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I. INTRODUCTION

A group of materials scientists and specialists met in Vienns from 7 to
10 December 1987 to exchange views and advise UNIDO ons possible étogru-e of
action to assist in the introduction of new materials and materials-related
advanced technologies in developing country's economies. The participants st
the meeting and the documents prepared for it are listed under amnex 1 and
sonex 2 respectively.

Mr. Klaus M. 2vilsky was elected Chairman of the meeting with Mr.
Pradeep Rohatgi as Rapportcour,

The objectives of the meeting were:

= To consider the developments taking place in the field of new
materials and the related technolgies, ia particular the experiences of some

develoning countries;
= To discuss the role of materials vis-a-vis the developing countries;

= To discugss the necessary infractructure for wide scale imtroduction of

nev macerials o developing countries.

- To make a recommendation on the subject as regards the measures to be
taken at the nationsl snd internationsl levels.

The meeting was one of a series initisted by the UNIDO Secretsrist in
comnection vith i{ts nev programme approach for its work in ‘the development and
transfer of technology. The meeting was intended as s prepsrstory activiry
inthe prepsration of a progress report on the implementation of 1DB.3/26* to
the Prograsme snd Budget Committee.

In his address, Mr. F. 8. Souto, Deputy Director-Ceneral, referred to
the necessity of introducing nev materisls snd relsted advenced techmologies
into developing countries. Mr. K. Venkatsramsn, Senior Technicsl Adviser,
described UNIDO's work in the field of ssterials and briefed the expects ss to
the goels of the wseeting.

* Title of 108 3/26




II. RECOMMENDATIONS

Mational action

The meeting recommended that developing countries include a policy
anslysis for saterials in their planning efforts. Specifically such an
analysis should include any abundant local resources - both renewable and
ponrenewvable - that may be unique to the country and in the development of
vhich -aterialc szieﬁce and technology could play s major role. The evaluation
of anatase as a nev ore for titanium production im Brazil, laterite and
clay-based products for improved performance of bricks in India, and several
developing countries, and the use of coconut leaves and fibres for roof
thatching and ropesin Asian countries sre good examples of the development of
local resources through materisls-based advanced science and technology.

The meeting recommended that developing countries iiclude the build-up
of a materials science and technoliogy infrastructure as bigh priority in their
planning. Such an infrastructure could provide the foundation for any
development based on natural resources or for a value-added as well as a

ssnufacturing capability.

The basic building blocks for building infras-.ucture sre government,
universities and industry working in concent to achieve specific goals.
Covernment has to provide the leadership, policy analyses, and often funding
to institutes and universities for suppurt of materisls science and
engineering, including design, testing, quality control and standardization.
The contribution of the universities is the education of scientists and
engineers as vell as fundamenutal research. Contacts between scientists in the
developing countries with -thers working in the field is alsc an important
coaponent of university activities. The contribution of industry is to
divelop materials or manufactured products for internsl consumption and
exports. Government must aslsc provide clezr materisls related guidelines to
industry on pstent policy, taxation and import/export regulations as well as a
rationslised us: of materials related to ensrgy intensity and recyclability.
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It can not be over emphasized that e critical mass of materiasls’
scientists and engineers is necesssry for a country to continuously improve
its products and introduce nev ones for its own economy and for export.

The meeting recommended that, as part of the effort to build
infrastructure, developing countries encourage the formaticn of local
professional societies in materials science and engineering and/or encourage
their scientists and engineers to join technical societies such as ASM
INTERNATIONAL and others.

Such societies provide a meeting ground for government, univenity and
industry technical personnel to meet and exchange ideas informally. They also
provide a great deal of technical information to their members that includes
course materiasl, handbooks, abstracting services and materials—selection

software at reasonsble cost.

The meeting recommended that the developing countries concent~ate on
human resource development, slso a very necessary ingredient for
infrastructure building. Scientist talent will be fostered through government
support of universities, ss slresdy discussed; hosever, special education and
training are necessary for plant operation, materials processing and
ssnufacturing engineers and technicisns. Continuing educstion courses,
specislized seminars, courses taught through professional societies can all be
of benefit but need to be encouraged to succeed.

Internstionsl co-operation

Bilatersl or sultilateral inzeraction between countries is a mechanism
frequently tsed vhen transferring techmnology. The elements on which
co-operstion is desirable are listed here under, with some examples. It is
fsportant to point out that the impetus for such action can come from s
developing or developed country, as well ss fros an internationsl organization
such as UNIDO or s professionsl society, laboratory or institute.

The sseting recommanded that workshops and exchanges be increased by and
wvith say developing country interested in incressing its msterials science arnd
technology bese. One model is the UNIDO ~Czechoslovakis Joint-Programsse for
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International Co-operation in the Pield of Ceramics that prsvides for
technical workshops and short-term study tours. Another model is the lecture
programmeof ASM INTERNATIONAL that defrays expenses incurred by visitors to
India wvho increase their stay in that couantry for a series ¢f lecturea wher
invited to do so. Likewise the OKTEN (transfer of know-hcw through expatriaot
nationals) provides for experts working in advanced countries to retura to

their countries of origin for shori visits to render technical sadvice.

The meeting recommended that opportunities for the training of
scientific and technical perscnnel be increcsed in the developing countries.
For the short term training of scieatists, thc Iuternational Certze for
Theoretical Physics in Trieste is a good model. Potentirl interaction with
laboratories in developed countries is another desirable mechaniss that could
perhaps be funded by existing mechanism. incorporstingco-operation with
developing countries in ;sx:lsting programmes betveen developed coun:ries. An
additional mechanisa ic the teaching of courses in developing couniries by
members of professionsl societies who could use course work available cthrough
professional societies such as ASM INTERNATIONAL.

The meeting recommended that additioval effort be plaéed on deta base
generation snd increasing the availability of existing data baces to
developing countries. Although UNIDO is identified as a facilitator for such
activities, both developing and developed countries need, in addition, tn
interact more directly to identify avsilable data bases in developed countries
of direct benefit to a specific technical area in a developing country.

The role of UNIDO

The seeting recommendes' that UNIDO promote the establishment of an
Intarnational Materials Assessment snd Application Centie (IMAAC) fo: in an
depth analysis and promotion of the ratiocal use of materials. There 1s at
present no fastitution at the internstional level which addresser the issues
relating to the development and use of diverse materials including new aud
sdvanced materials in a trans-sectorial and intejrated fashion. Such en
institution would provide a forum and fuctiovn as s protagonist for
internationsl co—operation based ob sn integrat:d approach to the development
ar? use of materials, while slso facilitating the promotion of activities
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trelating to the application of moderm science and technology to the
development of sateriasls based on local resources and capabilities in

developing countries.
The desirable characteristics for IMAAC are described below:

(a) The Centre should have, as a minimum, the functions of collecting,
analysing and disseminating information relating to the diverse
materials and undertake or promote techno-eccnomi~; studies, especially
those related to unique resources not likely to be studied by others.
It should also organize and provide advisory services and facilitate

training and research development;

(b) The Centre should have a network of participating ins:itutiors in

various countries including specialized centres of excellence;

(¢) The Centre should have a relatively limited number of staff
constituting an interdisciplinary group;

(d) The training and R+D facilities of the host institution as well as
the network of distrib-ted participating institutions should provide a
basis for promoting training and R+D activities.

(e) The Centre should have, as one of its important purposes, the

promotion of R+D into materials-related problems of developing countries;

(f) The Centre should promnte a problem-oriented network of laborarories
interested in vorking within a specific technical area and who agree to
undertake 8 joint programme, share the results aud supplcment their
sctivities with information exchanges and reciprocal visits.
Laboratories of both the Jeveloping and developed countries could be

involved in such efforts;
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(g) The Centre should be inter-institutional (rather than
intergovernmental) in character, but it should be understood that the
participating fnstitutions should be in 2 position to coatribute
resourceas to the Centre's activities, for exsmple by seconding its
professional staff to work for the Centre;

(h) The Centre should be backed by the commitment of the host country
willing to provide the facilities necessary for its operation; and

(i) Its establishment would be considerably facilitated if an existing
institution of excellence were atle to offer its infrastructure to

locate the Centre.

The UNIDO Secretariat is requested to further promote the concept with
fnterested countries vith a view to the early establishment of IMAAC.

The meeting recommended that UNIDO's (Industrial Technological
Information Bank (INTIB) develop specialized data bases for specific new
materials and technologies not covered by the existing data bases. This is
especially important ;ot materials unique to a particular region where little

data may come from developed countries,

The meeting recommended that UNIDO enhance its technological
publications to include greater compilation and dissemination of information
in the field of new msaterials. Especially important would be the preparation
by INTIB within its Guides to Information Sources one for specific materials,
as vell as a directory of research and development institutions i{n developing
countries particularly working in the field of materials. UNIDO should
prepare a roster of emminent experts ia the field of new materials and
continue the publication of its Monitor on Advanced Materials, incressing its

d1ssemnination.

UNIDO Secretarist vas recommended to investigate the possibility of
building up a network of R+D institutions in the field of new materials which
would co-operate in research and training programmes and exchange technical

information.
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The meeting recommended that UNIDO implement its programme or new
materisls, as indicated in document IDB. 3/26, namely:

(a) Information analysis and the monitoring of techmology trends in
selected materials and the development of sn information network for new

materials;

(b) Support nationsl policy and programmes in the field of materials,
including helping the establishment of material testing laboratories in
developing countries; and

(c) Develop programmes for internstional co-operation, including
promoting the establishment of networks of centres of excellence in
selected materials. An expert group meeting on nevw materials
technologies is foreseen for 1988, subject to the availability of extra

budgetary resources.

The meeting rocommended that UNIDO increase its interaction with
professional societies in the field of materials. In this connection it was
noted that the ASM INTERNATIONAL will be holding the first World Materials
Congress in September 1988 and the Urganization of American States is holding
a conference on saterials particularly adapted to developing countries in
October 1288. It is recommended that the UNIDO Secretariat participate as
this would be s unique opportunity to present a coherent view of the needs of
the developing world in the ssterials area to a worldwide audience. The
seeting recommended that UNIDO promote an expert group discussion to provite
input to these meetings.

III. Analysis and Experience

I11.1 Impact of materisls on industry and the economy

Broadly defined, the term "material” denotes physicsl matter used
to make things, sachines, structures and other objects required by man for
everyday life. Covering a wide spectrum of types and uses; materials and
materisls technolgy thus play s key role in the industriasl, economic and
social development of all countries. These are:




Metals and their alloys

Inorganic materials, including cersmics
Crgenic materials, iuncluding polymers
Composite materials :
Renewable materials

Energy-related materials

Electronic coaponeits

Materials processing and manufacturing

Conservation, recycling and substitution.

What distinguishes materials technologies from the other technologies
and sciences that are the subject of current attention is that materials are
not an end product in themselves - they are needed to permit engineering and
other structures to fulfill their functions. 1In this sense then, materials
have an underpinning role, an essentially enabling ischnology, providing a
framework for all industrial sectors.

Developments in msterials technology over the last two decades have led
to new metal alloys, fine ceramics products, engin._c¢ing polymers and hybrid
material composites, all of which are replacing the more traditional metal
products at a remarkable rate. Changes in materials thus change industry and
the pattern of industrial development.

New materials can be viewed as substances or combinations of substances,
which are developed by applying basic principles to their n»reparation and
production, with s view to their utilization in new or old spplications.

The development of new materials focuses primarily on the creation of
properties needed in advanced engineering applications and their
substitution for existing rare or critical ores and metals in short

supply and/or vital to s nacion's economy.

Materials for advanced engineering applications, vhich is the goal of
R+D facilities throughout the world are often the key to progress in high
technology fields, such as seronsutics, informatics, microelectronics and
traditionsl sanufscturing ss for instance sutomobiles and consumer goods.




Gcvernments of industrialized countries are particularly interested in
reducing their dependence on traditional sources of supply of vilnerable or
critical ores and/or metals.

If in a certain area the adoption or creation of “sppropriate
technologies” or “advanced technologies™ is considered, it is imperative that
the total materials cycle also be considered.

Ores, hydrocarbons, wood, oxygen and other substan..s are taken from the
eafth, sea and the atmosphere in crude form. They are extracted, refivued,
purified and converted into simple metsls, cheaicals and other basic raw
materials. Advanced technology is applied to -odify these industrial raw
materials to make intermediates such as alloys, ceramics, electromnic
aaterials, polymers, composites and other compositions, {.e. advanced
materials that aeet performance requirements. Manufacturers of finished
products Qhape these advanced aaterials into psrts for asseably. The cycle 1is
completed when the product's useful life is over, and it either returns to the
earth, the sea or the atmosphere as waste or is dismantled for recovery of

basic materials that re-enter the cycle.

The activities of materials industries have to be seen with respect to
the entire materials cycle. Given the many different parts of this cycle, it
is evident that only a multidisciplinary approach can respond to 211 the
technological and market questions involved. From rav material to finished

product and its discard or recycling, five questions are paramount:

- Energy intensity of processes and products

Environmental impacts

Imspact or employment sud other social structures

Role of innovation and technological leadership

Nstional materials policy.

The total msterials cycle is not only an essential framework for
establishing nev materisls industries, it is also a mesns for assessing the
influence of changes in materials technologies introduced by advancing
techniques in other disciplins. The, for example, adoption of “new
technologies” can severely disturd the materials cycle of traditional
industries.
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The key role of msterfals technmologies in future industrial development
is 1llustrated by the msjor msterials developments listed in the 1979 US
National Academy of Scienccs five-year outlook, as being those likely to have

a major impact on society from the present to the turan of the century:

Synthetic polymers

High-performance resin and setal-matrix composites
Silicon nitride and silicon carbide ceramics
Rapidly-solidified superalloys

Single-crystal engine components (e.g. turbine blades)
Fibre-optic transalssioa

Very large-scale, integrated-circuit silicon chips
Bubble msemories for computers

Semicondur: or infrared detectors

Powder metallurgy consolidetion techniques
Precision casting

Laser treatment of surfaces

Computer-aided design and manufacturing

The driving forces behind the materials developaents are various

technological, social and environmental requirements:

Iaproved performance, integrity and reliability of higher durability of
engineered systems products.

High efficiency, low-energy mechanical power;

Light weight, high-strength structures;

High-speed information techmologies; and

Increased productivity of ssnufacturing technologies.

To fulfill these requirements, there is a continuous demand for
materials with specific functions - msechanical, thermal, optical,

electro-magnetic, chemical, biological and electronic.
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III.2 Materials technologies and development

The materials piciure in the developing countries and in the poorer
sections of advanced countries, is one of very low availability of materials
per capita and poor quality. In the development context, materials filling
basic human needs such as food, housing, clothing, energy, and water are more
important than materials for advanced weapon systems, faster aeroplanes and
high-tech applications. While some knowledge-driven advances (e.g. rapidly
solidified materials, plasma and vapour-deposited msterials, surface-processed
and interface-tailored metsls, cersmics and composites and nano-structured
macerials) will indirectly contribute to development, they need to bde
seiectively steered to accelerate the availability of materials for
development. Development-oriented materisls technology leading to greater
svailability and better qualities of materials per capita will require
saaller, lighter, stronger, longer-lasting recyclable materials made from
local renewable and abundant resources. They will be made using
high-information, simple processes with low energy (preferably in the form of
" solar and biomass) nnﬁ lov capital requirements, but high labour conteat.
Materials based on plant-based products and abundant resources like clays,
stones, rocks, aluminium, silicon and oxygen should receive increasing
attention along with biological processes to process and preserve materials.
Materjals for solar energy and fusion energy should receive high priority
along with materials for food production and storage, cloth and paper,

materials for water purification and heslth care.

Developing countries may develop their own new materials sud uses, e.g.
composites, suitable to their resources and conditions. However, the diversity
of conditions in developing countries and the endowment of raw materials will
require different approsches to be evolved by each country. The question of
which material technology is most appropriate cannot be answered through
comprehensive catalogues or criteria in a general manne”. Each case has to be
considered individually to plan basic materiasls industries; howvever, the
following must be considered:




Location of materal resources

Possible extrartiom nethods

Locution and method of processiag

Tapact on the nstural environment

Energy isplications

Cost of extraction and processing

Commercial value at current and likely future prices
Export possibilities

Imspact on imports
Social-economic effects

II1I.3 Position of some of the countries and basic targets for materisls

technolqsz

The per capita GDP data for different countries (Table 1) shows a linear
log-log relationship with their per capita consumption of different materials
including steel, copper, aluminium, cement, zinc and tin. This means that the
process of development (insofar as it is reflected in rapidly increasing per
capita GDP) will inevitably require increases of ten to a hundred times the
quantities of materizls produced today (Table 2). Most of the developing
countries are at a stage where unit inputs of materials and emergy to produce
an additional unit of GDP are likely to continue to incrsase for several
years. Possible reductions in requirements of materials per capita due to
miniaturization and substitution by lighter weight, high-strength materials
and parts consolidation, are more than likely be offset by increasing
requiremsents of saterials due to rapidly incressing populations and increasing

materialisa and coosumerisa.

The challenge for materials technology for development, for at least the
next fifty years, will be to increase the availability of materials for
housing, water, food, energy and health care, by as much as ten to hundred
fold. This sust be achieved, moreover, wvithout pressures on resources, energy
requirements, environsent and employment. The paradigm for materials
technology for development should lead to development and production of basic
need-based materials (Table 3) vwhich are smsller, lighter, longer lasting, low
cost, lov energy and recyclable. These should be based on abundant and
renewable resources vhich can be locally processed, using simple
employment-generating snd non-polluting technologies.
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The poteatisl opportumities and problems advamced saterials preseat for
developing countries hes been identified by the United Netiocss Centre for
Science and Technology for Develcpment in co-operation with BAM (the Federsl
Cerman Institute for Materials Research and Testing) as follows: ATAS Bulletin
omn "Advanced Materials snd Development™ to be published in early 1988.




Table 1,

Per capita consumption of metals in selecvrsd countries
(Average valucs for 1967-1969)

Kg Per capita

Country GDP Aluminium ‘Copper Lead ~Zinc
Tin Crude Steel Uss

ARGENTINA 853 1.16 1.73 1.610 1.102
0.076 91.0

AUSTRALIA 2503 8.047 5.39 8.636 0.331
0.33 468.5

AUSTRIA 1604 9.10 4,469 3.151 3.306
- 283.5

BELGIUM-LUXEMBOURG 2174 16.52 11.465 5.028 13.361
0.283 401.0

BRAZIL (a) 326 0.90 0.512 0.301 0.482
0.024 51.0

CANADA 3234 10.02 10.354 2.95%9 4.979
0.215 469.0

CHILE 609 - 2.40 - -
- 71.0

DENMARK 2620 1,40 - 3.836 2,020
- 346.0

FINLAND 1861 2.62 6.00 - 1.312

281.0




Kg Per capita

Country GpP
Tin Crude Stecl uss$

FRANCE 2556
0.299 359.5

GREECE 856
- 95.5

INDIA 88
0.008 12.0

ITALY 1430
0.117 3213.5

JAPAN 1413
1.224 "501.0

MEXICO (a) 557
0.034 73.5

NEW ZEALAND 1938
- 2672.5

NETHERLANDS 1968
0.351 341.5

NORWAY 2398
- 375.5

PORTUGAL 543
- 6SQ5




Aluminium Copper Lead Zinc

N 6.37 5.193 3.61) 4,292
1.54 - ~ 0.640
0.23 0.083 0.090 0.151
4.17 3,339 2.342 2.928
6.41 6.379 1.750 3.181
0.5) 0.969 1.451 0.312

- - - 2.469
12.67 2.729 4.039 2.703
12.89 3.Nnno - 5.331

- 0.922 - 0.526



Kg

Per capita

Country GDP
Tin Crude Steel uss$
SOUTH AFRICA 738
0.085 187.0
SPAIN 83)
0.052 187.5
SWEDEN 3311
- 603.0
SWITZERLAND 2719
0.142 349.5
TURKEY 382
0.927 25.0
UNITED KINGCDOM 1926
0.315 4045
UNITED STATES 4300
0.2088 560.5
FED. REP. OF
GERMANY 2275
0.193 523.5

(a) Average of 1967 and 1968 figures



Aluminium

Zinc

11.70

0.37

6.83

17.23

8.84

2.35%

1.890

4,308

4.398

0.188

4.959

5.900

5.88)

- 9!-
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Table 2. Forecast of per capita consumption of metals
by selected countries and regions in the year 2000

Per capita consumption (kg)

Region Steel Aluminive Copper Zinc
1  Japam 710 20.24 v0.50 6.83
2 United States 890 52.25 14.63 9.41
3 UsSSk 850 17.47 7.84 3.92
4 Western Europe 710 20.24 10.50 6.83
5 Other developed 680 22.32 11.98 8.58

countries
6 Eastern Eaurope 610 13.87 5.41 5.92
7 Latin Americs 100 1.72 0.91 0.95
8 Chins 60 0.79 0.63 0.54
9  India (high growth) 51 0.98 0.44 0.70
10 Asia 30 0.50 0.22 0.31
11 India (low growth) 26 0.51 0.20 0.32
12 Africa 20 0.24 0.16 0.07

World 250 7.27 3.06 2.09

Source: Lahiri, A., Conservation of Mineral Resources in Commerce, Ammual
Number, 1976, pp. 47-49.
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Table 3. Important targets for msterials technology for developse:t

- Genetically engineered plants to absordb nitrogen directly from air.

- Genetically engineered plants with stronger timber end fibres .shich
can be pyrolized to form high-performance reinforcing fibres and
carboa-carbon composites.

Microbial processes to extract metals from ores and ocean nodules,
and to remove sulphur and silica from coal, bauxite and other
minerals.

- Miciobial processes to extract fibres and ultrafine ceramic
particles from sgricultural products and wastes.

- Solar photovoltaic materials with increased efficiencies and
reduced costs; solar furnaces for processing materials.
- Materials for fusion energy.

- Membranes from polymers, ceramics and composites offering lower
costs and increased performance in water purification.

- Improved and inexpensive materials for housing based on abundint or
- renewable resources such as sand, clay, rock, stones, laterites and
plant-based materials.
- Composites and ceramics with improved performances based on
abundant 2lements such as aluminium, silica, carbon, oxygen,
nitrogen and plant materials.

- Direct reduction of iron and aluminium using lov energy processes
drawn from solar and biomass energy.

- Recyclable materials with cascading downgraded applications
offering longer life and resistance to corrosion, oxidation, vesr
snd fatigue.

- Rapidly solidified materials for reducing energy losses.

- Surface and interface processed materials with tailored structures
and properties to meet specific needs.

- High performance nano-structured materials, non-equilibrium and
metastable structures.

- Roos temperature superconductors.
- In situ polymer connoslécs.

- Tough ceramics.

- Net shaped materisls fabrication.

- Parts consolidation through single step soulding of complex shapes.
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Industrialization of developing countries will further support the
consumption of traditional msterials.

Absence of technological assessments using local expertise is a
ma jor reason local rescurces have not been developed for local
needs. Many decisions %o establish manufacturing industries in
developing countries were based on feasibility studies that used
inadequate data. This undermined their conclusions and led to
negative effects on national development.

Priority for research and dzvelopment should be given to
business-oriented research ideas. Research staff must include
economists and/or technical researchers vith adequate understanding
of economic principles; their task is to assess the economics of

research and technical development.

Large production units are not always necessary, particularly when
considering speciality materials.

Policies require a “critical mass” in order to be effective. This
applies to several levels. Laboratories may not be larc: enough and
lack the material resources necessary for effective research and
development in nev materials. National reseatrch and development
potential as a whole may be limited through the lack of people with
sufficisat experience and imagination or by the restricted size of

potential markets.

The minimum conditions, e.g. facilities for materials testing and

quality control, do not exist in many countries.




III.4 -Altcernste rouces

Several routes have been taken in the development of an
infrastructure in saterials. In the western industrialized countries,
including the USA and Europe, the infrastructure and the production and
consumption of materials evolvec over several hundred years. The result is a
logical sequence of teachin3y, reseerch, development, small-scale and
large~scale production. Formsl teaching goes back two hundred years and
evolved through courses in applied science and technology, special courses in
metallurgy and ceramics, and more recently in materials science and
eugineering. Today over fifty US universities offer education in materials up
éo Ph.D. levels. Production evelved simultaneously from iadividual blacksaith
shops, foundries and pottery producers, through family firms, to companies
vith large integrated plants to making steel snd other materials, eventually
emerging as multinational corporations.

Recent years have seen a decline in both lirge integrated steel plants,
and large private sector materials research laborutories. There has been an
increase in the acquisition of overseas materials manufacturing companies, the
import of materials from other countries, medium-scale flexible manufacture
and the use of private consultants and small privately-owned service
laboratories.

The professional societies evolved from groups such as the Heat Treaters
Society, through the American Society for Metals, to ASM INTERNATIONAL, a body
whose 55,000 strong membership increases the scope in materials as vell as in

geographical coverage.

In contrast to the USA and Eurofean experience, the other countries
evolved their materisls capabilities over a much shorter time span. Japan,
for example, consciously and therefore quickly imitsted United States
production practices in materials, improving on them and increasing their
scale. This was followed by improvements in infrastructu: for teaching and
research, with the result that today Japan is viewed as leading the world in
research and production of certain advanced materials such as engineering

cersmics.
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Some developing countries sre taking another approescia. Brasil, for
exsmple, set up materials production plants besed on local mineral resources
and imported technology. This was automatically followed by the establishment
of teaching and research infrastructure to fulfill the manpower needs of the
sanufacturing plants. (A similar experience of the Republic of Korea is
discussed later in this chapter).

India, on the other hand, emphasized the building of an indigenous
capability in teaching, research and development from the start, while
simultanecusly establishing materials manufacturing facilities in the public
and private sectors. As s result, the training, teaching, research,
developsent and testing facilities in India for materials match those anywhere
in the world, even though the production of msterials lags behind countries
l1ike Japan and the Republic of Korea. India has also well established
professional societies as for instance the Indian Institute of Metals with 600
members and publications covering metals and scientific development. India
has over twenty departments in universities and institutes awarding degrees up
to the doctorate level. There are several national laboratories (some
deploying a staff of more than 1,000) including the National Metallurgical
Laboratory. the Central Glass and Ceramic Research Institute, and the Central
Building Research Institute. In addition India has regional research
laboratories at Trivandrus, Bhopal and Bhusbaneshwar, all researching local
materials. Planning for materials production is done by the National Planning
Commission and the Ministry of Steel and Minerals.

At the other end of the scale, in certain rav material producing
countries, like some copper-mining countries of Africa, mining is done by
foreign companies or with foreign collaboration, and there is no commitment to
build up any significant technical infrastructure.

No matter which route is taken to developing the infrastructure for
materials , access to sodern components, teaching institutes, resarch centres,
professional societies, information and data bases and sechanisas for
saterials policy formulstion is essential if developing countries are to
achieve equivalent levels of production and consumption of modern materials.
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III.S UNIDO Activities ism the Field of Materisls and Reslated Techmologies

UNIDO has long been comscious of the importance of msterials, both as
inputs to the industrislization process and as outputs of imdustry to other

economic sectors.
The activities undertaken by the Organization include:

Publication of & quarterly current awvareness bulletia, Advances in
Materials Technology: Moaitor;

Technical co-operation with developing countries on a wide range of
materials, and establishment ,f materials technology centres - including
steel, cement, paper, plastics and building materisls, as well as some

of the newer materials, such as carbon fibres;

Systea of Consuitation meetings, including building materials, wood,
non-ferrous metals, and iron and steel; studies in this context include,

for example, research priorities for building materials;

Industrial and technological information activities including

information packages, profiles, dossiers and directories;

Assessment of the technology trends, in particular materials. Areas
studied include basic rav materials, the main classes of engineering
materials and nev developments such as materials d-~velopments for

biomass utilization and space-related technologies.

IV. ROLE OF MATERIALS IN DEVELOPING COUNTRIES

The success or failure of many technologies depends heavily on the
msterials involved. Their selection, utilization, performance and reliability

contribute towards the necessary credibiiity of a given product.

Traditional materials, such as stone, wood, the common metals snd cement
have been the bssis of economic activities since the beginning of civilization.
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New materials, in & broad semnse, can be viewed as substances, or a
combination of these, kvowa or developed from first principles, to the
preparation, fabrication snd utilization of new or old constitu ats, yet
slways presenting new criteria in their build-up. As such, there is an
explicit utilization of innovative process development and msnufacturing
leading to create quality and reliability of use. Most of the developing
countries, however have missed out on the scientific and the industrial
revolution of the last 300 years to varying degress, including the revolution
in materials technology. This has resulted in the lack of availability of
materials per capita in developing countries both in quality as well as
quantity, as compared to the availsdility of materials in the advanced

countries.

The average availability of manufactured materisls and energy per capita
in the developing world is often one hundred times less than the advanced
countries. In sddition the cost of materials in relation to incomes in
developing countries is very high, resulting in a further inequitable
distribution of materials between rich and poor. In this context, the
directions in which materials escience and technology should be used to meet
the needs of the developing countries have not received the necessary

attention either from the developed or the developing world.

IV.1. Natural resources utilization trends

It has been calculated that the amount of natural resources consumed
after World War II is equal to the amount of raw materials and energy used
since the start of history up to 1945. However, in the 1970s the pattern of

constant growth of rav material consumption rapidly changed.
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Crowth of Nstural Resource Consumption

(per cent)
Product Period
1966 - 1973 1973 -~ 1980
Crude oil 70 7
Industrial sinerals 29 16
Metallic minerals 54 7

Source: IM, February 1987

The ressons for this interesting development are several:

- replacement of metals by plastics, ceramics and composites
- better utilization of materials generally
- environmental pressures

- recycling.

The demand for industrial minerals grows in line with
industrislization. The more developed a country, the higher the share of

industrial minerals in that country's extraction activity.

The pattern of future demand for individual non-metallics will be

influenced by:

- the return of the crude oil shortage in the 1990s: this will
stimulate drilling activities and thus the demand for bentonites
and barytes:

- Increased use of low grade coal to generste electric energy:
desulphurization processes will increase the demand for limestones

and gypsum:
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- Incressed demand for plastics, especially for nev grades using
uineral fillers as functional components: e.g. processed kaolins -
saterials vith defined properties;

- Growing importance of zeolites and their synthetic production from
kaolins and perlites;

- Increased consumption of paper, generating demand for mineral
fillers;

- Developments in advanced ceramics leading to increased demand for
smaller quantities of very pure saterials extracted from industrial
minerals such as monazite, kaolin, silica, talc, wollastonite,

bauxite etc.

World economic forecasts for the consumption of metals and therefore
metallic minerals, over the next few decades indicate relatively modest but
nevertheless positive rates for metals such as iron, copper, tin and lead.
These rates will vary between 1 and 3 per cent. Consuaption of aluminium,
chromium and nickel, and metals used in the smanufacture of special steels, is
likely to increase at rates above 3 or 4 per cent. Demand for metals widely
used in areas of high technology - columbium, titanium and gallium - will be

in ercess of 5 per ceant.

Although the industrialization of developing countries will further
support the consumption of traditional materials, the spread of new
technologies will probably reduce the extent of this source of increased
demand in comparison with that from the industrialized countries at similar

stages of development,

1IV.2. Upgrading, substitution and recycling

The declining growth of demand for materials in general has been due to:

Substitution of one materisl for snother, slowing down the desmand
for pcrticular materials;
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Economies in the use of materials design and procees improvements,
and reduction of per unit energy cost;

Saturation of sarkets; and

Fmergence of knowledge-intensive and service industries and
substitution of electronics for earlier electromechanical functioas.

Though the growth of demand in developed countries for basic saterials
such as steel, cement, paper, aluminium, ammonia, chlorine and ethylene is
levelling off, such materials will continue to be important. Increasiag cost
of production of basic materials in some developed countries has also led to
off-shore manufacturing, to production of speciality products and to secondary

processes, such as recycling and the use of scrap.

Trends in materials consumption in developed countries are not
necessarily followed in the developing countries. In many of the latter
industrial development is at s relatively early stage and consumption 1is
sxpected to grow significantly. At the same time energy efficiency has often
not been pursued and design has not emphasized saving on the use of materials.
Developing countries that produce materials such as copper and sugar have been
affected by substitution procésses in regard to their exports. In contrast.
only a limited amount of substitution of imported materisls has taken place.
Nor have the implications of new technmologies snd nev materials for the
industrialization of the developing countries been well understood. In short,
it is premature to talk of "dematerialization” of the economies of developing

countries.

The economy of several developing countries is closely linked to exports
of minerals that are threstened by new technologies, for instance copper ore
from countries in Africa. The development of fibre optics, which replaces
copper in telecomamunications, means that materisls science and technology
should be directed tovards finding newv uses for such resources; otherwvise the
economies of those countries will collapse and a globsl advance in msterials
science will be locally counterproductive.
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Recent years have vituessed considerable progress in recycling. This
also has implications for the use of resources, requiring nev strategies for
the design of all kinds of technical products. For example, the structure of
the materials aix in these products should be such that they can be easily
separated after use into the different materials classes.

IV.3 Bew materials ian the context of developlg;jconntries

Nev materials development is primarily tailored to:

(a) Creating saterials with more rigorous specifications; and
(b) Substitution of vulnerable or critical ores or metals.

Development of materials with more stringent specifications, either for
novel or old applications, is the gosl of research ard industrial facilities
all over the world. Market research is opening up opportunities in high

technology fields, such as aeronautics, information, microelectronics, etc.

Substitution of vulnerable or critical ores and/or metals is promoted
especially by governments in industrialized countries seeking to reduce the

dependence of their economies on traditiomal sources of supply.

In both cases the underveloped economies tend to suffer. For Ligher
specification materials they either have to rely on second hand materials or
to import process or product technology to match new developments. In the
second case, it is often that the metal or ore being substituted is a good
export item of an industrializing country.

The problems faced by developing countries are therefore not trivial.
By exporting commodities, rhey have to secure their balance of payments and
prepare themselves to deal with the introduction of nev materials in their own
domestic economies. Such nev msterials developments, viewed as an
amelioration of the rav materials crisis of the industrialized countries, may
thus deepen the economic crisis for the developing countries if no corrective

action is tsken.
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In future, many of the advances in nev materials will reach the

developing countries through changes in the pattern of nev materials trade and
changes in the use of materials in their economies.

IV.4 laterials Technologies for Developing Countries through High Science

Matcrials processing needs to be driven in the direction of near
net-shaped components and low energy consuming processes which can gemerate
employment in developing countries. Computer-aided design and simulation
quantities of waterials will suffice. However automstion and robotization in
developing countries should be used only selectively and where absolutely
necessary in order to obtain quality and resliability. And while the
scientific rigour and information Znput that goes into msterials processing
should be as high as possible, the actual process should be as simple a
technology as possible, consistant with reliability and maintainability in the

most primitive developing environments.

Mzterials in the context of development should be made as rapidly as
possible using local resources, local manpower, and simple techmoiogies which
can be maintained and established in the developing countries without vast
inputs of capital. Large numbers of traditional materials and processes, many
of which have been used in the developing countries for decades and centuries,
can be upgraded by inputs of modera materials science and technology.

Housing remains one of the most important problems of development due to
th2 lack of availability of materials. One major challenge is to reduce the
cost of materials for housing and to increase the performance of construction
materials, particularly those based on local renewable or abundant resources.
Of high priority here is a greater application of the most modern and vigorous
materials science and technology of alumino silicates, esrth, stone, laterites
and clay-based products which can be readily made everywhere. For instance
laterite is abundantly avsilable in many developing countries and is used for
the primitive construction of houses. Input of modern msterials science could
upgrade it to & modern construction material. The performance of bricks from
common clay could ba improved, biomass or solar emergy sources could be
developed to fire thes or low temperature binders and sintering agents could
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improve coaventional firimg. Amother area is the applicstion of modern
materials science and technology to renewable rescurces, particularly locally
available plant-based resources, such as bemboo, Impoema casrnesa, fibres from
plants such as coconut, sissl, banana, sunhemp, grasses, and large
agricultural wvastes like paddy, and wvheat strav. Receant work on the
structure and properties of natural fibres and shrubs, and synthesis of

composites using these materials in India point to the encurmous potential of

these materials.

For their economic growth, developing countries require positive
materials development and utilization activities. At the same time, the
potential of the new materials for development purposes have to be identified
and utilized.

Bowever, any concerted action, particularly of a policy nature, is

difficult for several reasons:
Number and variety of saterials and composites;

As intermediates many materials are inoputs to a variety of final

products;

Substitution of materisls is a result of techno—-economic
considerations carried out by different enterprises over a period
of time; and

Different materials may be critical for export or import purposes

for different groups of countries.

Among possible actions that can be taken by developing countries onme of
the first should be to monitor and assess the implications of the changing
scene of the development and use of materials. Particulsr attention should be
paid to the trends in the substitution of materials, both to conserve scarce
materials and to study the implications for exports of their own materials.
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The developing countries have to be more seasitive to the fact that
there is room for a choice of materials to be used in producing several
products. They should also take measures to promote ecotomy in the use of
materials and conservation of material sources. At the ssme time, increasing
efforts have to be made to reduce the energy content in processing and use of

ssterials.

Developing countries’ techmological capabilities for developwent,
testing snd use of msterials have to be built up, including their
iostitutionsl and human resources. The process of diffusion of new materials
into their economies has to be studied to see how the process could be
accelerated or srrested in line with overall socio-economic development
objectives.

A shortage of cement and its high price are sajor barriers to increasing
the supply of housing in developing countries. GCreater attention to rice husk
ash, vhich is a very major resource in the developing countries, fly ash and
ainersl waste type materials would increase the volume of cement and bring
down the cost of new high~technolgy cements such as zero defect cement, rapid
setting cement, chemically-bonded cement, fibre-reinforced cement, the prices
of which are presently beyond the reach of most people in developing
countries. Millions of people in developing countries use plant-based
materials like coconut thatch for roofing. In their natural form such
materials provide neither adeqﬁate protection from nature nor are they long
lasting. Inputs of modern materials sience and technmology could increase
their life and performance by making them more resistant to nature. Recent
work in India has demonstrated that the application of modern materials
science can significantly extend the life of coconut thatch roofing and making

the roof resistant to fungus and fire.

These examples of the poteatial spplication of materials science to very
sbundant natural resources have one thing in common: they have not received
any scientific input, since they are resources of little interest to the
developed countries, which have most of the capabilities in materials
science. The limited work in India on coconut fibres, coconut thatch, sissl
and synthetic fibres demonstrates that these resources provide a challenge to
materials science and that scientific enquiries can be on a level with those

into space age materials.
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A key goal of the technologies developed by the application of high
science for developing countries, is that they should be simple and reliable,
ssintainsble 1o the primitive enviromments of most of the developing
countries. This requirement of high-science, reliable and simple
technologies, often mskes the task more challenging than that of adspting
technologies obtained from developed countries. Responding to the local needs
and constraints of developing countries socaetimes provides opportunities for
highly crestive outputs, for example the recent development of a foundry for
wmaking wetal matrix composites.

IV.5 Development examples of the Republic of Korea and Brazil

The infrastructure required by developing countries to overcome the
above probleas are discussed in detail in chapter V. Although the
infrastructure necessary to achieve the requisite levels of production and
consumption of masterials does not exist in most developing countries, some
1ike the Republic of South Korea and Brazil are taking significant steps in
that direction.

The Republic of South Kores as 2 medium~sized developing couutry with
minor natursl resources, started initially as an imitator. Over a long period
it has made considerable efforts to improve education in all areas and to lay
the foundations for a techno-scientific infrastructure. The country's
strategy is aimed at developing industrial production that concentrates on
technology-intensive products. The importance of rav materials and
labour~intensive industries (steel, basic chemicals and textiles) will
decrease; other industries, like electronics, mechanical engineering and the
automotive industry, will grov faster than average. In additiom,
product-oriented services will be further dcveloped.

The msin building blocks of the strategy are ss follows:

= So-called "economies of scope” -~ synergistic effects, brought about by
a simultanecus development of strategic industrigl sectors (clectyonlcs,
mechanical engineering and the sutomotive industry) snd product-oriented
services (communicstions, bsuking, insurances, contract research,
marketing organizations);
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-Selected, goal-orieated import of "best practices” technologies;

-Rapid development of RtD departments in large companies;

~Completion and streagthening of industry-oriented research institutions;

-Promotion of research in industry-strategic areas such as semiconductor

development and flexible fabrication systems;

=Recruitment of South Korean managers with long experience in top
positions in US companies and research institutions;

-Mobilization of venture capital;
-Development of R4D incentive systems;
~Cautious allowance of foreign investments;

~Countinuous governmental monitoring of R+D activities in industry and

other econoaic sectors;

~Intensive consultation betveen government, industry and research

institutes.

The approach taken by the Republic of South Korea illustrates the
comprehensive efforts needed to apply advanced technologies in a developing
country. It appears necessary that such countries develop a "minimum level of
téchnological competence” in order to take advantage of the potential of new

advanced technologies.

The interest of R+D institutions in developing countries on the subject
of materials should be substantially augmented. Masterials science
laborstories asy have to take a brosder orientstion and they should be
equipped with techno-economic units so that development prospects and
materials substitution possibilities are followed up to the stage of
manufacture and use. Whether combined with such lsboratories or othervise,
design capabilities should be promoted since material saving is ultimastely s
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function of design. Likewise, recycling of materisls should be encouraged.
Recycling being viewed in a broad semse to include the use of materials now

considered as waste in developing countries.
Specific areas for study include:

Alternative building materials and their use to iaprove housing

conditions;

Advances in plastic materials and their wide substitution
possibilities.This should be systematically monitored. Apart from
their relevance to oil-producing countries, use of plastics could
become particularly important to developing countries having large
biomass resources. This requires development of a whole chain of

technologies for production of plastics through the biomass route;

Advances ir the use of steel and the technology for its
manufacture. Some 65 developing countries are involved in steel
production. Advances in powder metallurgy are of particular

interest since they may make re-rolling redudant.

Substitution of aluminium by other materials. This is driven by
Silicon technologies in general are import:t, for production of

both solar cells and semiconductors.

Developuent in composites relevant to the natural resources and
conditions of developing countries. These are of key interest io sectors,

such as housing, water and sewage, and transportation.

In addition, the potentials nev materials for development need to be
studied systematically. For instance, some materials developed for

space-related activities have also found applications in developing countries.

Brazil disposes of important world ore reserves of strategic minerals:
Quartz (95 per cent)
Niobium (86 per cent)
Titanium
Berilium
Rare earths.
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Since these rav materisls are fundamental for several high techmology
spplications, there is s strong possibility that withost a policy on new
materials developaent, finished products using thes will be asvailable only

through imports.

Brazil also has the scientific and technological capability that can
seed suck an RiD effort. Its existing professionals are qualified to
undertake the initial steps towards creating new materials technologies.

Specific plans have been drawn up in the areas of steel and metal
alloys, advanced ceramics, composites and engineering polymers. There are
explicit state targets in each area on human resources, R+D infrastructure,
short-term opportunities for R+D linked to market nesds, quality assurance,
assembly and production.

Opportunities in steel and special alloys include: high-purity and
rolling-controlled microstructure steels; alloys of alusinium, titanium,
sagnesium, berylium, copper, barium gallium and lithium and high~purity gold
and gold alloys for medical aund dentistry spplications; other noble metals for
pharmaceutical and electronic applications; super alloys and amorphous alloys;
high-purity lanthanide oxides; and tungsten, thalium and zirconfum in pure

aetal form.

R+D in advanced ceramics sims firstly at iaproving the processing
technology (i.e. control of process varisbles, production of ceramic powder at
sintering technologies). Product development is expected to lead to isolators,
ferro-electrics, piezoelectrics, semiconductors, structural ceramics and
chemically-bonded ceramics.

Potential quartz snd silicon products include high-purity silicon

powder, fused quartz, electron and soda grade silicon.

In engineering polymers, R+D focuses on membrane production,
bio-compatible materials, reinforced plastics, high-crystalline polymers,
homogeneous polymeric alloys, photosensitive saterials, special adhesives,

engineering plastics and polymers from slternative sources.
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R+D opportunities are represented by the development of low—cost
fabrication methods, mica-reianforced aiterials, boroa, carbon and arasrid
fibres, aluminium matrixes, apatite reinforced polyethylene, ultra-high
density polyethylene, delamination control and chemical infusion techniques.

Countries of an carly stage of develupment cay lack the technical
iufrastructure to assess opportunities for a successful development of a
natursl resource or manufacturing capability. The ability to articulate the
need for training and research, or to evaluate a sanufacturing opportunity canm
be acquired only after a certsin minimum infrastructure becomes available.

One of the recommendstions addresses this problem with the suggestion for an
Internationsl Materials Assessment and Application Ceatre (IMAAC). Such a
centre would provide market and economic assessments and technical analyses of
the feasibility of specific projects. It would also help countries at an early
stage of development articulate their needs for education, training,
information, research, development, testing and manufacturing techmologies
related to materials. The centre would also find possible partners within the
international community who could fulfill these needs.

V. Infrastructure for development

Access to and control of research ideas and technical processing is the
basis for developing countries to exploit local resources in the

ever-increasing search for materials for specific problems and products.

A second important element is correct evaluation of economic factors,
with a view to not only a self-sufficiency approach but also possible

exploitation of external markets.

After start-up of production, a third element becomes importsnt, nsaely
independent capability for materisls testing, quality control and further

improveaent.

Both developed and developing countries have approached the sbove by
setting up infrastructures or by seeking external or international advice.
Three levels of infrastructures have been recognized as crucial for the
current development of s materials-oriented policy and for its implementation:
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Scieatific and . ;- —iical know-how
Technological and epgineering capabilities
Local production capabilities.

The first level should be capable of acquiring scientific information
through internationsl netvorks and call the attention of the scientific
community to the specific problems arising in developing countries. It must
also be capable of educating 1local technical staff and establishing a local
research activity in specific areas.

The second level should be able to implement and control those processes
and manufacturing initiatives vhich ewerge from these new advances. To this
end 1t must be able to interact with specialized centres and apply the quality
controls needed to meet demands and seek possible markets.

Both the first snd the second levels must achieve a “critical mass” in

terms of people and access to existing facilities.

The third level - local production facilities — depends mostly the local

" social and economic situation and has to be approached on a case~by-case basis.

In the context of these three levels the following sections illustrate
different aspects and approaches to providing of an appropriate
infrastructure. These cope either directly with the functions outlined above
or with the task of providing the appropriate training for the human resources
peeded to fulfill these functions, or they provide access to know-how om an

international and inter-institutional basis.

V.1 Centres for Materials Science

The concept of a centre can be related to three different functions:

1. A Research Centre based on scientific and anaslytical hardware and a
resident scientific snd technical staff. The interdisciplinary
nature of materisls research requires either that such a centre be
oriented towards specific tasks (e.g. quality control of s specific
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series of products), or that its facilities (and fundings) be
sufficient to cope with a sufficiently wide spectrum of problems to
stay abreast of current developments. (Various centres of this kind
slready exist, and are fllustrated in the contributed papers).

2. A Co-ordination and networking Centre, a “softwvare ceatre” to
co-ordinate a vide spectrum of techniques and approaches
distributed amongst a number of small-sized research groups
operating in specific fields. Co-ordinstion must ensure good
collaboration and exchange of ideas, as well as access to different
instruments and methods. Such a centre would rely either on a
financial or other authority to co—-ordinate the work. It would also
develop its own expertise directed at answering requests arising
from the use of new or available materials in developing
countries. This task is already fulfilled by funding agencies or
secretariats in a number of countries; others could set up similar

centres under UNIDO directiom.

3. Training centres - conventional education and training in a
scientific and technical field extended to include training and
proper use of existing capsbilities and facilities through
international co-operation networks. Such networks have been set
up through multilateriel prograsmes sponsored, for example,by UNIDO
in energy conservation (in a joint programme with Czechoslovakia)
and in theoretical physics (through the International Centre in

Trieste). These are described in more detail in annex 2).

V.2 Professional Societies

One important new element in building materials science infrastructure
in developing countries is the role of metallurgical or ssterials-oriented
professional societies. Possibly no initiative could be more fruitful in
providing a technical meeting ground for industrial, governmental, and
university technologists. Formation of technical societies in individual
countries should be encouraged or their role should be strengthened if they
already exist.
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A oumber of US technical societies are embarking on collsboratiom with
other countries. ASM INTERMATIONAL is a society for enginecered materials that
in the past fev years has increased its efforts to become truly international
and now has members in over 100 countries - both developing sud developed. In
a number of cases, local societies offer joint memberships with ASM
INTERNATIONAL. The Socliety produces handbooks (including s well-known metals
handbook series now being supplemented by handbooks in composites, plastics
and electronic materials), home study courses, in-plant cours~s, video
courses, computer software for materials selection, magazines and abstract
services. The educational information is arranged in such & way to peramit a
technical person who is not necessarily s skilled educator to become familiar
with the material and to teach it to others. A handful of members of the
Society in any given country can thus have a large impact by teaching subjects
varying from the fundamentals of metallurgy to plastics, ceramics and advanced
composites. Such courses could be taught in-plant, through university
extension or at special sites arranged by the local society. Courses for

various skill levels are available, i.e. for training engineers or technicianms.

Other materials societies in the USA also encourage interaction
throughout the world. These include the American Ceramic Soclety,the
Materials Research Society, the Metallurgical Society, the Society of
Manufacturing Engineers and the American Society for Testing and Materials.

Another mechanism for introducing educational material to a developing
country relies on recently retired technologists from industrialized countries
vho may be willing to volunteer time to teach such courses if their travel

expenses are defrayed.

V.3 Workshops and Exchanges

An activity that can prove crucial in implementing and strengthening
internstional co-operation is the organization ot workshops and exchange of
people. This should be aimed specifically at establishing direct contacts
betveen people who sre active in different developing countries and who
constitute a netvork of interlinked focal points.
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Continuous updating of the various options which emerge in a
saterials-oriented activity is necessary to complesent training and
co-ordinating activities. The best way to achieve this is exchange and direct
comparison of ideas and experiments botb betweer developing countries or
between centres in developed and developing countries.

Workshops are also useful for implementing bilateral co-operationm.

V.4 Listing of exnerts

An important tool to facilitate international co-operation would be a
roster of experts that are both acquainted with the wost advanced know how on
materials science and engineering, and posess as well the flexibility and
ingenuity required to suggest or follow-up applications of advanced science to
specific problems arising in matching developed country needs and resources.
Such a roster could be implemented on the basis of previous experience in
specific materials and technological fields by UNIDO.

V.5 Information exchange and flow

Within UNIDO itself, the Industrial and Technological Information Bank
(INTIB) acts as an information catalyst, operating a question-and-answer
service, acting as a referral point and as a disseminator of techmological
publications originating from UNIDO. It acts also as an interface between
UNIDO partners in developing countries. and the wealth of information
maintained by UNIDO through its {information systems, mainly through its
Industrisl Information System (INDIS), Technological Exchange Information
System (TIES), Investment Promotion Information System (INPRIS) and the
network of INTIB information sources on selected subjects on industry in

developed as well as in developing countries.

INTIB has an importaut role to play as to providing developing countries
with information related to design, production and utilization of new
materials and related advanced technologies. In particular, special databases
for some nev, ss well as traditional materials could be established and
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on-1ine cosmunication vith existing- specialized databases created to increase
the quality and volume of information to be seut to developing countries.
INTIB's publications, such as Guides of Information Sources, Directories of
Institutions and Information Dossiers on new technological developments are of

interest. to developing countries giving them additional possibility to acquire
i{informstion on materials and related technologies.
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