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?OREilORD 

j 

According to various forecasts aluminim will probably be the fastest 

growing non-ferrous metal during the next de-:ade and aluminium consumption 

growth rates of 6 ~ average per year do not seem unrealistic. Whilst the 

growth rahs in industrialized countries mCQ" be comparably :ower, develop­

ing countries are upe~ed. to increase their ~ at a higher percentage. 

'lbe growth of aluminiun consumption is ma.inly due to the fac~ tha.t the 

metal ha.a become more and more competitive with other metals and materials 

and increaai?lg substitution by aluminiUl!l can be reported in many sectors 

where other metals and ma.terials used to be predominant. 'lbe areas of 

aluminium application are d.iversi:f'ied.: the transport sector, the con­

struc:tion industry, pa~, machine buildin€ and apparat•lS mar!u.facture, 

cind last but not least electrical engineering, which ~.s especiall,, .relevant 

to developing countries. 

Aluminium m~ become a particularly valuable replacement material 

for countries with insufficient availability of heavy non-ferrous metals. 

Ta.king due consideration of this "boom'' in aluminium consumption, 

U?lIDO ha.s published a number of documents aimed. at assisting developing 

countries that possess the necessary raw material a:rW./or energy resources 

to establish their own allninium industry. 

A recent publication "'!be Economic Use of Aluminium (based on Hungarian 

experience), UlllDO/IOD.335 of 28 Janua.r.r 1980'' is describ~ tl:e main 

reasons for using aluminium, with to%alllples and me·~hods of use, including 

potential sources of technology; it found a particularly positive echo by 

readers from both developed and developing countries. 

'lbe present st~ can be regarded., to some ertent, as ccnnplementary 

to the above and e.laborates on the development of aluminium sales up to 

1990. Although the study is mainly based on the -cresent situation and 

f'llture outlook in industrialized countries it may bo considered a useful 

guide to planners a.ad decision makers (both private and governmental) in 

developing countries wiahillg to promote l.luminium consumption in various 

sectors and poHibly also considering export of semi finished and finished 

aluminim products. 

The secretariat of UNIDO 
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1. IITTROooc-;-roN 

(1) This ~tudy was carried out by PROGNOS AG, Basel, Switzerland on be~alf 

of UNIDO, Metall~rgical Industries Section, Industrial Operations Division. 

It is based on a previous study of similar conte~t:, which was updated with 

infonnation and statistical data up tc early 1980. However, .oil price increas­

es of December 1979 and their repercussions on aluminium production and con­

sumption could not be taken into account due to lack 0f reliable figures. 

(2) The primary issue of the study is to define the future consumption of 

aluminium by industry sectors and to show fundamental technological change 
that may influence the demand for aluminium. 

(3) Unfortunately, very little information on developinq countries were 

Jvailable for tlie analysis with the result that mainly tile deveiopment on 

markets and in industries in industrialized countries was caken into consider­
at~on. 

L... 



r 

2. RAW MATERIAL SUPPLY 

2. 1. Bauxite mining 

(1) Since the expertise on the 'Limits of Growth' elaborated by the Club 

of Rome, the importance of raw materials and the dangers inherent in their 

wasteful exploitatfon have for the first time been b1·ought to the atte;1tion 

of a larger public. 

Taking into account only the entire amount of aluminium contained in the 

earth's crust, the resources of this element which is ranking third with 

8.2: after oxygen and silicium - give little rise to cancer~ regarding any 

impending scarcity. 

The real d~fficulty iies in the fact that aluminium occurs on1y in silicates, 

feldspars (magmatites) or micas. The most interesting forms for the extrac­

tion of aluminium - since accoraing to current systems the cheapest -

are the silicates of the kaolinite and bauxite group formed through ~~ather­

ing. 

Clays and clayslate rich in kaolinite - i.e. above all kaolinite itseif -

contain between 20 and 40: of A1 2o3 (alumina), and bauxites even between 

40 and 65 ~ of aluminium oxide which up to now has been exclusively used 

for the extraction of pure aluminium using the Hall-Heroult method of de­

composition. 

For the production of aluminium oxide, mainly various kinds of bauxites 



are actually used today, such as BOKE (60 ~Al 0/Guinea), ~EIPA (56: Al 0/ 

Aus~ralia}, JAMAICA bauxite (SO~ Al 0), to mention on1y the major ones. 

Apart from these, however, also alunite and nephelite are (Xtracted - probab­

ly above all in the Soviet Union - and, among other uses, are also decomposed 

into alunimium oxide. 

Sine~ within the foreseeable future, i.e. for the next 10 to 15 years, prac­

tically only bauxit~s will be used for aluminium extraction - for reasons of 

profitability and of the processing capacities existing today - bauxites re­

sourc2s have to be regarded as one of the main factors of influence for the 

supply of aluminium. 

(2} Areas with potential bauxite deposits are such regions in which at one 

time lateritic we)thering processes have taken place. While pre-tertiary bau­

xite deposits in silicate rock in all probability have already been largely 

exploited, the deposits known ~oday and the frequency areas whic~ so far are 

unexplored are to be found in the extended regional shield of the tropical 

belts, i.e. not farther than approx. 15U km inland from the coast. 

Current estimates1) of worldwide bauxite reserves fluctuat?. between 18 billior 

and 30 billion tons. In the first case, the assumed resources are distributed 

as follows: 

l) OECD Industrial adaptation in the Primary Aluminium Industry, Paris 1976 

f. 
\' , 



Regions with bauxite deposits 

Africa 

of which Guinea 

cameroon 

Australia 

America 

of which Brazil 

Jamaica 

Surinam 

Europe 

Asia 

worl~wide 

. ,. 
- -'· -

in millions of tons 

5,500 

1 'l 00 

950 

900 

700 

7,600 

5 ,500 

3,300 

800 

1,000 

18,200 

(3) During the past period 1960 - 1978, worldwide bauxite production was 

accelerated by annually 6.8 ion average (cf. Table 1). For an assessment 

as to how long the bauxite reserves known today are going to last, future 

extraction would also have to become more dynamic. This would result in the 
life span as listed below of the above-mentioned bauxite reserves ~~ounting 

to around 18 billion tons: 

Acceleration of 2rowth in OI p.a. JO 

6.0 8.0 10.0 12.0 

life span of tauxite resources 

worldwide (years) 
49 40 34 30 

Since it can be assu~ed that beyond the reserves of 18 uillion tons which 

are known today a considerable number of hitherto unexplored deposits exist 

and that up to the year 2000 technological development in the field of alu-
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minium production, on the one hand, and higher costs of extract~on of the 

still existing deposits, on the other, will have come to such a point as to 

make non-bauxite resources - such as clay and clayslate, anorthsites and 

nephilites - interesting raw materials for the extraction of aluminium, no 

scarcity of aluminium supply seems likely even under long-range aspects. 

(4) As can be seen from Table 1, the entire bauxite production in 1978 

with the exception of the Eastern Bloc countries - was nearly 73 billion 

tons, with the four main producing countries 

Australia 

Jamaica 
Guinea 

Surinam 

accounting for over 70 : of total mining. Accordingly, the large producing 

countries could increase their share as compared with 1965 by another 10 :. 

During this period known resources have also increasir.3ly shifted in favour 

of the tropical countries due to Australia's further push. With bauxite min­

ing in Brazil and Cameroon, the share of this group of countries will con­

tinue to grow. 

(5) At the following locations, for instance, the establishment of new 

bauxite mining capacities is planned: Table 2. 
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(6) Starting out fran 1975 conditions, the price of 1 ton of metallurgic 

alluminium is more or less composed as follows: 

bauxite 
alumina production 

alum1ni~m production 

of which capital costs Jpprox. 

energy costs approx. 

40 % 

35 % 

wages approx. 25 % 

1 metr. ton of metallurgic aluminium 

approx. 

approx. 

approx. 

10 ., 
.o 

27 Ill 
JO 

63 Ill 
II 

100 : 

As compared with the situation prevailing up to 1973 - which changed through 

the introduction of a bauxite tax in Jamaica calculated as pe1·centage of the 

price per aluminium ingot - the share of bauxite in total costs rose by_ near­

ly 4 i, i.e. frcrn 6.2 % to 10 %. 

It will be the major objective of the bauxite mining countries united in the 

International Ba~xite Association to achieve a uniform bauxite cartel price. 

From Guinea, the major promoter of the 'IBA', a system of calculation based 

on a currency 'basket' composed of US S, OM, and Sfr. is suggested for the 

sale of metallurgical bauxite and calcined alumina. Guinea has been applying 

this system from the very beginning and it seems to have proved successful 

up to now. Whether all the IBA countries will join the COITIIIOn pricing seems 

doubtfv1 as seen from today's perspective - mainly because the new government 

in Canberra has repeatedly voiced its objections. From this fact however it 

cannot be inferred that Australian bauxite will be cheaper than bauxite from 

other mining countries. 

It can be surrmarized that - apart from some special co;1tracts as for instance 

between Alcoa and Surinam - the price of bauxite, too - comparable to ~hat of 

other raw materials - has increas~ mar~ than 1 V2 times between 1973 and 

( 



1976. Although the aluminium industry does not expect a similarly marked in­

crease in the future it must be expected all the same - be it after the ex­

ample of Guinea or that of Jamai~a - that the price of bauxite for the alu­

minium industry located outside the mining countries will no longer be below 

11 - 12 % of the price of the metallurgic aluminium. 



-- ·~ -

2.2 Production of aluminil.lll oxide 

(1) The production of the aluminiUr.! oxide A1 2o3 which has been extracted 

fran bauxite with the help of the Bayer decanposition method could be acce­

lerated between 1966 and 1978 - outside the Eastern Bloc countries - from 

11.5 billion metric tons to 25.6 billion tons, i.e. an average annual growth 

of 6.9 % (cf. Table 3). 

While bauxite has still mostly been mined in developing countries - with the 

exception of Australia - over 78 % of alumina production in 1978 was accoun­

ted for by the industrialized countries of Western Europe, t~e USA, Japan. and 
Australia. Apart from Australia, alumina production also exists in the baux­

ite countries of Jamaica and Surinam, but the shares in total ~roduction 

with 8 % or 5 % are lagging behind the shares in worldwide tauxite extrac­

tion. 

(2) When studying the capacities indicated below, even 78 % of total pro­

duction are accounted for by the industrialized countries mentioned above. 

According to !PAA surveys, this structure irnderwent only in5ignificant 
changes up to 1978, i.e. by an eAtension of Australian capacities at the 

expence of Western Europe and the USA . 

.!!!_the long run, however, it must be expected that especially with produc­

tion plants for a~umina ~apacities will be shifted to the bauxite producing 

countries. In favour of this are frequently existing potentials of hydro­

energy, the fact that transport costs of alumina are below those of bauxite. 

Moreover, the bauxite mining countries are strongly interested by means of 

further developing this branch of industry to improve the infrastructure of 

their country. 
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Ttble 4: Production c1p1c!tl11 for_ 1IU11lnl11111 oxide by ~elected regions! 1971 - 1978 

197J 1!174 1975 1976 1977 1978 

-
ill 1000 t 

Western Europe 4,417 4,681 4,512 4,590 4,695 4,695 

Marth A.ertca 8,292 8,292 8,l62 8,412 8,412 8,497 

Lalin Meritt 4,564 4,564 4,889 5,075 5,075 5,075 

fir Ent 2,451 2,511 2,511 2,770 2,775 2,715 

South Ent 514 686 755 755 755 755 

Africa 700 700 660 660 660 660 

Ocunl1 4,9l8 5,638 6,038 S,838 6,938 6,9J:. 

Toti I 25,876 26,978 27,787 29, lOs; 29,JIO 29,l95 

In I 

Western Europe 17 11 16 16 Iii 16 

Marth A.erlct 32 31 JO 29 29 29 

L11tln Merle• 18 17 18 11 17 17 

hr Eut 9 9 9 9 9 y 

Soulh (ut 2 2 J J 3 J 

Afr I ct l J 2 2 2 2 

Ot.e1nh~ 19 21 22 24 24 24 

Jot1I 100 100 100 100 100 100 

·-
Western Europe: feJertl Republ le of Gen11ny, France, Great Urlttln, Greece, Jt1ly1 Morlh Allterlu: USA, 

C11o1d1, Virgin hltn<'.ls; Latin Aleerk1: Brull I•, Ja1111tu; fir Ent: Japan, Chinese Republlci SoJth Ent 

Asia: hldl1 0 Africa: Gulneto Oceania: Auslul la. 

Source: lrM, Loudon, Stile as per .ll.ne JO, 1975 

·1 

r ,) 
C) 
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Guinea, Jamaica, Brazil, Australia, and India for instan~e - to mention only 

the most important ones - have made a series of contracts with large alu­

minium conglomerates with the aim of swapping the know-how of the aluminium 

producers against fixed deliveries of alumina from the bauxite m;ning coun­

trie~ after manufacturing plants have been erected. The endeavours of the 

bauxite countries to manufacture alumina in their own country can easily be 

read from the growth rates: apart from Turkey - whose bauxite extraction 

and alumina production still are on a very low level - the bauxite count:·ies 

Australia, Greece, Jugoslavia, and Brazil registered the highest growtt1 ra­

tes (29.4 i - 14.6: p.a.). 



2.3 Production of metallurgic aluminium 

In Table 5, the production of metallurgic alumini•1m outside the Eastern Bloc 

countries is depicted. The development took a comparable course to that of 

bauxite extraction and alumina production and reacned an average annual growth 

of 6.7 ~ between 1960 and 1978. 

Of total production of 11,601 billion tons in 1978, 50.1 % were accounted for 

by the hn~ricas {USA 37.6 %) and 30.4 % by Europe. 

On the continents of Asia and Australid, growth was most reinarkable, un the 
one hand,. due to a way above average extension of existing capacities (Austra­

lia and Japan), and on the other, to the installation of completely new ca~a­

cities (Bahrein, New Zealand, and Iran). 

Broken down according to countries it is shown that the largest annual out­

puts come from the countries listed below: 

Market share in total production 1978 

1. USA 37.6 % 
2. Japan 9. 1 ., 

• 
3. Canada 9.0 % 

4. Federal Republic 
of Gennany 6.4 % 

5. Norway 5.7 : 
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2.4 Production of remelt aluminium 

(1) Table 6 indicates the production of remelt aluminium in Western coun­

tries. Remelt aluminium is composed of new scrap metal stemning from pro­

duction in remelting plants, from semi-products, from casting, and from pro­

cessing, as well as from old scrap metal, i.e. aluminium reclaimed from 

scrapped products. 

While the ranl-ing order in absolute figures i~ the same as that of the pro­

duction of primary aluminium - with the exception of Canada and Norway - the 

relation of remelt aluminium production to primary aluminiJm prod~ction 

shows that most of the European countries and Japan have in the past paid 

greater attention to this 

USA. The average share of 

tion in the major European 

States it is only 34 %. 

energy-saving reclamation of aluminium than the 

remelt production in total melting plant p~oduc­

countries is around 50 : 1), while in the United 

Remelt production has in the past most strongly accelerated in Japan, Brazil, 

Spain, anrl Sweden. 

Of all the countries with a high share in remelt production, the extension 

of this branch of the aluminiurr. industry has recently been most effectively 

promoted in Japan. Other countries which recorded considerable growth - such 

as Sweden, Spain, and Brazil - are still below the average level Jf more ad­

vanced industrialized countries. 

l) ~ith the exception of Norway which has only a comparatively small remelt 
capacity, owing to the relatively ample availability of hydro-energy. 

r 
\ 
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(2) Above all in countries with high alumi~ium consumption, the volume of 

old and new metal is rising; the remelt plants processing it are mostly lo­

cated in the vicinity of processing industries. It is likely that the growing 

significance of energy saving will force many West European countries as well 

as the USA and Canada - which so far were among the net exporters of alumi­

nium scrap - to become net importers. 

(3) On the ratio yield of old scrap: aluminium end use, unfortunately data 

exist for only a few countries. According to them. the shares are: 

Great Britain 15.2 ~ • 
Italy 9.8 % 

~RG 9.6 ~ 
~ 

France 8.3 ~ • 
USA 4.2 ~ • 

Apart fran the level of per capita aluminium consump~ion, the yield of old 

scrap mainly depends 0n the structure of aluminium consumption. Above all, 

reclamation of aluminium from garbag~ is still unsatisfactory which is why 

in countries with widely spread use of a1umini11m tins, constant efforts are 

being made to improve this situation. 



3. THE TECHNOLOGY OF ALUMINIUM SUP PU 

(1) Three factors pertaining to the methods used up to now in aluminium 

production will in the future be subject to increasing restrictions which 

are, eitner due to the raw material situation or to social reasons: 

1. high demand, mainly for electric power 

2. air pollution during the second production stage in the form of fluor 

vapour emission 

3. the fact that bauxite resources are diminishing, though only slowly. 

(2) For the production of 1 ton of aluminium, approximately the following 

amount of energy is needed: 

electric power thermal and mechan. 
energy 

~kwhri pooo kcal) 

Bauxite extraction, processing 
and transportation 100 1,000 

alumina production 400 4,500 

electrolysis 14,000 5,500 

founding 100 2,000 

Production total 14,600 13,000 

For the entire production process up to aluminium semi-products, approxima­

tely 14,600 kwhr and 13.0 million kcal of thermal energy are accordingly 

used - provided the secondary production stage is up-to-date and efficient. 

I I 

!1~ 
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If the requirements of thenna1 energy wou1d for the sake of comparison a1so 

be expressed in tenns of e1ectric energy, the equiva1ent wou1d be apprcx. 

15,100 kwhr. This shows that from the extraction of bauxite to the produc­

tion of semi-products, near1y 50 % cf energy requirements are accounted for 

by e1ectric power and approx. 68 % of tota1 energy consumption a1one are 

needed for the reduction of a1umina to primary a1uminium. 

It is understandable that at a time of increasing energy scarcity. the alu­

minium industry is getting under pressure from the goverrment as well as 

fran its own market to reduce the amount of energy used hitherto. The US 

aluminium industry, for instance, has obligated itself to the Government to 

r~uce power consumption up to 1981 by at least another 10 %. Power consump­

tion for the electrolyses could already be reduced from 25 kwhr to approx. 

14 Kwhr/kg aluminium during the past 25 years. 

(3) In order to lower the high energy consumption in the reduction of 

A1 2o3, at best two new procedures can at the present time be regarded as 

candidates for industrial application: 

- the A1c1 3 system of A1coa 

- the tnennal reduction process according to Toth 

The Alcoa system seems to be the furthest developed one. While in principle 

it is also an e1ectrolytical process, th~ decomposition does not - as in the 

Hall-Heroult method - proceed via the fluor-containing c~yolite but via 

coal and chlorine gas to aluminium cloride, which is split into liquid alu­

minium and chlorine by means of electrolysis. 

Although the procedure with the chloride process requires one step more than 

the Hall-Heroult method, Alcoa claims energy consumption to be only 8.9 kwh/kgl) 

1) K. Grjotheim, Oslo u.a.: Aluminiumherstellung aus Aluminiumchlorid, a cri­
tical conment on the Alcoa and Toth process on ALUMINIUM, 11/1975. 



- '.9 

aluminium which would mean energy savings of 25 - 30 : as compared with the 

latest Hall-H~roult plants. According to the structure of the procedure, 

this can only be due to the electrolysis unit being a highly concentrated 

production unit with large production per reactor volume. Further advantages 

of the procass are said to lie in its resistance to power failurP.s and in 

more flexible operations as well as in the avoidance of nonpersistant fluo­

rides provided the ~roblem of chloridized hydrocarbon can be solved. 

Alcoa has set up (1975) and is operating a test plant for this process in 

Palestine, Texas, with an annual prodt·ction of 15,000 tons of aluminium. 

(4) Infonnation available on the Toth process - which was announced in 

1973 by the Applied Aluminium Research Company of New Or1eans, Louisiana 

(USA) - is not as detailed. Here, too, the aluminium is produced through 

the fonnation of aluminium chloride, however, not electrolytically but 

through an indirect carbothermic reduction of aluminium chloride through 

mangane. Uncertainty still seems to reign as to pollution of the aluminium 

through mangane and as to the reclamation of mangane and chlJride which is 

necessary for cost reasons. Apart from this, the lower energy consumption -

according tC' the inver.tor only 5 % of that of the Hall-Heroult process -

will be compensated by a lll.ICh higher consumption of carbon. 

Another important advantage of the Toth process - apart from energy saving -

seems to be the low requirements as to the purity of the aluminium oxide 

which would also pennit the use of the widely spread kaolin5. 

A test plant for the Toth process with a projected annual output of approx. 

SO tons of aluminium is at present being erected in New Orleans by the deve­

lopment company mentioned above. 

11. 
I I 
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(S} The other persistently critical point regarding the Hall-H~roult pro­

cess which is generally applied today is the formation of fluor water due to 

the addition of cryolite and the resulting emission of gaseous HF and dust 

containing fluorides. The US organisation EPA (Ecological Protection Authori­

ty) has therefore charged the aluminium melting ~lants with reducing the con­

tent of fluor in the exhaust air before emission from the r.1.imney from 95 to 

75 i. 

To avoid this air pollution, a dry absorption process has recently been deve~ 

loped in the USA which works by retaining the fluor hydrogen through fluidized 

alumina. After a certain concentration has been reached, the alumina which 

contains fluoride can be passed into the elec~rolysis furnace. This avoids 

the lo~s of fluor in the calciuin sludge which may occur during wet absorption. 

This decontamination process is said to have proved its worth-while, on the 

other hand, it requires considerable standards of construction. 

(6) As demonstrated in Chapter 2.1 - bauxite resources can be expected to 

last as long as approximately to the year 2010, even on the assumption of a 

market rise in aluminium consumption by for instance 8 i p.a. On the other 

hand, the growing dependence of aluminium consuming countries on only a few 

bauxite countries, as weli as the uncertainty with regard to the profitabi­

lity of the bauxite depots which are so far only presumed to exist, makes the 

question of the decomposition of other aluminium compounds increasir1gly urgent. 

Of the principally applicable process variants - the dry-basic, as well as 

the dry-acid a~d wet-acid methods - new decomposition technologies seem very 

stronsly to tend in the direction of the wet-basic method. 

At present, for instance, three test plants for the production of alumina 

are operated in the USA, i.e. 

- decomposition of clays and slate using nitric acid 
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- decanposition of clays and slate using hydrochlorid acid, and 

- decanposition of anorthite by means of a calcium-soda sinter technique. 

They are joint ventures of the US Bureau of Mines and eight US alumini.J111 

concerns. 

Up to now, however, the greatest progress with view to industrial material­

ization of a replacement of the Bayer methad usea hitherto seems to have 

been achieved by Pechiney and Alcan with their H+ process. This is a two­

phase acid process using concentrated sulfuric acid for a first, still 

comparatively impure decomposition, followed up by a second phase trans­

fonning the obtained alunnnium sulfate into aluminium chloride by means 

of hydrochlorid acid. The next step, re-crystallization, results ir. a puri­

fication of the A1C1 3 and the final calcination in the reclamation of the 

hydrochlorid acid and the fonnation of aluminium cloride. 

The advantage of this process lies in the use of impure aluminium compounds 

in clays, loams, and natural slate, as long as the impurities in th~ first 

line concern the silicate content and to a lesser degree the iron content 

(10 % maximum) or calcium content (3 % maximum). Anorthite can accordingly 

not b'? used. 

In spite of the more reasonably priced sulfuric acid, the repeated acid de­

canposition ra~ses the costs, and Pechiney himself sees the point ~here this 

method becanes profitable in canparison with bauxite dec01?1position accord­

ing to the Bayer process at the earliest at that moment when the A1 2Q3 
content of bauxite is below 40 % and the locations are deep inside unex­

plored country. Above all the energy costs which are nearly SO ~higher 
than with the Bayer process (approx. 7 million Kcal/t aluminium) have a 

very negative impact. 
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4. COST AND PRICE DEVELOPMENT OF ALUMINIUM SUPPLY 

(l) Aluminium prices1) have developed as set out below ~ince 1960, in US 

cents/lb for 99.5 % aluminillll ingots: 

1960 1965 1970 1971 1972 1973 1974 1975 1976 1977 1978 av. Gr. 
60/78 

(%p.a.) 

26.0 24.5 28.7 29.0 26.4 25.0 34.1 39.8 44.3 51.3 53.1 + 4.0 

Between 1960 and 1976, aluminium prices accordingly rose less than steel 

(+100 :) and copper (+85 %). Whether this slight price increase continues 

to apply in the future as canpared with the major substitutes steel, copper, 

and plastics, seems doubtful, since the industry strongly depends on energy. 

A comparison of the structure of total costs of the produc~ion of primary 

aluminium which was undertaken at l meeting of the National Association of 

Recycling Industries early in 1975 in New York indicates the growing weight 

of energy and capital costs: 

Percentage of total costs2) 

1965/69 1975/79 

bauxite/alumina 30 30 
capital costs 17 27 
energy 15 23 

·wages 35-40 20 

1) Annual average figures fran the metal statistics (Primary source: E & 
M/J and Metdls Week) 

2) Source: Press releases on metal markets, Metallurgical Society, Frank­
furt, January 1975 
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Betr.~en 1566 and 1976, capital and energy costs have tripled, bauxite and 

alumina doubled in price, and wages rose by 50 : in real terms. Outlays for 

raw materials and energy now account for more than half of the entire pro­

duction costs. This situation also explains the policy adopted by the alu­

minit111 producers during the 1974/75 recession rather to curb the output 

than to lower prices or build up stocks. 

(2) Since the end of 1979, everything seems to indicate that worldwide 

demand for al111tinium will by the early '80s exceed supply. By 1979 in the 

we!tern world alone aluminium consumption has risen to 12.4 million tons. 

In this branch of industry, growth rates which may even reach 6 : are ex­

pected for t.~e ~ears to cane. Production capacity, on the other hand, has 

gradually decreased, ~-wing to the consciosly adopted policy of the worlds 

aluminium producers to throttle production. Accordingly, the growth of pro­

duction was already below that of consumption in 1979. Due to the enormous 

rise of investment costs it can at most be expected that the capacity of 

aluminium melting plants will grow by approx. 1.5: a~nually making the 

price increase of metallurgical aluminium during the first half of the '80s 

apparently inevitable. 

(3) In the past, aluminit111 prices in the Western world were mainly deter­

mined by the North American large conglomerates of Alcoa, Kaiser, Reynolds, 

and Alcan. 

Between scheduled prices and market prices differences of 20 : and more, 

however, frequently occurred due to granted rebates. Since this phenomenon 

has been observed especially often i~ recent years, the possibility of an 

officially controlled aluminium exchange has been played up again. 

This tendency towards a pricing system independent of the 5 or 6 market 

leaders will in our opinion get stronger with the growing share of the 

(bauxite and OPEC) developing countries. 
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(4) Apart from the sources of raw materia1s, the growing price of fossile 

energy wi11 a1so he1p to st?"engthen the present ~tructure of energy used in 

the primary a1uminium industry and wi11 grant considerab1e advantages to the 

developing countries with regard to 1ocation. 

Structure of energy sources in the Western primary aluminium industry 

Water 

Coa1 

Oil 

Natura1 gas 

Nuc1ear energy 

others 

Source: Revue de l'Aluminium, February 1974 
State at the time of the survey as per January l, 1974. 

53.5 : 

21.0 : 

12.3 : 

10.6 : 

2.3 : 

0.3 % 

100.0 : 
:::::==== 

As this listing shows, over 50 % of energy used up to now was in the form of 

nydroeTectric power. The table beiow, on the other hand, demonstrates that 

the potential of hydroe1ectric power in Western Europe and North .Am€rica has 

1argely been exploited already, taking into account that for eco1ogical 

reasons the level of utilization can hardly be extended by more than 50 :. 

HyJroelectric power potential and pres~nt level of utilization 

Total potentia1 1) Dev~loped capacities 
( 1000 MW) (1000 MW) (:) 

Africa 437 8 2 

Asia (excepting USSR) 084 47 7 

South M!eri ca 288 19 7 

Europ~ (Excepting USSP.) 215 104 48 

North Mlerica 330 90 30 

1) referred to annual mean 

Source: Wo~ld Energy Conference 1974 



Not only within the sense of a forward intergation - bauxite countries be­

cani ng aluminium producers - but also in view of lower production costs, 

the developing countries will gain more weight within the ranks of the ori-

1 . . . d 1) mary a um1n1um in ustry . 

For the reasons outlined above, a marked shift of supply in the direction 

of the developing countries will take place within the period under sur­

vey. The offer- of primary aluminium coming from the industrialized countries 

will be exposed to heavy price competitior. Acco~dingly, seen in the long 

run, the price growth whi'h accelerated towards the end of the '70s can 

rather be expected to decrease. 

1) Only for the sake of completion, the 1.2 million tons of projected 
smelting plant capacity of the Arab countries ought to be m~ntioned 
in this context: 

Country 

Abu Dhabi 
Algeria 
Iran 
Iraq 
Kuweit 
Saudi Arabia 

Source: Aluminium 4/75. 

Annual melt~ng plant capacity in tons 

150,000 
150,000 
300,000 
150,000 
150,000 
300,000 
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5. THE DEVELOPMENT OF FINAL CONSUMPTION OF ALUMINIUM 

5.1 Branr.hes of industry and countries under survey 

(1) This chapter represents the main part of the study, focussing on the 

development of the final consumption of aluminium, i.e. the-·demand by se­

lected economic sectors ard countries. 

The following sectors have been identified as predominant for ultimate con­

sumption of aluminium: 

- transport 

- construction 
- manufacture of packaging material 

- machine building industry 

- manufacture ol apparatus 

- electrical engineering 

(2) The analyses and forecasts by economic sectors are presented in ~ 

parts. The first part provides a quantitative background, analysing the de­

velopment of the individual sectors and their sub-groups, according to avail­

able data series. The shares of castings and semiproducts in total demand are 

calculated and corm12nted on in this part, as well as the main elements of de­

mand in the past. The forecasts of aluminium consumption are based on demo­

graphic and economic indicators which are forecast and published in the an­

nual '?ROGNOS euro-report': preceding regression analyses ~hawed a signifi­

cant relationshio between the lono tenn trend of GDP (GNP) and the total con-



swnption of aluminium (cf. Table 7 and diagrams 8 and 9). 

In the second, qualitative part the infonnation gained from interviews with 

experts is evaluated to show the qualitative trends within the particular 

economic sectors and specific characteristics in the different countries. 

(3) The original emphasis was on investigating aluminium consumption in the 

following industrializecl countries: 

European Conrnunity (FRG, France, Great Britain, Italy, Netherlands, 

Belgiwn/Luxemburg, Dermark) 

- Spain 

- USA 

- Japan 

and in the following developing countries: 

Brazi 1 

Iran 

- Turkey 

Denmark is the only European country for which no forecast was made due to 

the lack of statistical data. Alumnior is the sole producer of aluminium in 

Dervnark, and a publication of production figures would allow direct conclu­

sions ~s to its business situation. 

Concerning Non-European countries, we received information
1

) only from Brazil, 

whose Aluminium Association sent data for the year 1972. We attempted to fore­

cast the future aluminiwn demand by relating to the overall economic develop­

ment. 

1) According to several interview partners, even this information has to be 
interpreted with caution. 

~---~--- _____________________ ...._ __________________ _ 
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The least information could be gained from Turkev, where neither structural 

data on total aluminium consumption nor time series existed to forecast the 

sectoral economic development (data only in Tables I - III). 

For Iran, statistics on aluminium consumption do not yet exist; the magnitude 

of future demand is to be related to the aluminium-consuming branches of in­

dustry and to the past total aluminium consumption. It is questionable how­

ever as to whether a relation to demand is important for these countries 

(Iran and Turkey - cf. Chapter 6), because - at 1~~:: according to our in­

terview partners - this can not be considered as a limiting factor for busi­

ness growth . 

• 
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Dia!lram h· Development of J. aluminium consumption/GNP in the FRG 1955 - 1978 
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Ohgram 9: Oevel~~of l' alumtntum consumption/GNP tn the United States 1955 - 1978 
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5.2 Aluminium consumption in the transport sector 

A. Analysis of recent trends and quantitative basic forecast 

(1) Depending on the importance of the manufacture of motor vehicles in 

each individual country, between 5 : and 35 % of total aluminium consumption 

is concentrated on this economic sector. The major part (from 75 % to over 

90 %) of total consurr.ption is used for castings (see Table 10); semiproducts, 

i.e. rolled products and profiles, at the most amount to a share of 22 ~of 

total al~minium consumption in the transport sector (FRG). 

(2) The most important products in the transport sector that are produced 

partly or completely out of aluminium, are: 

passenger cars 

- freight cars for various usage 

- b·1ses 

- caravans 

- military motor vehicles 

- aircraft 

- ships 

(3) A trend analysis for recent years shows that in all European countries 

with a marked production of passenger cars - except in the United Kingdon -. 

the rate of increase in aluminium consumption has been below the overall sec­

toral development. 

We could verify this fact by constructing a model for the FRG. In this coun­

try, the specific input of aluminium per unit (passenger car) dropped from 

26 kg to 21 kg betw€:en the years 1968 and 1973. In 1974, the input raised 
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Table 10: Production of cast aluminium: transport sector (1000 tons) 

1969 1970 1971 l9n 1973 1974 av. GR 69/74 
(annual perc.) 

FRG 129.9 143.8 139.4 148.8 154. 9 134.7 0.7 

France 94.1 101.7 110.2 121.0 131.8 126.7 6. l 

Great Britain 76. l 74.6 75.0 77. l 85.2 76.8 0.2 

lta ly 77 .5 95.3 99.3 112 .o 140.0 129.7 10.8 

USA 302.7 276.9 290.5 356.9 373.2 315.2 0.8 
Japan - - 237.5 261. l 268.8 278.4 -

Cast aluminium production: percentage share of total aluminium consumption 

FRG 14.8 16.3 15.2 

France 20.6 20.7 23.2 

Great Britain 12.8 12.4 14.6 

Italy 20.3 22.7 24.7 

USA 6.3 6.3 5.9 

Japan - - 21. l 

Sources: Organisation of European Aluminium Smelters 

Metal Statistics 

PROGNOS calculations 

~ 

15.3 13.6 11.8 

23.7 22.5 21.2 

12.7 12.4 11. 3 

18.4 20.4 19.l 

6.7 6 .0 5. l 

17.2 15.3 17 .6 

L 

I 

""-...., 

_J 
- r 



above 21 kg again for the first time. 

A comparison of the different countrias investigated showed the fcliowing 

results, allowing for biases due to lack of comparable data: 

- in the US and Japan, the specific aluminium consumption has increased 

already in the past: according to American studies
1

) from 28 kg on 

the average in 1965 to 38 kg in 19742); 

- also in European countries there were specific divergencies: highest 

was the Italian car production with 28 kg per vehicle in 1974, lowest 

was the United Kingdom with approximately 16 kg in 1974; 

- also between different brands and even between models within the same 

series (i.e. not taking into account special vehicles) divergencies of 

up to 300 % were registered. 

Su1T1T1ing up it can be stated - what has also been confirmed in our ir.terviews -

that, at least within the private motor vehicle sector attempts have been 

made by individual producers to raise the aluminium content; a comprehensive 

survey for Europe on the other hand shows, that less rather than more alu­

minium has ce 0 n used since 1970. 

Detailed statistical data concerning the aluminium input in other transport 

vehicle types are not available, yet from a collection of indices it can be 

stated that for 

- trucks 

- buses 

- caravans 

- rolling stock 

more aluminium has been used than in previous years: the share of semiproducts 

1) Estimates by Kidder, Peabody & Co. Inc. 
2) In Japan, the average aluminium input per passenger car was 29.5 kg. 



hll\e ll: FMG: tt.nuf1cture of 1\umlnlua u11lproducts In lh• transport ae1:lor, \968 - 1975 

Rolled 
products Rods 

tons tons 

Rolling stock 40.l 23.9 4.l 0.9 

Pusenger cars and 
shtlon wagons 43.5 46.7 2.6 1. 7 

c-rcl1\ vehicles 54.' ll.8 2.l 0.5 

CtrlYIRS 57.8 69.4 2.1 -
Hl\lt1ry vehicles lb@ __ }~!! 1.6 0.4 

Bicycles and 
111>lorcycles 18.4 10.3 22.7 25.5 

Other r04d vehicles 63.7 19.6 7.2 1.1 

Other accessories, 
slnyle and spare 
parts 46.1 44.0 9.J 9.0 

Road vehicles total 45.6 40.0 4.1 2.1 

Water vehicles 55.1 62.2 l.l 3.0 

Air and space c1•afl ~~!l--~~!9 6.9 6.2 

Conl• lners 3 
(above 3 a ) 19.2 1.1 0.0 2.2 

Other transport 
vehicles ~!~--~~!! 3.1 1.4 

------------

total 41.5 41. 7 4.1 2.1 

SOt.1rces: 'Ali.l11lu111h1\bleugverhand', llt.lsseldorf 

PROGlllS ca\cul1tlons 

Prof lies Tub11 Wlr11 

tons tons tons 

60.9 69.9 1.8 l.6 0.2 0.1 

l9.2 37.7 8.'! ... l 0.0 0.0 

38.9 U.l 2.1 0.5 0.1 -
34.6 i:!I. 1 2.6 0.9 0.5 -
20.7 22.0 13.6 6.6 - -

36.5 21.3 0.6 0.6 16.li 34.0 

27.l 74.9 1.6 4.3 0.2 0.1 

19.8 Z6.9 0,6 8.9 o.o -
36.9 44.8 fi. 7 2.9 0.9 1.1 

l4.8 27.2 J.O 6.6 0.6 0.4 

16.6 11.l 2.1 2.6 o.o -

79.6 89.0 - - - -

2.7 6.1 l.O 4.8 2.1 0.8 

=~<. l 44.0 5 .1 l.1 0.8 0.9 

Pressed and Conducting 
forged parts aaterl11 

tons tons 

2.5 1.6 -

6.4 9.8 -
2.6 3.8 -
2.5 - -

H!! .. ~!!! -
li.3 8.Z -
0.1 - -

24.l 11.2 -
6.9 9.l -
3.6 1.6 -
8.1 11.0 -
0.4 1 1 -

O.J ~.1 -

6.2 8.2 -

IV.GR 
68/75 
(inn. 
perc.) 

t5. I 

-4.0 

t6.4 

+\I .9 

•11.1 

-6.1 

-8.5 

-4.8 

o.o 
-2.6 
-2.7 

-7.8 

t4.9 

---
t0.2 

Herkel share uf lol•I 
In I 

- ~I 191 
61 fos • 201 201 
-- -- ·-- ---

It 

• 
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• 
II 

II 
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It 
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It 
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II 
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for the vehicles has risen continuously since 1968 in the FRG (cf. Table II}. 

The countries in Western Europe which are not producing passenger. cars have 

a higher growth rate of alu~inium consumption in the transport sector; final­

ly, the trend to increased ~luminium usage was confirmed by our interview 

partners, above all for specialized comnercial vehicles (tank trucks, dump 

trucks, furniture removal vans) and rolling stock. 

(4) In the case of the transport sector, we considered not only, as usually 

done, the rea1 sector development as main determinant, but in addition the 

foreseeable develo~ent of the specific aluminium input. Starting with the 

functional relationship between the real development of the value of produc­

tion and total aluminium consumption, i.e. 1
) 

PV 
PV = PQ . P/U PQ = 

P/U 

AI 
AI = PQ . AI/U PQ = 

AI/U 

we come to the f o 11 owing corre 1 at ion 

PV 
= 

P/U 

AI AI/U 

AI/U 
AI = PV . 

P/U 

PV 
AI =-- . AI/U 

P/U 

As the foreca$t of the value of production of transport vehicles is made on the 

basis of comµarable prices, aluminium consumption can be directly derived from 

the development of the real sector value and the expected increase of aluminium 

consumption. 

1) PV = value of production 

P/U = price per unit 

?Q = quantity of production 

AI/U = aluminium input per unit 
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A study carrie~ ut in 1974 by the .llmerican motor car anci1iary industry in 

the fonn of a Didphi-analysis with experts from industry, unive!"sities and 

state authorities1) stated that by 199U the percentage of aluminium parts 1n 

a car would rise fran 2.1: to approximately 7.5 :. 

Taking into account the average car weight, we forecast an average annual 

growth rate of aluminium input of 6.6 : until 1990 for .llmerican and of 5.5 : 

for European and Japanese passenger ca!"s2). 

According to the findings of our interv1ews, a future growth of aluminium 

consumption similar to that of passenger cars can be expected for non-Pr.~ri­

can coomerci~~ vehicles. As the two groups together represent 80 - 85 ~ of 

total aluminium consumption in the transport sector and as the oth~r 15 -

20 : cannot be analyzed due to lack of ~tatistical data, ~e continued to use 

the two influential factors 'real growth of production of the overall trans­

port sector' and 'development of specific aluminium input for passenger cars' 

in the first approach to the forecasting model. 

1) T.R. Funke, 'Hochbeanspruchte Aluminium-Schrniedestticke im Fahrwerk' pa­
per presented at The International Symposium 'Aiuminium and cars' Dussel­
dorf, March 1~76. 

2) Leaving aside the effect of the development of the real value of produc­
tion and the effect of the specific aluminium input, tota1 aluminium con­
sumption can further be influenced by a quality effect which is embedded 
in the P/U-ratio (e.g. overproportionate rise of the selling-price in 
relation to the input costs, due to an increasing quality of the car which 
due to environmental protection impositions). Substantiated estimations 
which consider a price increase due only to qualitative reasons as an 
autonomous development were not possible to consider within the given lim­
its of this study, but could be the subject of a more detailed analysis. 
On the other hand, ~he data for the past development of the price ~ffect 
generated by statistica1-mathematical methods, differ significantly from 
each other and can therefore only be considered as approximative values. 
Based on these calcu1ations we estimated an annual 2 ~quality-stipulated 
price increase to discount for the aluminium consumption, according to 
the above mentioned functional relationship. 

L... 



(5) The country-to-country comparison in Table 12 shows, that until 1990 

the highest growth in aluminium consumption will be likely in ~pain and Ja­

pan.-J:lespite an overpropo~tionate material substitution - in comparison to 

other countries under survey - necessitated by the great weight of the pas­

senger cars, the 7.7: increase in the U.S. is only ranking fifth. This is 

due to the fact that the sectoral develo~ent is only slightly positive (cf. 

Table I in the appendix), and as the alumini1.111 penetration into other seg­

ments of the transport sector - above all in comnercial vehicle construc­

tion - is already 111Jch further advanced than in other countries under sur-

vey. 

B. Evaluation of interviews 

Passenger cars 

(1) In passenger car construction aluminium can be utilized for the fol­

lowing parts: 

1. Engine with auxiliary units 

2. under-frame 

3. automobile body 

4. electrical equiJX11ent 

5. wheels 

Ad 1. 

Although the three motor companies P~ugeot - Renault - Volvo have in a joint 

venture developed an apparently satisfactory pure aluminium engine, the ma­

jority of our interview partners expect only a gradual change to alum~nium 

because of the existing gray iro~ production ca~acities. In the first case 

it is the high investment costs and the risk involved in the change of pro­

duction, that in the conwnercial vehicle industry present s~bstantial handi-
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Tal>le ll: final ahnlnlu. consui1ptlon: Transport_ sector 11000 tons) 

1%0 1965 1967 1970 1971 l97Z 1973 1974 

f RG 97.7 141.8 lll.9 191.6 184.6 187.6 200.0 174 .4 

France b7.J 91. I 102.6 144.9 145.0 163.J Vi6. 5 154.0 

Great Drllain 111. 4 121." 124.4 134.0 127.8 131.8 150.2 143.7 

Ila ly 57 .0 75.0 114 .0 140.0 138.0 145.0 133.6 '45.3 

Nclherlanc.ls 2.5 5.5 5.0 7.0 7.5 (7 .8)* (7.1)* -
UelgllM I. 2 2.4 I. 9 2.9 3.1 3. 1 J.8 4.3 

Uen111ark " - - - - - - -
Spa in - - - 38.0 38.5 48.8 57.9 62 .1 

USA - 848.2 046.9 734.3 867.3 1,066.4 1,356.3 1,169.4 

Japan - 86. I 104 .7 256.6 269.7 309.9 344. 1 125.1 

Ur.sz I l - - - - - 21.4 - 41.2 

I) GR 1!170/lU 3) GR 1965/10 * calculated values In parenthesh 
l) GR 1%5/77 4) GR 1977/90 

Suun:es: Metal SlaUstics 

European Alu11l11h11 Statistics 

Anuario Eslallsllco c.la Assoclai;ao Drasllelra c.lo Ah1111lnlo 

PROGNOS calculations 

~ 

1976 1976 1977 1970 
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- - -
2.6 4.0 5.9 

- - -
02.3 143.0 247.6 
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- - -
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caps to a speedy change. Many of the present engine block series have a ser­

vice life of 20 or more years and can also by negligible variations be adap­

ted to new s~~cifications. Although by die-casting - above a production quan­

tity of approximately 100,000 - possibilities of rationalisation against tra­

ditional methods exist, the P-R-V group - because of the higher material pri­

ces - always ended up -2 ~ higher than those of a ccmparable gray iron en­

gine. Another disadvantage of the aluminium engine was the higher noise in­

tensity, that made additional soundproofing elements necessary. Contrary to 

the U.S.A., many European and Japanese cars had already used cylinder-heads 

and cylinder-head covers made of aluminium because of their better perfor­

mance. An extension of this trend is generally expected. 

Under the motto 'use of aluminium whenever suitable as substitute material' 

the develo?Dent of aluminium radiators is viewed very optimistically, as its 

price is not expected to rise as much as that of copper, and an aluminium ra­

diator is approximately SO ~ lighter than a copper one. Previous difficulties 

with joints (welding, glueing) can, in the opinion of our interview partners, 

be eliminated. In addition to this, the production costs of an aluminium ra­

diator - primarily the pipes - are still higher today than those of conven­

tional radiators. Other au~liary units, such as heat exchangers and oil 

coolers are also regarded as future aluminium products. On the other hand, 

it must be taken into consideration that certain less stress bearing parts, 

such as the waterpump will in the future be manufactured from synthetic ma­

terials and not frcm aluminium. 

M 2. 

The usage of aluminium for the under-frame is very convenient: its advantages 

over the use of gray iron are clearly demonstrated by the anticorrosion re­

quirements, the relatively high weight of the latter and the lower investment 

risk as compared to the engine block. In advanced car models of today gear 

covers, cardan gear housings, stearing-gear boxes, elute~ housings and trans-
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verse tractions are all manufactured from die-cast aluminium, as are, in the 

most ordinary car, at least the acessory covers and relatively small parts 

such as brake-shoe holders. According ~o our information it ~eems therefore 

that the second most essential new application area of aluminium in future 

cars - after the alumini~m radiator will be the under-frame. 

Ad 3. 

While the weight factor is of great interest for the automobile body the use 

of aluminium is rather problematic in this sector. It is well known that 

General Motors in their 'Vega' model had constructed parts of the autanobile 

body of aluminium: it seemed not to be a satisfactory solution, due to the 

high 40 % part rejects rate and a 20 : share of production usablP. only after 

touching up - not to mention the necessary cost comparison. The specific dis­

advantages oTI the forgeable alloys that can be used for parts of the automo­

bile body are listed below: 

- deformability 

limited strength (in many parts the necessary strength can be intro­

duced oniy by subsiduary strengthening or by the use of a 40 % stron­

ger aluminium plate) 

the technical problems of jointing (e.g. three times more energy in­

put is necessary than in steel plate welding, repeated examination 

of the electrodes, material distortion in mixed steel-aluminium struc­

tures, less tolerance than with steel sheets for the same part reject 

rate). 

The aluminium industry appears to be aware of these deficiencies and serious 

efforts are being made to improve the material prerequisites in this sector 

by new developments (Pechiney - alloy Al-cu2-Mg-Si as standard business clas­

sification CP 485, two new Alcoa-forgeable alloys for application in automo­

bile body construction). Now General Matos and Ford also want, as Citroen, 

for their expensive models (Cadillac, Lincoln) to use aluminium for the roof, 

motor hood and for the engine and trunk area. 
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Ad 4. 

CC"T!parable to the aluminium radiator the electrical layout is an application 

area that derived directly from the features of aluminium, viz. its relative-

1y low price and its relatively good conductivity. It was seen by most ~nter­

view partners as a growth area in car production. With the substitution of 

copper conducting materials through aluminium, a 25 ~ - 50 % excess demand 

in space and iron weight ensues, if the same perfonnance is to be achieved. 

More problems occur because of the non-conductivi~y of the oxide layer with 

electrical connections. For this reason no screw or clip connections, but 

upset- or lap weldings with fiuxing agent or Cu-network are used. Eventual­

ly aluminium windings ~re also used in e~gine starters. Considering the tech­

nological and economic incentives, the manufacturing companies (Bosch) ex­

pect that the previously small power units to 0.8 kW c~n be further develo­

ped in the years to come. 

Ad 5. 

More for the sake of fashion than is economically justifiable, the number of 

passenger cars with aluminium rims has risen considerably in recent years. 

A further increase - at least in the short term - should be reckoned with. 

Our interview partners had divergent opinion concerning aluminium-made shock 

absorbers. A)though some models - in Europe upon request - are equipped with 

aluminium shock absorbers, the majority of the experts believe that synthe­

tic materials have better prospects. 

Door-, window- and chassis edgings, today predominantly made of aluminium, 

will, in the view of our interview partners, also be lost to synthetics as 

substitute materials. 

Cairnercial vehicles 

(2) The aluminium input for commercial vehicles differs from one country 



to the othep, almost as it differs for passenger cars by model, product and 

country. 

The highest percentage of aluminium input can be found in the United ~~ates, 

where 20,000 cor.mercial vehicles out of 2.8 mill. produced in 1974 have al­

ready been equipped with aluminium chassis, and approximately 60,000 to 

70,000 driver's cabs out of 140,000 canmercial vehicles with a total weight 

of 15 tons have been equipped with aluminium. In addition, aluminium is used 

in the U.S. as raw material for forged rims for commercial vehicles and, to 

a major extent, for tail boards and custom-built bodies. 

AccJrding to the infonnat~on we received, in this area of the transport sec­

tor efforts made by industry and government are also increased to save energy 

by reduction of weight. Hence, a ~ e widespread use of aluminium expecially 

as chassis-material seems to be essentially a question of the development of 

the costs of aluminium in relation to the price of energy. 

In Europe, the conmercial vehicles in Switzerland, Sweden, and in the U.K. 

have the highest share of aluminium. Custan-built bodies for tank lorries, 

tipping trucks, refr~gerator trucks, tractor trucks for different use and 

the sides of the tail board are predomenantly made of aluminium. On the other 

hand still little use is yet made of aluminium for driver's cabs, chassis 

and rims. 

For custom-built superstructure a further increase of aluminium input is not 

expected, due to the already high percentage of market penetration; but 

Pechiney and Alusuisse1) are at present making strong efforts to i~troduce 
aluminium into serial production of convnercial vehicles. But according to 

information given by conrnercial vehicle producer~. any substantial progress, 

i.e. use of alumi~ium for cab or chassis, can not be expected because the 

1) e.g. production of an all-alum~nium-col'Tl!lercial vehicle a .. the commercial 
~ehicle exhibition in Geneve 1974. 

L..... 
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cost difference. to stee1 sheets and steel-supports is sti1l too large. 

In addition, several leading corrmercia1 vehic1e producers have recently in­

vested in installations for the production of steel driver's cabs, which 

means a conmitment for approximately 10 years. We discovered that in this 

respect no ~undamental disagreement exists among the producers, becacse our 

inteiview partner of MAN has a joint marketing organization together with 

SAVIEM and thus was also informed about the activities of the 'Club of the 

Four' (OAF, Volvo, Saviem, KHO). 

New possibilities of an input of aluminium can be seen and are increasingly 

realized in the sector of loading ramps, due to a steady price increase of 

the Brazilian pine which is u~ed for platforms (including trailers), and 

for compressed air containers because these are particularly affected by 

corrosion; this latter possibility is nevertheless still in an experimen­

tal stage. 

For the rest, there is already a larger amount of die cast parts in use, 

for conmercia1 vehicles as we11 as for passenger cars, 1 ike oil sump, 

clutch housing, flywheel housing, cover plate of the rear-axle, S\•;~tch 

cover for gear and lever support, to name the most important. 

An introduction of chop-forged rims failed until now due to the costs that 

amount to more than 200 percent of the price of steel rims. 

The situation in Europe is thus largely diffe~ent from that in the United 

States, where aluminium made frames, driver's cabs and rims are already part­

ly in use. This difference can be explained by the different mentality of 

processing (argular driver's cabs of the U.S. commercial vehicles with ri­

vetted joints) as well as by the comparatively stronger position of the U. 

S. aluminium industry. 



Other vehicles for road transport 

(3) There is a trend towards a more intense use of alumir.ium not only for 

passenger cars and canmercial vehicles, but also for motorcycles and bicr­

cles. Concerning this market we were, in particular, informed that tubular 

frames could be made in the future of aluminium instead of steel and - es­

peci a 1 ly for motorcycles - the traditional spoke rims could be replaced by 

aluminium rims. 

Finally, the so-called 'motor-homes• 1) in the U.S. play an important role 

in the aluminium consumption within the group of vehicles for roaa tran·5-

port, because the application of alumini~m die cast and prJfiles reduces 

the average weight from the 6 to 7 t stan~ard to 5 t. Outside the United 

States, these 'motor homes' are at best comparable to caravans (but with­

out an engine). In spite of astonishing growth rates in the past, they 

play a comparatively negligible role. 

Rclling stock 

(4) According to Table 11, between 1968 and 1975 less than 10 ~of total 

aluminium consumption in the transport S£:tor accounted fo1 by rolling 

stock in the FRG; on the other hand, aluminium producers consider this area 

as a typical growth sector. 

Because of its low weight, aluminium is perfectly qualified for the body 

and underframe of local traffic and express trains. The use of aluminium 

reduces the weight of an underground - or suburban train carriage by 30 % 

to 40 %. 

As the costs of the material only amount to a very small share of the to­

tal costs of a carriage, its costs increase only by 3 ~. althousn aluminium 

1) not to be confounded with 'mobile homes' (see 5.3) 

( 
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is three times as expensive as sheet steel, and about 40 ~below the price 

of stainless steel. The reduction of weight results in lower energy consump­

tion for the frequent acceleration and braking, which more than crxnpensates 

the higher costs of suburban trains. For this reason the aluminium alloys 

7020 and 6061 have been used for the recent extension and replacement of 

wagon fleets for suburban trains. To achieve a reduction in welded and ri­

veted joints, carriage constructi or. has increasingly 'JSed larae profi 1 es . 

Having at its disposal the ca?JCities to produce these large sections, the 

Swiss company Alusuisse suceeded in obtaining the order frcm the Metro Com­

pany in Paris to deliver new carrage units. 

The use of aluminium in the construction of express train carriages has the 

advantage that the loading weight on the roadbed caused by high speed, can 

be reduced more than by the use of steel sheets . 

In addition to all-aluminium carriages for passenger traffic, which turned 

out a success in practicaiiy a11 industrialised countries, Switzerland and 

the USA also have all-aluminium freight cars. By improving the jointing tech­

niques, by the application of large extruded sections in the sides, a reduc­

tion of the great variety of extruded sections and prefabrication of larger 

car body elements, some progress in fulfilling operating requirements to­

~ards a reduction of the price differential against steel versions have al­

ready been achieved. Nevertheless, in the conviction of the user, yet further 

progress must be made. 

The application of aluminium constructions also benefits from the trend to 

special goods wagons (cf. the use of aluminium for bulk material wagons in 

the USA). 

Finally, the trend which is already noticeable in several European countries 

towards inside fittings of aluminium for the wlgons will accelerate. 

1) Com~are Revue de l'Aluminium, 3/75. 
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Shipbuilding 

(5). The shipbuilding market can be divided into: 

Ad 1. 

l. Private boats, mostly of small to average size 

2. Comnercial boats for various purposes. 

In small to average sized private boats the application of aluminium is lim­

ited to the superstructure. The hull is produced predominantly of synthetics, 

reinforced by fibreglass. 

In addition, there has recently been a growing supply of boat engines - pet­

rol and expecially diesel - made of die-cast aluminium. Their previous prob­

lems concerning power delivery, can almost certainly be sunnounted. 

Ad 2. 

An especially interesting new field of application for aluminium has emerged 

in the growing number of tankers for liquified natural gas. The majority of 

these newly introduced tankers is fitted out with the Moss-Rosenberg spheri­

cal tank system and has ar1 average aluminium input of 60 t - 100 t/1000 m3, 

i.e. a tanker of a totally conventional volumetric capacity of 125,000 m3 of 

natural gas, already requires about 10,000 t of aluminium sheets. 

Aircraft construction 

(6) In aircr~ft construction, aluminium is already the material most used 

(85 :). Aluminium producers therefore do not expect any acceleration i~ this 

sector. It is, on the contrary, possible that parts of the present aluminium 

application, as for example interior fittings, will possibly be ceded to syn­

thetic materials. A further though at present not very ~robable development 

in this direction in the near future - would be che substitution of aluminium 

( 

L... 
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outer sheets through Titan1
). This would be t11e_c:_as_e_if more supersonic air­

craft were introduced into the cOt1111ercial sector. 

A possibility to sell more aluminium in this sector ~t least in Europe, could 

ensue fran the success of the current efforts of West European aircraft manu­

facturers (Airbus A 3000, 111Jltipurpose combat aircraft etc.} to gain a larger 

share of the world market. 

The alloys needed for such purposes represent a highly developed technology 

making sales highly profitable. On the other hand, it should be taken into 

account that Alcoa, as the main supplier to the .4merican companies of Boeing, 

Douglas and Lockheed, occupies a very strong position in this sector and there­

fore is ready to market this know-how with the European aircraft manufacturers. 

C. Summary of the findings 

As a result of the quantitative analysis and of the information gained from 

our interviews concerning future aluminium consumption in thE transport sec­

tor, we can state the following: 

(1) Examination by sector 

- With an average - unweighted - 8.2 : arnual growth of consumption the 

transport sector (together with electrical engineering2)) leads all the 

other substantial consumer sectors. 

- The strong increase in aluminium consumption is predominantly caused by 

the expectation of an average rise in specific aluminium input per passen­

ger car of 5.5 i in Western Europe and Japan and 6.6 % in the USA. 

1) Compare, however, as new de~elopment the so-called 'Saphibres', an ~iumi­
nium oxide fibre with l ,800 C heat resistance, produced by Alcoa. 

2) cf. Chapter 5.7 



The largest increase will be accounted by die-cast aluminium (under­

frame, engine parts in passenger and conmercial cars, axle-tree bed 

bolsters for ro11ing stock, motorcycle frames); in addition there is 

also an increasing demand for sections (superstructure trucks and rail­

road wagons) rolled products (driver's cabs for trucks, plates for li­

quified natural gas tankers) and - for the time being oniy in the higher 

classes of vehicles - parts of the automobile body for pass~nger cars 

and forged products (rims for road vehicles and motorcycles). 

Conducting material will experience the strongest proportionate increase, 

while only slightly rising by volume. 

(2) Examination by country 

The strongest growth of aluminium consumption in the transport sector 

is expected for Brazil, srain, Japan and the USA, as -

in Brazil there is an expected 7.7 % growth of the overall economy, 

it is a very large country and one of the actual economic priorities 

is given to the development of a transport system; moreover the Bra­

zilian car industry has at present secured a 3.8 % share of the gross 

domestic product, the highest share of any country we examined; 

Spain with an expected sector growth of 6.6 ~-lies far above the aver­
age of West European countries; 

Japan has still - despite an already highly developed car manufactur­

ing industry - a very high 6 % annual growth potential of the overall 

economy - compared to other industrialized countries ~ and will in the 

future be in a position to exploit export markets more easily than the 
West European countries or the USA; 
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Tne USA will, despite a very low annual sector growth of only 2.4: 

until 1990, achieve a relatively high rise in aluminium consumption 

of the transport sector, as the legal standards to reduce gasoline 

consumption of passenger vehicles, together with the si111.1ltaneous 

weight increase due to safety and environmental precautions, can on­

ly be satisfied by a very consistent weight reduction in all other 

vehicle parts. 
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LEGEND REFERRING TO 7ABLES 

A = Alumini~111 product in the stage of deve1Jprnent 

F = First application of aluminium 

P = Partial use of aluminium 

I = Increased partial use of aluminium 

B = Use of aluminium on a broad basis 

n.u. = No use of aluminium 

Index - Without brackets: view of majority 

Index - In brackets: disputed view 

= Following upon the develoJ'.l11ent indicated for the region in q_estion 

at longer or shorter interval~ 

= No specific infonnation available 

R = Rolled products (sheets, foi1s) 

:~ = Mo 1 dee products ( profil P.s, rods) 

0 = Cold drawn products (screw-top tubes) 

F~ = Forged products 

C = Cast products 

DI = Conducting materials 
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5.3 A1uminium cons1Jt1ption in the construction industry 

A. Analysis of the past and basic q~antitative forecast 

(1) During the last 15 years, (Onstruction was the second largest user of 

aluminium. On the average of the countries examined (cf. Tables IV - XIV), 

its share amounted to approximately 20 :, however with substantial differen­

ces between individual countries. A share of aluminium usage of only 10 % 

in construction in France and Great Britain shows that evident~y no break­

through has taken place in those countries. Contrary to this, the Japanese 

and Belgian construction industries had the greatest share of overall alu­

minium consumption (34 i and 31 i respectively in 1978). This fact is even 

more noteworthy for Japan, because the high capita aluminium consumption in 

the construction sector does not lead to relative shortages in the supply of 

other consumer sectors. 

(2) The widely diverging market shares of aluminium in the construction sec­

tor also reflect the individual growth rates of aluminium consumption. Bet­

ween 196J and 1978, annual consumption increase by 23 : and 16 : respectively 

(cf. Table 16) was by far the highest for Japa~ and Spain, ahead of Italy and 

the FRG. With a per capita consumption of 6 kg for the constrJction sector 

alone, Japan was second behind the USA (6.3 kg) in 1978. 

Already this analysis of past development indicates the different prerequisi­

tes of the application of aluminium in the construction sector. In the USA 

and Japan, the construction of conmercial buildings as well as of residential 

housing are both qualified for the use of aluminium. The rapid industrializa­

tion of both countries stimu1ates the usage of a1uminium products for fa~ade 

design and interior fittings of office and administrative buil1ings. Concern­

ing residential construction, a1umini11m has to meet relatively few - to Euro-

( 
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pean standards - specifications wi1ich results in a greater variet; of uses 

(e.g. aluminium covering on the exterior of appartment blocks); on the uther 

hand, countries like Japan, Spain and Italy wi11 accept - due to their sma11 

reserves of wood - the use of aluminium more readily than the countries in 

midd1e- and northern Europe. 

The aluminium market ~as not attractive in France and the United Kingdom: 

the average disposable inccme in these countries did not permit a massive 

use of aluminium for decoration in administrative and residential buildings. 

In these two countries, the traditional wooden window is also preferred to 

a plain version of an aluminium window. Hoviever, sales conditions for this 

rilarket sector are expec.ted to improve, particularly in France. 

(3) Contrary to the transport sector, in construction, the share of cast 

products in total consumption1) (cf. Table 14) is very low, amounting to 

3 % - 5 % on the average. The only exception is Italy with a share of 20 ~ 

for cast products. This fact can partly be explained by the exceptional high 

share of aluminium fittings in Italy. 

(4) The aluminium products listed below are used in the construction sector: 

- doors 

- windows 

- prefabricated fa~ades 

- exterior coverings 

- fittings 

- sunshade installatio~s 

heating and ventilation equipment 

1) Estimates of the share of cast products are based on the production of 
cast aluminium, due to a lack of consumption data in this sector. As the 
balances of trade are relatively small in this sector, the assertion is 
only insignificantly influenced. 

/1 



Table 14: Development of the production of aluminium castings: Construction sector (1000 tons) 

1969 1970 1971 1972 1973 1974 

FRG 6.9 6.5 7.7 7. 'j 7.4 7.7 

France 0.8 1.8 3.0 2.7 3.3 2.5 

Great Brita in 2.4 2.2 1.9 l.6 1.6 l.6 

Italy 6.9 8. l 8.0 17.0 27.6 26.9 

USA 53.l 32. l 70. l 64.0 70.8 53.5 

Japar - - - - - -

av. GR 69/74 
annual perc. 

2.2 

25.6 

-5.9 

31.3 

0.2 

-

- - [ 

I 

0\ 
JI 

Production of castings: ::.hare of total aluminium consumEtion in the construction sector_j!}_ 

FRG O.B 0.7 

France 0.2 0.4 

Great Or ita in 0.4 0.4 

I la ly l.8 l.9 

USA l. l 0.7 

Japan -- -

Sources: Organisation of European Aluminium Smelters 

Metal Statistics 

PROGNOS calculations 

~ 

O.B O.B 0.6 0.7 

0.6 0.5 0.6 0.4 

0.4 0.3 0.2 0.2 

2.0 3.7 5.2 4.7 

1.4 l.2 l. 1 0.9 

- - - - _J 

_J 
-



The 1974 and 1975 statistics of the European Wrought Aluminium A5sociation 

show more detailed data on the consumption of semiproducts in the FRG, France 

and the United Kingdom. Hence, the structure of consumption of aluminium semi­

products in the construction sector can be analyzed as follows: 

the market segment 'doors, windows and prefabricated fa~ades' (represen­

ted by the item 'architecture' in Table 15) has by far the largest share: 

in all three countries, this segme~t's share is over 50 ~ of the total 

market; expecially in the countries with a lower share (France and United 

Kingdom), a rising tendency to reach aliilOst 70 % can be observed. 

- the market segment 'roof ~nd wall coverings, panels, fa1ade elements and 

the necessary accessories' follows in second place; in the FRG and France 

this sement had a share of about 10 ~ of the consumption of aluminium 

building materials; in the United Kingdom the share fell from 25 : to 

approximately 15 %. 

A comparison of these findings with the FRG - Semiproducts - Statistics (which 

cover the preceding eight years) shows that the average annual 10 % increase 

in the consumption of aluminium products in the construction sector was not 

only caused by a growing demand for doors, windows and separating walls, but 

also by a substantial market growth of the segments 'other Above-Surface Con­

struction', 'other products of the construction industry and interior fittings'. 

The considerable growth of the segment 'other above-surface construction' was 

mainly influenced by prefabricated buildings for cornnercial and residential 

use. 

The segment 'interior fittings' includes very heterogeneous products such as 

radiators, balconies, garage gates, locks, etc. According to our interviews, 

the use of aluminium radiators has led to an overproportionate growth of this 

segment. 



Table IS: Al1.111inha sesu!1woducts for the construction sector In the fRG 1960 - 1975 

rolled 
products rods pro rt les 

tons tons tons 

----

Arch I tee lure ~!~---!~!~ 2.2 o.s 89.9 85.6 

Sunshade Install. 19.5 14.0 1.0 0.4 73.9 83.9 

Roo I and wa 11 
coverings l~!~---H:! 0.4 0.0 23.2 28.S 

Inside fillings 41.6 52. 7 J.J 0.8 !l!~-J~!~ -----
Other above Surface 
construe lion 8.4 23.7 0.4 0.2 ~~d __ ~l!~ 
Above Surface 
cons true ti on, lot a 1 20.7 23.0 1.8 0.4 l~!~ __ ,!!~ -----
l~atlng, venttlalton 
and sanitary factll-
ties e41ul1•.ent ~Q:Q __ J~;Q 1.' 0.4 E!~-J~!~ 

lnglnet·rlng IO.O 9.3 2.3 0.8 49.2 03.3 

Moad equ lp11ient 39.6 g.4 0.1 0.4 H:~ --~2:9 

Mining uu1 below-
surface construct. 2.1 1.0 5.6 3.' E!l ___ l!2 
Other construction 27 .6 23.0 I. 2 1.1 53.7 72.0 ----

- - ---·---~ - ----- --------- --------- -------
rota I 22 ,\) 23.6 I. 9 0.5 70.0 73. I 

Sources: Alui•lntu111 Se111iproduct Association OUsseldorr · 

PNOGNOS calculations 

lubes wires 

tons tons 

1.1 0.6 0.1 0.0 

5.7 1. 7 - -

0.8 0.' 0.0 -
S. I J.6 0.1 0.0 

22.6 8.9 0.1 o.o 

2.3 I. 5 0.1 o.o 

9.' 4.0 0.1 0.8 . 
9.7 4.4 0.6 1.6 

0.4 50.6 0.3 -----

44.2 60.6 0.2 ------
4. 7 2.6 2.7 I. I 

---------- ------
4. I 2.5 0.1 0.1 

pressed and 
forged parts 

tons 

0.2 -
- -

- -
2.6 -

0.2 -

O.J -

1.5 1. 7 

20.J 0.6 
I 

1.0 0.6 

!§:~ __ !2:§ 
10. 1 0.3 

--------
l.d 0.2 

av.GR M.srket. share 
68/75 In total gr~ -ann. - 5S IOS perc. si IOS 20S 

·-- -- ---

t 11. 2 

+4.' )( 

+5.9 )( 

tl4.4 )( 

t26.5 )( 

+11.0 

-2.' )( 

-0.4 )( 

-10.5 )( 

-5.0 )( 

+25.0 )( 

----- --- --·-- ---·· 

tlO.O 

!l_ 
• 

zos 
---

)( 

)( 

--~-- -

....;. 
I 

'" -l 

_J 
- r 
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The segment 'other construction' has, compared to the other segments mentioned, 

the smalles~ share, but - with 25 : - one cf the highest growth rates. This 

development seems characteristic to us for aluminium consumption on the whole 

in this sector: while no further large increases are expected, especially in 

the FRG, for the overall sector, diversification is accelerati~. Thus it 

happens that products that had hitherto not been made of aluminium significant­

ly irtfluence the growth of the overall segment as soon as their production is 

taken up. 

The case of EBS-Bauelemente, Stuttgart shows how, by use of standardized units, 

such product diversific~tion can lead to an advantageous sales offer: from a 

s.ipporting cross-beam. and a c1amped-on profil all the pl'Oducts for the con­

struction sector shown in the illustration below have been developed. 

Standardized units made from extruded profiles 

lattices and grates traversable by pedestrians or vehicles 

ventilation grates 

radiator coverings 

sun shades 

- man-hole coverings 

.· --- . . ' . 
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(5) Furthennore, Table 15 shows that profiles definitely dominate among the 

diff~rent types of semiproducts, with the exception of roof- and wall ccver­

ings and heating and ventilation equipment. These results have been improved 

since 1968 with the newly introduced aluminium products which are . ~gistered 

under the item 'ether construction'. 

(6) As a result of our quantitative forecast (cf. Table 16) we can denote 

Brazil, Jaoan and Spain as countries where the largest market expansion of 

aluminium products for the con~truction sector can be expected. Even without 

being able to make an exact aluminium forecast under the given circumstances, 

we also consider for instance Turkey and Iran as countries with a comparable 

growth rate, due to the forecast of the overall construction sector and to 

the level of aluminium consumption which is sti11 low today. 

For the USA we sti 11 expect an annua 1 growth rate of nearly 6 ~ even for the 

forecast period, although they are already today in a leading position; this 

is explained by a slight growth of the overall construction sector during the 

forecast period as well as by the above mentioned favourable circumstances 

for aluminium usage. 

Among the EC-countries. Italy and France achieve a relatively good increase, 

due to different reasons: 

in.!.!~· aluminium is very well suited as building material, due to 

technical and climatic reasons, although standardization in residential 

construction is not yet very advanced; in addition, construction wil1 

during the forecast period increase as compared to the past; 

a slight decrease of the construction sector is e~pected for Fr~nce, 

but this country ha~ - besides Greece - the ~est backlag demand 

concerning the usage of aluminium in the construction sector. 



lat.lie 16: _l\l~t~tum end collSL!ltf>tlon: -~n_structlon Secto~· (1000 to~_ 

1960 1965 1967 1970 1971 1972 1973 1974 1975 1976 1917 1978 

-------- -

FHG 24.4 47 .5 80.8 112.2 117.2 149.] 172 .6 144.9 137 .4 183.2 160.0 176 .2 

France 15.3 23.7 28.7 ]3.4 33.6 42.J 53.3 53.3 41.6 ::;6.4 -55.0 54.0 

Great Ortlaln l l. 6 36.7 34.5 36 ) 34.4 42.2 54.9 62 .o 51.!i 59.8 55.6 59.1 

ll~ ly 14.0 20.0 26.0 5J.0 48.0 58.v 93.7 11!i.5 79.5 110.0 111.3 117 .6 

Netherlands 5.0 10.0 14.5 2].0 26.0 (23.4)• (23.4)• (19.5)* - - - -
Delglln l. l 8.7 11.9 16. 1 11.0 12.0 16. I 17 .4 14.3 l!i.8 14.0 12.3 

Uenm.srlr. - - - - - - - - - - - -
Spain - - - 18.l 20.8 25.7 29.5 44.2 .J0.9 52.!i 65.5 61.5 

USA - 848.2 046.4 1006.4 1242.4 1417.9 1626.2 1163. l lOOU. l 1331.J 1360.8 -
Ja,,an - 45.0 69.7 297.9 348.!) 459.3 654.3 546.0 516.5 668.0 621.!i 607.5 

Ur·az i I - - - - - J&. I - 39.0 - - - -

• (calculated values ln brackels) 

l) cf. explanation In lhe text 2) GR 1972/'.lO J) GR 1970/78 4 ) GR 1965/ 11 5) GR 1965/78 

SuLffces: •l<!tal Statlsttcs 

European Alu11lnh.H Stathtlcs 

Anunio Estatlsllco Ila Assocla~ao Orasllelra do J\lurainlo 

PROC.NOS ca lcu I at Ions 

av.GR av. 

1980 19U5 1990 60/78 78/ 
Int'. a1111 
perc. 11cr 

-· ··- ·-·----~-· -----

175.8 245.4 131.5 11.6 5. 

65.8 92.7 130. 7 7.3 1. 

64.7 80.6 121. 4 3.6 6, 

140.0 190.9 249.5 12.6 6. 

- - - -
ll.!i 19.4 27 .9 o.o 7. 

- - - -
85.6 125.8 176.!i 16.43 ) 9. 

1730 .1 2207.8 2871.8 4 .o4 ) 5. 

879.4 1461. 9 2259.6 21. 35 ) IO 

- - - -

6) GR 1917/90 

_J 
-



- our calculation of future aluminium consumption in Se1gium seems to us 

too high by 0.5: - 1.0: since today's per capita consumption in the­

construction sector is already 1.8 kg; in addition, a decrease of the 

sector's activity has to be considered. The higher, quantitative re­

sult of the forecast stems from the high growth rate at the beginning 

of the period under observation. 

with a 2.9 kg per capita consumption in the construction sector the FRG 

is heading the European countries. Considering this fact as well as the 

expectation of a substantial decrease of the co~structi0n sector by 

1990, the prospective annual growth of 5.2 ~of consumption in this 

sector is relatively low. 

8. Interview results and qualitative trends of demand for aluminium in the 

construction industry 

(1) The construction sector has to be regarded as the most heterogenous and 

complex market, especially if it is taken into account that conditions differ 

from one country to the other. 

It1 the fa 11 owing it wi 11 therefore be attempted, on the one hand, to represent 

the different possibilities of application of alurr.inium products as far as ge­

neral statements can be made and, on the other, to clarify specific precondi­

tions for successful marketing and selling. 

(2) In the construction sector, aluminium is mainly used in the form of the 

products listed below: 

above surface construction: windows 

roofs 



Construction equipment 

- Public facilities and 
equipment: 

- Prefabricated houses: 

- 72 

exterior paneiling 

doors 

prefabricated fa~ades 

balconies, railings 

ceilings 

fittings 

garage and industrial gates 

heating, ventilation, airconditioning 

road equipment 

equipment of ports, airports and rail­

ways 

single family homes 

nursery schools 

shoo ls 

multi-purpose halls, hangars etc. 

(3) For these prod;.icts two important application segments exist ·#ithin the 

field of above-surface construction: 

institutional construction 

- housing construction 

The major influential factors for aluminium consumption in institutional 

above-surface construction are volume and structure of industry, while in 

housing construction it is the private quality standards of the owners or 

tenants of the homes or apartments. 

(4) Quite generally, the best prospects of aluminium application are in 

institutional above-surface construction, i.e. in the erection of office or 

administrative buildings, of representative buildings, but also of shools 



or nursery schools. The reason is that here the type of light construction re­

sulting from system building concept leads to considerable cost saving. 

The possible uses of aluminium in institutiona1 above-surface construction 

are varied; the major ones are windows, separating walls, prefabricated ceil­

ings and fayades. 

Pr~fabricated fa~ades are made from aluminium sheets and profiles with eloxa­

ted, stove-~nameled or plastic-coated surfaces. They can be produced as custom­

made models if they are made in larger metal-working plants with the necessary 

experience and if the architect wish2s to be a little more free in his design, 

or else as unit system by the semiproduct producers. Smaller metal-workir.g 

plants too, can normally mount such unit system faxades without any difficulty. 

Another possibility of fa~ade design is the use of panels or cast plates. Cast 

plates and shaped casting elements are increasingly used on e~pecially exposed 

surfaces, where they are popular on account of their varied surface structure 

and can be applied as building elements giving an artistic effect. 

The use of aluminium as a cold fayade in combination with synthetics c~n serve 

the stabilization or changed effect of a surface; aluminium panels are further­

more used in combination with several forms of aereated plastics (polyurethane, 

polystyrene, or phenole hard foams) as fully insulating fa)ade elements. 

The future devPlopment in the surface treatment of aluminium faxades is assessed 

very differently. Although anodizing (fewer but larger facilities), painting 

and plastics coating be further developed to the same extent, many construction 

engineers prefer stove enameling or synthetic coatings because anodization may 

suffer damage during the finishing p;ocess. 

On the other hand, for surface painting and for synthetic laminates, further 

improvements are also requested, expecially with regard to 
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- environmental features. ~.e. substition of the lead-soluble varnishes 

throug~ water-soluble ones 

- durability of the laminates 

Another improvement that ~ould be most desirable is 

- less proneness to crrrosion at intersections. 

(5) In competition with synthetic materials the major competitors within 

the institutional area, aluminium can claim the advantages of 

- better anti-corrosion features 

less color fading (in spite of the progress made in the meantime in this 

field with synthetics) 

- a lower modulus of extension 

- superior functionality 

The disadvantages of aluminium in this context would be 

- poorer insulating qualitie~ 

- higher price (only negligibiy though) 

Which of these features will tip the balance with regard to future prospects 

of application will partly also depend on the country in question. 

In Gennany, France, and Italy, for instance, better prospects were definitely 

seen for aluminium within the institutional sector while in Holland, and es­

pecially in Great Britain, ccmpetition rrom the side of synthetics seems to 

be much keener. 

Aluminium produ~ts cannot only be replaced by pure synthetic products but al­

so by aluminium-synthetics compounds, e.g. a synthetic-coated Jluminium core. 

~or these compound materials, our interviewees saw substant~al possibilities 

of further development, while this dnes not apply as much to aluminium-wood 

combinations. 



Another substitution trend which the a1uminium producers should look out f~r 

is the coated light steel for fa~ades originating from the USA. ihe construc­

tion system using light steel seems to be the major impediment against a 

breakthrough of aluminium as a load-bearing construction element on a broader 

basis. 

Even more divergent than in the institutional sector are the conditions in the 

countries under survey with regard to the housing industry: it is therefore 

advisab1e to describe the present situation and the expected develolJllent coun­

try by country. 

FRG 

(6) The housing market in the FRG is primarily mar~ed by a shrinking process 

which became necessary after the over-capacity in the 1970's. Following upon 

a record of 714,000 housing starts in f973, the volume fell back to 600,000 

units in 1975. In the long run, i.e. up to 1~90, the market will gr~N at an 

annua1 rate of 1.3 ~- It must, moreover, be taken into account that du~ to 

the boom in the ear1y 1970's, a great density of suppliers ensued. The con­

currence o~ recessional and structural conditions resulted in a mass shut­

down especially of sma11er building companies and metal working p1ants which 

is sti11 continuing. 

The housing market in the FRG is moreover characterized by the fo11owing cri­

teria: 

with a per capita 2.87 kg a1uminium consumption, the FRG is heading the 

list of all EC countries. 

standardization is not much advanced in comparison with other European 

countries, i.e. apart from a share of originally one-third and now al­

ready nearly 50 ~of single-family r.omes, approximately 2000 societies 

are sharin~ in housing subsidized by public funds. This widely spread 



Diagram 17: Structure and Development of the Construction Jndustrr 1972 - 1977 1n the fRG 

Operated with ...... employees 

' - 9 10 - 49 50 - 199 200 and over 

June 1972 

June 1973 

June 1!174 

June 1975 

June 1 !17 o 

June 1977 
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system of c001t1issioning is reflected in the employment structure of the 

construction industry (cf. diagram 17: Structure and development of the 

gener.!!_ building industry 1972-1977). In terms of aluminium only 25 : 1) 

(approx.) of the major product - the aluminium window2) is standardized. 

For the rest, the pr-ofile systems of the semiproduct man•Jfacturers and 

larger metalworking plants prevail, according to which the user can se­

lect the most suitable system for his particular requirements. 

- Medium-sized enterprises, which dominate the scene in the FRG, however 

provide good prospects for the use of aluminium windows since the advan­

tages of wooden window frame production count much less in manual pro­

duction than in industry. 

Per capita turnover and wage share*) 

wood alu synth. steel 

Handicraft 

a) per capita 
TOM 80 - 110 120 - 140 80 - 100 7 (70-80) 

b) wage shar~ (%) 33.7 24.6 35.5 42.7 

Industry 

a) per capita TOM 170 - 220 110 100 50-70 

b) wage share (%) 16.4 29.1 32.0 53.0 

*) Wage share on DM 32,000.- per capita as standard value for 1975. 

Source: Institut for Baumarktforschung ZinJTJermann. 

1) By comparison, the standardization quota for aluminium windows in the 
USA is nearly 95 %, in France and Great qritain between 50 % and 70 %. 

2) According to an ~~~imate by Cegedur-Pechiney, the market for aluminium 
windows in the FRG in 1971 - which should more or less correspond with 
the situation in 1975 - reached 50,000 tons of aluminium or nearly 2.5 
mil 1 ion units. 
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- The most important market segment for aluminium windows in the FRG in 

any case is that of owner-occupied houses. In subsidized housing con­

struction it is expected - mainly for cost reasons, that wooden windows 

will increasingly be replaced by synthetics. 

Sunming up, it can be stated for the FRG that with a very low growth rate of 

the market in the next 14 years there will rather be an excess supply of tra­

ditional alum·inium products. As in the case with publicly subsidized housing 

construction, the renovation sector - which is as 11lJCh of interest in Germany 

as it is in other countries - does not offer as many prospects to aluminium 

as it does to sythetics. Moreover, a better penetration of the market would -

if at all - be only possible via a participation in a metal··workin~ plant. 

Only those, for one matter, have the direct contact to the customers and, for 

another, the relations to semiproduct manufacturers as subcontractors are 

mostly based on tradition and would not be easy to dissolve; it should further­

more be taken into account that mainly in Gennany, the made-to-order business 

plays an important part and the services offered in conjunction with the order, 

i.e. consulting and know-how transfer bring the greatest profit. 

Some interesting 5ales segments for aluminium products in the construction 

sector might at most be opened up in detail by offering some of the items 

listed below: 

- prefabricated houses 

- exhibition buildings and stalls 

- edges of flat roofs 

- door steps and window sills (only 2 suppliers, but certain distribution 

problems) 

- fa~ades for pre-war buildings under renovation 

- prefabricated suspended ceilings in the institutional sector 

- radiators (only 4 European producers in Italy and France, all-European 

standardization. 60 % of the market volume is accountEj for by pre-war 

renewals) 

sewer covers. 
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France 

(7) The aluminium situation on the French housing market diff(rs clearly 

from that in the FRG: 

- the construction market is largely still in the state of expansio,1 

which is reflected in the greatest annual acceleration among the EC 

countries (2.8 % p.a.). 

The use of aluminium in the construction sector (l.01 kg) is at the 

tail end of the EC countries, together with Great Britain (1.06 kg). 

- Due to the strong influence of the government on societies (subsidized 

housing), the market is r11JCh more standardiz2d than for instance in the 

FRG or in Italy. 

- Analogously to the overall more marked centralization of economy and 

administration, there are fewer but larger building companies (they 

often look after as many as 500-600 rows of single-family homes). 

- Metal-working plants, too, are larger than in the FRG with an average 

of 100 employed, and according1y operate at greater cost advantage. 

- Apart from the market for new constructions, the renewal of pre-war 

houses too is expected to create a demand for aluminium products, such 

as windows, window sills, and doorsteps. 

In France, the differ~".:~ in market penetration of alumini~m is very 

marked between large agglomerations and the r~st of the country. The 

projected decentralization is to give special promotion to industry 

outside the Paris area; this growing industrialization on a broader 

basis is believed to give further impetus to the use of aluminium in 

the institutional construction sector. 
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The market for radiators is comparatively less promising, since- at 

least at the present time electrical heatin9 is strongly propagated 

by E1ectricite de France. 

In spite of these generally favourable ~reconditions 1 ) it is not easy for 

an importer on account of the close traditional relations between customers 

and suppliers and due to the comparatively marked government influence to 

penetrate the relatively closed French market. It would be important in any 

case to be in a position to offer a complete system of one's own. The pros­

pects of such endeavours would be greatly improved by establishing some di­

rect contact to influential representatives of government or industry. 

Great Britain 

(8) The use of aluminium in Great Britain - as in France - is very poorly 

represented in comparison with the rest of Europe (per capita consumption 

was only 1.06 kg in 1978). The British producer~ therefore expect a high 

market growth rate in this sector, i.e. mainly in the housing construction 

sector. The situation can be described in detail as follows: 

- the entire construction market will expand only slightly - para:lel 

with the economic development. 

- in the institutional construction sector, keen competition from the 

side of synthetics is feared, mainly for cost reasons. 

- On account of the much narrower window frames used in British houses -

as compared with the Continent - synthetics alone are not suited as 

window material (they would have to be reinforced). The prices of wood 

and aluminium however will become increasingly close from which stronger 

1) As late as in 1974, the'Revue de l 'Aluminium' (9/74) assessed the deve­
lopment prospects of aluminium consumption in the French construction in­
dustry so favourably that - assuming a consumption of 66,000 tons pPr 
year ·an acceleration to more than 200,000 tons, i.e. an average annual 
growth of nearly 12 %, were expected. 
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demand impulses for a1 Jminium are deduced for the futu~e. Including re­

placements for older buildings, a growth rate of approximately 10 % p.a. 

is expe~ted over the next 5 - 10 years (!)at the expense of windows 

hitherto made of steel or wood. Since this market is largely standard­

ized it is served by large companies with industrial production as well 

as by small metal-working plants which are working together with Baca 

and Alco in franchise. On account of the advanced standardization, Ja­

panese imports are feared - and this development is already under way. 

The windows will - for reasons of energy cost ~aving - become rather 

smaller than larger. The introduction of heat breakers is expected and 

there is some hope of a growing share of double windows with noise and 

heat insulation. 

The introduction of aluminium windows is a marketing problem since the 

market share up to now was very low. 

Prefabricated aluminium fa~ades will not be able to penetrate the insti­

tutional construction market on account of their high price. 

The housing sector in Great Britain - comparable to that in France - is 

largely concentrated on large building companies; these are the decision 

making partners for companies seeking orders. 

Last but not least, th~ construction industry in this country is regarded 

as one of the most interesting future markets for aluminium. 

(9) Italy has in the past registered a very impressive expansion of aluminium 

in the building sector and achieved a per capita consumption of 2.07 kg in 

this sector in 1978. 

In the course of a slight decrease of building activities within the period 

under survey of 2.3 ~p.a. to an average 1.5 ~.growth is expected to decline 
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further. According to the estimates of our Ita1ian interview partners regard­

ing the share of the construction industry in tota1 a1uminium end use have 

continuously been slight1y retrograde. 

In s~ite of the fact that the parcelling out of builders is comparable to 

the FRG, the made-to-order aluminium product is not ranking first in Italy, 

but instead standardized mass production. Apart from the use as fa~ades in 

institutional building, suspended ceilings and roofs, aluminium windows and 

radiators as well as fittings ha1e found wide use in the housing industry. 

ltaly is the only country where aluminium is a1so given a chance of applica­

tion as constructive building units. 

The Nether1ands 

(10) The Netherlands are in many respects taking an intermediate position 

between Great Britain and the FRG with regard to aluminium end use in the 

construction sector: 

- with a per capita consumption of 1.42 kg in 1974, they are cistinctly 

above the British rate, while they are yet considerably behind the FRG 

(2.34 kg). 

- The developmeilt of the construction industry with an average annual 

rate of 2.0 % up to 1990 it is a1so receding but still higher than in 

Great Britain or in the FRG. As to the structure, a better development 

is expected in institutio~al building than in housing construction. 

- For housing construction, however, a pent-up demand for a1uminium pro­

ducts may ensue since up to now - as in Great Britain - steel and wood 

have been used as materials; the quality level was below that of the 

FRG, Switzerland or Sweden. 

In addition to the unexploited aluminium potential a growing demand for 
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renovation will arise which above all will result in a demand for 

windows 

doors 

door steps 

- As in France and Great Britain, the housing industry is dominated by 

a small group of large companies. The largest of these account for 25 % 

of the total volume. The standardization of building elements is accord­

ingly· relatively advanced, without however catching up with Great 

Britain or France. The size of metal-working pl~~ts is about the same 

as in France, i.e. approximately 100 employed on average. 

Foreign finns have been successful with ~mports to the Nether~ands of 

profiles for hothouses 

roof edge profiles, roof edge~ 

rods for awnings 

(11) Spain must be regarded as the big newcomer among West European aluminium 

users. With a per capita consumption of 1 .65 kg, there still is enough deve­

lopment potential left. 

Apart from this, the aluminium construction market is marked by the following 

criteria: 

per capita wood consumption in the Spanish construction industry is very 

low. 

- with an average overall economic growth rate of 6.9 % Spain is heading 

the list of all the European cour.tries under survey. This is a favour­

able prerequisite for institutional above-surface construction and for 

housing construction. 
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- private housing construction is government sponsored 

- in Spain, the building companies are also very concentratea, with approx­

imately 5000 housing units to one company per year. Important contacts· 

for those seeking contracts are banks and insurance companies. 

- Particularly interesting with regard to the profit per unit seem to be 

. sunshades 

. roller blinds, 
which are high-quality end products with rising follow-up costs. 
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5.4 Aluminium consumption for packaging purposes 

A. Analysis of past development and quantitative forecast 

(1) Aluminium consumption for packaging purposes is among the major sectors 

of application in nearly all the countries under survey. Its share is fluc­

tuating between 6.8 i in Japan and 22.8 % in the Netherlands. 

Apart from the more or less domestic importance of this market, which of course 

also depends on the importance and consumption of other sectors, per capita 

consumption is another key figure which can provide information as to the 

existing develo1XT1ent potential. 

An analysis of aluminium consumption for packaging shows the ranking order 

of the countries under survey (per capita): 

USA 
Netherlands 
FRG 
Italy 
Japan 
France 
Great Brita ·in 
Belgium/Luxemburg 
Spain 
Brazil 

5.81 kg (1977) 
1.77 kg (1974) 
1. 53 kg 
1.06 kg 
o.g9 kg (1977) 
0.94 kg 
0.88 kg 
0.70 kg 
0.65 kg 
0.13 kg (1974) 

As one can see already from this list, there is such a great difference bet­

ween the United States and the other countries under investigation that it 

is impo~sible to ascribe it alone to a higher per capita income. To antici­

pate the qualitative trend factors which are described in the next chapter 

we can state already here that the mobility due to the vast expanse of the 

United States has resulted already very early in one-way (non-returnable) 

packages which in many cases replaced glass bottles. Another important in-
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fluential factor is the large amount of convenience and instant foods, which 

mainly resort to aluminium foils for packaging. Another influential factor 

of great weight is the special significance of soft dri·nks in the USA, which 

was also the first sector that could be conquered by the 'can' of sheet steel 

or aluminium. Alcoholic drinks are not identified with glass containers, a 

point particularly applicable to beer, since the consumption of wine is of no 

quantitative consequence. 

(2) The analysis of the development of aluminium consumption for packaging 

purposes shows that - with the exception of France1), where the packaging 

sector has advanced parallel with the development of ov~rall consumption -

the growth rate of the packaging sector has between 1960 and 1978 throughout 

been ·above that of total consumption. This was particularly marked in the 

countries listed below: 

Japan 

USA 

Belgium 

Spain 

Italy 

23.S : 

12.8 % 

12.0 % 

10.S % 

8.7 : 

With the exception of the United States and Belgium, these are mainly courtries 

whose per capita income has risen considerably during this period. 

(3) If one attempts a more detailed breakdown of the whole sector of packag~ng 

in accordance with the existing semiproduct statistics2) (cf. Table 19), the 

dominating use of the use of foil bec0111es apparent. In most European countries, 

1) and Brazil 

2) Apart from Semiproduct Associations, in most of the countries Associations 
of the aluminium~working industry exist, whose turnover accounts for 80 ~ 
of packaging materials. 

L.... 
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its share is around 80 i. In the USA, the situation deviates s;mehow since 

aluminium consumption in this country is strongly aff~cted by i:he use of 

cans. 

(4) For the forecast of aluminium conSL'll1ption ~or ~ackaging purpose~ io 

irrmediate industrial reference.figure could be used as basis. Theort'tically, 

the packaging industry would be thinkable as an explanatory variable, b~t in 

all the national statistics the necessary figures on the development are 

lacking. As an alternative, the per capita gross domestic product offerc1 

a possibility to circumscribe the level of affluence of a country. 

On this bas'. s , the strongest growth of 16. 3 % or 10. 6 % , respectively was ob­

ta i ne<i for Spain and Belgium (cf. Table 20). 

B. Qualitative tendencies and results of the interviews 

(1) While in the years 1960/78, aluminium consumption for packaging purposes 

grew at an annual rate of 13 % in tne USA and nearly 6 X in Europe, the in­

crease in both regions for synthetic for packaging purposes in 1960/74 was 

nearly 12 i p.a.; the use of tin plate during the same period slightly receded. 

Aluminium is toeay altogether ranking fifth as packaging material, after paper, 

glass, synthetics, and tin plate (by weight). 

Nearly all aluminium packaging materials are in some correlatic~ with all 

packaging materials. ihese interrelatio~s span a range from a rational com­

plementation to keen competition. 

As compared with synthetics, aluminium is of greater importance wherever~ 

standards of light or gas tightness or taste neutrality are to be met by the 
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packages. Wherever requirements are low, considerations of price are given 

preference in selecting suitable materials 1). In other cases, individual 

packaging parts are made of aluminium, as for instance lids of tin plate 

cans or tops of glass bottles or synthetic containers. In addition, alumi­

nium-synthetics compounds are increasingly used, offering a sensible 1TX.1tual 

complementation of i11dividual features of the two materials. 

(2) The main competitor among stiff packages still is tin plate, since 

this is the most tonnage-intensive sector of cans for drink and food. 

In the United States aluminium had in 1974 - after a cJntinuous rise during 

the preceding years, reached a consumption of 700,000 tons for 'cans'. This 

represents a share of over 10 % of the total tonnage of 6.7 million. Alone 

the share of cans used for drinks (total nearly 43 billion units) was esti­

mated at approximately 30 % in 1974. 

In Europe, the situation has up to now not taken half as favourable a devel­

opment for aluminium. From several studies2) it can be seen that after an 

aluminium share of cans in 1971 of 

2.1 % (7,500 tons) in the FRG 

1 .5 % (6, i90 tons) in France 

1.6 % (~,200 tons) in Great Britain 

no basic change of the situation is expected. With an assumed average annual 

growth of 5.2 % in the FRG, 3.8 % in France, and 1.5 % in Great Brita1n, the 

shares accounting for food and drink cans in this sector will change only in­

significantly: 

1) Therefore the share of aluminium in simple packaging is low. 

2) The collection, disposal and recycling of non-biodegradable packaging, 
SEMA, Paris, October 1574. 

( 
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FRG 

France 

Great Britain 

2.4 : (12,400 tons) 

2.3 ~ (13,250 tons) 

6.9 ~ (41,600 tons) 

In view of the fact that the total market1) for aluminium cans in the FRG 

had already reached 13,000 tons in 1975, this forecast seems to us too pes­

simistic for the FRG and for France. 

Which course the development of the aluminium packaging market took as com­

pared with that of sheet steel on the total packaging market in the FRG since 

1963 is depicted in the diagram below: 

Oevelollllent of the aluminium packaging market as compared 

with that of steel sheet packaging in the FRG 

0 

I 
El 

P~utrub 

C-, 1-, ~aln } ll•i•n• 
lido I•, ftib 

Slottl SIMI 

1963 

:ll' j4 •ill •• 1.4 % 

Im 

:II l~ •Ill •• 4.2 : 

ltff 

Oii !,SO nll1- • ·~.I% • :11 l.J1' nlli- • •1.1: • Oii l.JOO •llll•• 
Source: Aluminium 5/76 

1) The total market includes beverages and food cans, cans for pharmaceutical 
products. 



I • - 93 -

This not very encouraging development of the a~uminium can has been confirmed 

·in most of our interviews, while Alcoa - hoping to follow up the success it 

had in the USA in Western Europe as well, is at present erecting a plant for 

the manufacture of aluminium cans in Wales/GB, most European aluminium pro­

ducers point out the entirely different situation in Europe as compared to 

that in the USA: 

- The steel industry in West European countries - by tradition as well as 

due to the existing capacity, with the exception of Switzerland - has a 

murh stronger footing in the market which is not the case in the USA. 

- The steel industry, producing one of the basic materials, enjoys much 

stronger support by West European parliaments than the aluminium industry 

does. 

- Apart fran its strong position, the steer industry has in the past re­

acted fast and flexibly to innovations introduced by aluminium produc­

ers (e.g. 'easy open ends' of cans for drinks, or two-part cans made 

of cold drawn steel). 

- On account of longer distances, the net weight plays a more important 

role in the USA than it does in Europe. 

In the USA, the system of the ~reweries to supply pubs and restaurants 

themselves is unknown. This situation leads to greater dem~nd. 

Even taking into consideration the above arguments against an increase of 

the market share of aluminium cans for drinks in Europe it seems that the 

question of whether cans for drinks will have a similar success in Europe 

as in the USA depends more on the price development of the two competing 
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products and on the marketing (e.g. infonnation of the c~n producers about 

technical production advantages of the aluminium can and transfer of the 

relevant know-how) of the can producer Alcoa who is dominatin~ the US mar­

ket .. In any case, the skepsis against a further market penetration of alu­

minium cans for drinks was already rrKJCh less apparent in Great Britain ti1an 

it was on the Cor.tinent. 

In this context, it should not be forgotten that the use of cans for beer in 

Japan has increased quite exceptionally since 1970: of the 800 million beer 

cans, none was made of aluminium in 1970, while in 1973, there was a share 

of approximately 2.4 % or 890 million cans in the total of beer containers 

(total beer can market= approximately 2.5 billion). In 1975 already, total 

sales of more than 2 billion beer cans were made of aluminium. 

Last but not least, Table 19 indicates that aluminium cans in preceding years 

registered arr average annual increase by more than 28 % in the FRG, thus a­

chieving the strongest growth of all aluminium products in the packaging sec­

tor. This market expansion has, moreover, taken place more or less continuous­

ly and was not even interrupted in the recession year of 1975. 

With ue outline given in the foregoing we have tried to show that the devel­

opment of the aluminium can is assessed very differently by the experts in 

question, especially by European producers (Pechiney, Alusuisse, VDM). Due to 

the traditional consumer behaviour and the prices, the development is seen 

rather pessimisticallyl). According to our opinion, the aluminium can for 

soft d~ink~ and for beer will also penetrate the European market in a devel­

oprnent going frcm the north to the south, reaching an average annual growth 

rate of approximately 10 %, provided the price development can be kept with­

in about the same range as that of tin plate cans. It should also be possible 

to bring the cans back into circulation by re-cycling. 

1) In Denmark, the introduction of aluminium beer cans which has already taken 
a satisfactory course was countermanded again by a government decree which 
was to serve environmental protection. 
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Much more difficult than in the sector of drinks wi11 it be to push the alu­

minium can for foods since the anodyzed layer of aluminium cans is f'lllCh less 

resistant to acids than the tin or tin plate cans. Furthennore, it will have -
depending on the filling - to take a stand against other innovations, such 

as- tin less steel sheet cans or synthetic cans. 

(3) Another product of considerc:ble weight on the market sector of packaging 

are the extrusion molded packaging types, i.e. tubes and ~xtrusion molded aero­

sol cans; their share in total aluminium consumption for packaging purposes 

in France1) is nearly 13 i, in the FRG nearly 9 i (no figures are available 

in Great Britain). Apart fran the experience that the market for extrus1on­

molded aluminium ~~oducts has not expanded any more during the la~t 6 years, 

our interview partners also saw no greater prospects of development for these 

products, since 

- the tube~ (for toothpaste, foodstuffs, phannaceuticals, chemical-techni­

cal fillings) will, for price reasons, be exposed to constantly growing 

competition by laminate-coated aluminium products (in the USA, tooth­

paste is today already sold in glanimate tubes, a synthetic-aluminium­

paper canpound) ; 

the aerosol cans will probably be attached for price and also environ­

mental reasons (probable destruction of the ozone layer in the atmoshere 

through the fluor hydrocarbon propellant) and will most likely be subject 

to growing canpetition fran the side of the plastic can. 

(4) The greatest importance as to share and volume of packaging materials in 

France, the FRG, and in Great Britain is ceded to flexible packaging, i.e. 

1) Boxal introduce~ the first aerosol can to the market 
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foils. Their growth has in the past not been excessively high with only 2 i, 

but their producers had to suffer much less from rece~sion effects. This is 

probably explained by the fact that foodstuffs react only relativ~ly weakly 

to cyclical movements. 

The foil market differs frotR the other aluminium products in the packaging 

sector in many respects: production requires a highly developed technology 

ana high capital intensity: the custaners furthermore expect intensive con­

sulting by the producer. At the same time, qual~ty standards differ greatly 

frcn one country to the next. It is difficult for instance for US producers 

to sell their products in Europe. 

These market conditions have resulted in a very oligopolistic structure of 

foil supply, with some countries reaching up to SO i of the export share 

{FRG). Dl•e to the relatively small growth of t:ie market share, mainly in the 

field of household foils, competition has bee~ keener and has forced Alcoa 

in 1974 to close down the entire production of household foils {market share 

in the USA 18 - 19 i). The market leader is Reynolds with a share of over 
so :. 

Seen fran a technological point of view, some additional impulses can however 

be expected for the household foil. The development in the sector of containers 

of drinks, foods and pharmaceuticals are moving increasingly in the directi~n 

of canpounds, of which al•miinium is a necessary component on account of its . 

- neutrality 

- density 

low permeability of 

. atmospheric o~ygene 

humidity 

smelling substances 
micro-organisms 
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In view of the market volume however. no higher 1·- ""'1th rates are expected. 

The production of industrial foils - on account of the very great services 

they offer - seems to be 111.1ch more profitable according to the statements 

of our interviewees. The application areas reach from the building sector 

via transport and machine building to ele~trical engineering. The largest 

part, however - for heat insulation purposes - is probably accounted for 

by the construction industry. 

A more recen't developnent within this area should be mentioned is the enam­

elling of aluminium foils which results in an improvement of anticorrosion 

features, resistance against weather and tempe~atures (within the range of 

- 40° - + soo0c) and colour fastness. 

Possible application areas are: 

- pressed and foamed plates 

- fa~ade elements 
- rolling escalators and lift coatings 

- wagon and container inner coatings 

- school blackboards 

- crash barriers for traffic 

- signboards. 

(5) Mainly in order to meet increased requirements as to tensile strength, 

the use of thin aluminium tape has found wider 11se in the foodstuff sector. 

By develop~ng such compounds from aluminium tape and synthetic foil it has 

become possible to sterilize convenience food in light packages and to keep 

fish or meat products for months at temperat11res of up to so0
. 

The hope of the manufacturers is to have thes! semi-stiff packages as multi­

sectional containers for several food portions, for instance in hospitals, 



factory canteens etc. They also want to use them for deep-frozen goods in 

tropical countries which now still offer problems. 

(6) As surface treatment of foils and thin tapes, painting or dyeing can 

be used. This serves the following purposes: 

- protection of the surf4ce 
- ap~lic~tion of an enamel layer with hot-sealing properties 

- the achievement of good adherence of printed colours 

- deccrative designs of .metal surfaces by means of colour pigments. 

While fo~ foils mainly physically dry enamels arP. used, thin tapes mostly 

need chemically dry enamels which are used for stove-enameling which provides 

excellent protection. The enamelling is immediately followed by a drying pre­

cess through evaporation of the solvants, i.e. a chemical drying process. 

(7) Competing materials for the ~se of aluminium foils and thin tapes for 

packaging purposes, mainly of synthetic foils with vapour-applied aluminium 

and coextruded synthetic foils. For the r~st, the future applica'tion of alu, 

minium foils and tapes will also be of importance where durability of t~1e 

packaged goods is sought or requested. 

On the whole, the foils and thin tape producers are facing tne situation that 

after a disastrous price competition which frequently was the result of oligo­

polist·ic conditions, the supply capacity has in the meantime to a large extent 

reached the 1eve1 of demand. In tlie USA thP.re has a 1 ready been a temporary 

overlapping. The foil industry, on account of its high capital intensity, the 

low labour requirements, :nd its highly developed technology probably is that 

part of L~e aluminium industry which will be the last to be considered by de­

veloping countries with high economic ambitions. Export prospects into faster 

develop·ing C'>untries will therefore ~ maintained the longest in this sector. 
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(8) Apart from the packaging products made of al1M11inium discussed so far, 

the glass and bottle tops had in the last 8 years a very favourable develop­

ment with nearly 12 I annual g~owth rate in the FRG (cf. Table 19). It !llJSt 

be taken into consideration however that preconditions for this expansion 

were particularly favourable because the mineral water industry in the years 

1969/70 has changed O\er its entire stock of bottles from spring tops to 

screw-on tops of aluminium. A direct canparison of the years 1970 and 1974 

ac~orciingly shows that consumption has even slightly dropped. The structure 

between narrow- and wide-~ecked bottle tops in 1975 was around 10 : 3. The 

producers therefore ~;0stly hold the opinion that on the whole market satura­

tion has been achieved. 

The comparison of France and Great Britain with the situation in the FRG 

largely shows conformity. The market volume of aluminium bottle tops - accord­

ing to the estimates made by French enterprises - ·was around 10 : and that in 

Great Britdin around 20 : above that in the ~RG. 

(9) Summing up. we think to be in a position to say on the basis of the sta­

tistical material at our disposal and the information collected during the 

interviews that 

aluminium consumption in the packaging sector in West Eu~opean industri­

alized countries will up to 1990 expand by 5 % on average 

- Spain, the USA, Japan, and Brazil will achieve a growth rate of approxi­

mate 1 y 8 - 1 O : ; 

- growth of European aluminium consumption within this sector will largely 

depend on the fact whether the aluminium can will succeed to penetrate 

the market against the competition from the side of conventional contain­

!!!. and of oth~r competiting containers made of metal (a slow positive 

development starting from Great Britain and Scandinavia is likely in spite 

\1 
' . 



of the high investment required for bottling plants, provided the gen­

erally expected environmental impositions can be met and the price of 

aluminium will develop comparably to that of steel sheet.)
1

); 

- the market for foils and thin tape application will continue to expand 

considerably but that the aluminium foil will increasingly be used as 

compound material or will lose market shares to newly developed synthe­

tic foils; 

- the market for aerosol packaging and tubes will hardly expand any further. 

1) cf. al~o section (2) 
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1.1ble 21: P1ekaglng products ..tltch lncr~ulngly use alu.lnl111 

EC - countries Sp1tn USA Japan developing 
countries 

-

tins ror beverages (f) 1976: p 1980: I ref. EC 1900: B 1976: I 1980: B -
lnd-.Jslrhl fol ls (f) 1976: p 1980: I ref. EC ref. EC ref. EC -
nirrow tape for packagtng purFoses (f) 1976: p ref. USA 1976: p 1980: I ref. USA 1980: p 1905: I 

.... 
0 , ..... 

Legend: page S8 
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5.5 Al111inium consumption in the machine building industry 

A. Analysis of past development - quantitative basic forecast • 

(1) The international r.onsumer groups combined under this heading consti­

tute a very heterogeneous conglanerate of application areas. While the sta­

tistic~l surveys of EWAA partly take these circumstances into account, these 
detailed records have only been available since 1973. And eve~ the/ still 

are only fragmentary since Belgium had to be left out again in the 1975 sta­

tistics and Great Britain, on the other hand, records only global figures 

on 'general engineering' which more or less means the same thing as machine 

building. 

For a longer period (8 years) therefore only the figures recorded inter­

nally by the German semi-products industry are at our disposal (cf. Table 

23). 

All the same we want to try to work out different developments as far as 

they can be derived or have been mentioned during the technir.al interviews. 

(2) The analysis of the past reveals that in all the countr~es under sur­

vey - with the exception of Great Britain, Italy and Belgium, the growth 

rate vf a1umini1im corsumption in machine building was below that of the 

total aluminium market. On the other hand, the importance of this sector 

with a share of 4.5 i (Spain) and 7.1 i (Italy) - in 1978 - was relati­

vely small (cf. Tables 24 and II). 

Canpared with the development of the whole branch of industry (machine build­

ing), aluminium consumption was_!. 2 'above or below the general development; 

This informatio~ therefore does not permit any specific interpretation. 

( 
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Also the share of ~ast aluminium consumption (cf. Table 22) in total alumi­

r.ium consumption for the machine building industry does not seem.to have 

undergone any grave changes - excepting the USA where since 1970 a drop from 

nearly 34 i to approx. 25 % was registered (cf. also Part B of ~his chapter). 

(3) If the whole sector - according to the information available as put 

down in Table 23 - is broken down into 

machinery and equipnent for certain industries (textile, paper/print­

ing, agriculture and forestry, food, beverages and tobacco) 

machine ~cols 

precision mechanics and optical products 

general machine building 

other aluminium products for the printing and paper industry 

it already becomes apparent that markets with a fonnerly considerable demand 

for aluminium are stagnating or even re~eding (the first three buyer groups), 

whi~e other segments are steadily growins in importance. 

These phenomena are partly due to market conditions, partly however also 

caused by the application of substitution products. On the other hand, the 

positive results stem from a quite specific application of aluminium due to 

the particular characteristics of this material. 

(4) The quantitative forecast was also based on the development of the 

major factor of influence, the machine building industry. The results how­

ever were rather intended to indicate approximate dimensions and to make a 

comparison of specific developments in the countries in question possible. 



Table 22: Development of cast aluminium consumption: machine building (in 1000 tons} 

( 1969 1970 1971 1972 1973 1974 av. GR. 69/74 (%) 

FRG 43.4 42.5 38.7 41.3 49.8 50.8 3.2 

France 10.0 15.1 11.8 15.0 16.5 10.4 13.0 

G11eat Britain 11. 5 12.6 10.9 11. 1 11.0 10.9 -1.0 

Italy 7.9 12.0 12.0 10.5 11. 7 12.9 -.0.3 
USA 90. l 84.8 78. 7 97.6 %.5 101.3 2 .4 

Japan - - 40.5 40.3 50.3 50.2 -

Share of cast production in total aluminium consum~tion in machine building 
foaustrl 

FRG b5.8 67.8 67.5 

France 37.9 48. l 43.2 

Great P.rita in 37.5 44.5 45.5 

Italy 32.9 48.0 52.2 

USA 30.5 33.9 29.3 

Japan - - S7.7 

Sources: Organisation of European Aluminium Smelters 

Metal Statistics 

PROGNOS Calculations 

67.6 66.8 64.5 

41.5 49. l 49.9 

44.4 30.2 26.2 

40.4 29.3 30.2 

31.2 24. l £4.6 

S9.9 57.9 60.9 

·1 

1-~ 

0 
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Table 24: Ah111lnlU111 end cons1uptlon, A1achlne butldtng Including precision aiechantcs and optics (In 1000 tons) 

1960 1965 1967 1970 1971 1972 1973 1974 1975 1976 1977 1978 

frtG 44.2 58. I 56.91) 62.7 57.3 61.1 2) 74.5 78.8 55.3 71.4 74.5 73.9 

f1·anc.e 20.0 23. I 25. 1 31.4 27.3 36.1 33.6 36.9 29.6 32.0 35.5 20.6 

Great Orltaln 26.7 26.6 25.4 28.3 23.9 25.0 36.5 41.6 31.3 34.9 30.9 23.8 

Italy 9.5 14.0 20.0 25.0 23.0 26.0 40.0 42.7 25.4 37.9 42. 1 39.8 

Netherlands 2.6 6.5 4 .!i 6.0 6.0 (6.4)* (6.0)* (7.4)* - - - -
Uelglum 0.9 1.6 0.5 l.4 1.1 1.6 2.9 4.5 1.6 1.9 l.6 l. 7 

Oe1'11ark - - - - - - - - - - - -
Spain - - - 7.0 8.0 10.0 11.4. 11. 7 10. 1 11.3 13. l 11.3 

USfl - 247.7 252.2 250.4 268.5 312.5 399.6 411. 9 261.J 374.7 351. l -
Japan - 26.7 42.0 71. 7 70.2 67.3 06.0 82.4 60.0 82.5 82.7 09.5 

Braz i I - - - - - 1.7 - 6.5° - - - -

• (alc.ulated values in brackets •• estimates 

l) lYbU 2) since changed type of survey 3) GR 1970/70 4) GR 196!>/17 5) GR 1965/70 6) GR 1977/90 

SourLes: Metal Statistics 

l11rnpean Alumlnlu111 Statlst \cs 

Annuarlo Estatlstlco da Assoclac,:ao Draslleir~ do Alu111lnlo 

PROGNOS calculations 

1900 1985 1990 

77 .0 85.5 94.9 

32.9 41. 9 56.9 

25.7 33.0 42.5 

42.0 50.9 IH.O 

- - -
l.O 2.9 4.2 

- - -

13.4 llL6 26. I 

391.7 524.5 705.2 

106,0 160.1 235.2 

- - -

av .Gii. 
60/78 
(ann. 
perc.) 

2.9 

2.0 

-0.6 

8.3 

-
3.6 

-
6.2 3) 

2 .94) 

9.85) 

-

av.GI{ 
7U/90 
(arm. 
perc .) 

2. I 

5.9 

5,0 

Ii. I 

-

7. 7 

-
7.2 

5.5 

ll. '. 

-

1-• 
:-:.> 

('"'\ 

_J 
- r 
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This because it is like~y that ir.dividual segments within this field h~ve 

widely varying prospects of develo~ent on account of the heterogeneity of 

the sectors as we shall see further down. In the case of the FRG it should 

moreover be mentioned that the officially reported figures of the past (av. 

growth: 2.~ ~)l) may give a wro~g impression since the figures base on quan­

titative surveys (in tons) and not on deflated turnover vaiues. 

B. Qualitative tendencies and .nterview results 

(1) The predictable prospects tor t~1e application of aluminium in tne 

machine building industry can - according to the opinion of our interviewees -

- be described as follows: 

The present application of die cast aluminium will in many cases be 

challenged by injection molded plastic, since in this sector, greater 

progress has been achieved in the past and can still be expected for 

the future. The advantages of injection molding are, listed in detail: 

Yrelation aluminium-plastic = 2.4 : 1 

lower price of plastic 
faster dyeing (during the casting process) 

during eloxation cf the die cast, streaks occ~r (which one 

hopes to be abie to eliminate through new alloys) 

greater develo~ent potential of the material (new types of 

material) 
larger varieties of plastics 

Die cast aluminium is applied 2) where large series are produced and 

higher standards of wear resistance are demanded, e.g. for 

air conditioning 

l) cf Table IV 
2) die cast aluminium is frequently used as substitute product for cast zinc. 
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casings and casing connections, anchors of electro-motor~ 

molds for plastic products 

mountings and casings of machine tools 

on the other hand 1e~s for 

office appliances 

household appliances. 

- One user sector which has already grown markedly in the past and which 

will contin~e to create large demand for aluminium are aluminium en­

graving plates for the printing ineustry, 

- thick aluminium plates for the machine tool industry 

- profiles as parts of household or kitchen appliances. 
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5.6 Aluminium consumption in apparatus manufacture (refrigeration, chemical 

and food industry, agriculture) 

A. Analysis of past development and basic forecasts 

(1) Manufacture of apparatus mainly includes - at least as far as the alu­

minium-related market is concerned - the following products 

equipment for industrial refrigeration systems 

vessels for the chemical industry (mainly for petroleum, natura1 gas, 

and liquified gas) 

vessels for the food, beverages and tobacco industry 

vessels and stationary as well as illObile containers for agriculture. 

If the volume of aluminium consumption on the market is only compared with 

total aluminium consumption in the countries under survey, apparatus con­

struction appears insignificant since its share in total sales in 1978 was 

only between 1.4 i (USA) and 2.3 i maximum in Italy. The growth rate achiev­

ed i11 this sector more or less stagnated in the EC countries FRG, France, 

and Great Britain since 1971. In the other countries some incr~ase is record­

ed, however with partly great fluctuations (cf. Table 26). 

The cause in t~ese widely differing and fluctuating develo~nts is to be 

seen in 

the greatly varying structure of demand in the user countries 

in the FRG and in Japan, the chemical industry was the major de­

mander (FRG 1975 • 16.8 i) 

in countries with a higher share of primary economic sectors in 

Gross National Product the application in agro industry dominates, 

e.g. in France (1975 share = 61 .5 ~) as in Italy and Spain. 
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the very close substitutive relations to high-arade steel: 

Already the slightest price fluctuations of aluminium or steel could -

in the chemical or brewery industry - change orders for aluminium ves­

sels into decisions in favour of fir.e steel. 

The reason why this sector in spite of a relatively small size and marked 

fluctuations of demand is not without interest f~r the semiproduct industry 

is due to the large specific order volume, mainly of rolled products, which 

may be linked with the construction of a vessel. 

(2) Table 25 shows that changes in cor.sumption between 1968 and 19i5 - at 

least in the FRG - fluctuated very strongly, i.e. between an annual growth 

of 3. 7 : down to a 14.8 i drop; moreover there are obviou~ ly very marked dif­

ferences from one country to the next with regard to the consumer structure 1}. 

As already pointed out in the chapter on shipbuilding (5.2), even greater 

changes have to be expected in the future. In consideration of these arguments, 

the regression system, as it was applied to most of the other consumer sec­

tors, could not be regarded as a suitable forecasting system. 

1) On account of the lacking statistical material these differences could 
however only be detennined quantitatively exactly in France, the FRG 
and in Belgium. 

L... 
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Building up on specific single forecasts by country of the four major appli­

cation areas of aluminium in the apparatus manufacturing industry, we have 

undertaken additional structural estimates wherever detailed statem~~ts on 

aluminium consl511ption were not available. The trends of development thus 

arrived at will be presented he;-e in three groups (cf. Table 26). 

Grc,up 1 with an annual growth rate of 7 - 10 % up to 1990 

- Spain 

- USA 

- Japan 

- France 

Group 2 with an annual growth rate of 4 - 7 ., up to 1990 • 

- Italy 

- Netherlands 

- Belgium 

- FRG 

Group 3 with an annual growth rate under 4 ~ up to 195\J 

- Great Brita in 

On account of the structural assumptions these can only be regarded as data 

for orientation; for this reason ~e have - contrary to general usage - re­

frained from stating absolute values for eac.;1 individua·1 year under survey. 

B. qualitative tendencies and results of the technical interviews 

(1) Manufacture of apparatus particularly strongly depends on innovation. 

Both the refri gera ti on sector and the chemi ca 1 i ndus tr;,• contribute to this 

state of affairs. 



Table 25: Production or 1l1111lni1111 semipro~ucts for 1pp1r1lus •1nuf1clure tn the FRG 1968 - 1915 

Rolled 

products Rods 

tons t?ns 

1pp1r1tus .. nuf1cture 
for che.iul Industry 86.6 90.8 4.' 

1pp1r1tus .. nur1cture 
for food and bever-
ages industry Bl. I 40.1 1.5 

1ppar1tus 11<1nuf1cture 
for 1gro and rorestry 
industry 24.4 62.7 -
lso 11 ltng sheets and 
slrtps ??:~--n!~ O. I 

other apparatus .. nu-
hcture Z?!L-~~:~ J.J 

------------
total apparatus ••nu-
facture !!:g __ H!! J.2 

Sou :es: AIU11int1111 Se.tproducts Association 

PROGNOS c1lcul1lions 

Profit es 
tons 

l.1 J.2 4.1 

1.1 11.0 50.9 

- l:~ __ H:~ 

- 0.2 1.B 

l.2 8.0 18.2 
·-

1.1 6.0 10.8 

Molded Ind 

Tubes Wires forgftd parts 

tons tons tons 

4.5 2.8 0.2 O.J l.4 1.0 

0.4 7.J 0.0 - 0.0 -

9.2 6.0 - - 64.9 -

0.2 0.9 o.' - - -

§!LJ!:l 0.4 0.1 l.9 J.9 
- -

4.5 8.2 0.2 0.2 1.8 1.8 

av.GR. 
68/15 
(inn. 
perc.) 

- l.2 

-14.8 

t l.7 

- 2.5 

- 2.8 
·--

- J.9 

Market share 
tn total group (S) 

~s IQS 20S 

SS IDS 201 t 
·--

K 

K 

K 

K 

K 

-- ---- --· - ~--·· -

K 

I 

1 

f-' 
f-' 
I\) 

_J 
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hble lti: Aluialnl1111 end-cons11111ptlon: Chemical and food Industry and agriculture (1000 tons) 

I 1960 1965 1967 

------- -

rRG 12.8 15. I 15.6 I) 

France 4.3 5.4 7.6 

Great Britain 5.5 9. I 0.7 

I l• ly I.!) 2.5 4.0 

Nether 1 ands 0.3 0.7 0.5 

Bel9i111 I. 4 0.8 I. 3 

Oeruark - - -
Sp1ln - - -
USA - 24.9 ·a.1 

Jap1n - 8.0 16.7 

----------

I) 1968 2) GR 1970/78 l) GR 1965/77 

Sources: Helal Statistics 

European AlU11lnl1111 St1llsllcs 

PROGNOS c1lcul1llons 

__........... 

1970 1971 1972 1973 1974 1975 

-

22.4 19.7 11.8 10.0 18.9 ll.8 

1.4 10.5 9.5 11.4 I I. 7 9.1 

15.3 ll. I 10.8 1.2 7 .ti 5.7 

7.0 6.0 1.0 . 9.8 10.4 5.0 

1.0 - - - - -
1. l 1.0 I.II 1.9 1.4 0.1 

- - - - - -
2.0 2.7 4.0 6. I 7 .o 6. I 

36.7 36.3 35.4 46 7 73.9 44.9 

33.0 J0.4 48.8 69.8 39.6 28.4 

4) GR 1965/78 

-, 

1976 1977 1978 av.GR. av.GR. 
60/78 78/90 
(ann. (inn. 
perc.) perc.) 

14.8 14.0 10.5 - I. I 4.0 > 7.0 

ll.4 IC.O 10.9 5.3 7.0 >10.0 

3.1 3.9 ~.4 . 2.6 > 4.0 
~ 

10.9 ll.2 13. I 
w 

12.8 4.0 > 7.0 

- - - - -
l.O 0,6 0.8 - 3. l 4.0 > 7.0 

- - - - -
8. I 10.5 9.7 21.62) 7.0>IO.O 

49.9 60.J - 10.23> 7.0>10.0 

38.2 34.J 35.2 I 1. o4) 7.0>10.0 

------

_ _J 
~ 

- r _J 
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For industrial refrigerating facilities, aluminilJlt sheets of large width 

and thicknesses are needed for inner coatings; therefore, relati~ely large 

demand for alumini1.111 arises with the e~=tio~ of one single plant. 

Moreover, alumin·ium is also used for the cooling vanes of the plants them~ 

selves. The Vereinigte Deutsche Hetallwerke ('/OM) were the fi1"'St to intro­

duce a system using cooling vanes with inserted steel and were remarkably 

successful on the market. 

(2) The chemical industry mainly uses vessels for liquids and also tubing 

made of aluminium. As already mentioned in the foregoing, substitution 

throur" rustproof steel is threatening here since me price ratio drop~d 

from 1 : 2 to only 1 : 1.5. 

Seawater desalting plants can also, in a wider sense, be attributed to the 

chemical industry. In view of a markedly rising worldwide demand, considP.­

rable growth of consumption of rolled aluminium sheets and profiles can al­

so be expected. 

A third application area with a large growth potentill are liquid gas con­

tainers (mainly on tankers), since apart from oil drilling, a more complete 

utilization of this source of energy can be expected. 

(3) Similar to the chemical industry. the brewery industry, too, resuires 

large containers for storage and fermentation. Some enterprises which had 

been specializing in the manufacture of welded aluminium containers, have 

got into great straits through constantly rising aluminium prices. It should 

be considered to negotiate for long-range contracts with them, provided a 

fixed price wou1d be granted for a relevant period as an equivalent. This is 

particularly true agains~ the background of growing capacity utilization Of 
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the container and ves:;e 1 producers on account of 1 arge sea 1 e orders for the 

Near East an~ Africa. 

f 

\ 
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Jab le 21: Products which Increasingly use alU11lnlu. within the sector .. nuracturlng or appartus 

EC - countries Spain USA J1p1n Oeveloplnu 
countries 

-·· 

Refrigerating plants (P/H) 1976: p 19d0: 8 ref.· EC ref. EC ref. EC ret. EC 

Seawater desalting plants (P/H) - - - - 1976: A 1980: 8 

liquid gas containers (P/H) 1976: p 1980: B n.u. 1976: p 1900: B ref. USA -
(s .. 11 .. rket) 

~ ,.... 

Legend: p1ge bU 
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5.7 Aluminium consumption in the electrical engineering S<!Ctor 

A. Analysis of p~st development and basic forecasts 

(1) The variety of the product fields and the countries to be surveyed re­

sulted in an agreement with the Client to the end that electrical engineer­

ing as sector of aluminium cons1111ption will not be discussed. 

On the other hand, it was obvious that in the technical interviews which were 

to serve the detenni na ti o,·, of 

- product areas with great growth prospects and/or profitability 

- countries with a great demand potential for 4luminium products based on 

market or structural c~nditions, 

all those sectors should be discussed in which aluminium could possibly find 

profitable application areas on account of its special characteristics. 

Since these preconditions to a great extent apply to electrical engineering, 

we shall in the follo~ing also present a short outline of the develolJ!lent of 

this sector. 

(2) Within the scopE of the analysis of pas~ development it was found that 

electrical engineerin~ - with a share fluctuating between 5.6 % in Italy and 

17.0 % in France - in general was the fourth largest sector of aluminium con­

sumption in 1974, aftEr transport, construction, and packa~ing. 

In Table 28, it can be seen that the share accounted for by blocks fluctua­

tes between approx. lG i (USA) and 40 % (Italy), depending on the structure 

of production. The fact that the share of cast steel in the FRG grew from 
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22 i in 1972 to 36 % in 1973 is connected with the changes in statistical 

classification: according to reconmendations from OECD, the sector of elec­

tric consumer equipment and electric refrigerators (cf. Table 29) was de­

tached from electrical engineering as from 1973 and placed in category G of 

OECD 'household appliances and office supply'. 

In the varying growth rate of aluminium blocks for electrical engineering 

as shown in Table 28, the changing importance of the electrical engineering 

industry and its specific aluminium demand in each country is reflected: In 

the FRG, the USA, and above all in Great Brita ·n ii: is receding, while in 

Italy, Japan, and France it is of growing importance. 

(3) As shown in Table 3G, the growth of total aluminium consumption in 

this sector in the highly industrialized countries (USA, FRG, The '.-=ther­

lands, Great Britain) between 1960 and 1978 was rather. weak, if compared 

with the development of the electrical engineering branch of industry as 

such. 

{4) In this instance, too, the forecast was based on the method of approx­

imation the main Getenninant, i.e. electrical engineering. The selection of 

this method was undertaken on account with the results of the interviews 1). 

As a result of this manner of procedure the purely quantitatively statement 

can be made that aluminium consumption will in the future take a proportio­

nate - in some countries even overproportionate - development as compared 

with that of electrical engineering {mainly in It~ly, Japan). 

1) With the exception of the USA where we had to resort to time series re­
gressions due to the lack of basic figures. As regarded from our quali­
tative stage of information, the future development appears to us to be 
too low by approx. 3 % (cf. interview results). 



Table 28: Develop11ent of cast aluminium production: Electrical en9ineeri;i9 (1000 tons) 

1969 1970 1971 1972 1973 1974 av. GR. 69/74 
annual percent. 

FRG 27.5 26.6 24. l 24. l 26.9 26.4 -0.8 

rrance 12.0 11. 5 11. 9 12.9 14.2 15.9 5.8 

Great Uritain 18. l 17.3 16.3 13.9 12.9 12.9 -5.l 

Ila ly 7.9 10.0 10.0 10.5 13.2 12. l 0.9 

USA 00. l 66.3 65. l 74.9 81.0 75.8 -1. l 

Japan - - 25.5 27.9 35.8 32.8 8.01> 

Percenta~e of castin9 in total aluminium consum~tion in electronics (%} 

FRG 26.8 25.0 23.2 22.2 

France 19.4 2.3 2.5 2.5 

Great Brita in 29.9 2.9 3.2 2.3 

Italy 28.2 2.3 2.5 2.3 

USA 1. 7 11. 5 1. 3 1.4 

Japan - - 17 .4 1.8 

l) 1971-1974 

Sources: Organisation of European Alwninium Smelters 

Metal Statistics 

PROGNOS calculations 

~-:---

36.4 35.5 

18.3 20.2 

19.7 16.5 

45.5 36.0 

\0.5 9.7 

15.8 20. l 

I 

~ 
'° 

_J 
- r -



Table 29: Production of Alurainhlll seaui products for electrical engineering in the FRG 1968 - 1975 

' 

Rolled Molded and 
forged 

products Rods "roffles Tubes Wires parts 
tons tons tons tons tons tons 

Genera ti oil and 
trans fonna ti on 
of electricity 46.4 14.8 19. J IU.7 3.9 23.0 0.9 7.5 27.4 14.3 t~~-rn:.~ 

Distribution of 
electric I ty 0.9 1.5 3. l 0.1 0.7 0.8 Cl. 7 0.1 93.4 0.5 1.2 0.5 

Electric applidnces 68.4 38.b 5. l 1. 9 15.8 47.4 7.8 7.0 0.7 0.5 2.2 0.5 

Electric refr19er-
ators and freezers 84.9 91.J 0.6 0.2 7.3 4.2 7.0 4.2 0.2 - 0.0 0. 1 ----
T ~ l econmun ica ti on 
and high fre(1uency 
technology• 63. 9 51.4 6.2 3.5 !!:.~-~~:.l 14.7 11.6 2.6 4.5 0.5 1.0 

---------
Electric lamps 63.2 56.3 1.2 0.6 ~~:.L~~:Z 5.2 4 l 0.6 0.2 0.1 ----------
Other electro-
t~chnical products 49.9 26.4 4.5 1. 1 25.4 6.2 4 .0 1.4 5.7 2. I 10.6 1.0 

----- --- --
to la l 24. 2 17. l 3.6 0. 7 4.5 f .. 5 3.5 1. 7 63.0 1. 1 1. 2 0.9 

Teleccu111unicalion and high frequency technology, electric 1.1easur1ng and control s1ste111 

Sources: Aluminium Seml1iroduct Association OU::;sehlorf 

PROGNOS calculations 

Conducting 
mater! al 

total 
tons 

- 11.2 --------

- 96.6 

- 4. 1 

- -

- 1.4 

- -

- 61.0 

- 72 .o ---

av.GR. 
68/75 
ann. 
pcrc. 

t 2.4 

t 4.3 

t 2. 1 

- J. 1 

.. 5.~ 

ill .4 

+32 .2 

... 4.0 

-------- --------

Market share 
in total ClfOUI> (i) 

~I lQI 2ar -
5S lOS 201 .. 

x 

), 

x 

x 

x 

x 

x 

--- h----- ----- ·--·-·--·-

I, 
t\J 
(' 

l 

_J 
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I 
T3ble JO: Alu~lnllldl end cons1111ptlon: Electrical Engineering (1000 tons l 

---
--· 

1960 1905 1967 1970 1971 1972 1973 1974 1975 1976 1977 1978 1980 1985 1990 r;~; av.GR. 
60/78 78/90 
(ann. (ann. 
perc.) perc.) 

·---- ----

rRG1) 60.9 72.6 89.72) 103.0 104. l 108.5 73.0 74.4 67.2 67.8 54.4 61.5 81.9 92.2 101.8 I O. l 4.l 

France 31.0 30.4 44.2 56.7 65.3 66.4 17 .5 78.7 73.2 85.0 85.0 90.2 100.6 135.9 184.4 6.1 6.1 

Great Britain 35.3 '>9.3 62.6 64.6 56.0 56.0 65.4 78.2 66.1 63. I 54.6 53.1 59.6 79.1 114. 4 2. :\ 6.6 

lta ly 10.5 \ '.0 17.0 34.0 31.0 3/.0 29.0 J).6 28.0 27.7 29.5 JI. I 37.7 57.7 69.1 6.2 9.2 

Netherlands l.O 6.5 4.5 6.0 6.5 (6.8)* (7.3)* (7.6)* 

DelghJ111 I 0.6 I. I 2.0 5.0 5.6 4.8 6.5 6.7 f.3 6.6 5.1 5.5 6.2 6.9 12.l I n .1 I 7 .o I 
I-' 
N 
I-' 

Der~llilrk 

Spa i1 I - - - 18.0 18.0 21.5 19.9 42.2 37.8 39.0 37.4 34.5 41. 9 84.6 172.5 8.5
3

) 114.4 

USA I - 468.6 552.5 574.2 598.3 640.0 781. I 780.2 513.0 554.8 584.2 - 1188.0 894.9 1, lli9.6 1.94) 5.56) 

J,pan - 44.6 87.1 155.8 146. I 166.2 221 •. 2 163.0 123.4 178.5 190.9 209.8 276.9 473.0 779.3 12 .65) I 11.6 

l_~_raz II - - - - - 47 .3 - 56.3 
_.J _____ 

• calculated values In brackets 

I) up lo 1972 ln~ I. office re11ulrements 2) 196ll l) GR 1970/78 4) GR 1965/77 5) GR 1965/78 6) GR 1977/90 

Sources: Hetal Statistics 

European Aluminium Stat Isl lcs 
Anuario [slatistlco da Assocla~ao Drasllelra do Alumlnlo 

PllOGNOS calculations 

_J 
- r 
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B. Qualitdtive tendencies and results of the interviews 

(1) The semiproducts table 29 alone illustrates the fact that consumption 

of conducting material is way above that of all other semiproducts; accord­

ing to OECD classification, i.e. without electric household appliances in 

France, the FRG, and Great Britain it even was approx. 80 :. Since in some 

countries, aluminium cables are today used as conducting material for volt­

age ranges up to 50 kV, this sector offers good market prospects - especial­

ly in countries with larger cabling projects, such as Japan and the develop­
ing countries. 

It can moreover be assumed that aluminium - which has replaced copper as 

open-air transmission lines for some time already - ~ill in the years to 

come quite generally displace copper in the cable sector too. Estimates of 

the current share are fluctuating, depending on the voltage group (1 kV to 
50 kV) between 60 and 100 :. 

On the other hand, it must also be expected that aluminium as coating mate­

rial will largely or even entirely be substituted by plastics; in the same 

way, paper, now used as insulating and coating material of communication 

cables, will be largely substituted by plastics which are more resistant1). 

Apart from high tension cables, growing substitution of copper communication 

cables through aluminium is also to be expected within the period under sur­

vey. After Bell Telephone in the USA has decided for cost reasons (one-third 

cost saving) to carry out replacement investment in existing telephone lines 

with aluminium cables, this realization is spreading among European telephone 

canpanies (e.g. new investment~ of the British Post Office). 

1) in this context it should be ~entioned that France has recently bought 
large lots of 'Properzi' wire. 
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(2) A further penetration of a1uminium in house cab1ing is moreover to be 

expected, to begin with mainly in the form of bus-bars. By means of copper 

p1ating according to the principle of.ASEA, Vastergs (Sweden) a practica11y 

equally good conductivity as that of copper is given, taking the skin effect 

into account. Some problems arising in clamping of aluminium 1ines are today 

no 1onger regarded as grave handicaps. 

(3) A third app1ication area which also promises a great increase in vo­

lume of aluminium conducting materials is seen in the use of aluminium in 

electric motorcar fittings. The clamping problems which will still have to 

be overcome here appears to be more se~ious, and more insulation would be 

necessary in the case of copper substitution, due to the larger diameter of 

the cables. It m~st be considered however that research efforts in this s~c­

tor are very intensive on account of the existing and probably even strongly 

increasing costwise advantages. 

(4) In f~rmer classifications, household appliances - as already mentioned -

were a1so recorded in the electro-technical sector. Alt~ough this is no 

ionger the case today it should all the same be pointed out that aluminium 

profi1es, sheets and piping are increasing1y used in household refrigerating 

equipment. 
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Table ll: Products of electrical engineering with growing application of alu11lnl1.111 

£C - countdes Spain USA Japan Developing 
countries 

-

Open-atr trans•lsslon lines (CH) no specfol growth cf. EC cf. EC cf. EC since 1977: 0 

Cables (CH) s I nc:.e 1977 : I 1980: B 1976: B s 1 nee 1977 : B s I nee 1977 : 0 

1980: 0 (111rket growth) 

COU111Unlcallon cables (CH) 1980: 0 - since 1917: B since 1977: B -
'louse cab l Ing (CH) 1976: f 1985: 0 cf. EC cf. EC cf. EC -
Electric 110lorcar equlpaienl (CH) cf. USA cf. USA since 1977: f cf. USA -

1980/85 : 1/0 t: 
llousehold appliances (H) 1976: p 1980: I cf. EC 

i: 
cf. EC ct. EC -

I 

legend: cf. page ~O 

_J 
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Table I: Develop.ent of population (•llltons of Inhabitants) 

Country 1960 1965 1967 1970 1971 

FRG 55.43 58.62 58.29 60.65 61. 3CJ 

France 45.68 48.76 49.SS S0.77 SI .25 

Great Britain 52.56 51.38 54.93 55.52 SS.71 

Ila ly 50.20 Sl.99 52.67 53.66 54.01 

Nether hods 11.49 12.29 12.60 13.03 13.19 

Belgl1111 9.15 9.45 9.56 9.64 9.67 

De11111ark 4.50 4.76 4.84 4.9J 4.96 

Spain JO.JS J2.06 J2.73 J3.78 34. ll 

USA 180.68 194.30 198.71 204.88 207.05 

Japan 93.40 98.30 100.40 103,. 70 105.30 

Orazl I 69.10 80.60 85.40 93.10 95.60 

Iran 21.60 25.20 26.80 29.40 JO.JO 

lurkey 21.50 Jl.10 J2.70 35.20 J6.20 

Sources: PROGNCS Euro-Report 

Annual Sllthllcs of the countries under survey 

PROGNOS ca I cu h ti ons 

1972 

61.67 

51.70 

SS.89 

54.41 

13.33 

!Ul 

4.99 

34.49 

208.BS 

I07 .00 

98.20 

Jl .20 

J7.00 

1973 1974 1975 

61.98 62.05 61.83 

52.13 52.49 52.74 

56.02 56.0S 55.96 

54.90 55.41 55.81 

ll.44 13.55 13.65 

9.74 9.71 9.80 

5.02 5.05 6.06 

34.06 35.60 36.03 

210.41 211. 90 213.54 

i09. 70 110 .• 16 111. 57 

102.20 106.40 109.4,0 

J2.20 Jl.20 J4. 10 

JI.YO J8.90 J9.80 

1976 1977 1978 1980 1985 1990 av.GR • t .GR 
60/711 7 3/90 
ann. I '111. 

perc. p ere. 
---- ----

61 .51 61.40 61.34 60.;'5 59.55 58.30 0.6 •I ),4 

52.92 53.12 53.28 53.53 54 .12 54.60 0.9 I ).2 

55.93 5s.es 55.82 55. 71 55.45 55.25 0.3 ·I 1. I 

56.19 56.ts 56.72 56.99 57.67 58.30 0.1 I ). 2 

1:1. 71 13.85 13.94 14.04 14.29 !4.55 1. I I 

9.83 9.83 9.84 9.84 9.85 9.87 0.4 I 

).4 I .... 
\J 

),0 " 
5.07 5.09 5.11 5.11 6.13 5.14 0.6 I ).0 

36.46 36.89 37.30 37.73 38.79 J9.80 1.2 I U1 

214.65 216.82 2H.90 220.47 227.18 234,70 1.0 I ).6 

112.71 1 IJo.86 - 114. 10 1111.10 122.30 1.2 I ).] 

112.40 115.60 - 122.90 139.90 159.90 J.O : ! .6 

J4.70 J5.40 . JO.JO 0.10 40.50 2.9 : ! .4 

40.70 41. 70 - 4J.60 47 .90 52.60 2.5 I.~ 

_J 
- r 



hble II: Tota I Al1111lntuia consu.plloo { 1000 to.!!!1_ 

1960 1965 1967 1970 

FRG 4Z0.7 585.5 587.2 881.0 

France 240.2 310.4 374.8 491.6 

GrHl 481.3 !iC:8.7 530.8 ' 602.9 
Br Hain 

Italy 143.0 195.0 281.0 

Netherlands 20.0 20.3 28.0 

Bel9h• 66.3 117 .8 134.7 

~lllMlrk - - 12.3 

Spain 25.0 76.0 92.7 

USA ',942.6 3,626.I 3,940.7 

Ja1>an 200.0 403.8 692.9 

Brul I - 54.6 81. 7 
lran2) - l.O 3.9 
Turkey 2) - 2.4 9.3 

I) av. GR 65/78 

2) Consumption of 1ietallurglc 1h•lnlu. 

J) av. GR 67/78 annual percentage 

~ources: Hetal Statistics 1968 - 1978 

European Al1111lnlu• Statistics 1978 

PROGHOS calculattons 

420.0 

69.8 

176.9 

16.5 

156.1 

4,425.4 

1,187.4 

90.2 

5.8 

13.7 

1971 

918.3 

47S.2 

513.3 

402.0 

12.8 

193.1 

16.6 

179.4 

4,930.8 

1,125.7 

1'4.1 

5.8 

21.1 

1912 

969.6 

510.2 

600.0 

458.0 
89.0 

203.8 

10.0 

204.1 

5,320.3 

1,514.5 

150.0 
7.0 

28.7 

1973 1974 1975 1976 

1,140.8 1,145.5 957.4 1,263.7 

504.6 596.7 513.0 629.3 

687 .6 681.2 565.2 617.? 

532.0 579.0 445.0 590.0 

114 .6 120.1 93.8 130.2 

225.7 238.7 180.9 246.8 

12.4 12.6 13.5 17.0 

223.1 262.7 252.4 266.7 

6, 196.6 6,290.5 4,386.3 5,825.0 

1,975.1 1,638.3 1,484.0 1,956.7 

176 .1 207.6 229.8 246.3 

17. 7 26.l 27.3 38.6 

36.7 52.2 60.1 68. l 

1977 1978 

·-
• 

1,251.6 1,336.4 

675.6 683.0 

588.2 567.6 

636.0 668.0 

142.5 138.7 

238.9 256.6 

17.9 18.0 

290.8 272.8 

6,212.0 6,445.4 

1,809.8 2, 164.0 

283.4 282.2 

43.5 53.• 

78.0 45.0 

I 

av.GR 60/78 
1nn.perc1nt. 

------
6.5 

6.0 

0.9 

8.9 

11.4 

1.6 
3. !"il) 

14.2 
6.9 

14. I 
ll. SI) 

24 .8" 
2S.3l) 

I>-' 
M 
-~ 

_J 
- r 
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lable Ill: Per captta consumption of 1l1111lnl1111 (In kg} 

country 1960 1965 

--

FRG 7.2 9. I 

France 4.9 5.5 

Great Britain 1.8 9.0 
Ila ly 2.9 l.6 

Netherlands l.4 2.9 
Belgium l.2 l.7 

Oc1•aarlr. 4.l 6.5 

Spain - -
USA 10.8 18.6 
Japan 2.0 3.9 

Braz 11 - 0.1 

lurkey - 0.01 

I) av. GR 1970/70 annual percentage 

2) av. GR 1g6S/11 annual percentage 

•) es ti.a le 

Sources: European Alut11lntum Stal ht lcs 

PROGHOS calculations 

1967 1970 

8.8 IJ.1 

6.4 8.8 

8.8 11. I 
5.2 7.5 
J.9 . 6.0 

5.0 7.l 

- g,9 

- 4.0 

19.0 20.4 

6.5 11.2 

1.0 1.0 

0.28 0.39 

1971 1912 

14.6 15.l 

8.9 9.8 

9.7 ".2 
1. I 7.9 
1. I 6.8 

1.1 8. I 
9.6 -
4.2 5.4 

22 2 25.l 
I I. 7 14.7 

1.2 1.5 
0.1; 0.18 

197l 1974 1975 1976 1917 1978 Iv.GA 60/78 
ann. percent. 

- ---·~· 

11.6 16.4 14.6 19.l 18.9 19.5 5.7 
11.l 11.l 9.2 12.0 11.8 11.5 4.9 
12.3 12. 1 9.8 11.2 10.8 11.0 I. 9 
9.4 10,5 7. 5 • 9.8 10.7 ".0 1.1 

8.5 ".o 8.4 ll.2 I 1.4 11.4 1.0 

10.1 10.7 6.5 I I. 2 !1.2 10.2 6. 7 
10.9 10.0 8.2 11.l 10.6 11. J 5.5 
6.0 7.2 6.6 1.0 7 .8 1. I 7. 41) 

29.5 27.4 20.3 26.0 27.4 29.7 5,0 

16.9 14.5 12.2 16.' 15.8 19.0•) ll. l 

1.6 2.0 2 .1 2.2 2.5 - 11. 22) 

0.97 1.34 1.!i 1 1.67 1.87 - 31.5:!) 

.. 

·-· I\) 
O> 

I 
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,...- - ~- [ -, 
ldl>le VI I: Ill VHOI'_~~~ Qf__ SU f£!EO £t0Ha11 C S£C10RS _A~ Tll£1 R _ AlltllNI~ COllSltll'Wlff IN ITAIY 1960 - 1990 

.--- ~ 

I 1960 l:i65 l9b7 1970 1911 1972 197l 1974 1975 19/6 1917 19711 I 1!180 1905 19!10 
~ 

1bsolute value In lit. bllllons 11 Z) 

lr•n>port I 57 ,000 ,~ 000 114,000 140,000 138 ,000 145 ,000 lll,600 14!1,300 112 ,600 I !iO ,200 168,400 117 ,000 I 210.100 324,200 496,500 

H.ic h Ille t.u i Id ing 
ind_ pn~ci s ion and 

9,500 14 ,000 20,000 25 ,000 21,000 26,000 40,000 opt ica I ins tr....enU 42 ,700 ?5 ,400 37,900 42, 100 39,800 42,000 50,900 81,000 

[lee lr. en9 ineer ing 10,500 11,000 17,000 34,000 31,000 37,000 29,000 ll,600 211,000 27, 700 29,500 ll, 100 37,700 57,700 89' 700 

Construct ion 14,000 20,000 26 ,000 51,000 48,000 !i8 ,000 93,700 115,500 79,500 110,000 111,JOO 111,600 140,000 190,900 249,~00 

P•cka9 rn9 13,500 16,500 23,000 35,000 35,000 42 ,000 58,000 54,000 36,JOO 52,400 52,400 60,500 66,400 89,300 118,400 

Other·• 32, IOO 1~.000 50, IOO 61. 900 81,500 9l,700 lll,400 119,000 100,850 124 ,350 IJ7, 100 Ill ,400 
--·---------------- ------------------------------------------------------------------------------------------------------------------r--------------------------
Tota I ll6,600 171,500 250, 100 374. 900 356. 500 400, 700 461,700 !il0,100 3112,650 502,550 640,800 559,400 

I I -- -·--
av. GR over preceding period (annual percentage) I 1

4v.GI< av .GI 
60/11J 10/90 
--- --

I I I 6.!i 
I' 

l r~nspol'l I !>.6 23.l 7. I -1. 4 5.1 -7.9 B.O -2.l 2.1 1.0 O.!i 9.1 9.0 11.9 !1.0 "J ,,, 
K.ichine l>uilJing 
Incl. prec ls ion dnd 

II. I 19. 5 1.1 -8.0 13.0 53.0 6.0 -4.6 l.7 l.O -0. !> 2.7 7 .0 b.6 U. l 6.1 opt lca l ins truinents 

£1ecl1 . en!Jl11eerln9 0.9 24.3 l6.0 -11.8 19.4 21.6 15.!J -1.6 :0. I 0.6 0.5 10. I 11.9 !1.2 b.2 9.l 

Con>trucliun 7.4 14 .0 26.8 -9.4 20.11 61.b 23.J -l.3 l.C 0.1 0.5 9.1 6.4 !i.!> ll .C.. b,!> 

i'aLkaljing 4. I Ill. I 15.0 0.0 20.0 :JO. I -6.9 -J.5 l.4 0.0 I .l 4 .0 6. I 5.11 U.7 !> .u 

Others 1.1 19.6 20.6 -7.J ll. 7 22.3 4.9 -1.5 I. 9 0.9 -0.2 U.2 
-------·------------ -- -- -- -- -- -- - - -- --- -- ---- -- ---- -- -- ------ -- ----- ---- --------- -- ---- ----- ---- -- -- -- - --··-- ------------------- ----- ---------------------- - - . - -
Tut4l 4. 7 lO.U 14.4 -4. 9 12.4 16.7 9.1 -2.6 2.5 0.1 O.l - I U. I 

_J 
- r 
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14l>le VIII: OlVCLOl'H£NT Of SCUCHD ECOH~IC SCCTDRS AHO TllEIR AlltllNllM COHSltlPTIDH IN TllE NETllCRLAllDS 1960 • 1990 ----

1960 I~!> 1967 1970 l!J7 I 1:112 1973 1974 1975 1976 1977' -

1b5olute v•lue In fl5. ID •lll1on~ 1 ) 2) 

- lr•nsror·t equlp11. ( 121) (156) (l6!J) 218 230 231 211 l01 201 195 191 

- tl.lchlne bullJlng 
industry (294) (411) (460) ~47 550 552 !i80 623 575 596 607 

- £1ectrlcal Ind. (161) 279 308 OJ 452 465 - - - - -
- Const rue ll on I nJ. (464) (619) (570) 820 861 852 845 707 771 HS 801 

Gllf' 6,11!>0 11,685 9,406 11, 458 11, 959 12,428 11, 161 IJ,714 IJ,590 14,199 14,5l1 

•v. GR over preceding period (•nnu~I percent19e) 

- Tr.,isporl equl('llll. - (4.9) (4.0) (8.9) s.s 1.4 -0.!J' -10.4 -2.9 -l.O -2. l [,,,,;,. ,, '"'"' 
inJus l ry - 6.9 5.8 6.0 0.5 o.s 5.1 7.4 -1.1 l.7 1.8 

Eleclrlcal inJ. - 11.J !i.l 12.0 4.4 2.9 - - - - -
Cons true t ion lnJ. - (6.b) (II. 1) (l.O) 5.0 -1.0 -0.9 -6.9 -2.0 -2.1 6.1 

or - (4. 9) 4. l 6.8 4.4 1.9 5. !) 4.2 -0.9 4.5 2.4 
--------- -

-----

1978 1900 190!> 

182 lfl/ 200 

5!J5 618 681 

- - -
806 018 925 

14,900 15,777 18, IOJ 

-4. 7 1.4 1.4 

-2.0 1.9 2.0 

- - -
0.6 2.0 2.0 

2.!i 2.9 2.9 
-

1990 

212 

751 

-
1,021 

20,876 

I. I 

2.0 

-
2.0 

2.0 
------

I 

__,_ 
I 

v.GR 1 •v.GR 
0/7U l0/90 
----
2.2 1.1 

4 .o I 2 .o 

1.1 I 2 .o 

4 .4 I 2. !I 

I-' 
w 
-l 

I 

_J 
- __ _L 
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l•l>le IX; llt:VH<lt'HCIH Of SHECHO CCOHCIUC SECTORS AICO TllEIR Altltl!fltlt COHStJHl>UOH IH BHGltlt (IHCLUDIHG LUllUllUAG) 1960 - 11190 

1960 l~!i 111117 11170 1971 1972 1973 1914 197!i 1976 1971 1978 1980 196!'1 l!l!HI 

ab1olut• value In 8.frs. bllllon11> 2) 
-

- lr•nsport equlJlll. llb 191 212 27b 304 l21i 3!i4 3l!i 354 )92 387 400 4l3 486 5110 

- tt.chlne building 
11!'1 26!i 264 304 201i 301 349 industry 392 371 373 380 3/6 406 48'j !'176 

- Eltclrlcal Ind. 20tl 280 280 J6b 368 403 449 rioo 491 !i27 521 lilO !'183 1J4 908 

- Construction Ind. (612) 1b2 820 88b 897 915 9b!i 1,009 I ,007 I ,071 1,099 I, 10!> l, l!iO 1,2:12 1,406 

GOP 8,24!i I0, 119 10,841 12,809 ll,ll9 14, llO 15,023 l!i,735 l!i,398 16,273 16,489 16,7!i3 17,739 20,44!'1 23,471 
~-· -------- --- w 

•v. GR over orecedlng (Mtrlod (•nnual percentage) av.GR '"' 60/78 78 
.GR I '0 

/90 - -
- Transport equlpm. - 7.J 6.5 5. 7 10.1 7.2 8.6 -5.4 !i .1 10.1 ·1.2 3.2 2.8 l .6 2.9 b.2 2 .ll 

- tt.chlne but ldin!I 
lnduHry - 6.1 -!i.4 !i.2 -5.9 !i. 2 15.9 12.3 ·3.8 ·I.' 1.9 -1. 2 l.9 l.8 l.l 4.l J .6 

- Electrical Ind. - 6.1 1.4 8.J 0.8 9.5 II .4 11.4 -1.8 7.J ·I. 2 2.8 4.8 4.7 4.l ~.] 4 .6 

- Cons true lion Ind. - 3.8 3.9 12. !i I. 2 2.0 5.4 4.6 ·0.3 6.4 2.6 0.6 2.0 2.0 2 .o l.2 2 .o 
f.(lf' ' 4. I 4.0 6.3 4.1 b.O 6.b 4.7 ·2. I 5. 7 l.l l.6 2.9 2.9 2.8 4.0 2 .8 ._ ______ --- __..._ ... 
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l•l>le l!I: !!!_~IOl!ll_!!! ~ smcuu !Lllf!!!t.!£ S(UlllS AHO 1111111 Al llUNlllt ~"!'.!.!!!.J!!.111( USA 1960 • lllllO (rru•nt Syll•I 

--- --~-----------~ ---- ·--i--
l!IW •~i. 1961 1910 1!111 1912 l!11l 1914 ,,,. 1116 1117 111111 I 1.a l!Hlb 1!1911 -----

.tb1olule v.th1• 111 I 100 •1111001 11 Z) 

--1 --
lr•MJ>Url equlpa. I . 2l0 lb) zzo 2l~ 2111 216 244 221 26& 288 lll JU J66 411 

IWcb luc building I 
I ndu~ try . 21Z Ziii m 2l6 Z64 lll ll4 l04 ll6 J62 l81 I 4Zli 611 ., .. 
Ute lnc.1 Ind. 

CM•"~"M .... l . 411 4119 418 416 480 486 426 426 456 416 490 4114 502 602 

Giii' - 1,422 !1,168 9,812 10,096 10,676 11,266 11, llO I \,00) 11,610 IZ,l6l 12,64!1 ll,40!1 16,605 17 ,1168 

-----
o. GI ov1r pru•dlng p1rlod (annual percent191) 

n.Ga o.Ga 
H/78 18/90 

lr.n,...,1·t equt,,.. I - - 0.11 .... z l. I 6.8 10.0' • 11.6 -7.l 16.7 8.7 8.0 I 2.4 2.l 2.l 2.l 2.4 

Ko'hlne bulldln11 
11.dustry - - 0.8 -6,6 -6.1 11. !I 11.8 1.4 -!I.) ID.Ii 7.7 6.!I I 4.8 4.8 4.1 14 .1 I 4.1 

lledrlc•I Ind. . - . . . . - -. 
C0Mlr11dl0t1 hl<I. ' 0.8 -6.6 -0.4 0.8 l. l -2.l ·10.6 1.0 i.6 0.8 I 0.4 0.) 0,0 I 0.2 I D.2 

Gilt' - ' 2.1 -0.1 Z.11 li.1 li.4 ·l.l -1.0 li,6 ••• 4.0 J,0 Z.!I 2 .II l.2 2 .11 I f; 
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l11l>le XIV: llt:VHOl'HEHI Of SHHlEll ECONOMIC SECTORS AHD IllEJR ALUHIHJUH CDHSUHPTIOH Iii OllAZIL 1960 - 1990 ------ -

l9bP l96!i 1969 1970 1971 1972 1973 1974 1900 19U!i 1990 

absolute value tn Cruz. JOO 11111llons 
1) 

- lransporl equlJQ. - - 164.1 \49.6 - 216.7 - - 430.6 643. l 9'4. 7 

- ~chine bul ldlng 
inJuslry - - 113.U 132.2 - 190.7 - - 3:16.8 566.6 04!1.4 

- Electrical lnJ. - - 117 .2 101. I - 14 I .6 - - 323.0 520.6 827.6 

- f.ons true ti on lnJ. - - - 348. l - 429.4 - - 007.4 1,225.0 1,960. I 

GOP 2,625.9 3, 213. 0 4 • 261. 7 4,704.2 5,235.J 5,179.3 6,'t.J8. I 7 ,054 .2 10,765.0 15,312.!i 21,779.3 

av. GR over preceding period (atmual percentage) 

- lransJJod e1iulp111. - - - -8.0 - 20.4 - - 9.0 0.4 1.3 

- Hach lne liu 1 IJ lny 
lnJ1ls lry - - lb.2 - 20.1 - - 8.9 0.6 8.4 

- E lectrlcal lnu. - - - ..13. 7 - 18.3 - - I0.9 IO.O IJ .1 

- Construction lmJ. - - - - - I l. l - - 0.2 0.7 9.9 

GOP - 4.!i 6.8 10.4 11.3 10. 4 11. 4 9.6 8.1 7.3 1.3 

• • • • 

......---. 

av.GR 
60/74 

9.1 

18.8 

6.!i 

I 1.1 

7.3 

...... 

av.GR 
72/90 

O.l 

8.1 

10.J 

8.0 

1.1 

I·' 
v 
(,l 

- - [~ 

I 

_J 
- _L 



..... 
hble XIV {'onl. ): Consu•pllon ot •lAllur:1!uL~!~.!'1 .. ~~llon~!!..!r!!lL 1!160 - 1990 

1%0 1965 1969 1910 1!111 l!l12 l91l 1974 

--
c_onullfll Ion In 1000 ~9 

h·ensporl 
U ,400 41, 1!12 

"4l11lne l>ul ldlng Incl. 
predsion •nd opllul 
IMlr..enu l,100 6,liC..4' 

lledr. e1111lneerlng 41,lOO !i6,l6B 

Coni true l Ion 30,100 39,024 

Pid•9l11g 
ll,200 If, 116 

Cons.-r !lood\ 
14,9ll 45,fl28 

24 ,100 ll,000 
Olhen 

------------------------ ----------------------------------------------------------------------
lot•l ll,000 54 ,600 90,liOO 90,200 114, 100 146 ,400 lb1 ,600 216,llOO 

•v. GR over preceding period (•nnu•I percenl•ge) 

lr•niporl 
22.6 

Kuhlne lou lldlny Inc 1. 
precision •nd optical 
lnsln-nl\ 

)2.6 

u~,lr. euyineerlng 9.2 

lomtru,llon 
ll.9 

rH~elJlll\j 
1.Z 

Lon>1-r gooJ~ 14.6 

Othc1 i 
Hi.4 

--- -- ------ --- --------- ------------------------------------------------------------yo·---------
lut•I 

• ol1114lt:J olue 

I) ol l~/U prlle\ 

- 10.6 ll.li -0. l 2b.!i 

Suun~~: Almuulo hUlhll~o Je o\uoch~ao Brullulr• do Alu.lnlo 

OHO, l'.:U I !ilU hllu 

rllOGHO!i luro-llcporl 11> 

PMl.lt>NUS lAlluhl loos 

28.3 14.!i 29.4 

1980 1981i l!l!lO 

8l,Zl6 154 ,119 Z10,24Z 

IZ,!l04 Zli,1l0 li0,196 

142,691 2bb,401 490,8l0 

81i,B63 161,128 318,262 

28,29!i O,li:.S 61,292 

--------------------------

14.9 ll.2 I 1.8 

16.9 14.9 14.l 

14.8 ll.l ll.O 

14.0 ll.li 14.b 

10.0 9.0 9.1 

--------------------------

.... ~ 

av.GR av.GR 
60/14 12/90 

ll.6 

15.6 

13.!l 

14.0 

9.S 

--- .. ~- -........ --
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