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Preface 

Ever since the oil price hike of 197), the man in 

the street in Europe and elsewhere has had a tende~cy to en­

vy the Arab nntione for theiI oil riches. The more thought­

ful observer of the scene, however, knows full vell that, in 

keeping •ith the parable of the happy workingman's shirt, 

riches tave their own problems. How to use oil wealth best 

to let the future generations also benefit from it, as ia 

their right, is a headache in every petroleum-rich country, 

and not just the Arab ones. Investing the petroaollars, and 

investing them in ways that are more lucrative, saf~r and 

more conducive to a country's self-realisation than other 

possible options is a diffirult and, many would say, an in­

tractable problem. 

As it will be documented below, the Arab nations 

constitute a highly varied group economically, ho~ever much 

they may have in common in the cultural-spiritual sphere. 

Yet industrialisation seems to be a top priority with all of 

those nations, and mineral resource-based industrialieation 

with at least a considerable majority of them. They tave 

chalKed up considerable progress in petroleum refining and 

petrochemicals making, and have gone ia for ferrous and non­

ferrous metallurgy, fertiliser manufacturing, cemen~ making 

and the like. One of the aims which has been r~alised by 

several of these countries and has been seriously considered 

by most of t~em is the establishment or expansion of an alu­

minium industry. 
The aim of this pnper is to eerve as a thinking guide 

to those Arab decision-makers whose competence it is to trans­

form these serious considerations into reality. It has been 
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felt that, even though the author had once been of the alu­

minium industry, it is only honest to present the industr1 

complete with warts and all. This aim, it is felt, has been 

realised rather full1 - it is hope~ not so as to frighten a­

way would-be investors. 

The central message of the paper is that the alumin­

ium industry is never a !!!.!!• but always only one ~f many 

~evelopment alternatives. In order to choose among these al­

ternatives, the decision-makers must be familiar with the 

other options, and must also posseas a sophisticated under­

standing of how the world economy works. Space has not per­

mitted to go into the details, exploring which should in any 

case be the reader's right and burden. It is hoped, never­

theless, that the reader will have no difficulty connecting 

up the argument expounded here with his ovn world economic 

awareness. 

It is hoped further that those at whom tlts paper is 

aimed will have found it helpful in the discharge of their 

dutiea. 

Eudapeat, July 198J. 
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Ex~cutive swniarz 

/1/ Its present plight notviths~anding, the world aluainiaa in­

dustry may be expected to grow rather faster thaa per capat 

gross world product at least up to the 7ear 2000. 

/2/ The much-predicted shift of alumi.ai.1111 saeltilag from the de­

veloped market-econo117 coLntries to the developing world ia 

gathering moment1111. ibe proces6 118.J' be expected to coutinue 

up to and beyond the 7ear 2000. 

/JI One target area of this shift in saelting geograJlh7 is the 

Arab world, thanks to its abundant un-tied-dovn sources of 

ener~y. A conservative estimate of export-oriented aaelter 

capacity increment that might be sited in the .Arab vorld 

/that is, new ca~city in a~diti~n to existing capacitT and 

to the capacity needed to satisfy intra-Arab coD.8118ption/ ia 

1.3 million tpy betv!en 1985 and 2000, bl£t even tvice that 

ie not out of the question. 

/4/ Whether or not it is vorthwhile for the Arab countries to go 

in for alu~inium smelting depends on several factors. 

/4.1/ Inputs. The Arab countries do 4ot 1 possibl7 vith the aiJagl.e 

exception of Saudi Arabia, have llD7 econollicall7 Yi.able alu­

~ini um org deposits. This, however, is no aajor obstacle a.a 

lor.g as the world market !unctions at all noraa1171 the leas 

so since concluding satisfactor7 long-tera contra.eta with 

suppliers /develope·d market-eeono117 - Australia - or devel­

oping - India, Guinea~ Jama~ca/ aeeaa to be unproble .. tic. 

Whether Arab aluainiua &.11elters should iaport bawdte ar a­

lumina is a matter for a detailed coat~benerit anal7sia in 

any particular case. 
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/4.2/ Returns on investaent. While it ie entirely iustified to 

expect aluainina pi"ices to iaproTe out of tbeir curreDt de­

i:ressed state, the rates of retUl'Jl on alWllinium indust?'J' in­

vestaent ai·e liable, up to the turn of the millennium, to be 

on aYerage belov the 11arket-econCA17 world's aTerage returns 

on iJdustrial investment, being aiailar in this respect to 

other natural-reuources-baaed indu.ntries such as petroleum 

refining, bulk petrochemicals, nitrogen fertiliser, ceaent 

or steel. 

/4t3/ Power pricing. '!'he major comparative advantags of the hydro­

carbon-producing countries is that th1ly have the means of 

generating cheap electric energy for aluminium-smelter wse. 

This, howeYer, ma7 be expected to appeal to them only if 

they find no other, mor~ lucrative outltt for t,i !ir ~nergy 

resources. As a ,,,rl' genel"al rule of thur.,b, exporting nata­

raJ ~as lr>1.>ks ;more lucrative than alumini\\m smelting until 

the gas market saturates. It may be reason,tbly expected, 

however, that the gas market will not take ~ff all the gas 

available /and partly being wasted/ in the Arab world. Sev­

era.1 indu•;triea may be expected to queue up for the r•-in­

der. Among these, aluminium ma7 be expected i,, occupy a fair 

but not outstanding position /cf. also para 4 •. ~ above/. -

The same consideration holds, muta~is muta~, for any oth­

er fuel or fora of energy. 

/4.4/ In swmnar;r, there is a comparatiYe advantage to \.e found in 

alumi niua Malting by those Arab countries that p.i-oduce fuels 

in abundant quantities and are ready, willing and able to 

supplJ' the• to the aluainium saeltera cheap enough to keep 

those internationally competitiYe. 
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/5/ The economics of semi-fabrication, which is not energ,--in­

tensi ve and which may be profitable even on a ver7 ama11 

scale, is different; it splits up in two, according as the 

country possessing or envisaging a semis facility imports 

alu•inium metal or produces its ovn. 

/5.1/ For a country smelting aluminium, going in for aemi-fabrica­

tion is a !airly straightforward option becaus! semie achieve 

a comparatively great value-added at comparatively low cost 

/although this is partly offset by th~ fact that most major 

importing countries impose higher customs tariffs or aeaie 
than on ingot/. 

/5.2/ For a country having no smelter of its own, the question 

whether to import ingot or semis depends on whether or not 

it has the cption to deploy its factors of production more 

lucratively in er.me other industr7 than in semis manufactur­

ing. As a rule of thumb reinfQrced by current experience, 

one may assume that most countries will find it to their ad­

vantage to go in for the production of some types of ae•is, 

but few will find it to their advantage to go in for the 

making of a complete range. 

/6/ Th~ Arab world as a whole is a net exporter today of both 

aluminium ingot and semis. Its exports as a percentage of 

ita output aay be expected to increase in regard of both. 

/7/ The aluminium consumption of the Arab vorld may b~ expected 

at a conservative estimate to grow by two kg per caput, from 

one to three kg, that is, b7 about 4201 000 tPJ' between 1980 

and 1990. 

/8/ Intra-Third World and inter-Arab aluminium induetr7 coopera-
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tion offers considerable advantages. 

/8.1/ Non-Arab Third World countries should be expected to provide 

the bulk of those inputs scarce in the Arab vorld; this holds 

especially !or bauxite/alumina but, to a certain extent, al­

so for labour. 

/8.2/ The toordinated development of the Arab aluminium industries, 

as exemplified by the activity of GOIC in the Gulf region, 

is likely to b~ing consj~erable benefits. In ~ddition to 

marketing, production ah ..• ·e-out and siting optimisation, 

this coordination may !xtend to technology and equipment 

procurement, d~sign engi.neerin~, training, R and D. 

/9/ At present, developing-country aluminium smelters and semi­

fabricators procure their technology from t~e developed mar­

k~t-economy world. The developed centrally-planned economies 

are a useful alt~rnate source. Most of the technology comes 

f'rom the Big Six. The Arab co,mtries have a much better chance 

to reduce this technology dependence if acting jointly rather 

than severally /although achieving tdat end will be a long 

hard slog even then/. 
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A The world aluminium industry today: a bird's eze Yiew 

The oil price shocks o! 1973 and 1979 vere the har­

bingers, if not the immediate causes, of so .. profound changes 

ij the structure of the world econom1. These changes haTe 

b~en affecting the world aluminium industr7, too. World pri­

mary aluminium consump~ion, which had increasad b7 some eight 

per cent a year /douoling every decade/ between the end of 

World War II and 1974, grew by a meagre 0.4 ~ a year between 

1974 an~ 1981; aluminium prices, which had held up reasona­

bly well up to 1930, then caved in to drop by more than a 

quarter in nominal dollar term£ up to February 1983. Never­

theleaa, there is no doubt whatsoa~er about the medium- and 

long-term resiliency of the aluminium market; !or would-be 

investors into the aluminium industry1 provided they possess 

the right sort of comparative advantages, the question :ia 

not whether they should go in for a project, but ~· In 

fact, its present plight notwithstanding, the world alwain­

ium industry may be ~xpected to grow faster than per caput 

gross world product at least up to the year 2000. 

~u~~~lying the spectacular but rather short~term 

changes referred to above, however, there are more profound 

ones that are likely to be more persistent. 

/1/ What with the abundance of bauxite in the ~orld, 

and what with all th& major world bauxite producers except 

Brazil and a good many major alumina makers aemuers ot the 

producers association IBA, backward integration from alumin­

ium smelting through alumina refining to bauxite mining is 

not perceived today as bringing any particular advantages to 

smelters and semifabricators. In other words, the arguments 

for aluminium smelting in countriee which might or do haTe 
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cheap electric power but no bauxite ~esource have iaproved. 

/2/ he the percentage contribution of the pover price 

to the end-user price of aluminium creeps up, the argument 

for locating primary metal production in or near the centres 

of consumption loses cogency; a big nearb1 aluminium market 

is becoming leas and lees of a neceesity for alllll'iniua eaelt-

ere. 
/J/ The market used to be dominated by the Big Six 

/the alumi~ium equivalent of the Seven Sisters: ALCAN, ALCOA, 

Kaiser, Re111olds, Pechiney and Alusuieee/: today, ita degree 

of oligopolisation ia declining as the Bis Six'a market shares 

shrink. /This is a process analogous to the irruption between 

1960 and 1973 of Occidental and the other "~etroleum inde­

pendents" onto an oil scene which used to be dominated be­

fore by th•: Seven Sisters./ To new entrants into the market, 

this ie an advantage in that it facilitates entr1, but alao 

a drawback in that it remove1 the informal "price guarantees" 

inherent in an ol~gopolised market.; 

Items /2/ an~ /3/ are 11J11ong the reasons vhy tne much­

predicted shi f't of aluminium E.mel ting from the deveJ oped 

market-ecor.om1 countries to tae developing world cu gathc-r 

momentum toda1. The process may be expected to continue up 

to and beyond the year 2000. 

/4/ It used to be said that in the longer rUll the 

market mechanisms assured a fair average rate ot retu~ on 

investment to an efficient aluminium producer operatin~ in a 

+ "Producers have loa~ cre~ibility by maintaining meaniDg­
less book prices while selling spot metal at pri~e• 40-50 ~ 
~.over - the7 are losing control over ingot pricing." /Vic 
Besso, "Aluminium in the not-so-ga7 90a", Revue de l'Alu­
minium, No. 503, Movember 1982, pp. 432~434./ 
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situation of average comparative advantages. T:iia ie no long­

er true. What with 15 ~ or so of smelter capacit7 government­

owned even in the non-socialist world, "governaent interven­

tion in the aluminium industry is becoming both ~ore noxious 
+ and more necessaryc', and our atiove rule cha:igee as f ollovs: 

market m~~hanisms will ensure the average rate of return on 

investmen~ minus the average governMent subsidy to the erst­

while efficient aluminium producer. The implication is a 

lone-term profit-margin squeeze for the unsubsidised produc~ 

er. 

/5/ The introduction of an aluminium cotttract on the 

London Metal Exchange, long resisted by the world aluminium 

industry, is being blamed for many ills today. Vic Besso 

/loc. cit./, for one, submits that aluminium price movements 

are no longer governed by the ~undamental laws of supply and 

demand. One may, how&ver, counter with equal right that pro­

ducers' book prices, while they dominated the market, wer~ 

as little governed by supply ar.d demand. What does matter to 

both producers and consumers /as opposed to bro~ers and spec­

ulators/ is to smooth out the fluctuations, sometimes rather 

hectic, of the terminal mark(t prices. This is a technical 

matter more than anything else - it can be achieved by ter­

minal-market hedging operations and by sales :,rice for~ulas 

based upon longe~-run averbgea o! the LHE price or some oth­

er terminal market price. 

+ Vic Besso, loc. c:i.t., who then goes on t\l vrite that "The 
[aluminium smel~&raJ o! Spain and Italy are prime examples 
of industries that ••• could not survive in a tree-enter­
prise, survival-o:-the-!ittest system. Unfortunately, so­
cial and nationalist~c considerfttions will probably ~aep 
these induet:-ies alive." 
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To fo~~s now on the narrcwer subject of the present 

paper, one tariot area of the shift in aluainium smelting 

yeography i~ the Arab world, thanks to its possession of a­

bundant un-tied-dovn sources of energy. The Mining Annual 

Revi~w cf 1932 /p. 50/ has this tu say about the Arab alu­

minium industry: "The newly emerging and largely state-owned 

producers in the Middle East, with their abunuant power re­

sources, have been re..arkablJ succeesful in maintaining full 

production and improving product q~ality, and may be expect­

ed to participate in the future expansion of the ind~str1." 

All these ar"guments fit neatl1 i~to a comprehensive 

case for a gradual transference of aluminium smelting capac­

ities from the developed world into the Third World, a case 

that is improving with the passing of tim~. Within the Third 

World overall, those countries that have abundant sources of 

cheap electric power - which includes many Arab countries -

have a considerable co•parative advantage working for them. 

In summ&r)', the Arab world's share of world alumin­

ium production maz be expected to grOW rather considerably 

up to the ftnd of the century and bey~ 
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B The Terticallz integrated al1111iniwn industry 

Thie paper considers four links in the Tertical chain 

of integr11tion of the aluainiua induatr7: 

bauxite mi.ni:ig, 

- alu•ina refining, 

- liU11i.Jliua ••lting and 

- aluaini1111 eellis aa.nufacturing. + 

The ••king of f:t.nished products is too manifold to 

be considered here, except in the most g~neral outline. 

The links of the chain are connected together as 

follows. 

It takes frOll two to three and aore /seldom four/ 

tons of bauxite to make one ton of alU11ina, and almo~t ex­

actly two tons of aluaina to make one ton of aluminium met­

al. 
Aluainiua seais are made of primary aluminiW'J plua 

aluminium scrap, plus minor dosages of allo1i~g elements. 

The actual apparent consumption++ of ~luainiUll in a country 

is provided t7 the f orau1& 

primary •etal nae + scrap use - losses • 

Loss~a oYerall are not significant as a rule, but 

scrap use may be 1Ul7thing up to JO ~. poasibl7 more o! pri-

+ 

++ 

The ter• alamini1111 semis as used here comprises the unso­
phiflticated finished products m"de at the smelters and 
semis vorka, -ch as cast aluminiua door hand.lea or power 
cable strands, in addition to semis in the usual aunse of 
the term. 

Apparent coll81lllption equals true consumption within the 
country plus .. t.u. exported in the fol'lt of finished goods. 
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mar7 aetal use. /In the us, ecrap UH ranged from 28.9 to 

~.5 •of priaary aetal 011tP1t betveen 1975 and 198<>;+ in 

the non-socialist vorld 0~1.1, it ranged from 20.4 to 23.4 ~ 

of total con81111ption between i969 and 1979.++/ 

A1though other ~ do exist, onl1 the •aking ot a­

lllllina out of bawd te by the vet c~eaical Ba7er process and 

the e•elting or al1111ina by the Ball-Heroult procesa of igne­

ous electrolysis a:.·e considered here, because these are for 

the tiao being the only processes competitive in the vorld 

market. 

B.1 Bauxite mini~ 

Thie is a non-standard activity, the inputs into 

vhich depebd greatly on the geological conditions, un the o­

verburden, on whether mining is open-cast or underground 

etc. Another greatly variable item is the investment int~ 

and the operating cost of transportation and other infrastruc­

ture. It vould therefore be illusory to try and give in the 

confined space available here a picture of the inputs and 

other cost items of bauxite mining, all the less so since, 

aa pointed out below, bau.Xite mining is unlikely e•er to be­

coae videspread in the Arab vorld. 

P..2 Alumina refining 

+ 

++ 

Thie operation is essentially the vet che•ical bene-

US Bureau o! Mines, Industry Surve1s1 cited ln IBA Revie~, 
Vol. 7, No. 4, April-Jun~ 1982, p. J~. 

Metallgeaellachaft AG, Metal Statistic• 1969-1979, 67th 
Edition, Frankfurt am Main, 19BO, pp. 16-19. 
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ficiation of bauxite. It produces calcined aluaina, Al2o3• 

TechnologicallJ', an a1umina plant is of about the SUie de­

gree of sophistication as a vet phosphoric acid or phosphate 

fertiliser plant. 
In a~~ition to bauxite, of which, a.a ve have seen, 

tvo to fo~ tons are required, depending on bauxite qualitJ', 

to make one ton of alumina, the a:'.aaina .t"efinerJ' tnical.ly 

requires 90 to 180 kg of caustic sod& /llaOH, 100 per cent 

base/ per ton of alumina, 0 to 15 kg uf burnt lime, about 

O.J to o.6 ton of liquid hJ'drocar~on fuel or an equiTalent 

volume of gas. The process further requires 15 cu. m makeup 

water per ton of alumina, ~r which 5 cu. m for technologJ 

and the rest !or flushing and cooling. E1e~tric energJ" con­

sumption is 250 to 350 kWh per ton of aluaina, including the 

power conswnption of the ai~ coapressora. The co•pressed air 

requirement is 450 normal. /at11oapheric/ cu. m, at a pressure 

or about 5 kg per sq. e• /70 psig/. 
Man!'ing in a 1,0001 000 tn aluaina plant is &'i'p·won-•i:i-

mately as follows. 

Operation M ~n~e 

¥.anager, deputJ' managers, dispatchers 32 

Mastera and foremen 

Skilled 

Semiskilled 

Total 

80 

480 

288 

88o 

)2 

480 
160 

672 

The first tvo itema would be expatriates at firat. 

It would take about ~n.ree 7ears at a ainilllUI to phase out 

expatriate 1U1.stera and foremen and another three at a aini-
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llUll to phase out the 11&nagerial staff shovn in the top roY. 

Material costs of maintenance amount to about 2.5 i 
a year on the first cost of the equipment and piping. Acoth­

er 0.5 :oer cent should be added for sundries. 

Aluaina-pld.Jlt investment costs nre shown below. 

Capacit7,'000 tpy 

Investment cost, - million 
/without in~rastructure/ 

100 

100 

)00 

220 

600 1000 

350 460 

'l'he alumina plant p~oduces a waste called red mud at 

the ra~e of from one to two /seldom three/ tons per ton of 

alum~~a. Red mud disposal is a nuisance ever7where and ma7 

be costl7 where environmental protection r·egulationa are 

atrict and/or industrial land space is cotlfined. 

B.) Aluminium smelting 

Th~ a•elting of aluminium out of alumina is a pro­

cess of igneous electrolysis, in a molten bath of alumina 

and fluorine /plus possibly lithium/ salts, through which a 

strong /70,000 to 230,000 amp/ low-voltage /4-5 V/ ~urrent 

is led. The bath is in a carbon-lined steel vessel or cell 

/pot/; the current is introduced through carbon anodes hang­

ing into the bath from above. In the Soderberg system, "green" 

anode paste is gradually lovered into the cell and baked to 

resist the bath temperature by the heat of the batb proper; 

in the prebake system, anode paste is baked into blocks b~­

!ore i .. eraion, in a separate anode shop. 

The high-voltage alternating cur1·ent received from 

the power generating facility mugt be transformed and recti­

fied. In the ••elter, certain numbers of cells are connected 
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up in series and fed from a common rectifier unit. The cell• 

so connected constitute a potline. 
The aluminium metal collecting at the cell bottom is 

tapped of! at intervals and cast into a variety of shapes, 

unalloyed or alloyed. Modern smelters tend to incorporate 

cast-rolling facilities which make rod, coarse wire or atrip 

direct out of the molten metal. 
In addition to alumina, the smelter consumes a great 

deal of electric power /about 13 1 500 kWh d.c. per ton of 

metal in the most modern cell•; up to 171 000 in s~me of the 

old ones; see also below/. Other coneu.mptions per ton of 

metal used to be: 

Fluorine salts including artificial cryolite 

Petroleum coke 

Pitch 

60 kg 

450 kg 

170 kg 

Recent technological de~elopment has ah~~t halved 

thid for fluorine salts /thanks to fluorine recovery from 

the smelter gases/ and reduced it by up to 30 ~ tor petro­

leum coke or pitch or both. 

Investment cocts in some selected recent Australian 

smelter projects have been estimated at $US2,800 to -US2 1 920 
+ /1S10/ per ton of metal produced. 

Hanning for a 1001 000 tpy smelter is roughly the 

same as for the 1 1 000 1 000 tp7 alumina p:.ant above. 

In an aluminium smelte.;:-, water cionaumption for the 

needs of the personnel ia a major ite•. Cooling in the cast­

ing shop is of the same order of m~gnitude. 

+ IBA Review, Vol. 7, No. 4, April-June 1982, p. 38, 
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B.4 Semi-fabrication 

This is another rather non-standard, multifacetted 

set of activities. It produces 

- cast and pressure-cast products, 

- hot- and cold-rolled products: plate, sheet, coil, 

foil, can-stock, can-top stock etc., 

- extruded products in a great variety of profile 

shapes /some of them very complicat•d/. includ­

ing tube and pipe, 

- wire and cable, 

- powder and paste, 

- collapsible-tube stock. 

For the uses of each of these products, the reader 

is referred to the relevant special literature. 

Semifabricating plants range from small se•i-arti­

eanal foundries /a few hundred tpy output/ to large comple~ 

facilities whose output is on the order of 1001 000 tpy, and 

which produce all or most of the above-enumerated tJPea of 

goods. 
For the consumption pattern of an Arab country, past 

and forecast, consider Egypt's in the table on the fa_c_ing page.+ 

+ A. Rambaud, "L'industrie de la transformation en Egypte", 
Revue de l'Alwainium, No. 509, Sep. 1982, pp. )21-)23. 
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thousand tons 1974 

collapsible-tube stock 5.2 

sheet and plate 1.0 

foil 1.2 

extruded goods 2.8 
wire and cable 6.o 
preseure-ca~t goods 0.4 

other cast goods 1.2 

totals 17.8 

1978 

6.6 

1.3 
1.6 

7.4 

9.4 
o.8 
1.6 

28.7 

1982 

8.3 
1.6 

2.1 

9.4 

14.9 

1.7 

2.2 

40.2 

1985 

9.9 

1.9 

2.6 

11.0 

20.9 

3.0 

2.8 

52.l 

1987 

11.1 

2.1 

2.9 

12.5 

26.2 

4.) 

3.3 

62.4 

For the highly Tariable otner inputs o! semifabrica­

tion /of which scrap, where available, is the moat important/, 

for investment costs, manning levels etc~ the reader is a• 

gain referred to the releTant special literature. 

B.5 Power suppl7 

Although not a link of the vertical aluminium-making 

chain, the supply o! electric power to the aluminium smelter 

is insep.~rable technologically f~o• that chain. In 1980, the 

smelting of ore ton of primar1 aluminillll took an average 

16,950 kWh o! electric power as measure~ at the smelter's 

receiving terminals.+ Thie means that a ~oo,ooo tp1 smelter, 

say, requires roughly 200 HV of power, reckoning with smelt­

er cells being run J65 days a 1ear, 24 hours a day. Since 

the smelter mu~t in fact run uninterrupted the year round if 

+ Thia was the average over the smelters reporting to IPA!, 
the International Primary Aluminium Institute /which in­
clud~ moat of the smelters in the non-socialist world/. 
Ct. Revue de l'Aluminillll, Vol. XVI, Ro. 508, Aug.-Sep. 
1981, pp. 273-275. 
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the coatl7 freezing of the metal is to be aYOided9 a svitch­

oYer facilit7 to an alternate powe~ station or to a standb7 

generator llllU!lt be proYided. 
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C ~vment of the Arab vorld vith the factors of production 

re qui .red by an almli.nim1 induatrz 

C.l Natural-resource inp:ts 

c.1.1 Bauxite 

The Arab world is about as poor in bauxite aa it is 

rich in petroleua and rock phosphate. 

The only knovn significant bauxite deposit+ or the 

Arab world has been discoYered recentl7 in Saudi Arabia. The 

estimated reserYe is 134 million tons. 'Dle ore grades 58.5 ~ 
Al2o

3 
and 6.6 ~ s10

2
,++ which is fair but not excellent. Its 

extractable aluminiua ~etal content is JO •illion tons at a 

very rough est.imate. Economica1l7, it probably rates worse 

or, at least, no better than bau.~ite of the eame grade im­

ported by big /1001 000 deadveight tons or above/ ore carrier 

ship from a deep-vater port in a tropical country to a deep­

wa ter port in the Gulf region. 

According to the present state of bauxite geological 

avarenesa, furthar significant finde of bauxite in the Arab 

world are unlikely albeit not impossible. 

For all we knov, non-bauxitic ores of aluminium may 

be abundant in the .Arab world, but the uee of these cannot, 

in a normally operating world econo•7, be considered econom­

ically justified. 

+ Although bauxite indieationa in F.ff7pt, Sudan and the Yem­
en PDR are mentioned by 1111 Bx)>ert Dr Rajendra Singh, 4uot­
ed in "Alumini11111 Ideas report on Arab induatr7" 1 Metal 
Bulletin Monthl.J1 Septe•ber 19791 p. 71. 

++ o... 8 Mining Annual BeYiev, 190G1 p. 4 1. 
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lluainiua making in the Arab world should therefore 

be based 0Terwhelming~7 on imported raw aaterial. 

C.1.2 Water 

Alumina plants use much vater. Whether to build an 

aluaina refiner7 and import bauxite or whether to i•port a-

11111ina instead in the first place thus largel7 depend9 on 

the availabilit7 of water. Alumina waking .. 7 be a Tiable 

op~ion tor the countries on the Rile and those oa the Ti­

gria/Eu.phratea, and a conditionall7 Tiable oae for the Ma­
ghreb countries. But eYen these countries 11117 vel1 prefer to 
illport alumina. 

The other links in the vertical allllliai.1111-making 

chain-are no more sensitive to the &TailabiJ.it7 of water 

than the average heaYJ' industrJ". 

C.l.J Fluorine 

Morocco and Tuni~ia poaaeaa significant peroentagea 

ot the vorld fluorapar reserve /l.J and 1.1 •• reapective-

17/. 'l'heir output likewise approximatel7 equals one per cent 
+ each of world fluorapar production. 

More impartantl7, fluorine ia being econoaicall7 re­

coTered from ~noaphate rock in several countries. The very 

abundant phosphate rock reserTes of the Arab world .,..1 thus 

acquire a considerable importance for world fluorine auppl7. 

Production of aluminium fluoride started in 1977 at 

<Jabea in T'llniaia /'t!.2,700 tp1/. Iraq has contracts for a or1-

+ US Depart•ent of the Interior, Bureau of Kines Bulletin 
671, Mineral Facts and Problem•, 1980 ed.: Fluorine b7 
DaTid E. Morse, p~. JOJ et seq. 
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olite plant /6,500 tp7/ and an alU11iniu.m fluoride plant 
+ /11,000 t-py/. 

Petrolellll cok• 

For llJl7 count~ vith a major petroleum refining ca­

pacit7, potroleum coke fa a likel7 b7-product. As far as in­

formation is aYlli.l.able, aost existing Arab &11elters uae do-

1Htaticall7 produc'1d petrol.e1111 coke, and the same 16 being 

enTiaaged for the sm•lter projects nov on the drawing board. 

Over 84~ aboTe al1 this, the Arab countries are also export­

ers .;_;,f petrole1111 coke and anode. 

Fitch 

The pitch norll&l.17 uaed in preparing the anodes of 

aluminium saelters is a coal distillation product, and as 

such, it is not a likel7 product for most Arab countr1.ea. It 

ma.7, howeTer, be replaced b7 petroleum distillation b7-prod­
ucts. 

Electric power generation 

Hydroelectricity. According to the 1980 edit:ion of 

the UN Yearbook of World F.nergz Statistics /ST/ESA/STAT/SER. 

J/24/ 1 most Ara1o states haYe no h7droelectric potent:Lal. The 

figures given 1i.re 161 654 Terajoule per 7ear for ~udan and 

1 1 152 Terajcule per 7ear for S7ria; no figure is given for 

Egypt, Iraq and Tunisia. Of these, the potential of Egypt ia 

rather considerable /ro~7 ~De-fourth that of Sudan/. 1~• 

aluainium saelter of F..g:J'pt, at Nag R~111adi, is in fact being 

+ UN Expert Dr Rajendra Singh, loc. cit. 
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supplied with hydro power from the Aswan High Dam. 

Gas-basen electricity. This is where the Arab world 

has an outstanding potential comparatiTe advantage. One should 

keep in mind that 

- round one-eighth of tre natta"al gas produced in the 

world is being flared; Saudi Arabia is the greatest 

flaring country in the world, and Algeria is third 

/Nigeria being second/;+ 

- the Dubai and Bahrain smelters are run on gas-based 

electricity and, as far as the information ia avail­

able, gas is bei~g considered as a fuel als~ fo~ the 

Abu Dhabi smelter, the Libyan smelter project and 

the tentative Algerian smelter. 

Other sources of electric.power. The use o! refinery 

residues instead of natural ~as to generate electricity is 

not unlikely in the co1mt1·ies which have refineries. 

Several Arab countries /the Maghreb ones; also Egypt 

and Saudi Arabia/ have coal deposits; some produce coal. Yet, 

where comparatively cheap hydrocarbons are available, coal­

fueled electricity generation is not a natural choice. 

Alumina plant fuel 

For steam raising and calcination in an alumina plant 

one would, in an Arab context, proba~ly use either natural 

gas or a refinery residue !or a fuel. 

+ Petroleum Economist, August 1980, p. )37. 
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C.~ Other factors of production 

c.2.1 Labour. Alumina making is not labour-intensive; emelt-

ing is even less so; semifabric~tion is more so but still 

below the average of u1anufacturin~. Personnel with the re­

quisite skills is in short supply in all the Arab countries; 

this can be helped in the medium to long term by appropriate 

general education and training. A long-term concept of alu­

minium industry development /and ot industry development in 

general/ must include setting up appropriate industry-specif­

ic training and educational facilities. 

It is the conve~sion of aluminium into final products, 

and semi-fabrication to a miuor extent, that are liable to 

come up against a workforce bottleneck in those countries 

vhich have a labour shortage problem. It is not so much the 

absolute shortage of labour that matters as the competition 

among the industries for the available /skilled/ workforce.+ 

The implication is that, economically, export-orient­

ed aluminium smelters and semifabricating plents of the less 

labour-intenoive typ@ may make good eco~omic sense for la­

bour-short countries rich in fuels, whereas the making of 

finished goods and of the semis requiring an abundant labour 

supply might be taken up by the countries with an unemploy­

ment problem. The two types of approach might be joined un-

+ There is of eo~se a certain flexibility of employment 
even in an aluminium smelter. For example, the Nag Hammadi 
smelter of Egypt, in 1978 when its rated capacit1 w~a 
1001 000 tpy, employed 2JOO people on the potlines alone, 
whereas the Dubai smelter, of 135,000 tpy rated capacit1, 
plus tha power station and the desalination facility, em­
ploy just 14JO betw~en them. /Metal Bulletin Monthlz, Ju-
17 1979, p. 8J, and January 1982, p. 48./ 
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der a system of regional cooperation. 

~ as such is not short, but industr1 siting i~ 

congested priorit1 development areas may be something ~f a 

problem. So may the burden on the environment caused by the 

large volumes of red mud produced by an alumina refiner1, 

although, as regards red mud, recent UNIDO-sponsored deTel­

opment based on research carried out in Hungary has led to 

important nev progresa in the use of this nuisance b1-prod­

uct. Using mainl1 silica-containing additiTes, red mud can 

be converted into building ceramics, tiles, ouilding blooka, 

decorative flooring elements and the like, to be fashioned 

after the construction habits and tastes of the country where 

the plant is to be sited. Thia implies that, these da7a, the 

feasibilit1 atud7 for an alumina refiner1 should include as a 
matter of course a market study concerning the bu:lding ma­

terials that may be so produced and, in connection therewith, 

the tonnage of red mud that may be so consumed. 

Pollution by aluminium smelters has been reduced to 

tolerable levels by recent technological developments. 

For importing bauxite or alumina, a deepvater port 

site is a considerable economic advantage. The alumina re­

finery consuming the bauxite /or the smelter consuming the 

alumina/ should be sited next to the port. The Dub&i •melt­

er, part of the Jebel Ali industrial complex, located next 

to the deepwater port of the same name, is a good example. 

Landlocked countries are not recommended to go in for making 

aluminium out of any imported raw material. 
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Capital~ It is usual to divide up Arab countrie~ in­

to capital-surplus and capital-short ones. Inves~ing into an 

export-oriented aluminium industry is a more like~y option 

for the former, provided they have abundant fuel to spare, 

but even in those countries the alumini1111 industry with its 

extremely high capital intensity will of course have to queue 

up in competition with the other potential uses of capital 

/domestic investment, social as well aa productive; capital 

exports, including both direct and portfolio investments a­

broad/. Some of the capital available aay be invested in the 

upstream stages of the aluminium industry somewhere abroad, 

in order to secure inputs /ba~xite, alumina/. Securing ac­

cess to markets and technology may also justify investments 

abroad. 

C.3 Technology 

Access to the most moder~ aluminium-making, semi­

fabricating and processing technologies, plant operating 

know-how and marketing expertise is still largely contingent 

today upon cooperation with one of the world aluminium ma­

jors /ALCAN, ALCOA, Kaiser, Reynolds, Alusuiase, Pechiney/, 

although there are other sources as well /e.g. British Smelt­

er Constr~ctions and National-Southvire Aluminium for Duball. 

These tend to insist on more or lees of an equity participa­

tion in the facilities to be built with their assistance. 

This is no drawback if the cooperation with them is careful­

ly managed by a government aware of the countr1'a beet in­

terests and endowed with suitable legislation. Both condi­

tions seem to be better satisfied in the Arab countries than 

in most other countries of the dev~,~~ing world. 
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Dae European socialist countries are an alternative 

source of a1n•ini- technologr. Aa contrary to the V.atern 

soarces of technolog, the alaaiai.- ce>11panies of tlleae coun­

tries do not insist on equity participation in the a11111inium 

facilities built with their assiab>nce. 
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D Present state of the Arab al.1111i11ium industr1 

D.l Bauxite •ining; a!,~ina refining 

'!'here is no bauxite •ining or al1111ina refining going 

on at the present time in an1 Arab countr1. 

'l'he fate of the recently discovered bauxite deposit 

in Saudi Arabia is uncertain as 1et. It ie likel7 to face 

strong competition fro• i•ported bauxite/alumina. 

A pre-feasibilitJ study has been reported to exist 

for a big /two lli.llion tn?/ al1111ina plant to be built in 

the Gulf are& under the aegis of GOIC,+ to be fed with Indi­

an, Australian or possibly Saudi Arabian bauxite.++ The ten­

dering has been entrusted to the supervision of Kaiser Engi­

neers of the us. 

D.2 Aluminium smelting 

The ALBA smelter of Bahrain, the first to be built 

in the Arab World, vent onstreaa in 1971 with a capacitJ of 

57,500 tp7. It attained the output of 1201 000 tpJ in 1974 

and 170,000 tpy in 1982. It is 57.9 ~ Bahraini government­

owned; 20 ~ of the shares is held by the Saudi government, 

17 1' by Kaise:· Aluminium and 5 .1 ~ b;y Breton Invest•enta 

+ GOIC is the Gulf Organisation for Industrial Conaulting, 
whose membership includes Saudi Arabia, Iraq, Kuwait, 
Bahrain, Qatar and the United Arab Emirates. It is eaeen­
tiallJ an industrial develop•ent coordinating bod7. 

++ Mining Jouraal, No. 7681 1 No~. 5, 1982, pp. )Jl-J)2. Ct. 
also "Le dClveloppe•ent d'une ind!J.atrie produetrice d'alu­
minium dans les pa7s du Mo7en-Orient" by M. Buguene7, Re­
vue de !'Aluminium, No. 50), February 1981, pp. 44-47,--­
and "Gulf Al1111ina Refiner1 .Study", in Mining Journal, No. 
7691, Jan. 14, 198). 
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/Eckartverk/. It is supplied with current from a gas turbine 

power station, and with aluaina b7 iaports under a long-term 

contract vith W@atern Alu•iniua Co. /GoYe, Australia/. A 

75,000 tp7 anode plant belongs to the unit. 'l'he cells are 

100,000-a.ap ones, with prebake anvdes. Kuch of the output is 

exported, although recentl~ there haYe been marketing diffi­

culties and a sizeable inTentor'7 has built up.+ 

It is intended to expand the ALBA smelter to a final 

size of 2501 000 tp7. 

The second maelter to be set up in the Arab World 

was the Egzptian one at Rag H•-·di. Built with technical 

assistance and part-financing fro• the USSR, it came onstrellJll 

in October 1975, with a capacit7 of JJ,000 tp7 out of 150,000-

amp SOderberg cells. It vas subsequently expanded, to 100~000 

tp7 in 1976-77 and to lJJ,000 tPJ in 1979. It receives power 

from the A.ewan High Da.a and al1D1ina from Nabalco /Go•e, Aus­

tralia/, which is hauled 250 km b7 road from the Red Sea port 
++ of Bur Safaga. The smelter has its ovn anode paste factory. 

Th~ saelter ~as to ha7e attained the capacity of 

166,000 tp7 by June 1982 and been conTorted to the use of 

sand7 alumina /likewise froa GoTe/ as of Januar7 1982. 

Some 60 ~ of the output ia being exported. 

Tbird in line vaa the Jebel Ali smelter of Dubai. It 

is owned as to 80 ~ by the Dubai goTernaent lll\d 20 % by an 

entit7 called Aluminiua Smelter Holdings, which is to be 

-------
+ ReTUe de l'Aluminiua, loo. cit.; Mining Annual ReYiev 1982, 

p. 55; p. 479; Mining Journal, No. 7686, December 10, 1982, 
p. 419; ReTUe de 1 1A1u.ainiua1 Mo. 502, January 1981, p. 9. 

++ ReYUe de l'Alu.miniua, No. 503, pp. 44-47, op. cit. 
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bought out successiTitl.7 b7 the goTerDllellt. l'irat on.atre- ill 

October 1979, it produced ia 1981 142,000 tons of aeta1 for 

a ri·ted capacit7 of 1351 000 t. It haa a gaa-f'uelled pover 

ata.;ion vhich al.eo f'eeda a sea water deaali-tion unit. 'Die 

smelter has its ovn prebake facility of 92.500 tPJ' capacit7, 

and receives aluain• 111lder a long-tera contract froa Alcoa 

of Australia. Plana ca1l. for an expansion to 18o,ooo tp7 b7 
1985.+ 

For the Ga1Z region as a vhole, GOIC baa en•isaged 

an aluminium prod11ctiQD capacity of one aillion tn bJ 1990, 

but before going ahead with this undertaking, serious con­

sideration must be givea to the aarketing of the output. 

Algeria'• 1)21 000 t}JJ' M'Sila saelter, to ha•e been 

built vith assistance ~ the USSR, ia sai.d to have been 
++ . s shelved by one 801lrce, although another pats its start-up 

:::.nto 1984, with aaai.atance froa a Japanese conaortiua headed 
b7 C. Itoh and Co.SS 

Abu Dhabi'• 8118lter construction ia said to be at au 

advanced atage.0 
!Ile iaitial eapacit7 vil.l be around 501 000 

tpy; this is to be expanded to 150,000 tn. 
In Libp, the project of a 120,000 tn saelter ia i:.i 

the tendering stage. !he "Zavarah Coaplex•, vhich ia to in-

+ Revue de l'ilnwiniuw.1 loc. cit. Also Mining hnua1 ReTiev, 
l9B2, p. 55 and p. 479. 

++ Mining Ann11!1 Reriev, 1982, pp. 467-468. 
§ 

5§ 

a 

Afrique Indta.atrie, Yol. 121 Jlo. 256 1 J- 151 1982, p. 64. 

Erzmetall, Vol. J6 /1983/, Ro. 1, p. 1. 

Brace, A.W., •A11lllilrl.aa indaat1'7 deTelopmenta", Metal Bul­
letin HonthlJ• Jan1Ulr'J' 1982, p. 37. 
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elude a 759 MV power station and a 75,000 tp1 petroleum coke 

facilit1, partl1 export-oriented, is to cost -1.J billion. 

It is to be set up in partnership with EnergoinYest o~ Yugo­

slavia. Kaiser Engineers and Contractors have prepared the 

tender docuaents for the project, for which the7 vill also 

provide construction management assistance.+ 

All in all, the Arab world already has 8501 000 tp7 

or so of aluainium smelter capacity well in sight: in view 

of our Arab consumption forecast /er. Section E.l/, much of 

this will have to be earmarked for export. 

D.J Semi-fabrication++ 

In Algeria, the M'Sila smelter project envisages 

producing at the smelter 20 1 000 tpy of rod, wire and cable 

strand. A hot-rolling mill of 70,000 tp; and a cold-rolling 

one ot 401 000 tpy output and a 1 1 000 tpy foil facilit7 at 

Bordj Bou Arredidj have also been envisaged, tor completion 

in 1984. Domestic demand for aluminium semis 11&7 attain 

60,000 t b7 1985 and 150,000 t b7 1990.§ 

In Bahrain, Bahrain Atomizers International produces 

J,OOO tp7 aluminium powder; Bahrain Aluminiwa Extrusions Co. 

produces 101 000 tpy extrusions; Midal Cables produces 15,000 

-------+ Erzmetall, Vol. 35 /1982/, No. 6, p. 281, and No. 101 p. 
484, and Vol. )6 /198J/, No. J, p. 107; Mining Annual Re­
.!!!.!.1 1982, pp. 469-470. 

++ For much of the information in this section, the writer 
is indebted to Mr Istvan Gazda ot ALUTERV-l"II of Bungar7, 
and hie "A Yilag aluminiumipara" /Aluminium Induetr7 of 
the World/ 1 Budapest, 1982, mimeo. 

§ 
"Algerie ~ 20 ans apr~s l'Independance", Afrique Indus­
!!:!!• Vol. 12, No. 256, June 15 1 1982, pp. 64 et eeq. 
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tpy wire and cable. Bahrain also plans a 40,000 tn rolling 

mill, to be co-ovned with Saudi Arabia, Iraq, Qatar and Ku­

wait, to come onstream in 1985. It is to be built b7 Kaiser 

Engineer~ and Contractors. 

In Dubai, Gulf E:<~rusi ins Ltd has an extrusion press 

of J,000 tpz capacity.+ Ziba Metals Establiahllenta i• a scrap 

proceaaor. Dubai Cable Co. makes 500 tpy of al111liaiu.11 cable. 

Egypt has a comparatively vell-developed eemifabri­

cating industr1. a Producers include three 100 • st.'lte-ovned 

units: Egyptian Copper Works, i'he Helwan Work.a /also called 

Milit1U7 Factory No. 6J/, Electr~ Cable, and SOiie private or 

partl7 private companies: Alumisr, Arab Aluaini1111 Co., Egyp­

tian General Metals Co., Al Saad Co. etc. The Nag Raamadi 

smelter itself p~oduces 101 000 tpy wire rod. Aggregate ca­

pacities are as follows: 

thousand tons 1979 planned expansion /1985?/ 

cold-rolling 16 45 

hot-rolling and 
cast-rolling J7 50 

foil 2.7 3.9 
extruded products 15 20 

tube 1.5 1.5 

east products 22 22 

wire and cable 16 16 

total.a, r·ounded 110 160 

+ For a description see the Dubai feature in Metal Bulletin 
Honthlz, February 1980, pp. 15-21. 

a Cf. e.g. A. Rambaud, ''L'industrie de la transformation en 
Eapte", Revue dit l'AluminimJ.1 loc. cit., 
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Egyptian se•is consumption per caput was one kg in 

1982, and is supposed to attain 1.4 kg b7 1985 /to increase 

!rom 40,000 t in 1982 to 52,000 t by 1985 and 65,000 tpy b7 

1990/. As shovn, sellia production capacit1 may attain 160,000 

tpy by 1985. More than halt o! semis output is being export­

ed today. 

Iraq has a semis works of 32,000 tp1 capacity at 

Naasiriyah. It incorporates a rolling mill of 15,000 tpy ca­

paci t1, an e:ctrusion shop o! J,000 tp7 capacit,- and a vire 

rod shop o! 10,000 tn capacity. It is slated to produce 

vire, caat product• and !oil in addition. There is also a 

cable factory in Iraq. 'l'he Nassiriyah plant is ~o be expand­

ed by 5,000 tpy of extruded-goods and 25,000 tpy of rolled­

goods capacity. 

In Jordan, Arab Aluminium Ind. Co. has a 5,000 tpy 

extrusion plant. 

In Kuwait, an aluminium cable maker - Gulf Cable and 

Electric Ind. Ltd - is known to operate. The Arabian Light 

Metals Co. haa an extrusion plant o! 41 500 tpy nocinal ca­

pacity. ALEXCO runs a foundry and a press. 

In Lebanon, Scial and Sidem, both of Beirut, used to 

produce 5,000 and 159 000 tpy respectiTely of extrusions and 

rolled goods. Both are part-owned by P~chiney of France. 

In Morocco, Manufacture Marocaine d'Aluminium i• a 

maker of sheet and tube. Aluminium du Maroc s.A., part-owned 

by Pechiney of France, is a maker of profiles and irrigation 

pipe. 

In Saudi Arabia, JCavneer Co. and Aluminium Product& 

Co. of Damm1111 are both extruders. The in•estment of two ex­

trusion plants ia ia course. A small cold rolling plant ot 
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6,000 tp1 capacity is also being built. 

Syria has envisaged the construction of a 201 000 ~o 

J0,000 tp7 semis plant, but ve have no information as to the 

fate of it. 
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E '!he econoaics of a1uainiWI froa an Arab Tievpoint 

E.l An Arab aluainium consumption forecast 

!his forecast, by the nature of things, must be Ter7 

tentatiTe. ~ot onl.y do the Arab co .. tries cover an ex~re•el7 

wide range of sizes, per-caput and absolute-terms GDP• etc. 

/a.a a glance at Table 1 overleaf vil1 reveal/, but also, alu­

•inium concumption is likel7 to e~lYe quite otherwise in a 

country where aluminium is abundant and its aubatituent• are 

scarce than in a countr7 vhere the •PP1 situation ·.a the 

other va7 round. 

'!'he forecast giTen here i8 baaed upon a method de­

tailed in "The Econo•ic Uses ot ll-inima /baaed on the Hun­

garian Experience/" by A. Bokor, A.B~ DollOUJ and I. Varga, 

UllIDO/IOD.335, 28 Januar1 198o. Let as reproduce here Table 

J of that peper. 

GDP per caput in relation ~~ allllliniwn consumption 

GDP, 
- per caput 

)00 

500 

1,000 

2,000 

4,000 

Almli.Ai- cons1111ption 

kilogranme 
per capat 

0.50 
1.00 

2.60 

6.75 
17.50 

kilogramme 
per i1,ooo 

of GDP 

1.66 

2.00 

2.60 
).J8 

4.)8 
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Table 1 

Essential econoMic indicators of the Arab vorld 

-Population GDP per GDP to- Growth Contribu-
mid-1980 ca put tal., rate tion to 

1980 198o of GDP GDP of 
1970-79 in- manu-

due- factur-
try ing 

thousand •us $US bn },/year % ~ 

Algeria 18,919 1,920 )6.32 2.8 57 14 
Bahrain 422 5,560 2.35 0.1 .. 
Djibouti 352 170 o.06 -4.7 • • •• 
Yemen PDR 1,903 420 0.80 •• 28 14 
Egypt J9,773 580 2J.07 5.J J5 28 
Iraq 13,072 J,020 39.48 9.J 73 6 
Jordan 3,244 1,420 4.61 6.o 32 16 
Kuwait 1,353 22,840 J0.,90 1.4 79 6 
Lebanon 2,7oo+ •• •• .. . . • • 
Libya 2,978 8,640 25.73 -1.6 72 4 
Hauritania 1,634 320 0.52 -0.1 JJ a 
ilorocco 20,182 860 17.36 3.5 J2 17 
Oman 891 4,J80 J.90 J.8 • • •• 
Qatar 231 26,080 6.02 -1.2 • • •• 
Saudi Arabia 8,960 11,260 100.89 9.6 78 4 
Sudan 18,371 470 8.63 1.5 14 6 
Somalia 3,914 160+ c.>.63+ •• 11 7 
Syria 8,977 1,340 12.03 4.6 27 21 
Tunisia 6,354 1,310 8.)2 5.7 35 13 
UAE 893 30,070 26.85 2.4 77 4 
Yemen A.R. 5,812 460 2.67 •• 16 6 

Sum/Average 158,2J5§ 2,219 351.14 •• •• •• 

+ estimated; § without Lebanon; •• not available or applicable 

Sources: List of countries: as per UHIDO-usage. Population 
and GDP per caput: 1981 ~orld Bank Atlas, IBRD, 
Washington, us, 1982. GDP ca1eulated from popula-
tion and GDP per caput. Others: !!_orld Development 
Report 1982, Oxford University Press for IBRD, 1982. 
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As a Terifieation of these rul.e-of-thUllb figures for 

the Arab vorld, ve haYe calculated current coDB1111ption for 

five groups of c01llltries, representing GDP-per-caput ranges 

of US- /1980/ lesa than 4001 400 to 750, 750 to 1500, 1500 

to 3000 and more than JOOO. These ranges straddl.e the liaits 

in the left-hand col111111 of the table ~n p. 29. The estiaate 

on the kilogr ... e per caput basis provides for the Arab Wcrld 

a 1980 consumption of 827,000 t~DB, whereas the estimate on 

the -1000 of GDP baais gives l,JJ9,000 tons. lJl fact, howev­

er, actual aggregRte consumption in the Arab World is on the 

order of 160,000 tons per year, off target by a factor of 

almost ten! 

What is th~ reason for this discrepancy? The esti­

mated per caput co!Uh.>..~~tions in the table are of course on 

the high side, but are not all that far wrong. Prof. R.F. 

Kumar for exaaple+ gives per capita consumption figures of 

11.90 kg for Qatar and 14.12 kg for Dubai. Yet the estimates 

in the table of page 29 hold for developed rather than de­

veloping aluminiua consumers Hence, the figures there turn 

out to be misleading for the Arab countries whose GDPs are 

tied up differentl7 with their levels of development /as cf. 

Saudi Arabia's per eaput consumption of 1.42 kg, which by 

the table should be somewhere aro1111d JO kg per person/, Al­

so, the Arab region is, as a vhole, undersaturated in alu­

minium: consuaption has not caught up yet with actual finan­

cial strength in ll8llJ' of these co1111triee. 

+ 

Underaaturation is not, or at least not primarily, 

The semi prodacta al1111inium induetr7 in eo•e deYeloping 
countries, UJfID09 1980. 
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due to a supply shortage: in 1981, the three Arab a1uainium­

smel ting countries, ~t, Bahrain and Dubai between the• 

produced 390,000 tons of priaar1 al.uainiua, much of which 

was exported outside the Arab world. 

Clearl1, another approach to forecasting should be 

sought for. The folloving one is offered for consideration. 

- The average GDP per capat in the Arab world, weight­

ed with the size of the countries' GDP in 1980, 

grew at 5.8 ~ per 1ear betve~n 1970 and 1979. Let 

us assume that this rate of per caput growth ie to 

persist up tG 1990. 

- Between World Var II and 197J, the average annual 

growth rate of vorld a1Ulli.n.i1111 consumption was a­

bout twice the &Yerage annual. growth rate ~f groae 

world product per ca~~t. While admitting that alu­

minium consumption ma1 be expected to grov some­

what slower nova~a world-wide /albeit still fast­

er than the per caput GDP/, let us assume that, i~ 

the Arab vorl~, which, as ve have seen, is an un­

dersaturat.ed market, it vill keep growing at twice 

the growth rate of GDP per caput. /Thia assumption 

rests on the hJ'pothesis that the Arab market will 

receive plentiflll. supplies of •etal to boost con­

sumption./ 

- The growth rate of aluaini1111 consumption in the 

~rab world is therefore eatiaated, up to 1990, at 

11.6 1' per 7ear in per caput teraa. This is tanta­

mount to a trebling of cou81111ption, from one to 

three kilogr .... a per capat, between 1980 and 1990. 

- Neglecting popalation gr~·i aa a elover-ltf'oving 
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factor, tti~t is, assuming Arab World population to 

stay constant at 160 million ae a rough first ap­

proximation, we obtain that the consumption within 

the Arab world will, at a fairl7 conservative es­

timate, grow by at least )20,000 tpy between 1980 

and 1990, from 160,000 t to 480,ooo t per year. 

- Taking into account population growth also,+ we 

obtain a consumption increaae ot 420,000 tpy be­

twgen 1980 and 19901 from 160,000 t to 580,000 t 

per year. 

E.2 other markets 

Since World War II, the world aluminium market has 

been characterised by a more or less per&istent alight over­

supply, except during the Korean and Vietnam vars. The pres­

ent oversupply is likely to be flipped over into a transi­

tor7 shortage by even a moderate upswing in the OECD econo­

aiea. In the longer term, a rough balance leaning towards a 

slight oversupply may be expected to prevail. In the world 

market, then, any export-oriented Arab aluminium industry to 

be set up will have to ~ompete on its coaparative advantages 

which, even though they do exist, may be eonsiderably less 

clear-cut than those of petroleum, petroleum-product or nat­

ural gas e7ports. 

World aluminium production toda7 is on the order of 

16 million tpy; assuming it to grow b7 only 4 % per year, 

which is on the conservative side, the capacity increment 

+ According to the IBRD World Develof!ent Reper~ 1982, pp. 
142-1431 the population of the Arab World vi~l attain 210 
million by 1990 /and 270 m-illion by 2000/. 
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required between 1985 and 2000 would be some 13 million tpy. 

Assuming that only 10 % thereof would be corralled by the 

Arab World, which seems entirely feasible /over and aboTe 

the capacity needed to supply the doaestic market, as out­

lined above/, the resulting 1.3 million tpy is on the order 

e.g. of current Japanese capacity. If held together by the 

right sort of efficacious cooperation agreement, such a pro­

ductive capacity could well project the image of a si~gle 

majo:r aluminium prodt•.cer, the more so since, on a less con­

eerva tive estimate, aluminium smelter capacity in the Arab 

Horld may well reach twic~ that figure by 2000. 

E.J Should Arab countries opt for the development of an alumin­

ium indu£try? 

The principal point is that, as· long as the world 

market functioLs normally, there is no prima facie case ei­

ther against the importation of aluminium metal or semis or 

for their exportation, pr.ovided, of ~ouree, that potentia1ly 

idle factors of production can be allocated to other indus­

tries of similar lucrativity. The advantages and drawbaclte 

of the one or the other approach must therefore be determined 

country by country by a detailed analysis that pays due 

attention to all the oociety-wide opportunity cos~s and ben­

efits involved. One should add that 

/a/ The· usual argument of setting up an aluminium 

industry so as to increase the value added to a domestic 

bauxite resource does not apply to the Arab world, which ia 

short of aluminium ore. 
/b/ The argument of higher value added to a fuel 

/natural gas or refinery residues/ is two-edged because the 
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world fuel market /the natural. gas market above al.l/ will 

probabl7 be more of a sellers' aarket in the medium to long 

tera than the aluminium market, with the Arab countries' ad­

vantages mor~ clear-cut. •nnas al.U11iniu11 is seen to have an 

advantage only where it can function as an outlet for fuels 

not used otherwise /unexportable, flared gas; unexportable 

refiner1 residues not con&Ulled by other, more lucrative in­

dustries, i! any/. 
/c/ Providing emplo,-.ent for unemployed labour in 

the more densely populated countries. This argument is weak­

ened by the comparative11 lov labour intensity o! most alu­

miniua industry phases. 

E.4 The case for semifabricatioa 

According to R.F. Kumar /op. cit., p. 160/, "The alu­

minium semi fabrication indusb7 is neither as energy nor as 

much capital intensive as the primary metal industr1. Being 

amenable to relatively sma11 scale operation, it can be ad­

vantageously established in a nU11ber of developing countries 

to meet their own national 8Jld intra-regional demands such 

as noY seems to be the case aaongst the Arab co\Ultries.~. 

The establishment of semi production industry is expected to 

achieve a number of nationa1 goals simultaneously. It would 

generate /i/ additional direct and indirect employment; /ii/ 

decrease the value of imports as now the metal would be im­

ported as ingots and the val.ue adding technological opera­

tions would be carried out with.in the country of consumption 

and /iii/ increase the val.ue of exports in case of those 

countries who are presentlJ' exporting primary aetal." 

These views are endoraed fully by the present writ-
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er, with the riders that /1/ the Arab countries in fact seem 

to haTe grasped these ideas fairl) early on, and /2/ the de­

velopment opportunities for semis manufacturing are more 

widespread in the Arab world than those for alUlli.ni1111 saelt­

ing, the inputs required being more widely available: this 

is reflected by the current distribution of these tvo a1u­

miniwa industry phases, and is expected to be a feature of 

ongoing de~elopment, too. 

All in all, aluminium aemifabrication maz be expect­

ed to develop at least in step vith, and probably faster 

than, aluminium smelting in the Arab world. 

E.5 Intra-Third World and inter-Arab cooperation in the aluain­

i!!!_j 'ldustr;r 

The scope for cooperation between Arab aluminium 

makero and other developing countries is quite clear-cut be­

cause, as we have seen, the Arab aluminium makers vill have 

to import outside r:re, in the forlT' ->f either bauxite or alu­

mina. True, the procurement of both is possible from, say, 

Australia, but India would be another viable option,+ and so 

would Guinea and Jamaica. Arab cooperation may e.g. assist 

Guinea in its long-pursued aim of building a second aluaina 

refinery in the country.++ 

+ According to a news item in the specialised press, Algeria 
and Iraq each have options on 150,000 tpy ~lumina from a 
plant to be built in India. /M. Hugueney, "Nuages sur le 
developpement ••• 11

, Revue de l'Aluminium, No. 510, October 
1981, pp. 357-359. 

++ In the labour-shv .. ·t Gulf-sta"··s, an important percentage of 
an aluminium-industry workforce may come fro• non-Arab devel­
oping countries. Th~ T>ubal smelter's vork!orce already in­
cludes many workers from Pakistan, India and the Philippines, 
and eo do the workforce~ of Gulf Extrusions and of cabl• maker 
Ducab. 
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What scope is there for inter-Arab cooperation in 

the aluainiua induatr7? 

Arab countries pursue a Yariet7 of econo~ic policies, 

diiierent ss to their openness to the vorld economy. Their 

alWliniua industries, inaSJ11uch as the7 exist, reflect these 

different policies. 

For the econoaically open comitries, going in for 

collectiYe aelf-reliance in the aln•ini11m sphere ia unlikely 

to look like a reasonable option. Thoae vhich haTe excess 

production aay sell it as favourabl7 on the vorld market at 

large as to other Arab countriec; those which are net iaport­

ers may cover their demand as f ayourab~ from the ~orld mar­

ket as from Arab producers. Indeed, the Maghreb countries, 

e.g., aay /and in fact do/ find import~ from Western Eu­

rope geographically preferable to illporting from the Gulf 

region. 

Those countries vhich pursue lees open foreign-trade 

polir.ies aay on their part prefer to set up aluainium supply 

agreements of a collective self-reliance t~pe between them. 

It should be remembered in this context that, at 

times rt market depression, the policies even of the open 

traders may turn less open. In such situations, Arab import­

ers may prefer buying Arab metal, not saleable for the time 

being outside the Arab world, to purcha.ees from other sup­

pl i.ers. 

Another area of cooperation aa7 involve joint supply 

schemes. The alumina refinery envisaged for the Gulf region 

might be a case in point. This is because long-term market­

ing agreements ~re much more important for all11'ina refineries 

/and bauxite mines/ than for s~elters or semis plants. S~T-
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eral emelters llllJ' thua inTest jointly into an al-ina plaJlt 

/or eeTeral aln•ina llllkers into a bauxite aiJJe/9 pledging to 

take off •ost or all of its oatPQt betveen th-. S.t there 

is no a priori rea&0n for !!!. these participants to be ~rab 

companies or goYernaents. 

In the Ga1f region, GOIC's role of indaatrial deYel­

opment and marketing coordination seems to fetch aoat of the 

benefita of regional cooperation while avoiding most ot the 

~itfalls. It is an interesting question vhether its actiYi­

ties cou1d be extended to the non-Gulf Arab COlllltrica. 

Within the aluainiua industr7 proper9 on the other 

hand, GOIC might expand its sphere of actiTitiea alao within 

the Gulf region, notabl7 to other aspects of a1-1..niua de­

velopment. 

At present, aP- tar as ve are avare, each Arab alu­

miniua-r~lated CGmpllllJ' /regardless of vhether or not it is 

atate-ovned/ bu7a in its technology and all but a Ter7 ainor 

percentage of its .. chine17 and equipment direct f'roa a •ot­

le7 Yariet7 of aoarcea, sited in deYeloped market econoaies 

in their bulk, in centrall7 p1-ned ones on oeeaai.oa. It would 

make a great dea1 of aenae for the .Arab co•pea:i.es/goYernaents 

to set up joint technolog7 receptioa/deTelopmeat facilities, 

with the aim of expanding the• into project cleai.gn/en,gineer­

ing centres. The arguaent behind this idea is that, whereas 

the alllllini~• ind11Btl-J' of each Arab countr7 taken in itself 

is •inor, all thelle industries taken together are quite 1-­

portant eTen tocla71 and, in ten J'eara or so, -7 attain or 

surpaaa the size of e.g. the Japanese industrJ'9 bec011ing bi! 

enough to serve as a basis f o~ self-sustained a and D and 

•ngineering. Such joint aluaiaiaa indust17 oea.tres vo:•ld be 
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apt to facilitate Yer'7 greatly the intra-Arab procbaction of 

alwainium industry 11achinery and equipment /starting, aay, 

vith smelter cells and alumina plant boilervork/. lbe~ vould 

likewise facilitate /1U1d given the problems inherent in the 

Arab language, greatly simplify/ the training of manpower 

for projects under construction. 

E.6 'ibe economics of gas as an aluminium smelter fuel 

This is what S.J. Ross-MacDonald, General. Manager o! 

Bahrain Aluminium, had to say about gas and the al.uai.Dium 

industry in the Arab world:+ "The Alba smelter in Bahrain is 

fired by prcduced gas which could be left in the ground, 

while 20 miles across a shallow channel enoug!• Saudi Arabian 

associated gas is flared ~o smelt 6m tpy of a1UA1inium. Ad­

ditionally a smelter is nearing completion in Dubai to be 

fired by waste gas, the supply of which is nov said to be 

far from certain. Not 200km away vast quantities of .!1a.red 

gas testify to Ab1 Dhabi having the highe~t groae national 

product per head in the world.'' 

The use of gas in the aluminium industry of a gas­

exporting country may be costed very roughly on the follow­

ing consideration. 

pover 

cents 

/1/ In the year ending )0 June 1982, the aYerage 

price paid by smelters reporting to !PAI vas 1.7 US 
++ per kWh. 

/2/ Let us assume for simplicity that the conYersion 

efficiency of theraal. enargy into electric pover in a gas 

+ 

++ 

"Aluminium in the year 2000 11 , Metal Bulletin Hontb11, Ju-
17 1979, pp. 57-61. 

Cf. IBA Review, Vol. 8, Ho. 2, Oct.-Dec. 1982. 
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turbine power p1ant i• O.JJ. 'ftn ~~plies th5t the fuel equi­

valent of three kWh L.di be 'b11rntt•.:. to generate one kVh or e­

lectric power. 

/J/ Let ua aa-., likewise for simplicity, that the 

conversion of gas into electric power ia fraught vith the 

same capital and operati.ag coeta as the exportation or LNG. 

Hence, the IPAI-aYerage price of 1.7 US cents per 

electric kVh corresponds to o.5667 cents per theraa1 kVh. Mow 

since one kWh equals 0.00)41214 11.illion BTU, the pover-plant­

ga te gas price equiTal.ent to tile IPAZ-aYerage pover price ia 

~1.66 per million BTU, or about half the netback price writ­

ten into the a•erage current international gas sale contract. 

It must be repeated that thia is a Tery rough cal­

culation indeed. Yet it ia quite accurate enough to llhov that, 

for the generation and the aal.e of electric pover to an alu­

minium smelter to br~ak eYen vitll Ll9G exports-/aasuming that 

the smelter •uat be inte:rnational.ly competitiYe/, the IPAI 

power price aYerage vould haYe to double approximately. Nov 

even though there ia a conaeJLS11.B of sorta that power costs 

will go on rising irreTersibl7 in the •ediaa and longe~ term, 

their doubling in real teraa before the end of t~e century 

/which is tanta11omat to a real-teras rise of slightly lea• 

than four per cent per year/ ia unlikely, not the least be­

cause such a rise vould aerioual.y i•pair the competitiTeneas 

of aluminium Yis-l-Yia llllJl1' other materials. In the final 

reckoning, then, the gas-producing Arab comatriea vill ha•e 

an inbuilt comparati•• adYlllltage in aluainiaa smelting only 

either if they are read7 to 811ppl7 the « .. to the pover gen­

erating facility at a lover price than that for which they 

can sell some of it abroad, or if international gas prices 
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dec1ine in real terms /vhich, after a tranaitor1 fuel price 

8hakeout in 1982-1984, ia non~ too likel7/. 

EYen without going into the details of price fore­

casting for other natural gas products, nch aa nitrogea 

fertiliser, bulk petrochemica1a, direct-reduction steel, ce­

aent or the like /let alone into the details of tile pricing 

of the gas needed to 118.ke the• coapetitiTe/, the overa1l. 

pattern ie fairl.7 clear-cuts all these potential uaera of 

gaa /including exports/ vill queue up for the gas aT•il.eble, 

and goTernaent /both in its role aa the owner of the gaa and 

as the instance responsible ~or in~uetrial deTelop11ent poli­

c1 / vill haTe to decide its preferences or priorities. ».­
Yelopment priorities will depend, in addition to the Yiev 

goYerD11ent takes of the future markets of these product., 

also on the va7 this or that industr7 fits into the deYelop­

ment concept of the eountr7, ita factor endovaents 1 market 

access etc. It vould accordingl.7 be oY•rveening to trJ and 

make an7 comprehenaiYe auggestiona here aa to goTernaeat prior­

i ties. It see11a likel7, hoveYer 1 that, in a Ter7 general 

va7, up to the end of the aillenniua at leaat, the exporta­

tion of natural gae vill fetch better returna thaa a!Ulliai.WI 

amelting, vhile the making of nitrogen fertiliser, baaic 

petrochemicals, ce•ent or direct-reduction steel see .. to 

haTe no a priori adTantage or disadvantage Yia-l-via alaain­

iua aaelting. '!he question that re .. ine, of course, ie hov 

much gas can in fact te exported. 
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F EnYoi 

Held together b7 etrong bonds of race, language and 

cultllral heritage, the Arab world is higllly i1lh011ogeneous as 

to richnesa/poYert1, economic sophistication and econo•ic 

polic7 attitudes. Accordingly, vhat is ecoa011ical.ly good for 

one Arab country is not necessarily good for the next one, 

let alone for ·"111. !hie is true of the almd.aiua induatr1 

in particular as vell aa for inYestaent projects in general. 

In a world vhere the key inputs into ecoaoaic devel­

oi-at are fuels and capital, the aluainiaa ind-tl"J is no 

shining light, just one of many deTelopment option.a. Deci­

sion-.aking in each coantl"J seriousl1 conaidering entr1 into, 

or expansion in, the a1aainium branch llWlt be baaed upon &. 

bal1111ced consideration o! both the country's indi•idual fea­

tures and its situation relative to the world econo•1 of the 

aetal.. 

It is hoped that the present paper vill haYe contrib­

uted uaefull7 to the taki.ng of those decisiona. 
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