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1-Introduction

The rhythm of expansion experienced by the world-wide economy
after 11 World War started to show signs of cooling off in the late 1960s. In
"the main this basic condition has forced advanced countries and institutions
to move from a state in which incremental innovations, rationatization and
optimization of production processes prevailed to a radically new situation
where the emphasis 15 placed on the search for different patteras of growth
and development.

The most impressive features resulting from efforts made during the
subsequent decades can be summarized by the advance and progressive
consolidation of the so-called high-tech areas (such as information
technology, biotechnology, advanced materials), by the attempts at
transforming and reorganizing the production process (with its increasing
flexability and growng scientific and knowledge content); and by the strong
possibility of alterations in the international division of fabour and
international technological and economic leadership. Evidently all these
aspects are linked and much attention has already been focused on them and
on their interconnections.

The central objective of this paper is to discuss the importance of the
development and introduction of advanced materials into this scepario of
global transformation, their diffusion throughout the world economy and the
impact they are already producing and are expected to produce on
developing countries.

The advent of advanced materials, in close a&eociation with the spread
of information technology, is concidered capable of playing an important role
in the process of industrial restructuring, affecting patterns of investment,
organization, employment and trade. Developments in most sectors that are
now promoting and using high technology rely and depend upon
improvements in the materials {ront.

Many attempts have been made to define and characterize advanced
materials (AMs). Given the elementary and fundamental importance of a
correct understanding of this notion, the different approaches are discussed
in section 2. As indicated there, one can find extremely precarious and biased
the usual interpretations of the concept of AMs. Probably the main reason for
this is the fact that this term has grown up in an environment of national and
international policy making. It has, then, to be understood in this precise
context.

It 1s recognized, nowadays, that a major step forward in the ways of
analysing and understanding the structure and properties of matter has
been achieved. This is considered a crucial aspect that set the basis for an
inversion in the logic of production. A given product no longer relies on a
given material nor on given inputs. Instead, several materials compete to
assume a given function. In section 3 it is emphasized that these recent
changes can neither be considered simply as a sponlaneous 1nd neutral
movement, nor as only the result of incremental innovations. In addition to




the analysis of the tendency to open up a wider availability of raw materials
for the production of AMs, the importance of the information-intensive
character of their production is examined. The fact that AMs can play an
important role in terms of contributing to changing the present patterns of
-economic and technological leadership is also discussed in this section.

The revolutionary advances in materials science and technology have
been produced by policies (some of which implicit) implemented mainly by
governments and firms in the most advanced countries. As indicated in
section 4, during the 80s, specific policies aimed at the development of
advanced materials were pursued. This period was marked by different
attempts to alter the pattern of consumption and production of materials. The
main objective was obviously to explore the possibility of establishing
leadership in this strategic area.

In section 5, the analysis concentrates on the discussion of the main
characteristics of Japan's long term policies for the development of advanced
materials. The intense Japanese effort to build up a capability aimed at
changing the materials base of future industrial development from metals to
advanced Ceramics is discussed.

In section ©, Impacts of the Introduction of AMs, the declining trend in
“traditional” materials consumption and production is analysed. The
consequences of such a movement are discussed. The central focus falls on
the impact of such changes on those developing countries which are major
producers of basic metals. [/ost of all, the fact that these recent changes lead
to far more complex industrialization processes - where comparative
advantages depend increasingly on innovation (both technical and
organizational), rather than on purely physical factor endowment - is
stressed.

-Definition racteristi jals

Despite the growing importance attributed to the development,
production and impact of advanced or new materials in the world economy,
one could argue that the relatively few comprehensive studies yet
undertaken probably fail to give an exact definition of these terms. Moreover,
it can be pointed out that 2t least two aspects contribute to making the
definition of advanced materials a difficult task.

Firstly, it can be considered that the terms employed to define these
materials display rather static features compared with the dynamism of the
area. This is not an exclusive characteristic of this specific area. The adoption
of some adjectives (such as for instance: new, advanced, high technology, fine,
etc ) to qualify the development of new economic activities could be most
criticized for lacking rigour.




However, most of those who try to define new or advanced materials
do not usually go further than the definition spsss Liferis that those adjectives
permit. This kind of “keeping to the strict sense of the adjective”
comprehension produces many sorts of difficulty. The first is the apparent
"paradox that relates to the fact that the "age” of each specific material (i. e,
when it was discovered or formulated) does not really matter. Some of the
so-called AMs consist of recently deveioped substances, as is mainly the case
with the new ceramic superconductors. Some were developed two or even
more decades ago (as with the cases of silicon, optical fibres and composites)
and still others are established materials submitted to new technological
improvements (as some advanced metals and alloys).

The second aspect to be considered is that if one pays attention to how
many and what materials are being considered by the related literature as
advanced, it will be conclude that they do not form what is traditionally
called a homogeneous category, and also that there is no cabalistic quantity
used to identify the so-called new or advanced materials.

The understanding one has about advanced materials will vary in
accordance with many factors. As a result, the materials considered as
advanced sometimes differ greatly from country to country ~¢ from
institution to institution within the same country.

It would not be unfair to say that those who write about such a subject
usually avoid confronting these problems. One could also argue that the
greater part of the bibliography on advanced materials is much influenced by
S & T evolution. This is quite understandable given the novelty of the subject
and also its strong S & T basis.

As the majority of the authors who write about the issue have a strong
technical background, it can be said that most of the attempts to define these
materials tend to result in descriptions of: their impressive physical or
chemical characteristics, properties and functions; their potential fields of
application; the sophisticated processes used for their production; the purity
required of their inputs, etc. Despite the high quality and importance of these
studies, there is also the necessity to respond to, at the least, questions such
as the following:

-What makes these advanced materials so important for the recent
development of the world economy? What makes them so special?

-When were they developed and why are they being introduced into
the market at this particular moment?

-Is it really necessary to establish a different category to distinguish
these materials {from others?

-What can actually be considered as advanced materials? In other
words, where ought the boundary between advanced and traditional
materials to be drawn?




In trying to answer such questions some authors define advanced
materials as those developed to satisfy sophisticated and specific needs in
response to the new requirements of market evolution or else as the resuit of

scientific and technological advances. !

| Regarding such definitions, the most important argument (which will
be developed later on) refers to the fact that the recent changes cannot be
considered simply as another incremental innovation in terms of materials
evolution. And, most of all, what should be stressed here is that this is a
movement guided by the perspectives of gains in competitiveness rather
than considered as any natural or neutral kind of evolution.

Indeed. such a movement seems 0 be the very result of a vigorous
effort towards the goal of opening up new areas of economic growth and
gaining competitive advantages in national and international markets. With
the development and diffusion of AMs, those countries and institutions (who
have the necessary potential to understand and take advantage of the recent
changes) are paving their way to increasing their competitiveness in both
Scenarios.

Advanced materials have been developed and (most importantly) are
being introduced into the market in accordance with the main objectives
emphasized by the new mode of world production introduced in the late 70s
that is of saving raw-materials, energy and labour inputs and also of adding
flexibility to the production processes.

In this cense, I would argue that the genesis, implications and impact
of AMs are directly related to the long term changes in the techno-economic .
paradigm, as defined by Freeman, Perez, Soete, Dosi and others.2 And in this
precise context, | would suggest, advanced materials should be understood.
The receut advances and changes in terms of materials evolution cannot be
considered any more as the result of mere incremental innovations. Some of
them consist in fact of radical innovations, which combined with incremental
innovations, result in far reaching changes (either technical and
organizational) needed to support the current techno-economic restructuring.

As the literature concerning long waves indicates, each period has
been associated with the development of some industrial sectors and also

I Among many others, Ray(1386), for instance, points out that: "Maay ef the “sew”
maleriris vere discovered or developed as the outcome of a specific aced wader
wartime or market presssre. Others vere the resuit of speatancens and raadem
sciestific/ techastegical advasce’ (p. 58). Flemings (1988 a) stresses that: ‘The
combinatisn of "mariet puil” and “techaolfogy push” is drivieg structural materiais
ferward at a faster rate thas ever befere ia Gistery” (. 31). Forney (1968) aiso agrees
that: ‘Twe restics of research lead to imsevative advaaced materiais: discevery-
drivea or market drivea’ (p. 178).

2 For instence in one of their work, Ereeman and Soete (1987) found that in all sectors

(despite the graat variety of specific incremental and radicel innovations in aimost

every industry) there was evidence of & change of ‘peradigm’ from the capital-

intensive, energy-intensive infiexible, mass-and flow-production technology of the

}g?’g ang }ﬁ 10 an information-intensive fiexidie, computerized technology in the
an .




some groups of materials. The age of steam power was associated with the
development of the coal and iron industries. The spread of the railways’
systems was closely linked to the steel industry. Throughout the 20th.
century the period of prosperity connected to the upsurge and consolidation
‘of the car and electricity industries was strongly linked to the birth and
development of the cil, chemical and metal industries.

In the same way, the development of advanced materials has been
associated with the world’s new production cycle led by information
technology and. together with biotechnology, is seen as one of the three major
areas that are now affecting and reorganizing the whole industrial basis as
well as opening up new perspectives on development 3

Advanced materials can therefore be understood as those technology-
intensive materials developed to fulfil increasingly sophisticated product
specifications in order to satisfy the necessary conditions required for the
establishment of this new economic cycle. In this sense, they reproduce, (and
largely because of their pervasive role in the economy) consolidate and
expand the main characteristics of the dynamics which are shaping the new
pattern of international development, in other viords, the new techno-
economic paradigm.

Thus, the improvement of advanced materials is seen nowadays as one
of the keys to the expansion and consolidation of aew areas (such as
information technology) as well as to the maintenance and restructuring of
those sectors which are willing to strengthen their com:_ “itive power (as is
mainly the case in the automobile industry). In this sense, the development .
of these so-called advanced materials (AMs) is seen as a vehicle for the
transmission and diffusion of new styles of production. In these terms their
evolution can be considered strategic.

The concept of advanced materials includes new metallic materials,
advanced ceramics, new polymers and advanced composites.

Figure 1 shows different types of materials, within these four groups.
It also shows the different functions that such materials can assume and
gives examples of their main applications.

Among other features, chould be pointed out the great diversity of
functions (mechanical, thermal, electrical, magnetic, optical, chemical,
biological and other special functions) displayed by the different types of
materials.

As one result of the recent advances, nowadays, new polymers and
composites with sophisticated mechanical functions are competing more and
more with metals in structural apptications. Advanced ceramics and new
polymers can also compete with metals in terms of different applications
which require thermal, magnetic, electrical and electronic fuactions.

3Lastresetal (1988 a).




EFigure 1.1: Functions and Applications of Fine Ceramics

Functions

Mechanicsal Functions

High temp. strength
-Cuttability

Lubricity
Vearproof property

Therma! Functions
Heat resistance

Thermal insulation
Heat transfer chars.

Optical Functions
Light transmiting

Light mducmg
Light deflecung
Fluorescence

Photo sensitivity
Electrical Functions
Superconductivity
Semicondwctivity
Piezoelectricity
Insulation chars.

Inducivity

Ion/ionic conductivity

Electron radiation
M ic Functi
Magnetism
Histocompability
Chemical Functi
Absorbing property
Catalysing property
Corrosion resistance

Examples of Materials

Silicon nitride, silicon carbide
Titanium carbide, tit. nitride,

tungsten carbide, boron carbide
Boron nitride, molybd. disulfide

Alumins, boron carbide

Alumina, silicon nitride, silicon

carbdide. magnesium oxide
Potassium oxide-titanium oxide,
aluminium nitride. zirconia
Boron oxide, silicon nitride,
aluminium nitride, alumina

Alumina, ytirium oxide,
parium oxide

Silicon oxide

(Zirconium, titanjum} acid

(lead, 1anthanum)
GaAs-rare earth ceramics,

neodyminm-ytirium series glass

Silver halide containing glass

Yurium-barium-copper oxide,
bismuth- strontium-calcium-
copper oxide

Zinc oxide, barium titanate

Quartz crystal, lead zirconate
titanate, lithium niobate
Alumina silicon cardide,
peryllium oxide

Barium titanate,

strontium titanate

Zirconia, B alumina

Lanthanum bromate

Iron oxide-manganese, iron
oxide-barium oxide
Atumina, apatite

Porous silica. alumina,
porous glass

Zeolite

Zirconis, silicon oxide, alumina

Examples of Applications

Gas turbine, diesel engine,
Cutting tools

Solid tubricant
Bearing, mechanical seal
boring drill

Electrode for MND generator
heat resistant bearing

Heat insulators for high temp
furnace. nuclear reactor
Electrical and eiectronics
parts, radiator

Sodium vepour lamp, high
temperature optical lens
Optical communication fibre,
gastro-camera, photo sensor
Photo-memory device
(reversible)

Semiconductor laser,

fight emitting diode
Sunglasses, imsge memory
materials, vindow glass

Power generator, msgnet,
supercomputer, maglev
train, linear motor car
Varistor, heater, solar cell,
gas sensor

Ignidon device, piezoelectric
osciitator

Muttilayer wiring board,

IC packege, IC printed doard
IC microcondenser, high
voitage service condenser
Enzyme sensor, solid
electrolyte

Cathode material

for efectron gun

Ferrite magnet, magnetic
tape, memory device

Artificiel teeth, ertificial
bone

Absordent, catalyst carrier,
bioreactor

Catalyst for environment
protection

Electrode for MHD generator
high temp. reactor materials




Figure 1 2: Functions and Applications of New Polymers

Functions
Mechanical Functions
High strength and Jurability

- Elasticity

Shock and sound absorbding
Surface protection

Adhesiveness

Thermal Functions
Heat resistance
Low temperature resistance

Thermal insulation
Electrical Functions

Electric conductivity
Insulation characteristics

Energy convertibility

Nptical Functions
Light trensmitting

Photo-active property
Double refraction property

Biological E .
Compatibility to dlood

Histocompability

Seperating Function
Ion exchangeability

Seperation of mixtures

Chemical Function
Corrosion resistance

Chemical resistance

Polyester, polyamide

Synthetic rubber,
foamed plastics

Foamed plastics
Coating films, electron
beam hardened plastics
Polychloroprene

Polyimide, silicone resin
Silicone rubber.
fluororubber

Foamed plastics

Polyscetylene
Polyimide, polyethylene,
terephthalate
Polyvinylidene fluoride,
doped polyacetylene

Polymetihyl methecrylate
acid polycarbonate
Photo-setting plastics

Liquid ¢rystal

Polyethylene
terephthalate
Siticone polymer

Styrene group,

acryl group

Cellulose acetate group,
sromatics,

polyamide group

Polybutarie-1, polyamide,
neoprene
Polychioroprene,
butadien acrylonitrile

Examples of Materials Exampies of Applications

Various structural materials
Various structurel meterials

Various structural materials
Coating materials, various
paints

Various adhesives

Heat resistant structural mats
Low temp. resistant rubder

Heat insulation materials

Battery, electric wire
Printed circuit board,
c¢ondenser conductor

Sensor, eletroacoustic
transducer device

Optical fibre, plastic
lens

Copying materials,
photo mask

Display device

Artificial blood vessel,
artificial heart

Artificial orgen, artificial
bone

lon exchange resins

Reverse osmosis membranes,
air/gas separation and
biological ceparation
membranes

Roofing materiats, offshore
Structural materiale
Flexiblie structure storege
tank, fertilizer tank




Figure 1.3: Functions and Applicativns of Nev kietal Materials

Functions Examples of Materials
Mechanical Functions

High strength Fine crystal alloy.

) single crystal alloy
Superplasticity Superplastic aluminium alloy

Uidration absorption Megnesium series, manganese-

copper series
Thermel Functions
Thermal resistance Nickel base alloy.

cobalt base alloy
Electrical Functions

Examples of Applications

Aircraft and space
equipment

Aircraft

Equipment members
(vibration proof materials)

Gas turbine. heat pipe

Superconductivity Niobium-titanium, niobium- Nuclear fusion reactor
-3 tin, vanedium-3 gallium linear motor car
Semiconductivity Amorphoues silicon Solar cell, sensor
Magnetic functions
High megnetism Samarium, cobalt Magnetic recording, motor
High msg. permeabdility Amorphous alloys Transformer core,
' magnetic head
Others
Hydrogen absorbing Fe-titanium series, Transfer of hydrogen,
magnesium-nickel series hydrogen car, heat media
Super-high-speed Gallivg arsenide Super-high -speed IC
electron mobility (Josephson devices)
Shape-memory Nickel-titenium series, Pipe joint, artificial joint
copper-zinc series artificial muscle

Figure 1.4: Functions and Applications of New Composites

Eunctions Examples of Materials Examples of Applications
Mechanical Functions

High strength + Polymer based composite Aircraft and space equipment
light weight {Matrices: epoxy resins, automobile and reilway cars,

fluorocarbon, engineering ships, leisure and sports goods
and superengineering plastics.

Reinforcements: carbon fibre,

doron fibre, aramid fibre,

ceramic fibre)
Thermal Fupctions
Heat resistance + Metal based composite Nuclear power equipment,
high strength (Matrices: aluminium, copper, gas turbine, aircraft and space

msagnesium, titanium, nickel.  equipment, heat exchanger
Reinforcements: ceramic fibre,

boron fibre, metal fibre)

Ceramic based composite Nuclear power equipment,
(Matrices: slumina, silicon gas turbine, aircraft and
nitride, silicon carbdide. space equipment, rockets
Reinforcements: ceramic fidre,

metal fibre)

Source: JEYRO (1986), Lastres (1988 a)




Regarding their different sectors of application, it should be pointed
out, in Figure 1, those which are currently the most consumed AMs:

- electronics and information technology - silicon, compound
semiconductors (such as gallium arsenide and indium phosphide), advanced

- ceramic substrates, photoresists, amorphous alloys and optical fibres;

- space and transport in general - superalloys, special light alloys, new
polymers and composites for aircraft, space equipmert, rockets, ships,
automobile and railway cars;,

- capital goods - advanced ceramics and special alloys (for drills,
cutting tools, seals and sensors); '

- leisure - composites (for fishing rods, tennis rackets and golf clubs);

- defence - composites and special alloys;

- biomedical - advanced ceramics, new metals and composites (for
artificial teeth and bones) and new polymers (for artificial organs, blood
vessels and skin).

Figure 2 shows the world consumption structure for advanced
materials in 1986. From it, we can see that more than §0% of the total sales of
AMs in that year (US$ 8.4 billion) refer to three sectors: electronics, capital
goods and aerospace, the first being responsible for almost half of the
consumption of advanced materials.

Figure 2: World Market for Advanced Materialc by Industry
1986 Total Sales = US$ 8.4 bdillion

Aiitomotive
Others
tlectronics
apital goods
O Aerospace
B teisure

Nams

Source: Fasth et al. (1988)
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The development and introduction of advanced materiais an¢ the
gradual substitution of them for so-called traditional materials consist in a
‘process the consequences of which are being considered by many authors as
a real "materials revolution™. In this section, will be discussed the idea that &
major discontinuity in materials evolution is taking place.

The main hypothesis behind this idea is that the advent of AMs
constitutes a major discontinuity and that the establishment of a new pattern
of production and consumption of materials is playing an impertant role in
the process of industrial restructuring (affecting patterns of investment,
organization, employment and trade) and is expected to lead to a major
change in terms of the patterns of economic and technological leadership.

The four main arguments for such a hypothesis are discussed below.

3.1 - The recent changes are not incremental anc originate from strategies
adopted outside i%e traditional materials sector.

The analy.is of AMs shows that the developme:t and introduction of
these materials have nothing to do with any strategy defined by the so-calied
traditional materials sector. On the contrary, the very development of the
most important AMs seems to be a result of the attempts made 0 avoid the
main constraints produced in and by the “traditional materials”™ sector mainly
in the 70s and §0s.

The rapid increase in the price of raw materiais, after the so-called oil
crisis, the deregulated increase of production (with the strong entrance of
very competitive developing country producers), the oversupplied markets
and consequent losses experienced by this sector are the most discussed
components of such a constraint.4 Such a difficult situation contributed to an
increase in the rigidity of the industries in this "mature” sector. The lack of
new investment and the very low rate of R & D expenditure could probably
be considered to be crucially important in terms of the low modernization
that this sector experienced during this period. The exceptions were few.

The main innovations in AMs were, then, produced outside the
traditional materials sector. In the same way, the appropriation of such
development was mainly pursued by consumers of those materials, rather
than by producers of traditional materials.

As shown in Table 1, there is indeed a large number of advanced
materials consumers attempting a diversification into AMs. Such big
Japanese, North-American and European firms belong to sectors such as:

- information technology and electric-electronics (AT&T, IBM, ITT,
Texas Instruments, GE, Westinghouse, NTT, Toshiba, NEC, Matsushita,
Mitsubishi, TDK, Sanyo, Sony, Sumitomo, British Telecom, Thompson, Philips,
Ericson, ASEA- Brown Boveri and Siemens, among others);

4 See for instance: Souza (1988), US Bureau of Mines (1965), Gonzalez-Vigit (1965)

10




- aercspace and aeronavtics (Boeing, Mac Donnel Aircraft,
Aérospatiale); automobile (Isuzu, Honda, Nissan, Toyota, Ford, GM, Renault,
Scania, Volvo and Fiat); and

- capital goods (Hertel, Krupps-Widia).

They are interested in all kinds of AMs and particularly, as indicated
by Table 1, in the development of advanced ceramics.

Tabviel: Consumers of Advanced lﬁierials - Diversifisation into Production

Firms A’vanced Materials
Fuji () adv. ceramics
Fuiitsu {f¢; superconductors and adv. ceramics
Furukawa (JP) optical fibres, new metals, superconductors and adv. ceramics
Hiteshi () opt. fibres, semiconds., superconds. adv. ceramics and new metels
londs (1) adv. ceramics
shikewsiima (JP) adv. ceramics and new metals
Isuzu {JP) adv. ceramics
Nisran (JP)_ adv. ceramics and composites
NEC ([P) m’conductors‘ Mrconductors‘ adv. ceramics and new metals
H I! ‘ Il ! 3 = o ., Sl 4

atsushita | nev 1 ers, new metals adv ceramics and reonductors
&tsubtshx ( E! ggt ﬁbres, semiconds., wconds adv ceramics and new metals

i . ds.. adv. ceramics, opt. fibres and n. pol

K adv. ics
Toshiba (JP)  semiconductors. suoerconductors, adv. ceramics and new metals
1 (P) I > -

t iconductors and superconductors
Bechtei (US) composites and Mgo_nductor
Boeing (US)  composites
EnergyC.D.(US)  superconductors
Ford (US) . ics, ¢o; ites and superconductors
i i d r ucto

GE (US) optical fibres, semiconductors, superconductors and adv. ceramics
GM(US) _  composites adv. ceramics and superconductors

1% J(US) _adv. ceremics
IBM(US)
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Tablel: Consumers of Advanced Materials - Diversification into Production

{cont))
Firms _Advanced Materials
CGE (FR) adv. ceramics
Renauit (FR) composites
Aérospatiate (FR) compasites
Stettner (FR) adv. ceramics
Thomson (FR) adv. ceramics and optical fibres
British Telecom (UK) adv. ceramics, superconductors and optical fibres
Oxford Instruments (UK)  semiconductors and superconductors
Plessey (UK) semiconductors adv. ceramics and superconductors
Hertel (FRG) adv. ceramics
Krupps-Vidia (ERG) adv. ceramics
Siemens (FRG) optical fibres, adv. ceramics and superconductors
Philios OIL) ical fil l .
ASEA-Brown Boveri (CH) semiconductors and superconductors
Ericson (SW) adv. ceramics
SiAB-5cania (S¥) adv. ceramics
Yolvo (SV) _adv. ceramics
Eiat (IT) adv ceramics

Source: Yano Research Institute (1984), Long Term Credit Bank of Japan
{1984), Cohendet et al. (1988), High technology Business (1988), Sa (1989)
and Lastres et ai. (1988). -

In fact, we have to consider that there are also some traditional metal
producers who have entered the AMs sector. Table 2 shows some examples.
Nevertheless, very few metal producers in the US and Europe have shown
the interest or capability of entering such a new and high-tech sector 5

Only in Japan (where the development of AMs has been one of the
main national priorities and where a government policy of restructuring took
place) did metal producers display a marked diversification into AMs, as can
be seen from Table 2.

5 Cohendet et al. (1988), for instence, regarding the mas producers, argue that the
‘Ewrepean situation is marked by a relatively poeor mebility of industrial
structeres, sad the failure to switch te fuactienal materials which in everall terms,
after a period of adaptation, have takes over ... (There is 8) manifest strategic
siuggishaess oa the pact of s considerable prepertion of European comprnios when
it comes to ideatifying future oppertunities aand te diversifying, the archetypsl
example being the steel industry.’ (p. 346)




Table 2: Metal Industries Diversification into Advanced Materials

et dvanced Materi
" DaidoSteel (IP)  newmetals
Hitashi Metals (JP) adv. ceramics, semiconductors and nev metals
Kawasski Steel (JP) silicon wafers. adv. ceramics, carbon fibre, supercs. n. metals
Kobe Steel (IP) adv. ceramics, superconductors, composites and new metals
Hnsub:shx Metals (IP) semoondmtors, adv. ceraniics and new getals
p_mn Steel ( IP) ne'v metals and adv ceramics

Ni: Tungsten sihoon vafer c&rbon fibre. n. metals ¢s., 8dv. ceramics

Alcoa (US) n.polymers, adv. ceramics, opt. fibres, composites and n. metsis
Teledyne (US) new metals and superconductors

Pechiney (FR) ceramics, carbon fidre and new metals

Source: Yano Research Institute (1984). Long Term Credit Bank of Japan
{1984). Cohendet et al. (1988), High Technology Business (1988), JETRO
(1986). Sa (1989) and Lastres et al. (1988)

One important feature that should be stressed here is the fact that the
diversification pursued by metal firms concerns also the production of
substitutes for metals. These firms are pursuing the production of materials
which are very different from their traditional productive and technological
basis. The target seems to be the maintenance of their market share,
threatened by the development of such advanced substitutes. As shown in
Table 2, the Japanese steel companies are entering not only the field of
production of new metals, but also ! : of advanced ceramics, new polymers
and composites. The same is happening in the case of the French (Pechiney)
and the North-American (Alcoa) aluminium companies and in the case of the
Canadian (Noranda) copper company.

The metal industry’'s attempt to diversify into AMs faces strong
competition from other traditional sectors which are also trying to
restructure and diversify their activities. Among them the most important
sectors are: cement, textiles, traditional ceramics, chemicals and
petrochemicals. The petrochemical and chemical sector is, without doubt, the
one which is most heavily investing in AMs and which has the best {inancial
and technical conditions for doing s0.6

In fact, the biggest petrochemical and chemical firms in the world
(such as Du Pont, Dow Chemical, Exxon, Monsanto, Union Carbide, 3M, Basf,
Bayer, Hoechst, Elf, Rhone-Poulenc, British Petroleum, ICI, Shell and Ciba
Geigy) now include AMs in their strategy of diversification.

6 Idid
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Table 3: Petrochemical and Chemical Industries Diversification into
Advanced Materials

Industries Advanced Materials

" Asahi Chemical (JP) optical fibres, adv. ceramics, composites and new polymers
Idemitsu new polymers and carbon fibre
Kureha Chemical (JF) nev polymers and carbon fibre

Mitsubishi Chemicals (JP} edv. ceramics, semiconductors and new polymers
Mitsui Toatsu Chemicals (}) new metals and new polymers

Showa Denke (JP) adv. ceramics, n. metals, carbon fibre, semics. n.polymers
Sumitomo Chemical {JP) adv. ceramics, ¢carbon fibre and new polymers

Toho - Rayon (JP) composites and new polymers

UBE Chemical (JP) adv.cersmics and new polymers

Allied Chemicals (US) new polymers, composites, semiconductors and new metsls
Dow Chemical (US) adv. ceramics and new polymers

Du Pont {US} new polymers,_composites, adv. ceramics and supercs.
Esstmen Kodak (US)  new polymers and adv. ceramics

Exxon Chem. (US) ne¥ polymers

Hercules (US) new polymers and composites

Monsanto (USY . new polymers

Union Carbide (US) silicon, composites, adv. ceramics and new polymers
3M {US) adv. ceramics, composites, and new polymers

Basf (FRG) cardon fibre, composites and new polymers

Bayer (ERGL adv. ceramics and new polymers
Feldmile(FRG)  adv. ceramics and nev polymers

Hoechst (FRG) adv. ceramic: and new polymers

m(m) adv.ceramics end new polymers

BP (UK) composites

IC1 (UK) compasites, adv. ceramics, supercs. and new polymers
Shell {UK+NL) carbon fibre and new oolmers

AKZ0 (NL carbon fibre and new pol

&ML__MM&

Source: Yano Research Institute (1984), Long Term Credit Bank of Japan
(1984), Cohendet et al. (1988), High Technology Business (19688), JETRO
{1986). Sé (1989) and Lastres et al. (1988).

As Table 3 shows, these firms are mainly pursuing the production of
new polymers, composites (and/or carbon fibre) and advanced ceramics.
Elsewhere | emphasize that the Japanese efforts in this direction (even if
recognized as refatively weak for the time being) cannot be ignored.”

7 Ses for instance the recent attempts in Japan to strengthen this sector and 10 establish
the concept of "New Chemistry” (linking the deveiopment of chemistry with, for
instance, electronics). Lastres (1989 ¢)




logic of production.

This second argument refers to the fact that nowadays a major
advance in the means of analysing and understanding the structure and
" properties of matter has been obtained. The cross-fertilized effects and fusion
of materials science with other disciplines such as chemistry, metallurgy,
physics, electronics, biology, computer science and engineering, etc have led
to significant improvements and developments in materials analysis, design,
processing and testing (such as powder technology, hot isostatic pressing,
rapid solidification process, coating and surface modification, bonding
techniques and non-destructive testing methods).

It is possible now to intervene at the molecular and atomic level of
matter and rearrange the microstructure of materials in order to obtain the
required properties and performance. This has been considered a crucial
development that set the basis for the beginning of an inversion in the logic
of production. The focus of the new production systems tends to concentrate
more and more on specifications to be met and capabilities to be realized,
instead of type of materials (or mineral input) to be used. In other words; a
given product no longer relies on a given material or on a given input,
instead, several materials compete to assume a given function {concept of
"hyperchoix des matériaux").$

Another important aspect related to this second argument and which is
characteristic of this new production system is that the linkages between
research, design, production, marketing and consumption were strengthened
in order to permit the development of "tailored” materials for specific
applications and environments.

1.3 - The development, design and production of advanced materials rely on
the use of information-intensive techniques and require new patterns of
work organization and industrial organization.

It is important to stress, not only the recent changes in terms of the
use of inputs, but also the agility and flexibility brought about by the use of
information-intensive techniques in the new materials production systems.
The use of computational methods in the research, development, design,
production, testing and commercialization of AMs permits a systemic
approach, speeding up and augmenting the efficiency of the whole process. A
significant example here relates to the utilization of CAD/CAM in order to
obtain a “first best” mix among various materials and caiculate systemic
relations between shape and structure

It also seems important to emphasize that the use of these
information-inten<ive techniques has been accompanied by new patterns of
work organizatic = and industrial organization. Inflexible mass production
which characte..zes traditional materials production systems has become

8 Cohendet et ol. (1968).
9 See Lastres & Cassiolato (1989).
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increasingly unsuitable in conditions of product differentiation, consumer
sophistication and fast technological changes. The new plants designed to
produce AMs are supposed to be flexible enough to allow the production of
“tajlor-made” and use-specific materials. Such plants are operated by
" “multiskilled™ labour forces and are frequently designed to produce
‘multimaterials”.

L Tms matenals revolutxon is leadm toa lor_xg term structural cwge tha

The concept of transmat»enahzaﬁon of producuon refers to the
recurring industrial transformation in the way that societies use materials,
which is a regular and cyclical process. Dematerialization of production, in its
turn, refers to a constant decline in the use of materials as a percentage of
total production. This latter concept relates to three main aspects. Firstly, the
bold degree of miniaturization achieved by industrial production is seen as an
important factor in decreasing the requirements of materials needed by
industrial processes. Secondly, the increasing use of information technology in
the production of materials and products has also been responsible for a
considerable saving of materials. Thirdly, there is the fact that the material
itself ic visibly tending to gain in complexity by Tintegrating™ several
functions.

Data showing the declining trend of the consumption and production of
traditional materials has been produced in order to support the idea of
transmaterialization and dematerialization of production. Such a trend is
already clear especially in advanced countries’ markets. Figure 3, for
instance, shows the declining trerid in intensity of basic metals consumption
(Kg per unit of GNP) in Japan, wtich started 16 years ago, just after the oil
crisis. Accordingly to this figure, such an inversion is most marked in the
cases of steel, zinc and aluminium.!0

Figure 4 shows the declining trend in the intensity of metal usage
(metric tons per million US$ of GDP) in the US and in the world. The data,
produced by the US Bureau of Mines, refer to the cases of steel, aluminium
and copper. In the same way, the inversion of the consumption trend seems
to be associated with the oil crisis.

Data relating to metals production in the US show that this declining
trend in consumption reinforced the same trend in the production of the five
major basic metals (Figure 5).

One strong argument produced by some analysts of such movements
refers to the link of these trends to the generalized and temporary difficulties
the US economy faced at the beginning of the 80s. However, as Figure 6

10 pifterent sources show the same trend. The originality of those data used in Figure 3
refers 10 the fact that its primary source is the dig Erench producer of aluminium,
Pechiney.
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FIGURE 3: Metals Consumption per uait of GNP in Japan (1955/84)
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FicuRE 4: TRENDS IN THE INTENSITY OF. METAL USAGE
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FIGURE: 5
THE DECLINING TRENDS IN COMMODITY METALS PRODUCTION
IN THE UNITED STATES
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One strong argument produced by some analysts of such movements
refers to the link of these trends to the generalized and temporary difficulties
the US economy faced at the beginning of the 80s. However, as Figure 6
indicates, such trends, at least in the case of the US, cannot any more be
- considered simply as a conjunctural shift.

As Figure 6 shows that the general recovery experienced by the US
economy after 1932 was not followed in the primary metals sector and the
metal mining sector, suggesting that the possibility of a structural change
should be further investigated.

Figure 6: Industrial Versus Metal Production Index
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There ic indeed a well defined tendency towards the process of AMs
being substituted for basic metals, as is mainly the case with some polymers
and composites displacing steel in the car industry or optical fibres displacing
copper wires in telecommunications. Another aspect that relates to the fourth
argument is that the advent of AMs goes beyond the process of materials
competition and substitution. Opportunities are open for the development of
entirely new materials displaying new properties.

As | have -lready mentioned, most of these AMs have been developed
to fulfil completely new and sophisticated functions and applications,
especially those associated with the advance in the high-tech areas. In this
sense, they do not have to compete with existing materials in order to get
into the market. Examples in this case include the development of
semiconductor materials, photoresists and memory shape alloys, among
others. The decrease in cost and price of such new materials will then be
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crucial in terms of permitting and accelerating their rate of diffusion
throughout the economy as well as making possible the consolidation of these
high-tech areas.

Therefore, perhaps the most important aspect relating to the

“development of these AMs is the fact that they have been seen as a
necessary and strategic issue in terms of opening new paths of growth and
strengthening future industrial competitiveness. Probably the best example
of such a situation is the intense Japanese effort in respect of advanced
ceramics. The long term policies adopted in that country towards the
development of these materials seem to reflect the aim of building up
capabilities aiming at establishing of a new pattern of production and
consumption of materials.

So the development and introduction of AMs indeed seems to
constitute a discontinuity in terms of materials evolution. Not only are the
producers of traditional and advanced materials completely different, but
also their inputs, technological processes, industrial structures, work
organization, product characteristics (and frequently even their markets) are
entirely distinct. The very group of materials which will form the basis for
future industrial development is now being defined. A new sector is taking
shape. In this sense, the current time presents an opportunity to establish a
new technological and economic leadership in such a pervasive area.

4- Mational and Regional Policies on Advanced Materials

The major advances in materials science until the mid-seventies were
mostly as the result of a spin-off from the huge US programmes in the areas
of defence, aerospace and energy technology.

The decade of the 80s is marked by the generalized increase in R & D
expenditure and, particularly in the case of AMs, by the formulation of
private and national R & D projects concentrating attention on specific
improvement of those materials.

4.1 - Japan ,

In Japan, the long term R & D policies on advanced materials have been
coordinated by MITI and STA. Having started almost 20 years ago, from a
rather modest basis and within the programmes on the conservation and the
development of new sources of energy, materials projects have had the
support of several industries.

Much more than in other countries, in Japan the development of
advanced materials seems to have been pursued within a national framework
of objectives. Firstly (and just after the oil crisis), the central target was
related to the possibility of attenuating the impact of the increase in the price
of oil and other raw materials on the Japanese econcmy. Nowadays, the hope
of taking advantage of a promising structural change seems to be getting
stronger in that country. The general idea is to establish a new pattern of
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materials production and consumption more adequate to the Japanese
perspectives of growth. One attempt in this direction is the intention of
changing the basis of future industrial development from metals to advanced
ceramics. Such a possibility has been pursued by exploring the advantages
‘created by the sound Japanese microelectronics sector, linking the
development of AMs with the requirements of this sector.

Table 4 shows the Japanese R & D programmes on AMs in 1988 and
1989. In 1948, ¥ 16,070 million were deployed in this area, within the three
main important governmental programmes in terms of materials (BFTI -
Basic Technology for Future Industries, Large-Scale Project and Multi-Core
Project!!). From this total, 70% referred to R & D in superconductors.

In terms of the nature of AMs, the Japanese efforts in R & D
concentrated on advanced ceramics. This family of materials in 1988 was
responsible for aimost 70% of that total, mostly because of the high priority
given to R & D in high temperature ceramic superconductors (HTSCs).12

Tabdble 4¢: R & D on Advanced Materials in Japan 1988/89 (miifion ¥)

Targets Period Budget Fudget
(FY) (FY83) (FY89)
MITI {BTFI
Superconductors 1988/97 1061 1872
Advanced Ceramics 1981/92 1099 1149
Nev Polymers 1981/90 5% 530
Synthetic Membranes 1981790 57 358
New Metals 1981/88 380 -
Composites 1981 /R3 Y8 -
ti terj
Large-Scale
AMs Proc. Systems 1986/93 1679 2329
Eine Chemicals 1988/9% _ 20 D
Subtotal 5960
STA(Multi-Core) 1A
(-BET]) (-1061)
Total 16070

Note: AMs are also developed within other MITI and STA projects, such as Human
Frontier Progrem, Moonlight (Supercondcting Generator), Sunshine, Large-Scele
(High-Speed Computing Systetn-GsAs), and also other ministries programmes Education,
Post and Telec,, Health etc).

Source: AIST/MITI (1968 and 1989) and STA (1968 a and 1988 b)

11 The tatter includes R & D projects coordinatec by STA, MITL. Min. of Education, Min. of
Trensport end Min. of Post and Telecommunicaticas.

12 Considering that only 8% of the superconductor: programmes refer to metallic
materials (and)also considering the efforts towards the development of structural
ceramics (6%).
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It is worthwhile mentioning that until 1987 (i.e. before the discovery
of the HTSCs), the attention of the Japanese government was concentrated on
the development of structural advanced ceramics. MITI, for instance,
dedicated 208 of its BFTI total budget for 1987 (which in addition to AMs,
" included also electronics and biotechnology R & D) to these materials.!3 MITI
budget regarding the research in structural ceramics (aiming at the
development of gas turbine components) continues to increase year by year.
From 1988 to 1989 it increased by 4.5& Nevertheless, superconductors
funding increased by 76% in the same period.

The most important resuit of these 1ong term Japanese efforts is the
leadership achieved by its industry in terms of the world hierarchy in the
production of advanced ceramics (both electronic and structural), carbon
fibre and semiconductors. In addition, Japanese capability in compound
semiconductors (such as gallium arsenide), integrated optical materials,
superconductors and biomaterials are being recognized as the most promising
in the world 14

4.2 - United States of America

In the US, the emphasis on the development of AMs has concentrated
on ¢ormposites and new potymers (and, recently, also on superconductors).
Currently, government sponsored R & D is diffused throughout the multitude
of government programmes and there is no single agency having the sole
mandate for materials R & D. This has been criticized by the US Congress and
the scientific community, who attribute the recent Japanese leadership in
strategic advanced materials to the US' lack of planning and coordination.

In fact, a recent survey on advanced materials produced under the
auspices of the US National Research Council reinforces such conclusions.!>
The study coraprises an analysis of advanced materials commitments in
countries such as the US, UK, FRG, France, Spain, Canada, Japan and South
Korea. The main conclusions are that:

- materials research and development seems to be less coordinated in
the US than in other advanced countries. In the US no major agency is in
charge of planning, setting priorities or evaluating materials (or industrial)
policy and there is low cooperation {or no relationship at all) between various
agencies and various sectors (especially between the generation of new
knowledge and its utilization);

- most other nations support the development of materials science
through carefully targeted government programmes;

- between 1976/87, the Federal government reduced materials
funding by 11% and by 232 for nondefence spending;

13 See Lastres (1989 b)
14 See Morse (1969).
13 Cohen (1989) end High-Tech Materials Alert (Dec. 1969).
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- while the government gives defence and energy research that same
type of national push, it leaves materials development for electronics,
telecommunications, nonmilitary aerospace, and other fields in the hands of
individual corporations.

- such a tendency has dangerous consequences for US competitiveness.
The recent negative performance of 7 major industries, in terms of the
balancs of trade, has been attributed to the lack of sufficient progress in
advanced materials.

The final recommendation of the report is that advanced materials
offer a special opportunity to start urgent coordination in science and
te<hnology in general, which is lacking in the US nowadays. But, probably, the
strongest argument used to attract better support for this area relates to the
possible threat in terms of national security that the underdevelopment of
these materials and their corresponding technologies could impiy!é.

As one result of such pressures a recent change in the US is taking
place. AMs are now seen as "an enabling technology inextricably linked to
wechnological advancement and competitiveness as well as % national
security . 1v

The North-American expenditure in AMs are estimated to be over
tenfold the Japanese funding. The US has had the capacity to advance on a
wide rnaterials research front, which indeed requires a large budget. Then,
and despite all criticism, the US still holds a comfortable international
position in composites, new metals and new polymers and also in
infrastructure and human resources capabilities in general.

Figure 7 shows that the Federal government spends US$ 1 billion every
year in materials science and engineering in the US. This total includes
AMs 13

As we have already seen, R & D responsibility in materiails R & D
programmes fall under the ambit of a number of agencies with spe«ific
mission targets. These include: Department of Energy, Department of Defence,
National Aeronautics and Space Administration, Department of Commerce
(National Bureau of Standards), Department of Interior (Bureau of Mines)
and the Nationa: Science Foundation.

According to this Figure 7, DOE has been the most important promoter
of materials R & D, responsible for almost 608 of the total expenditure in
1985.

16 See, for instance, Morse (1969): 'Whes Japas was idestilied receatly te be
signiflicantly abead of the US im gsix of 22 critical techaclogies (microelectrenics,
compeund cemiceaductors, machise istelligence, integrated optics,
supercoaductivity and bietechnelegy materials) all critical to leng term qualitative
superiorily in veapens systems, Americans sav this as a threst.’

17 OECD (1988).

18 Retiable data for this area are not routinely available and, ss OECD (1968) reports,
probabdly are not separately tabulated. See note 8.
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In 1986, DOE budget decreased from US$ 647 million to USS 609
million. In the same year, all the other agencies increased their funding: DOD
_(from US$ 155 million to US$ 164 million), NSF {from US$ 135 million to US$
137 mittion), NASA (from US$ 107 million to US$ 121 million), BOM {(from
US$ 33 million to US$ 41 million), NBS (from US§ 23 million to US$ 25
million).

Eigure 7: R & D Materials Science and Engineering in the US by Agency
EFY 85=FY 86 = US$ 1.1B*
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* [t is estimated that private investment represents an equivaleat amount.
Seurce: OECD (1988)

It ic estimated that, in the US, private investment represents an
amount at least equivalent to the government investment. Among the main
firme investing in AMs are: IBM, A T & T, Du Pont, Exxon, 3M, GE, Boeing and
GM.

Specific data about R & D programmes on AMs in the US, shows a
different picture. As Figure 8, indicates, in 1983, DOD was responsible for 65%
of the total government funding. DOE for 178, NASA for 10%8 , NSF for 4% and
both NBS and BOM for 28.19

19 Data here refer 10 the survey the General Accounting Office made for EY 1983, based
on data provided by the six main sgencies in charge wvith AMs programmes, vhich
totailed almost US$ 200 miflion. See OECD (1988 b)
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Figure 8: R & D in Advanced Materials in the US by Agency
(1983)
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Table 5 shows the R & D priorities in the US for materials in 1986. The
most outstanding difference from other national policies relates to the
emphasis on composites. Such an emphasis has been very strong there, where
materials science has been much improved mainly because of the huge R & D
programmes in defence technology.

Table 5: Government R & D Priorities in the US (1988)

Materials Goals
Advanced Ceramics
igh- ces Cerami Dev. of mats. t nents, turbine
: T hields f - l

i¢ an

Composites
Fibre Rei

Source: OECD (1968 a and 1968 b)
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As we can see from Table 6, in 1983, composites were responsible for

more than half the government funding for AMs. Such a fact reflects the
.importance of DOD and NASA funding and their priorities for the
development of such a family of materiais.

Advanced. ceramics with 238 of the total funding in that year, was the
tirst pricrity in DOE, BOM, NBS and NSF programmes.

New polymers, second priority for DCE, NSF and NBS, were considered
at the time (as they are still considered nowadays) the most important area
in terms of private capabilities. Governinental support in this area (expected
to be supplementary to private investment) concentrated on new polymers
with optical functions (mainly liquid crystal) and separation membranes.

Table 6: R & D on Advanced Materials in the US by Agencies (1983)

boD DOE NRASA NSE NBS BOM TOTAL

composites 3% 73 5% 12 6% - 53%

adv. ceramics 13% 0% 13 348 498 2 S3%  23%

amorphous alloys 158 9% 133 3% 213 47%  15%

nev polymers 4% 248 2% 138  24% - 9%

Source: OECD (1988 a and 1988 b)

4.3 - Europe

Since the early 80s the EEC has included the development of AMs in
strategic research programmes such as Sprit (VLSI integrated circuits), Race
(optical fibres), Biotechnologie (biomaterials), Brite (separation membranes,
new polymers, composites and amorphous alloys) and Eureka.

Eureka includes, among others (see Table 7) the project "Car Structure
Using New Materials - CARMAT 2000). This project has a 5-year budget of 60
million ECUs and European firms such as Basf, Bayer, Elf, ICI, Pechiney,
Peugeot and Saint Gobain participate in it.
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In 1986, a special programme on AMs was established - the European
Research for Advanced Materials (EURAM). The basic document of this
. programme explicitly recognizes the significant resuits achieved by Japanese
and North-American firms as an outcome of R & D expenditure in AMs and
the consequent inferiority of European firms in facing such increasingly
difficult competition 20

This is a four-year programme with a budget of 30 million ECUs. Its
main target is the development of those AMs in which Europe is relatively
less competitive: advanced ceramics, new metals and composites (see Table
8). It aims at the improvement of materials, linking basic research with
engineering work and it is designed to create, develop and apply new
materials and to secure the evolution of existing materials to a higher level
of improvement and to be competitive in terms of costs.

Table 8: European Research for Advanced Materials - EURAM Programme

Priorities Goals
Development of Metallic Materials: sluminium alloys {especially for aerosp. and aut.
gagnecium alloys
titanjum alloy
electrical contact meterisls
. ol
mas. for surface coating (dev. of new steel alloys)
Mmm&&ﬁgmm&_dm

‘ mgg A : g@_tg;g fg.t_bgmg “ for getals)
i of the high-tem behaviour

Source: EURAM (1986)

20 ‘powr sertir de ce cercle vicienx de velaérabilité et de dependance. et aussi pour
regsaner 33 compétitivité sur e plan meadial, 1'industric curepéenne doit iavestir
massivement daas |'insevation techaslegique des matérisux. Le sreject EURAM, en
regreupaat fes eatreprises matériaux de 1a CEE ea wa ensemblie cohérest, pewt joser
le réle de catalysewr pour premeuveir uae véritable nince et wa mlc ‘u
matériswx cwrepéess.’ CEE, Progrom: i de R fa

1986/89 (Brussets, 1986) p. IV-9, .
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Concomitantly with these regional efforts, national programmes
(mainly those in FRG and France) have been strengthened, aiming at
_modernizing industrial structures and creating capabilities in advanced
materiais R & D.

In general, the European posture regarding AMs then has been
defencive and aimed at "making up for lost time”. Cohendet et al, recognizing

such a need and trying to analyse the reasons, conclude: “For a very long
time Europe played a leading role in materials regearch.. It would be going
too far to say today that Europe has been overtaken, dbut there is no doudt
that it has allowed the US and Japan to steal a march on it in research into
most of the materials with the highest expected growth rates between novw
and the end of the century..There are perhaps many reasons vhy Europe
fags behind (such as dispersion of activities, lack of foresight. divide
between research and industry etc), dut it is clear that inertia due to
tradition is one that merits emphasis©.’!

In terms of AMs the European industrial strategy concentrates mainly
on the development of polymers and new light metals and alloys.2? It
recognizes the need to link research, production and consumption, aiming at
taking advantage of the strongest capabilities of the region. In this sense, the
European formula v stimulate this area seems to concentrate on the strategy
of linking the most promising European family of AMs {(new polymers, given
the competitive strength of its chemical industry and its research
capabilities) with one of the most promising European industrial consumers

of AMs (automobile industry)

4.4 - Other Countries

Other measures and countermeasures regarding the development and
introduction of AMs, have been adopted by countries such as Canada,
Australia, China, Brazil, South Korea and some other developing countries.
Such policies were developed mainly after the second half of the 80s. Most of
them are refated to the need for a protective policy (mainly in the case of big
traditional materials producers who feel threatened by the new advances) or
to the perspective of taking advantages of an important transition period.

4-] : velopment of Advanced
Materials

Since Japanese industry can be considered as more vulnerable than
others to potential energy and materials supply curtailments and more
sensitive to economies with these inputs (because of its almost total reliance
on imports), the development of advanced materials has been among its
highest R & D priorities, mainly from the 1970s onwards. In the §0s the
development of AMs has become one of the three cornerstones of the
Japanese industrial strategy, along with microelectronics and biotechnology.

21 Cohendet et al. (1988) p. 371
22 Lastres et al. (1988 b)
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The most important feature of the Japanese policy towards the
development of AMs seems to be that the measures adopted in that country
.are geared towards radically changing the patterns of production and
consumption of materials. In other words, Japan is pursuing policies
concentrating on discontinuity of traditional production of materials and
emphasizing the linkages between materials production and new sectors such
as information technology.

As we have seen, one of the major characteristics of Japanese strategy
on AMs has been the national concern with the development of these
materials and the promotion and improvement of technological strengths
through long-term R & D programmes with very high rates of industrial
participation. The long term policies adopted in Japan for the development of
these materials and their precocious commercialization (with the purpose of
changing traditional consumption habits and aiming at acquiring leadership
in the area) reflect caiculated objectives such as to build up capabilities
regarding the establishment of a new pattern of international competition.

The main targets of ti.e policies regarding the development of
advanced materials in Japan have been:

. the inauguration of a new pattern of production and consumption of
materials, minimizing national disadvantages (innovative activities to
substitute for high-priced factor inputs) and, at the same time, maximizing
internal advantages (innovative activities to explore capabilities built up in
electro iics, for instance);

. the aim of building completely synthetic materials, controlled at
molecular and atomic level, to cater for a more and more specific and
sophisticated demand (utilization-oriented research);

. the strong emphasis on fusion of materials science with other
disciplines such as physics, electronics, chemistry and, mainly, biology;

. the objective of developing advanced materials related to IT sectors;

. the promotion of internal and international interactions;

. the attention to R & D, production, marketing and consumption of
advanced materials within a conception of a system.

In general terms, the Japanese policy for the development of AMs can
be divided into 2 phases. The first (adopted in the 70s), when advanced
ceramics were chosen to be the basis of future industries. This choice was
made according to two related factors. Firstly, the development of advanced
ceramics, in the wey it has been pursued, represents a major attempt %
considerably reduce mineral and energy inputs (in terms of volume and
price) in both production and utilization of materials. Secondly, it represents
a very technology-intensive production and a more flexible production
organization in a completely new area.

Many advanced ceramics are superior to traditional materjals in
various industrial applications, resuiting in economies in materials and
energy (such as applications in automotive engines, meaning lighter and
more fuel efficient motor vehicles) as well as in products that cannot be
made of conventional materials.
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Ceramic materials are also generally more abundant and evenly
distributed throughout the earth’s crust than conventional metals. Alumina
_and silicon ceramic materials are plentiful even in Japan. Their refinement
and downstream fabrication processes tend to require relatively less energy
than metals, need not be located in congested areas and are more pollution-
free.

On the other hand, one has to consider that the selection of ceramics to
be the core of AMs plays an important role in terms of producing a
discontinuity in materials production and consumption. The emphasis on new
plastics, for instance, (and as pursued in the US and Europe) could be seen in
Japan as a desired but much more difficult target, because of the strong
international competition in chemical industry.

As we have seen, Japan uas been emphasizing the improvement of
advanced ceramics since the mid-70s. This issue did not lose priority within
the main national targets, despite the expected technical/economic results in
terms of structural ceramics until the mid-80s not having been entirely
fulfilled. Due to this patient and long term publi< policy, Japan can now count
on a large base of skill and experience in the field of ceramics, which is
fundamental for the development of the programmes on high temperature
ceramic superconductors. Such experience relates to previous activities in
research, development, production, commercialization and use of ceramic
materials.

Regarding this issue concerning superconductivity it has aiso to be
mentioned the Japanese long term investments in the field of metallic
superconductors. After the discovery of the new ceramic superconductors, in
1986/87, Japan had the advantage of having placed ceramics and
superconductivity among the top priorities in its R & D programmes years
before. Then, rapidly, these two priorities were linked to form a new
programme oriented to exploit and augment the capabilities built up in both
areas. In fact, one the most impressive Japanese features seems o be the
agility with which public policy can be reoriented to the new discoveries and
new perspectives of growth. Now, the concrete possibility of Japanese
supremacy in the field of ceramic superconductors is so high that US
measures under Reagan's administration concerning this subject have been
considered as a response to this situation 23

The second phase is consistent with the new strategy, conceived in the
late 80s, of creating new paths for the development of science and technology
(and which relies on “Japanese creativity” and the development of
international programmes for basic and fundamental research, such as the
Human Frontier Programme).

In this new phase the intention emerges of developing advanced
materials beyond the traditional concept of materials. For example, intelligent
materials (a new substance or material which surpasses single-function

23 See, for insiance, Committes on Science, Engineering and Public Policy (1988) and
UNIDO (1€87).
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materials and those which change function in response to changes in
environmental conditions), which possess key functions such as self-recovery,
.self-adjustment or control, self-diagnosis, stand-by capabilities, self-
reproducibility and ability to be externally tuned.2s

6 - Impact of Advanced Materials

We saw in the previous sections that with the development and
introduction of advanced materials, some important changes are expected to
influence the way science and technology are developed and materials are
produced and consumed. The policies adopted by different countries and
firms (be they the most aggressive or the most complacent ones) reflect the
intention to build up capabilities conforming to a new international pattern.

In the 1ater two sections, I briefly discussed the advanced countries’
posture toward AMs, for such countries are the ones which have better
conditions for influencing and shaping this new pattern. Despite recognizing
the importance of discussing the foreseen global impacts of the introduction
<f thesz materiale in the international scenario, in this section [ will focus on
the impacts for the so-called Third World countries, for they seem to be the
most dramatic. I will also use some examples from the Brazilian experience
on advanced materials which I believe to be very interesting and which is
the situaton I know best.

As we saw, the introduction of AMs in the market has been
accompanied by a decreasing trend in terms of the advanced countries
consurnption of raw and traditional materials. In global terms, the same sort
of declining trend can be identified. The analysis of the world consumption. of
the seven major metals shows that their yearly rate of growth turned
negative after 1979 (see Figure 9). The crisis that started in the early 70s put
an end to the high rates of demand growth experienced by most major metals
during the period of the 50s and 60s. This slowdown was further deepened
hy the recession which took place in the early 80s.

Such a change has various consequences for the lecc developed
countries (LDCs), especially those which are important producers of
traditional materials and ores. The most visible one refers % the expected
negative impact on the balance of trade of these countries. According to
Gonzalez-Vigil (1985). ‘The significance of this fall is paramount indeed, as
the seven metals (analysed in Figure §) represent around three quarters of
more or the value of all metals minerals in the world economy and. in
particular, they accounted for three quarters of developing countries’
exports of all non-fuel minerals in the mid-70s and together with
manganese ore, for 53% of the total non-fuel mineral export earnings

received by developing countries in 1980.'25

24 Yanegida (1987) and Saito (1989).
25 Gonzalez-Vigil (1985), p. 12.
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Figure 9: Declining Trend in World Consumption of Major Metals
on Ore

Auminium
fiae:

—
-
oJ

w
.l

——————

7
mEsNsmE

Yearly Rate of Growth
.

ISR LY 196+ "1 197479 197993
Period

Saurce: Gonzalez-Vigil (1985)

It is worth mentioning that such a declining trend does not necessarily
imply an absolute decline in the volume of raw material and metals exports
from developing countries. But it does mean that the consumption of such
products is no longer increasing at the same rate as it used to in the past. On
the other hand, 1t 15 expected not to tncrease as much as the total increase in
manulacturing output in the future 26

it 15 also expected that the metals industry’s current international
division of labour will continue for some time, but not for long. Developing
countries are expected to be the fastest growing market for the major metal
raw materials produced by themselves. Then, while in the past a greater
rate of consumption of major metals used (o express a greater level of
industrial development within the different countries, today it has turned to
be the opposite. Low consumption growth of metals is now considered a
characteristic of mature developed economies.

26 See US Bureau of Mines (1988) and Vorid Bank estimates.




At the same time, figures about the estimated world market for AMs
are eloquent showing growth rates around 20® per year. And if the
traditional materials sector is losing its importance and separating more and
more from the dynamic axis of industrial growth, worse than this is the
depressing trend experienced by the prices of those traditional materials
and raw materials .

In tact, as the World Bank has demonstrated, such a declinng trend
can be seen as the general tendency of commodity prices (excluding
petroleurn’ in the last decades. Figure 10 shows the weighted index of prices
for 33 non-fuel commodities in the period 1950/2000. This group of
commodities includes agricultural products (67.7 %), minerals and metals
(27.1%) and timber (5.23).27 It is clear from the figure that the price index
of these commodities is experiencing a remarkable decline in the analysed
period. It is worth emphasizing that these data also indicate that, after the
30s, short run price increases were always followed by greater price
decreases.

As the price forecast reveals, non-fue] commodity prices are expected
to decline even more from their 1938 level over this and the next year and
are expected to make only a modest improvement over the 1900/2000
period, increasing only 58 with the price forecast for 2000 representing only
45% of the price at the beginning of the period.

Figure 10: Weighted Index of Commodity Prices
(Constant 1985 US Dotlars)
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27 for the methodology used to produce these data see Vorld Bank (1989)
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Figure 11 shows the weighted index of metal and mineral prices for
the same period. From it we notice the consistent decline in the prices of
_these products. Such a decline became sharper after the 70s.
The decline in minerals/metals prices expected between 1944 and
1990 is about 168. An improvement of 108 is expected over the
199072000 period. As a result, the average metal an? mineral prices index
estimated by the World Bank for this decade (1990/2 000) is less than half
of the 50s and ©0s averages. .

Figure 11: Weighted Index of Metal and Mineral Prices
(Constant 1985 US Dollars)
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In terms of the analysis of specific price behaviour, the next figures
present the trend for 4 selected ores and metals in the last decade.

Figure 12 shows the declining trend in the prices of iron ofe. We can
see from it that the prices of this ore fell from 25.6 US$/MT in 1980 to 16.6
US$/MT in 1988 and are estimated to reach 16.9 this year. It should be
emphasized that in 1970 the price of iron ore was 4 1.8 US$/MT, i. e. 2,5 times

the present price.




Figure 12: Declining Trend in Iron Ore Prices
(in 1985 constant US doliers)
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Figure 13 shows a similar trend for the prices of bauxite in the same
period. In this case. the price of bawite, which reached 39.2 in 1982,
experienced a fall of almost 50% during the following 6 years, reaching 21.8
US$/MT in 1988 The estimatc of the World Bank shows that a continuing
decline is expected this year, with the price falling to 19.8 US$/MT.

Figure 13: Declining Trend in Bauxite Prices
(in 1985 constant doilars)
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Among the metals, tin and lead were the ones that experienced the
most dramatic price fall in the last decade, as Figure 14 and 15 show. From
1930 to 1938 tin price fell more than 300% and lead price almost 200%. in

"the latter case, a major decline is still expected. The estimated price of lead
for this year represents almost one third of the price of 1960.

os$/nT

Figure 14: Declining Trend in Tin Prices
(in 1985 constant US dollars)
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Figure 15: Declining Trend in Lead Prices
(in 1985 cons'ant US doliars)
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The impact of these Changes on the metallurgy of developing countries
will of course depend on the degree and pace of the dissemination of AMSs.
For most metal producers, even in advanced countries, their attempts to
remain in the market and make profits in such a difficult scenario involve
some very difficult options. But the discussion of the foreseen impacts of the
intreduction of AMs on LDCs, as well as the alternatives which can be open to
these countries, transcends the limits of a simple change tn the materials
basis O the economy. The range of aspects that have to be discussed varies
from the difficult financial situation of most the LDCs (and, in specific terms,
of the metals producers in these countries 23) to the spexificity of AMs
deveiopment and production (such as their sophisticated technological
requirements and their interaction with and dependence on consumers).

Attempting to discuss some of such aspects, I would stress the fact
that with the advent of advanced materials the tendency in materials
production seems to be a complete change from production based on physical
factors endowments, leading to an increasing dependence on sophisticated
procasses and resulting in an era of strong savings in energy and natural
resources. As one result, the introduction of advanced materials is already
chanzing (and is expected to lead to a dramatic major change) the structure
¢f the so-called traditional comparative advantages and the present
international division of labour.

Then, from some developing countries’ point of view, these recent
changes pose a perhaps unprecedented challenge and render much of the
currently practised development strategies obsolete, mainly those based on
production geared W exports of ores and basic metals. As we saw, a
significant number of developing countries have had exports of minerals and
bacic rmetals as the core of their growth strategies. In 19345, among the LDCs
which had more than 502 of their exports originating in the mineral sector,
the cases of Zambia (94%), Bolivia (82%), Zaire (74%), Peru (70%), Jamaica

(67%), Chile (64%), Togo (528) and Papua New Guinea (518) should be
emphasized2?. Even bigger countries which have implemented more
sophis.icated economic structures like Brazil and Australia have a significant
share of their export revenues derived from mineral production.30

In this new situation, the importance of large and high grade national
mineral reserves, refatively cheap and abundant energy iaputs and non-
qualified work (even with extremely low levels of wages) is tending to
diminich. The consequences of such changes have to be analysed not only in
terms of the threat to developing countries’ international market share and
exXport earnings, but also in terms of the loss of attractiveness this new
situation exerts on foreign investments.

28 such a situation is worsened by the lack of egility that government bureaucracy and
treditional materials producers mey display when facing the chellenge of
restructuring.

29 Wortd Bank (1987)

30 see Lastres & Cassiolato (1989).
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The best example in this case is perhaps that which relates to the
Carajas Project in Brazil. It was designed in the early eighties to attract
. foreign capital via exploitation of Latin America’s most important mineral
province in the Amazon. The Brazilian Government provided the necessary
infrastructure for the project, including ports, railroads, energy supplies and
various subsidies (ten year exemption of federal and regional taxes, energy
prices below cost, etc.). Even with such subsidies the project failed as far as
its main objective is concerned. Only the iron subproject led by a State
company - CVRD - was implemented with the external participation of the
World Bank and other munor foreign partners, leaving aside original
subprojects for other minerals. The “failure”™ was due to lack of interest by
foreign investors (both financial and productive firms) in investing in Brazil
in minerals and basic metals. It is interesting to point out that the same
model had been very successful throughout the sixties and the seventies.

One related implication here is the expected change in the location of
materials production. Given the relatively lesser importance of the
availability of inputs and the greater importance of the linkages with their
consumers, the processing plants of advanced materials tend to be located
near the consuming and end-using industrial markets. On the other hand, as
most of these AMs are high in value and low in volume and weight, they are
mostly economically transported by air. Hence, the emerging geographical
pattern of advanced materials production is expected to be centred in those
countries with better technological capabilities and strong markets for high-
tech products. Given such expectations, some analysts of the area have
concluded that the plants located in LDCs will tend to serve local and regional
markets only 3!

Apart from ail the other macroeconomic problems faced by the
developing countries (high external debt, accelerating inflation and political
and institutional instability), and together with the uncertainty surrounding
mainly minerals and basic metals (regarding the serious decline in demand,
problems of supply overcapacity and depressed prices of ores and primary
metals experienced during the 80s), it has to be considered that the
traditional means of articulation between LDCs and the advanced countries
are experiencing major changes.

Then, the main argument here is that these recent changes have lead
to far more complex industrialization processes, where comparative
advantages depend increasingly on innovation (both technical and
organizational), rather than on purely physical factor endowment.

The high requirements of sophisticated scientific and technological
knowledge the production of AMs implies can be seen as a handicap for
those LDCs who intend to produce such materials. Brazil, for instance, has (in
a very advantageous condition) all the important mineral resources needed
to produce advanced ceramics, but, until 1938, there was no production of
high purity ceramic oxides in Brazil. Even the most consumed ceramic oxide

31 See Gregory (1988)




41

in the world, alumina, was not produced in that country with the purity
required for its utilization in electronic devices3? (even despite Brazil being
_ one of the major world producers of alumina and aluminium for years). As a
result Brazil exports the ores and oxices which are submitted to further
purification and imports back the necessary inputs to produce those
advanced ceramic which are processed in the country. The reasons for such a
situation relate to the internal lack of sufficient technological capability to
produce such pure oxides and the still small Brazilian advanced ceramics
market 3} -

On the other hand, it is not only the fact of suddenly finding
themselves producing “traditional materials™ with “inputs and technology of
the past” that matters in the case of LDCs. The shift to the production of AMs
would also require a new industrial and sectoral organization, as we saw in
section 3. Among all these requirements, I would particularly stress the
more flexible and agile style of production and the linkage between
research, production and consumption of materials. Many authors have
ernphasized such characteristics when discussing the new techno-economic
paradigm and the new high-tech areas, much have expanded the
understanding of the problem 3+ Regarding the latter, I would only repeat
that the very genesis of such a new category of materials is a result of those
linkages. In other words and as suggested in section 2 and 3, the advent of
AMs is a result of the huge research and development programmes,
particularly those in high-tech areas, pursued by governments and firms in
the most advanced countries.

Having seen this, one could conclude that previous capabilities in
traditional materials production has very little contribution to offer to those
who aim at starting the production of advanced materials. In fact, as we saw
in section 3, the international trend in terms of the production of AMs
shows that the research-production-consumption relationship has prevailed
over the traditional input-production linkages of the previous paradigm.

In the Brazilian case, which certainly follows the international trend,
for instance, traditional materials producers have made very little effort to

32 Lastres (1988 b). See specifically the section on advanced ceramics produced by Maria
Thereza Garcis Duarte: “Assim, apesar de dispermos de recurses miserais ae Brasil
em sitsacle exiremameate vastajesa, aisds nfo produzimes insumes a3 purezs e
granulometria exigidas . mesmo ¢ éxido mais amplamente utilizado a2 nivel muandial
- s slumina - sinds nie ¢ preduzida ne pais na pureza qee permite sua utizacio em
composentes eletrdnicos” (p.49)

33 The survey produced on the Brazilian advanced materials sector, during 1987/88,
showed that some dbig multinationals firms vhich were slready investing in the country
in other aress (and which started to produce advanced materials in their countries of
origin) stated that they would wait for the Brazilian advanced materials market to grow
pefore investing in this new erea. One interesting discussion here would be that rejated
to the applicability of the traditional concept of economies of scale to define a strategy
related t0 the production of advanced materials.

34 Among them see various works by Ereemen, Perez and Keplinsky. On the importance
of user/producer relations in shaping technical deveiopments of new technologies see
Lundvelil (1985) and specifically in a developing country context, see Cassiolato (1990).
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produce AMs. The most successful attempts to produce AMs refer to the
Cases of those firms which had the support of and have strong linkages with

_high-tech consumers (especially those in the information technology ,
aeronautics and defense sectors). It should also be emphasized that most of
theze cases relate to the constitution of a new firm formed by researchers
and professors, mainly from physics and electronics institutes 13

A great commitment to the production of traditional materials by big
itrms and governments of LDCs can even retard the restructuring that the
recent changes are forcing. In this sense, I would emphasize the necessity of
a deep understanding of the present changes and the importance of
sufficient agility and creativity by the public and private sectors to make
the best of the opportunities that the beginning phase of a new paradigm
presents.

In this aspect [ fully agree with Perez, who argues that much of the
Knowledge required to enter a technology system in its early phase is in fact
public knowledge available in universities, and that many of the skills
required do not vet exist. Her conclusion is that, given the availability of
well-qualified university personnel, a window of opportunity opens for the
relatively autonomens entry of lagging countries into new products in a new
technology system in these early phases.”3¢

One example which shows the empirical validity of such theoretical
contributions refers to the case of optical fibres in Brazil. The project was
designed by the state company in charge of telecommunications - Telebras -
and matured 1nto one the strongest university institutes which, since 1975,
has been developing a research program on optical fibres together with
Telebras’ research centre. In 1984 the technology developed earlier was
transferr¢d tc a private national firm instituted to produce the fibres
required for the development and renewal of the Brazilian
telecommunications network. At that time an agreement was signed granting
a 5-year market reserve by Telebras (90% of the Brazilian market for optical
fibre).3”

One result of such measures is that Brazil is today one of the few
countries in the world that holds an autoriomous research program on optical
fibres. In this case, | note that a modern and agile governmental institution
could take the opportunity to articuiate internal political interest in
designing a strategic planning, promoting research-production-utilization
linkages and making effective use of its active market procurement policy to
build up capabilities in a high-tech area, which was new even in advanced
countries.

Without any doubt the existence of a political and institutional
framework was then (and continues to be) fundamental for the
accomplishment of such a strategy. That seems to be of particular importance

35 Lastres (1988 b)
36 Perez (p 92) Small countries
37 Lastres (1988 a), see especially the section on quartz and silicon by Cristina Lemos.
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especially in moments when a new technological trajectory is taking place.
Freeman (1968) has strongly emphasized this aspect and has geveloped the
idea of pervasive changes in technology associated with ‘national systems of
innovation’ (the network of institutions in the public and private sectors
whose activities and interactions initiate, import, modify and diffuse new
technologies). 3%

Regarding the importance of designing specific policies which could
exploit the temporary opportunities opened up by.the new technologies, the
Ministry of Science and Technology was created in Brazil in 1985. One of the
main objectives of this Ministry was precisely to define and implement
policies for high-tech areas.

In the specific case of advanced materials, a National Commission, a
Centre for Studies and Planning and a Secretary were established in 1986
and 19§7.%9

As the main political and institutional alliances of the new government
which took over in 1985 were not sustained, the measures regarding high-
tech areas were gradually cast off. The friction with more conservative areas
was so great that in 5 years the area had 4 ministers and in early 1989 the
Ministry was dissolved and reestablished at the end of the year.

It should be recognized that the implementation of such policies
{which require agility and deal with the renovation of the whole concept of
national development) is a very difficult task, especially for LDCs that are
facing great macroeconomic problems associated with political and
institutional instability. But a definition of a new form of development can
be considered fundamental, particularly for these LDCs, as they are now
facing a crucial challenge related to their future chances of growth. Entering
this new paradigm in its early phase and defining a national strategy to
exploit the opportunities opened by the development of the new areas
seems to present the best conditions for doing so.

In this sense, | emphasize again the primary importance of a better
understanding of the specific characteristics of the development and
introdiuction of AMs, particularly by the policy makers of LDCs. Some of the
AMs. which are being introduced in these countries (mainly in sectors led by
big muttinational companies) contrast sharply with traditional policies
pursued, particularly those which only emphasize the export of minerals and

35 “One of the mest netable features of the Japanese systes has beea the speed vwith
which japanese firms and Japanese policy-makers _ ideatified the importance of
information and communication techaology (ICT) and embarked oa measures to
diffuse the aev techaelogy very rapidly to mere (raditionsl industries, such as
machisery and vehicles. The Japanese system of techaological ferccasting is
particelarly well-suited te the identification. premetion 2ad diflusion of major
changes in “techaelegical paradigm’ - pervasive techaolegics vhich can be applicd
threughout the economy.” (pg4/3)
39 For a review of the Brazilian policy for advanced materjals see article by J. E.
Cassiolato, former Planning Secretary of the Ministry of Science and Technology and
frgeg;em of the National Commission for New Materials, pudblished in the ATAS Bulletin
i
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metals which, as we have seen, are experiencing a world-wide decrease in
their consumption levels.

) There is a strong tendency in these countries to follow the same steps
as the most developed countries and accept high-tech advances as neutral
and, in any circumstance, progressive ones. As a result, some of the LDCs are
promoting the use of imported new materials which are displacing
traditional matenals they can produce (and for which they have inputs and
technologies). In most cases this kind of behaviour consists in isolated
attempts to reproduce some of the successful steps made abroad. There is no
consideration of which kind of material would provide better resuits,
regarding national conditions, and rarely is there any connection with
policies adopted in other industrial sectors or those related to R & D.

Then, each country will have to use its best powers of creativity to
define the most suitable policy and group of materials to which o give
priority. This should be done regarding national conditions and constraints
and selecting the most important policy tools and markets niches. Obviously
the degree of agility and efficiency with which such measurss ar¢e taken will
eventually determine the level of success obtained.
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