. 

/31 Balk2y: A techni'.-<:a transzfer szerepe a mi..iszaki-gazdasagi fejlodesben. 

rn:, I Ki< Budariest 1935. 

/4/ Trar~snatior:2 1 r~orporatior.s In the bauxite /.1\lurninium lnd...1stry /ST /CTC/20/ 

l'~e·,·. York, 1921. 

/5/ j,\r·. LY. f3iritz: Defining Aopropriatf' Technolo9ies, Unpublished paper 

/G/ S.Zorn: 1'fr1ing and Mineral Processcing in developing countries. 

Ur< I DO 1935. /ID/~\\:; 436/2/ 

17/ /-\rithony E::lird Assoc./UK/: ,1\luminiurn Annual Review - 1985 and Aluminium 

Analysis No ~4 to 26 • 

/ C, 
I -'I • ~:i;1~J: ·;,-.,:·lu Cap<.,_ity Re;.;ur·t /F-'rimary Aluminium, /l.lurnina a~·,d 

Bauxitf:' ;July 1934. 

/9/ James F .King: World Capacity Report : Semifabricated Aluminium. 

1-\nnual Plant-by Plant Review 1903. 

/10/ M.Brown,A.Oammcrt,A.Mceraus,A.Stoutjesdijk: Worldwide Investment 

Analysis;The Case of Aluminium. World Barik Staff \Vorkins:; 

Papers No 603.-1983. 

/II/ Fernando C~on?Jlcs-Vigil: New technologies, industrial restructuring and 

changing patterns of metal consumption. 

Ur-I.New York,Jan.198'i. 



AN!' ·x 11. 

A I um in i urn c0_1~~umpt ion 

19/3 - ! 1 ~ 

thous:md tc,,incs 

l. Tot<. I world consumption / primary + secondary I 

1973 1974 1975 19/6 197'7 1978 1979 19Ho 1981 1982 1983 

World less CPE 13'787 13901 1 lo65 13958 1 ·1463 15334 1u141 1 55'12 15117 14861 16355 

CPE countries 3o2o 3550 3500 37 Sn 3900 4100 i~ 1 7 5 4135 It 115 4180 4245 

Total 16809 1?451 14565 1 1''108 18363 1943!1 20316 19707 19:L32 19041 20600 

?. Consumption of primary aluminium 

World less CPE 111 t'9 11296 8619 I i 095 11366 12027 12618 11%9 11318 lo94!3 12124 

CPE countries ?578 27G3 2840 3o24 31?5 3316 3374 33?1 33ol 3336 3342 

Total 13'167 l!io59 11459 I !t 1 19 14541 153113 15992 15290 14619 14284 15466 

3. Consumption of secondary aluminium 

World less CPE 2598 27o5 2446 2863 3o97 33o7 3523 3Go3 3799 3913 4231 

CPE countries 444 687 660 726 725 7811 801 814 014 844 9o3 

Total 30112 3392 3loG 3r,g9 JBn 11091 4324 4411 t1G 13 !~?~? 5134 

Note : Primary consumption of World less CPE countrif's in 1984 : approx. 124 So th. ton m's 

8asis : Metal lgesselsch<Jft AG. : Metai lstatistik 1 gq.1. 



Capacities 

of 

metallur·gical grade alumina plants per continent 

in 1984 

in Thousand tonnes 

Europe /including Yu~JOSlavia and Turkey 

but cxc luding CPE countries/ 

Eu~upe / CPE cou:-itries./ 

North America 

L.::i! :n ;\meri ca 

Oceania 

Far-East /excluding CPE countries/ 

CPE countri<·-:: of 1'\sia 

Africa 

Total 

Based on Kings' data /8/ /rartinlly revised/ 

Annex 111. 

6755 

71o5 

Go'lo 

91 lo 

2/72 

920 

700 

398'?'? 



Aluminium smelter capacities 

per continent 

in 1984 

in Thousand tonnes 

Europe /including Yugoslavia and Turkey 

but excluding CPE countries/ 

Nort~ ,\merica 

Latin ArY~rica 

Far-East /excluding CPE countries/ 

CPE c0tmtries of A';ia 

. . ~ " I, ._1 

Africa 

Total 

Based on Ki rigs' data /8/ /partiolly revised/ 

Annex IV. 

4uu8 

3735 

5933 

1292 

569 

62:: 

184.1/. 



Aluminium 

Semi-fabrication 

capacities 

per continent 

in 1983 

in Thousand tonnes 

F:urope /including Yugoslavia and Turkey 

bu! ex'. luding CPE countries/ 

Euroj)-: /CfJE countries: appr. 

Nort'l .A.rn'.' r i ca 

CJceani a 

Far-East /excluding CP[ countries/ 

C~'E CO'~ntrir·s of :'\sia ap;:>r. 

Near-East 

Africa 

Total 

Nutes:x./ c·stim<ited 

Annex V. 

51o3.5 

3500. _x • / 

7910.S 

653.5 

3:22.5 

2667.6 

I 
5- x •. 

((). -

160.6 

239.9 

21127.9 

- only priri1dry semi-fabrication tak<>n into consideration, i .£>. c;nly 

hot-rolling,but not cold-rolling and foil capacities; extrusion and rod-m<Jnu

facturinq capacities included, but not wire manufacturing. Does not 

include casting c;ipacities 

Based on Kings' data /9/ /partially revised/ 
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' 

Expected 

ANNUAL GROWTH O~ Rft.TES 

1990-93 

in in 

indust:-ial production aluminium consumption 

USA 

f- ranee 

Italy 

UK 
x./ 

Otr1cr Europt> 
x./ 

Europen tota 1 

. x./ 
Rest of wor1d 

I 
World x.; 

<:; cc 
~ .... _ •. i 

4 .8 ~~ 

3.8 c;; 

4. 8 ~~. 

3.4 % 

4.1 ~' 

4. I r:, 

no data gi ve:n 

4.6 ~~ 

Note: x.,. non-Cr::'E countrit:>s only 

r~ • 
Ll<'iSo ~: ---

4 r 

4.8 S'_. 

4. 8 ~' 

3. 1 ~v 

3. 8 <:, 

-o.2 c:'u 

3. e c;J 

3.4 '.'-:. 

5.4 If., 

4. 2 c;;, 

Annex VI I. 




