New materials play a key role in the
development of military aircraft. Figure
shows the use of composites, graphite/
epoxy fabric, fiberglass in the Northrop
T 38 (below).

GRAPHITE/EPOXY 1-CB RIVETS
OUTER SKIN 12 PLIES A .

TITANIUM
DOUBLER

STAINLESS STEEL
DOOR GUARDS

GRAPHITE/EPOXY FABRIC
INNER SKIN 8 PLIES

EXISTING ALUMINUM HINGE

AND ACTUATOR FITTING
FIBERGLASS FIBERGLASS CHANNELS

INTERCOSTALS 6 PLACES

Beryllium is a strategic metal vital to the
production of electronic components
such as this 196 lead Very High Speed
Integrated Circuit (VHSIC), fabricated
by the US-based TNC Brush Wellman,

a world leader in the production of
metallic beryllium (right).
Photomultiplier tubes for medical CAT
and other advanced applications include
precision parts of beryllium copper.
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From tight supplies and mounting or high
current prices during the seventies, most
of the metal industries moved in the early
1980s to depressed prices, low demand
and investments, over-capacity and excess
supply with strong competition among
producers for outlets in the industrialized
markets. The overall recovery of some
developed economies since 1983 has not
prevented 1984 from being the fourth
consecutive disappointing year for almost
the entire metal industry. When asked for
an explanation to the present difficulties,
many mineral analysts usually underline
the role of supply, trade or financial-re-
lated factors, such as;

e supply rigidities arising from the in-
creased share of production controlled by
governments or state firms, and their fail-
ure to respond to market signals as quick-
ly and efficiently as private firms;

e the growing import threat some devel-
oped country domestic mining industries
are facing from foreign producers more
competitive or eager to sell at any price
due to balance of payments problems;
ethe downward pressures on prices exert-
ed by the strong dollar and high interest
rates, and the enhanced unpredictability
of price movements, which are now rela-
tively more influenced by traders, ex-
change markets and non-integrated pro-
ducers.

Structural changes in metals and
materials consumptions

The role of demand-related factors is be-
ing, however, increasingly recognized and,
what is more significant, the low levels of
metals consumption in recent time do not
seem to conform to an explanation ex-
clusively based on short-term or even
business-cycle terms — e g, the 1980—82
recession-linked downfall, or the weak
capital investment in plant and machinery
since 1983.

More lasting forces appear to be in
play tending towards a long term de-
cline in main industrial societies’ demand
for several major metals, and towards
structural changes in the composition of

their metals and materials consumption.
These forces are apparently accentuated
by the on-going industrial restructuring
and technological changes affecting the
productive apparatus of developed econo-
mies. But, as John Tilton correctly points
out, there is a relative lack of thorough
studies on factors governing metals de-
mand by comparison to what we know
about supply, trade or pricing.’

The following pages offer, therefore,
only an exploratory, preliminary analysis
of some of the main factors influencing
the long term patterns of metals con-
sumption, and the way these patterns are
transformed by recent industrial structu-
ral changeé and technical innovations.
These transformations carry on very cru-
cial implications for the whole metal in-
dustry, including TNCs and, particularly,
many developing country producers that
are anxiously waiting for an upsurge in
metal markets and prices and rely heavily
on mineral development for their future
industrialization process. If demand pro-
spects for major metals that conform the
bulk of their exports are not so bright,
TNCs and other international sources of
capital will probably maintain a cautious
attitude concerning new undertakings,
and developing countries will presumably
be confronted by hard choices concerning
the allocation of their own and scarce
capital resources to mineral projects, their
multiplying effects in terms of processing
and overall national development, and
their market destination.

The declining demand for
some major metals

The long cycle in the world economy ac-
tivity is without doubt an important ex-
planatory factor of overall trends in the
pace of metals consumption. As Table 1
shows, the crisis that started in the early
1970s put an end to the high rates of de-
mand growth known by most major met-
als (with tin as the only exception) during
the expansionary period of the fifties and
sixties, and the slowdown has been furth-
er deepened by the recession in the early
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1980s. The significance of this fall is para-
mount indeed, as the seven metals listed
in Table 1 represent around three quar-
ters or more of the value of all metals
minerals in the world economy and, in
particular, they accounted for three quar-
ters of developing countries’ exports of
all non-fuel minerals in the mid-seventies

verse being true for the USSR and, especi-
ally, for the conspicuous cases of Japan
and developing countries. In this second
group of countries the slowdown since
the 1970s crisis has been also very pro-
nounced, yet keeping above-the-average
rates of demand growth or negative rates
less widespread across metals. In relative

Table 1
Declining trend in world consumption of some major metals’, 1951—-83
(percentage)

1951-69 196474 1974-79 1979-83
Iron Ore 6.2 4.5 0.1 —1.47
Aluminium 92 8.4 30 -1.1
Copper 4.7 29 3.5 -19
Lead 4.1 2.8 44 -19
Zinc 49 3.8 1.1 -0.8
Tin 10 122 -0.8 -2.0
Nickel 6.2 5= 1.9 -23
Sources:

For 1951--79: Metallgesellschaft AG, Metal Statistics, various issues; as presented in
United Nations Economic and Social Council, Committece on Natural Resources, Mine-
ral Resources: Trends and Salient Issues (E/C.7/115, New York, 6 April 1981), Table 4.
For 1979—83: World bureau of Metal Statistics, World Metal Statistics, (London,

August 1984).

Notes:
1

Data and analysis in this and following sections refer mainly to primary apparent

consumption (primary production minus exports plus imports plus changes in stocks),

except when indicated otherwise.
2

1975—82, according to data in UNCTAD, Marketing, Distribution and Transporta-

tion of Iron Ore: Areas for International Cooperation (TD/B/C.1/PSC/41, 18 July

1984), Table 6.

and, toghether with manganese ore, for
53 per cent of the total non-fuel mineral
export earnings received by developing
countries in 1980.%

But patterns of metals consumption
growth differ markedly across national
economies or regional economic group-
ings. Even during the expansionary period
after the Second World War, metals de-
mand growth in the US and other “ma-
ture” developed market economies of
Western Europe was generally below the
world’s average growth (Table 2). The in-
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terms, therefore, low consumption
growth in major metals is a distinctive
characteristic of “mature” developed
market economies. The US in particular,
wherein that long-term trend stands for
all the metals listed in Table 2, while the
ferrous and alloy metals show a relatively
better performance among the Western
European economies. Aluminium and, to
a lesser extent, nickel deserving to be
singled out as the major metals with high-
est past demand growth, in all country
groupings.

Similar or complementary results can
be drawn out from the analysis of the
long run metals’ intensity-of-use (I-U)
pattems. For most of the selected metals,
the US I-U peaks are to be found in the
fifties or even before, those of Western
Europe in the sixties, and those of Japan
in the late 1960s or during the seventies.
While the USSR has very recently reached
its I-U peaks in some metals or in others
will reach them sometime in the future,
and the developing countries are still in
the very upward slope of the I-U curve in
all but one metal (tin). The interesting
opposites are provided by, at one side,
crude steel and the old non-ferrous metals
(copper, zinc, tin) wherein the mature”
developed market economies generally
reached their I-U peaks before the Second
World War, sometimes approached again
after the European reconstruction period
(copper) and, at the other side, nickel
which I-U peaks have been reached quite
recently (after the mid-sixties) by the
main developed market areas, and alumi-
nium which has still a growing I-U pro-
jected in all the country groupings. Tin
being an extreme example of a metal ap-
parently in the last stage of its product-
cycle, with an already lasting decline in
its I-U throughout the world.

In other words, in order to explain the
long-term trends in metals consumption
we must take into account, besides the
rate of overall economic growth and its
long run cycles, at least two other aggre-
gate factors, namely:

e the level of income (as a rough approx-
imation to the level of economic develop-
ment)

e the type or pattern of industrialization
followed by each specific economy or
country groupings.

As income per capita grows, at low levels
of gross output there is in the first place a
rapid increase in major metals intensity-
of-use, and then as higher levels of real
output are reached the intensity-of-use of
major metals tends to decrease steadily.?
The long run downward pressure on

Raw Materials Report Vol 3 No 3



Table 2

Patterns of metals consumption growth by main countries or country groupings, selected periods (percentage)

Non-Ferrous

Country groups Aluminium Copper Lead® Zinc* Tin
1971-75

World 8.6 44 33 46 20
US 6.6 1.9 2.0 15 -04
Western Europa 8.0 3.8 14 3.8 1.2
Japan 19.1 12.0 50 11.0 92
Other developed' 9.0 3.8 49 1.8
USSR 8.6 54 4.7 66 1.8
Developing® 17.0 89 113 46
1970-1980

World 4.7 2.7 1.8 23 04
Us 2.8 0.6 06 24 -16
European

community 4.2 1.3 0.2 08 -1.7
Japan 7.1 4.9 34 2.2 19
1980-83

World 0.0 -10 -08 -0.1 =29
US -1.8 —1.7 12 -17 -69
Western Europe —-0.4 -28 =25 —-15 -45
Japan 3.2 1.6 29 08 -05
Other developed’  —1.8 -36 —65 -1.7 -43
Centrally planned 0.5 0.8 -0.1 14 0.8
Developing 2.3 -12 1.1 14 -1.1
1975-2000 ( Projection)

World 41 2.8 2.8 29 19
Us 4.0 19 1.8 20 09
Western Europe 3.7 2.8 2.6 1.8
Japan 49 3.2 28 23
Other developed® 4.0 2.6 30 23
USSR 35 24 3.1 1.9
Developing® 4.6 4.3 39 29
Sources:

Periods 1951—75 and 1975-2000: W Malenbaum, World
Demand for Raw Materials in 1985 and 2000 (New York,
McGraw Hill, 1979) Chapter V; Period 1970—1980: P C Crow-
son, Minerals Handbook 1982—83 (New York, Van Nostrand
Reinhold Co, 1982); Period 1980—83: World Bureau of Metal
Statistics, World Metal Statistics (London, August 1984).

Ferrous and Alloys

Manga-
Iron nese Chrome Tung-
ore®  Steel ore ore Nickel sten Cobalt
5.5 54 4.2 4.8 6.3 4.2 49
1.8 2.0 04 0.1 4.3 2.9 2.5
44 5.5 4.7 49 6.0 4.1 4.6
16.0 12.9 8.3 14 .4 16.7 9.0 14.5
7.5 5.5 49 59 8.5 9.1 5.8
6.4 6.9 3.5 44 7.0 3.1 8.0
10.7 104 9.6 11.3 19.8 4.6 6.1
1.0 09 34 1.1
-19 34 —6.0 0.5 1.8 1.6 3.7
-0.1 —-1.7 -0.2 6.5 34 —6.0 0.2
7.0 -09 1.5 4.1 43 —-49 0.7
—-14 -838 —11:1 -1.5 —6.5
—146 —27.3 —30.7 —6.5 -—10.7 -9.6
—49 -7.9 -3.2
47 —6.8 —6.7 -2.0
1.9 —193 -9.3
1.8 09
4.0 -2.2
2.8 2.6 3.1 3.0 2.8 3.1 33
1.6 1.7 1.2 0.5 2.0 2.3 2.9
2.6 2.2 2.6 32 2.6 2.8 2.6
33 3.4 3.5 39 34 3.5 3.7
2.6 25 29 34 2.7 2.9 3.0
2.8 2.6 3.1 1.3 3.0 29 3.1
4.2 3.5 4.2 4.2 4.5 3.9 5.6
Notes:

1
2

Includes Canada, South Africa, Australia and New Zealand.
Includes both market and centrally planned economies.

3 For 1960-75, according to L Fischman, World Mineral
Trends and US Supply Problems (Washington, DC Resources
of the Future R-20, 1981) Part I.

* Refined zinc for 1951—75 and Slab zinc for 1980—83.

> The periods are: 1951—75, 1970—80 and 1975—82,
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prices resulting from this income-effect
(assuming no significant constraints or
disruptions from the supply side), is not
in turn matched by the price-effect, as
most major metals are price-inelastic, in
the sense that demand increases by a
smaller percentage than the percentage
decrease in price.*

The significant weight of consumer
goods and services activities in the US
industrialization pattern is reflected in its
relatively vigorous demand growth for a
”light” metal such as aluminium, which
intensity-of-use is still projected to furth-
er increase in that country. Whereas the
importance traditionally accorded to
heavy-industries by the USSR, Japan (un-
til the early 1970s) and many developing
countries (as a result of their import-sub-
stituting policies), is reflected in their
relatively high intensity-of-use of iron and
steel products and some related alloys
(manganese ore, tungsten). Military pro-
duction also explains these consumption
trends of ferrous metals and alloys in the
case of the USSR, as well as the rapid
growth of demand in the US for other
speciality metals of high-technology civili-
an and military applications, as we shall
see later on.

At a first level of aggregation then,
GDP growth and its long cycles, levels of
income and industrialization patterns are
three general factors of discernible impact
on the long term trends in metals con-
sumption, and their expected joint influ-
ence in the upcoming future provides a
large part of the basis for projected rates
of major metals consumption growth low-
er in general than those achieved during
the expansionary period after the Second
World War, as well as for a persistant dif-
ferentiation by country groupings with
relative low rates in the US and other
main “mature” developed market econo-
mies in front of relative high rates in de-
veloping countries (see Table 2 again). In
fact, developing countries are expected to
be — as a group — the faster growing mar-
ket for the major metal raw materials pro-
duced by themselves, with a resulting in-
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Table 3

Shares of developing countries in the world consumption of selected
major metals: 1961—80 and projection to 1995

1961 1970
Aluminium 5.0 10.2
Copper 8.6 9.9
Lead 11.2 13.7
Zinc 11.5 13.7
Tin 14.0 17.1
Iron ore 13.5 12.0
Manganese ore 11.1 19.6
Nickel 0.3 1.1
Source:

1975 1980 1995
152 16.1 20.2
14.1 16.3 19.5
18.2 19.6 29.8
17.9 204 284
20.0 19.5 27.6
16.7 194 289
23.4 26.8 36.8

4.9 5.8 9.7

The World Bank, The Outlook for Primary Commodities (Commodities Staff Working
Paper 9, Washington, D C, 1983) Tables 20 and 21.

crease in their shares in world consump-
tion (Table 3).

Even though there is almost a consen-
sus about the continuing differentiation
of levels of major metals consumption
growth between developed market and
developing countries, at least two impor-
tant observations deserve to be mentioned
here regarding the upcoming future.

The first one deals with the forecasted
slowdown even in developing countries’
demand growth for major metals, during
the next fifteen years or so and by com-
parison to the expansionary period after
the Second World War. This has to do not
only with estimations of less favourable
conditions for rapid economic growth in
many Third World countries (especially
during the 1980s), but, and more to the
point, it reflects also the expected influ-
ence over those countries major metals-
consuming intensity of the technological
changes and substitutions among materi-
als spread from the industrialized world,
resulting in a major metals-consuming in-
tensity relatively lower than that achieved
by developed market economies in the
past at comparable levels of income.

The second remark refers to the expec-

ted net impact of technical innovations
and changes in the composition of output
or aggregate demand, on future patterns
of metals consumption. While most ana-
lysts and projections available so far seem
to agree in forecasting lower rates of de-
mand growth or intensity-of-use as a re-
sult of these factors,’ a recent study di-
rected by Leontieff comes out with pro-
jected demand growth rates for the US
and world economy that in many cases
are at similar or not significant lower lev-
els than those of the past expansionary
period, bringing thus a different perspec-
tive on the metals intensity-of-use impli-
cations of probable changes in technology
and in the main components of the final,
aggregate demand.®

It appears, therefore, that the techno-
logical innovations and the changes in the
sectoral composition of output (and trade,
we might add) are another two important
factors to be considered for a more com-
plete understanding of patterns of metals
consumption. They will be discussed in
the following pages, included in a broad
and useful distinction suggested by Til-
ton, between factors related to changes in
the product composition of income, and
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those related to changes in the material
composition of products.’

Composition of output and trade

During the past two decades, manufactur-
ing and construction, two sectors that are
important end-users of metals, increased
their shares in the GDP of developing
countries but decreased them in the case
of developed countries in the seventies
(Table 4), and this is of course a reason
behind the already seen differentiated
trends of metals consumption between
both economy groupings. The most strik-
ing sectoral evolution has been, however,
the persistent growth of the services sec-
tor in developed and developing market
economies, accelerated in both cases dur-
ing the last decade. Yet services is actual-
ly a very heterogeneous sector. In devel-
oping countries it is usually more signifi-
cant the weight of traditional and person-
al services activities, while in developed
countries it is generally higher the rele-
vance of modern services complementary
to the industrial and other business activi-
ties. The metals-consuming intensity of
services in industrialized societies is then
certainly higher than in most Third World
countries.®

When compared to manufacturing, the
metals-consuming intensity of services has
been traditionally considered as low, and
the opposite directions showed in recent
times by both sectors shares in the devel-
oped market economies GDP have provid-
ed an additional explanation for those
countries’ declining demand growth for
major metals as well as for the forecasted
continuation of this tendency in the up-
coming future. Nevertheless, the slacken-
ing manufacturing productivity growth
since the late 1960s plus the rapid flour-
ishing in several industrialized countries
of very modern, financial, trade, commu-
nications and high-technology related ser-
vices, have brought to some analysts to
suggest that many services may be more
metals-intensive than various manufactur-
ing branches per unit value of output.’

In fact, one important reason for the
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Table 4

Structure of GDP and manufacturing output (1975 prices) in developed

and developing market economies, selected years

(percentage)

GDP composition

Agriculture

Total industry
Manufacturing
Construction

Services

Manufacturing
structure by end-
use

Consumer non-
durables (ISIC: 32
less 321,332,342,
352,361, 390)

Intermediate goods
(ISIC:321,331,35
less 352, 362.369)

Capital and con-
sumer durable
(ISIC 38)

Others, mainly
resourcebased
(ISIC:31,353,37)

by mineral and
energy resource-
consuming
intensity

Very low (ISIC:
361.331,31,323,
234,342)

Low (ISIC:321,
322,332, 385,
355)

Medium (ISIC:
384, 382,390)

High (ISIC: 341,
383,381,351,
352,256)

Very high (ISIC:
362,369, 37,
353, 354)

Sources:

1960

6.6
38.8
25.8

8.3
54.6

1963

17.9

219

36.7

22.8

14.1

22.9

25.4

14.7

1973

4.7
41.7
29.5

7.6
53.7

1973

16.2

234

39.3

18.9

12.8

23.2

30.6

14.4

Developed market economies

1981

4.2
383
27.6

6.1
57.5

1979

16.4

23.2

40.2

20.2

18.7

12.1

234

325

13.2

Developing countries

1960

31.1
30.1
14.2

5.1
38.8

1963

16.9

27.0

15.0

41.0

323

20.0

9.5

17.2

20.8

1973

20.1
394
17.8

83
40.5

1973

154

26.6

219

36.1

25.4

16.0

14.0

22.5

22.1

1981

18.0
35.7
18.8

6.3
46.3

1979

14.9

25.9

24.0

35.2

24.6

14.3

13.9

253

219

GDP data from United Nations — DIESA, Handbook of World Development Statistics
1983 (New York, PPS/QIR/5, April 1984) Tables 1, 2 and 10; and Compendium of
World Development Indicators 1983 (New York, PPS/QIR/3, June 1984) Tables 37,
38 and 46. Manufacturing output data from United Nations Statistical Office and
UNIDO data base, as presented in UNIDO, Industry in a Changing World (E.83.11.B.6)
Tables I11.6 and II1.7.
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relative high rates of demand growth pro-
jected by the already quoted study con-
ducted by Leontieff, lies precisely in the
high metals-intensity of military or de-
fense-related spending therein estimated.'°
As will be seen later on, the roles played
by the defense and high-technology (in-
dustries and services) related components
of final demand are crucial for the under-
standing of the recent and projected dif-
ferentiated patterns of consumption re-
garding major metals and other non-fuel
minerals of special applications.

Turning now to the composition of
manufacturing output, the inter-industrial
changes observed during the past two de-
cades seem to indicate that developing
countries are, all in all, effectively moving
in a more mineral-and-energy intensity
direction. This is at least what is suggest-
ed by the upward trend in the joint share
of branches with medium, high and very
high resource-consuming intensity (see
Table 4 again). The classification by end-
use also reflects this trend through the in-
creased share of capital and consumer
durable goods branches, especially in the
case of the small though very dynamic
sub-group conformed by the NICs and
other major developing exporters of man-
ufactured goods. And the intermediate
and resource-based goods branches, de-
spite their decreasing shares, still account
for the bulk of most developing coun-
tries’ manufacturing output. In the case
of developed market economies, however,
the picture offered by the inter-industrial
changes standpoint is less conclusive
since, on the one hand, the very high re-
sources-intensity ~branches have lost
ground but, on the other, there has been
an increase in the shares of medium or
high resources-intensity branches. At the
same time the branches with lower re-
source-intensity have not decreased as
much as in developing countries in the
seventies. \

What seems to be an established fact is
that many capital and consumer durable
branches, together with some intermedi-
ate goods branches (i e chemicals), will
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continue to play as “’leading” industries
in the world economy, with expected in-
creasing shares in developed market econ-
omies as well as in some faster growing
developing countries. These have been
and will continue to be manufacturing
branches with a relatively strong materials-
consuming intensity. The key question to
be answered refers therefore to the forces
responsible for the specific metals-intensi-
ty component within that overall mate-
rials-consuming propensity. To this end,
it is of primal relevance to discuss the
sense of the changes in materials consump-
tion patterns brought up by the on-going
industrial restructuring and technological
innovations, and this will be subject to
the following section.

But the trade composition also matters
a lot, evidently, as exports and imports
structures help to identify the actual or
potential metals-intensity of any econo-
my, beyond its own domestic industrial
structure. Recent information issued by
UNCTAD and UNIDO" shows that as
much as 57 per cent of most developing
countries’ industrially processed exports
was composed by resource-based goods
during the seventies, at the same time
that exports of labour-intensive industries
were the faster growing in the case of the
major developing exporters of manufac-
tures. As the degree of local processing in-
creased in many of those countries during
the same period, they now consume
more of their own metal resources in ores
or intermediate forms (such as copper
blister, alumina and various concentrates),
but they do still continue to “export” to
developed countries the bulk of the con-
sumption of metals in final forms. On the
other hand, some developed economies
(Japan being the clearest example) con-
sistently “export” their consumption of
some ores or intermediate forms, through
the reallocation of processing plants to-
wards other countries, both developed and
developing. This reallocating process,
together with the industrialization drive
observed in Third World areas until the
late seventies, account for the higher role

now played by imports in the actual
metals-consuming intensity of both devel-
oped and developing market economies.

In looking forward for assessing the
metals-consumption impact of current
technological changes and industrial re-
structuring process, it is important there-
fore to derive their implications on the
international division of labour, and par-
ticularly on prospects for further local
processing in developing areas.

New technologies and changing
patterns of materials consumption

The developed market economies dimin-
ished markedly their consumption growth
of ores and metals during the seventies
(from an annual average of 4.1 per cent in
1963—73 to 0.2 per cent in 1973—80), as
well as the growth of their imports of
ores and metals from developing coun-
tries (down from 4.1 per cent to 2.0 per
cent between the same two periods). Ac-
cording to UNCTAD, the explanation for
these downward trends lies — besides the
general economic slow-down which has
accompanied the crisis during the past
decade — in two important factors.

e The first is the displacement of natural
by synthetic materials. It is a real long-
term trend observed even along the ex-
pansionary decade of the sixties. It was
further accentuated by the following
crisis in spite of the rising energy costs
involved in the fabrication of such syn-
thetic materials.'? Plastics, in particular,
have been and still are replacing various
metals in many important applications.
e A second factor, less influential than
the previous one consists in the import
substitution among natural raw materials,
a long term process also, that in the se-
venties affected especially the non-fer-
rous metals and ores supplied by the de-
veloping countries.

The already lasting march of industri-
alized nations away from natural raw
materials is not only the reflection of the
market economies’ intrinsic drive to-
wards increasing efficiency and produc-
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tivity in the use of materials and other
factors of production, but it translates
also those nations’ efforts to progressively
reduce their dependency on primary com-
modities imported — notably — from
developing countries, where risks related
to supply or price disruptions are usually
perceived as high. In the case of metals
and other non-fuel minerals, considera-
tions of that sort have given grounds for a
sustained search for synthetic substitutes;
for the past three decades’ concentration
of major mining TNCs investments in
”safe” locations within the industrialized
world (US, Canada, Australia, South Afri-
ca) or in some developing areas of East
Asia; and for changes in the consumption-
mix among metals and other non-fuel
minerals themselves, very often in detri-
ment of many major metals crucial for
developing mining exporters.

This twofold process of changes in
materials consumption affecting metals —
i e the gradual displacement of natural by
synthetic materials, plus substitutions
among metals or other non-fuel minerals
— is apparently being enhanced and ren-
dered more complex in the midst of the
current industrial restructuring, spurred
by the progressive generalization of new
technologies (micro-electronics, telecom-
munications, automation, robotics, inte-
grated computer systems) applications
across the economic apparatus of main
industrialized countries, which are shap-
ing up the new leading industries of the
immediate future. )

In the US, while the total fixed invest-
ments stagnated, those in high-technology
and communications equipment grew
very fast since the early 1970s until reach-
ing the first share of fixed investments in
producers’ durable goods, with 27.5 per
cent in 1974—-1979, 40.9 per cent in
1980—1982 and 47.5 per cent as an aver-
age in the first year of recovery, 1983.%
Since the late 1960s Japan has imple-
mented an industrial restructuring prog-
ramme favouring the domestic location
and building up of high-technology, clean
industries, in response to that country’s
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constraints on labour and land availabili-
ty, to rising oil prices and to its high im-
port-dependency of many essential natu-
ral raw materials.* And the major West-
em European economies are now trying
by all means to reduce their relative lag in
high-technology, a fundamental field for
international competitiveness'®.

Besides the continous progress made in
the field of communications and trans-
port, some of the outstanding character-
istics of micro-electronics and automation
are:

e a great increase in the continuity and
integration of the production and circula-
tion processes (through the unification in
a single command unit of the before sep-
arate functions of conception-design, pro-
duction and marketing; through the re-
duction or almost elimination of “dead-
time” or “porosity” in the working pro-
cess; etc);

e bigger and yet more flexible scales of
production, with increases in the absolute
amount of output and in its diversifica-
tion by lines of products as well, both
more than proportional to the related in-
creases in plant-size and in capital “cap-
tive” in the whole operation;

e considerable savings in factors of pro-
duction, including labour, energy costs,
as well as in the volume and value costs of
raw materials and other feedstocks, per
unit of output.

All of this implying a lesser growth of
productive “heaviness”, a much faster ve-
locity of capital turnover and mobility,
and significant cost-reduction at the pro-
cess and product levels, thereby improv-
ing productivity, profitability and the
freedom of capital to circulate along dif-
ferent industrial, trade or financial activi-
ties. '

Another outstanding characteristic of
high-technology being the crucial role
played in their promotion by developed
countries’ governments, and more specifi-
cally by military or defence-related spen-
ding in countries such as the US.!” And
this by virtue of the high technologies’
double strategic value: as a key for the

international economic competitiveness,
as well as for the global military suprem-
acy.

The metal industries are being thor-
oughly affected by the race for high-tech-
nology, a fundamental part of the general
cost-reduction efforts deployed by many
industrialized countries since the seven-
ties which, together with the macro anti-
inflationary policies pursued later on
during the early 1980s recession, were
aimed to reconstitute productivity and
profitability in the leading capital and
consumer durable industries, so providing
the basic rationale for the currently de-
pressed prices of metals and other prima-
ry commodities. The general drive to-
wards economizing oil-sourced energy
and replacing it by other sources of ener-
gy, has drawn an imported increase in
electricity used by developed countries’
mining and metallurgy industries.’® The
search for lower labour costs has gone
through jobs elimination or lay-offs, new
labour contracts with less wages and la-
bour benefits, and the creation of new
firms or plants non-unionized; the US and
other developed country steel and copper
industries providing many examples to
the point.

The development of new technologies
and the related industrial restructuring
with the progressive emergence of new
high-technology leading activities within
the capital and consumer durable indus-
tries or services, appears then as an impor-
tant set of factors contributing to the use
of less amounts of metal feedstock per
unit of output, at the least in the major
industrialized economies in the short
term and — probably — also in other (in-
cluding developing) countries in the long
run. This set of factors should be added
to the others previously discussed in this
paper (i e GDP growth and long cycles,
level of development, industrialization
strategies, composition of output and
trade), for the explanation of long term
trends in metal consumption patterns
and, in particular, for understanding the
recent and projected behaviour of the
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demand for those major metals that are
crucial for many mining developed pro-
ducers.

In this respect, it is worth noticing the
differentiated impact the new technolo-
gies and recent industrial restructuring
apparently have on demand trends by
categories of metals. Table 5 shows the
seventies’ rates of demand growth in the

two developed market countries more
advanced in high-technology (US and
Japan), as well as several available fore-
casts for the US and world economy.
During the past decade, the performance
of demand for major metals of general
uses has been impressively low or bad
(particularly in the US) when compared
to that of high-technology metals, and

this is also true when compared to that of
most special steels and alloy metals,
though to a lesser extent and with the
only exception of aluminium in this case.
Furthermore, while the consumption
growth of major general use metals slack-
ened in the second half of the seventies,
the one of many high-technology or spe-
cial alloy metals accelerated in contrast,

Table 5
Patterns of metals consumption by main end-use categories of metals: historical and alternative projected rates of growth
(percentage)
Projections up to the year 2000°
End-use 1970-80' United States of America World
Categories  Metals us Japan USBM R&W WM LF IEA USBM  R&W WM LF WB IEA
General uses
Buasic steel  Iron ore —1.9 7.0 1.0 19 1.6 2.2 2.3 2d 2.8 23 4.0
industry Steel a) 34 -0.9 1.8 1.7 2.7 2.6
Manganese b) —6.0 13 1.4 2.1 12 -0.1 29 2:7 0.6 3.1 2.6 2.6 49
Older non-  Copper 0.6 4.9 3.0 2.3 1.9 22 3.1 39 2.7 2.8 2.6 2.7 44
ferrous Lead 0.6 34 1.8 44 19 4.8 2.8 33 20 3.1 4.5
Zinc 24 2.2 1.7 2.6 2.0 1.5 1.5 2.1 2.6 29 2:5 29 3.5
Tin -1.6 1.9 0.9 22 0.9 0.8 0.9 2.9 1.9 0.7 4.0
Light Aluminium 2.8 7.4 4.6 4.3 4.0 23 23 4.7 5:1 4.1 3.7 3.7 3.7
Special uses
Special Chromium c) 0.5 4.1 34 24 0.5 -13 3.1 3.3 -0.5 3.0 2.2 4.6
steels and ~ Nickel 1.8 43 4.0 4.1 20 2.7 43 3.2 2.8 2.3 2.7
alloys Tungsten d) 1.6 49 4.6 2:1 23 3.0 3.5 2.1 3.1 4.5
Cobalt e) 3.7 0.7 29 2.9 1.6 3.0 3.3 1.7
Molybdenum 3.1 4.4 4.2 24 2.6 4.5 24 42
Vanadium -03 8.7 3.8 2.5 3.0 3.6 43 4.7
Columbium 4.1 12.1 5.1 5.1
High Beryliium a) 119 0.5 0.5
technology Tantalum e) 19.5 13.6 3.1 3.2
Silicon f) 6.9 103 32 29 3.7 4.5
Zirconium f) 8.0 8.4 4.5 3.3
Titanium f) 6.2 12.9 5.0 2.3 2.4 54 2.1 35
Lithium 52 11.7 5.7 5.9
Other Antimony -3.2 -6.9 2.1 2.3
Cadmium -2.1 -3.8 1.8 2.0
Precious Platinum group 6.3 10.1 2.5 2.6 2 2.6 3.5 4.6
metals Silver 0.8 3.9 2.2 33 25 4.3
Gold -2.6 2.2 2.2 33 14 4.5
Sources:
! Data from P C Crowson, Minerals Handbook 1982—-83, op cit except when
indicated; 2 USBM: US Bureau of Mines, 1978—2000 forecast period for most it
otes:

metals, according to Mineral Facts and Problems (1980 edition — Bulletin 671).
For iron ore, steel, aluminium, lead, columbium., tantalum, titanium and silver the
forecast period is 1981—2000, according to Mineral Commodity Profiles, 1983;
R&W: R G Ridker and W D Watson, To Choose a Future (John Hopkins Univ.
Press, 1980). Forecast period: 1970—2000; WM: Wilfred Malenbaum, op cit,
Tables 5-2.1 to 5—2.12. Forecast period: 1975-2000; LF: L Fischman, op cit,
Part I. Forecast period: 1980-2000; WB: The World Bank (1983), op cit, Table
21. Forecast period: 1980—1995; IEA: Wassily Leontieff et al, op cit, Tables
7—-66 and 7—68. Forecast period: 1970—-2000.

a) Historical data for 1973-80 (instead of 1970-80), according to OECD
(1981), op cit, Table 1, p 23. WM forecast refers to crude steel only: b) Histori-
cal data and WM, FL and WB peojections refer to manganese ore; ¢c) WM and
LF projections refer to chrome ore (chromite) only; d) Historical data for con-
centrates only; e) Historical data for the US correspond to the 1975—80 peri-
od, according to US Bureau of Mines, Minerals Yearbook (various issues); f) His-
torical data refers to silicon metal, zirconium metal in US and concentrates in
Japan, and Titanium sponge.
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accompanying the ascendent investments
in high-technology equipment during that
period.*

Available forecasts seem to predict the
persistence of this differentiated trend,
with comparative high rates of demand
growth projected for the cases of high-
technology metals, the “light” aluminium
and most special steels or alloy metals.
Moreover, whereas in these three cases
the projected rates of US demand growth
are generally very closed to — and some-
times even higher than — those estimated
for the world economy, the estimated
future growth of US demand for basic
ferrous and older non-ferrous (the “ma-
jor”) metals appears as consistently and
significantly below the estimated growth
in the world economy (see Table 5 again).

The cost-reduction efforts being de-
ployed since a decade or so in order to
come out with final industrial products
with low weight, oil-sourced energy sav-
ings and improved efficiency, certainly
account for the comparatively better (in
respect to other major general use metals)
demand performance of light metals such
as aluminium, in the recent past and in
the upcoming projected future as well.
The general tendency towards higher
automated and continuous production
processes steps up the demand for most
metals classified within the high-technolo-
gy and special steels and alloys categories,
because their suitable properties for high
strength/low weight alloys and super-
alloys, or for high-speed/hot-work special
tools and machinery, or for special corro-
sion-inhibiting applications. High-tech-
nology applications are accounting for
growing shares in the US patterns of met-
als end-use demand, e g:

e electronic components (silicon metal,
beryllium, tantalum)

e industrial ceramics (titanium, zirconi-
um, antimony)

e special chemical uses (cobalt, nickel,
molybdenum, vanadium, titanium, zir-
conium)

e special machinery and tools (chro-
mium, tungsten, vanadium, titanium, zir-
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conium), including nuclear reactors in the
cases of beryllium and zirconium.

The already mentioned role of defense or
military-related factors regarding high-
technology, is expressed in the impor-
tance of such applications within the
transportation end-uses of metals such as
cobalt, molybdenum, columbium, vana-
dium, beryllium, tantalum and titanium.

In short, the rise of high-technology
and the current industrial restructuring
are transforming the materials composi-
tion of products in the main developed
market economies (with the eventual dis-
semination — more or less complete — of
these changes to other countries of the
world system), in a way that tends to
intensify the consumption of synthetic
materials vis-3-vis the natural ones and,
concerning specifically the non-fuel min-
erals, tends to intensify the consumption
of speciality metals or other industrial
minerals vis-3-vis the major (basic ferrous
and older non-ferrous) metals.?

If the tendencies continue to prevail or
are even enhanced in the course of time
(as many seem to expect it), logic impli-
cations (which are, in fact, working hypo-
theses to be explored through further
research) would be that the emerging
leading industries and services related to
high-technology capital and consumer
durable activities would exhibit a total
materials-intensity generally higher than
their metals-intensity, and would experi-
ment changes in the composition of their
consumption of metals that would gene-
rally work in detriment of the major
metals-intensity, caeteris paribus. A de-
rived hypothesis being that even though
many developing countries may continue
to increase their shares in the world out-
put or trade of capital and consumer
durables (as they further industrialize and
experiment the corresponding changes in
composition of output or trade), their
future metals demand growth and inten-
sity-of-use, yet higher than those of the
developed market economies, would pre-
sumably not meet the levels achieved in
the past by developed countries at com-

parable levels of income. The extent of
this impact depending on the degree of
actual dissemination of the current re-
structuring and new technologies across
industries and throughout the world; and
the specific mix of materials and metals
consumption depending also on policy
options regarding developing countries’
industrialization strategies and their ac-
cess to international flows of capital,
goods and services.

The restructuring in the non-fuel
minerals industry

The dissemination of new technology
applications across industries is still an
on-going process and, though very much
accelerated in some of the main industri-
alized nations since the early 1980s, re-
mains at its very beginnings in extent and
deepness. Its most visible or immediate
impact is being observed so far in crucial
capital and durable consumer or chemical
industries, but its modernizing influence
is gradually spreading also to the so-called
”traditional” industries (like textiles—
clothing, for instance®') and to the non-
fuel minerals mining and processing in-
dustry as well.

In this respect, a revealing example is
provided by a recent assessment of tech-
nological innovations projected to be in
force in the US copper industry between
this decade and 2005.*2 This survey
found that advancements in computer
software and in increasingly sophisticated
analytical techniques offer a great poten-
tial for major technological changes in
copper exploration over the next 20
years, likely to be concentrated in ana-
lysis and interpretation of available de-
posit data (through improved geogologic-
al models, automated integration of multi-
disciplinary data, and the wide use of
multispectral satellite scanning — LAND-
SAT), rather than in the collection of
additional deposit data. A movement to-
ward the greater use of continuous sys-
tems as well as of information systems
and computer control methods, is pre-
dicted as the most likely trend in the

19



extractive stages of the industry — mining
and mineral concentration, reflected in
the adoption of automated production
monitoring and control (APMC) systems,
of portable crushing-conveyor systems, of
autogenous and semi-autogenous grind-
ing, and of more automated and selective
beneficiation process. These technologies
generally enable to maximize equipment
utilization, to optimize route selection, to
economize the use of electric power, and
to achieve maximum metal recovery and
high grade concentrates. In the processing
stages, the experts surveyed felt that flash
smelting technology (a relatively energy
efficient process) would likely be more
widely adopted in the US over the next
20 years, as an alternative to the conven-
tional reverberatory furnace, but a gradu-
al movement toward continuous smelting
methods was also forecast; and in refin-
ing, the major technological change ex-
pected is the gradual automation of a
variety of refinery operations.

This gradual movement toward more
automated continuous production and
control systems may increase considerab-
ly the efficiency and competitiveness en-
joyed by various developed countries’
domestic metallurgies, in face of the high-
er competitiveness enjoyed by various
developing countries at the stages of
mineral ores, concentrates and some in-
termediate forms. The impact of those
technological innovations on the metal-
lurgy of developing countries will of
course depend on the degree and pace of
their dissemination. But in general terms
it seems clear that many developing coun-
tries will face increased technological bar-
riers-to-entry (particularly) in the high
value-added stages of processing, with the
consequent uncertainties about the ex-
tent of their future prospects for further
local consumption of minerals in concen-
trates and intermediate forms.

Another important aspect of the re-
structuring that is affecting the non-fuel
minerals industry is the research and de-
velopment of ”new materials™ such as fine
ceramics, polymers, high-performance
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alloys, and composites materials. General-
ly speaking, these materials involve very
high value added, are developed with the
help of sophisticated formulation tech-
niques, possess particularly useful proper-
ties and have a cost-performance ratio
markedly more favourable than that ob-
tained with conventional materials.”® The
recent trends toward lighter industrial
structures and products, high-perform-
ance machinery and equipment, miniatuz-
ized components and products, and high-
er energy efficiency or reduced consump-
tion of energy per unit of output, have
strongly incentivated the development
and commercial applications of these new
materials. Although their own fabrication
sometimes requires considerable amounts
of electric energy (thereby increasing the
electricity consumed at the electrometal-
lurgy and non-metallic industrial minerals
branches), their final utilization in the
demand-end industries brings up substan-
tial economies in energy and metals con-
sumed per unit of output at those pro-
ductive stages, as indicated in Table 6.

The fabrication of these new materials,
which are synthetic directly or indirectly
through very sophisticated combinations
of various natural materials, is a field
wherein the main industrialized societies
enjoyed significant advantages vis-2-vis
most developing countries. Moreover,
within this new generation of materials
have been the recent more dynamic sub-
stitutes for natural materials — metals
included, and they have the most promis-
ing perspectives for further replacing
metals of general use and of speciality
uses as well. So far, however, the major,
older non-ferrous metals have been rela-
tively the most affected by this kind of
substitutions.

Turning to the substitutions that take
place among metals, in this case also the
older non-ferrous metals (copper, lead,
zinc and tin) have lost ground in various
main applications in favour of light met-
als (aluminium) and speciality alloys and
high-technology metals, a substitution
process that has contributed to their de-

clining demand in main industrialized
economies and that it is not so recent in
fact, but that is being accentuated by the
current restructuring and new technolo-
gies. In contrast, in the case of speciality
alloys most substitutions of this sort hap-
pen among themselves, or in favour of
some high-technology and platinum-
group metals, though potential substi-
tutes are often limited by estimated lower
performance and/or cost effectiveness. A
similar remark is generally valid for the
high-technology metals. For these the sub-
stitution threat comes from either non-
metallic industrial minerals or — especially
— the aforementioned ’new materials”.
Composite materials, in particular, that
possess mechanical properties comparable
or higher than high-resistance steels and
light alloys, with substantially lower den-
sity.

In short, all kinds of metals are — in
different degrees — threatened of substi-
tution by synthetic materials, some non-
metallic minerals and the “new materi-
als”. So far the older non-ferrous have
been affected to a greater extent and this
category of metals has also been the most
affected by substitutions among metals,
in favour of light and speciality metals.
Important substitutions among metals in
favour of the older non-ferrous ones have
been less frequent, as light and speciality
metals usually find metal substitutes with-
in their own category. Trends of that sort
are certainly behind the differentiated
patterns of consumption by category of
metals previously discussed and showed
in Table 5.

Furthermore, the actual consumption
growth of metals in their primary form
(i e what really matters from the mining
producers’ view point) is also influenced
by the relative importance of secondary
(scrap and waste metal) consumption.
Recent data indicate high shares of old
and scrap consumption in the total con-
sumption of non-ferrous metals: the
1981—82 averages were 48.1 per cent in
lead, 37.9 per cent in copper, 27.2 per
cent in aluminium, 24.2 per cent in zinc,
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Table 6

Selected list of new materials and range of applications

Material

Fine ceramics

Polymers

High effective
bio-separaters

Electrically
conductive

Others

Metallic

Super conductive
alloys

Alloys with
controlled
crystallization

Composites

Source:

Japan External Trade Organization (JETRO), White Paper on International Trade —

Properties

Highly heat-
resistant, very
hard and high-
precision

New plastics with
very high perform-
ance

Highly selective
permeability and
separative func-
tion of mixture
close to that of
living organisms

Electrical conduc-
tivity comparable
to metals, or even
superconductivity
in some cases

High-strength mate-
rials; high elastici-
ty materials; bio-
compatible mate-
rials

Highly workable,
anticorrosive;
superconductivity
at normal tempe-
ratures

Mechanical
strength substan-
tially improved
Combination of
different materials
(metals, plastics,
ceramics, fibers)

Japan 1982 (Tokyo, 1982) p 71.

Major
applications
Thermal or heat
engines; aircraft
and spacecraft;
electronics;
fibers

Separation, refin-
ing and desalina-
tion

Wiring of electric
equipment; elec-

tronics

Power generation
and transmission

lines

Structures; me-
chanical engineer-
ing

Medical

Power generation
and transmission
Nuclear fusion
reactor
Magnetically
levitated trans-
portation system

Aircraft, space and
energy industries

Structures; aero-
nautics; space

Economic and social

implications
Conservation of

energy and metal
resources

Emergence of non-
polluting energy-
and -space efficient
industries

Solution to water
shortage problems

Conservation of
copper and alumi-
nium
Conservation of
energy

Conservation of
natural resources
Improved medical
treatment

Conservation of
energy; sweeping
solution of energy
constraints

Conservation of
metal resources
and energy

Conservation of
metal resources and
energy (less weight)
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and a relative low 19 per cent in tin.”*
Some other metals do have comparable
shares (such as antimony, nickel, gold and
silver) though, in general, secondary de-
mand is much less important among spec-
ial alloys and high-technology metals, and
it will continue to be that way according
to available forecasts. It is worth mention-
ing that, in this case, technology changes
do not seem to be as much a decisive fac-
tor as the relative prices of scrap and pri-
mary metal. But, whatever the reason
may be, this is for sure an additional
trend contributing to the deteriorating
long term prospects of (primary) demand
for major non-ferrous metals, including
aluminium this time.

The current industrial restructuring
and spread of new technologies are, there-
fore, accelerating past trends related to
substitution patterns and the continuity
of metal production processes. At the
same time they are transforming them
qualitatively by opening new dimensions
and a potentiality almost unconceivable
not long ago, and by pushing the non-fuel
minerals industry itself toward a whole
internal restructuring. The general impact
of these in-process changes (together with
the role of secondary demand) on metal
consumption patters do not preclude at
all the fact that each metal industry is
obviously experimenting them in a singu-
lar way, and has its own particular con-
stellation of problems to face it.

In the case of copper the survey quoted
above, predicting more automated, con-
tinuous and computer-aided methods, im-
plies a probable acceleration of a tendency
visible many years ago with the introduc-
tion of the continuous-casting. It has al-
ready signified, among other effects: the
partial substitution of cathodes for wire-
bars (thereby affecting wirebar prices and
productive capacity, located mainly in
developing countries); reduced markets
for low quality blister copper; and the
strengthening of comparative advantages
for the location of electric wire and cable
manufacturing plants in developed coun-
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Optical fibers are rapidly replacing pair
cables (above) and coaxial cables
(below), thus depriving the copper
industry of a vital market.

tries.?® Besides, copper has been consid-
erably replaced by synthetic materials
(optic fibers, plastics) or light metals (alu-
minium) in some of its important tradi-
tional markets: machinery, communica-
tions, construction and electric industries.
In the last two copper has, however, good
prospects in the future, though an intense
effort of research and development of
new applications (such as new copper—
nickel-based alloys suitable for shipbuild-
ing or ocean oil-drilling; as additive for
fertilizers; through lighter components
for motor cars; etc) will be required any-
way in order for this metal to keep the
pace in the time coming.*® The copper
industry is then facing problems and chal-
lenges much more general and far-reach-
ing than its current depressed price and
crisis in some developed countries may
suggest.?”

Aluminium, as seen before, has had
and will very probably continue to have
the best demand and intensity-of-use
prospects among all major non-ferrous
metals, and is also less threatened by sub-
stitutes than them; even though most ex-
perts do forecast lower rates of demand
growth for this non-ferrous metal too.
But its properties and strategic civil and
military applications (it is one of the
”controlled materials” in the US Depart-
ment of Commerce’s Defense Materials
System), together with the increasing reli-
ance of main industrialized nations on
foreign sources of bauxite and alumina,
have incentivated since long ago very sus-
tained and intense (by comparison to
other non-ferrous metals) research efforts
sponsored by transnational corporations
and/or developed country governments.
The main technological developments are
related to a chloride electrolyte or direct
smelting process using non-bauxite mate-
rial (calcined kaolinitic clay), and to im-
provements in alumina reduction meth-
ods (electrolyte additives, new electrode
materials, more heat-and-power efficient
cells).?® The latter are stimulated by the
high weight of energy costs in alumina
reduction, that may bring more competi-
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tive plants in other (mainly developing)
countries. But, on the other hand, there is
now a huge surplus of alumina capacity at
the world level, and this may counteract a
further location of processing plants in
developing countries in the immediate
future.?

As for the case of the iron and steel
industry, its basic components (iron ore,
steel and manganese) still do not have
substitutes in their main applications, but
depending on relative price changes steel
may be more replaced in the future by
aluminium and plastics in transportation,
and by concrete in construction. In spite
of the already very old and lasting declin-
ing trends in demand growth and inten-
sity-of-use, projected to continue in the
upcoming future, the current restructur-
ing and new technologies have, on one
side, increased the requirements for speci-
ality steels of higher strength, lower
weight, higher performance and lower
costs; a field wherein Japan and some
Asian developing countries have become
very competitive.®® On the other side,
those recent developments have accentu-
ated the need for full modernization
programmes in the United States and
Western European iron and steel indus-
tries, in order to overcome problems of
aging facilities, high labour costs, com-
petitive challenge from other country
producers, and excess capacity world-
wide.?' It is so that, besides strong protec-
tionist pressures, those countries are mov-
ing now toward more continuous opera-
tions, aided by computer and automated
systems, that offer advantages such as
higher labour productivity, better prod-
uct quality, high yields of finished prod-
ucts and lower energy consumption. The
US steel industry, for instance, reduced
the amount of energy required per ton of
raw steel by 11 per cent between 1972—
81, and shifted its energy consumption
away from coal and fuel oil toward natu-
ral gas and electricity; moreover, wage
worker productivity improved at an aver-
age rate of 1.9 per cent/year during that
period.*?> The outcome of these modern-

izing efforts will obviously be very influ-
ential in determining whether or not it
will finally prevail the particular kind of
division of labour that appeared to
emerge in the last decades: most develop-
ing countries producing and/or supplying
ordinary steels, and some of them (basic-
ally among the Latinamerican and Asian
NICs) together with the main industrial-
ized nations competing among themselves
for the speciality steels market.

The role of the transnational
corporation and other institutional
or market organization factors

The reviewed trends in metal consump-
tion patterns and their main related set of
factors (economic growth and long cyc-
les; level of development; industrializa-
tion strategies; changing composition of
output and trade; and the role of current
industrial restructuring and new tech-
nologies in the changing materials compo-
sition of products) are all very macroeco-
nomic in scope and have worldwide impli-
cations. Large segments of the metal in-
dustry are in a crisis that unavoidably af-
fects or involves firms of all kinds, big or
small, private or public. Nevertheless, the
specific influence of institutional and
market organization factors must not be
underestimated. Not all the firms or eco-
nomic agents involved have an even ca-
pacity to resist the crisis and survive it, or
to prevail at the end after successfully
overcoming the challenges posed by the
current restructuring.

Considerations of this kind are perti-
nent when it comes to single out the par-
ticular role played by transnational cor-
porations (TNCs) in the on-going industri-
al and technological changes that are af-
fecting the patterns of metal consump-
tion, in the way previously discussed. At
first glance, that role may appear as a
very important one, in the case of TNCs
operating in the main metals’ end-using
industries, given the well-known and do-
cumented key positions they enjoy in
leading capital or consumer durable in-
dustries and related services,* and given
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also the crucial relevance of technology
for the building-up of their ownership-
specific advantages at the international
level.>* But this says little about whether
TNCs are engaged in those changes as a
part of their own offensive or active
strategies or rather as a consequence of
defensive or passive reactions, or both
ways. Restraint for drawing easy conclu-
sions in this respect is strongly advisable
because, as seen before, the role of other
institutional factors — such as developed
country governments — in high-technolo-
gy development is very important too,
and the overall share of state involvement
has been increasing together with the
internationalization of the world econo-
my .3

Furthermore, most of the available
data from the growing number of studies
or surveys on new technologies applica-
tion or cost-reduction efforts and related
changes in materials consumption is at
the industry or branch level. Table 7 pro-
vides an example of the so far scattered
information available at the firm level. In
accordance to the general trends already
analyzed, changing production methods
in Ford Motor Co seem to be using more
of light and speciality metals (aluminium,
high-strength steels) or synthetic materi-
als (plastics), and less of other general-use
metals (copper, lead, zinc and ordinary
iron and steel products). But conclusive
judgements on TNCs” particular role must
wait for more comprehensive firm-to-firm
data, suitable for identifying those chang-
es’ comparative intensities by firms of dif-
ferent size and ownership structure.

In the case of mining TNCs, the pic-
ture is even more mixed. Many of them
have been strongly hurt by low demand,
depressed prices, high idle capacity and
sharp fluctuations in exchange markets.3
With the exception of the gold market and
firms, most mining and primary proces-
sing ventures have experienced financial
troubles since the late seventies and nega-
tive profits during the early eighties reces-
sion, and even though their economic
position improved slightly later on they
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Table 7

Average materials consumption for cars manufactured by the Ford Motor

Company, 1977, 1982 and 1985

1977 1982 1985!

Kilo- Kilo- Percentage Kilo- Percentage
Material grammes grammes change grammes change
Hot and cold rolled steel 1016 623 —-38.6 567 -9.0
Cast iron 281 160 —43.2 143 -10.5
High-strength steel 48 114 +140.0 122 +7.1
Plastics 75 102 +35.8 102 +04
Aluminium 50 60 +20.9 61 +1.5
Rubber 82 59 —28.3 54 -7.0
Copper and brass 16 15 —8.6 11 -219
Lead 13 13 34 11 -10.7
Zinc die-casting 15 5 —70.6 5 0
Other 164 75 -54.3 73 2.7
Total weight 1760 1226 -30.3 1149 —-6.3
Sources:

Forbes, 1982-11-22, pp 161—167; and United Nations, Mineral Resources — Trends
and salient issues, with particular reference to rare metals (New York, E/C.7/1983/8),
p 13. The percentages were calculated on the basis of the original figures in pounds

(dry weight).

Note:

1 Projected.

still scored as big losers in terms of infla-
tion-adjusted profits in 1983.>” Diversifi-
cation, either into other minerals or into
other industries, has helped some mining
TNCs (such as Amax, Anglo-American,
Newmont Mining, Inco, Noranda, Falcon-
bridge, Western Mining Corp, and some
Japanese and Australian firms) to do bet-
ter in these hard times. In fact, it is not
by chance that those mining TNCs taken
over by 0il-TNCs were extremely concen-
trated on one or a few older non-ferrous
metals (copper, mainly). Some of these
mergers do not seem, however, to have
been a success for the acquirer in finan-
cial terms, in the short-term at least, as
the copper and minerals branches of Stan-
dard Oil of Ohio-Kennecott and of Atlan-
tic Richfield-Anaconda ended 1983 with
substantial losses.>®

But diversification alone is not enough
to meet the challenges confronting min-
ing TNCs. Modernization and technologi-
cal excellence is the main way out, and
TNCs know it very well though not all of
them can cope with it rapidly because the
high indebtedness accumulated during
years of declining or depressed markets.
Emphasis in recent times has been on
cost-reduction and some expenditures in
new equipment rather than on investment
in new plants.>® Capital spending prog-
rammes have been either deferred or can-
celled, and operating costs reduced
through decreasing overmanning, shut
down of facilities, elimination of workers’
and office staff’s jobs,and new wages and
benefits contracts.*

All in all, in spite of the fact that tech-
nological research is being generally inten-
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Ford Tanus 1980 and Ford Sierra RS
Cosworth 1985 illustrate the rapidly
increasing use of new materials in the
car industry.

sified in metal industries and some corpo-
rations have been able to continue long
standing efforts devoted to new equip-
ment or production method innova-
tions,*! the overall picture that emerges
from the recent event shows most of the
mining TNCs badly hurt by the crisis and
just initiating the adjustments that may
prepare them to cope better with the gen-
eral trends in high-technology and mate-
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rials consumption patterns. Only a few
among them took the right initiatives at
due time and seem to have played an
active, aggressive role amidst the on-going
restructuring.

Turning now to the influence exerted
by other institutional and market struc-
ture factors on the changing patterns of
metal consumption, here again, it must be
said that their influence is important, yet

not at all undirectional or uniform, nor
can unequivocal causal links be easily
established. It is quite clear that the met-
als most negatively affected by changing
patterns of metal consumption in indus-
trialized societies (i e the general-use met-
als, the older non-ferrous in particular)
are precisely those that account for the
bulk of developing countries’ mineral
exports. Moreover, in most of those met-
als developing countries have significant
shares in world exports and primary pro-
duction (mining and first stages of proces-
sing), and their governments have signifi-
cant equity participation, while the de-
gree of market concentration is less pro-
nounced than in speciality metals (Table
8). To the extent that present developing
countries’ position in processing and state
ownership is in part the consequence of
their exercising of permanent sovereignty
over natural resources during the past two
decades, one may be tempted to conclude
that the declining consumption of gene-
ral-use metals in developed market econo-
mies is also an answer or reaction to a
new market organization and political
environment.

Nevertheless, it has been already de-
monstrated that the declining intensity-
of-use of general-use metals (aluminium
excepted) is a very long term trend in-
deed, which in some cases started even
before the Second World War. Besides,
the share of developing countries in world
exports and production of some speciali-
ty metals is important too, and the same
is true regarding government ownership
(in molybdenum and cobalt, for the in-
formation available in Table 8, and pre-
sumably in columbium and tantalum as
well). In other words, if the changes in
ownership and political environment had
any explanatory influence it must be
restricted to the accelerated decline in
major general-use metals during the seven-
ties, and even in that case the explanatory
value should be shared with the overall
economic slowdown and with the other
factors related to changes in the composi-
tion of output, trade and materials con-
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Table 8

Production, trade and ownership structures in metal industries
(per cent)

World primary World
production  exports
World reserves  (share 1979— (LDC Import
(share 1980) 1980) slhgagui dependence’
DC LDC DC LDC 1982 EC Japan
Iron ore 35 31 39 27 46 87 89
Steel 56 9 9 12 2
Copper 54 21 58 80 80
Blister 43 33 85
Mining 32 56 35 42 64
Lead 64 12 19 44 47
Smelting 56 13 3
Mining 63 18 52 20 30
Zinc 64 9 8 57 48
Mining 62 24 54 19 26
Tin 9 66 8 77 86 93 99
Aluminium 69 10 16 45 70
Alumina 68 17 36
Bauxite 30 67 42 47 71
Nickel 57 13 35 87 100
Mining 27 54 41 31
Manganese: ferro 99 99
ore 62 11 28 27 43
Chromium: ferro 97 99
ore 69 31 42 22 30
Tungsten:
ores and conc 26 9 30 23 30 78 85
Cobalt: metal 13 62 26 62 100 100
Molybdenum:
ores and conc 61 30 74 14 25 100 99
Vanadium 52 2 60 1 100 100
Columbium: ferro
ores and conc 5 81 12 88 100 100
Silicon: ferro 61 10 44 43
metal 80 1
Titanium: minerals 74 25 83 9 9
ilmenite 100 100
metal 17 81 51 0
rutile
Tantalum: ores
and conc 19 75 36 59 100 100
metal
Zirconium: ores
and conc 65 24 85 3 100 100
Lithium 28 64 75 5 100 100
Sources:

P C Crowson, Minerals Handbook 1982—83, op cit, for data on world reserves,
Import Dependence, Maine sources of Imports and World Primary Production,
completed in the last case by Metallgesellschaft , Metal Statistics 197282,
op cit, and OECD, The Iron and Steel Industry in 1982, op cit. Pierre-Noel
Giraud, Geopolitique des Ressources Miniéres (Paris, Economica, 1983) for
data on LDC share in World Exports (Table 33) and on Degree of Concentra-
tion (Table 45). Marian Radetzki, State Mineral Enterprises in Developing
Countries, op cit, Table 2.1 and pp 30—33: plus C Stobart, Role of Govern-
ment in Mineral Resources Development (London, Institution of Mining and
Metallurgy, 1983) pp 177—180, for Government ownership data.

Degree of
Main source of DC’s net imports Government concentra-
(1979-80) ownership® tion
us EC Japan us ww LDC I II
25 52(LDC) 53(DC) 68(DC) 40 62 37 62
16 66(DC) 79(LDC) 87(DC) 21 33
20 68(LDC) 68(LDC) 58(LDC) 22 68 30 48
26 64 30 53
32 58 40 56
13 77(DC) 81(LDC) 50 20-25 36 85
54(LDC) 75(DC) 77(LDC) 15 7.5 36 549
49 64(DC) 60(DC) 30(DC) 18 9 21 38
23 11 24 40
94 93(LDC) 99(LDC) 97(LDC) 30 35 min 68 89
73 78(DC) 59(DC) 81(DC) 18 45 42 70
83(LDC) 100(DC) 78(DC) 15 21 52 72
53(DC) 67(DC) 100(LDC) 28 41 47 67
88 58(DC) 73(LDC) 68(DC) 10 7 54 72
11 8 67 82
100 95(DC) 88(DC) 71 94
53(DC) 76(DC) 53(DC)
90 71(DC) 85(DC) 79(DC) 17 30 50 72
50(DC) 56(LDC) 44(DC)
48 63(LDC) 56(LDC) 67(LDC) 43 64
100 53(DC) 61(DC) 60(DC) 82 89 77 93
74(DC) 79(DC) 14 90 82 39
40 97(DC) 84(DC) 100(DC)
100(LDC) 93(LDC) 100(LDC)
100 61(DC) 54(DC) 65(LDC)
20 84(DC) 62(DC) 64(DC)
99(DC) 96(DC) 98(DC)
97(DC) 55(LDC) 88(DC)
80 Abbreviations:
57(DC) DC — Developed (market)
countries.
LDC — Less developed
100 n/a 77(LDC) 58(DC) (or developing)
94(DC) 95(DC) 65(DC) countries.
EC — European
68 97(DC) 99(DC) 98(DC) Community (ten).
100(DC) 100(DC) net exp WW — Western World.
Notes:

! Imports as a percentage of domestic consumption (usually in all forms) plus

exports.

Capacity (or production in some cases) proportional to government equity
holding, in the case of Radetzki’s estimations, Capacity under state equity (in-
cluding minority) interest, in the case of Stobart.

3 Part of Production controlled by major firms. Level I: four major firms (five
in molybdenum, manganese, chromium and tungsten). Level II: eight major
firms (ten for above listed metals).
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sumption, which together are contri-
buting to the “maturity” state of many
general-use metal’s product-cycle in in-
dustrialized nations.

It may well be that what matters for
any practical purpose is not so much the
level of developing countries’ shares in
production or government ownership but
rather the more or less conflicting charac-
teristics of the nationalization processes
that brought about them, which are in
turn a function of the high importance
accorded by developing countries to the
general-use metals in their mineral devel-
opment strategies, as well as of developed
market economies and TNCs policies
aimed to preserve a stable and cheap flow
of mineral supplies. Tenants of the secu-
rity of supplies factor usually bring as
supporting arguments the share of devel-
oping countries in world reserves, the
minerals import-dependency of developed
countries, the main source of industrial-
ized nations’ minerals net imports, and
the socio-political conditions and atti-
tudes in developing nations.

To start with the latter, recently soph-
isticated country-risk evaluating tech-
niques have undoubtedly improved and
rendered more objective a debate tradi-
tionally too emotionally or ideologically
charged in all the discussing parties; yet,
here again, it should be remembered that
the shift away from consuming most gen-
eral-use metals started long before the
climax of socio-political conflicts around
them. On the geographical distribution of
reserves, the picture is also mixed: devel-
oping countries’ share is significant not
only in some general-use ores but in some
speciality ores as well. As for the import-
dependency of main developed nations, it
is considerably higher or even absolute in
most speciality minerals and, by the way,
most of the highly conflictive nationaliza-
tion processes opposed developing coun-
tries to TNCs based in the less dependent
industrialized country: the United States
of America. In contrast, the situation
appears much clearer if we look at the
sources of developed nations net imports:
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by an overwhelming margin, the main
origin sources of developed nations net
imports of speciality metals are developed
nations themselves.*? Developing coun-
tries are in general more important as im-
port sources for Japan, and this may help
to understand better that country’s singu-
lar policies concerning the Third World
mineral development.

In short, the influence of institutional
and market organization factors on the
changing patterns of metal consumption,
though evidently significant, does not
seem to be as important or straight as
that exerted by the current industrial re-
structuring and emergence of new tech-
nologies, together with the more funda-
mental, macroeconomic or inter-sectorial
processes that account for the long cycles
in economic growth, the level of develop-
ment and industrialization patterns and,
in particular, for the changing composi-
tions of output, trade and materials-mix
of products. The changes in ownership
and localization of processing that favour-
ed developing producers have presumably
contributed to accelerate the shift in in-
dustrialized nations’ consumption of met-
als away from the old metals of general
uses. And the particular concern of devel-
oped market economies and TNCs for
securing supplies appears as a very singu-
lar and long standing one.*® This is reflect-
ed especially in the high level of control
by developed countries, as a group, of
their import flows in most of the highly
strategic and demanded speciality metals.

Concluding remarks: implications
for international investments and
challenges for developing countries

The long term declining trend in the over-
all consumption of metals in favour of
other materials may have contributed to
the well-known lasting decrease in the
share of mining within the sectoral compo-
sition of the Western world’s foreign direct
investment. The early 1980s witnessed a
further decrease in that share.** The spec-

ial intensity of that trend in the case of
the old metals of general uses, may have
in turn contributed to the low share of
developing countries in the total invest-
ments by mining and processing TNCs.**
Nevertheless, this share went up in the
early 1980s, from 33 per cent to 41 per
cent in the case of the book value of US
mining and smelting investments abroad
between 1980—83, from 64 per cent to
72 per cent in the case of Japanese ac-
cumulated stock of mining and processing
FDI between 1980—82, and from & per
cent to 38 per cent in the case of the Fed-
eral Republic of Germany net annual
flows of FDI in mining and smelting be-
tween 1979—81.%

As this happened during recession
years generally characterized by low lev-
els of new mining investments elsewhere,
by mines and plants closings, and by large
projects being scaled down, postponed or
cancelled, one might wonder if a reversal
of the trend of previous decades, when
foreign direct investment in mining was
flowing away from developing countries,
is occurring since the early 1980s. How-
ever, the period elapsed is yet too short
to clearly answer this question. Some
short-term factors might have acted on
those recent figures, as the impact of the
overvalued dollar and related exchange
rate changes on operations and income
abroad, for instance.

The differentiated patterns of metal
consumption by category of metals are,
however, clearly influencing the current
sectorial distribution of mining invest-
ments. Information provided by recent
surveys®’ shows that besides gold, which
has enjoyed good years in these specu-
lative recent times, the light (aluminium)
and speciality metals have been relatively
preferred by TNCs and international in-
vestors in the early 1980s, and most of
these investments have taken place in de-
veloped countries. Regarding the old ma-
jor metals of general uses, the recent pre-
ferences of TNCs and international invest-
ors seem to have gone to polymetallic
deposits, in order to spread risks. In this
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case investments are located both in de-
veloped and developing countries. The
intervention by government or state-
owned firms is essential for explaining the
rest of the recent investment activity in
developing countries’ old major metal
deposits, which basically corresponds to
the completion or continuation of pro-
jects started in the second half of the
seventies.

As for the specific influence of the
current restructuring and new technolo-
gies on the location of mineral invest-
ments, the afore reviewed outstanding
characteristics of high-technology and the
increasing use of more continuous, inte-
grated or automated production methods,
may have as one general implication the
modernization of developed countries’
metallurgy industries and the reinforce-
ment of their comparative advantages for
the location of high value-added stages of
processing. Another related general impli-
cation being the increased advantages
derived from locating processing plants
near the consuming, end-using industrial
markets. This may work in favour not
only of the industrialized countries but of
a small group of developing countries
(mainly the NICs or semi-industrialized)
as well,*® '

Nevertheless, the significant flexibility
of production scales and combination of
fabrication lines with automated systems
of remote contrel, that the new technolo-
gies allow for, make their accommodation
to smaller markets feasible. This makes a
more widespread location of processing
plants in the Third World possible, to
serve local and/or regional markets.*® In
this sense, Alcan Aluminium’s Annual
Report for 1982 says:

”Developing markets cannot be
economically served by the high-
volume production facilities used in
mature markets. The multiple varie-
ty of small orders typical of a devel-
oping country must be served by a
flexible capacity, capable of adjust-
ing outputs to demands, and of
growing by incremental stages.” %
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Another factor that may stimulate the
location of processing plants in develop-
ing nations is energy costs. Even though
the long run tendency of new technology
applications is to reduce energy consump-
tion per unit of output, it has been pre-
viously seen that, for the moment at
least, metal processing is a high energy
consuming industry and its use of electri-
city has been rising in recent years. But
developing countries compete in this re-
spect with some minerals-rich developed
countries that are also very well-endowed
with abundant and cheap energy sources,
e g Canada. For this reason, Canada is
currently receiving increasing attention
from international investors and its ener-
gy availability has contributed a lot to the
growing competitiveness of some Canadi-
an TNCs, such as Alcan.**

In other words, the new technologies
and on-going restructuring do not seem to
predetermine a rigid pattern of minerals
processing location, though there are
strong reasons to assume that the loca-
tion-specific advantages of industrialized
countries may be strengthened concern-
ing the high value-added stages of process-
ing. In contrast, in the extractive side of
the non-fuel minerals industry, mining,
the location-specific advantages of devel-
oping countries seem more well estab-
lished, generally because the high quality
of their ores, and particularly for those
metals with reserves located in devel-
oped countries are almost saturated by
the action of extensive exploitation, such
as bauxite, cobalt, chromite, manganese,
tin and platinum group.? In this respect,
it is worth noticing the forecasts esti-
mating that 60 per cent of all the re-
quired investments in processing during
198195 would take place in developed
countries, whereas 67 per cent of all re-
quired investments in mining would be
located in developing nations.*® The met-
als industry’s international division of
labour may therefore continue for quite
some time, with the bulk of the develop-
ing nations supplying mineral raw materi-
als, sometimes processed up to an inter-

mediate level, and developed market
economies concentrating most of the high
value-added, final processing.

The new technologies do, however,
open some doors or rooms of manoeuver
for a more extensive spread of metals pro-
cessing worldwide. Yet presumably a
small group of more advanced developing
nations are going to take advantage of
those opportunities in an easier and faster
way. For most developing metal produc-
ers, some very difficult options are on the
agenda concerning their mineral develop-
ment strategies and their relationships
with TNCs and consuming nations. In this
respect, even though many mining TNCs
have been severely affected by recent
events in the industry, their ownership-
specific advantages will be enhanced in
the long run as a result of the pressures
for modernization and adoption of new
technologies coming from the general re-
structuring process. The technical and
financial barriers-to-entry are thus rising
in the metals industry. This is an impor-
tant change for an industry that in the
last two decades suffered from a relative
technological stagnation while developing
countries progressed in their direct access
to mining and processing techniques. And
this is happening at the same time that
many developing metal producers witness
their bargaining position weakened by the
impact of the recent crisis.

On the other hand, it is well true that
many metal producers in developing
countries now possess new assets in their
favour:

e their national production and manage-
ment capabilities are substantially im-
proved compared to the past.

¢ their nationally-owned firms are today
an established fact in the industry.

e the prior period of sharp conflicts or
tensions is apparently leaving the place to
an epoch of closer and more stable work-
ing relationships between developing
state-owned enterprises and TNCs, as ex-
pressed in the multifacetic modern forms
of association between them.

To these new realities, should be added
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the ever present industrial and military
need by developed market economies for
the Third World’s mineral endowments
in spite of their declining consumption of
metals. And this need will continue to be
expressed in different government pro-
curement policies and TNCs strategies, as
it has been in the past. Developing metal
producers do have, therefore, an array of
actual or potential leverages in order to
play a prime role in the industry and to
participate in the benefits of the current
industrial and technological changes.

Perhaps the single most effective lever-
age in the long run may be the prospects
for a faster growing market for metals in
the developing area itself. As has been
correctly indicated elsewhere,> the reali-
zation of that prospect exiges important
actions at the level of international eco-
nomic relations and cooperation for de-
velopment, oriented to facilitate the
prompt restoration of economic growth
and industrialization in large segments of
the developing world. For developing
mineral producers this means a challenge
of progressively reorienting the destina-
tion of their exports towards the fastest
growing markets, under the framework of
regional programmes of cooperation or
integration. Strengthening regional inte-
gration or cooperation schemes among
developing nations is equally a funda-
mental step if their goal is to participate
in the current technological changes and
further develop their metallurgies and
metal fabricating industries.

The long term prospects of demand
for the old metals of general-uses also im-
ply fundamental decisions by the devel-
oping mineral producers about the very
definition of their future mineral develop-
ment strategy. To rely on those metals in
order to sustain financially an overall
industrialization process may become har-
der and harder with the course of time, as
their historical peaks of consumption in-
tensity may not be reached even by the
faster growing markets of the upcoming
future. Even assuming that past demand
performances will be met again, it is now
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an assimilated experience that mineral
exports-led strategies have been associ-
ated with less economic growth and in-
dustrialization than other growth strate-
gies in the developing world.”* And the
speciality-use metals with better demand
prospects would neither in volume nor in
value sustain an overall economic growth
in most developing nations. The main
challenge is therefore an imaginative re-
definition of the role the mineral sector
must fulfill in order to serve the aspira-
tion for national and regional develop-
ment in poor nations.
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