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1. INTRODUCTION AND SUMMARY: The new aaterials era and developing economies.• 

Priaary comaodity. industrialisation. trade and development strategies in the 
1990's aust be devised in a radically different and fast changing global 
scientific. technological and aanufacturing enviromaent to that to which we have 
been ~istorically accustOlled in the aajor part of the post-war period. In this 
paper • we first identify those forces that have ushered in a revolution in the 
scientific and engineering technology base of materials design. production and w.e. 
We then link this ongoing transfol'llation of the aaterials producing sectors to the 
emerging nanufacturing technologies. as the industrialised advanced ecouomies 
{IAC's) proceed along a slow and uneven transition to new methods of industrial 
organisation and production. It should be clear that divorcing the analysis of the 
materials producing industries fl'Oll a thorough-going investigation of the 
circuastances and evolving requirements of the aaterials-using aanufacturing 
industries can only result in partial understanding and misleading policy 
conclusions. 

Decisions appertaining to aaterials issues require an understanding both of the 
trends in aaterials science and engineering (11.~E) and of the restructuring process 
of IAC's. Econoaic forces, n.ew market circumstances and corporate strategies are 
leading to a substantial restructuring. redeployment and reorientation of basic 
materials producing industries. This iaplies a reordering of the iaportance of 
regions and economies engaged in the production of traditional raw and semi
processed commodities entering domestic industry and world trade. At the same 
time, new technological and aanufacturing conditions are leading to greater 
vertical integration 'oetween aat~rials producers and aaterials users in industry. 
Thus, the aaterials sector is not only emerging as a high-tech in itself and a 
crucial determinant of technical change in other high-and science-based industries. 
but it is also an inseparable and necessary coaponent of the aove of the economic 
system towards more flexible methods of production and consU11ption, where materials 
must meet increasingly stringent perforaance and quality criteria. 

A large number of developing economies remain heavily dependent on traditional 
primary ro•odity production and trade as a component of GDP, and in terms of 
employment, government revenue a~d foreign exchange gener&~ion, the latter 
acquiring even greater importance in the 1980'P given the rise in external 
indebtness and repayment obligations. In its attempts to grapple with the well-

1 This paper draws on a 11Uch larger study by the author, entitled: 'Advanced 
Materials, the Restructuring c.f Industry and The Third World: The revolution 
of materials science and engiraeering and its implications for the globe! 
division of labour'. Institut;e of Development Studies, University of Sussex, 
(Forthcoming, March 1990) pp 160. For a more comprehensive coverage of the 
subject aatter and greater elaboration of t:1e arguments the reader is 
referred to the study above and the following: 'Advanced Materials and 
Prill&rY Commodities: A review of recent scienti!ic and technological 
developments and their impl:f.cations for industrial policy and strategy'. 
Paper presented at the Expert Group Meeting on Prospecta for 
Industrialisation Policies in Development Countries Taking into Account the 
!mpact of Developments ir. the Field of New and High Technology. UNIDO, 
Vienna, Austria, 4-7 April 1989. A condensed version of this paper appears 
in 'New Technologies and Global Industrialisation' UNIDO, P.P.D 141, November 
1989. See also, 'The Meterials Revolution and Economic Development', IDS 
Bulletin, Vol 21, No 1, April 1990. -

• An earlier version of this paper was presented at the ARAST2 Workshop on 
Materials Science and Technology, New Delhi, India, 19-24 February 1990, e.nd 
the 2nd International Conference on Technology and Industrial Policy, 25-26 
April, 1990, Sio Paulo, Brazil. 
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known difficulties in thib area. national and international COllllodity policy is at 
a cross-roads. beginning to recognise the need to go beyond traditional modes of 
thinking and reaedi.es. 

Developing econoaies are important participants in world trade in COlllllodities and 
aanufactures. It is clear that urgent measures are currently required in the areas 
of debt relief. lower cost and enhanced flows of external finance. taiiff reform 
and aarket liberalisation together with other mechanisms to stt""'..ngthen their 
position in comtodity aarkets. such that the aost severe difficulties can be eased. 
if not alleviated. and the aost pressing needs aet. Nevertheless. necessary as 
such measures might be in the short to medium run. developing economies must 
reassess the conditions to be met and under which it would be advisa!>le for them to 
remain. exit or enter into a particular stage in commodity production. and indeed 
the wisdoa of a resource based industrialisation strategy. For. commodity issues 
are becoming deeply enaeshed in the new aaterials and manufacturing era and 
eaerging best practice technologies. A corollary of this is that the new 
circumstances are not aerely relevant to those econoaies engaged in the production 
of a specific primary commodity or aonolithic aaterial. Whether an economy remains 
or exits froa a specific eo11111odity. it still needs to be able to operate. compete 
and survive in a global market place characterised by a guantum leap in the 
knowledge-content of aaterials production and use and by the diffusion of 
microelectronics-based automation technologies and new forms of organisation of 
production across all aanufacturing activities. As traditional sources of 
c<>11parative advantage are being eroded, the conditions for foreign dire.::t 
investment, plant location, global sourcing of aaterials and components. and the 
role and physical proxiaity of aaterials suppliers in manufacturing are all 
changing. This then raises important issues regarding the conditions which must be 
met in the 1990's in the areas of infrastructure, aaintenance and support 
industries, skills and tiaining, testing. standards and quality assurance. snch 
that developing econoaies at different stages of socio-economic development can 
increase their participation in global industry, technolo:y transfer and trade. 
1bese considerations will prove most critical in the case of the least developed 
economies whose commodity export and trade perfo1'11811ce in the 1980's has led to 
unacceptable curtailaents in domesti:: health and education expenditures, and an 
inability to maintain a deteriorating infrastructure and productive capacity. 

It must be stressed that the materials r3Volution affords tremendous opportunities 
and potential gains of early entry for a great many developing economies. 1be new 
materials scientific and engineering base is not only capable of spawning clusters 
of new advanced metals, engineering polymers. advanced ceramics, and composite 
material systems, but can also lead to substantial improvements in the processing 
and properties of existing materials. In fact, the acquisition of advanced 
processing and engineering competence in both new and trad~ t~.onal materials will be 
a c-entral aspect of development and indust.rialisation strategies in the 1990's. 

'r.1e current revolution in MSE ma.~dates a multi-disciplinary approach to materials 
issues. At the same time the new circumstances lead, inescapably, to a strong 
transmaterial and transectoral approach to analysing and confronting issues related 
to materials, in contradistinction to the mono-material and specialir.ed analyses, 
that proved to be adequate until recently. Boundaries and barriers between 
materials are eroding both at the science and production end, and at the market or 
end-uae end, where there is significant interpenetration of materials across uses, 
and several materials compete for the same application. 

1bese multi-disciplinary and trans-material aspects are beginning to have an impact 
across the wnole spectrum of organisation of industrial R&D laboratories. 
university departmer.~n. educational curricula, professional societies and testing 
ar.d ster.da~ds in~titucea. For example previously specialised professional 
socfeties -snd associntions, as in metals or polymers, are tra:1sforming theHelves 
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to (aulti) aaterials societies. And. c<>11panies engaged in traditional and 
aonOll&terial specialisation find that they increasingly need multidisciplinary and 
aultiaaterials scientific. production and aarketing c011petences. 

Clearly the acquisition of interdisciplinary coapetences is also becoming a 
necessity and llUSt be reflectE::d in the institutions and government organisation of 
the econ<>11y at large. in order to be able to comprehend. and address the 
complexities. elusive nature and transectoral iaplications of the new aaterials 
era. Accessing. assiailating. and utilising aaterials inforaation and data. as 
well as monitoring relevant trends in materials science and technology. and 
translating them into a set of appropriate domestic industrial and educational 
policies. requires multidisciplinary institution.Ii! capabilities within government. 
probably embodied in a specialised unit. council or nucleus. along the Brazilian 
exaaple. 

The new materials era and its attendant science and technology base necessitates 
the regional and international cooperation between developing countries in the 
areas of inforaation and data gathering and exchange. education and training. 
aaterials science and technology research prograaaes and experiaentation and the 
development of c01111on and unifora testing. aeasureaent and performance evaluation 
standards. which also confora to those being developed in IAC's. It must be 
stressed that in this new and advanced aaterials era. the acquisition of high-tech 
co.1petences in measurement and perforaance evaluation to facilitate both 
development and application/diff•·c;ion of aatP.rials has become an absolute necessity 
for the coapetitive survival of economies in the 1990's. There is also a need to 
go beyond the networking of e··isting institutlons and centres of excellence. and to 
set up international centres which can assist developing economies in both frontier 
scientific and engineering research and in monitoring. inforaation gathering and 
dissemination. the generation of aaterials properties data bases and in techno
econoaic studies which would provide the basis for domestic industrial and 
educational strategic planning. The speed of change. the enormous complexity and 
multidisciplinary. transectoral aspects of materials issues aean that all 
ooportunities for technical. economic and industrial cooperation between developing 
cvuntries be grasped, and that collective approaches ll8Y be necessary. including 
the setting up of appropriate regional and international centres of excellence. 
Already. an International Centre for High Technology and New Materials has been set 
up in Trieste. Italy. and the establishaent of an International Materials 
Assessaent and Applications Centre. possibly in Brazil, has already completed its 
design and definition stage as a UNIDO Project. 

The greater participation of developing countries in the world economy, the more 
efficient utilisation of world resources and the scientific and technological 
upgrading of these economies requires an appropriately enlarged role for IAC's 
industry and institutions in the framework of aarket liberalisation and 
international cooperation. Finally. and aost importantly. all such aspects of 
resource and materials utilisation and management have become inseparable from 
considerations of environmental illpact and sustainable patterns of development. 
Acceptable solutions in these areas require regional and international cooperation 
and agreement. It is therefore becoming increasingly clear that the vastly 
enhanced science and technology base of MSE and biotechnologies must increasingly 
be directed to meet the needs of development while ainimising pressure on the 
environment, energy and natural resources. 
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2. THE ORIGINS, CHARACTERISTICS AND CONSEQUENCES OF THE MATERIAIS REVOLUTION. 

2.1 The origins and characteristics of the revolution in materials science and 
engineering. 

2.1.1 The nature of the radical transition of MSE. 

During the 1980's it has become clear that the field of materials design, 
production and use is in the process of being radically and irreversibly 
transforaed. At the root of this ongoing internal transformation, which contains 
the seeds for widespread ramifications throughout industry and the economy, lies 
the revolution in Materials Science and Engineering (MSE). A number of factors 
acting in concert are responsible for this. 

The revolutionary advance in physics during the period 1895 - 1930's, greatly 
expanded our ability f~r scientific study and understanding of the structure of 
solids, both crystalline and amorphous, and of the connections between the 
structure and properties of matter. Nevertheless. such deep and, continuously 
improving, insights offered by quantum physics. permeating as they did all physical 
sciences, could only be takep full advantage of relatively recently. 

Improved understanding of the structure and composition of matter, and their 
relation to properties has meant an increasing ability to analyse, model, predict 
and control both the microstructure and associated properties of materials. Seen 
from the vantage point of the late 1980's. materials science and applied research, 
is now in possession of such greatly enhanced analytical, theoretical, predictive 
and control capabilities with which to manipulate and build materials at the 
atomic, lattice, micro and macrostructure levels, that could not even have been 
imagined at the beginning of the decade. For example, at the atomic level, 
" •.• instruments such as the scanning tunnelling microscope and the atomic 
resolution transmission electron microscope can reveal, with atom-by-atom 
resolution the structures of materials. Ion Beam, Molecular Beam, and other types 
of equipment can build structures atom layer by atom layer. Instruments can 
monitor processes in materials on time s~ales so short that the various stages in 
atomic rearrangements and chemical reactions can be distinguished. Computers are 
becoming powerful enough to allow predictions of structures and of time-dependent 
processes, s~ting with nothing more than the atomic numbers of the 
constituents" • 

For centuries materials synthesis and processing relied on empiricism. In recent 
decades the analysis, synthesis and processing of materials has been benefiting 
from the incorporation of more fundamental scientific understanding, but these 
enhanced theoretical insights could only offer qualitative guidelines to modelling 
and prediction. In recPnt years, major new instruments (see Diagram 1), the 
availability of enhanced computing power able to handle vast amounts of generated 
data and to perform the trillions of calculations required for even the simplest of 
atomic arrangements, together with advances in process modelling, experimental and 
characterisation techniques and mathematics, have meant that materials scientists 
are now able to provide guantitative theoretical modelling guidelines in the design 
and processing path of materials. It is difficult to overstate the importance of 
such developments, which are beginning to provide a unified theoretical framework 
within which exceedingly complex problems relating to materials properties and 
performance in use, and the mechanisms by which they can be altered or degrade, can 
be addressed and new materials can be designed and developed. 

2 Materials Science and Engineering for the 1990's; Maintaining Competitiveness 
in the Age of Materials. Committee on Materials Science and Engineering, 
U.S. National Research Council, National Academy of Sciences, 1989, p 74. 
The arguments below owe much to this excellent and authoritative report. 
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DIAGRAM 1 NEW ANALYTICAL TECHNOLOGIES 

The development of advanced 
high-resolution analytical technologies 
has provided materials scientists 
with a repertoire of tools 
with which lo probe 
the intrinsic electronic structure 
of all materials. 

This has led ultimately 
to an improved understanding 
of the fundamental nature 
of the "solid slate." 

High-voltage electron microscop 
Scanning electron micro8copy 

X-ray diffraction 
Excitation spectroscopy 

1r 
Electronic level 

+ Atomic level 

' Molecular level 

+ Grains 

' Macroscopic level 

DJAGRAN 2 NEW ~{ATERIALS PROCESSING TECHNOLOGIES 

New processing technologies 
enable scientists to alter 
Ute structure and, ultimately, 
the performance of materials. 

Such advances have enabled 
materials sci en tis ts 
to improve existing materials 
as well as to create 
new manmade "enfineered materials" 
with properties lai ored 
to meet the special ne-eds 
of the end user. 

Rapid solidification 
Vapor phase deposition 

Ion implantation 
Molecular beam epitaxy 

+ Structure 

+ Properties 

' Performance 

Source: L. Sousa, 'Probl••• and C}portunities in Metal• and Material•' 
U.S. Bureau of Mines, 1988 



6 

'lbus the scientific and eng"i.neering basis of aaterials today is such that not only 
is it possible to iaprove the processing and properties of existing materials but 
entirely new aaterials with predictable properties can be designed at the atomic or 
aolecular level a.id processed so as to acquire the characteristics or combination 
of properties required in a specific application. It is this. alaost miraculous. 
ability of aaterial scientists to intervene at the atoaic or higher levels. to 
analyse. predict and control the aicrostructure along the processing path. to 
aanipulate properties and achieve perforaance characteristics necessary across an 
increasing nuaber of technological. industrial and military applications that lies 
at the core of the aaterials revolution. 

2.1.2 New advanced materials 

A manifest consequence of these enhanced powers in recent years has been the 
proliferation of new interconnected clusters of knowledge-intensive high
perforaance •aterials such as advanced aetals. advanced ceramics. engineering 
plastics and ceraaic-.aetal- and polyaer-matrix coaposites. as shown in Figure 1 
below. which are currently finding application in high-technology industries. where 
performance is more important than cost. 

Figure 1. 

AdYanctd Maltrial Syslrms 

P 
Polymer ..... -~ ·LflN-•C.--,..,,_ 

Source: Ale~. PosiUon Paper frm tM IOU\ Siennial Conference on 
.. cional llacerial• Policy. 

The arrival of advanced materials capabilities is leading to an acceleration in the 
rate of materials and product invention and innovation. more rapid obsolesce~ce of 
products and processes, and a reduced life-cycle for new materials. which would 
necessitate global marketing campaigns to amortise the high R&D costs incurred. It 
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is likely that no one material will dominate the market place for long periods. as 
has been the case until now. Nevertheless. advanced composite systems with a 
synergistic combination of materials families. as shown above. are currently 
meeting very stringent performance criteria in b range of high-tech applications 
and may become the preferred materials in many applications in the first decades of 
the next century. 

Figure 2 shows examples of differences between existing and new materials as 
depicted by the Japanese Ministry of International Trade and Industry. A detailed 
functional and chemical classification of advar.ced materials developed carefully by 
the U.S. Bureau of Mines. is included in the Appendix. 

2.1.3 The elements of modern materials science and engineering. 

Modern3 MSE has emerged as a coherent integrated scientific and technological 
approach to materials from a diverse number of fields ranging from its purely 
scientific roots in condensed-matter physics. solid-state and synthetic chemistry 
to industrial R & D laboratories and practical engineering and aanufacturing 
experience. The U.S. National Research Council has recently depicted the four main 
elements comprising MSE. namely structure and composition. properties. synthesis 
and processing. and performance. in the form of a tetrahedron shown in Figure 3 
below. 

Figure 3 

SYN'1'l'"IES1S 
FF;:JCESS11',;~ 

PERFORMANCE 

STRUCTURE/ 
COMPOSITION 

PROPERTIES 

Source: Materials Science and Engineering for the 1990's. U.S. National Research 
Council, Committee on Materials Science and Engineering, 1989. p.29 

3 See U.S. National Research Council, 1989, op.cit., Ch.2 M. Kranzberg and 
Cyril Stanley Smith 'Materials in History and Society', Materials Science and 
Engineering, Vol. 37, No. l, Jan. 1979. G.~. Liedl, 'The Science of 
Materials', Scientific American, October, 1986. 
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It is important to point out that this approach. which places at centre stage the 
interactions and close relationship between structure. properties. performance and 
processing. is both NECESSARY AND APPLICABLE TO ALL CLASSES OF MATERIAIS. 
Secondly. the field of MSE has a strong component in pure science which is coupled 
to a strong engineering and industrial base. That is. improvements in existing 
materials or the development of new materials. entail both a deep understanding of 
pure science and of the fundamentals of processing and fabrication technology. as 
is illustrated by the development of semi conductors. lasers. composite 1118terials 
and super conductors. It follows. thirdly. that as we enter the 90's. new and 
improved traditional materials development. processing and manufacture will come to 
depend on the scientific and engineering base of MSE. rendering all other empirical 
and craft-related approaches across the materials spectrum grossly inadequate and 
obsolete. Fourthly. the need to examine the many fold aspects of materials 
structure. composition. phenomena, characterisation. synthesis. and processing. 
involves the interaction of me.ny hitherto specialised fields and disciplines. which 
are increasingly having to work together. All four areas have far-reaching 
consequences (1) for the mechanisms of incorporating scientific insight into the 
productive sphere. (2) the educational. infrastructural and industrial organisation 
requirements of the new materials age, (3) the global restructuring of basic 
industries and (4) the opportunities open to developing economies to enter. or 
remain, at various stages in the transformation of materials into useful structural 
and functional components and final products. 

2.1.4 Materials science and engineering is multi-disciplin~-y 

Materials science is now a multi-disciplinary science requiring inputs from solid 
state physics, chemistry, metallurgy, ceramics, composites, surface and interface 
sciences. mathematics, computer science. metrology and engineering. In fact, rigid 
separation of the different disciplines is becoming inappropriate and barriers or 
boundaries between them are beginning to erode. In any case, what ~s clear at this 
stage is that the nature and complexity of the problems in materials synthesis and 
processing is such that a joint simultaneous team effort across many disciplines. 
several professional staff and previously isolated reseerch teams is now definitely 
required. Multi-disciplinary materials design. product development and processing 
capabilities are therefore becoming crucial at the level of the firm, the industry, 
the university. the research laboratory or the economy for that matter. 

2.1.5 The central importance of synthesis and processing 

Materials research and development now require that materials scientists become 
closely involved in the processing and fabrication stages of production. The 
micro-structure of materials, that is the arrangement of atoms into crystalline 
arrays or disordered structures. determines properties and performance, but the 
mechanism that links all of them is processing. The controlled processing path a 
material follows will affect microstructure and thereby properties and performance 
in use. Hence, materials science and engineering have now merged. A related 
aspect to this is that whereas in the past processing techniques were largely non
scientific and empirically based. now the science content of not only the material 
but. significantly. also of materials processing technology in both traditional and 
new advanced materials has increased by a quantum leap. 

Materials scientists, across the whole spectrum of disciplines and specialisations, 
are therefore becoming increasingly involved in the processing and fabrication 
stages of materials development. Conversely, materials engineers need to be 
closely attuned to the scientific and theoretical aspects of materials design and 
modelling. This has made for a close integration of the subject matter of 
materials science and engineering in terms of its pure and applied aspects viewed 
by necessity as a coherent whole. At the same time this has led to a fruitful 
feedback and cross-fertilisation between scientific understanding and the 
engineering problem of processing materials such as to control structure and 
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improve performance, reliability and reproducibility at low cost. The infusion of 
science into processing has led to several new processing technologies, without 
which new aaterials would have remained curiosities and existing materials would 
not have registered the treaendous improvements in properties, performance and cost 
that they have displayed of recent. Such new proce:..--ng technologies (See Diagram 
2) are being developed through the use of computer controls, sensors, process 
modelling, artificial intelligence, standards, in process non-destructive testing 
etc. 

Underlying the discovery of new aaterials with new properties and exhibiting new 
phenomena (e.g. the high-temperature super-conductors in 1987). the improvements in 
the control of structure, composition and, hence, properties of known materials. 
and progress in the development of materials processing and manufacturing 
technologies, lies synthesis. Synthetic capebilities in the chemical and physical 
combination of atoms and molecules to form materials and, and its coupling to 
characterisation and analysis of properties. processing and manufacture is emerging 
as a crucial determinant of progress in pure materials research, rapidity of 
translating basic research to c01111ercial application and the rate of technological 
change across national industrial branches and economies. Although the synthesis 
element of MSE necessarily retains a large scientific base, it is, nevertheless, 
organically connected to the processing and manufacture of solid materials. For, 
not only does the choice of synthetic reactions, as in the preparation of high 
purity powders for advanced ceramics fabrication, influence subsequent processing 
paths, but also modern fabrication technologies involve the merging of the 
synthesis and processing stage into a simultaneous process, as in injection aolding 
of plastics. Thus, materials synthesis, processing, fabrication and manufacturing 
are merging in response both to forces internal to MSE, and, to pressures emanating 
from the evolution of new production technologies, as well as the ever increasing 
need to transmit, fast and efficiently, materials pure research into industrial and 
ailitary application. 

At present, a major constraint in the diffusion of advanced materials into a wide 
range of technologies and industrial applications is the ability to procesa raw or 
synthesized substances into reliable, high-volume, low cost useful forms, such as 
fil.lls, wire, components, devices and structures entering complex engineering 
systems. This is no more evident than in advanced structural ceramics. composites, 
and the new high-temperature superconductors. But more than this, it is becoming 
clear that technological competence in materials processing and fabrication is the 
critical component in international competitiveness of national industrial 
structures and industrial branches engaged in traditional and high-technology 
activities. Such processing capabilities facilitate more rapid translation of 
research results to commercial applications, and the generation of higher quality, 
more reliable, low-co'°t products of innovative design in a wide r~ge of 
increasingly sophisticated manufacturing industries. This is evident from Japanese 
and South Korean experience, where manufacturing capabilities and associated 
materials processing technologies have been developed in parallel. to great 
advantage in terms of innovation and global competitive advantage. This is clearly 
an area that economies such as Brazil must pay an increasing and close attention to 
in a national, integrated materials, technology and industrial strategy. 

2.1.6 The integration of materials producers and users 

Increasingly, the synthesis, design and processing of a material must be integrated 
with the design and manufacturing path of the end-user. Materials design, 
component, sub-assembly and computer-aided product design engineering and 
manufacture are merging and require close integration and iterative interaction. 
In some cases, the design and manufacture of the material and of the component or 
end-product is a simultaneous process involving large teams of specialists as in 
advanced composites applications in aircraft or automobiles. 
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2.2 New and improved materials in the transition to Post-Fordism. 

2.2.1 From Fordism to Post-Fordism 

In the last 15 years a major discontinuity has appeared in the post-war pattern of 
aechanisation and work organisation which was based on inflexible. mass-production 
teclmiques. Industry is undergoing fundeaental restructuring in the process of 
which there is a transition away from Fordist production practices characterising 
the post-war period toward increased flexibility. The eaerging paradigm 
constituting a break from the characteristics and practices in industrial 
organisation. social relations end institutions associated with the previous era. 
csn be broadly teI'lled as Post-Fordism. 

Fordist mass production methods employ the principles of increasing division of 
labour. fragmentation of tasks. mechanisation of tasks and employment of dedicated 
machinery. and moving production lines, together with Taylorist principles for 
managerial control of work via the separation of direct from indirect tasks, 
complete job specification and removal of any worker control over the work flow. 
Profitable production under this, admittedly, authoritarian and hierarchical labour 
management system in which labour skill, initiative and creativity are mostly 
eliminated, requires uninterrupted. high volume output of standardised products 
ai.lled at mass markets. Production here is supply driven. and utilises substantial 
work in progress and finished good inventories. to offset faults and quality 
problems and to meet fluctuations in demand. Dedicated plants and production lines 
make sense in conditions of very high volume. small product variety. and long 
product life-time and a stable macroeconomic enviro1111ent in which inc<>11es and 
tastes can accommodate what is emerging out of mass-production lines. 

Market demand has become increasingly fragmented and unstable with consumer 
preferences necessitating higher quality, greater variety. low volume production of 
products with shorter life-cycles. Hence the inflexible manufacturing methods and 
accompanying inventory systems characterising Fordist production lines have become 
increasingly unsuitable in conditions of product differentiation. consumer 
sophistication. and fast changing market circumstances. Firms increasingly need to 
be more flexible and in close contact with the market for recognizing and speedily 
responding to changing demand patters. Greater variety needs to be produced in 
small lot sizes. 

New patterns of work organisation and methods of manufacturing are emerging4 and 
are diffusing throughout manufacturing in IAC's. What can broadly be described as 
the Just-in-Time concept of production evolved in Japan during the late 50's-70's, 
as an attempt, at first, to reduce inventory costs. As is currently employed, JIT 
lays emphasis at the demand side of the market, with close integration to customer 
preferences, an ability to offer large product variation and choice to consumers, 
and fast delivery times. Thus production is driven by a fragmented demand, and 
hence requires flexible patterns of work organisation and machines in order to be 
able to respond in a cost effective manner. Flexibility in output requires a 
multiskilled l~bour force operating in the framework of a flexible manufacturing 
process capable of fast, efficient changeovers to different products of small lot 
sizes. In this scheme of work organisation, labour is given more autonomy and 

4 See R. Kaplinsky, 'Restructuring Industrialisation', IDS Bulletin, Vol.20, 
no.4, 1989. 

~~~~~~~· 'Restructuring the Capitalist Labour-Process', Cambridge 
Journal of Economics, Vol.12, no.4, 1988. 

~~~~~~~· 'Electronics-Based Automation Technologies and the Onset of 
Sy~temo-facture', World Development, Vol.13, no.3, 1985. 

See R.J. Schonberger, 'Japanese Manufacturing Techniques', Free Press, 1982. 
~~~~~~~~~· 'World Class Manufacturing', Collier Macmillan, London, 

1986. 
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responsibility in the context of aore skills and aultitask c01Dpetence. and is paid 
in accordance to skill and not task as before. The central feature of the new 
system is a shift to llUltiskilling and flexible working practices of the labour 
force. this facilitates the reorganisation of production so as to draaatically 
reduce inventories of work in progress and final goods. and to introduce <:. zero
defect policy which is crucial to flexibility and the very functioning of JIT. 
Quality control now is the responsibility of workers at the point of production and 
requires decision aaking and rectification of errors by the worker. Flexibility. 
responsibility and quality control thus go hand in hand. 

Evidence suggests that organisational change per se can produce great gains even 
with existing technologies. that i~ is a prereg~isite to introducing autoaation 
technologies. and that aost of the gl!ins derived from new technology owe their 
origins to new patterns of work organisation. aanagement-labour relations and 
flatter hierarchical structures. 

Such trends in teI'llS of skill requireaents of the labour process and the primacy of 
organisational and managerial change accompanying this transitional conjuncture. 
contain bott. threats to developing econoaies where skilled labour is in short
supply. and opportunities to those economies and sectors which can appropriate new 
work practices as the basis of increaental innovation and enhanced efficiency in 
production for the domestic or the world market. without recourse to expensive 
flexible automation technologies. This is especially so in designer-doainated 
sectors such as clothing, footwear, and furniture, where distinct possibilities 
exist for horizontal inter-firm collaboration, the sharing of research, 
development, marketing or designing costs and new fol'IDS of state and local
governaent collaboration with private industry. as the overworkeds::experience of the 
'Third Italy' illustrates, and the new Cyprus industrial strategy' aills for. 

Of course. new forms of inter-firm relationships are a prevalent feature of the 
eaerging Post-Fordist paradigm. in part due to the new market and competitive 
circumstances, and in part due to the technological and organisational features 
associated with the spread of flexible automation technologies in manufacturing. 
For exaaple, aaterials, components and sub-assemblies suppliers are necessarily 
forging greater two-way vertical linkages with user and final-assembly 
aanufacturers due to both design interactions and technological requirements of the 
production pr~cess, such as are introduced by the trend towards near-net-shape 
manufacture and the consequent elimination of various processing stages and 
assembly operations. Final assemblers ~ltivate and upgrade a small select group 
of suppliers which are then encouraged to innovate and participate in the quality 
drive and product design and renewal of the user firm. The recent trend towards 
modular aanuf acturing reinforces these vertical forms of collaboration between 
suppliers and user fil'llS, while leading to enhanced bargaining power on the part of 
materials and component suppliers. Thus the role of suppliers is emerging as 
paramount in the new manufacturing era and the diffusion of new best-practice 
techniques across traditional and new sectors. in both developed and developing 
economies. A further complication is that the new circumstances necessitate 
location of plant close to the market. while the employment of JIT organisation of 
production implies the need for suppliers to be in close physical proximity to the 
user firm. These observations raise the issue of the conditions which need to be 
fulfilled for an enlarged role of developing economies in the 1990's, as suppliers 
of materials, components and sub-assemblies to domestic or regional industry, and 
the world market. An economy lacking an appropriate, and high quality, network or 
suppliers may be eliminated from direct investment or global sourcing consideration 
while, on the other hand, an investing firm may wish to create frOll scratch and 
cultivate its own network of local input suppliers. At the same time, the 
absorption of new best practice techniques by domestic industry implies the 

5 See R. Murray, et.al., 'Cyprus, industrial strategy: report of thP. 
UNDP/UNIDO mission', Brighton: IDS, Univ. of Sussex, 1987. 
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creation of appropriate networks and collaborative arrangements with local or 
regional suppliers end the creation of networks of maintenance and support 
industries. including software and repair services. 

The foregoing highlight the need for a closer look at the role of materials 
supplies in the new aanufacturing conditions. and it is to this that we now briefly 
turn. 

2.2.2 Materials in the transition of IAC's towards post-Fordist industrial 
organisation 

It is in fact wrong to analyse materials issues in a vacuum. as if organically 
disconnected from the socioeconomic. scientific and technical transformation of 
industrial capitalism. The process of transition of IAC's from mass-production 
techniques to more flexible patterns of production are integrally linked to the 
search for end delivery of a vast array of new materials. The emerging pressures 
for quality end reliability from the side of the consumer and of the manufacturer 
could only be met by an increasingly capable MSE whose philosophy was directed 
towards meeting the needs of end users for flexibility and higher perfcrmence 
specifications offering high marketing premiums in the market place. 

The vas~ly increased ability of MSE in recent years to provide numerous new and 
improved materials options to end-use designers, end the capacity to synthesize 
entirely new advanced materials tailor-made for specific high performance 
applications in aerospace, microelectronics. telecOllllllUllications. weapons systems 
and automobiles, has coincided with the emergence of the need for great flexibility 
at the level of consumption end production. This organic integration of the 
materials producing sector with the needs of the uterials using sectors as an 
enabling technology facilitating and meeting the needs of the transition toward 
post-Fordism both at the level of the radically altered conditions in the market 
and at the level of new advanced production technologies has been a necessary and 
inseparable aspect of the restructuring of industry and its shift towards high
value added knowledge intensive production. Yet this silent revolution in 
materials production and use in the restructuring and reorganising of the 
industrial base of mature economies has received scant attention in the literature. 
and constitutes a large ~ap in our understanding of the new manufacturing era and 
its global ramifications. Throughout the 1970's and 80's there has been an ever 
greater integration and iterative interaction between the design and manufacturing 
process of new materials end end-products incorporating them. The emerging 
pressures of the global merket place, the placing of the concept of design for 
manufacture at centre stage. the need to meet reduced nroduct life cycle and fast 
product renewals. and the clear trend towards world class manufacturing and its 
attendant employment of CIM. JIT and TQC. ensures that materials issues increase in 
importance both at the design-manufacturing phase and in terms of the need for 
careful total materials management in each enterprise. In fact. the arrival of a 
proliferation of new and advanced materials necessitates the use of CAD/CAM in the 
user-industries. and conversely. the employment of such systems facilitates new 
design and production concepts which make use of the vast array of new properties 
on offer. Further, the computerised materials database is rapidly becoming the 
critical element in CAD. finite element analysis end its link to Computer-Aided
Manufacturing and Computer-Aided-Engineering. especially in the context of a move 
towards CIM by the firm. These considerations will acquire critical importance in 
manufacturing strategies in the 1990's in developing regions. especially in the 
NIC's in Latin America and S.E. Asia. 

The advent of advanced materials. fast on the heels of the microelectronics 
revolution and diffusion. and. increasingly. linked to it, will further complicate 
the restructuring process under way in IAC's, further undermine traditional sources 
of comparative advantage in the Third World in raw and semi-processed commodity 
production. and radically alter the conditions for global location of industry, 
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licensing and transfer of technology and the sourcing of aaterials and COllponents 
in c011parison to the recent Fordist patterns on an international scale. It is thus 
clear that the advent of new advanced aaterials and information technologies 
closely linked to the restructuring process of IAC's and socio-technical transition 
to Post-Fordisa, have altered the world industrial landscape almost unrecognisably 
in the 1990's, offering new options and new dangers to developing econOllies. which 
have not yet been adequat.ely identified and analysed in a coherent, COllprehensive 
framework. 

1be figure below. swnaarises the new aarket and competitive environment faced by 
manufacturing industry, both aaterials producer. and users, in the 'triad' llllrlcets 
of U.S •• Europe and Japan, and increasingly the first and second tier NIC's. 
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3. PRIMARY COMMODITIES, BASIC MATERIALS INDUSTRIES AND DEVELOPING ECONOMIES. 

3.1 'lbe experience of the primary CODlllodity sector. 

3.1.1 'lbe continuing iaportance of priaary coamodities for LDC's. 

'lbe value of non-fuel priaary commodity exports as a percentage of total developing 
country exports has fallen from 55-9% in 1970 to 25.9% in 1984, while that of 
manufactures has risen froa 24.9% to 40.1% and petrole\111 from 19.2% to 34% over the 
saae period, with considerable variations between regions, as shown in Table 1. 
Clearly, the rising importance of manufacturing and fuel exports bears a large part 
of the responsibility for the declining dependence of developing countries as a 
whole on cOllllOdity exports. Factors operating on the supply, deaand and prices of 
COllllodities have also contributed to this. and they are briefly examined below. 

'lbese figures though ll8Sk considerable variation between countries. It is a 
sobering fact that despite progress on manufacturing exports. the majo~ity of 
developing economies still remain largely dependent on primary collllodity production 
and exports for a aajor part of their foreign exchange earnings. 'lbe primary 
coaaodity export sector, with its varying, but generally low degrees of downstream 
processing, has remained for most developing countries the backbone of economic 
activity and their development process. 

Recent UNCTAD6 calculations, indicate that agricultural and mining production is 
the single most important component of GDP for all developing countries, except the 
fast growing manufacturing exporters, and that for most, the share in GDP is more 
than 30 per cent as compared to less than 10 per cent in the developed market 
econoaies. Moreover, for aore than 80 developing countries the share of primary 
commodities in total export earnings is above 50 per cent. In many cases. and 
especially for low income countries, it is also accompanied by a high degree of 
export concentration on one or two priaary products. In 1986, the share of non-oil 
primary c<>1111odity exports in total exports of the 42 least developed countries, 
according to UNCTAD, was 65%. One group of problems often cited for the 
disappointing perforaance of cOllllodity exporters relates to commodity export and 
price instability, slow or declining growth in real export earnings and/or volumes. 
and a long run deterioration in the real prices of their commodities. In 1986, the 
barter teras of trade for non-fuel priaary exports were below half the high levels 
in 1950, according to the World Banlc, which also predicts that by the year 2000 
non-fuel commodity prices will only be 8 per cent higher in real terms than in 1986 
and hence ."?5 per cent below 1980 levels. Following the relatively strong market 
position of commodities in the 1970's accompanied by a large expansion of capacity, 
the 1980's have witnessed massive overcapacity and over-supply in many commodity 
markets, coupled with a slump in prices until recently, as shown in Figure 4. 

6 See UNCTAD, TD/328/Add.3, 1987. 
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Table 1. SHARE OF PRIMARY COMMODITIES AND MANUFACTURES IN TOTAL EXPORTS, 1970_, 
1980, and 1984 

DEVELOPING COUNTRIES 

Primary Coamodities 
America 
Africa 
Asia 
Others2 

Total 

'Petroleum3 

America 
Africa 
Asia 
Others2 

Total 

Manufactures' 
America 
Africa 
Asia 
Olhen•2 

Total 

Total Exports 
America 
Africa 
Asia 
Others2 

Total 

INDUS'l'RIAL MARKET 
ECONOMIES 

Primary ConlnOditiess 
Petroleum> 
Manufactures' 

Total Exports 

Exports, fob, (billion 
current US dollars) 

1970 

11.2 
8.3 
9.3 
~ 

30.6 

4.1 
1.8 
4.5 

10.5 

1.7 
1.7 
7.8 

17.0 
11.8 
2l.6 

....!.:1 
54.7 

49.0 
7.6 

162.1 -

1980 

45.1 
23.2 
47.4 
7.3 

23.0 

41.5 
50.2 
88.5 

1.4 
181.6 

17.5 
23.9 
88.6 
17 .s 

147.5 

104.1 
97.3 

224.5 
26.2 

452.l 

241.9 
90.3 

884.8 

1984 

43.l 
18.3 
44.2 
7.9 

113.5 

43.8 
33.8 
69.9 

1.1 
148.6 

26.l 
8.1 

122.2 
19.0 

175.4 

112.9 
60.3 

236.3 
28.0 

437.5 

210.9 
95.4 

894.0 

218.7 1,217.0 1,200.3 

Percentage of Total 
Exports 

1970 

65.9 
70.3 
43.1 
44.2 
55.9 

. 24.l 
15.3 
20.8 

19.2 

10.0 
14.4 
36.1 
SS.8 
24.9 

100.0 
100.0 
100.0 
100.0 
100.0 

22.4 
3.5 

-1!:..! 

1980 1984 

43.3 
23.8 
21.l 
27.9 
27.2 

39.9 
51.6 
39.4 
5.3 

40.2 

16.8 
24.6 
39.5 
66.8 
32.6 

100.0 
100.0 
100.0 
100.0 
100.0 

38.2 
30.4 
18.7 
28.l 
25.9 

38.8 
56.1 
29.6 
3.9 

34.0 

23.l 
13.5 
51.7 
68.0 
40.1 

100.0 
100.0 
100.0 
100.0 
100.0 

19.9 17 .6 
7.4 7.9 

..1.b1. .-1.!.:.i 
100.0 100.0 100.0 

1. 3ITC 0 plus 4 and 68 (includes non-ferrous metals) 
2. United Nations data for other developing countries is obtained as a 

residual figure and does not necessarily reflect the actual export 
performance of the countries/areas involved 

3. SITC 3 
4. SITC 5 to 19 ex~luding 68 (excludes non-ferrous metals) 

Source: eommodity Trade and Price Trends, World Bank, 1987-88 edition, Table l 
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Figure 4: I.ea! Commodity Prices 1970-1987 
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Exchange rate aoveaents exacerbated these trends. leading to severe problems for 
many developing countries. in particular in sub-Saharan Africa where illport 
capacity and governaent revenues and expenditures have been dramatically curtailed 
and per capita income has been dropping since 1980. 

The worst hit region was sub-Saharan Africa (SSA). where the combination of falling 
prices and stagnation in priaary export volwaes. led to a sharp decline in real 
purchasing power. In contrast. the volume of primary commodity exports increased 
in East Asia. counteracting the falling prices and maintaining purchasing power. 
In Latin America and South Asia purchasing power declined due to insufficient 
growth in the volume of primary export in the 1980's. 

Declining cOllllOdity prices and expor~ revenues have l&d to an increasing need for 
external financial borrowing and to a rising indebtness of developing countries in 
the 1980's. Figure 5 shows the trend of the ratio er external debt as a proportion 
or GNP and debt service obligations es a percentage or total exports for sub
Saharan African and the 17 Highly-Indebted-Developing Countries (HIC's) &!nee 1970. 
The total debt of sub-Saharan Africa increased froa S6 billion in 1970 to S134 
billion in 1988. such that by the late 80's it amount.ad to three and a half times 
the regions export earnings and almost equalled its caw. as compared to Latin 
American debt which is only 59% of GNP. While sub-Saharan debt ha8 been growing 
raster than any other region. especially in the 1980's. the export structure has 
remained relatively unchanged since the 1960's. displaying heavy reliance on 
primary commodities. which accounted for 93% of total export earnings in 1970 and 
88% by the mid-Bo's, and heavy concentration on aarkets of the European Community. 

Debt service obligations actually paid aounted to 27% of SSA exports on average 
between 1985-88, with low income econ<>11ies carrying a higher burden of 30%. The 
1everest difficulties are faced by the low-income SSA with debt ratios double those 
of middle-income HIC's and three times those of low-income Asian countries. But 
•iddle-inca11e a per capita GNP a third of the latter. and a high export 
concentration on rev primary cOllmOdities. 
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Table 2.1 

LATIN AMERICA: EXTERNAL DEBT 

Debc. Debcnpon Debr/GDP lnmatnpuns Anars ... 1981 ... 1981 1988 1981 . .. 1987 Sepl.1918 

.... America 40U 247 339 46 SJ 21 21 • 
Oil-npona5 159.2 220 ~13 23 28 • 
BuliYia 3.9 348 m JS '~ • 
Ecmdur uu 202 3118 SI 80 23 H • 
Maim 96.7 2S9 339 S2 62 29 29 
Peru 16.2 239 442 4S 70 24 22 • 
Vencnda 31.9 160 290 S6 49 n 26 

N~ 2·'2.l 173 337 3' 21 • 
Arpnrina S6.8 329 S41 S5 II '6 40 
Brazil 114.6 313 1321 39 42 40 30 • 
Colombi8 15.9 199 211 24 33 22 21 
Cosca Ria 4.1 229 260 90 108 28 20 • 
Chilr 19.I 311 2'6 n 74 39 23 
Cub. (5.7>' • 
El Salwadur 1.9 174 115 I 10 
Guaranala 2.8 96 225 I B • 
Haici 0.8 ISS 276 3 7 
Honduns 3.2 180 290 14 14 • 
Nicarapa 6.7 464 2068 37 103 • 
Pa- 4.2 92 
Panpar 2.2 171 . 324 IS 12 • Duminian Republic u 168 120 19 n • 
Urva-y 6.1 113 3S4 SI 97 n 23 

S-..: ID.AC, E.a.unic Dndupnwnc Dmtiua. 
.lillUD "' 4ulbirs. 
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Table 2 displays indicators of indebtness of selected ESCAP region economies 
between 1980 and 1986. One consequence of the decline or stagnation of official 
aid flows to the ESCAP region in the decade leading to the mid-1980's, was the 
rapid expansion in commercial debt. Although the Republic of Korea was the i-.:_ggest 
debtor in the region, large current account surpluses since 1986 enabled it to make 
large reductions in external debt. On the other hand, India's debt to export ratio 
rose from 157% in 1980 to 276% in 1986 while the debt service ratio doubled to 18%. 
Sillilar trends are also visible for a number of the least developed economies in 
the region. Other aajor debtors include China, Indonesia, the Philippines and 
Thailand, with varying severit~ and capacity to ameliorate the rise of the relevant 
debt ratios in the last few years. 

Table 2.1 shows trends in debt burden indicators for Latin America in the 80's. In 
1988 the region's debt to export ratio stood at 339%. about 6o% higher than in 
1980, while the interest/exports ratio fell to 28%. 

The net outflow of large amounts of foreign-exchange earnings to meet external debt 
obligations has had serious repercussions on domestic investment, growth and import 
capacity for many developing economies in the 1980's. Declines in per capita 
incomes have combined with reduced expenditures on education and sociel programmes 
and an inability to maintain a deteriorating infrastructure and industrial 
capacity. Despite efforts in recent years aimed at rescheduling and refinancing of 
debts, little has been achieved in ameliorating the continuing and growing debt 
levels and debt servicing obligations. Measures on debt relief or debt reduction 
together with availability of low cost external finance are therefore critical to 
many debtor developing economies in the short- to mediwa-run. Nevertheless a long 
term solution must involve, crucially, a restructuring and diversification of the 
commodity export sector together with imprcved market access and trade 
liberalisation measures in IAC's and other regions. 

Given the persistent importance of primary commodity production and trade to 
several developing c-untry groups, such as {overlapping of course) SSA, the 42 
least-developed-economies, and the 66 African-Caribbean-Pacific Group of States in 
the Lom~ Conventions, efforts to strengthen their presence in, and improve the 
functioning of existing commodity markets, and increase the value-added before 
exports are indeed relevant in the short- to medium-run. Nevertheless, a central 
message of this paper is that solutions to the endemic problems faced by the 
commodity sector and associated indebtness of developing economies must take into 
account the fast changing materials and manufacturing scene. For, the survival and 
trade prospects of many such economies in the 1990's depend on the availability and 
adequate provision of funds for increased education and training expenditures, the 
upgrading of scientific, technological, engineering capabilities and infrastructure 
and productive investment whi~h meet the requirements of new and improved 
traditional materials production and use. 

3.1.2 The need to reassess commodity strategies in the 1990's 

As we enter the 1990's, developing economies face a pressing need for a re
evaluation of t~aditional strategies on commodities, including downstream 
processing and comm'ldity metal and chemical production for the world market, which 
remain steeped in the circumstances and experiences of the post-war period and, 
more recently, the historically limited but impressive successes of the 1970's. 
Throughout the 1980's there has been a prevalent tendency for knowledge intensity 
in production to increase in qualitative jumps, and, the global intensification of 
competition and rapidity of technical change has resulted in accelerating product 
and process obsolescence, faster product renewal and a significant reorientation of 
marketing strategies. Accompanying the slow shifts in industrial structures is the 
spread of r.apidly evolving information technologie~ in the production base leading, 
on the one hand, to a shrinkage of minimum efficient scale and erosion of barriers 
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to entry in some sectors. and. on the other hand. the erection of greater barriers 
and enlargement of scale economies in others. due to leaming by doing vast 
scientific content of production end large research expenditures required. 

As if coming to grips with such difficulties was not enough. the trends and 
tendencies identified in this paper as emanating from the revolution in materials 
science and engineering further complicate matters and usher in new unknowns and 
imperatives. Primary producing developing economies are no longer inserted in the 
world division of labour on the basis of large scale commodity provision to the 
needs of mass-production and mass consumption in IAC's. Rather. they find 
themselves enmeshed in a world economy undergoing fundamental restructuring and 
transition to post-Fordist methods of production. and patterns of consumption in 
the context of an emerging new socioeconomic and technological paradigm, embracing 
the triad of information. materials and bio-technologies. In this transition. the 
role of new. improved traditional end advanced materials has been. and 
unquestionably will continue to be highly significant. As demand patterns. 
resou~ce requirements and processing facilities are reordered and shifted 
intemationally. so will. therefore. change the role and importance of traditional 
suppliers of raw and semi-processed mineral and agricultural raw materials. The 
issues. though are broader. and go far deeper, than the mere evaluation of Third 
World prospects in terms of future demand projections for traditional ores, 
commodity metals or agricultural products. 

Not only is it exceedingly prudent for developing economies to ask whether it is 
feasible and advisable to remain in specific commodity production as a long-run 
proposition. but also to reassess the wisdom and the conditions under which they 
should remain or enter downstream processing in the 1990's. Whether on economy is 
to remain or exit from a specific commodity. the fact remains that it still has to 
establish an inst.itutional and manufacturing base that can survive and prosper in 
the scientific. technological and global market conditions of the 1990's. The 
central ;><>int is that the materials sector is now steeped in new scientific and 
engineering capabilities, with new best practice technologies that can be eirected 
to meet basic needs more efficiently, and/or meet the quality. reliability. and low 
cost reproduction requirements at all stages of processing and semifabrication 
demanded by materials and components users. The acquisition of the attendant 
engineering. scientific. educational. testing and quality control, and 
infrastructural capabilities thus becomes a vital concern for developing economies, 
attempting to meet materials for small scale industry embracing flexible 
specialisation or flexible mass manufacturing, producing locally or sourcing 
globally. Hence materials issuP-s and strategies are inseparable from the process 
of the global restructuring of industry and the evolving conditions for the 
location of labour- a.~d skill-intensive activities across manufacturing. It is to 
this we now turn. 

3.2 The restructuring of industry in the period 1970's-1980's 

3.2.1 Restructuring of industry within IAC's and redeployment to LDC regions in the 
1970's 

Since the 1960's, progress has been made (See Table 2.2.) in the processing before 
export of domestically produced agricultural and mineral raw materials in 
developing countries, in part of a deliberate result of a resource based 
industrialisation strategy. The higher degree and greater global share ~f 
processing activities undertaken in LDC's has, of course, also resulted from 
underlying economic forces. Declining ore quality, escalating energy prices, 
increased environmental regulations end compliance costs, and higher labour costs 
in the 1970's in IAC's meant that energy-rich. resource-rich developing regions 
(together with Canada and Australia in some minerals) became increasingly 
attractive for replacement and ~xpansion of capacity as the location of smelting 
capacity in IAC's was rendered increasingly uneconomic. This has al&o been the 
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case ror petrocheaicals, synthetic fibres and other energy intensive basic 
indust.ries. This is not the place for a detailed sectoral exuination of the 
trends in organic and inorganic minerals processing capacity within OECD economies 
since the early 1970's. Suffice it though to point out that this process whereby 
declining sectors in the industrial structures of IAC's in labour-intensive or 
energy and raw material intensive activities began to be restructured and 
redeployed to LDC's in the 1970's, was welcome by UNIDO as broadly in line with 
changing patterns of comparative advantage in the context of the 
internationalisation of production. Increasing domestic raw material capacity in 
LDC's in erase line with long-run development objectives together with the 
redeployment of processing industries and labour intensive branches, such as 
textiles, shoes etc, to LDC's was viewed by UNIDO as part of converging interests 
of LDC's, MNC's and governments in IAC's. Moreover, such global industrial 
restructuring and redeployment was part of the process of increasing the share of 
LDC's in global manufacturing to 25% by 2000, as the Lima declaration envisaged. 
Nevertheless this happy coincidence of interests accompanying a frictionless 
restructuring and redeployment of industries from IAC's to LDC's soon faced 
difficulties. Over capacity appeared in several secto1·s in the early 1980's, there 
were growing voices of concern over import penetration of manufactures from NIC's 
and protectionist barriers began to be erected to protect IAC's basic industries 
facing severe difficulties. The restructuring of industry in the 1980's introduced 
new unknowns into the process of global redivision of labour and the expulsion of 
basic and declining branches from IAC's. 

3.2.2 The diffusion of microelectronics-based automation technologies in the 80's. 

The industrial structure of IAC's is shifting towards high growth, high technology, 
knowledge intensive branches of industry with large intersectoral linkages to the 
rest of the economy. Mass production and batch-production industries within the 
capital goods and engineering sectors are automating and reorganising their 
production lines with the incorporation of flexible manufacturing techniques. 
Mature, declining sectors are being modernised by the adoption of microelectronics 
based automation technologies such as (a) they are beginning to retain their cost 
competitiveness within the industrial structure of IAC's and (b) acquire higher 
potential for future incremental innovations and productivity gains to 118.intain 
their competitive advantage. The difference between technologically progressive 
and stagnant industries may be becoming blurred in fact. 

These developments are beginning to erode the traditional comparative advantage of 
LDC's in low wage, unskilled segments of the production process or labour intens;vp 
industries. Wage cost differentials have seized to be a determining influence in 
offshore location decisions of MNC's as labour cost assume less importance in total 
production costs and wages rise in LDC's. It is likely that labour intensive 
activities may in fact be retained within IAC's in the foreseeable future. In 
addition, the technological upgrading and automation of mineral processing and 
fabricating activities may in fact retard the process of expulsion and redeployment 
of basic industries from IAC's to LDC's. Hence, new technologies are introducing a 
fundamental break from the experience of the 1970's and may eventually lead to a 
major retrenchment of MNC's location and sourcing in LDC regions, or at least a 
realignment of the importance and role hitherto ascribed to different LDC regions 
and countries. 

3.2.3 The restructuring of basic materials industries in the 1980's. 

Looking at the restructuring process of basic industrial branches within the 
industrial structure of IAC's in the 1980's, a number of interesting tendencies can 
be identified. Large segments of outdated and inefficient productive capacity have 
been shut down, while remaining capacity has been modernised and technologically 
upcraded (see Diacram 3). This technological renewal and rejuvenation of 
traditional smelting and processing capacity has resulted in a smaller but more 
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efficient and competitive capacity. exemplified by the current healthy state of US 
copper and primary aluminium industries. Although retaining a certain portion of 
doaestic capacity in traditional 'smoke-stack' industries is deemed desirable. a 
consensus seems to be emerging that economic. and political. pressures are making 
for an inexorable march of couodit:V metal and petrochemical production to 
developing regions. end Australia ::.1d Canada. from which the requireeents of IAC's 
are to be aet on the principle of least cost sourcing. At the saae tiae. as 
cOllaodi.ty aetal and chemicals production is being relinquished and/or relocated 
abroad. fil"llS in these industries have began a discernible strategic aove 
downstrea11. into high-value added processing and fabrication of specialty aetals 
and cheaicals aimed at specific aarket niches. This of course is in line with the 
tendencies of the transition to post-Fordist industrial organisation as it 
permeates and appropriates the production of intermediates entering into final 
goods. A related feature of these ongoing processes is the forging of close 
relationships between metals. chemicals, ceramics and glass producers and their 
custoaers in industry, with the aias of meeting the latters' aore stringent 
specifications and property requirements in specific applications, thus also 
fending off competition from competing materials of course. Together with the move 
to downstream vertical integration. a nuaber of firas in Japan, Europe and the USA. 
have began to diversify into related business. and into advanced aaterials. with 
Vllt"ying degrees of success. In fact. the tendency towards the in house acquisition 
of the multi-disciplinary scientific and engineering capabilities for a multi
materials competence in conditions in which barriers between traditional materials 
aarkets are eroding. marked by significant interpenetration of materials in end
uses, is a major feature of the current transition. Accompanying the transition 
towards diversification and entry into new material competences is the tendency to 
form joint ventures and technology licensing agreements, together with mergers and 
acquisitions. across national boundaries in virtually all new •aterials. 

Diagram 3: Recent Trends in U.S. Copper Mining and Smelting 
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In the European Community's (EC) steel industry the labour force has been halved 
sL"lce 1976 (See Diagram 3.1). and over 30.. tonnes of steel capacity was shut 
between 1980-86. Nevertheless. there is still an annual excess capacity of 4711. 
tOIUles within the EC. which implies that the painful restructuring of the 80's is 
not at an end. At the same tiae. Europe's steel producers have improved 
productivity and have began to forge closer links with users in industry. such that 
over two thirds of EC steel is tailor-•ade to customer needs. Car 11&nufacturers. 
for exaaple. now deaand flawless aaterials for just-in-tiae delivery and 
production. Hence steel.makers aust closely cooperate with industrial users to 
develop the highest quality aaterials and processing technologies to aeet customer 
specifications in end products. Collllodity steel products such as heavy plate and 
wire rod are being relinquished. as EC steel producers. in comaon with their 
American and Japanese counterparts. are aoving to higher value added and •ore 
specialised products. such as higher grade carbon steels. stainless steel. 
galvanised sheets and high-tech specialties. 

In Japan, the largest five steelaakers (Nippon Steel, Nippon Kokan, Kawasaki Steel, 
Suaitoao Metal Industries and Kobe Steel) are aiaing to shut down 8 of Japan's 34 
blast fumaces by 1990. The industry as a whole has been automating and cutting 
capacity. such that the labour force has been reduced by 47.000 since 1986. to a 
raaining total of just under 300,000. The pronounced aove to higher aargin 
products and specialties by Japanese steelaakers, together with the expected 
aastering of new llini-aill specialty technologies by other firas in the region. 
such as South Koreas Pohang Iron and the Taiwan Province's Anfang and Yie United, 
signify an impending export drive to western aarkets and an intensification of 
competitive pressures. European producers are bracing theeselves against this 
looaing threat and have began to adopt defensive aeasures through cross border 
aergers, acquisitions and joint ventures. 

Diagra 3 .1: EC Steel Industry Trends 
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There is clear evidence, too, that Japanese ateelaakers and other traditional 
aaterials producers are diversifying into related and advanced aaterials areas at 
an accelerated pace in recent years. Diagram 3.2 presents the results or the 
latest MITI survey. 'nle evidence points to both materials producers and users 
entering new materials at an increasing rate. 

In addition. very complex networks of materials producers, use1s and equipment 
makers have coae into being in those advanced materials segments identified as 
offering the greatest technological and market growth potential. namely fine 
ceraaics, carbon fibres, engineering plastics ard amorphous metals. 'nle figure 
below ahows • typical example of Just such an industrial network in fi~e ceramics, 
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Diagram 3.2: Entry into new materials by industry, Japan 1985-88 

1985 1988 '88/'85 . 
Chemicals 33 67 2.0 

Glass/Ceramics 12 35 2.9 

Nonferrous metals 1 1 27 2.5 

St: eel 1 5 24 1.4 

Textile 7 20 2.9 

Petroleum/Rubber 5 12 2.4 

Pulp/Paper 2 9 4.5 

Pro1ucers subtotal 85 194 2.3 

General machinery 0 20 ---
Ele~tric machinery 5 18 3.6 

Transportation machinery 3 13 4.3 

Precision machinery 0 11 ---
Construction 0 4 ---
Users subtotal 8 66 8.3 

Others 0 42 ---
Total 93 302 3.2 
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which not only reflects the greater need for closer links between producers and 
users. but also greatly facilitates the speedy and efficient developaent and 
a-ercialisation or a new aaterials technology. This. coupled with the emerging 
close ties between the relevant govemaent agencies. universities and firas in the 
aaterials field. confer unique competitive advantages to Japanese industry in the 
development and fast commercial application or new •aterials. 

Figure 5 .1: Typical Exuples of Materials Manufacturers. Users and Process 
Equipment Manufacturers Participating in Fine Ceraaics Industry 
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In: OF.CD Advanced Materials, Paris, April 1990. 

National and international comaodity policy is theretore necessarily enmeshed in 
these structural transtoraations of the materials producing sectors, the eaerging 
business strategies intluencing global location and sourcing, and the impact of new 
technologies and organisational change on the materials processing and tabrication 
stages themselves as well as on the aaterials using industries. 

3.2.4 Traditional versus advanced aaterials 

The l"e&tructuring process or the IAC's is also reflected in the interplay between 
the use of (iaproved) traditional and advanced aateriala in industry. Although the 
adverse iapact or substitution and technical change is not a new phenomenon for 
industrial raw aaterials, the observed aarked declines in intensity of use since 
the early 1970's aay signal the outset or irreversible and structural torces acting 
on the demand side. Sectoral shifts in the product composition ot national output 
away from aaterials intensive sectors, and declining aaterial ore per unit of final 
output, which is the result of substitution and technological and organisational 
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change in aanufacturing. have cOllbined to reduce intensity of use. This process 
aay continue in the 1990"s and indeed accelerate as a wide range of natural fibres. 
sugar end aetals such as aluainiua. steel and copper face greater substitution from 
the diffusion of advanced aaterials. especially engineering polymers. Atteapting 
to qua.~tify the iapact of advanced aaterials on traditional aaterials in the 70's 
and 80's. comes up against insuperable data availability difficulties which have 
yet to be overcome. At the saae tiae attaching specific nuabers to future 
projections on specific coeaodities and advanced aaterials is fraught with 
difficulties and aabivalent trends in the underlying factors. Although advanced 
aaterials and ainor aetals are expected to display very high growth rates over the 
next decade. projections on advanced aaterials are nothing aore than inforaed 
guesses and vary by orders of aagnitude between sources. Projections for U.S.A. 
and Japan for the year 2000. are given in Figure 6. 

Diagram 4: Trends in the Intensity of Metal Usage 
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'Ibus. trends in intensity of use and deaand for specific raw and semi-processed 
comodities in the 90's end beyond depend on the complex interplay between a number 
of factors: the growth of econoaic activity in developed end developing economies; 
sectoral growth rates and the formation of fixed capital; the evolution of consumer 
tastes and environmental concerns; technical change and potential further 
economisation in aaterial use; defensive R &. D and aarketing in many COlllDodities 
utilising the insights of MSE (eg. natural rubber. cotton. wool. aluminiua, steel, 
nickel. zinc) ; and the degree of aarket penetration by advanced aaterials in the 
1990's. The eo11petition between traditional but greatly iaproved aaterials and 
advanced aaterials will intensify in the next few years and the outc011e cannot be 
predicted. Existing aaterials can of course fora an alliance with advanced 
•aterials in matrix composites, while one material is unlikely to displace another 
wholesale giver. the preference of aanufacturers to employ diverse materials in 
synergistic combinations in complex systems such as aircraft or cars. Apart from 
processing, cost, reproducibility, awareness, inertia and sunk capital constraints 
in the diffusion of advanced materials, the latter are currently creating new uses 
rather than displacing traditional materials from existing applications. Hence the 
diffusion and substitution process is likely to be prolonged and uncertain as to 
outcome. The fact remains that such materlals are critical in high technology 
sectors, they will become even more important in the future, and a massive research 
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effort is underway to resolve the processing constraint. Hence there is no room 
for CO!placency in developing regions, especially given the large gains of early 
entry in production and use. 

Some indication of the relative iaportance of advanced aaterials in coaparison to 
traditional aaterials is provided in the table 3 below for the case of Japan: 

Table 3 - Advanced and Conventional llaterial Production in Japan 

Advancecl llaterials 

Fine Ceruics 
New Polymers 

(F.ngineering Plastics) 
New Metals 

(Aaorpbous Metals) 
Composites 

(carbon Fibres) 
Total 

Conventional llaterials 
Steel 
.4on-rerrous 
Ceraaics 
Chai cal• 
Textiles 
Pulp and Paper 
Total 

Advanced Materials as 
% or conventional 
aaterials 

1983 
S aillion 

1.670 
1.800 
1.100 

710 
12 

105 
63 

... 285 

67.676 
29.200 
36.324 
80.955 
33.945 
29.730 

277.830 

1.5 

1990 Forecasts 
S aillion 

6.315 
4,210 
2.736 
2.315 

1 .. 7 
631 
160 

13 ... 71 

80.000 . 
35.790 
.. 4.210 

101.052 
.. o.ooo 
34.526 

335.578 

Growth 
1983-90 

(%) 

19 
13 
1 .. 
18 
.. 2 
29 
1 .. 
18 

2 
3 
3 
3 
2 
2 
3 

Source: Dubarle (1989): "Advanced Material•: 1be Silent Revolution". 
OECI> Observer, 158. June-July, p. 9. 

4. THE MATERIALS REVOLtn'ION AND DEVELOPING ECONOMUS. 

4.1 Multi-disciplinary, transaaterial and transectoral iaplications 

4.1.1 1be eaerging aaterials scientific and engineering foundation and consequences 
for developing econ011ies. 

Introduction: Soae Aspects of the Transition to Materials Economies. 

The analysis offered in Sections 2.1 and 2.2 above has highlighted the radical 
nature of the transition currently underway in the aaterials producing basic 
industries and user industries in aanufacturing. There are several aspects to this 
transition, which necessitate that materials issues be viewed in a multi-, or at 
least inter-, disciplinary, and transmaterial context. 
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Approaching •aterials research and developaent araed with a deep understanding of 
the linkages between the structure and c0taposition. properties. synthesis and 
processing and perforaance of a •aterial. highlights a cQllaOn scientific and 
engineering base across the •aterials spectrum. The trend in aodern science 
towards an exaaination of eleaentary particles. atoms. and aolecules cuts across 
materials whatever their origin, and indeed crosses over and embraces other fields 
such as biotechnologies and genetic engineering of living organisms. 

1be scientific base is closely integrated to the engineering and processing stage. 
and the coaplexity of the issues requires the cooperative involveaent of a 
aultitude of disciplines and specialised individuals and research teams within and 
between scientific and engineering disciplines. Although traditional delineations 
between disciplines are beginning to erode. specialisation still occurs. so that. 
at the very least, cooperation across disciplines and individuals is required at 
this stage. before a fully-fledged aulti-disciplinary competence emerges. MSE 
departaents are beginning to train a new generation of aaterials scientists and 
engineers across the various fields of science and aaterials. but several years 
will elapse before current practices are superseded. Nevertheless. what is clear 
is that new aaterials development involves aulti-disciplinary competences and 
synergies across diverse fields. 

1be aulti-disciplinary scientific and engineering base is not the only aechanis• 
that links aaterials and industrial sectors. indicating that a cohex-ent and 
integrated approach be taken. Materials scientists and industries are increasingly 
becaling aware that they are in the business of designing and producing specific 
combinations or groups of properties and performances characteristics in use. 
rather than specific '11e•.als' or 'plastics'. for ex&11Ple. The aost astute firas 
are therefore in the process of transforaing theaselves from being, say. a 
specialised aluainiua company to a corporation with aulti-aaterials c011petences. 
Materials producers need to bec.oaae acquainted with the design and production of 
several aaterials and with the specifications and property requirements of their 
custoaers in end-uses. Viewing this froa the angle of the aaterials users. it 
aeans that the latter increasingly need to be acquainted with scientific and 
processing aspect of new 11aterials developaent and use, the variety of materials 
available and the potential for developing materials tailor-aade for new product 
designs. Hence issues here are beginning to acquire both a transmaterial and 
transectoral nature. both within and between producing and using sectors. 

'lbroughout the 1970's and 1980's we have been witnessing a slow transition of IAC's 
from being primarily metals based econ011ies toward 'aaterials economies' • Basic 
industries are restructuring such that industries and firms specialising in 
aonolithic 11&terials and relatively undifferentiated product structure. are giving 
way to aulti-aaterial firas with a large range of differentiated, high-value added. 
knowledge intensi\•e products. Boundaries between traditional aaterials in teras of 
relatively well defined and 'safe' •arkets are eroding, with significant 
interpenetration of aaterials across uses. This i& another way of viewing the fact 
that traditional monolithic aaterials have seized to constrain and dictate the 
design of end-use products, a profound change in the functioning, innovative 
capacity and growth of manufacturing industry. Materials users are thereby being 
liberated from the constraints of a single or a range of traditional materials 
available to designers 'off the shelf'. Greater materials variety is coupled with 
the potential to engineer 11taterials tailor made for new designs. thus ushering in a 
period or vastly enhanced design capabilities and flexibility throughout 
aanufacturing. 

A visual guide to the nature of the transition of industrialised economies from a 
primarily colllllodity metals base towards the incretasing diffusion of advanced 
aaterials in the context of the restructuring we have been ~escribing &bove is 
shown in Diagram 4.1: 
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Clearly comodity aetals are still expected to play a significant role in the 
economy over the next two decades. albeit with ever increasing quality and 
knowledge-content. But beyond this. what this transition indicates is that an all
embrscing. C011Prehensive view is required right across the aaterials field if we 
are to understand the complex nature of the issues and identify the trends. Thus. 
what is becoming clear is that concentration on a specific aaterial or industrial 
sector is likely to aiss critical aspects and trends which peraeate the whole of 
the aaterials base and govern its aoveaent and that of its constituent parts. 
llono-aaterial and specialised approaches and institutions are a dangerous 
anachronisa in the current transition in the aaterials field. 

1be acquisition or aulti-disciplinary competences and the examination or issues and 
trends along a transaaterial and transectoral spectrum are therefore becoaing a 
necessity at the level of the fira. the industry and the institutions or the 
aeonamy at large. 'Ibis is especially the case for the private and public aaterials 
related institutions, research centres, universities and industry in developing 
countries in the emerging new aaterials era. Colling to teras with these needs will 
require both institutional cooperation between developing countries and between 
developing countries and institutions and industry in IAC's. In addition, the 
creation of new regional and international centres for aaterials basic research and 
techno-econoaic analysis, which eabrace the necessary aulti-disciplinary and 
transaaterial approach would offer significant assistance to developing economies 
in this complex and difficult conjuncture. We C01111ent further on this in section 
4.2.1. 
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New and Iaproved Materials and Developing Econoafas 

Although the radical developaents in the aaterials field are well recognised in the 
scientific comaunity. awareness of the seriousness &rad 'peed of change in this area 
has still not peraeated the public doaain. Governments in the developed countries 
have responded to pressure from scientific and professional societies as well as 
high-technology sectors and have. for several years now. initiated large programmes 
of financial and institutional support for doaestic aaterials pure and applied 
research. On the other hand. apart free few notable exceptions. both governaent 
and industry in the developing world show distinct lack of awareness of the 
potential iapact of the new developaents for d011estic resources. industry and trade 
prospects. And. where the new scientific and technological circumstances have been 
identified. there is often a lack of appropriate institutional capacity to respond. 
and/or a f~ling that such changes are too remote and operating at the frontiers of 
science. and. hence of not much relevance to developing ecoraomies. 

It is iaportant to stress at the outset that the revolution in materials science 
and engineering has an impact right across the materials spectrum. from coamodity 
aetals such as priaary aluainiua and copper and the creation of new advanced 
alloys. engineering plastics. advanced ceramics and ce>11posite systems. to 
agricultural cOllllOdities such natural fibres and. others such as natural rubber. 
wood. cotton. and cement. New advanced materials are beginning to aake inroads 
into the aarkets of traditional aaterials. such as aonolithic aetals. but the 
latter are actually responding scientifically. technologically and in teras of 
aarketing strategies. so that the outcome is by no aeans clear. In fact. advanced 
aaterials in the next century could well include specialty steels, advanced 
aluainiua alloys. and in soae respects. higher quality cement and wood. 

A number of propositions follow and we briefly discuss them below: 

1. lllprove traditional materials and processing technologies. 

The first important point to note is that the insights of aaterials science 
and engineering as set out in 2.1 above. can be used and must be used to 
iaprove the properties and processing technologies of existing traditional 
materials. 

Tremendous scope exists for the improvement in the processing technologies of 
traditional materials and this is a point of obvious significance to 
developing economies whether the aim is to produce for the world or the 
domestic/regional markets. Even if economic and political forces are 
inexorably leading towards the redeployment of major portions of basic 
materials processing branches to developing regions, this will necessarily be 
accompanied by the employment of best practice advanced processing and 
fabricating technologies. (See also section 4.1.2 below). 

Further, given the pressures of the world market and users-industries (see 
2.2) for higher quality. durability, and reliability no industry or economy 
can afford to ignore this. at any stage of the materials cycle. This applies 
to materials selection in a range of user manufacturing activities. from 
designer dominated, small-scale. flexibly specialised industries such as 
clothing. furniture and footwear to the provision of materials, components 
and sub-assemblies to the emerging high-tech and flexible aass production 
industries such as automobiles. The decision to locate in. or, source from 
developing economies in the 1990's will be greatly affected by the quality 
and reliability of the materials on offer. 

7 International Cooperation and Competition in Materials Science and 
Engineering, National Institute of Standards and Technology. U.S. Department 
of Commerce, June, 1989. 
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Further. the successful efforts to improve the properties of cOllaOdities such 
as natural rubber. wool and cotton as compared to synthetics is a pointer to 
greater collaborative efforts by LDC's on a regional. and cross-cOlllllOdity 
basis. 

2. A Materials Science for Development. 

The large and increasing basic needs of developing economies in housing. 
transport~ion. food packaging. water and energy distribution and health care 
can be met through aore efficient utilisation and upgrading of doaestically 
or regionally available natural resources. using scientific insight and new 
and improved technologies. The materials revolution affords opportunities to 
developing econ<>11ies to aake fuller use of domestic materials. while 
minimising energy requirements and environmental disruption. Included in 
this is the development of advanced materials designed to meet needs and 
conditions in developing countries. That is. advanced materials •ust be 
tailored to meet needs and specific requirements of industry and 
infrastructure in develc·ping countries. 

We concur with Professor Rohatgi. that the new materials science and 
engineering base must be mobilised. internationally and within the Third 
World. to meet the needs of development in the coming decades. For although 
the science base of the new materials is common throughout the world, the 
direction of application and problem orientated R&D cannot exclude the 
pressing needs und available resources of developing economies. Examples of 
new materials ailled at satisfying basic needs in developing economies is 
given in Table 4. In so far as possible such materials should be " ••• small. 
lighter. longer lasting, low cost, low energy and recyclable based on 
abundant and renewable resources which can be locally processed using simple 
and employment generating non-polluting technologies". 

In housing, MSE can examine alumino silicates, earth, stone laterite and clay 
based products, which are readily available, and improve brick performance. 
In addition, modern materials science can also focus attention on renewable 
resources such as plant based construction materials (e.g. bamboo, sisal, 
grasses, and wheat straw}, and improve their performance for housing. 

In the area of bio-processing of materials. advanced genetic engineering may 
lead to a strengthening of wood and 1'ibres, microbiological processes can be 
used to extract metals, and yet other microbiological technologies can be 
used to extract fibres and ultrafine powders of silica from plant based 
materials to make advanced ceramics and composites. 

Moreover, new advanced materials and inexpensive membranes and filters can be 
developed to purify and desalinc:'-. water, as well as meet the needs for the 
production, transportation and storage of food. It is worth noting that the 
U.S. based Alcoa corporation is currently researching into new advanced 
packaging materials for food and post-harvest products of great relevance to 
developing economies. 

3. Raw Msterials and Technologies for Advanced Materials. 

Many developing economies possess materials and/or technology and human 
resource skills that are directly relevant to tne production and use of new 
advanced materials. Hence, the evolving materials era also offers 

8 Professor Pradeep Rohatgi, Current Revolution in New Materials: 
OpportWlities for the Developing World. Regional Workshop on Advanced 
Materials Technology and Development in Asia and the Pacific, Minsk, USSR, 29 
May - 2 JWle, 1989. 
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Table 4: SOiie l11Portant Targets for Materials Technology for Develo~nt 

• &enet1c eng1neering for plants to get nitrogen directly from air. 
• Genetic eng1neering for plants with stronger timber and fibers which can 

t»e pyro11zecl to form h1gh perfor111nce fibers and carbon-carbon composites. 
• Ricrobial processes to extract metals from ores and ocean nodules. and to 

remove sulphur and stltca from coal. bauxite and other minerals. 
-• Ricrob1al processes to extract fibers and ultrafine ceramic particles from 

agricultural products and wastes. 
• Solar photovoltaic materials with increasing efficiencies and decreasing 

costs; solar furnaces for processing 111terials. 
• lllter1als for fusion energy. 
• Membranes 111de for 'olymers. ceramics and composites with decreasing costs 

and increasing perfonaances for purification of water. 
• l11Proved and inexpensive llilterials for housing from abundant and renewable 

resources like sand. clay. rock. stones. laterites. plant based materials. 
• CGllPOS1tes and ceramic~ with improved perfonnances based on abundant 

elements ltke Al. St. c. N and plant materials. 
• Direct Reduction of iron and aluminum using low energy processes. using 

solar and biomass energy. 
• Recyclable materials with cascading downgraded application with longer 

11fe and resistance to corrosion. oxidation. wear and fatigue. 
• Rapidly solidified materials for reducing energy losses. 
• Surface and interface processed materials with tailored structures and 

properties to meet specific needs. 
• High perfor111nce nano-structured materials. nonequ111brium and metastable 

structures. 
• loom t· . ~rature superconductors. 
• Insttu polymer compcsites. 
• Tough ceramics. 
• Net shaped materials fabrication. 
• Parts consolidation through single step molding of complex shapes. 

Source: P. Rohatsi, 1989, op. cit. 
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opportunities to developing countries, where appropriate, to gradually enter 
new materials production, quality control and trade at several stages of the 
transformation of the raw material into semi-processed 6Ild processed forms 
and components entering final use. 

Neodymium Supermagnets 

Consider, as an example, the rare earth element neodymium9and its use in the 
new generation of permanent magnets. Neodynium belongs to the rare earth 
'lanthanide' group of elements. Over 95% of existing permanent magnets are 
alnico or hard ferrite type magnets. Currently the highest energy product of 
all existing practical permanent magnets is provided by the rare earth cobalt 
magnets. Nevertheless there are indications that the new generation of 
supermagnetic materials, which have generated large international interest, 
as t-.he new a rare earth magnets neodymium-iron-boron are known, could replace 
the ferrite, alnico and rare earth samarium-cobalt magnets. 

Neodymium is derived from three main minerals, bastnasite, monazite and 
Xenotime and constitutes about 17%, by weight, of all rare earths mined. The 
main producers of rare earth minerals are to be found in the U.S.A., 
Australia, China, India, Malaysia, U.S.S.R., Brazil, Canada, Sri Lanka, 
lbailand, Zaire and Madagascar, in order of importance. Neodymjum 
constitutes about 13% of rare earth content, and the distribution of its 
reserves is shown in Table 5, indicating a 100 year life. (See also Tables 
5.1 and 5.2). 

Table 5: Neodymium Reserves in the World 

---------------------------------------
Country Estimated Reseserves 

Kgx 103 

---------------------------------------
USA 
Indio 
South Africa 
Central Africa 
Malaysia 
Brazil 
Chino 
USSR 
Australia 
Others 

Source: N.C. Kothari, 1989. 

IHJWJ 
4:l)WJ 
15WJ 
6WJ 
5WJ 
5WJ 

4/:l:JJOO 
70.(XX) 
8.(XX) 

EO.OCO 

Taking advantage of the opportunities offered by neodymium in magnetic, 
colour glass, capacitors, and laser applications and of other rare earth 
elements in magnetic property applications and in advanced ceramic and glass 
technologies will doubtless involve familiarisation with a variety of complex 
extractive and processing methods for rare earths, including lengthy 
processing routes such as metallothermic reduction, electromining and the new 
molten salt extraction process 'Neochem' for neodymium. In addition, 

9 N.C. Kothari 'Neodymium Supermagnet - Key ~aterial for Tomorrow's Electrical 
and Electronic Industry', Minsk Workshop, 29 May - 2 May, 1989, ibid. 
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Table 5.1: Relative Neodpai.Ull content of the three 11ajor einerals 

RELATIVE LANTHANIDE CONTENT 

2?a4tleac1tte I 
La.Nd 

Pr 

Source: Ibid. 

"'Heavies• 
Sm to Lu 

Table 5.2: Role of Rare Earths and Yttrium in Advanced Materials 

Rclc of Rare Earth and Yttrium in Advanced Materials 

-----------------------------------------
Application Material Rare Earth 

orYttrim 
Additives 

------------------------------------------
High-temperature 
High strength. high 
wear resistance 
material. 

High Strength 
ceramic. 

Dispersion Hardened 

Superconductor 

SiJN,, 
SiAION 
Lt02 
~ 

Ces 
Y2'>3 

A 
N 
li 

Ba<:a oxide 

Y2'>3 
and 
ln203 

Y:Pl 
Nd2<)3 
Ezz03 
y 

-------------------------------------------
Source: Ibid 
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developing econoaies will need to employ RSP-PM (rapid solidification 
processing and powder metallurgy) technologies. as t.-ell as other more recent 
techniques. to produce the new range of permanent aagrets based 0!1 neodymium. 

From metallurgy to ceramics10 

Many developing econoaies possess considerable metallurgical and engineering 
practical experience. skills and in-place ter-hnologies. 'lbese can be 
judiciously directed towards forward integration into higher value added 
fabricating activities. But they can also be tapped and transforaed in the 
context of a strategic reorientation and transition towards ceramics 
production and use. Utilising a'ld building upon existing strengths. 
econoaies. such as Zambia for example. can transfer aetallurgical sk-ills and 
technologies relatively easily into ceramics. such as dialectrics and 
ferrites. in the first instance. 'lbe production of dialectrics and ferrites 
has gradually been relinquished in Western Europe and the U.S.A •• while Japan 
reaai.ns a •ajor producer in parallel with its dominance in consumer 
electronics. 

Brief outline of the transition p~t!-. requirements: 

1. Existing mining engineers and metallurgists would convert to ceramists. 
Qualified chemical engineers. •aterials scientists or cheaists/physists 
could also apply themselves to ceramics. 

2. Availability and training of local technologists and 
technicians/operators. 

3. F.nter into joint ventures. technology transfer and local training 
progr81111Des with foreign firms. which could include firms in other 
developing countries as for example South Korea or Brazil. 

4. Convert metallurgical furnaces and kilns for oxide/nitride ceramics. 

5. Note that this transition is not difficult. and that metallurgy is 
easily transferred to ceramics. 

6. Process involved: 
(a) Production of BaTi0

3 
Blend Baco

3
+Ti02+additives 

Calcine at 1000-1100 degree°C ~ BaTio
3 

powder 

Add organic binders (cellulose etc.) 

Mill -J fine powder 

Press ceramic shape .J)green body 

Stack in cheap oxide furniture (batts. trays etc.) 

Sinter at 1300-1400 degree°C ~dense ceramic body. 
of final shape. 

Apply electrodes -')silver based alloys as paints 

10 I am indebted to Professor F. Ainger, Plessey Research, for detailed 
discussions and suggestions in this section 
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Brush and spray -t fire at 500 degree •c ~ capacitor. 

Siai.larly: (b) Ferrites: ZnFe2o4 

(c) Substrates: Al2o
3 

(d) Piezoelectrics: BaTi03 or PbZrxTi1_xo3 
7. Markets for such •aterials and c011ponents are to be found in cons\lller 

electronics. radios. and television sets. as starting capacitors for 
fluorescent lights. etc. 

8. Quality control involves chemical and X-ray analysis. 

Clearly it makes sense for a number of developing countries in Africa. Asia 
and Latin Aaerica to seriously consider entering this field in order to 
supply domestic and regional needs for such •aterials in consumer electronics 
industries. The technologies involved are old and not hindered by patents. 
and the raw materials (e.g. technical barium) are cheap and accessible. Once 
entry has been achieved at this end of the aarket and these technologies are 
aastered. firas can then aove on to acre sophisticated products and 
technologies. sincE: the technologies involved are siai.lar. 

4. Materials and the F.nviro1111ent. 

Finally. it is iaportant that improved and new advanced materials extraction. 
processing. application and recovery address the issues of environaental 
degradation and health hazards. These issues are no less significant and 
relevant in developing countries than they are in IAC's. and will coae to 
exercise increasing influence over industrial strategy in NIC"s in S.E. Asia 
and Latin America in the 90's. 

While. on the one hand. materials production and use is inextricably being 
linked to environment concerns and hence. increasingly. to environmental and 
safety regulations. the materials revolution offers. on the other hand. scope 
for developing materials and technologies that can act so as to reduce or 
eliminate pressures on the environment. 

In the production11 of materials pollution can be generated by solvents 
during a curing cycle. or health risks may be present due to particle 
dispersion of ultra-short fibres in ceramics or composite fabrication. or the 
inhalation of fumes in reinforced plastics. In the use of materials. 
environment and health may again suffer and must therefore be controlled. A 
neglected but very important area refers to pollution generation by tarred 
surfaces (e.g. roads. car parks. airports. roofs etc.). Tar is essentially 
the rubbish damp of the petrochemicals industry. containing asphaltenes. 
heavy metals etc and can cause massive air and rainwater pollution. 
evaporation. water pollution etc. It is beginning to have deleterious 
effects also on pollution free soils in developing countries. Advanced 
materials solutions here could include the enclosure of tar and gravel in 
high-strength polymer pouch with controlled surface properties. This would 
give a large impetus to polymer producers. public works companies and the oil 
companies enabling them to eliminate residual tar and using the solid 
residues from the chemical industry's incinerator plants. 

A major concern affecting all industries is the problem of recovery and 
recycling. New advanced materials pose greater threats and face even bigger 
difficulties in this area. New materials are increasingly complex (e.g. 

11 P. Cohendet et.al •• New Advanced Materials. Springer-Verlag. 1988. 
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composites or laainates) and aore difficult to recover without destroying the 
aaterials. They are non-neutral to the environaent. in the sense that they 
do not decompose and aay be harmful in the long-run. Fibre-composites cannot 
be discarded after use and technologies do not exist to reuse the aatrix 
fibre. And scrapped cars. washi.ng-aachines etc are increasingly less 
attractive for recovery and aore difficult to separate. 

The aajor areas of concern in the 90's include the developaent of high
technology recycling industries. without which new aaterials will find it 
increasingly difficult to diffuse. International cooperation would be needed 
to develop technologies and industries to deal with recovery processes for 
household and industrial wastes. with MSE in research labs and universities 
being directed to aeet these needs. 

F.nvironaental concerns will be crucial to product developaent and aaterials 
selection in aanufacturing industry and public utilities in the 1990's. New 
aaterials capabilities can assist in providing solutions to environmental 
concerns and regulations. and in the developaent of continuous-non 
dest.-uctive testing and sensor technologies that can enhance reliability and 
safety of coaponents and final products. 

Developing econ<>11ies need to participate in t.~e efforts to haraonise 
regulatory policy on environment. aaterials and health across IAC's. and the 
efforts to regulate production of hazardous of aaterials. In addition. 
collective efforts aust be made to direct MSE towards resolving environaental 
problems and energy generation and distribution in developing regions through 
the production and use of new aaterials. 

4.1.2 The crucial importance of enhanced competence in aaterials synthesis. 
processing and engineering. 

Synthesis and processing as a unified series of activities by which new 
arrangements of atoms and molecules are transformed cost-effectively into aaterials 
and components refers to a wide range of activities. such as the rolling of 
aluminium and copper. the pressing and sintering of ceramic powders. 
theraomechanical processing of alloys. surface coating of aetals. growth of gallium 
arsenide crystals. laying-up of composite materials. sol-gel production ox' pure 
ceramic powders and so on. Such techniques are essential for supplying industr-.1 
with low-cost materials with requisite properties and performance characteristics. 
And. synthesis and processing capabilities are the essential mechanisa by which new 
scientific and technological insights are transmitted into the production system in 
the fon. of useful materials and components. 

The possession acquisition and continuous development of synthesis and processing 
pure and applied research capabilities and technologies is a critical determinant 
of competitive advantage for low-cost production in traditional materials 
industries and in the development and application of new materials. In fact. 
tremendous potential exists in the development of existing and long-standing 
processing technologies in traditional materials industries. 

It is likely that a major component of commodity. industry and trade strategies in 
the 1990's would be the need for developing economies to strengthen engineering 
capabilities in the area of materials processing and fabrication technologies. The 
prudent and se.lP,ctive acquisition and strengthening of existing skills in 
processing and engineering technologies. coupled with the necessary educational, 
vocational training and infrastructural policies, would provide several developing 
economies with an effective mechanism with which to access new scientific 
developments, and a stepping stone towards the transformation of the industrial 
base while utilising the insights of MSE to meet domestic basic needs and a means 
for cost effective participation in the world market in traditional and, where 
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appropriate. new aaterials. No econoay can become involved in all .aterials. and 
specialisation therefore would be necessary. 1be acquisition of purely scientific 
capabilities per se is wasteful and possibly irrelevant for aany developing 
econoaies. 

4.1.3 Information. standards and quality assurance 

1be rapid proliferation of new and i.llproved aaterials has highlighted the 
inadequacy of current definitions and standard classification schemes in teras of 
capturing the statistical i.aportance of the phenollenon of advanced aaterials. At 
the saae tiae it is becOlling clear that access to up-to-date and comprehensive 
empirical information is vital to both industry and govemaent in assessing the 
economic significance of advanced aaterials in teras of production. use. diffusion 
in specific sectors and displacement of traditional aaterials. 

Access to information and data on aaterials properties and associated testing 
conditions. availability. producing coapanies. and quality assurance are emerging 
as a central deterainant of global competitive advantage. It is i.aportant that LDC 
industry. universities. and other institutions not be excluded froa such 
information. Hence. concerted effects aust be aade nationally. regionally and 
internationally to facilitate developing country on line access to aaterials data 
banks being developed currently in the IAC's. and participation in the efforts to 
haraonise the building of data bases across national econoaies, as is currently 
underway in the E.E.C. On the other hand. it is. and will become even aore. 
i.aportant that a comprehensive inventory and data base of LDC's aaterials 
availability. properties, testing proceduras and specifications. be built up over 
the next few years. since this is a priaary consideration to industry in IAC's and 
other LDC's in ter11& of decisions to i.aport and source aaterials and coaponents or 
invest in plant utilising local uterials. 

A basic problem in building and accessing aaterials data base concerns standards 
and testing procedures employed across different industries. let alone countries. 
Very often there is a lack of compatibility in the properties a.Y\d designation of 
engineering aaterials and the testing procedures under which they were obtained, as 
well as at the level of software. user interface, data presentation, terai.nology 
and data bank coaaands. 'lbe iaportance of upgrading or creating national and 
regional standards and testing institutes. the raising of awareness across industry 
of the need for quality assurance, and h&r110nisation of testing and specifications, 
and the coupling of this with the ongoing haraonisation of standards throughout 
IAC's aust be a priority to LDC's, at all stages of development. in the new 
aaterials era of the 90's. This will play a significant role in international 
trade, foreign direct investllent and transfer of technology in the years to coae. 
Undoubtedly. standards and quality assurance will be the critical factor in new 
aaterials development, application and diffusion in industry in the 1990's and 
beyond. 

4.1.4 Access to foreign technology and the role of MNC's 

'lbe ai• aust be to assist the development of dollestic technological capacity and 
skills in a dynaaic context. In this, training abroad, the acquisition of foreign 
technnlogy and regional collaboration in research, training, standards and 
education would play a central role. Depending on the level or developaent of the 
productive forces some econ011ies, such as Brazil, South Korea and Singapore aay 
need and have opportunity to enter into joint ventures directly with companies 
engaged in advanced uterials production in lAC's. Other countries aay aore 
usefully build upcn their existing technological and traditional aaterials 
strengths by entering into collaborative agreements with firms and institutions in 
other developing countries in their region. Even though large corporations 
d011inate in bulk aaterials another feature of the materials revolution is the 
importance of the small company accounting for the evidence of flexible 
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specialisation and production for saall aarket segments. too s•all for the larger 
coapanies. Countries need to closely examine the potential benefits of engaging in 
joint ventures and licensing agreemer1t with either large MNC' s or saaller 
specialised firas free IAC's in areas related to their existing resources and 
strengths. Such agreements could assist the efforts for forward integration and 
diversification of the export sector. enhance the skills. scientific capacity and 
managerial and technological know-how in a range of priaary and 118Ilufacturing 
sectors. assist dle penetration of foreign aarkets. enable the economy to 
accumulate experience in the ~ of new aaterials. and. where possible. facilitate 
the transition to advanced aaterial production. For exaaple. as part of a national 
scientific and industrial strategy. doaestic traditional glassware and ceramic 
producers could be assisted to aove to advanced ceraaics production in the long 
run. with a prudent coabination of enhanced doaestic skills and acquisition of 
foreign technology. There are iaportant lessons here from ~::ie evolution of the 
Japanese and South Korean ceroics industries in the 70's/8o's. In the space of a 
f~ years South Korea has eaerged as a aajor force in electronic ceraaics. while 
its universities pour out ceraaics graduate and doctoral students every year. (See 
section 4.3.1). 

Internal corporate transforaations into aultiaaterials coapetences are accompanied 
by strategies for vertical integration and dive:-sification through aergers and 
acquisitions. to synergistically C011bine technological strengths in particular 
aarkets, licencing &gree9e11ts and joint ventures. The aaterials aarket place is 
also characterised by growing internationalisation and fast transfer of technology 
across r.ational boundaries. 

In the US ceraaics aarket the trend is towards vertical integration, due to 
inherent technological advantages, and for aore acquisitions and aergers within the 
industry to consolidate the position in a currently saall aarket. Most firms are 
seeking joint ventures, and this is also very popular in Japan constituting the 
aain aechanism for penetrating this market. Acquisitions, joint ventures and 
licencing agreements are also becoming c01DJDon in the European ceramics market. 

US firms are using joint ventures in advanced composites as part of their efforts 
to penetrate foreign markets by assuming local identity. Interestingly, the US 
composites industry has used right from the beginning the licencing of bas.ic 
technology from foreign firms, a point of obvious significance to developing 
economies. Licencing agreements constitute an important mechanism for the transfer 
of production and distribution rights for products into and out of a particular 
economy. On the other hand European firms have entered the US market through 
acquisitions and joir.t ventures. 

Some evidence on early trends in materials related joint ventures, by country and 
by materials is shown in figure 6.1, below. Figure 6.2. presents example of joint 
ventures in metals and plastics. 
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Figure 6.1: Intemational Joint Ventures in Materials 
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4.1.5 Institutions and Governaent 

The effectiveness of the organisational setting of government and institutions 
needs to be strengthened if economies are to come to grips with the complexities 
and practical implications of the materials revolution. An important requirement 
would be the creation of a central think-tank or council employing an 
interdisciplinary engineering and scientific teaa with the ability to monitor 
scientific and technological developments, analyse them and translate them into 
concrete industrial, educational and training doaestic policies. Good examples 
here are the Secretariat on Advanced Materials in the Brazilian Ministry of Science 
and Technology, which coaes directly under the Office of the President, and the 
Nucleus for the Study and Planning on Advanced Materials in the Brazilian Institute 
of Science and Technology, which is probably the first multi-disciplinary group to 
study advanced materials in a developing econo11y. Such a council should have the 
power to horizontally coordinate various government departments, llOllitor progress 
and iaplementation, and coordinate aaterials research in private industry, 
universities, research institutes and laboratories and government. All LDC's 
economies need to address the need for creating the appropriate institutions and 
mechanisms to effectively aanage and respond to rapid change i& the 1990s. 

4.1.6 Huaan Resource Development. 

In the age of advanced 11aterials, highly qualified professionals will be as auch in 
need as the acquisition of middle level skills and technici8ll8 for the unpackaging 
and use of new technology. Development economies must give the highest priority to 
the acquisition of skills at all 1111.Wels through increased d011estic education 
expenditures and training programmes, the training of nationals abroad, cooperative 
progra1111ea acroas Africa, Asia and Latin America and participation in international 
scientific aocieties, consortia and trade associations. Greater emphasis must be 
given to pure scientific training and research and mechanisms must be sought for 
greater linkages ~tween the conduct of R&D and its channelling towards commercial 
application in industry. The skills, competence and priorities of the banking 
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FifU!! 6.2: Ex!!fle• of International Joint Ventures 
in lletals and Plastics, 1986-87 
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sector is an area of crucial interest here. in aobilising financial resources for 
aaterials ventures and training and educational programmes. A feature of the new 
era is that scientists. engineers and aanagers must be constantly updated and 
retrained. 

4.2 Opportunities and needs for techno-economic and institutional cooperation. 

4.2.1 Regional and international cooperation 

Of n!£~t. the iaplications of new aaterials for econoaic development have 
began to receive attention in a nuaber of regional and international aeetings. A 
comaon theae that emerges is the strong need for regional and international 
cooperation and networking by dev~loping countries institutions in the areas of 
aaterials infol"llation and data gathering. testing and standards. professional 
societies. experimental and laboratory facilities. and cooperation in research end 
development efforts across universities end industrial laboratories. 

UNIDO has, appropriately and commendably. been especially active in this area. 
Apart from holding high level meetings on advanced .aterials. it is exploring 
possibilities for the establishment of regional centres of excellence and 
netwo~ of standards and testing institutes across developing regions. In 
addition it is in the definition stage of the establishment of a new international 
centre in Brazil. the purpose of which would be to provide centralised information 
and data services and engage in studies of a techno-econOllic nature addressing the 
transectoral complex and aulti-disciplinary materials issues of relevance to 
developing economies in the 90's and beyond. in the fraaework of international 
cooperation. A complementary activity relates to the establishment of an 
International Centre for High Technology and New Materials in Trieste. Italy. which 
will engage in experimental and scientific work on semiconductors. superconductors 
and composites. 

A. The International Centre for High Technology and New Materials (ICTM) 

The ICTM is being established in Trieste, Italy. as an international project 
iapleaented by UNIDO and with the cooperation of the Third World Academy of 
Sciences. It has the financial support of the Italian Government and is part of a 
broader institution. the International Centre for Science and High Technology 
(ICS). Through access to advanced instrumentation facilities and programmes of the 
ICTM, technologists and materials scientists from developing countries will be able 
to obtain practical and up to date experience and training in frontier developments 
in high-technologies and materials science. The promotional activities. aims and 
research programmes of ICMT are suamarised below. 'Pilot activities' begin 1989-90 
and the Centre is envisaged to reach a steady-state in the early 1990's. 

12 See Report of the Regional Workshop on Advanced Materials Tb~hnology and 
Development in Asia and the Pacific, Minsk (USSR). 29th May - 2 June 1989. 
International Symposium on Advanced Materials in Developing Countries. World 
Materials Congress 24-30 September 1988, Chicago. USA. Final Report. Expert 
Group Meeting, UNIDO. Vienna, April 4-7. 1989, and Report, Discussion Meeting 
on Advanced Materials for Developing Countries, op.cit, UNIDO, Vienna, 7-10 
December 1987. 

13 See L. Kaounides: "The establishment of an International Materials Assessment 
and Applications centre (IMAAC). A document by an expert mission on the 
design and definition phase of the project, 8th October - 17 November 1989". 
UNIDO, December 1989. pp 44. 
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Schematic Outline of Resarch Programmes 
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B. The increasing need for the establishment of en International Materials 
Assessment and Applications Centre (IMAAC) 

The Discussion Meeting on Advanced Materials for Developing Countries. held in 
Vienna. 7-10 December 1987. recommended that "UNIDO promote the establishment of an 
International Materials Assessment end Applicatiyijs Centre for an in-depth analysis 
and promotion of the rational use of materials". 

Following the December 1987 Discussion Meeting. the concept of end need for the 
Centre have been further discussed with several materials specialists in industry 
and government. The Government of Brazil expressed an interest in the 
establishment and hosting of the new centre. and. therefore. requested the 
assistance cf UNIDO in this respect. UNIOO, in close consultation with the 
Government of Brazil. has therefore initiated steps for establishing a multi
disciplinary techno-economic International Materials Assessment end Application 
Centre (IMAAC) to be located in Brazil. 

One of the most important objectives of the UNIOO programme on technological 
advances is, in fact. to promote necessary action to mobilise international and 
regional cooperation. particularly between the scientific and industrial community. 
This includes promoting the establishment of international centres and regional 
networks of centres of excellence in the field of new materials. The IMAAC 
project, while falling within these objectives. is an entirely new concept for 
which there is no parallel. 

As part of this project two experts visited several sected institutions in Brazil. 
the United States of America. Japan and Europe. as part of the definition phase in 
the establishment of IMAAC. The results of the mission are encapsulated in the 
resulting Document. 5 which offers a broad outline and specific suggestions as to 
the design concept of the Centre. the functions to be performed and possible areas 
of international cooperation. The Document is currently under consideration by the 
Government of Brazil. 

What this project seeks to establish end address is complementary to a number of 
other UNIDO activities and initiatives in this area. As discussed above. an 
International Centre for High Technology and New Materials dealing with 
semiconductors. superconductors and composites is being promoted as part of an 
International Centre for Science and High Technology in Trieste. Italy. This is an 
experimental and scientific centre. whose output and expertise can form a useful 
complement to the analytical and networking activities of IMAAC. 

Further, Expert Group Meeting on Prospects for Industrialisation Policies in 
Developing Countries Taking into Account the Impact of Developments in the field of 
New and High Technologies, Vienna. 4-7 April 1989. further reiterated the need for 
the establiRhment of a new international centre to assist developing economies in 
the rapidly changing scientific and technological circumstances in the materials 
field (Report, PPD.116(SPEC.), 24 May 1989). The meeting was requested by the 
Group of 77, and the conclusions and recommendations made in the summary report 
were subsequently adopted by the Group 77 in Vienna. The report was also adopted 
by the Intergovernmental Committee for follow-up of the ECDC/TCDC which was held in 
Kuala Lumpur in 1989, which then recommended that the ministerial meeting of the 
G77 in New York also adopt it. 

14 Report, UNIDO, !PCT, 53(SPEC.) 24 February 1988. 
15 See Kaounides, 1989, op.cit. note (12). 
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Materials issues; complex, multidisciplinary and transectoral 

Materials issues are today multidisciplinary in nature and transmaterial and 
transectoral in impact. They must therefore be addressed as such. Examining the 
issues through the lens of a specialised materials institution, such as iron and 
steel or primary aluminium institutes, or individual commodity specialists is 
grossly inadequate in the current circumstances. Today's research output is 
monomaterial orientated and highly specialised. There is thus no central 
institution in which a multidisciplinary approach is adopted to study problems 
which span several materials. The central problems at hand are highly difficult, 
complex and elusive going across disciplines, specialised institutions and 
traditional approaches. The new circumstances and the new problematique thus call 
for a new approach. The concept and structure of IMAAC is thus both timely and 
necessary in order to meet the pressing need for a multidisciplinary, transectoral 
approach to materials issues facing developing economies. The centre would be able 
to grapple with the diffuse nature of the problems, cut across the complexities, 
and pull together the essentials of the issues facing specific industries and 
economies. 

Materials management in transition 

At the national level there is considerable lack of awareness and institutional 
capacity to monitor global trends and translate them to domestic industrial policy. 
At th~ same time materials strategies and materials management and planning are in 
a transition, calling forth much greater analytical and informational content than 
the traditional monomaterial preoccupations and central concerns with export 
prospects. While the economics side concentrates on export prospects and price and 
income elasticities, another area receiving attention in materials relates to the 
science base, laboratories, testing procedures and so on, with the two areas 
completely separated. Yet the latter is clearly an organic part of materials 
strategy and can be a central ingredient in a materials strategy. IMAAC can help 
to fill this analytical gap and assist developing economies to build institutions 
and skills to address materials issues in a comprehensive manner and develop 
appropriate materials strategies in the 90's. An important element of this must be 
the recognition of the differing needs of economies at different stages of their 
development and with materials displaying various degrees of importance in the 
national economy and exports. 

Environmental issues 

Another major area of increasing international concern, relates to environmental 
issues. Rather than the fragmentary and incomplete approach now underway regarding 
the environmental problems involved at all stages of materials extraction, 
processing, manufacture, recycling and disposal, especially in plastics, IMAAC can 
provide a centralised framework whereby awareness is raised on these issues in 
developing economies and such that they are approached in a concerted, informed 
manner in the framework of international cooperation. 

Networking 

It is not sufficient to network existing institutions in order to deal with the 
issues identified above. IMAAC can perform an indispensable function by 
identifying and utilising the strengths of existing institutions in developing 
countries and by providing a central umbrella and intermediation mechanism whereby 
university departments, scientific research centres and laboratories, professional 
societies, technical experts and tnformation and data bases can be networked and 
put into contact with each other to enhance efficiency and international 
cooperation as well as the ability to centrally utilise these streng~hs in order to 
address materials problems faced by national economies and industries. 
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The pressing need for a new multidisciplinary, international centre 

The remarks above highlight the enormous tasks, analytical needs and informational 
requirements imposed by the revolution now embracing the whole materials field 
across both producers and users in industry. Such tasks are beyond the means of a 
single specialised research institute, professional society, firm, or ministry. 
There is now a pressing need for the establishment of a new international 
multidisciplinary centre which can centrally address: 

a. the in-depth investigation of trends in materials science and engineering and 
in the field of advanced materials, and relate these to the role of 
traditional and new materials in a restructuring world industry moving 
towards high-value added knowledge intensive production; 

b. the assessment of the resources available in specific developing economies, 
their future prospects in meeting domastic needs and/or global industrial 
market needs, and the role of the materials sector in a future 
industrialisation programme; 

c. the need to build up institutions, and attendant materials education and 
training programmes in developing economies; 

d. the gathering, assessment, and dissemination of vast historical and 
continuously up-dated information and data on new improved traditional and 
advanced materials of relevance to developing economies; 

e. the need to intermediate across institutions, professional societies and 
expertise in materials related fields in developing economies to raise 
awareness of materials issues for national economies and to network existing 
national and regional data and standards institutes under a single umbrella. 

This serious ongoing effort, therefore, to establish IMAAC is a very timely and 
much needed international venture designed to meet a perceived analytical and 
information gap to provide developing economies with a centralised institutional 
framework not available which can assist them to address materials issues of 
continuing importance to their economies in the years to come. 

4.2.2 South-South trade in an open and dynamic world economy. 

In addition, there is clearly an important role here for South-South trade as 
production capacity and infrastructural requirements expand in countries at 
different levels of development. It is interesting to note the changing direction 
of developing country primary commodity exports in recent years, as Table 6, shows: 
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Table 6: Olanging destination of exports of primary cmaodities from developing 
countries 

(Percentage share of intra-developing country exports in total developing country 
exports) 

1973 1980 1986 

Food 17.9 23.5 19.9 
Raw materials 22.7 26.1 21.1 
Ores and minerals 6.7 11.5 18.2 
Non-ferrous metals 11.0 15.7 22.7 
Fuel 18.6 22.2 27.9 
Total primary products 18.0 22.1 24.9 

Excluding food and fuel 16.0 19.3 23.6 

Source: World Economic Survey, 1989, UN, ST/ESQ/211. 

As industry has been growing in the more industrialised LDCs, this has provided 
expanding markets for primary exports from other LDCs. Most of the increase has 
been due to imports by Asian LDCs. In fact, exports of primary non-fuel 
commodities from Asian economies to other Asian economies as a percentage of their 
total exports went up from 22.5 per cent during 1966-70 to 34 per cent during 1983-
85, while exports from African and Latin American LDCs to other LDCs also 
registered large increases in the same period. There may well be further scope for 
South-South primary trade, especially if trade barriers come down. But it must be 
remembered that the industrialisation process, especially in the first tier NICs, 
will also be accompanied by the application of sophisticated manufacturing 
technologies, and this will have repercussions on the type and quality of 
materials, including advanced materials, required. 

The 42 least developed economies (UNCTAD, Trade and Development Report 1989), 
comprise of a population of 340 million, and are distinguished from other 
developing economie2, because of even lower levels of per capita income, lower 
levels of adult literacy, smaller share of manufacturing in total GDP, lower 
savings and investment rates, very large percentage of labour in primary, mainly 
subsistence sector, and high export concentration on few, mainly primary, 
commodities (65% of total export earnings in 1986). At the same time they suffer 
from a very weak infrastructure with poor networks of communication and transport. 

During the 1980's they experienced enormous cutbacks in education and teacher 
training programmes, while investment to maintain a deteriorating industrial and 
infrastructural base has been lacking. These economies have effectively been 
marginalised in the world economy, with their combined world export market share in 
1987 being a quarter of its value two decades earlier, while the share of other 
developing countries remained constant during this period. Their export markets 
are heavily concentrated, mainly to the EEC, while their markets in other 
developing countries are generally low. Clearly, the changing materials and 
manufacturing conditions in the world economy pose a real threat to further 
marginalisation of these economies in the 1990's, unless action is taken now to 
upgrade their educational, training, engineering, standards and quality control, 
and institutional capabilities consistent with existing resources and strength. 
South-south trade and regional collaboration in R&D, training, information and 
data, and standards institutes networking would play an important role in the 
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effort to target and selectively acquire dynamic comparative advantage 
opportunities. It must be noted that several of these economies. especially 
in sub-Saharan Africa are actually rich in resources. 

If we now look at the NIC's, and the four in sout~-east Asia in particular. 
we see that their industrial structures are moving towards high-value added, 
sophisticated products and are finding themselves in need to enter into joint 
ventures or conclude licensing agreements with foreign companies in order to 
upgrade their technological capabilities. While wages have been rising in 
these economies, domestic firms have been looking to neighbouring econoaies 
for cheap labour and foreign firms. especially Japanese, are either relocating 
labour intensive activities from Taiwan Province and South Korea to other 
economies or have been avoiding these relatively high wage economies 
altogether in recent years. On the other hand, higher wages. a developed 
infrastructure and higher workforce skills, have altered the attractiveness 
of the four economies to foreign firms. Foreign direct investment now flows 
in highly skilled, sophisticated activities, while higher wages iaply larger 
markets encouraging the inflow of foreign firms. Moreover, foreign firms now 
locate the1e to produce sophisticated coaponents and advanced materials for 
domestic use or re-export to Japanese industries. 

Therefore, there is a dynamic process under way in east Asia whereby the aove 
to higher-value added industrial activities by the rapidly industrialising 
NIC's, has created vacancies or opportunities to other countries in the region 
to enter into relatively more labour intensive industries and segments of the 
production process. Lover wage economies such as Thailand, Malaysia, the 
Philippines and Indonesia can thereby expand their industrial base and 
expertise by building on existing s'Crengths and competitive advantages, 
without neglecting the need to build their educational, scientific and 
technology skills. These second tier economies also possess con~iderable 
natural resources entering world trade, in comparison to the four first tier 
NIC's mentioned above. On the other hand they have serious infrastructural 
constraints, as in the unreliability of the electricity system. 

Evidence of the remarkable surge of foreign direct investment ty Taiwan 
Province firms to neighbouring economies offering good infrastructure and 
cheaper labour is shown below. In 1989 Taiwan Province was responsible for 
US $776.5 million worth of foreign manufacturing investment, second only to 
Japan, to Malaysia. There are about 200 Taiwanse Province factories in 
Malaysia, mainly in electronics, but also in petrochemicals, banking and 
furniture manufacturing. In Indonesia, Taiwan Province again ranks second to 
Japan in realised investaent, nearly all of it taking place in the last two 
years. Investment projects have mainly utilised Indonesian low-wages labour 
in labour-intensive footwear and textile plants, and in wood processing and 
furniture factories. 
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l!iegraa 5: Taiwan Province: Regional trade and investllent 1986-89 

_ The munifleent neighbow - • 

I . 

Province 

Source: Far Eastern Econ<>11ic Review. 19 April 1990. 

4.3 Advanced aaterials in developing countries 

The potential for entry and the experience of developing countries in advanced 
aaterials varies greatly between countries at different stages of socio-economic 
and industrifi development. A nuaber of international gatherings and 
publications have began to address the aultitude of needs and opportunities 
across the spectrua of developing economies. Nevertheless. such efforts together 
with assistance provided by international organisations and regional centres of 
excellence can only provide broad guidelines. comaon points of reference and set 
the paraaeters within which each economy can devise its own aaterials. teclmology 
and industrial strategies in consonance with doaestic needs and resources. In this 
section we offer but a brief overview of advanced aaterials production and use in 
two rapidly industrialising developing economies. the Republic of Korea in South 
East Asia and Brazil in Latin America. 

4.3.1 SOtrnl KOREA 

The South Korean econoal7 has shifted froa labour-intensive aanufacturing 
activities characterising the period of the 60's. to technology-intensive. heavy 
industries in the 70's. such as cars. st.ipbuilding, steel, chemicals, and then 
towards aore sophisticated, high-tech. higher value-added, knowledge intensive 
activities in the electronics, computer, inforaation and telecomaunications 
industries in the 1980's. In the 1970's, basic industries in chemicals, steel and 
non-ferrous aetal expanded substantially, so that the domestic requirements of 

16 See, for example, ATAS Bulletin 'Materials technology and development', 
Centre for Science and 'technology for Development, U.N., New York, 1988. 
Report of the Regional Workshop on Advanced Materials Technology and 
Development in Asia and the Pacific, Minsk (USSR), 29 May 2 June. 1989. And, 
Materials Developments in Selected Countries, Advances in Materials 
Technology: Monitor, UNIDO, Issue No. 16. January 1990. 

17 See Dr. Chungi Rhee, 'Status and Prospects of New Materiala Technology in 
Korea', Regional Workshop on Advanced Materials Technology Devel.~pment, Minsk 
(USSR), 29 May - 2 June 1989, and, 
Sung Do Jang, 'Recent Developments in the Advanced Ceramics Industry of 
Korea', Ceramic Bulletin, Vol 67, No 9. 1988. 
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conventional aaterials is reasonably well provided for. On the other hand. the 
structural edjustaent of the econoay towards high-technology industries has. in 
recent years. unaasked considerable weaknesses and bottlenecks of the economy in 
the area of adequate dOllestic advanced aaterials technologies and production. The 
relative neglect of advanced aaterials technologies and domestic processing 
capacity has aeant a large measure of external import dependence on materials and 
coaponents. so that imported materials uounted to S4.25 billion in 1986 and S5.7 
billion in 1987. Eighty per cent of this is from Japan. 

This external iaport dependence on critical advanced materials and components 
entering high-technology industrial applications is proving not only costly but is 
also fraught with difficulties. given protectionist issues and security 
considerations on the part of Japan. Europe and the U.S. upon which S. Korea relies 
to aeet the needs of both domestic markets and export industries. Indeed as the 
dollestic aarket for high-tech products has increaseci. so has the market for new and 
advanced aaterials expar..ded by leaps and bounds. In these circumstances. there 
emerged a self-evident need to formulate a focused, selectivP. and strategic 
approach to materials research and production in the South Korean economy. The 
need to upgrade and aove towards aore self-reliance in advanced materials research 
and production technologies. upon which technical change and the competitiveness 
and export performance of a large number of downstream sophisti~ated indt•stries 
largely depends. has emerged as paramount. The domestic development and processing 
of advanced aaterials and components thus becomes a aatter of vital importance to 
sustained patterns of industrialisation and the orientation of the industrial 
structure towards high-technology. Nevertheless, a central feature of the 
materials revolution. which is clearly reiterated in the S. Korean context, is the 
fact that the development and application of new aaterials is impossible without 
access to highly sophisticated advanced precision instruments and measurement 
technologies. as well as c01111only accepted standard references and procedures. 
Hence the development of characterisation. analysis and evaluation technologies and 
associated standardisation of methods of evaluation are emerging as critical and 
indispensable components of a national materials and high technology strategy not 
only in IAC's, but also in rapidly industrialising economies such r.s S. Korea. The 
S. Korean example is therefore richly instructive as to the indissoluble links that 
are emerging between high-technology industries and the supply of advanced 
materials and components, and, t.'le parallel, critical importance of national 
measurement technologies and standard evaluation methods. In this respect the 
activities of the Korean Standards Research Institute are given ir. Diagram 6. 

Electronic Ceramics 

S. Korea is emerging as a major force in world electronic ceramics and a serious 
challenge to Japanese pre-eminence. The development of the P.lectronic ceramics 
industry of S. Korea is closely intertwined with the evolution of the electronics 
sector, which currently constitutes around 10% of manufacturing production and over 
a fifth of manufacturing exports. In fact electronics in the 1980's, has been 
performing as a dynamic leading sector with all the attendant backward and forward 
linkage effects to the rest of the economy. 
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Diagram 6: The Korean Standards Research Institute 

KSRI: Established in 1975 as a central authority of the national standards 
system. 

Has established national measurement standards in 80 measurement fields. 

The development and application of new materials relies on a set of basic 
technologies: 

Technologies for Beam Generation: 

Extreme Environment Generation: 

Analysis and Evaluation: 

Microlithography, annealing, milling, 
elimination of defects in ceramics, surface 
quality improvements of organic conducting 
materials. 

Electromagnetic waves: l -rays, X-rays, 
ultraviolet rays. 

Particle Beams: elect;rons, positrons, 
neutrons protons, atoms, ions. 

These technologies are indispensable for 
studying new phenomena, creating new 
materials, precision measurements and 
extreme environments, and 
analysis/evaluation of new materials. 

Essential for the creation, application and 
quality assurance of new materials. 

The KSRI conducts, therefore, research on: Precision measurement technology, 
advanced precision instruments, extreme environment generation technologies, 
ultra-low, ultra-high temperature, ultrahigh pressure, ultra-high vacuum and 
ultra-clean room environments, and beam generation technology for new materials 
analysis. 

In analysis/evaluation technologies research is conducted on: 

- Evaluation of materials strength at 4.2K 
- Characterisation of piezoelectric materials 
- Characterisation of Si-steel 
- Analysis of inorganic materials at ppb level with GD-MS. 

Given the increasing demand from research institutes and industries for 
evaluation technologies, the development of new materials evaluation 
technologies by KSRI is a national project. 

Efforts are also made to standardise new materials characterisation and testing 
procedures across countries: Recognition that standards require international 
coordination and cooperation to facilitate industrial application and trade. 

Source: Adopted from C. Rhee, 1989, op.cit. 
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Diagraa 6 (contd) 

National Calibration System 
I .. 

'-'-•-• (m~ 
.........., S« 1 +°'I· 

o..mms ~ S« I ...... 

Training 

Research IDStitutes, Testing and ID9pection Laboratories 

Educational Institutes, Industries 

Yllious tn1i*'9 CXU'9eS IR 

proW:ted in order ~ eita.ce the 
indusaill capehilies in prec:isiol 1 

rnemumnenlS : the mmagerilll eotne 

fer tDp rnmllg9S and thme who IR 

in chsge d qulllty anrols ~ ..... 
the CXUle fer thme ..... jelerj in 
arlllin tields d pecisiul I 
meauernem. and the tect.licill1 
COlne fer d'me who do not have 
nu::h apa iel K.'l!5 in prec:isiol 1 

~ 

c.- FilMI 
MMirpial ,....,~s,.n. 

c.. QulicyAPlsiMon 
-• 111m11 

Speciali11 n.ory ..s pl'IClil:IE ol 
~ pnQlioll nap-- 91 

dlC lplCific , .... Clllll&llmd. 

Tctnciw . 
c.. 

T ... 
Top nwaapnA 
DiNCIOll ol Q.C. 

5Jw"-ljw ill ... 
o«a.lfiddl 

I ' T chllicilll• I 

I 



60 

Figure 8: The Korean Electronics industry as a proportion of all manufacturing 
output and exports 1970, 198o, 1986 

__ ..... 

• • 

Year 

Source: Sung Do Jang, Cerllllics Bulletin, vol. 67, No 9. 1988. 

During the period 1960-68 a policy of encouraging foreign investment and technology 
transfer was instigated, which resulted in the domestic production of radios, EMD 
telephone switching machines, televisions and seai-conductor assembly via foreign 
direct investaent. Between 1969-75, the enactment of t..'le Electronics Industry 
Pro110tion Law sought to improve testing and quality control, enter export aarkets, 
\."Pgrade domestic industry, and thereby assisted in d011eStic assembly of colour 1V' s 
and cassette records, as well as the aass production of circuit elements, such as 
resistors, condensers, and switches. Subsequently, the period 1976-80 saw an 
enhanced transfer of technology and efforts of wipackaging and duplicating it, 
while R&D organisations began to be formed. The 1980's witnessed a J)6riod in which 
sustained efforts were made to develop domestic electronics related technologies. 
Exports of products such as colour 1V's and aicrowave ovens grew, while domestic 
assembly and production of computers, VLSI' s. electroni.c materials, VCR' s and 
telecoaunications equipment also expanded meeting local aarket demand for most 
products apart fro11 very sophisticated ones. 

Despite, or because of, the rapid expansion of exports of consumer electronics in 
the 1980's, certain structural weaknesses came sharply to the forefront. The 
remarkable rise of electronics production and exports was accompanied by a rapid 
rise in electronic parts, components and materials. Apart from the considerable 
balance of payaents, strains that this imposed, S. Korean aanufacturers experienced 
severe difficulties in terms of tiaely delivery of imported parts, and high costs 
due to price aanipulation. In 1985, for example, S. Korean exports or electronic 
products to Japan stood at S430 million, and imports were valued at Sl.360 million, 
as a direct result of the very high dependence on Japan for imported electronic 
parts and aaterials. 

Given the vast domestic aarket for electronic ceramic parts and materials, together 
with the iapedillents to domestic production, growth technical change and export 
performance of exceHive foreign reliance, efforts have been underway, stretching 
back to the 1970's, to pl'OllOte an indigenous electronic ceramics technological and 
productive self-sufficiency. But aoving in this direction has also encountered 
constraints, where the chosen aethod was the licencing of foreign technology. The 
licencing of appropriate technology is difficult, involves high royalty costs and 
inbuilt contractual limitations. Hence, in recent years, the importance of 
acquiring dom9stic, in-house R&D capabilities in advanced ceram!c materials and 
components has been recognised by S. Korean firms, and this has been supported by 
the Government in a special national project in which industry is supported both 
financially and technologically in this area. 
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1be developaent18of the electronics industry has therefore nurtured the gradual 
developaent of a doaestic electronic ceramics industry upon which it depends for 
future growth and export coapetitiveness. In turn. though. the electronics 
ceramics industry is dependent on raw material imports. Thus. while insulating 
ceramics. such as ceramic rods for carbor. film resistors and insulators for surge 
arrestors are currently produced doaestically. raw materials. which include alumina 
powders, are entirely imported. And. while the largest domestic market is for 
aluaina substrata and packages. there was until recently no domestic production. 
Although electronic ceraaics are aanufactured by traditional ceramic processes, 
nearly all the raw aaterials. except ferric oxide, are iaported. The further 
developaent of electronic ceraaics and the steps taken towards greater self
reliance. require vast improvements in the doaestic ceramic raw •aterials industry. 
and progress has been achieved in this direction. 

1be greatest demand for advanced ceramics. at present. naturally is generated by 
the electronics industry. Table 7 shows the demand and production of advanced 
ceraaics in Korea for 1984 and 1987. Structural applications for advanced ceramics 
are currently limited for the size of the domestic market. Nevertheless. given the 
large entry of firms and non-electronic industries into ceramics recently. Korea 
will also become a force in structural applications in world aarkets. 

Table 7: Demand and Production of Advanced Ceramics in Korea {Sm.} 
..... ,,., 

ltcmt Dnnand ~ .,_..... ,,._.. 
Structural. •car-resistant ball-mill 

iincn. thread auidcs. tool-bit. etc. 5.5 l.2 U.I 4.4 
lnsvlators 

IC packaic. substrates. metallized 
ceramics. etc. 62.5 1.2 103.l 4.0 

Capacitors 
disk. MLCC. B-L F-T. etc. 32.3 2S.S 13.2 41.6 

Piczoeleclrics 
fillen. quanz. buzzer. ianiton. etc. 23.7 46.0 1.0 

Ferritcs 
soft. bard. maanetic beads. 
rccordina media. calcines. etc. 79.5 31.0 2277 94.2 

SemiconduC1iftl 
34.0 2.1 thennis~o>n. senson. varistors. etc_ 10.I 

Carbon and otben 32.6 
Total 245.9 65.9 510 155.0 

Produetion venus demand ('l) 26.I 30.4 

Source: Sung Do Jang. 1988 

Table 8. shows details of current activity in Korea's Advanced Ceruics Industry, 
and Table 9 and 10, together with Diagram 7. show aanufacturers of ferrites. 
capacitors and wear-resistant and insulating ceramics. Of the 67 companies 
involved in ceramics, 20 aass produce magnetic materials (soft and hard ferrites 
and aagnetic materials). 18 are involved in piezoceramics, two produce 
semiconductors arid seven are developing technologies for the latter. Most are 
••all scale fil'llS. except those producing ferrite& and capacitors. Piezoceramics 
comprise less than 10% of demand, semiconducting ceruics are less than 7% and 
structural. non-electronic ceramics even less. 

18 See L.M. Sheppard. 'Korea: A Major Force in Electronic Ceramics'. Ceramic 
Bulletin, Vol 67. No 9. 1988. 
Soon-Ja Park. 'Electronics: Dependent on Raw-Material Imports', Ceramics 
Bulletin, Vol 67, No 9. 1988. 
Sun Do Jang. 'Recent Developments in the Advanced Ceramics Industry of 
Korea'. Ceramic Bulletin. Vol 567, No 9. 1988. 
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Table 8: Current Activity in Korea's Advanced Ceramics Industry 

hrm 

Structural and wnMcsistant aramics 
Tool bits 
Stnacuaral components• for 

Htomolift applications 
Wear-resistant \thread 1uidcs. tiles. 

balls. sandblast nozzles. 
mechanical scab 

Total 
lasulati111 ceramics 

IC pactaacs 
Sabslratcs 
Rcs&stors 
Mculizal aramics (for surac 

arrestors. mqnctrons. SCR 
housina> 

Total 
Capacitors 

Disk type 
MLCC 
BL F-T. etc 
Total 

Piezoelectric «ramies 
lpitor. 
Buzzen. ringers 
Filters (PZT. SAW. quanz) 
Oscillators. others 
Total 

Mqnctic «ramies 
Ferrite powders (Ba-. soft ferrite) 
Mapcu 
Saft ferrite cores (DY. FIT. EE. 

El. etc.) 
Mqactic rccordin1 bads (audio. 

VCR. HDD. FDD) 
Rccurdiq media h-Fcp,. Cc>-Fci(>,) 
Total 

Saniconductina uramia 
Tllmnistors (PTC. !lo'TC) 
Semon (01111en. ps. thermo. 

bumidit y. etc.) 
Varistors. anators 

Total 

"•"'bet ol firms 

3 
3 (2)• 

m· 
I 
I 

I (2)• 
3 (4)• 

s 

m• 
3 
I 
4 

IS (3)• 

2 (2)• 
5 

S(l)9 

7 (t)• 
I (1)9 

20 (5)• 

2 (2)• 

I. s 

4.0 

10.3 
IH 

17.6 
6.2 
2.5 

7.0 
103.3 

45.0 
23.5 
14.7 
12.3 

2.0 
5.4 

25.0 
15.6 
46.0 

15.I 
42.l 

54.9 

116.I 
52.I 

227.7 

19.2 

l.J 
6.5 

3'.0 

Nqliaibk 19tl 

4.4 
4.4 

0.1 
2.2 

1919 

1.0 1911 
4.0 

JS.J 
6.J 1917 

1911 
41.6 

NqlisJ"bk 1911 
2.0 
6.0 1919 

1919 
1.0 

12.2 19111 
JJ.I 

41.J 
HDD.1911; 
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Table 9: Manufacturers of Wear-Resistant and 
Insulating Ceramics 

Compmn~ 

Sunkwan1 Ceramics Co. 
Chcil Ceramics Co 

Tacpyun1 Electronic 
(:ramies Co. 

Yudon1 Co. Ltd. 
Namsuna Ceramics Co. 
Chan1W011 Co. Ltd 
Samhacn1 Electric Co 
Samsun1 Ceramics Co. 

l'roducll 

Sur1e arrest~. cement 1esistor cue 
IR plate. ps burner tip (ball 

ceramic liner) 

Thread 1uiclc. ball ceramic liner 
Alumina rod for carbon film resistor 
Cement rcsi1tor CIK (wcldin1 backup) 
Insulator (ceramic liner) 
l1nition plu1 for ps cooken 
C cramic insulator 

Table 10: Ferrite Manufacturers in Korea 

Soft 
Samhwa Electronics Co. 

Kora TDK Co. 

DacWOll Ferrite Co. 
Samhwa Enterprises Co. 

Hard 
Tacpyunayana Metal Co. 

Korea Ferrite Co 
Chahwa Electronics Co. 

Slch111 \frdia Co Lid 

DY. FIT. El, EE cora; rotary trai.
scora; transformer core for SMPS 

Bobbin thread; cup core. pcaltina coil; 
rotary tralllCOr'C 

Antenna lier. ri111 ~ 
ferrite powder 

Hard ferrite magnet; 
magnetic powder 
Hard ferrite ma1net 
Pla111c ma1nct 
M11ncuc powder 
Ma1ncuc 11pc media 

,. Te1119ya119 
...,.. ...... .,...,. O....Cmc:1 c~ ,.,. 

San1,,,19 
Eleel•Ofltc:I Pans Co l(lr,. 

KorH Taiyoyuaen t".o. domnates theceramieca
:'ors market: Samt1w1 Eiectrona Co. IS a dlStant sec. 
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Of the total demand for a~vanced ceramics, 30% is supplied domestically. But in 
the iaportant areas of ferrites and capacitors, domestic production is around 40% 
and 50% respectively of demand. This is facilitated by the fact that there exist 
plentiful supplies of domestically produced ferrite powders. All barium-ferrite 
required is produced domes~ically, more than 70% of soft-ferrite calcines are 
produced fl'Oll steelmill by-products. Ferrite materials and related applications 
constitute the largest portion of the demand for ceramics, in such areas as hard 
and soft ferrites, aagnetic recording beads, VCR's, computers, gamaa ferric oxide 
powder, and raw calcines for soft and bard ferrites. In fact the ferrite sector, 
which is 45% of the total electronics aarket, is now virtually self reliant. 
Ceraaic C&VilCitors on the other hand, an area which developed early in Korea and 
still in high demand, is not in the sue position, since Korea is entirely import 
dependent on raw materials for ceramic capacitors, piezoceramics, and 
semiconducting ceramics. Therefore some firms are developing technologies to blend 
premixed raw materials, and others have their own technology to produce individual 
oxide materials. 

Finally, there is a measure of dissatisfaction19 on the degree of R&D conducted by 
large firms on electronic parts such as capacitors and resistors and their vacation 
of domestic production of S'Jme components. Often it is the 600 aedium or smaller 
fiI"llS which display aggressive strategies, entering segments abandoned by the 
conglomerates, but lacking the financial muscle and R&D facilities/equipment to 
conduct research. Recen+;ly, the Korea government legislated that 497 electronic 
parts and components must be made from Korean materials and processes. Moreover, 
76% of all parts and components must be made in Korea by the end of the century, 
implying that imports of parts and components for the electronics industry must be 
reduced by 10% p.a. Another 219 items, including IC's, are prohibited to enter 
Korea from Japan. The result has been of great benefit to Korean suppliers of 
materials for DRAM's, ASIC's, multifunctional IC's, magnetic heads, multi-layer 
PCB's, pointless relays, ultra-microfilm capacitors, fine ceramic items and 
application capacitors. A very large budget of W225 billion to assist the 
Koreanisation of 4,500 electronic parts and components by 1991, (see Table 11 
below) has been allocated by the government. Nevertheless, in the last two years all 
such regulations have been lifted in the context of free trade policy. 
Table 11 

Investment Monthly Monthly 
1987 capacity shortage 

Product (billion won) (thousands) (thousands) 

CR.Ts 205.9 1 870 191 
Capacitors 38.6 975 000 13 728 
Polyvaricons 2.5 5 000 642 
Fixed Capacitors 13.9 1 850 000 368 928 
Crystal vibrators 3.1 33 500 7 650 
Mechanical tuners 12.8 4 850 500 
Ferrite cores 3.9 14 500 500 
Deck mechanism ".0 2 540 50 
R.od antennas 0.8 5 880 2 200 2 
PCBs 18.l 339 • 91. 
Diodes 8.1 96 000 44 367 
Digitrons 0.8 500 
TR• 126.9 175 000 27,026 (surplus) 
I Cs 188.0 224 210 747 (surplus) 

19 See 'A Special Issue on Electronic Materials in Korea', New Materials Korea, 
Vol 1, No 9. June 1988. 
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In teras of future strategic reorientation, the aim is to continue the high rate of 
growth in the electronics industry so that by the year 2000 electronics may 
constitute about 15% of GNP and hence constitute the largest Korean aanufacturing 
sector. Nevertheless an important objective is to shift the industry towards 
higher value-added and technology-intensive sophisticated products so that reli~ce 
on consumer electronics is reduced and industrial electronics rises to a 40% share 
of the whole industry. This entails a massive R&D programme and expansion of 
domestic materials industries. And, in relation to the Koreanisation of the 
industry, the excellent existing research institutes are already offering large 
assistance to both small firms and the government. With the large role of research 
bodies such as KAIST, ETRI, K~ETO and the Korea Electronic Industry Cooperative and 
MITI, most problems have already been identified, and need to be tackled in a 
coordinated effort. For example areas identified where small Korean firms lack 
expertise include: management of technology, moulding, chemicals, heat treatment, 
printing, painting, anti-corrosion, film manufacture and application and CAD 
technologies to design work. 

Specialty Chemicals20 

The large mass production industries in Korea already use very large quantities of 
specialty chemicals. Not only is there a large domestic market for such materials 
but a growing international market in electrical, electronic, automobile, 
pharmaceutical products and agrochemicals. South Korea's supply and demand for 
major petrochemicals is shown in Table 12. 

In 1987 Korean production of specialty chemicals was 20% of total chemical 
production, as compared to 90% in Switzerland, 70% in West Germany, and 50% in 
u~s.A., i.e. 1.86% of GNP as compared to 8-12% in IAC' s. Korea is roughly at the 
same stage as Japan was in the late 1960's. It is widely predicted that there is 
scope for substantial growth in this area in Korea over the next 10 years. The 
Ko~ean MIT! has focussed on specialty chemicals as a central instrument in reducing 
the trade deficit and external dependence on Japan. Specialty chemicals account 
for 60% (in terms of cost) of Korean consumer electronics production. 

Here again, there is strong government pressure for new technologies and new 
products, based as far as possible on local raw materials. Conglomerates in 
specialty chemicals have announced plans for expansion and other industries have 
shown an interest in entering the field. Nevertheless only 85 of the 756 Korean 
companies engaged in specialty chemicals production have R&D research capabilities, 
but this number is rapidly increasing. The Korean Association of Specialty 
Chemicals Industry (KASCI) has published a report commissioned from 100 Korean
based specialists, which predict that the value of the industry's output would rise 
from s300m. in 1988 to $12 billion by 2001, during which time over 100 products 
could be developed by Korea industry. Table 12.1 below shows some of the targeted 
areas of specialty chemical development over the next two decades. 

Liberalisation Measures and Free Trade Policies 

The moves towards sel{-sufficiency in raw materials and components described above 
have,in the last 2 years, been increasingly accompanied by domestic liberalisation 
measut"es and free trade policies. . n effect ,Korean companies can import any amount 
they wish, from whatever source, of .o1aterials and components. Nevertheless, the 
efforts to develop domestic technological capabilities especially in electronics 
components and parts, continuous, due to difficulties of obtaining technology transfer 
from abroad, previously dominated by Japan. 
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Table 12 
South Korea s chemical sector 

................ .., .. 9 ,. 

.......... 
""""' EJlllOI( 

,. ,,,, 

Ccww ~ 
Sell-silftlciency 

1-'M 
1,.0IO 

216 
·2.111. 

72 

UH 
1..254 

210 
3.212 

611 

t.114 
1.140 

227 
1721 

76 

'*"'"' ......,.,,_,,,.__..,.. .. _. ........ - s.cr-_...,....._,_ 

20 New Materials Korea, Vol 1, No 7. April 1988. 

Table 12.l 

Silicone activators. 
polymer activators. 
fluoro-activators 

Refined vascline. 
macadamia nut oil 

Pollution-free water· 
soluble-coatings. powder 
coatings, high-speed 
rotary press inks. 
corrugated cardboard. 
fl~xographic inks 

~as~er paper for graphic 
art, CT-NHR x-ray film, 
colour film and photo· 
graphic paper, colour 
developer 

Reactive.dyes, anthraquinone 
disperse dy&s and textile 
dyeing agents 

1991-20(10 

Rio-surfactants. reaccive 
emulsifiers 

UVA absorber. complex 
spherical powder. 
refined car dyes 

Electric sil~er coatings and 
ocher speciality coatings 
such as electromagnetic 
interference coatings. 
conductive coatings. 
vacuum-deposition coatings. 
heat-resistanc coatings 
and thermocoatings: 

Offset printing inks. and 
new functional printing inks 

Direct-positive colour films, 
high sensitivity colour films. 
films for semiconductors, 
photosensitiv~ m~tal plate~. 

films for astronomical/aerial 
photography 

Hetal complex dyes, dyes for 
pressure-sensitive copying 
paper, dyes for heat
sensitive recording paper, 
ink jet recording dyes and 
heat-sensitive dyes 

2001-2010 

Speciality functional 
dyestuffs, pigments 
for elf!ctrouic 
materials, solar 
energy conversion 
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4.3.2 BRAZIL 

Introduction 

The South Korean case discussed in 4.3.1 is instructive and offers similarities to 
the Brazilian case, given the efforts of the latter towards fostering high
technology industries and the promotion of an indigenous electronics sector. Again 
it should be clear that the development of domestic high technology capabilities in 
the scientific, technological and manufacturing conditions of the 1990's will prove 
impossible without the close attention to the parallel and selective promotion of 
local advanced materials synthesis and processing capacity - with all the 
educatio1al, institutional, measurement, evaluation and quality assurance policy 
foci that this entails. In fact we will make the strong claim that the survival of 
the Brazilian manufacturing industries, as for example, electronics and 
automobiles, both in domestic and world markets, will be in question in the 1990's, 
unless urgent and serious attention is given to close collaboration, and linkages, 
with high-quality suppliers of raw materials, parts and components, both in 
traditional but improved materials and in advanced functional ceramics, engineering 
polymers etc. 

As table 13 shows, Brazil is in fact richly endowed with both traditional materials 
and several elements of the periodic table that enter new advanced materials 
categories. This offers vast potential to employ advanced processing technologies 
and quality control to upgrade traditional materials such as steel and aluminium to 
meet the more stringent requirements in manufacturing user industries domestically, 
regionally or globally. But, additionally, there are considerable opportunities 
for Brazil to establish substantial domestic processing and engineering 
capabilities in the extraction and fabrication of an array of advanced materials 
destined for functional and structural applications in downstream industries or the 
export aarket. As we have already mentioned in this paper, there i& still enormous 
potential for improving the processing the properties or existing traditional 
materials. In fact, there is not much sense at present to castigate any material 
as 'traditional' in any meaningful sense. The 'advanced materials' of the next 
century will include new steel and aluminium alloys, as well as new cements. 
Hence, the acquisition or upgrading of advanced processing capabilities for the low 
cost, high quality processing and semi-fabrication of existing materials can confer 
considerable competitive advantages in the domestic and global market place of 
1990's, and must under no circumstances be neglected by a rational materials policy 
in a developing and industrialising economy, especially one in the privileged 
resource position such as Brazil finds itself. 

Moreover, the advantages or early entry and or cumulative learning by producing and 
using advanced materials are considerable. It cannot be assumed that economies 
will be able to easily enter in the future. Already considerable barriers in the 
acquisition or information and scientific knowledge in the davelopment of 
superconductors have been erected internationally. This remark though should not 
be interpreted as implying that scarce resources should be devoted only to purely 
scientific research and experimentation. Necessary as frontier knowledge may be, 
if it not closely tied to processing capabilities and mechanisms for the 
incorporation of scientific knowledge into the industrial productive sphere in a 
supportive legal, macroeconomic and banking/venture capital environment, it can 
prove next to irrelevant for long term economic growth and industrialisation. 

There is therefore a strong case to be made for the new Secretariat of science and 
technology in Brazil to give urgent priority to the formation of a national, 
integrated and consistent materials policy, not subject to the vagaries of 
mdcroeconomic stabilisation measures, budgetary fluctuations and political or 
bureaucratic change. For it is becoming increasingly clear, at least in the 
'triad' markets of the U.S.A. Europe and Japan, that, in the new materials and 
manufacturing era, the foundations of technical change, competitiveness, export 
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Table 13: Brazilian production, reserves and reserve base for selected minerals 

Mine 
Production 

1986 1987 Reserves Reserve Base Units 

Bawcite 6,224 6,500 2,8oo,OOO 2,900,000 thousand •· tons 

Beryllium 42 50 36o,OOO (potential short tons 
resources) 

Chromium 315 300 9.000 10,000 th. short tons 

Columbium 27.780 28,000 7,100,000 8,000,000 th. pounds, content 

Iron Ore 129.9 134.0 15,6oo 17,300 million long tons 
crude ore 

Lithium 42 40 1,000 N/A short tons, content 

Magnesium 81 80 50.000 70,000 short tons, content 

Manganese 2,976 3.000 20,900 69.000 th. short tons 

Nickel 25.400 30,000 900,000 4,700,000 short tons, content 

Niobium N/A N/A 89% of world reserves 

Quartz Crystal N/A N/A Large Large 

Silicon 238 240 Large Large th. short tons 

Tantalum 116 130 2,000 3,000 th. pounds, content 

Tin 21.000 29,000 650,000 650,000 metric tons/content 

Tungsten 8oo 8oo 20,000 20,000 metric tons/content 

Yttrium 66 66 400 1,500 metric tons of 
yttrium oxides 

Zirconium N/A N/A 24% of world reserves 

Source: U.S. Bureau of Mines, Mineral Commodity Summaries, 1988. 
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success. growth and employaent are to be found in a healthy. knowledge intensive. 
high-technology aaterials and coaponents sector. 'lbe acquisition of aaterials 
synthesis and processing capabilities has becoae an indispensable and critical 
component for technical change in an arL'lY of high technology industries including 
electronics and aerospace. and. for the speedy translation of scientific discovery 
into practical commercial application and end-product design for manufacture. 
Policy formulation and implementation in this area must be invested in a body which 
is able to cut across and coordinate between ainistries and departaents. since it 
involves the integration of science. technology. trade. industry and education 
policies. An additional requirement is that in targeting and setting priorities in 
scientific a.~d technological research and development. industry. government and 
university cooperation is needed in order to identify and build upon domestic 
strengths. expertise and perceived technical and market opportunities. 'lbe 
potential location of IMAAC within Brazil may offer invaluable externalities. 
assistance and incentives in this area. as well, of course to many other developing 
economies. trying to coae to terms with and establish the necessary. flexible end 
fast-responding institutions and policies enabling them to negotiate the 
complexity. discontinuit~1and uncertainty ushered in by the materials and 
inforaation revolutions. 

Materials Policies and Development Potential in Brazil 

In this section we engage in a rather selective and brief discussion of recent 
Brazilian initiatives in new materials and the potential for development of 
existing and advanced materials sectors. Despite the considerable importance posed 
by traditional and emerging materials in Brazilian GDP and export structure. policy 
in this area was diffused ~2 a multitude of government institutions until the mid-
1980's. The establishment of the Ministry of Science and Technology in 1985. 
brought with it central policy formation in the areas of science. technology. 
informatics, biotechnology but also the development of a "national policy for 
research. development. production and application of new materials .•• and other 
sectors of advanced technology" (Cassiolato. 1988). Since ~hen. new materials have 
been identified as a priority area, with special importance attached to materials 
such as metals and metallic alloys, quartz (given Brazilian large reserves and its 
role in fibre-optics), advanced ceramics, engineering plastics, and composites. 

Several agencies of the Ministry of Science and Technology (CNPq, FINEP, INT and 
SEI) together with leading Brazilian scientists were charged with the 
responsibility of drawing a preliminary set of proposals and plan of action on new 
materials which went for approval to the Government. The National Commission on 
Materials, set up a 2-year plan of action on materials, which was approved by the 
Government. Most of the proposals were in fact subsequently implemented, at least 
on the expenditure side. Nevertheless, policymaking in these aree.s has been 
suffering as a result of the fortunes of the Ministry of Science and Technology. 
which, since its inception, was fused into the Industry and Trade Ministry, 
lessened in importanc~ as a lower rank Secretariat, and then more recently 
transformed into a Ministry again. Following the recent elections and the 

21 See: L. Kaounides, 'Advanced materials and Primary Commodities', April 1989. 
Chpt 5. and Recommendations of Final Report, Expert Group Meeting, UNIDO, 
Vienna, 1989, op.cit., PPD. 116 (SPEC.), 24th May. 

22 For details of the materials situation in Brazil and related policies in 
recent years see: 
Jos6 E. Cassiolat~: 'Policies for newly industrialised countries: the case 

of Brazil. ATAS Bulletin, Issue No 5. May 1988. 
R.C. Villas-Boas, 'Brazils National Policy on New Materials', UNIDO, 

IPCT.57(SPEC.), 14 April 1988. 
H.M. Martins Lastres, 'The Impact of Advanced Materials on World 

Development', Advances in Materials Technology, MONITOR, UNIDO, Issue 
16, January 1990. 



inauguration of the new President. in •id-March 1990. the Ministry was transforaed 
back into a Secretariat. but with direct access to the President. and a pI'Ollinent 
physicist and rector of the University of Sao Paulo was appointed to head it. A 
new head was also appointed for the Secretariat's aost important body. the National 
Council for Scientific and Technological Development. (CNPq). with a pl'Ollise of 
increased funding. But clearly such uncertainties and vicissitudes in government 
policy towards a critical Ministry and its associated bodies can prove disasterous 
for the formation and iaplementation of a coherent strategy in science. technology. 
and the aaterials field. and is in •arked contrast to the long-tera planning. 
single-ainded and wtwavering pursuit of aateriels strategies in Japan. and 
increasingly in South Korea. 

At the sue ti•e though. excellent work23 has been accomplished by two innovative 
bodies in the aaterial~ field. the Secretariat of New Materials set up in 1987. 
located within the Ministry of Science and Technology (now itself a Secretariat) 
and. wttil recently under the Office of the President. and. over the last three 
years. by the Nucleus for the Study and Planning in New Materials (NMAT) • set up in 
1986. conveniently located within the vast scientific. technical and 
metrology/testing infrastructure of the National Institute of Technology (INT). 
Such bodies comprising of aultidisciplinary teaas of scientists. engineers and 
econoaists are indispensable in monitoring scientific and technological trends. 
accessing. assiailating and assessing rapidly evolving aaterials inforaation and 
data. and offering guidelines to industry and government. Such bodies operating as 
national think-tanks and/or strategic planning and policymaking instruaents in 
materials research. and in technological and industrial development are becoming a 
necessity across the differentiatP.d array of developing econoaies and can s- as 
nodal points in a regional and international aaterials network under the uabre- ' 
of IMAAC. Not only is the Brazilian exaaple to be emulated elsewhere, but the 
iaportance of a seai-auton0110us, multidisciplinary, competent and flexible 
aaterials secretariat and associated study groups or think-tanks will becoae even 
•ore evident within Brazilian industry, sci~mtific c01111unity and government in the 
90's. It should therefore be further strengthened. The new administration has. 
since March 1990, disbanded the existing forms of secretariats in high technology 
areas, except the one in informatics, and brought them under one roof in a new 
department. It is too early to evaluate the benefits or consequences of such a 
aove. 

New Materials and Processes 

Due to a combination of high grade. major world reserves in several minerals such 
as bawd te, iron ore, chromium, columbium, quartz. niobium, titanium, berillium and 
rare earths, together with considerable existing processing and engineering 
metallurgical strengths, high-calibre research institutes and laboratories and 
frontier university scientific expertise, Brazil could potentially emerge as a 
major force in world production and trade in new and advanced materials and 
components. 

23 See, for example, Helena Maria Martins Lastres, coordinator, et.al., "Novos 
Materiais, Capacitacao e Potentialidades Nationais em P&D", INT/NMAT, Riode 
Janeiro, 1988, which contains a comprehensive coverage of Brazilian 
institutions, personnel and research programmes in new materials, relevant 
companies etc. And, several other monographs and studies on trends in 
materials science and technology. In fact NMAT provided the analytical and 
research input that went into the formation of a national materials policy 
and the 2-year plan formulated by the National Commission on Materials. Both 
the NCM and NMAT were established in 1986. 
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In the area of metals and advanced alloys. treaendous potential exists in 
developing new metal alloys entering into high performance applications in an array 
of high technology industries. such as aerospace. electronics. petrocheaical plant. 
nuclear. aut0110biles and others. Already. the steel industry. whiei'l dominates the 
Brazilian metals sector. engages in controlled rolling of high strength low alloy 
(HSI.A) steels. continuous annealing to produce high strength cold rolled steel. and 
speciality steels. as shown in Figure 9 below. Several Brazilian enterprises also 
engage in research and production of several advanced alloys. A large number of 
governaent research centres and university physics. metallurgical and aeterials 
departments (e.g. UFRG. USP. UNICAMP. UFRJ/COPPE etc.) also conduct research on 
sophisticated new materials. metals and aadvanced metallic alloys entering a range 
of sophisticated industries. illustrated in matrix form in Diagram 8 . ... 
Figure 9: Volume and variety in th~ Brazilian steel industry output. 1985 
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Demands emanating from advances in high technology industries have led to the 
development of several new alloys. with some emphasis. appropriately for Brazil. on 
Niobi1JJD alloys. Table 14 shows the potential for the development of advanced 
alloys entering high technology industries in Brazil. 

Quartz ~rystal is essential for making piezoelectric filter devices and oscillators 
that provide single frequency signal sourceJ, both of which are widely used in a 
large variety of communications and instrumentation purposes. There are limited 
resources of quartz crystal for direct ele~tronic and optical use. so that cultured 
quartz crystal (utilising lascas as feed material) is now gaining acceptance as an 
alternative material. Japan remains the world leader in growing cultured quartz 
crystals. due to lower cost and the fact that it is a major producer of electronic 
components which use these crystals. The U.S. relies entirely on Brazilian natural 
quartz as fe~dstock in growing cultured quartz and for a few direct applications. 
Brazil possesses most of world reserves in crystal quartz. and is a major suppli2r 
of quartz flakes to the world cultivated quartz industry. The export prices of 
quartz flakes averaged about $2 a kgm, whereas synthetic quartz crystal and silicon 
monocrystal fetched S40 and $400 per kgm respectively. The obvious development 
potential of the sector and the acquisition of cultivated quartz technologies 
through licencing and joint ventures must be integrated with the fostering of 
domestic electronics, telecommunications and opto-electronic capabilities. There 
is already some domestic capacity in the production of cultivated quartz 
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Diagram 8: Industrial Applications of New Metallic Materials 
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Source: R.C. Villas-Boas, Brazil's National Policy on New Materials, 1988 

Table 14: Metals and Special Alloys - possibilities of develnn11ent in Brazil 
Mo1mols llW•U"" 

(a)siructural steel with high resistance 
(main elements - Cr, Ni, Cu, Ti, Mo, Co, Al, 
Mn, Nb, V and rare eanh) 

- aeronautiC5 
- petroleum 
- armaments 
- automotive 

(b)revested steel - automotive 
(c) Al alloys - aeronautiC5 
(d)Cu alloys (with Si, Sn and Cr. or Si, Al and Co) - microelec:lronics 
(e) Ti alloys (with Al, Sn. Zr. Mo, Nb, Si) - aeronautics 
(f) superalloys-resisunt to corrosion and high tem· - aeronautics 

perature - armaments 
(I) Be alloys (with Cu. Al, Co, Ni) - aeronautics 

- electroniC5 
- armaments 

(h)refractory metals and alloys (Ta, Mo. W, Nb. Ti) - electronics 
- special equipment 

(i) Nb alloys (with Ti. Sn, Zr. G1, Al, Ca) - electronics 
- superconductor 

(j) rarr eanh - electronic• 
- siderurgy 

(kl amorphous alloys - electronics 
Bgursc: Joac E. Casaiolato, ATAS Bulletin, I•sue 5, May 1988, p.138. 
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oscillators. tlnd optical fibres (through CPqD-Telebras developed technology). Even 
though Brazil is a major wcrld producer of aetallurgical grade silicon. aainly from 
quartz. it does not produce electronic grade or solar grade silicon. 

In advanced ceramics. the domestic market recently stood
24 

at S300 million. with 
8o-90% held by d<>11estic coapanies producing substrates. insulators. ferrite 
capacitors. and piezoelectric components. About 25 Brazilian companies produce 
advanced ceramics. and a aajor part of the aarket is taken up by aultinational 
c<>11panies such as NGK (e.g. alumina substrates). Bosch. Coors. Thoapson-CSF (barium 
titanite capacitors). Roha (barium titanite capacitors and resistors). Constanta
Ibrape (ferrites and resistors). Pirelli (fibre-optics) and Cornig. National firas 
are aainly small to medium. in the process of expansion and consolidation. such as 
ABC-EXTAL (fibre-optics). V.C. Varistores e Balestra. Thorthon and others. Two of 
the national firms are producing ceramics for the electronics sector. seven for 
therao-aechanical applications. and one for optical fibres. 

In addition. there is considerable activity in the production of advanced ceramic 
raw aaterials and special powders. such as alumina and zirconia. Rew materials and 
powders research is conducted. additionally. in a number of universities and 
research institutes. s .ch as IPF.N, UNESP, and others. In fact frontier research on 
advanced ceramics is conducted by several leading scientists in a number of 
universities, the aost important being the Department of Materials Engineering of 
the Federal University of Sao Carlos. Figure 10 illustrates the main institutions 
and lines of ceramics research conducted in Brazil. 

Advanced and improved traditional materials in Brazilian high-tech and 
manufacturing industries under world market competitive conditions in the 90's. 

From this very brief discussion it should be evident that B 'lZil has substantial 
and existing strengths in natural resource endowments, processing and semi
fabricating capacity in a range of traditional and new advanced materials 
technologies, large and increasing domestic markets in the form of high technology 
industries utilising a vast array of sophisticated materials and components and 
high-powered research institutes and university departments in frontier science. 
'Traditional' materials capaLilities can be strengthened, with a strategy of moving 
to higher added value fabrication of metal alloys and specialties required both in 
mass production and high tech industries. Special attention could be given to 
coatings, surface treatment, surface and interface science, adhesives, bonding and 
joining technologies as well as near net shape manufacture in industry. Moreover, 
such industries will be subject to irresistable technological and orgar.isational 
pressures for closer links and computer-aided interfacing with their customers in 
industry to facilitate innovation und design, component simulation and materials 
optimum selection from a ccmmon database, specifications and quality control, and 
ability to respond to the specific needs of their customers for a group of 
properties {rather than a specific material) in a concrete application. As in the 
case of South Korea, it is likely that Brazil will find it nec~ssary to promote 
domestic self reliance in a range of raw materials and functional compor.ents and 
parts destined for domestic high technology manufacturing, aerospace and military 
applications. 

Materials strategy is inseparable from the specific forms that the transition of 
Brazilian manufacturing industry is taking in the adaptation of emerging 'best
practice' Post2gordist automation technologies and associated organisational change 
in production. Little evidence exists, but there appears to be a piece-meal, 

24 Anulrio Brazileiro De C~ramica, 1989, p.76. 
See also Tables 15 and 16 for breakdown of the Brazilian markets for 
electronic and magnetic ceramics around 1988-89. 

25 See A.G.A. Filho, R. Marx, M. Zilbovicius, "Fordism and New Best Practice: 
Some Issues on the transition in Brazil" 
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selective and restrict~ application of (doaestically adapted) flexible 
118Ilufacturing technologies and J-I-T. Of course it is not to be expected that a 
wholesale adaptation of Japanese practices and industrial relations would be 
possible or desirable in a different social foraation. exhibiting different 
historical experience. labour/aanageaent relations. trade union strengths and so 
on. Export orientated industries have 11<>ved to •ore flexible methods of 
aanufacture. and some car coaponent suppliers have began to employ FMS and CNC. but 
the diffusion of llicroelectronics based autoaation technologies in Brazilian 
industry is still in its infancy. Car 118Ilufacturers are pushing inventory control 
to their suppliers. enforcing JIT adaptation by the latter. Nevertheless. despite 
the increasing pressures on component suppliers for JIT. quality control and 
adaptation of statistical quality control aethods as well as for faster and more 
irregular deliveries. the car industry has not yet fully moved towards the 
reduction in the number c.f suppliers and the cultivation of longrun. stable 
contracts with thea. This of course does not aean that world aarket pressures and 
imperatives imposed by the foreign design and decision making centres will not lead 
to increased diffusion of these techniques in the 90' s. The pieceaeal and 
selective adaptation of Post-Fordist best practices in Brazilia., manufacturing may. 
in fact, be the only possible, rational and efficient solution in the current 
socio-economic and political circumstances. But the question remains as to whether 
this will be enough to maintain competitive advantage and the survival of major 
portions of Brazilian manufacturing in the 90' s. To what extent, for example, are 
a aultiskilled labour employed as a resource, or, long-run supplier-producer 
relationships necessary for efficient production and sustained patterns of 
innovation in the future, as Japanese and other foreign counterparts move even 
faster ahead, in order for segments of Brazilian manufacturing to remain 
cOllpetitive and retain market share in the 90's? 

It must be pointed out that policies viz-a-viz advanced materials cannot be 
separated from the overall framework and experience of Brazilian policies towards 
high technology industries, and the fostering of national segments of advanced 
manufacturing technologies and output, as in computers. The subject matter cannot 
be dealt with in detail here. but the issues of early entry. protection of 'infant 
industries' and consequent liberalisation, the need and forms of access to foreign 
technology in the form of joint ventures and licencing agreements, the role of the 
private vs public sector, human resource development and training incentives, 
selectivity, and the need for a sustained long-run policy and committed resources 
towards science and technology research and industrial development, will also 
encompass the materials sector. In fact the speed of technical change and shifts 
in the science frontier would make it even more imperative (as S. Korea has found 
out) to seek 1·oreign technology in a range of high-tech industries, and especially 
in the materials and components field, in the 90's. Here the legal framework, 
protection of intellectural property rights, cross border freedom in the transfer 
of technology, and the provision of maintenance, support and repair services would 
all play a critical role in attracting foreign capital and facilitating technology 
transfer from foreign MNC's. The existence of a minimum mass of indigenous 
scientific and technological expertise and innovation potential together with 
opportunities to access domestic markets, and negotiating skills build up over the 
years. may. in the 90's offer greater attractiveness of Brazil to foreign capital 
for joint ventures in microelectronics and materials branches. But, it must also 
be borne in mind that the combined effect of microelectronics and advanced 
materials production and use, would enhance the complexity and importance of a 

R. Lima, "Implementing the Just in Time Production System in the Brazilian 
Car Component Industry" 
R. Carvalho and H. Schmitz, ~Fordism is Alive in Brazil" 
All in IDS Bulletin, Vol 20, No 4, October 19e9. And: J. Humphrey, 'Adapting 
the Japanese Model to the Brazilian Experience', IDS, April, 1990, mimeo. H. 
Schmitz and R. de Quadros Carvalho, Automation and Labour in the Brazilian 
Car Industry, IDs Discussion Paper, December 1987, No. 239. 



Table 15: Brazilian Markets for Electronic Cera~ics, 1989 

fUNt~O COMPONENTE ~AT£RI 4C:-PIUMAC:. 

t/ano ussx106/ano 

I SOL ANTES VELl\S OE IGNitAO 1500 1,5 
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5 
7,5 0,01 

RESISTORES E OUTROS * 300 0;3 

FERROEL[TRICOS CAPACITORES CER~ICOS 160 1 ,2 
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Source: M.M. Veiga et.al., 1989 
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Table 18: Brazilian Market tor Magnetic Ceramica, 1989 

COMPONENTE MAT[RIAS-PRIMAS 

t/ano USS X 106/ano 

FERRITES OURAS ("HARD") 3800* 0,8 

FERRITES MOLES ("SOFT") sooo••• 1,5 

• 
•• 
•••• 

T 0 T Al 

: 171 BaC03/SrC03; 831 Fe203 

ESTIMATIVA OE FERRITES OE Mn/Zn e Ni/Zn 

2,3 

30 a 40i DE OXIOOS DE Zn ou N1 ou Mn; 70 a 601 de Fe2o3 

Sou~ce: M.M. Veiga, et. al., 1DR9 

PROOUTO FINAL 

t/ano USS X 106tano 

3600 7,5 

5000•• 15 

22,5 
u? 
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Figure 10: Cer&J!lics Research at Brazilian Institutions 
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whole network of maintenance, suppCJ ... ~t and repair services and skills. On top of 
this one may add the necessity of high technology recycling and waste disposal 
industries developed in parallel with the new high-technology industries and 
generalised use of more complex materials in complex products. 

4.3.3 Advanced Materials and the NIC's: South Korean and Brazilian early 'entry' 
into advanced materi2is high-technol~gy in the emerging post-Fordist 
industrial paradigm. 

The discussion above, albeit not comprehensive, of the two important NIC's and 
their evolving strategies and experiences of early entry into advanced materials 
research and production, has highlighted several issues. It must be borne in mind, 
of course, that the two socio-economic formations are products of vastly different 
historical experiences and resulting institutions, forms of labour and work 
organisation, management practices, industrial relations, domestic mechanisms for 
the conduct of pure and applied scientific research and its transmission into 
technical and commercial application, state support and protection of nascent high
technology industries, trade regime and sets of domestic price controls, subsidies 
and incentives. Such differences, including policies towl\I'ds the acquisition of 
foreign te~.hnology, have meant, for example, wide variation in domestic 
innovational capabilities and dynamism, and, in the adaptation of new manufacturing 
best practice technologies. Both these facto~s will be critical for competitive 
survival in the 90's, especially given the trend in both countries for more 
openness and integration into the world market. 

As S. Korea's industrial structure has been shifting towards more sophisticated, 
higher value-added, capital intensive production, in response to both rising 
domestic land and labour costs and competition from low wage neighbouring economies 
at the lower end of the market, it has relied extensively on foreign technology, 
through licensing agreements and other formal mechanisms facilitating a net 
transfer of technology to Korea, especially in electronics. Nevertheless, access 
to foreign technology, especially to the latest and more sophisticated 
technologies, cannot be assured in the 90's, given an increasing reluctance of U.S. 
and Japanese corporations to provide even 'outdated' technology to potential 
competitors. As we have seen the need for foreign technology has also been the 
case in advanced electronic ceramics, with all the attendant difficulties of 
ensuring continuity and timely supply, especially from potential competitors. This 
lack of domestic R&D and technological capabilities in advanced materials and high 
technology, more sophisticated industrial branches, is emerging es a critical 
impediment to industrial success in the 90's. And, moreover, it is part of a more 
widespread and dangerous lac·. of domestic capabilities in technical change, product 
innovation and design. As the economy is moving towards greater liberalisation of 
domestic markets and opening up to the fierce and coercive forces of the world 
market, where competition in the 90's will increasingly take place in terms of 
technology, knowledge-content, innovation, design and quality, these serious 

26 For the role of new materials in the transition to post-Fordism, see 
L. Kaounides: 'Advanced materials, the Restructuring of Industry and the 

Third World', IDS Discussion Paper, May 1990, Ch.3, section 
3.i.3. 

and L. Kaounides and Robin Murray: 'New Materials and Post-Fordism', 
Cambridge Journal of Economics, (forthcoming} 

New materials technologies and information technologies are increasingly 
merging, and are capable cf acting as radical generic technologies affecting 
the whole productive base, rebuilding the capital stock and associated 
infrastructure. For the role of materials on the rhythm of fixed capital 
formation and secular periods of acceleration or reta~dation of economic 
activity, and the emergence of a new industrial and socio-institutional 
paradigm see Kaounides, May 1990, Ibid, Ch.3., section 3.1.4. This aspect 
has been almost completely missed in the long-wave literature. 
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defici~ies can decimate domestic and export market shares in many branches. 
Already the consumer electronics (see Diagram 9) sector has stumbled due to high 
domestic costs, protectionism in the U.S. and EC markets, for compact disc players 
and 1V sets, and competition from other low-wage economies. In the mediUiD run, a 
degree of protection of the domestic market and the existence of new markets of 
Eastern Europe and S.E. Asia can cushion the effect on the producers of relatively 
unsophisticated standardised commodities. But clearly, new strategies, management 
practices and manufacturing technologies are required for S. Korea's companies 
which have hitherto enjoyed success in mass-production and assembly of low-cost 
commodities and are now slow to adapt to the new market and manufacturing 
realities. In response to some of these pressures, some Korean companies are 
already locating in neighbouring lower wage economies, and establishing production 
facilities in the protected markets of the U.S. and E.C., where, of course, they 
come up against local content requirements. 

Thus, the necessary transition of a newly industrialising economy towards more 
technological sophistication and the adaptation of new best practice man .facturing 
technologies, will increasingly bring to the fore the inescapable needs to acquire 
domestic R&D, and technological and engineering capacity, as well as new forms of 
supplier-user collaboration, design, product renewal and quality control 
capabilities, and new patterns of work organisation, management practices, and 
flexible automation technologies. The acquisition of a critical mass of, and a 
measure of in~~pendence in domestic R&D, technological innovation, design and 
quality capabilities is central to industrial strategies for the 90's. But no 
economy or industry can be scientifically and technologically self-reliant, 
especially in the fast changing technological circumstances and resulting cross
border transfer of technology, 28tworking and collaboration agreements now 
prevalent in the world economy. Hence, it is this difficult balance between a 
minimum level of domestic research and technology dynamism and reciprocal access to 
foreign up to date technology that will exercise both firms and governments in S. 
Korea, Brazil and many LDC's in the 90's. A minimum critical mass of domestic 
research and technological competence is necessary not only for autonomous 
innovation, but also in terms of fostering an ability to abs~rb and keep ahead in a 
global environment of fast evolving scientific and technological change, through 
formal and informal linkages and agreements with laboratories and technology 
leaders abroad. Without a measure of independence in in-house technology and 
management and negotiating skills, then successful techn~logy transfer or shared 
development is unlikely either to be attractive to f~reign c~mpanies, or, 
assimilated end improved upon domestically. 

Given the pervasive and revolutionary character of new materials and information 
technologies and their systemic diffusion across the whole of the manufacturing 
base, associated infrastructure and management practices, the institutional 
mechanisms and industry-university-government linkages facilitating the translation 
of pure and applied research into technical advance and commercial application 
becomes an issue of cen~ral importance across both IAC's, NIC's and other ~DC's at 
this transitional conjuncture. At several points in this paper we hnve st.ressed 
the necessity of linking the pure science research with engineering , , sdng 
capabilities in new materials, and the close integration and colla. ,#een 
materials and component design and end users in industry. This is _ ... ..,or·tant 
subcomponent of the more general, but nevertheless very concrete, problem of 
enhancing the channelling of pure and applied R&D into the indui:;trial sphere. As 
t~e materials and information revolutions increasingly merge and take a foothold in 
the institutions, management practices and productive basP of IAC's, it is those 
economies that more readily incorporate and channel new scientific insight and new 

27 South Magazine, Mey, 1990, pp42-43. 
28 See L. Kaounides: 'International Business Strategies and Trends jn High-

Technology: The Cese of advanced materials', IDS, May 
1990 (Chapter in book, P. Daniel {ed.), forthcoming). 
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technologies into practical collll!ercial ap?lication that will gain COlllpetitive 
advantage, and it is here that Japan is supreme. Thus the question of 'early' 
entry by NIC's and other LDC's into advanced materials and high-technology 
industries, is not merely con.~ected to the acquisition of domestic technological 
capabilities, not only related to the need to access up to date foreign technology, 
but also to the creation of those domestic structures, institutions, consortia and 
governaent support schemes that facilitate the spread of new technologies into the 
industrial sphere. Similar difficulties of course are prevalent in IAC's, but the 
problem is aore acute in LDC's where such mechanisms and linkages exist, if at all, 
in more rudiaentary f:>ras and •ust therefore be addressed urgently and coherently 
in the early 90's. Otherwise, the difficulties of entry and effective 
participation once such new technologies have taken hold in the institutions and 
industries of IAC's, •ay be insuperable for •ost LDC's, including the NIC's 

There remains the exceedingly difficult issue of the degree, instruments and 
duration of fostering and building up of domestic research and high-technology 
activities and national firms. What we wish to point out here, is the need to 
reconsider traditional approaches to this matter in the light of the scientific and 
technological circumstances likely to prevail in the 90's. However successful such 
'infant industry' policies may have been, and judicious the mix of public vs 
private sector involvement, erecting protective barriers around national advanced 
materials firms and preventing the free flow of technology across national borders, 
whether it be for military or commercial reasons, is likely to be self-defeating in 
the long-run. Access to the fast evolving materials science base, advanced 
processing methods and latest innovations and up to date technologies from abroad 
is now-a-days essential, and must complement national and domestic firms' in-house 
capabilities both in materials and information-related high technology. 

Diagram 9 
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Thus, it is debatable as to whether the· hitherto severely restrictive practices of 
Brazil in the area of technology inflow, however noble the motive or 'enforcing' 
domestic research and technological competence, can remain viable in the 90's. 
Although this policy did achieve a degree of success in same areas, e.g. fibre 
optics, further restrictive 'containerisation' of Brazilian high technology firms 
is likely to be detrimental to sustained innovation, consolidation of the advanced 
materials early entry gains, and future competitive position. The obverse of 
opening up to technology flows is that in the absence or a critical mass or 
domestic processing/engineering technologies and linkages to industrial 
application, a new materials invention that might occur in Brazil, S. Korea or 
India may be successfully first incorporated in B new process or product and 
commercialised abroad, as several IAC's are currently experiencing. 



80 

Brazil is in fact beginning to debate the merits of and move towards more domestic 
competition. deregulation and liberalisation of both industry and the economy. and 
greater openness and reform of t."l.e trade regime. As in the case of Korea, this 
implies that manufacturing industry must begin to adapt to the chill winds of world 
market competition. Domestic R&D, technological innovation, product design and 
quality control will soon have to be confronted. Firms engaged in world market 
exports, e.g. in metals, already offer high quality products, but many protected 
industries face very urgent needs to upgrade quality and meet world standards. 
And, firms in some industries. e.g. ferrous and non-ferrous metals production, have 
used licP.nsing, joint-ventures and other agreements to keep up to date with 
technology advances. But together with ~etals industries abroad, they increasingly 
realise that they need to acquire multimaterials capabilities, both in-house and 
through acquisitions, mergers, joint ventures and other collaboration agreements 
with firms aboard. The enhancement of the multidisciplinary research competence of 
materials producers and the need to employ an array of complex scientific and 
technological expertise across many fields, such as computer science, 
microelectronics, materials and so on in the development of high-technology 
products. as in aerospace, implies the need for greater university, government lab 
and industrial research collaboration and linkages. Unfortunately such linkages 
are currently unsatisfactory, especially in meeting the research needs of small to 
medium firms which do not possess the resources required to conduct in-house R&D. 
As in IAC's, the state provision of centralised facilities in expensive 
instrumentation and equipment required for quality control, characterisation, 
performance evaluation measurements and experimentation seems inevitable. Not even 
very large firms can master fully the financial resources, the complexity of inter
disciplinary scientific and engineering inputs or the exceedingly expensive 
laboratory facilities involved in materials and microelectronics related high 
technology innova~ion. Cooperation, collaboration. networking, formation of 
consortia, joint R&D of new technologies with commercial potential, and access to 
government research facilities and metrology/standards assistance, are all current 
mechanisms for overcoming such difficulties across IAC's, and are even more 
necessary in economies such as Brazil aspiring to greater participation in the 
world economy. 

In sum: Improved traditional and new advanced materials constitute essential 
inputs in the functioning and innovation process of all high technology industries 
and an increasing array of manufacturing industries. Two elements of this 
proposition merit further comment. Firstly, advanced materials synthesis and 
processing capacity is a priority area of critical importance to innovation and 
competitiveness of high-tech industries. Economies shifting towards sophisticated, 
science-based industries and products place very stringent and demanding 
performance characteristics on materials and components, and thus rely on solutions 
emanating from materials industries and the acquisition and diffusion of 
appropriate metrology and quality control technologies. Thus national strategies 
towards high-technology and the restructuring of the industrial structure are 
inconceivable without prior elaboration of appropriate national strategies in 
advanced materials and components design, fabrication and manufacture in close 
collaboration with end-users. The acquisition or further strengthening of nascent 
advanced materials synthesis and processing capacity within the national economy, 
implies close attention to the multi-disciplinary educational and research 
programmes, advanced instrumentation technologies, metrology and standards 
assistance to industry, the development of materials property data bases, testing 
and quality control, and, technology transfer programmes and local training 
clauses, that must accompany such strategies. 

Secondly, traditional materials with vastly improved properties and employing 
advanced manufacturing and processing techniques provide inputs throughout 
manufacturing. The 1990's will witness the more widespread diffusion of IT across 
the industrial base and the adaptation of new best-practice management, work 
organisation and microelectronics based automation technologies in manufacturing 
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with variations in national contexts. Materials selection, tailorability and use 
already forms an integral part of end product design and manufacturing path, thus 
providing much of the basis for flexibility, innovation and competitive advantage 
in post-Fordist industrial organisation. Increasingly computerised materials 
property data bases will provide linkages bE:tween materials producers and users in 
industry within economies and across diverse sources internationally, for CAD/CAM 
efficient materials selection, prototype simulation and manufacturing path set-up, 
thus speeding up product renewal and offering a multitude of design and 
manufacturing options. Design for manufacture and concurrent manufacture are 
emerging as core concepts for world class manufacturing in the 1990's. Materials 
selection and use, both improved traditional and new advanced, as the latter begin 
to diffuse more widely, is inseparable from engineering design and the quest for 
higher quality, flexibility, market niching, fast product renewal, and lower cost 
es tools for competitive advantage in today's market place. Moreover, materials 
supplier-user inter-firm collaboration, especially in the context of modular 
manufacturing, is r.nother necessary facet of the new innovation and market 
conditions. 

Hence, national materials, industrial, science, technology, educational and trade 
strategies form part of a unified whole and must address in a coherent, systematic 
and long term view the issues ioentified in this paper. 

5. CONCLUSIONS 

5.1 Broad policy objectives in the 1990's 

In this paper, we first identified the central characteristics and trends of th( 
revolution in MSE, in section 2. We then integrated these elements with the 
restructuring process underway in IAC's since the early 1970's, under the auspices 
of the production and generalised application of information technologies. We 
point to the fact that great changes are occurring at the early stages of 
production, leading to a transformation of the traditional metals and chemicals 
input industries into materials producing branches permeated by the insights, 
practices and philosophy of the evolving MSE. Further, we pinpoint the inseparable 
links which have emerged between the design, processing and use of new materials 
and the changing needs of market demand, consumer tastes, and associated flexible 
production technologies, as IAC's undergo a slow and uneven transition towards 
post-fordist industrial organisation. The restructuring process entails also an 
impact on demand for traditional industrial raw materials the global resource base, 
corporate strategies and global location patterns, as well as the necessary large 
role played by the state in IAC's in promoting national competence in materials 
production and use, deemed necessary for current and future domestic 
competitiveness. We then crystalise the insights obtained from these sections into 
brief outline of the potential impact on., the implications for developing economies 
in the 1990's and beyond (section 4), and identify those policy areas that such 
economies must begin to offer strategic responses to. 

The diffusion of microelectronics and telecommunications and, increasingly, of new 
materials technologies is clearly having an impact throughout manufacturing in both 
large-scale and small-scale industries and in traditional, labour intensive as well 
as newer, technologically progressive activities. What is, therefore, the Third 
World to produce in the 1990's, with what technologies and materials, at what 
scale, and where? Clearly some economies would do well concentrating on small 
scale, flexible specialisation type of industrial activities aimed at niche markets 
in specific designer dominated sectors. But this cannot be the case for all 
developing economies. O~hers, such as the NIC's and second tier NIC's, could and 
would profitably engage in high-value added, knowledge intensive production, 
including diversification into advanced materials. But where does that leave the 
majority of LDC's, indeed, the low-income LDC's? There is therefore an urgent need 
for an identification of the apprc;riate scientific, technologic~l and 
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institutional responses required across the whole spectrum of LDC's. such that such 
economies can negotiate and survive the major discontinuities ushered in by the 
information and materials revolution. 

Commodity policy must at last move away from en obsessive concentration on market 
prices and redistribution and concentrate on the need for primary producers in sub
Saharan Africa. the least developed economies. lower-middle income and second-tier 
NIC's to build and acquire the necessary COllpetences in MSE and parallel 
educational. engineering, testing and quality control. standards and institutional 
skills and structures that will enable them to use domestic resources to meet basic 
needs and participate in the world economy. For a primary objective of 
international economic policy in the 1990's. must be avoidance of the further 
marginalisation of that large number of economies which least afford to be cut off 
from the fruits of the materials information and biotechnology revolutions end from 
world economic activity, trade and payments. 

Therefore, the issues that would loom large in policy discussions in the 90's will 
include the following: Institutions which can acquire. assimilate and use 
materials data and information; testing and standards institutes; processing and 
engineering capabilities as a central concern of industrial strategy giving access 
to MSE insights and research. and ability to tnmsmit them to commercial 
application: the concerted effort by universities. government and industry 
regionally and internationally to divert the vast potential offered by MSE to meet 
basic needs utilising local resources while meeting environmenttll and energy 
constraints, and technical cooperation between professional societies. 
universities, institutes, research centres and industry in developing countries o~ 
a regional and international basis to meet the challenges posed by new materials 
and the environment. 

In this, of central concern will be the point of entry and selectivity in building 
up scientific and materials and manufacturing engineering s!~ills, utilising 
existing strengths while entering into joint ventures and technology licensing 
agreements, in the context of a dynamic and coherent industrial strategy, in which 
governments will play a role in setting priorities in a targeted approach. There 
are many opportunities for developing economies to enter into various stages of the 
materials and manufacturing cycles while judiciously building on existing strengths 
in domestic materials, manufacturing technology and human skills. 

5.2 Common requirements and country needs across the differentiated spectrum of 
developing economies 

The analysis in this paper is but a first attempt to meet the enormous task of 
understanding the enormous tasks of understanding the trends in MSE, its 
implications for high-technology and competitiveness in manufacturing industry and 
translating ~hem to the future role of LDC's in the global redivision of labour. 
Clearly there is a lbrge and differentiated array of developing economies, each a 
~esult of vastly different historical experience, social and institutional 
structures, and level of development of the productive forces. We are, therefore, 
only at the threshold of translating the trends identified into a set of viable, 
relevant policies to meet the needs and resources of individual economies. 

There is a broad set of common needs which apply across the range of LDC's. This 
set would include the need for each econcmy to form a central materilllls body or 
think tank, comprising a multidisciplinary team, the task of which would be to 
monitor trends in materials science and technology, access and assimilate 
information and market trends, and translate them into a set of consistent domestic 
science, education, industrial, tech11ology and trade policies and recommendations. 
Secondly, there arises the common need to acquire a critical mass of domestic MSE, 
industrial technology/engineering base, technical training and maintenance/support 
firms, which would impart a measure of flexibility on the economy, an ability to 
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respond to external shocks and discontinuities. a degree of technology absorption 
and development capability. and may facilitate the flow of foreign capital and 
technology. Thirdly. and very importantly. each economy subjected to the pressures 
of the world market. must create or strengthen domestic measurement and performance 
evaluation technologies and standards. and address the issues of meeting higher 
quality specifications and quality assurance. The development of standards is of 
necessity an issue that must be addressed through international cooperation across 
LDC's and IAC's. And. fourthly, all economies need to address the issues of access 
to the proJiferating materials information, scientific publications and development 
of data bases. all areas which again require international end regional 
collaboration. 

Identifying and articulating individual developing country needs in the era of new 
materials. information technologies and biotechnologies is a formidable end complex 
task. Here, international cooperation can play a large end con~inuing role. in 
terms of the provision of information, techno-economic studie~ monitoring of 
trends. development of methodology.end concepts to handle trends and needs in a 
fast changing scientific. technological and industrial market circumstances. 
International end regional cooperation can provide the first basis and momentum for 
the formation of national materials strategies. which then feedback and are further 
enriched through international schemes and institutions such as the formation of 
IMAAC. end other existing regional instituticns such as FSCAP or regional standards 
end research institutes in Africa, Latin America and Asia. 

In this way the world community end individual economies may begin to come to terms 
with the complexity end enormous variety of materials, countries, resources and 
needs. IMAAC could therefore become the focal point of information on materials 
for developing economies end industry, in order to minimise the dislocations and 
uncertainties experienced by existing traditional commodity producers. Issues that 
must be addressed within individual economies, would include protection of 
intellectual property rights. the restriction of exports of high technology from 
IAC's, training programmes in high-technology. using MSE to meet basic needs, 
developing a metrology/engineering base. restricting the brain drain, end quality 
cor.trol. 



APPENDIX 

Advanced materials classes, chemical composition, processing path, 
properties and functional use 

I. Metals 

II. Structural Ceramics 

III. Engineering Polymers 

IV. Functional Devices: Electronics, Optical and Magnetic 

V. Medical and Dental Materials 

Source: Office of Advanced Materials Coordination, U.S. Bureau of Mines, Open File 
Report, OFR 4887, December 1987. 
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