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This paper presents a historical
analysis of the evolution of the en-
ergy and metals consumption and
production in less developed coun-
tries (LDCs), encompassing a peri-
od of 25 years (1965 - 90), focusing
specially on Latin America and on
Brazil. The period permits an eval-
uation of the impact of the energy
crisis on patterns of economic
growth, associated to energy and
metal production profiles in devel-
oping and developed countries.
This complex relationship is evalu-
ated, using aliminium, copper and
crude steel consumption and pro-
duction profiles.
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The growth in metals and energy con-
sumption has often been considered as a
threat to the world economic develop-
ment. However, since the energy crisis of
1973, an atrophy of this growth rate has
been observed. Given the increase in the
price of energy, many countries took im-
portant measures to reduce energy con-
sumption. The same atrophy was ob-
served in the case of consumption of
some metals. These trends differed be-
tween countries groups. Developed
countries (DCs) seem to have gone
through deep transformation of their en-
ergy consumption patterns. They have
changed from an energy-intensive path,
before the energy crisis, to a more ener-
gy-saving path afterwards. Meanwhile,
several authors and international institu-
tions are concerned by the fact that many
less developed countries (LDCs) reveal
levels of energy consumption above the
world average. Most of those countries,
including Brazil, currently faces a grow-
ing need for energy services to support
economic and social development (Gol-
demberg et al. 1987; Levine and Meyers,
1992). Such an evolution can thus gener-
ate serious problems to LDCs economic
development.

The reasons for the different growth
rates of energy consumption between the
LDCs and DCs are difficult to assess.!
Institutions such as the GEF Global En-
vironment Facility, supported by World
Bank and United Nations, insists on the
necessity to diffuse technologies and en-
ergy systems that are environmentally ef-
ficient. Although the diffusion of such
technologies is important to adjust the
energy-intensive paths of LDCs, there is
a need to examine more deeply the key
variables determining the evolution of
energy consumption profile in LDCs.

To what extent these trends are also
present in metal consumption and pro-
duction of LDCs? Latin America (includ-
ing Brazil) has emerged in recent years as
a significant source of demand for met-
als. Nappi (1989), Radetzki (1990), and
Tilton (1990) showed that after 1974, the

consumption of most unwrought metals
in DCs declined or remained stable. Why
do the metal consumption patterns differ
between these countries groups?

Finally, besides an increase in metal
demand, an expressive expansion of met-
al production due to exported-oriented or
import-substitution policies may be ob-
served in LDCs. Metal production, much
more than demand, may provoke an in-
crease in energy demand in these coun-
tries. Strout (1985) has analysed the im-
pact of metal production on energy con-
sumption. The author estimated that the
production of 17 non-fuel commodities
was responsible for approximately of 27
per cent of the world primary energy con-
sumption. Aluminum, copper, and steel
that will be used in this study are respon-
sible for 20 per cent of world totals. As
for demand, Brazil and Latin American
countries follow much more intensively
this pattern.

Methodology Proposed
In order to shed some light on these prob-
lems and issues, this paper analyses the
evolution of energy and metals consump-
tion and production patterns for the
world as whole and for different groups
of countries. Metal production is intro-
duced in our analysis because of its links
with energy consumption. Moreover,
metal production showed a greater pro-
pensity to increase in LDCs than metal
consumption. Thus, metal production
could indicate, more than its consump-
tion, that important changes are taking
place in the economic structure, especial-
ly for those countries which are metal ex-
porters.

The analysis covers the years 1965 —
90 which may be divided into three dif-
ferent periods:

e Period 1 (1965 — 73): Petroprosperity
(Puisseux, 1979);

e Period 2 (1973 — 85): Energy Crisis and
Structural Changes;

¢ Period 3: (1985 — 90): Relative Recov-
ery.
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These three periods are associated
with important discontinuities in the
world economic activity. The description
of these three periods will be based upon
the analysis of the GDP, the intensity of
energy-IE (the ratio between the energy
consumption, CE, and GDP), the intensi-
ty of use (IU — the metals consumption to
GDP ratio). An intensity of production
ratio (IP) is also introduced to better ex-
plain the structural changes that occurred
since the first oil shock. This coefficient
may be defined as the ratio of the quanti-
ty of mineral commodity produced by a
country (Pt) in year t to its gross domestic
product (GDPt). The main objective is to
show that metal production presented a
more diverse evolution than metal con-
sumption between LDCs (including Bra-
zil) and DC’s after the first oil-shock.

Energy crisis and structural
changes in material demand

The energy crisis of 1973 provoked an
important discontinuity in long term
trends of consumpti'on for both energy
and metals (IEA, 1981; Goldemberg et
al. 1987; Tilton, 1986; Roberts, 1987).
Thus, there was a rupture at world level
between income evolution and energy
and metal consumption. Even if the
former was still increasing (although at a
slower pace), the latter stabilized or even
dropped for some metals.

The traditional explanation for the at-
rophy in metals and energy consumption
relatively to income has been popular-
ized by Malenbaum, which maintains
that the intensity of use is closely linked
to the level of per capita income or to a
country’s level of economic develop-
ment. This hypothesis has also been veri-
fied in the case of energy for industrial-
ized countries (Schurr, 1984). The bell
shape of IU or IE related to time or to per
capita income seems to be almost an uni-
versal phenomena associated with indus-
trialization and the change of demand
patterns (this is why Hwang and Tilton,
1990, refer to it as ”consumer preference
school”). In the first stage of industriali-
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zation an increase in the consumption of
goods stimulates the use of metals and of
energy. However, as the industrialization
process grows, and as some important
needs are satisfied, such as housing, trans-
portation, infrastructure, and equipment,
and other urban facilities, development
starts to change qualitatively. Technolog-
ical change increases efficiency in mate-
rials use while higher income stimulate
the consumption of less material inten-
sive goods and service.

A second school of thought (the leap-
frogging school”) (Hwang and Tilton,
1990) emphasizes the effects of techno-
logical progress over time. It suggests
that latecoming industrializing countries
may take advantage from more efficient
technologies for their takeoff period,
when material intensity of use rises
quickly, and follow less material inten-
sive patterns than those adopted in the
past by the actual industrialized countries
for a same level of economic develop-
ment. A variation on the same theme has
been suggested by Waddell & Labys
(1988) and Bernardini & Galli (1993):
the dematerialisation approach. In this
latter case, technical progress is internal-
ized like a secular phenomena which pro-
gressively reduce energy and metals for
the same level of output and the same
stage of development.

Even if the leapfrogging school con-
siders a tendency for material intensity of
use to drop over time, it is of little help to
understand great discontinuities in pat-
terns of demand caused by stochastic
phenomenon such as the energy crisis.
To understand discontinuities, must be
given a closer look in the theories of
technical change. Freeman and Perez
(1988) suggests that modern history is
strongly influenced by the emergence of
innovations clusters that are at the base of
new phases of economic prosperity
(Freeman and Perez, 1988). Hence, some
technological change may have strong
and deep effects on all the sectors of the
economy for a long period of time. The
new cluster<of innovation is followed by
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a new best practice set of rules and cus-
toms for designers, engineers, entrepre-
neurs and managers, determining what
may be called a new “technico-economic
paradigm”. New and old sectors are
transformed by these technologies and
the new set of rules and customs. As a
new paradigm emerges, profound dis-
continuities may be observed. This
school of thought suggests that a new
technico-economic paradigm (intensive
in information and communication) is
emerging since the beginning of the
1970s. This new paradigm may explain
the radical changes observed in the pat-
terns of materials consumption during
the postwar period. The new dynamic
sectors in the industry, almost all linked
to information technologies, consume
energy and metals much less intensively.
The service sector also increased more
rapidly than primary and manufacturing
sectors, given the growing importance of
communications. Hence, the emergence
of the new technico-economic paradigm
has implied a shift from an energy-inten-
sive pattern of growth to a less intensive
one.

It may, thus be hypothesized that the
energy crisis caused the emergence of a
new information intensive techno-eco-
nomic-paradigm, which provoked a dis-
continuity with past trends in material
consumption. As a consequence, DC’s
economies reshaped dramatically their
energy and metal consumption profiles.

According to Goldemberg et al .(1987),
these economies have entered the post-
industrial phase of economic growth, in
which service sector grows rapidly rela-
tive to the good-producing sector while
the manufacture of goods shifts to prod-
ucts characterized by a high ratio of value
added to material content.

Meanwhile, the reaction of LDCs to
the energy crisis seems more difficult to
categorize. Aggregate studies recognize
that IU continued to grow after the first
petroleum shock of 1973 (Radeztki
1990). The same may be observed for en-
ergy since their IE continue to grow after



this period. The “consumer preference
school” would explain this result by the
fact that younger economies were just
moving on the ascending part of their ITU
and IE long term curves.

However, such an interpretation disre-
gards the fact that LDCs per capita in-
come rate of growth decelerated during
the mid-1970s. Some were more affected
than others, but on balance, the net effect
was a declining one.

Although LDCs have suffered heavily
from the negative impacts of the energy
crisis, they have almost not been affected
by the structural changes that modified
the economic structure of DCs. The liter-
ature about metal consumption suggests
that some newly industrializing countries
have been accelerating their use of met-
als (Radetzki, 1990; Hwang and Tilton,
1990). This increase was partly due to the

export shift, which occurred during the
1980s, to manufactured goods that use
metals more intensively (cars and ships
for example). Other countries in Africa
and Latin America suffered more deeply
from the energy crisis and showed de-
clining values for their IU ratios. Howev-
er, in the case of Latin America, this de-
cline was followed by an increase of their
metals exports and of their energy inten-
sity (Suslick & Harris, 1991).

This paper tries to demonstrate that the
metals and energy consumption profiles
may be closely linked to one another, that
discontinuities may appear and that
groups of countries may let different
trends appear. The “consumer prefer-
ence” and the “leapfrogging” schools of
thought suppose continuous trends as the
country moves to an higher stage of eco-
nomic development or as it accumulates

Table 1. GDP, Primary energy consumption (CE) and intensity of
energy (IE) for regions. Average (per cent) annual rate of change,

Average Annual Growth Rates

1965 - 90
Brazil LA
GDP
1965 - 73 9.81 6.48
1973 - 80 6.73 5.32
1980 — 85 2.56 1.26
1985 - 90 2.12 1.52
Energy Consumption (CE)
1965 - 173 11.53 6.56
1973 - 80 8.07 5.29
1980 -85 2.94 2.93
1985 -90 2.36 3.64
Energy Intensity (IE)
1965 -73 1.58 0.09
1973 — 80 1.30 -0.02
1980 — 85 0.56 1.69
1985 - 90 0:30 2.12

Source: Energy - BP Statistical Review (1991) and Balan¢o Energético Nacional (1976,87,91);

GDP - World Bank, IMF e IBGE.

Notes: CE: energy consumption; IE: intensity of energy; GDP-Gross Domestic Product; LA:
Latin America; LDC: Less Developed Countries; DC: Developed Countries.(*) Primary Ener-

gy includes only commercial forms

LDC DC World
6.60 4.81 5.09
5.27 2.71 3.19
1.64 2.07 2.16
3.70 3.16 3.47
7.21 4.89 5.24
597 1.22 2.76
4.41 -0.57 0.94
5.34 1.75 2.24
0.59 0.08 0.14
0.68 -1.46 -0.42
2:7.3 -2.60 -1.20
1.63 -1.37 -1.20

more technical knowledge. However,
technical change cannot always be con-
sidered as a continuous phenomenon.
The diffusion of a cluster of radical inno-
vations may improve dramatically the in-
vestment opportunities and modify the
technical constraints of a given economy.

Important discontinuities have affect-
ed the world economy during the last
decades. The energy crisis of the 1970’s
(a stochastic phenomenon) induced a
shift to a new information-intensive para-
digm. This has modified the metals and
energy consumption profiles. But this
may not be an universal phenomena af-
fecting simultaneously all the countries.
The rate of diffusion of the new techno-
economic paradigm may vary considera-
bly between groups of countries. The
leapfrogging approach seems to consider
that this rate of diffusion is much more
rapid in young economies than in the old-
er ones, which implies that the IE and IU
should be declining faster in LDCs than
in DC’s. However, suggested by this pa-
per, the intensity ratios of LDCs do not
seem to follow a downward trend at all.2

Petroprosperity (1965 — 73)

and metals

The postwar period was characterized by
a fast economic growth based upon the
oversupply of petroleum resources at low
prices. The average growth rate of world
economy was surpassed the 5 per cent
level during that period (Table 1). DC’s
economies grew at rate quite similar to
the world average, while LDCs gross do-
mestic product growth rate was much
higher (6.6 per cent). Brazil experienced
during that period a GDP growth rate of
almost 10 per cent quite above the LDCs
average. This result reflects fast industri-
alization process which characterized the
Brazilian economy during the postwar
period until 1980.

The worldwide energy consumption
increased during the 1965 — 73 at rates
similar to those observed for the GDP.
Thus, it is not surprising that during this
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9-year period, the IE growth rates were
near zero (Table 1). Nevertheless, some
discrepancies could be observed between
country groups. The LDCs, and particu-
larly Brazil, increased their IE ratio at a
rate much higher than the one measured
for the DC’s.

The IE level of for Latin America is
higher than the LDCs average, indicating
a higher level of economic development
in this region (Figure 1). The case of Bra-
zil is quite singular. The process of easy
and rapid economic progress of this
country, during the postwar period, fol-
lowed a typically ‘petroprosperity’ pro-
file due to the role played by petroleum
consumption in shaping the dynamics of
the economy (Furtado & Suslick, 1993).
Surprisingly, Brazil had the lowest level

of energy intensity during this period
(Figure 1). This observation was in con-
tradiction with the fact that the country
has experienced a considerable degree of
industrialization. This peculiarity of Bra-
zilian economy was not denoting an
higher energy efficiency relative to other
LDCs, but was rather a consequence of
the methodology used to measure the en-
ergy consumption. Brazilian industrial
sector uses biomass quite abundantly.
Despite the importance of this energy
source, it was not included in the compu-
tation of Brazil’s energy consumption.
Also, the main distinguishing aspect of
energy balance in Brazil is the availabili-
ty of enormous amount of hydroelectrici-
ty that provides up to 90 per cent of the
total supply of energy. This contrasts

Figure 1. Intensity of energy for developed countries, less developed
countries, Latin America and Brazil 1965 - 90.
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with the situation of other developing
countries where the thermal origin pre-
vails. This peculiarity tends to reduce the
importance of electricity in the energy
balance, since the international conven-
tion is the thermal conversion of hydroe-
lectricity.?

The aluminum, copper, and steel con-
sumption profiles were quite different
during this period. Given its properties
and an aggressive marketing policy,
aluminium showed a strong dynamism
in the electrical, construction, and con-
tainers & packaging sectors. As a con-
sequence, its intensity of use increased
by almost 4.2 per cent during this peri-
od at the world level. The situation was
quite different for copper and steel
since their intensity of use remained al-
most stagnant during the years 1965 —
73 (Tables 2 to 4).

The 1965 — 73 period showed high alu-
minium IU and IP growth rates for the
two considered group of countries
groups. However, the growth rates for IP
were higher in LDCs than in DC’s. In
Latin America, that rate was three times
higher than the world average (Table 2).
This tendency is very conspicuous and
continues into the next two decades in
the LDCs, chiefly in Latin America due
to presence of abundant hydroelectrici-
ty and large bauxite reserves. Despite
these peculiarities, the rates of growth
for IU were close between DC’s and
LDCs, reflecting a certain convergence
in the time-series patterns of consump-
tion, even if the latter started with a
lower level.

Despite the fast growth of LDCs, the
DC’s controlled during that period more
than 75 per cent of the world aluminum
production, their level doubling between
1965 and 1973 (Table 5).

The situation is quite different in the
case of copper. Table 3 suggests negative
growth rates for IP and IU during the
1965 — 73 period for the DC’s, although
1U was not falling as fast as IP. The USA,
but also Chile and Zambia, were the great



Table 2. Aluminum: Growth in metal production, intensity of

production, consumption and intensity of use 1965 — 90

Brazil LA LDC DC World

Production

1965 - 73 19.95 22.58 20.92 8.80 8.44

1973 - 80 13.15 20.99 11.84 3.58 3.57

1980 — 85 15.44 10.18 9.04 0.88 0.74

1985 -90 13.62 9.53 7.76 3.54 3.78
Production/GDP (IP)

1965 - 73 8.51 13.55 12.46 3.96 3.27

1973 - 80 5.72 14.97 6.72 1.04 0.58

1980 — 85 15.40 6.91 6.19 -2.56 -2.31

1985 -90 11.29 7.59 4.87 0.53 0.87
Consumption

1965 - 173 15.79 13.13 10.91 9.91 9.51

1973 - 80 8.60 7.74 13.24 2.66 3.42

1980 - 85 4.13 5.76 4.15 -0.53 -0.02

1985 - 90 4.02 2.29 8.03 2.85 2.41
Intensity of Use

1965 - 73 5.58 6.26 4.11 4.82 4.18

1973 - 80 1.76 2.26 7.53 -0.24 0.10

1980 - 85 1.49 4.46 2.48 -2.56 -2.14

1985 -90 1.24 0.70 4.19 -0.31 -1.03

Average Annual Growth Rates

Source: Metallgesellschaft, Aktiengellschaft Metallstatistic (several).

world producers. Thus, the IP level was
higher in LDCs than in DC’s (Figure 2).
The IP in LDCs was much higher than [U
(Figure 3), revealing the net export posi-
tion of these countries. The production of
copper in LDCs grew at a low rate but
similar to the DC’s. Labour, strikes, na-
tionalist pressures, and the consequent
reduction in investment by multinational
firms explain the low production rate ob-
served for developing countries. Al-
though the average growth, of IU was
negative in DC’s, LDCs showed a posi-
tive trend due to their industrialization.
The IU for crude steel rose at a faster
rate in the LDCs than in DC’s. This may
be explained by their industrial growth,
especially of their heavy industry and du-
rable consumer goods sector. The pro-

duction of crude steel increased fast in
DC’s and in LDCs (Table 4). However,
the IP growth rate were negative in DC’s.
Thus, LDCs increased relatively less
their steel production than DC’s (Table
5). As aresult of this evolution LDCs re-
duced the coverage of internal demand
by domestic production. A similar evolu-
tion happened in Latin America and Bra-
zil. Therefore, metals experienced a very
different consumption and production
growth pattern during this period of fast
economic expansion. If we compare IE
and IU for LDCs and DCs, we observe a
more substantial difference between
these country groups with steel and cop-
per than aluminum. The building up of
industry and infrastructure in LDCs
seems to require more traditional metals.

The evolution for IP is more complex,
because of great copper export positions
for the LDCs, and import substitution
policies for aluminum and steel.

Energy crisis (1973 — 85) and
structural changes in production
and consumption of metals.

The increase of oil prices in the interna-
tional market in 1973 and in 1979 (called
the First and Second Oil-shock) changed
the previous scenario. The world econo-
my experienced severe modifications,
and the DC’s were strongly affected, re-
markably on those countries with a high
dependence of oil imports. Consequent-
ly, their economic growth dropped to an
average of 2.7 per cent, in 1973 - 79, and
to 2.07, in 1979 — 85 (Table 1). Among
economists some doubts still remain
whether the oil price rise has been the
main cause of the GDP slowdown. Other
important causes are possible such as the
slowdown of productivity and interna-
tional financial disorders. Despite all the
controversial issues of the impact of the
energy crisis, a change in the growth pat-
tern of the industrialized economies hap-
pened that were closely related to energy
consumption. The new aspect in this
phase can be found in the behaviour of
average growth rates of IE. The rate of
growth of IE dropped briskly to -1,46 per
cent and -2,60 per cent , in 1973 — 80 and
1980 — 85. This figures point out that a
structural change occurred in the behav-
iour of economic development in the
DC’s, such as passage to a less intensive
energy-pattern.

However, between the two oil shocks
LDCs did not experienced big changes in
the economic growth rates, with only a
small slowdown, while maintaining the
same energy-intensive pattern experi-
enced in postwar period. The main rea-
sons for those different economics trends
between groups can be found in the facil-
ities available for overseas borrowing in
the international market. A huge amount
of petrodollars, combined with low inter-
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Table 3. Copper: Growth in metal production, intensity of
production, consumption and intensity of use, 1965 — 90.

Average Annual Growth Rates

Brazil LA

Production

1965 - 73 23.28 4.90

1973 - 80 23.83 5.89

1980 — 85 27.85 3.40

1985 - 90 11.40 4.81
Production/GDP (IP)

1965 - 73 11.78 -1.40

1973 - 80 -1.30 6.13

1980 — 85 26.98 2:71

1985 - 90 6.31 3.29
Consumption

1965 - 73 20.81 7.88

1973 - 80 15.46 11.71

1980 — 85 1.48 -0.28

1985 -90 -5.50 -1.48
Intensity of Use

1965 - 73 9.94 1.20

1973 - 80 7.63 5.95

1980 — 85 -1.59 -1.75

1985 -90 -7.91 -3.08

LDC DC World
4.08 3.67 4.21
5.38 3.99 4.51
4.08 0.81 0.98
1.47 2.97 2.01
-2.34 -1.12 -0.87
0.86 -1.64 -1.66
292 -1.37 -0.94
-1.42 -0.23 -1.20
6.96 4.11 4.50
10.24 1.23 2.33
2.36 -0.17 -0.29
9.72 2.17 243
0.25 -0.70 -0.59
4.65 -1.59 -0.91
0.70 -2.24 -2.43
5.75 -0.96 -1,02

Source: Metallgesellschaft, Aktiengellschaft Metallstatistic (several)..

est rates by the US. Federal Reserve
Bank created favourable conditions to in-
crease the external debt of developing
economies.

Thus, LDCs persisted in their previous
pattern. Those countries even augmented
IE from the previous period* (Table 1).
Up to 1973 — 74 low interest rates and
high exported prices led to creation of big
industrial projects oriented to intermedi-
ate products and the building of infra-
structures in several LDCs. _

The Brazilian case is very elucidative.
Despite the slowdown in the internation-
al economy, Brazil’s economic and in-
dustrial expansion was maintained above
Latin America and LDC average levels
until 1980. Meanwhile, the rates of ener-
gy consumption were above the GDP av-
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erage growth. Thus, Brazil’s IE grew at a
higher rate than LDCs average, due to
priority given to the modern sector
(heavy industry and infrastructure).

The second oil shock intensified the
structural changes in DC’s. There was an
intensive process of technology diffusion
and transformation of productive struc-
ture that had already started in the previ-
ous phase.’ The main two reasons were
an increase of energy efficiencies of
equipment and changes in the sectoral
composition of the productive sector.
Studies about this process and their de-
terminants in developed economies em-
phasize the role played by innovations
based upon energy saving technologies.®

Meanwhile, intense transformations
which took place in LDCs were heading
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in the opposite direction. In fact, the eco-
nomic crisis that resulted from the sec-
ond oil shock affected them very nega-
tively. The capital flow stopped and even
started to revert to the DC’s. For exam-
ple, Latin America began to export net
capital during the 1980’s (Rosenthal,
1990) The efforts of LDC to pay external
debts were based upon primary commod-
ities or manufactured goods exports,
which real prices deteriorated seriously
in the 1980’s. The economic impact was
negative, reducing the level of invest-
ment and consumption. As a conse-
quence of these adjustments, the eco-
nomic growth of LDCs declined sharply
down to 1.64 per cent per year and even
reached a level below the DC’s as indi-
cated in Table 1.

The new productive structure resulting
from the adjustments of LDCs econo-
mies is one of the main reasons for the
continuing growth rates of IE in the be-
ginning of the 1980’s. When comparing
the data to the 1970’s, a discontinuity ap-
pears: the average growth rate of IE in-
creases from 0.68 per cent to 2.73 per
cent per year (Table 1). This figure indi-
cates that these countries followed an op-
posite path from that of the DC’s. Latin
America had the same evolution. It is
noteworthy that in 1980 and 1981 the IE
curves of DC’s and LDCs (especially
Latin America) intersected each other, il-
lustrating a divergent path between the
groups (Figure 1).

It can be seen that Brazil’s showed
similar trends, however with lesser inten-
sity. The IE continue to increase, but with
rates below the LDC. In response to oil
shocks, Brazil almost “froze” the petrole-
um products consumption and in com-
pensation the electricity consumption in-
creased rapidly (Furtado & Suslick,
1993).

Based upon the adopted energy con-
version factors, this substitution
seemed to be very efficient, otherwise
the results would be very different if
the country electricity generation was
produced from a steam source. Moreo-



Table 4. Crude Steel: Growth in metal production, intensity of
production, consumption and intensity of use, 1965 — 90.

Average Annual Growth Rates

Brazil LA

Production

1965 - 73 11.66 7.85

1973 - 80 11.70 8.50

1980 — 85 6.91 4.70

1985 -90 2:12 1.64
Production/GDP (IP)

1965 -73 1.73 1.28

1973 — 80 4.37 3:22

1980 — 85 5.60 3.96

1985 -90 0.10 -0.14
Consumption

1965 -73 18.11 10.09

1973 - 80 6.50 6.18

1980 — 85 -0.26 -2.48

1985 -90 -1.73 -0.55
Intensity of Use

1965 - 73 7.54 3.34

1973 - 80 -0.23 0.74

1980 - 85 -3.17 -3.93

1985 -90 -4.20 -2.11

LDC DC World
3.70 4.08 5.68
10.63 -1.36 0.49
570 -1.26 0.23
4.13 0.29 0.41
1.73 -0.72 0.55
5.52 -3.83 -2.43
4.10 -3.51 -1.73
1.28 -2.63 -2.44
13.01 5.03 5.63
8.34 -1.03 1.37
0.88 -2.48 -0.51
5.03 2.84 1.62
5.86 0.18 0.50
2.89 -3.73 -1.80
-0.76 -4.54 -2.64
1.35 -0.34 -1,80

Source: International Iron and Steel Institute-Steel Institute Yearbook (several) and Statistical

Yearbook (UN).

ver, the IE showed a rising profile sim-
ilar with the LDC.7

The two oil-shocks produced strong
effects in the evolution of metals produc-
tion and consumption, but they resulted
in divergent behaviour between country
groups. '

After the first oil-shock the IU for
aluminium, copper, and steel grew
briskly in LDCs, while in DC’s these
rates fell sharply (Table 2 to 4). This
fact can be attributed to the.economic
growth that was maintained in LDCs,
followed by large investment on mate-
rial-intensive facilities. We can affirm
that these countries maintain inaltera-
ble their previous pattern of growth.
Moreover, they must have deepened

this pattern by investing in heavy in-
dustries and infrastructure.

Among the DC’s, the various IU’s
became negative for the metals studied,
resulting from significant structural
changes in their patterns of demand.
Tilton (1990) pointed out several caus-
es ranging from general economic
slowdown and the investment policies.
The technological changes seek im-
provements in energy-efficiencies giv-
ing priorities for the new materials use
in the economy. As with high-technol-
ogy goods, the demand for services and
the share of services in the tertiary sec-
tor tends to rise more rapidly than the
metal production sector, leading to de-
clining IU for metals.

However, the observed change be-
tween the countries groups seems even
more important for IP. The differences
are even greater, specially when we com-
pare Latin America and Brazil with
DC’s.

The two oil-shocks had a more pro-
nounced impact on aluminum produc-
tion, changing the internationally com-
petitive levels of the industry. The hydro-
electricity became a favourable compara-
tive advantage and an important factor in
the process of relocation of the aluminum
industry within Brazil (Braz-Pereira,
1988). Another important aspect in the
aluminum industry was the geographical
shift that occurred between the six major
producing countries. Australia, Brazil,
and Canada had lower production costs
due to favourable electric power rates for
producers resulting from public invest-
ments and joint-ventures with the private
sector. In Brazil, this process resulted in
an increase in the aluminum production,
during the 1973 — 85, from the 112 000
tons to 549,000 tons (Table 5).

However, the competitive advantage
of these new exporters are not so evident
if a meticulous evaluation is done. Ad-
ams and Duroc-Danner (1987) used a
worldwide cost model to estimate alumi-
num production costs. They showed that
US production costs were equivalent
with costs prevailing in the LDCs, sug-
gesting that the competitive advantage of
LDCs is a matter of exchange rates and
fiscal incentives, as well as the role
played by the public sector.

With regards to crude steel, substantial
changes occurred in this period. Deep
modifications in demand structure and
technological improvements in the quali-
ty of crude steel reflected in a relative
stagnation of production volume on a
worldwide basis. Apparently, this proc-
ess affected more intensively the steel
than the copper products. The decline of
steel consumption in the DC’s and the
drop in the prices caused the shutdown of
the most inefficient steel plants during
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Figure 2. Intensity of aluminium, copper and crude steel use for
developed countries, less developed countries and Brazil 1965 — 90.
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the 1980s. For over a decade the
USA adopted a restructuring pro-
gram that included capacity reduc-
tion of 25 per cent and investments
of US$ 10 billions for adoption of
improving technologies (Souza,
1991).

After the second oil-shock, the
steel IP in LDCs showed increasing
rates. The case of crude steel is im-
portant because production is more
widespread, than others metals, in
important export-oriented regions
in the LDCs. Therefore, during this
period the steel industry in Brazil
grew and became competitive in the
international scene due to large in-
vestments made during the previous
decades.

Over most of the 1980’s, the indus-
try in Brazil was shaped strongly by
macroeconomic events that paralysed
investments in modernization and
technological improvements. One the
main negative factors was a system of
price controls pursued by the Brazil-
ian government as a tool to reduce in-
flation rates.

The trade-off between the steel
IU and IP in 1979 — 85 for the LDCs
is noteworthy.® This trade-off can
be explained by the low income lev-
els and lack of capital resources to
invest in infrastructures and equip-
ment by heavy steel users in these
countries while the uprising of IP
reflected a export-oriented thrust.

For others metals great differenc-
es and important trade-offs between
IU and IP can also be observed in
Brazil, Latin America, and LDCs.
Thus, the 1973 crisis induced a
quite different trend from the two
groups of countries. In DC’s IE and
IU dropped as a consequence of
structural changes in their pattern of
consumption. Meanwhile, in LDCs
this evolution is the opposite: prece-
dent trends of increasing IE and IU
were reinforced. This evolution



does not rely in contradiction with pref-
erence consumption argument, as they
would put forward that LDCs were cross-
ing a phase in their development where
they were building up their industry and
infrastructure. However, after the second
oil shock the evolution become LDCs be-
came even more complex showing spe-
cials features of the incurring changes.
The IU which tended to follow invest-
ment effort of the economy dropped,
while the metals production capacity was
reoriented to exports.

Relative recovery of the
development and the metals
(1985 - 90)

- This new phase was marked by the ex-

pansion of the developed economies and

also some LDCs belonging to the Pacific
Rim. This recovery was related to impor-
tant changes in international economic
setting: the depreciation of US dollar
against the other major currencies and
the decline of oil prices.? They produced
an important level of international net re-
source flows that supported the con-
sumption recovery and investments in
European economies. The US recorded a
great flow of direct investments from Eu-
rope and Japan because of exchange ad-
vantages. These financial flows also
reached certain less developed Asian
countries.

The GDP growth rate in DC’s was higher
than in 1973 — 79, although lower than in
the petroprosperity period. The economic
activity of the LDCs, although higher

(3.7 per cent) than in 1979 — 85 (1.64 per
cent), was at a lower level than prior to
the second oil shock (Table 1). Latin
America was not affected by these
events, the average growth rates of the
region, and particularly in Brazil re-
mained similar to the first half of the
1980s.

Globally, DC’s maintained their re-
duction of the IE at a similar rate level of
1973 — 79 years. Meanwhile, LDCs
showed a strong continuity in their ener-
gy-intensive path. The growth rate of IE
was higher than in 1973 — 79, which is
surprisingly, when we consider the rela-
tive economic recovery. In fact, the
changes in the productive structure to-
wards energy-intensive sectors were con-
firmed.

Table 5. Metal Consumption and Production in the Countries Groups.

1965 1973 1980 1985 1990

Cons. Prod. Cons. Prod. Cons. Prod. Cons. Prod. Cons. Prod.
Aluminum!
Brazil 51.6 29.6 157.6 111.7 284.9 260.6 3231 549.4 341.2 930.6
L. America 126.3 52.3 333.6 227.5 584.3 819.1 697.6 1163.6 754.6 1789.0
LDC 312.2 185.4 701.7 766.1 15049 16489 18467 2398.1 26994 3364.7
DC 49451 5107.2 103662 10129.0 10483.2 12767.5 10720.5 12308.1 12318.8 14578.7
World 6648.5 6610.7 13646.0 12707.0 15298.8 16086.3 15889.2 15617.6 17 878.0 18 023.5
Copper!
Brazil 30.7 7.0 125.3 29.2 246.0 38.9 196.1 93.9 137.2 157.1
L. America 166.5 378.7 276.0 544.9 489.0 1148.4 428.2 1345.3 378.2 1697.9
LDC 307.3  1090.3 495.1 1491.5 820.7 2179.4 9889 26572 15543 28559
DC 47197 50984 64311 66838.0 62643 70416 6513.1 73147 7248.0 8462.1
World 61925 6197.0 87393 85252 9389.2 92705 9612.8 9723.5 10820.9 107333
Steel?
Brazil 2.7 3.0 9.5 7.1 14.3 15.3 11.9 20.5 10.2 20.6
L. America 11.6 9.0 24.7 16.4 37.3 28.9 27.7 35.8 26.7 38.3
LDC 32.2 21.7 63.1 28.5 104.9 575 105.1 75.7 134.2 98.5
DC 289.8 335.4 423.4 457.4 355.1 406.6 327.6 374.8 374.3 389.6
World 452.2 450.6 697.5 697.6 719.2 715.6 723.8 719.0 783.1 769.6

Notes: 1. Data in thousand of metric tonnes. 2. Data in million of metric tonnes
Source: Al and Cu Metallgesellschaft Aktiengellschaft, Metallstatistic, several, Crude steel: International Iron and Steel Institute, Steel Statisti-
cal Yearbook, various issues.
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Figure 2. Intensity of aluminium, copper and crude steel use for
developed countries, less developed countries and Brazil 1965 - 90.
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Latin America as a group depict-
ed a IE behaviour that represented a
continuation of the 1980 — 85 peri-
od. This continuity was attributed to
the effects of economic disruptions
and the trade policies. Consequent-
ly, Latin America can be considered
an example of productive changes,
with an economic performance
above the average values of devel-
oping countries.

This period was marked by the
beginning of world economic recov-
ery in the production and consump-
tion of aluminium and copper. Al-
most, all this metals had a price re-
covery after 1987. The steel produc-
tion should be considered a special
case due to the existence of large
stocks and also substantial techno-
logical evolution. Tilton (1990)
states that the decline of steel re-
flected efficiency gains in their end-
use products. McSweeney and Hiro-
sako (1991) estimated that continu-
ous casting increases the product
yield by about 20 per cent and hence
depresses crude steel consumption.
According to the authors, it does so
by reducing double counting and
hence has nothing to do with final
consumption.

The growth of LDC economies,
mainly in the Pacific Rim, stimulat-
ed the IU of aluminum, copper, and
steel. However, Latin America did
not follow the same path, due to
macroeconomic adjustments to re-
duce inflation and economic stagna-
tion (see Tables 2 to 4).

Latin America was excluded from
economic recovery during this peri-
od. Nevertheless, the IP of copper
and of aluminium continued to
grow, while the IU had a much low-
er performance. Brazil followed the
same evolution. Thus, divergent
trends between IP and IU were
maintained for these countries (see
Tables 2 to 4).
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Because of the economic recovery, the
LDCs returned to their previous pattern
before the 1980’s economic crisis, with
very high level of IE and IU growth. This
pattern is, of course, was quite different
from DC’s evolution, indicating a diver-
gent trend between this two groups of
countries between their IE and IU.

Conclusion

The energy crisis of 1973 provoked
structural changes in the world economy,
which extended to metal production in-
dustry as an important energy consumer.
Besides that, the energy intensity (IE) de-
clined in world basis. After 1985, the en-
ergy consumption experienced a recov-
ery, but at a slow pace, when the GDP
and energy consumption growth were not
associated as in the past. We can infer
that it is emerging new pattern of eco-
nomic growth in worldwide scale that
can be qualified as energy-saver, in op-
position to the energy-intensive pattern
that prevailed before 1973. This new pat-
tern has radically intensified the demate-
rialisation process, which was present
since the beginning of industrial revolu-
tion

Obviously, this new pattern resulted
from the entrance of a new material-sav-
ing and information-intensive technolo-
gies, reflecting in the long-term metal
and energy consumption trends. Newer
metals with a more recent diffusion gen-
erally showed higher growth rates, while
the older, more mature metals tended to
decline.

However, this general trend is not ob-
served when we analyse the IE, U, and
IP evolution in these countries groups.
The energy crisis generated different pat-
terns of behaviour in these groups for en-
ergy, as well as for metals. In the case of
energy, the drop in global IE was almost
aresult of adjustments in DC’s, while the
LDCs showed an opposite rising tenden-
cy.

The metals had a more complex evolu-
tion that obliged us to make a certain dis-
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tinction between the production and con-
sumption effects. On the consumption
side, the growth of IU in LDCs dissociat-
ed from DC’s after the first oil-shock.
Meanwhile, the economic crisis of the
first half of the 1980’s affected severely
the majority of the LDCs, causing an in-
terruption in IU growth. The drop of TU
was due to the decreasing level of in-
vestments which was directly affected
by the economic crisis. Only after the
1985, did these countries partially re-
covered the previous rates. However,
Latin America and notably Brazil con-
tinued to present decreasing rates of IU
during this period.

At the production side, IP maintained
high growth rates despite the framework
of economic crisis in the LDCs during
the 1980s. This level of growth varied
according to the extent of export-orien-
tated regions of these countries. The im-
pact of increased production on their en-
ergy demand is substantial, since these
energy-intensive activities are growing
faster than GDP.

Our aggregate analysis bring impor-
tant elements to affirm that the evolution
of metals and energy is not only influ-
enced by the stage of growth (consumer
preference school) or the evolution of
technology over time. First, technology
evolution can be considered as stochastic
variable with important discontinuities
that can provoke radical shifts in the pat-
terns of demand, as a shift from an ener-
gy-intensive to an energy-saver pattern.
Second, all the countries are not affected
at the same level by this changes. We can
postulate that LDCs, because of their
weaker position in world economy, have
showed a divergent pattern with DC’s.

The authors are aware that the analyses
carried out in the present study needs fur-
ther investigation, provided suitable data
can be found. For example, a complete
framework to explain the divergent ener-
gy trends in Brazil as well as in the LDCs
and the impacts in metals production and
consumption.
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Notes

1. Levine & Meyers (1992) indicated five
main causes for the rapid increase in primary
energy consumption in developing countries:
faster economic growth, migration from rural
areas to urban areas, penetration of energy-
intensive technologies, limited capability and
resources to improve energy efficiency and
expansion of energy-intensive industries.

2. Surely, the changes in the patterns of con-
sumption of energy and metals are not only
determined by the technological evolution.
Changes in the structure of production can
induce important alteration in this patterns.
This change are not only provoked by the
stage of growth of this countries. The diffu-
sion of the techno-economic paradigm was
accompanied by a redefinition of the com-
mercial flows were LDCs are having a larger
importance as exporter of energy and materi-
als intensive goods.

3. The conversion used for KW is based upon
its thermal value and corresponds to 0.08 Koe
(Kilograms of oil equivalent). In this form to
generate KW, 0.22 to 0.29 Koe are neces-
sary depending of thermal plant efficiency.

4. Despite the increase were low, 0.59 per
cent to 0.68 per cent , the values were signifi-
cant when compared with DCs.

5. This reflected in decreasing of IE (-2.6 per
cent), in 1979 — 85 period (Table 1).

6. Martin (1990) pointed out that in US, Eu-
rope, and Japan energy savings had a role two
or three times larger than the changes in the
productive structure in decreasing the IE. The
industrial sector is the main consumer in
these economies, but the services and hous-
ing consumers also show efficiency improve-

s

ments , mainly in the heat system.

7. Furtado (1990) pointed out that the in-
crease of IE in Brazilian industrial sector be-
tween 1980 and 1985 were attributed essen-
tially to the expansion of metallurgical sector,
which had not contributed to aggregate value
but increased the energy consumption. The
author indicated that the metallurgy sector
had an expansion at the consequence of other
downstream economic sector. Geller and Zyl-
berstein (1991) showed that the industrial
sector and services were the only branch that
increase their IE between the period of 1973
to 1988, while the transportation and residen-
tial sectors had an inverse evolution. The au-
thors showed in more detail the relation of
energy consumption to the physical produc-
tion of the important industrial sectors, indi-
cating energy-efficiency gains in certain sec-
tors.

8. The IP expanded (5.6 per cent) while the
1U had a downward trend (=3.17 per cent).

9. This period is commonly defined as oil
counter-shock effect. |
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