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Synopsis 

Consumption of aluminium and other selected materials in the UK is 

compared with/ other similarly developed economies between 1960-69. 

Reference has been made to relevant literature and the analysis has 

included statistical data relating to economic performance. 

Structure of the aluninium supply industry and the policy implemented 

by the main suppliers had a stimulative effect upon international 

consumption. 

Growth in the aggregate consumption of aluminium was closely related 

to the value and growth rate in value of industrial output. Aggregate 

consumption of aluminium increased more rapidly than the value of 

output from manufacturing and construction ruetriees Specific 

consumption of aluminium tended to pacreese more at higher rates 

of increased value of manufactured output. 

The transport equipment sector consumed the highest proportion 

of total aluminium consumption in the UK, but other sectors including 

electrical engineering, building and construction and packaging 

were also important. Analysis of end-use sectors showed, international 

trends towards increased specific aluminium consumption related to 

the value of output, but the strength of correlations varied from 

strong with respect to transport equipment to indefinite with the 

building sector. 

Rate of increase in UX aluminium consumption was restrained by 

the slow rate of growth in sector output, compared with the other 

economies studied, The UK building and construction sector consumption 

contrasted with US and Japanese alwninium consumption and was notable



for a reduction in specific consumption. 

The UK and international specific consumption of plastics 

materials increased more rapidly than aluminium while the specific 

consumption of traditional non-ferrous metals decreased. 

UX aluminium consumption behaviour is recognised as one symptom 

of a slow growth economy in which the cost benefit of technological 

innovation is difficult to realize. A conclusion is reached that, 

if the relative materials-related innovative performance observed 

between 1960-69 is allowed to continue,it will make UK manufactured 

products increasingly lesscompetitive.
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1. 1. 

Introduction 

Published statistical data relating to the consumption of 

aluminium shows that the UK aggregate consumption in 1960 was high 

relative to other similarly developed economies, but that a low 

rate of growth in UK aluminium consumption occurred during the decade 

immediately following 1960, 

Previous analyses (1) (2) (34) (47) have identified the need for 

effective use of materials and processes in order to achieve 

increased productivity and the contribution made by technological 

innovation toward improved economic efficiency and growth in 

industrial output. Progressive exploitation of newer materials and 

improved processes is recognised as an important aspect of 

technological innovation. It is postulated that response by 

industry toward achieving improved efficiency is partly reflected 

by the relative changes in the specific consumption of materials. 

Literature relating directly to aluminium consumption is reviewed 

separately from that which relates to economic growth in the UK 

economy, Aspects discussed include the influence which the » 

structure and policy of the aluminium industry have had upon 

consumption, the significance of derived demand for aluminium and 

the interaction of factors influencing growth in industrial output. 

Attention is given to, the formulation of criteria relevant to 

the evaluation of differences in international materials consumption, 

the precautions which are necessary in order to ensure acceptable 

comparability of data and the need to acknowledge the limitations of 

the results obtained with respect to the explanation of behaviour.



Published statistical data for the period 1960-69 is analysed in 

order to investigate possible relationships between the level and 

rate of change of aggregate and disaggregate economic output and 

the demand for aluminium. Regression analysis is used to minimise 

the distorting influence of cyclic demand, to ascertain the degree 

of international correlation with the relationships investigated and 

+o compare UK aluminium consumption with that of other countries. 

Production of different product forms and relative demand by selected 

industrial economic sectors is analysed with respect to the 

significance of the end-use profile of aluminium consumption. 

Analysis is made of the detailed Aluminium Federation statistics 

for the UK to show the influence that particular industrial sectors 

have had upon consumption, but which is not possible when using the 

generalised international classification of end-use sectors adopted 

by OECD. 

Comparative study is also made of steel, selected traditional 

non-ferrous metals and plastics materials consumption. ‘ 

Explanations are presented concerning, factors which motivate 

technological innovation, need for capital investment in order to 

achieve innovation, difficulties inherent in attempting to justify 
  

capital investment in a slow growing economy and possible 

consequences of failure to achieve increased economic efficiency.
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2.1 2.1 

Sources of Statistical Data relating to the Consuwaption of Primary 

and Secondary Aluminium. 

L A number of sources of statistical data covering the production and” 

consumption of aluminium in developed Western economies are readily 

available, including publications by oncn(?), Metallgestischart 4), 

Organisation of European Aluminium Smelters wan and the 

European Aluminium A-ssociation (6). In general, these publications 

are primarily concerned with numerical data covering supply and 

consumption of metal and not with the detailed analysis of factors 

that govern demand and consumption. The QSA publication is a more 

specialised document that presents statistical data and discussion 

particularly relevant to the secondary metal industry and the 

consumption of aluminium in foundries. A certain amount of caution 

is necessary in making comparisons of absolute levels of consumption, 

since it is acknowledged that a standard international method of 

compiling aluminium statistics has not yet peen adopted throughout 

the world or even in Europe. Limitations that arise in the analysis, com- 

parison and interpretation of statistics are mainly due to the fact 

that all countries do not present equally comprehensive data and 

even the most comprehensive is restrictive for research purposes by 

the broad inhomogemeous groups in which the data is presented.



2.2 2.2 

Previous Analyses of Aluminium Consumption 

Previous investigations by Rosenzweig (7) and Fisher (8) were 

concerned with the forecasting of demand for primary aluminium in 

the 1960's, in order to establish the increase in productive capacity 

required with specific reference to the USA market. The results of 

these analyses, based he least squares and logarithmic regression 

analysis have limited significance in the present context for a 

number of reasons including, emphasis on the US market demand without 

reference to international comparisons, no reference is made to 

secondary metal consumption and the period which included World War II 

represents a period of gross distortion of demand pattern and level. 

These analyses represent an historical statistical forecasting exercise 

for primary aluminiun completely divorced from total aluminium 

consumption, which includes a large proportion of secondary aluminiun. 

However, both of these investigations questioned the economic causes 

of increase in demand, whilst Fisher alone admitted the distorting 

influence of World War II. Investigation of price demand elasticity 

resulted in Rosenzweig concluding that, "price factors seem to add 

nothing significant to the explanation of demand for aluminium and 

that the linkage between demand and level of GNP is the most important 

factor". 

Fisher hypothesised about the effect of Oligopolistic areticien 

(involving a few large firms) that existed among primary aluminium 

producers, suggesting a resultant rigidity in pricing, secrecy about 

real prices, and the estabJishment of conditions for long run profit 

maximisation. Fisher also recognised that aluminium consumption depends 

upen a derived demand.



2.2 2.2 

Consequently, any price elasticity would most probably be long 

_ term, significant over a three year period, wiilee short-term price 

movement dictated by commercial expediency would not be significant 

in the long term. 

Derived demand is a term used to describe the imput provision of 

any non-primary industrial activity. For the purpose and aims of 

the present analysis, the consamption of primary and secondary aluminiun 

is measured, the weight of aluminium input into end - use industries 

together with miscellaneous applications not discretely identified 

in the sources of statistical data, as opposed to the weight of 

aluminium absorbed by end-users in the form of final product. Adopting the 

terminology of Hirschman (26) Chenery and Watanabe (27), the 

derived demand for aluminium is generated through the backward linkage 

established by the absorption of aluminium in end-use manufacturing 

industry. Aluminium consumption conforming to the description of 

derived demand is, therefore, by implication directly affected by 

the behaviour of end-use industries, as well as indirectly by the 

end-use final product market. Conversely, the output utilisation 

(consumption) of primary and secondary aluminium is largely fed 

through forward linkages, defined as that delivered material that 

does not cater exclusively to findl demand. Derived demand for 

aluminium forms part of a measure of the dependence of end-use 

manufacturing industries upon aluminiua. Chenery and Watanabe 

have quantified the degree of interdependence of various industries 

by determining ther respective backward aad forwerd linkages
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from data contained in Input - Output tables, where backward 

linkage is defined as the ratio of inter-industry purchases to 

~totgl production, and forward linkage as the ratio of Gaten thadgeey 

sales to total demand, and where both may be expressed as a 

percentage. Examples of high forward linkages are observed for 

inter mediate manufactured product forms, non-ferrous metals (81%), 

iron and steel (78%) and low forward linkages for final manufacturing 

industry, transport equipment (20%), shipbuilding (14%). In 

contrast, high backward linkages are observed for final manufacturing 

industry, transport equipment (60%), and low backward linkages for 

primary product industries, metal mining (21%). 

Price elasticity of demand is a measure of the relationship 

between the change in the price of a product or material and the 

change in demand, thus a measureable degree of elasticity might indicate 

@ progressive increase in demand for a product as the price decreased, 

where the greater the change in demand for e given change in price 

the higher the elasticity appertaining. Inelasticity in the price- 

demand relationship indicates that the level of demand is relatively 

insensitive to the level of price or change in the level of price 

within the limits observed in commercial practice. Long run or 

short run elasticity refers to the timescale required for the change 

in price to exert a real and total resultant effect. upon demand. 

Long tern regression analysis by Fisher failec to demonstrate a 

statistically significant price elasticity of demand. This was 

partly attributed the lack of data and the questioned agreement
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between published prices and those actually used in commercial 

contracts or transactions. Short run price elasticity of demand 

was found to be inelastic, but subject to the same reservations 

concerning significance as identified for long run price elasticity. 

A greater elasticity was forecast when the price of aluminium is 

falling with respect to alternative materials than when it is rising. 

Fisher strongly criticised Resenzweig's analysis by questioning the 

wisdom of a procedure that adopted the non-selective input of 

available statistics in attempting to find significant correlations, 

and emphasised the need to assess the acceptability of data used in any 

analysis, quite independent of the correlation obtained, otherwise 

the economic meaning and usefulmess of the results is nullified.
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Competition in the Aluminium Industry 

MJ Peck (9) in his contribution to the series of studies on 

Competition and monopoly in America, produced a classical work 

devoted to the application of economic theory to the analysis of 

the primary aluminium industry, aimed at the understanding of 

market structure and behaviour. Peck's investigatic was struc~ 

tuéd to include historical background, price elasticity of demand, 

pricing policy for ingot, price leadership in the industry and 

declared policy, the pricing of fabrications, pattern of output 

and inventry behaviour, distribution of production costs, vertical 

integration in the industry, the development of new markets, alum- 

inium distributors, barriers to entry into the primary smelting 

industry. Recognition of the principles identified and the anal- 

ytical observations made by Peck provide a valuable conceptual 

foundation for any present day analysis of aluminium consumption 

and are summarised as follows: 

i) Increased aluminium consumption that occurs by the displacement 

of other materials usually requires modification of product and 

process involving capital expenditure, an investment decision, un- 

certainty and short term irreversibility. Hence, short run demand 

is relatively price inelastic. A price incentive is required to 

create new applications with demand relatively more elastic for new 

applications and less elastic for established ones. Price stability 

per se promotes increased aluminium consumption. Peck acknowledged, 

however, that neither the market survey conducted by Engle, Gregory
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and Moss! (10), or the statistical analysis Fisher, established 

a statistically significant price elasticity of demand. 

~ii) High price cross-elasticity of demand ensures a disclosed 

uniform price in an oligopolistic market if firms wish te main- 

tain their share of the market, however, different firms have 

different views on the most desirable level of market price. 

High price cross-elasticity of demand, in the context of the 

Peck analysis, describes observed market behaviour in which if a 

primary metal producer increases the price of duminium independ— 

antly of other producers it will tend to experience a reduction 

in the share of the market that it supplies. This reduction in 

market share supplied occurs simply by end - user industries div- 

erting their order for their aluminium input to alternative sup- 

pliers that maintain a lower price. The strength of this price 

cross-elssticity of demand is determined by the availability of 

supply from alternative producers. Primary metal production 

capacity has been shown by Spector (28), /Fig 6, to be more 

than adequate between 1960 and 1970. Forecasts suggested that 

available primary metal production capacity would be excessive 

if all planned future capacity up to 1974 is commissioned. 

The market for primary aluminium is described as Oligcpolistic, 

because the demand for aluminium is measured at that stage of the 

product which is supplied mainly by a relatively small number of 

semi-finished product producers, Consequently, a decision by
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a small number of primary metal users to divert their source of 

supply would produce a pronounced alteration in the share of the 

“market supplied by a given producer, 

Alcoa, the free worlds largest producer of primary aluminium, 

is the price leader (the low price preference firm associated 

with the lowest cost of production). Thus the market price bears 

little relationship to current demand and the supply situation, 

but rather the price preferred by the lowest price preference 

firm. Publicised Alcoa policy establishes the objectives of max- 

imising long term growth in consumption and profits at the expense 

of short term profits linked with a planned minimum rate of return 

on investment. However, Peck points out that the translation of 

overall price policy into administrative practice is complex and 

that any price policy is only the baseline for numerous exceptions. 

He further claims not to understands how the rate of return on 

investment required (stated as 10%) is determined or agreed upon. 

ii) Aluminium product prices demonstrate either rigid prices 

linked to the primary metal price or flexible prices not linked 

to primary metal price depending upon whether the products are 

made predominattly by the primary producers. Extrusions are quoted 

as the important wrought product form having a flexible price and 

where primary producers have suffered a reducticn in their share 

of the market due to their administrative inflexibility or reluc- 

tance to make price reductions. Castings are a further product 

form subject to flexible pricing.
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iv) Short term fluctuations in demand for aluminium are a reflec~ 

tion of the change in demand for capital goods and consumer dur- 

ables. But underlying the sharpness of the fluctuations in demand 

are the sudden movements in the level of inventories held by the 

purchasers of aluminium. This short term behaviour is discussed 

by 0 E A (5) and in "A Case Study of Inventory - Output Behaviour 

in the Aluminium Industry'' (11). Buyers are postulated to aim 

at a constant ratio of inventories to sales, thus reduced sales 

lead to reduced inventories further associated with the effect of 

the level of short-term future confidence. Increased confidence 

in future sales potential of the final product leads to a rapid 

build up of materials inventories by intermediate and final pro- 

duct manufacturers. 

v) All the international primary aluminium producers are actively 

engaged in aggressive marketing, development of new product out~ 

lets and technical service to customers. Thus acknowledging the 

principle established by E R Corey (12), which states that a new 

material that is to be integrated into existing products and 

processes requires a long learning period, products and materials 

are not simply accepted on their merits, but must be merchandised 

aggressively. 

vi) Barriers to entry of new firms into primary aluminium produc~ 

tions is considered in the light of the classification published 

by J S Bain (13), namely, scale economies, capital requirements, 

product different iation, absolute cost barriers (advantage gained
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by existing firms having established old plants) and the level of 

profit motivating entry. Primary aluminium production and inte~ 

.grated production plant represent large barriers to entry due to 

the large minimum economic size of plant and the relatively low 

return achieved by current producers on capital invested. 

vii) Primary producers have been active innovators in fields 

that directly affect the sale of primary aluminium, independent 

producers have contributed alloys, and fabricators have made 

important contributions in their own fields. Aspects of inno- 

vation have been investigated in detail by Peck (14). 

EMH
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Aluminium Marketing, Scale of Plant and Pricing of Aluminium 

Brown and Butler (15) compared the performance of the copper 

“industry with that of aluminium and revealed several important 

characteristics of the aluminium industry comprised of both 

production and marketing facets. Aluminium is a new metal, the 

first production of bauxite having occured in 1910, and which 

requires a very substantial capital investment at the conversion 

and reduction stages (16) in order to achieve material costs 

that are competitive. The effect of scale of investment and 

associated productive capacity on the cost per ton of output, 

assuming a 95% utilisation of capacity, is shown in Table 5.1.2. 

Associated with this degree of capital intensity is the sensi~ 

tivity of the cost per unit of output to the level of demand, ie 

the total utilisation of available capacity that is used. This 

data is subject to further analysis in Tables, 5.1.3 and 5.1.4 

Figs 1,2,3, as an extension of that provided in the UN publica~ 

tion, Pre-Investment Data for the Aluminium Industry (16), and 

demonstrates the following trends within the range of plant 

sizes investigated: 

1) The maximum percentage returns on capital invested increases 

with increasing plant size. 

11) The percentage return on capital invested increases linearly 

with percentage utilisation of capacity to a maximum at 100% 

utilisation. 

111) At a given selling price, each plant size has a related
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break even level of percentage utilisation of capacity, which 

decreases with increasing plant size. 

From this analysis it follows that a minimum economic size 

of plant may be postulated that will be capable of achieving a 

minimum acceptable return on capital to a given company, based 

upon assumptions about the given market price for aluminium, cost 

of capital, cost of energy and other variable costs, and plant 

depreciation accounting practice. Since the primary aim of any 

company is to achieve a return on capital invested that is 

acceptable to its shareholders, a minimum size of aluminium 

reduction plant in the region of 100,000 to 125,000 ton per 

annum appears most attractive, when adopting this criterion, 

involving a capital investment of the order of 72 million gat 

early 1960 prices. This minimum economic size of plant estab- 

lishes a high entry barrier to new or small firms (13), and partly 

explains why 80% of the western world's primary aluminium was 

produced by six companies in the 1960s. Table 5.15.1. 

Alternative criteria, to that based upon percentage returns 

on invested capital, may be vsed to evaluate the optimum plant 

size, which include cash flow profile analysis and the way in 

which profiles are influenced by the forecast rate of increase in 

demand for primary alumizizm, which in turn determines the time 

required to achieve a giyen level of plant utilisation. However, 

the maximum return on capital that a selected plant capacity is 

capable of achieving assumes further significance, because the 

larger the plant operated within the range investigated the 

lower the profitable, sel- . 2 e
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ling price. Consequently, if a company decided to operate a plant 

of only 30,000 tons per annum capacity in competition with a second 

company operating a plant of 100,000 tons capacity, the second company 

would be in the position of the "low price preference firm" (price 

leader) and could conceivably, reduce the selling price until it 

became unprofitable to operate the smaller plant. Similar correlations 

are considered relevant to the selection of the optimum size of 

steel making (17) and plastic materials production (18) plant. 

It is interesting to note that the capacicity of the three 

new smelters that recently came on stream in the UK each had an 

annual production capacity in the region of 100,000 tons per annum (19). 

(1) Alcan plant at Lynemouth, Northumberland, 120,000 tons per 

annum in two stages. 

(2) The British Aluminium Company at Invergordon, Ross and Cromerty 

100,000 tons per annum. 

(3) Anglesey Aluminium Metal Ltd (RTZ-BICC) at Anglesey, 100,000 

tens per annum. 

Patent rights to the Heroult extraction process also limited 

commercial control to a small number of companies in the early days. 

In Europe a succession of aluminium cartels retained control of the 

Heroult patents until 1939. The last of these carteis, the Alliance 

Aluminium Compagnie, established in 1951, regulated both the 

production and sales of aluminiun. Similarly exclusive rights were 

held in the US by Alcoa (previously the
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Pittsburgh Reduction Company) to the Hall patents, leading even- 

tually to the Anti-trust proceedings against the company being 

initiated in 1937 and culminating in 1945 with the now celebrated 

decision, which set a precedent for judgements on US monopoly 

positions, that Alcoa was an illegal monopoly in the ingot pro~ 

duction sector. By 1950, Alcoa's share of US aluminium production 

had been reduced to 50% by the introduction of Reynolds Metals 

Company (1941) and Kaiser (1947) who acquired US government World 

War Il plants at low prices, as a deliberate result of government 

policy to establish vertically integrated firms which were regarded 

as vital for strategic purposes. Efforts were made to induce 

greater competition by offering to a new producer fayourabie amor~ 

tization terms and a guaranteed market for the first five years 

of operation. 

Rate of returns on capital achieved by Aluminium companies in 

the .early and mid 1960s was between 4.9% and 5.9% (15) (20) 

offering no attraction to new investors. : 

Two key factors emerge, namely: 

1) The linkage of primary aluminium production costs to the 

scale of plant and the cost of power used in extraction (21) 

Table 5.1.2. A comparison is made of the distribution of prim 

mary production costs for copper and aluminium, Table 5.1.5.2, 

showing that the structure of cost build-up is appreciably dif- 

ferent. This difference is due to the nature of the ores used 

and the large quantities of electrical energy consumed in the 

reduction of aluminium.


