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Summarv 

The report ~eals essentially with the major currents of technological 

change as they are seen in relation to the OECD countries. It attempts to 

present and juxtapose the impact of three technological advances 

(w.icroelectronics and info":lllation technology, genetic engineering and 

biotechnology, and new materials) and to consider industrial and technological 

change i.1 an interrelated fashion. It is addressed essentially to an audience 

of go~ern~ent policy-makers and decision-maker8 in government departments and 

enterprises in those countries, developed and developing, that wish to monitor 

technological change worldwide to facilitate their own decision-making. 

The report covers, in relation to OECD countries, trends in research and 

development LXpenditure and patenting, important changes that are occurring in 

the industrial and technological structure, features of the overall 

technological ~lows between countries, and the modalities of those flows such 

as foreign investment and licensing. Also discussed are interrelated changes 

in the development of new materials and advances in manufacturing technology, 

both of which have important implication~ for international competitiveness. 

Relevant policy trends in OECD countries are also discussed. Implications for 

developing countries are briefly referred to. 

It is conclud~d that the trends discussed such as the changing industrial 

and tec~..nologic3l market ~tructure, the new facets of university-industry 

collaboration, the new elements of transfer of technology and R&D relating to 

enterprises, and the emergir0 product continuum in information technology havL 

obvious implications for enterprises, managers and government policy-makers. 

The management of technological change thus emerges as a m~jor policy concern 

for all countries. 
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Introduction 

As part of its Programme on Technological Advances. UNIDO has been 

monitoring industrial and tec!.nological trends relating to the major 

technological advances characterising the present globa~ scene. The 

monitoring ranges from publication of quarterly current awareness bulletins or 

"monitors" on microelectronics, genetic engineering and biotechnology and new 

materials to specific assessments of technological trends in selected 

technological fields, which are published ~s a series. In addition, UNIDO has 

been helping some developing countries in setting up mechanisms for monitoring 

technological trends. It is however realised that all developing countries 

will not be abl~ to develop, in the short run, a capability for monitoring 

industrial and technological developments even though, as the Tbilisi Forum on 

Technolcgical Advances and Develorment emphasized (UNIDO, 1983, ID/WG.389/6), 

governments of even countries at earlier stages of development ought to have 

as one of their basic functions the monitoring of technological trends and 

assessing the implications for themselves. 

It is considered that in addition to promoting country-level actions, it 

will be useful for UNIDO to continue its role in monitoring and disseminating 

information on salient technological trends which could be a supplement to 

national monitoring efforts in countries where st1ch efforts exist and which 

could pro,·ide a general base of information in those countries where such 

efforts have not yet commenced. It is to be appreciated in this context that 

countries at an early stage of development cannot be expected to have the 

financial resources and capabilities for monitoring and even if they did, do 

not have to duplicate their effor.ts. UNIDO has also been asked by a 

resolution of its Fourth General Conference (UNIDO, 1984, ID/CONF.5/Res. 2) 

not only to help countries in ~ctting up national groups to monitor and assess 

national trends but also to continue monitoring world technology trends and 

the changing technology markets. 

In light of the foregoing, the Jevelopment and Transfer of Technology 

Division of the Department for Industrial Promotion, Consultations and 

Technology has been gi~ing thought to the preparation and publication of an 

annual global technology survey. It was realised that the field to be covered 

is vast and developments occur in a number of countries. It was therefore 
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thought that while some salient trends could be covered at a general global 

level, each survey could in addition address itself to a detailed a~se~sment 

of a specific sector or set of sectors. The lack of human and financial 

resources has prevented the undertaking of such a survey which is on all 

accoL'tlts an ambitious ventur~. It is however felt that UNIDO should work 

gradually towards this goal, beginning with technology trends in selected 

sectors and countries. 

As an initial measure to test this idea, the present report has been 

prepared. It deals essentially with the major currents of technological 

change as they are seen in relation to the OECD countries. What it attempts 

is not new research but rather the analysis of diverse information and results 

of research in order to synthesise them into a coherent picture that will 

bring into relief not only the concurrent impact of several technologies but 

also the changes that are occurring in the industrial and technological market 

structure. Perhaps the distinguishing feature of this report is its attempt 

to present the impact of three important technological advances (nar .. ely, 

microelectronics and informatioa technology, gene~ic engineering and 

biotechnology, and new materials) in one view and also to consider industrial 

and technological change in an interrelated fashion. Such an integrated view 

is essential ~o as to correspond to real life and a partial analysis may not 

be particularly u~eful, especially to policy-makers and decision-makers in 

certain sectors (for example, chemical and engineer:ng industries) that get 

influenced by more than one of the technological advances. 

References are made wherever p0ssible to the implications of the trends 

analysed here for the industrial and the technological development of 

developing countries. However, within the scope of this report it has not 

been the aim to address the question of develuping country responses. It is 

hoped, however, that policy-makers and decision-makers in developing countries 

will be able to study the trends presented in this report in relation to their 

own conditions and requirements. It is also hoped that in a future survey the 

actions taken by developing countries in response to technological change 

could be documented comprehensively by analysing the information collected by 

UNIDO in this area. 
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The information presented here covers several dimensions of technological 

change, namely, trends in ongoing research and comparative technological 

advantage; important changes that are occurring in the industrial and 

technological structure; feature3 of the overall technology flo~s between 

countries; and modalities of such flows such as foreign investment and 

licensing. Al~o discussed are two interrelated changes vi?.. development of 

new materials and advances in manufacturirg technology. both of which have 

important implications for international competitiveness. 

A report of this type has necessarily to address a mixed audience of 

government policy-makers, decision-makers in government d~partments and 

enterprises, and technologists. Concepts have to be introduced and ~ata have 

to be presented that may be known to one or other segments of the audieace 

(though new concepts and data are also presP.nted, particularly in cha~ter 

II). Having regard to these factors, the presentation of each of the diverse 

elements of the technological scene is generally brief and th~ reader wishing 

to explore in detail any particular aspect is invited to refer to the various 

references cited. The report is essentially an attempt at sensitisation, the 

point of departure being to juxtapose as many r~levant elements of the 

technological scene as possible. 

As a prelude to the subsequent chapters, it is useful to take note, 

briefly, of certain features of the convergence of technological advances. 

Some regard current technological advances as the elements of a new long 

cycle of economic activity. It has been suggested that the first cycle was 

based on the diffusion of the steam engine and textile innovations during the 

end of the eighteenth century; the second on the railways and associated 

changes in mechanical engineering and iron and steel; and the third on 

electric power, the internal combustion engine and the chemical industry. It 

is now argued that microelectronics provides the basis for the fourth long 

cycle. In the long cycle approach the emphasis is or. investment, particularly 

the ability of entrepreneurs to create new investment opportunities on the 

basis of scientific and technical inventions. Economic growth i~ {iewed as a 

process of reallocating resources between industries, which neeessarily laads 

to structural changes. This process, however, is not smooth and continuous 

since innovations are not distributed randomly throughout the ~ystem out tend 

to be concentrated in a few sectors; and, the diffusion process is also 

uneven. There may be a slow start, followed by fast growth and then by 
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saturation and stagnation. Changing profit expectations influence the course 

of this growth. As new capacity is expanded, the pote~tiai for earfiing high 

profits may be eroded due to market satur~tion, a slo~down iu technical change 

and changing input costs. However, this proce~s towards m~turation ~ill take 

several decades, during wh1cn time the existing economic structure will be 

radically altered. (Freeman, 1982, pp. 3-5) 

Whrther or not the curr~nt technologi~al advances constitute a long 

cycle, the fact of their convergence is recognised. Convergence implies not 

only the concurrent impact of different ~echnological devel~pments but also 

the synergy created by their interaction. The most significant interaction 

among technological advances is taking place in the field of microelectronics 

and L~lecommunications with supportir . activities in the related materials. 

Co~t reductions due to mini~turisation in electronics and the combination of 

computers and telecommunication systems have been the driving forces behind 

"information technology". In manufacturing, information technolcgy has lee to 

a high degree of flexibili~Y in automation, new design and construction 

capabilities, and the com~uter-controlled handling of material5 and m~cl•ine 

tools. New devices for information handling have ~ade an important impact on 

the office, while new services and products based on information technology 

have emergPd in telecommunications and consumer durables. The developments in 

satellite couununications, optical fibres, etc., have dramatically increased 

information flows and the access to inform~tion in a manner th~t the emerging 

configurations of an "information society" are, arguably, e~·pected to bring 

about changes in the work place, in management, in public administration, in 

transborder data flows and in certain respects, in the autonomy ~nd privacy of 

the individual. 

At another level, the interaction between microelectronics and genetic 

engineering and biotechnology has given rise to bioinformatics. For example, 

gene synthesis can now be facilitated and accelerated through sequence 

libraries. Such libraries, which have started developing, provide predictions 

about the positions where specif'c enzymes are likely to cut the DNA chain and 

guide the construction of genes that will be effective in a particular 

micro-organism. Control of industrial f P.rmentation processes can now be 

substantially improved through microelectronics. More generally, (a) 

information about bioresources can be stored, processed and used as a guide to 

research and development; and (h) computer simulation of biologir.al activities 

io possihle. 
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New materials accelerate applications, for example, in the sectors of 

electronics, biotechnology and biomimetics, optotechnology, new energies and 

aerospace. Taking fine ceramics as an example, in electronics they find use 

in IC base plates, in IC packages and in various others as electroceramics. 

Biotechnology, in turn, sees alumina, apatite hydroxide, etc., finding use in 

artificial bones and t•.eth by virtue of the biological adaptability and 

mechanical properties of these materials. ,,.._~ sector of optotechnology is _ed 

by optical fiber (silica) followed by laser oscillators and optical f\Dlctional 

devices, e.g. single crystals of lithium tantalate. The new energy sector 

involves materials of the nuclear fusion reactor, those of gas turbines, and 

those of ceramic engines among others; fine ceramics plays the major role in 

this sector because of their characteristic heat insulation and resistance to 

heat. In the sector of aerospace technology, finally, almost all 

reinforcements used in composite materials are fine ceramics of one type or 

another, and the heat resistance tiles covering the external surface of the 

body of the space shuttle are nothing but a fine ceramic. 

Convergence, however, is not a uniform process. It should be noted that 

the degree of maturation and the degree of diffusion of the technological 

advances varies. The difference in degree of maturation has been presented in 

terms of "times of the day for high technologies" as follows. 

a.m. 

12 

p.m. 

Figure A. Time of the day for high technologies 

2-

3-

4-

5-

6-

7-

8-

9-

10-

11-

o'clock-, 

Biotechnology (chemistry sector), space technology 

Biotechnology (agricultural sector), engineering ceramics 

Biotechnology (pharmaceutical sector) 

Bioceramics, optical processing machines 

Optical communication system, office automation, uninanned 

production facility system, i.e., factory automation 

Carbon fibre, aeronautics 

Engineering plastics 

Electroceramics, industrial robots 

Semiconductor, communication equipment 

Large computers 

Source: H. Kimura, "Development Trends of Ne• .. Materials", Jidosh~ 
Giiutsu (Tokyo, August 1985). 
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Useful insights into the nature of technological advances, their market 

s~ale and their implications for industry have also been provided by a 

detailed comparison that has been made by a res~archer. 

Table A. Compari3on of the features of three major key technologies 

Rev 
te~hnoiogv 

Dawn of 
technology 

Basic 
principle 

Features of 
technology 

Feature of 
the 
product 

Effect on 
cost down 

Productiv­
ity 

Conversion 
of technol­
ogy .:osts 
to capital 
buildup 

i:lcctror.i.:s 

Invention of the 
transistor of 
Shockley in 
1948; invention 
of the IC in 
1958 

Discovery of a 
double spiral 
structure of 
DNA's in 1953 

Physical science Application tech­
nology based on 
biological science 

Technology in­
volving wide­
spread 
application 

One technology 
innovation rarely 
finds widespread 
application 

~c~ raw material 

Development of ceramic 
pa-ckage in 1950; discovery 
of an empla by DuPont 
in 1958 

Basic sciences i.e., 
physics and chemistry; 
application sciences, i.e, 
chemical, mechanical, and 
electronic engineering 

Technologies relying on 
experience 

High degrees of 
freedom in the 
choice of raw 
material 

An innovated tech- A new raw material tech­
nology, i.e., an nology is substantiated 
advanced technol- in products 

Learning curve 
effect works 

Large boosting 
effect 

Possible, pro­
viding the 
relevant te~h­
nology stay .Jt 
or above th.? 
general tech­
nology level of 
the time 

ogy superseding 
the conventional 
technology, is 
applied in mass 
production 

Contributing to 
the improvement 
of productivity 
or production 
technology of the 
entire industry 

Learning curve (experience) 
effect works 

Decline during che period 
of transition from conven­
tional materials 

Not easy 

continued 
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Table A. (continued) 

Key 
technology Electronics Biotechnology Nev raw aaterial 

User 
industry 

Extended 
effect on 
industrial 
structure 

Hard- and 
software 
orientation 

Tillle of 
maturation 

Scale of 
equipment 
investment 

Possibility 
of develop­
ment of 
related 
industry 

Factory 
siting 

Market 
scale 

Growth 

Entire industry 

Initiating and 
pushing the de­
velopment of 
the society of 
high grade in­
formation net­
work 

Hardware 
oriented 

Maturation 
progress 

in 

Y50 trillion 
the coming 
decade 

in 

Industry for 
producing appa­
ratuses for use 
in semiconduc­
tor manufacture, 
software indus-
tries 

Agriculture, chem- Electronics, autoaobile, 
ical industry, aerospace, etc. 
pharmaceutical 
industry, food 
?rc~essir.~ industry 

Effect exerted on Serving to brace up the 
the entire indus- other high technology 
tries and on social industries 
structure; innova-
tion of production 
process 

Sof twdre oriented Hardware {plus software) 
oriented 

Maturation in the Maturation not before the 
year 2000 year 1990 

Y2 trillion in Yl trillion in the coming 
the coming decade decade 

Industry for manu- Industry 
f acturing machines machines 
and equip11ents, 
engineering indus-
tries like that of 
vegetable factory 

for man~facturing 
and equipment 

Industrial water, High quality water, lndustria~ water, electric 
young and women access to airport power, interdisciplinary 
labor force, and super highway buildup, access to 2~cport 
access to air- access to universi-and super highway 
ports and super ties (interdisci-
highways, elec- plinary buildup), 
tric power, etc. etc. 

Y8.68 trillion 
in 1980; 
Yd trillion 
in 1985 

Over 20 percent 
per year 

YO f.n 1983; 
YlOO billion or 
so in 1988; 
Y3-4 trillion in 
2000 

Y550 m:f.llion in 1981; 
Yl.25 trillion in 1985 

20-30 percent per year 

continued 
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technology Electronics 

Creation Small 
of 
employ.nt 
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Table A. (continued) 

Biotechnology 

Small 

New raw material 

Small (capable of affording 
jobs to middle- and old-age 
workers and to physically 
handicapped workers) 

Interna­
tional 
competiticn 

The U.S. = Japan 11le U.S. ~ Japan The U.S. > Japan~ Europe 
> Europe ~ Europe 

Hazard 
(Unfavorable 
effect on 
society) 

Negative effect 
en employment 

Limitation Slight 
in 
resources 

Technology permits Rav material in abundance 
one to sur110unt 
the barrier of 
resource limitation 

Source: H. Kimura, "Developctent Tre1•~s of New Materials", Jidosha 
Giiutsu (Tokyo, Augu3t 1985), pp. 22-24. 



- 9 -

I. INDICATORS OF SCIENTIFIC AND TECHNOLOGICAL TRENDS 

This cha~ter examines recent trends in the development of 

scientific and technological knowledge as they give an indication of the 

types o! technologies likely to emerge in the future. Information on 

technologies ranging from the simple to the so~histicated can help 

policy-makers and entrepreneurs decide where to invest their resources 

and to keep themselves current about what the competitors - other 

countries or other firms - are up to. 

Unfortunately, no single indicator gives an accurate picture of the 

state of scientific and technological knowledge. For example, R&D 

expenditure data do not capture the innovative activities of firms that 

do not have formal R&D departments. Thus, the innovative activities of 

mechanical engineering firms often appear extremely limited. Patent data 

also tend to underestiMate the innovative activities of firms involved in 

defense-related R&D. Since patent specifications are in the rublic 

domain, firms often choose or are obliged by governme~~s to keep 

technical details as confidential as possible when questions of national 

security arise. 

Researchers and policy-makers have attempted to develop a range of 

science and technology (S&T) indicators. Each indicator can be found 

along a continuum beginning with the generation of basic knowledge, 

leading to industrial and other applic~tions, and ending with their 

socio-economic i~pact. Of course real life complicates this neat 

categorisation, but the indicators can usually be classified under one of 

three groups: 

"Input" indicators 

R&D expenditure 

employment of scientists 
and engineers 

"Output" indicators (1) 

patents 

technological balance of 
payments 

scientific publications 

"Impact" indicators 

productivity indices 

trade in technology­
intensi ve products 

patterns of compet­
ti tive advantage 
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This chapter focuses on R&D expenditure and patenting activity, comparing 

differences among countries and sectors. 

A. International comparisons 

1. R&D expenditure and personnel 

Figure I shows the ratio of R&D expenditure to gross national product 

(GNP) for the Federal Republic of Germany (FRG), France, Japan, the Union of 

Soviet Socialist Republics (USSR) and the United StatP.s. If defence spending 

is excluded, the U.S. figure for 1983 drops from 2.6 per cent to 1.8 per cent, 

well below the share of the FRG of 2.6 per cent and Japan's 2.5 per cent. 

(Technical Insight~ Inc., 1986, p. 308) 

In countries of the Organisation for Economic Co-operation and 

Development (OECD), the following trends in R&D spending have been observed: 

(OECD, "Productivity in Industry, Prospects and Polici£s", 1986, pp. 16-1~ 

(a) Overall growth in R&D spending has slowed down after r1s1ng by 
5.5 per cent a year between 1979 and 1981. Between 1981 and 1983, 
the rise was 4 per cent. 

(b) R&D is heavily concentrated in the largest countries. In 1983, 
the seven largest OECD member countries (2) accounted for 
92 per cent of total R&D expenditure in the OECD area. 

(c) Between 1979 and 19~3, R&D grew twice as rapidly in Japan as 
in either the United States or the European Community (EC). 
The United States reffiains the single largest spender on R&D. 
The combined expenditures of the EC co1Jtltries is still much 
larger than Japan's, although the gap is closing rapidly. 

(d) R&D either kept abreast of, or grew more rapidly than economic 
growth in most countries. Figure II shows that the percentage 
of GNP devoted to R&D has been rising. Tables 1 and 2 show 
government R&D funding and total R&D spending as percentages of 
gross domestic product (GDP) in OECD countries in recent years. 

(e) Since the late 1970s, within most member countries and the OECD 
as a whole, the private sector has replaced the public sector 
3S the major source of R&D finance. This is despite the large 
increase in (government-financed) defence spending in the United 
States. 

(f) Since 1979 R&D has grown more rapidly than capital investment 
except in Japan and in some of the smaller OECD member countries. 
This pattern has been reinforced by the slow growth rates in 
capital investment in recent years. 
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(g) Most government funding is d?voted to defence and space 
programmes, particularly in France, Sweden, the United Killbdom 
and the United States. Govenunent support for R&D in energy is 
declining after a period of rapid growth. Figure II gives the 
per capita figures of public support for R&D in 1983, according 
to four socio-economic objectives. (Energy is included in the 
"economic development" category.) 

(h) Table 3 shows the sources of funds for R&D by broad industrial 
classes in the United States, 50 per cent of the funds going to 
the aerospace industry and to the electrical machinery and 
communica1..ions industry - ···:o sectors where governments funds are 
also ~hannelled highest. 

Aggregate figures for Western Europe disguise wide differences among 

individual countries. Between 1967 and 1982, Belgium, Ireland and Sweden 

increased their R&D spending at a creoitable rate of more than 6 per cent per 

a!lllum. During the same period, France, the FRG and Italy also exhibited a 

reasonable 5 to 6 per cent annual rate of increase. The Netherlands, 

Switzerland and the United Kingdom, however, managed annual R&D increases oi 

only 1.5 per cent, 1.2 per cent and 0.9 per cent, respectively. (Patel and 

Pavitt, 1986, pp. 21-25) 

In addition to increase in R&D expenditure, there is a qualitative 

change occurring in view of the recognition in the mid-70s that R&D is not the 

same thing as innovation. This has resulted in certain ~olicy reorientations, 

which are discussed in chapter VI. 

2. Other S&T indicators 

The OECD has observed the following tr~nds in patenting activity: 

(OECD, "Productivity in Industry, Prospects and Policies", 198&, p. 19) 

(a) Patenting activity generally stagnated or declined in the OECD 
area through the end of the 1970s, picking up again in recent 
years. 

(b) Domestic patenting is growing more slowly than R&D expenditure. 
Whether this reflects a decline in the propensity to patent R&D 
results or merely implies an increase in the costs associated with 
new inventions is not clear. 

(c) Japan patents more than any other OECD country and has not followed 
the apparent general decline in patent productivity. 



- 12 -

Table 4 sununari~es the relative standing of Japan, Western Eur~pe and 

the United States in a number of sectors, based on industry-financed R&D, 

patents granted in the United States, the commercialisation and diifusion of 

specific innovations, and peer judgement~. 

Western Europe appears to be in a strong position in chemicals aud 

nuclear energy, is ahead of the United States in metals and automobiles, and 

is ahead of Japan in aerospace and technologies for e~ploiting raw materials. 

Western Euro~e is also in a solid position in conventional industrial machines 

and production engineering, although this is being challenge<l by Japan's 

electronics-based t~chnology. The region·~ technological hold in electronics 

- with the exceptio~ of software - is weak compared with the United States and 

Japan. 

The technological strengths of the United States lie in aerospace- and 

raw materials-based technologies, its weaknesses in metals and automobiles. 

The United States is behind Western Europe in chemicals and is now being 

threatened in electronics by Japan. Japan is clearly ahead in electronics, 

automobiles and metals, but is behind in aerospace-, chemical- and raw 

material-based technologies. (Patel and Pavitt, 1986, pp. 69-71) 

Tables 5, 6 and 7 present a detailed industrial breakdown of American, 

West European and Japanese technological strengths and weaknesses, and how 

these have chanled over time. The information has been compiled on the basis 

of an index derived from U.S. patenting data (3). 

TP.ble 5 shows that the relative strengths of the United States are in 

technologies linked to natural resources: food and tobacco, petroleum and 

natural gas, farm and garden machinery, construction and mining machinery, and 

refrigeration machinery. Other leading sectors are technologies receiving 

considerable government support: guided missiles and space vehicles, and 

aircraft and parts. The United States is quite competitive in some 

electronics products - office equipment, electronic components and 

telecommunications - but its edge in these areas is declining. 

Table 6 shows that Western Europe's technological advantages lie in 

chemicals, machinery, motor vehicles, nuclear energy and aircraft. Its weak 

and declining industries include those in the information technology areas. 
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Table 7 shows that Japan's most dynamic sectors are electronics, mo~or 

vehicles, metals, engi~es and turbin~s. Japan is relat1vely weak in the 

natural resources-based technologies, nuclear enP.rgy, aircraft and guided 

missiles. 

Of course simply knowing which countries are excelling at certain 

technologies is not enough. One must also be vigilant about which 

technologies are gaining in international competitive advantage. The 

following section examines S&T trends in a range of sectors. 

B. Specific sectors 

Despite the economic recession of recent years, P&D expenditure has 

grown considerably in the industrialised countries. IL 1984, U.S. companies' 

investment in R&D jumped by almost a full percentage of sales to 2.9 per cent, 

having remained at 2 per cent for more than five years. (Business Wee~, 8 

July 1985, p. 68) Business Week publishes an annual summary of U.S. 

industry's R&D spending, covering data for all publicly held companies with 

sales of at least $35 million an~ R&D expenditure of at least $1 million or 1 

per cent of sales. The data account for more than 95 per cent of all 

private-sector R&D expenditure. However, there are t~o ~ajor gaps in the 

data: innovative activities of industrial firms that do not have formal R&D 

programmes, and R&D activities in the public sector. The latter are 

particularly important, especially activities ia new technologies such as 

biotechnology and new materials, much of which is being done within academic 

institutions. 

R&D joint ventures are a growing trend, most noticeably in chemicals and 

pharmaceuticals (particularly in biotechnology), new materi3ls, electrical and 

electronic components and equipment, and communications. Agreements often 

involve American, European and Japanese firms. In biotechnology, firms are 

more likely to enter into ventures with academic and specialised research 

instituticns. In electronics and communications, agreements tend to be 

between leading firms in different but related areas, enabling the partners to 

keep pace with the convergence of their own specialities and to take advantage 

of the increasingly expensive in~egrated products and systems. (Vickery, 

1980, o. 38) 
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Annther growing phenomenon are science parks. Often promoted by 

governments, scienc~ parks are seen as b~nefiting all parties - providing 

industry with easy access to recent scientific a1vances (now crucial as the 

scientific base of the new technologies industry is growing) and providing the 

academic community with access to fir.ancial resources and to real-world 

applications for their ideas. A recent survey cf five European countries 

revealed that they had only 10 science parks in 1980; by 1985 they had 47. 

1. Information technology 

Table 8 indicates where firms are investing-their money -- th~t is, 

mostly in information technology. (Kuch of automotive R&D could well be in 

new materials; ceramics are becoming more widely used in engines.) 

Software is receiving a growing share of information technology R&D, as 

illustrated in Figure III. Kuch of the research directed at fifth-generation 

computers incorporates software, such as intelligent knowledge-based systems. 

Unfortunately software tends not to be patented because most patent systems 

regard it as similar to knowledge presented in books. (Only knowledge 

considered as being embodied in artefacts can be appropriated under the patent 

system.) Still, many companies continue to seek the protection offered by 

patents, making special efforts to incorporate their software into their 

hardware. Although R&D data show that software is a rapidly growing area, the 

same is not reflected in patent data. 

Table 9 presents the Revealed Technological Advantage (RTA) indices (3) 

in electronics, teleconununications and instruments for France, tt.e FRG, Japan, 

the united Kingdom and the United States. (The absolute volume ~f patenting 

in these areas has more than quadrupled over the last 20 years.) Japan's 

dynamism in all three areas emerges clearly, with each index well above 1. 

France is also strong in telecommunications. The FRG and the United Kingdom 

have lost whatever advantages they may have started out with. The U.S. 

indices show little 'lariation, remaining relatively stable (4). (Soete, 1985, 

pp. 42-44) 

Many countries are following Japan's lead and providing massive 

government support for fifth-generation systems featuring artificial 

intelligence, expert systems and VLSI (very large scale integration). 
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2. Biotechnology 

A unique feature distinguishing the development of biotechnology 

products and processes from other technologies is the high degree of 

interaction between industrial and academic institutions. This can take 

several forms: consultancy, industrial associates programmes, research 

contracts, research partnerships and corporate funding for university 

researchers. 

The extent to which this is happening has given rise to concern in 

several countries. Should universities grant exclusive licenses to companies 

that support research leading to a marketable product? Would not the 

university's primary function of teaching and research be distorted towards 

the dictates of the market? Will the knowledge generated within universities 

reach a wide audience? Will there remai~ a sufficiently large group of 

independent scientists who will be able to play a supervisory and advisory 

role to the government? In the industriaJised countries - certainly in 

France, the United Kingdom and the United States - there is concern that 

although much of the basic researc~ has been taking place within universities, 

financed significantly by public (in addition to private) money, it now 

appears that only a few will reap the privace profits. This issue looms large 

in the United States where foreign companies finance research in American 

universities. (Dembo and Morehouse, 1987, pp. 6-17) 

Several types of R&D co-operation have begun to emerge involving both 

small specialised biotechnology companies and transnational corporations, such 

as R&D arrangements, R&D limited partnerships, and marketing and testing 

arrangements. Table 10 contains some recent R&D ventures between small 

companies and transnational corporatfons, reflecting variety and flexibility 

to suit specific needs. In general, speciality biotechnology companies in the 

United States have att~mpted to finance R&D through several means such as 

venture capital; public stock offerings; transnational corporations 

(purchasing equity, joint ventures, contracts and/or licensing); R&D limited 

partnerships; and government support. 

Table 11 reveal~ how much five governments spent on biotechnology R&D in 

1932. The United States had a considerable lead. Expenditures of ~rivate 

companies in each of these countries was, however, not known. 
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Problems in the design, scale-up and optimal control of large-scale 

bioprocesses are still constraints in large-scalE applications of 

biotechnc_ogy but these are being vigorously addressed in countries like Japan 

and the United States. In the meantime c~mmercialisation has been most 

evident in pharmaceutical products and agricultural biotechnology. Several 

biotechnology health care products have already been brought to che market, as 

also have a number of diagnostic products based on monoclonal anti-bodies. It 

is reported that biotechnology companies and major pharmaceutical 

manufacturers have targeted nearly every major human disease and have already 

discovered proteins that appear useful in clinical trials in treating those 

diseases. (Baum, 1987) Agricultural biotechnology for farm animals and pets 

has benefited from the advances made by companies that have focused on the 

human health care side of biotechnology. Numerous agricultural biotechnology 

products ranging from animal vaccines to microbial pesticides to 

herbicide-resistant plants are now moving from the laboratory to the field for 

trials and eventual commercialisation. 

3. Solar photovoltaics 

The photovoltaic industry emerged in the post-1973 era. Since then, 

photovoltaic technology has gone through three stages associated with 

single-crystal, polycrystalline and amorphous conversion materials. These 

materials-based shifts have been financed largely by the public sector, with 

the pattern of support varying among countries. Support for R&D has been part 

of national prog~anunes while access to markets have been facilitated through 

international agencies. 

The trends at the international level relating to research and 

expenditure on solar energy are worth noting. (Juma, 1987, p. 7) In the 

United States, which has carried out substantial public spending of soiar R&D, 

there is a trend towards reduction and setbacks in public sector R&D from $561 

million in 1980 to $52 million forecast for 1987. The rievelopment of solar 

technology in the major producing countries has relied heavily o~ public 

sector support at three main levels: support for R&D, provision of markets 

and raising public awareness of the technology. Support for R60 h~s been 
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ccnducted as national programmes, and expansion of the market has involved 

international agencies, which has led to the application of photovoltaic 

technology in the developing countries. While the R&D programmes set price 

goals in levels of efficiency to be achieved over specific time scales, the 

expansion of markets provided the financial as well as operating experience 

that were subsequently applied in R&D. 

Most of the R&D in Japan, Western Europe and the United States has been 

done through complex government-industry, industry-university and 

government-university interlinkages. While the quantum of publicly funded R&D 

in the United States has been d2clining, different trends are visible in 

Europe and Japan. West Eur~pean countries, under the auspices of the European 

Economic Community (EEG), launched a major prograll'.llle in the late 1970s 

involving state agencies, universities, industry and public enterprises. 

Photovoltaics R&D accounted for $15.5 million over the 1975-79 period and was 

increased by some 190 per cent to reach $59 million over the 1979-83 period. 

The work in Europe was subcontracted to universities, research intitutes and 

industry in the various European countries. Like in the United States, the 

EEG programme underook R&D specifically to reduce selling costs through 

improved processing and alternative materials. 

The European countries also suppor~ photovoltaic R&D through national 

programmes. France, for example, has set aside $154 million for photovoltaic 

development over the 1982-86 period of which the government's contribution 

amounts to $52 million. The FRG's Federal Ministry for Research and 

Technology spent the following amounts on photovoltaics research: During the 

1972-77 period, DM 10 million (i.e. 4.5 per cent of total appropriations for 

research on non-nuclear energy); in the 1978-82 period this was increased to 

DM 95 million (9 per cent of total; from 1983-81, research expenditure on 

photovoltaics reached an all-tim~ high of DM 300 million (28 per cent of 

total); and forecasts for the period 1988-92 expect a decline in non-nuclear 

research funding from DM 1.1 billion in 1988 to DM 810 million in 1992, with a 

corresponding reduction in photovoltaic research from DM 270 million in 1988 

to DM 160 million in 1992 (26 per cent and 20 per cent of total, respectively). 

Photovoltaic R&D in Japan is conducted under the Sunshine Project, 

launched in 1974. Funding for photovoltaics has been increasing rapidly. For 

example, funding was raisPd more than 140 per cent during the 1980-82 period 
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alone, bringing the total allocation to $30 million. By 1984 Japan was 

spending some $16 million on photovoltaic R&D, shared equally between industry 

and government. 

Even with the recent reductions in some national R&D budgets, an 

estimated $100 million per annum is spent worldwide on photovoltaic rese~rch. 

A review of research institutes in developing couutries carried out by 

UNIDO in 1982 and updated in 1985 and 1986 showed that out of 115 institutes 

included in the most recent review (UNIDO/IS.341/Rev. 2, 1986}, 43 were 

involved with the research of photovoltaics (solar cell technology and 

systems) and 25 with solar thermal (flat plate and concentrating) collectors; 

15 with solar thermal systems and 6 with selective coatings. Main 

applications were solar drying (47), water heating (33), cooling and 

refrigeration (24), solar cooker (16) and water pumping (13); 6 were engaged 

in research in industrial he't process. 

The expenditure on R&D does now, however, appear to be considerable. An 

analysis of the rt$earch budgets fur 1984-85 of institutP.s listed in the above 

review shows that these budgets range from $10,000 to several million 

dollars. At the low end of the scale are Iran, Trinidad and Tobago and 

Cameroon while Singapore and the Kingdom of Saudi Arabia are on top of the 

list with $12 million and $8 million, respectively. The great majority, 

however, have a rather modest budget of $100,000 to $200,000 with an average 

professional staff of five. 
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(1) Irvine and Martin (1985) have discussed the strategic uses of 

citation analysis and other bibliometric techniques. Inter~st in 

institutional arranrements as S&T indicators is growing. 

(2) The seven largest OECD member countries are Canada, the Federal 

Republic of Germany, France, Italy, Jao~n, the United Kingdom and 

the United States. 

(3) The Revealed Technological Advantage (RTA) index, developed by Soete 

in 1980, is a country's share of U.S. patenting within a sector, 

divided by that country's share of total U.S. patents. The index 

is equivalent to the Revealed Comparative Advantage index used by 

trade analysts. A value greater than 1 indicates a ccunt!"}''s 

relative strength in a sector. Indices were calculated for the 

periods 1963-69 and 1977-83. In Tables 5, 6 and 7 a country is 

deemed tc be increasing or decreasing its technologica~ advantage 

in a particular sector if the RTA index increases or decreases by 

more than 5 per cent; a sector is deemed stable if the index changes 

by less than 5 per cent. 

(4) The indices are less reliable for the United States since they are 

derived from U.S. patent data, which represent domestic patenting 

activity rather than foreign patenting activity. (For other 

countries the data reflect foreign patenting activity.) Foreign 

patents ha~e been shown to be a more reliable indicator of quality. 
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Table 1. Government R&D funding as percentage of GDP 

ltll ltlZ 1913 HM 191.i 

AllStrla l.H l.SZ 1..53 0..53 l..5i 

lleld- U2 I.A 1.51 1.57 
ne-rlt LU l.t7 UI I.St 
~ 1.57 I.A Ul 1.a I.A 
Fruce Ul l.D I.ti 1.47 
C.eraaay 1.15 Ul I.It 1.13 
G1tttt 1.21 1..21 1.2% 0.13 
lm.H ..... I.JI I.ti 1.31 
Italy 0.15 l.&t 1.71 1.n 
!lrdll~ ..,. I.II I.II 5.17t I.Ht 
Nenray 1.75 1.7' 1.77 
Spala 1.27 1.21 l.U 
SwHell I.IS l.JJ UI UI 
tJJ( 1.41 1.33 U3 us U4 
us I.IS I.It I.II 1.2% UI ..... IM 1..a I.A 

Source: OEGD/STIIU Data Bank - September 1985, cited in Financial Times, 
30 ~lune 1986. 

* Estimates. 
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Table 2. Total R&D spending as percenta~e of GDP 

1111 1911 1113 lllC 1115 
AllStria Ll7 l.JZt ...... l.23t USt l.27t 

ne-rlt 1.17 I.lit 
~ I.It 1.32 
Framce z.tl 2.1• 2.15 2.nt %.27t 
Germu7 UI Ult %.Sit 
Greece UI 
Ima.I •. 7S •-75 
ltmly 1..11 1.M I.Jet Utt 
Ndllerluds I.II ... 2..l3t Utt 
NwwaJ' 1.29 Ult 
s .... U9 
s--. 2.22 2..47 
Ult 2.42 2..27t vs 2.51 JM L'JI 2.m 2.let 
lapaa 2..37 2..'7 2.11 

t Estimates. 
Sowra: 0£CD/STllU D•• a. .. 1t-Seioc-r 1195. 

Source: OECD/STIIU Data Bank - September 1985, cited in Financial Times, 
30 June 1986. 
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Table 3. Estimated sources of funds for U.S. R&D by broad industrial classes, 
1987 

(~illions of current US dollars) 

----------
Federal Funds Industry Funds Total Funds ~ Federal 

Aerospace $17 ,588 $ 5,968 S23,556 74.66 
Electrical machinery and 

co11111mi cations 7,396 13 958 21,354 34.63 
Chemicals 315 10,508 10,823 2.91 
Machinery 1,045 9,083 10,128 10.31 
Autos, trucks & parts, & other 

transportation equipment 1,621 7,034 8,655 18.72 
Professional & scientific 

instruments 751 5,382 6,133 12.24 
Petroleum products 19 2,338 2,357 0.80 
Rubber products 173 1,049 1,222 14.15 
Food & beverage 0 1,043 1,043 0.00 
Paper/Pulp 3 812 815 0.36 
Fabricated metals & ordnance 43 745 788 5.45 
Stone, clay & glass 92 629 721 12.76 
Nonferrous metals 178 502 6BO 26.17 
Iron & steel 185 458 643 28.77 
Textiles 0 166 166 0.00 
Other manufacturing 19 882 901 2.10 

Total manufacturing 29,428 60,557 89,985 32.70 

Nonmanufacturing 1.526 2 ,116 3,642 41.90 

Total $30,954 $62,673 $9j,627 :n.u6 

Sourc~: Battelle, cited in Inside R&D, 31 December 1986, p. 7. 
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Table 4. SU11111ary of relative technological levt>ls of thret> regions 

I JAPAN USA I If .EUROPE 

I I 
."l/ b/ c1 . IR&D i R&D PAT- JN,.- EXP- R&D PAT INN EXP PAT INN EXP 

& I & & 
DIFF I 

r 
DIFF DIFF 

PHARACEUTICALS ) z Z= ) I ) 3 2= ) 1 ) 1 1 ) I 

) 2 ) 3 ) 3 ) ) 1 ) 2 
OTHER CHEMICALS _ ) z na ) ) 3 na ) 1 ) 1 na ) 

AEROSPACE 3 ) na 3 ' 1 1 na 1 2 2 na 2 

NUCLEAR ENERGY na 3 na 3 na 2 na 2 na 1 na 1 

METALS 1 1 1 2 3 3 3 3 2 2 2 1 
AUTOMOBILES 1 1 na na 3 3 na na z 2 na na 

RAW MATERIALS 
EXPLOITATION na 3 na 3 na 1 fla 1 na 2 na 2 

MANUFACTURING 

Industrial na 3 na 2 na 2 na 3 na 1 na 1 
Machinery 

Product ion 
Engineering na na na 2 na na na j na na na 1 

Robots. NCMT • 
lnstr1111ents na , 1 1 na 2 2• 2• . na 3 2= 2= ~ 

ELECTRONICS 

Components na ) 2 1 na ) 1 2 na ) 3 3 
) 1 ) 2 ) 3 

Tele- na ) na 2 na ) na 1 na ) na 3 
COlllllunicat1ons 

Can sumer na 1 na na na 2 na na na 3 na na 

Office na 1 na na na 2 na na na 3 na na 

Software na na 3 2 na na 1 1 na na 2 3 

~Qµrc;e: P. Patel and K. Pavi tt, ~~_$urJ..nti.filQlt'~Te~)l_nol.Q.&.l!'...tl 
~er.f.Qrmao~~: Results and Prospects, Science Policy Research Unit Working 
Document (Brighton, 1986), p. 70. 

~/ Patents granted in the United States. 
!!/ Commercialisation and diffusion of specific innovations. 
rJ Peer judgements. 



- 24 -

Table 5. Patterns and trends of technological advantage in the U.S.A. 

INCREASING!_/ STABLE DECREASING ~i 

ADVANTAGE Petroleum I gas 
(RTA Index 
is greater 
than 1) 

DIS­
ADVANTAGE 
(RTA Index 
is less 
than) 

Fabricated metals 

Farm I gardening 
11achinery 

Electrical lighting 
and wiring 

Guided 11issiles 
and space vehicles 

Aircraft I parts 

Industrial Inorganic 
chemistry 

ftlclear reactors 
and systems 

Food 

Soaps I detergents 

Paints & varnishes 

Miscellaneous chemical 
products 

Construction I 
aining equipaent 

Office COll?uting 

Refrigeration equipaent 

Electrical TranS11tission 

Electronic CQ11Ponents 
and Telec0111unications 
equipment 

Household appliances 

Industrial organic 
chemistry 

Plastics I synthetic 
resins 

Drugs & medicines 

Stone, clay etc. 

Engines & turbines 

General industrial 
macMnery 

Miscellaneous 
electrical machinery 

Instruments 

Rubber I plastics 

Agricultural 
chenicals 

Ferrous I non ferrous 
products 

Metal working machinery 

Special industrial 
inachinery 

Miscellaneous non­
electrical machinery 

Electrical industrial 
apparatus 

Radio & TV 

Motor vehicles 

Source: P. Patel and IC Pavi tt, Mea_s_\ffing _ _K\!.TQ.P~.'....L_Te.~hnolggjcd 
f_~rform~nce~_ . .Result~ an~ Pro§p~r._ts, Science Policy Research Unit Working 
Document (Brighton, 1986), p. 38. 

~I Refers to increase or decrease ~n RTA index of more than 5 per r.P.nt 
over the period 1963-1969 to 1976-1983. 
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Table 6. ?atterns and trends of technological advantage in Western Europe 

INCREASING a/ STABLE 

ADVANTAGE Agricultural chemicals Drugs & medicines 

Soaps & detergents 

Metal working 
11achinery 

r.ousehold appliances 

Mi see 11 aneous 
electrical 
uchinery 

fticlear reactors 
and systems 

1 arr.raft & parts 

DIS- Food 
ADVANTAGE 

Miscellaneous 
chemical products 

Fabricated metal 

Farm & garden 
machinery 

Construction & 
Mining equipment 

Refrigeration equipment 

Electric lighting & 
wiring 

Pri11ary ferrous 
products 

Special industrial 
11achinery 

General industrial 
11achinery 

Miscellaneous 
non-electrical 
machinery 

Electrical Industrial 
apparatus 

Paints & varnishes 

Petroleum & gas 

Rubber & plastics 

Electrical 
transmission 

Guided Missiles and 
space vehi c 1 es 

DECREASING a/ 

Industrial organic 
chemistry 

Industrial inorganic 
chemistry 

Plastics and 
synthetic resins 

Primary and secondary 
nonferrous products 

Engines & turbines 

Motor vehic 1 es 

Office computing 

Radio & TV 

ElectrDf!ic components & 
Telec011111unications 
equip.:ient 

lnstrllnents 

Sourc~: P. Patel and I(. Pavi tt, Measuring~J:Q.P~~~chnologtcal 
~r1QIIDJ!.nc~.; Resu_Lt!! __ and Prosp_ill§, Sdence Policy Research Unit Working 
Document (Brighton, 1986), p. 39. 

~/ Refers to increase or rtecrease in RTA index of more than 5 per cent 
over the period 1963-1969 to 1976-1983. 
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Table 7. Patterns and t:- -•LUS of tPrhnological advantage in Japan 

INCREASING :!._/ 

ADVANTAGE Stone. clay etc 

Engines & turbines 

Off;ce c0111puting 

Miscellaneous non­
electrical machinery 

Electrical industrial 
apparatus 

Radio & TV 

Motor vehicles 

Instruments 

DIS- Soaps & detergents 
ADVANTAGE 

Petroleum & gas 

Fabricated metals 

Construction & mining 
equipment 

STABLE 

Electronic components 
& teleconnunications 
equipment 

Paints & varnishes 

General industrial machinery 

Electrical Transmission 

Electrical lighting & 
wiring 

DECREASING :!_/ 

Industrial Inorganic 
chemistry 

Industr;al organic 
chemistry 

Plastics & synthetic 
resins 

Agricultural chemicals 

Paints & varnishes 

Miscella~eous chem;cal 
products 

Drugs & medicines 

Rubber & miscellaneous 
plastic products 

Ferrous & non­
ferrous products 

Miscel1a11eous 
electrical 
machinery 

Food 

Farm & garden 
machinery 

Special indusustrial 
machinery 

Refrigeration 
machinery 

Household Appliances 

Guided missiles and 
space ver.icles 

Aircraft and parts 

Nuc 1 ear reactors and s_.y_s_t_e_m_s _____ ----------
Sofil'~f!: P. Patel and K. P~vitt, MPai;uring P.~1rope's Tf,r.hnologir.al 

p~rJQ.rJll~nrP.: __ ~P,sul_t.~ and Prospect/?, Scienre Policy Research Unit Working 
Document (Brighton, 1986), p. 40. 

~/ Refers to increase or decrease in RTA index of more than 5 per cent 
o~er the period 1963-1969 to 1976-1983. 
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Table 8. Where U.S. R&D spending grew most in 1984 

Computer peripherals 
Computer software 
Semiconductors 
Machine tools 
Instruments 
Computers 
Electronics 
Automotive 

All-industry average 

% gain over 1983 

41 
41 
32 
22 
21 
20 
19 
16 

14 

Source: Business Week, 8 July 1985, p. 68. 
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Table 9. Revealed technological advantage indices in electronics, 
telecommunications and instruments for the U.S.A., 
Japan, FRG, France and the U.K. 

1963-68 1969-74 1975-80 lS. ! 

USA 
Electronics 1.03 1.03 1.02 1.01 
Telecom11Unications 1.01 1.04 1.07 1.04 
Instruments 1.00 0.99 0.98 0.93 

Japan 
Electronics 1.52 1.51 1.49 1.48 
Telec01111Unications 1.20 1.07 1.26 1.12 
Instruments 1.07 1.28 1.32 1.16 

Ge,...r.y (FR) 
Electronics 0.87 0.80 0.76 0.79 
Telec011111unications 0.75 0.74 0.64 0.58 
Instruments 1.24 0.99 0.94 0.94 

France 
Electronics 1.05 0.97 1.01 1.17 
Telec011111Un1cations 1.32 1.64 1.64 1.-17 
Instruments 0.99 0.99 0.86 o. 79 

UK 
Electronics 1.13 1.03 0.91 0.83 
Telec011111untcat1ons 1.29 0.94 1.07 1.05 
Instr~ts 0.90 0.90 0.87 0.'10 

Source: L. Soete, "Electronics", in Technolodcal Trends and Emplovment; 
Electronics and Convnuuications, L. Soete, ed. (Aldershot, U.K., Gover, 198S), 
p. 44. 
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fable IO. Sote recent research and develop1ent arrangetients 

~~~~r~~-~-~~l!!e!~! 
~!!!!!~r-~r-~i~r~i!r 

Joint Venture 

Creative li010lecules 

Centocor 

Centocor 

calgene and Phytogen 

u~~~~!!!!!!~l 
~qreqr~Hqg_ 

Corning &lass llorks 

Strybr Corp. 

Hoff 1a11 la loch2 

tllC Corp. 

Biotechnica International Seagra1 

liotechnica International Uniroyal 

DNA Plant Technology taepbell Soup 

lntellicorp Aaoco Corp. 

Nova Phar1aceutical Corp. Celanese Corp. 

Applie~ Biosysteas Rothschild Inc. 

lapprial Biotechnology Ltd. U.l. Dairy Industry 
Research Polley 
Co11ittee 

Joint venture to develop eedical diagnostic 
products 

Long-ter1 agrereent covering l'D and 
supply of huean osteogenic protein 

Joint venture. Roche •ill do clinical testing 
on non-buaan cell line-Jerived aonoclonals. 
Roche •ill then develop and 1arket products b~sed 
ct1 these antibodies. 

Joint venture covering develop1e11t of huean 
cell line-derived antibodies, production of huean 
1C111oclonals and developeent of i1111110-regulatory 
therapeutics and diagnostics. 

Joint developeent bet•een tMO specialty bio­
technology coepanies of herbicide-tolerant 
cotton varieties 

Five-year research contract and purchase 
of II per cent equity 

Four-year progra11e Oii applying genetic 
engineering and nitrogen f iration technology 
to increase crop plant yields 

Funding of bigh solid toeato develop1ent in 
return for exclusive rights to varieties 
developed 

Joint venture to develop and aarket artificial 
intelligence-based sof t•are products for 
1olecular biology 

Joint venture to develop drug delivery 
syste1s 
in Nova 

T.o-year research funding through 
several •enture capital funds 

fhree-year agree1ent for develop1ent of an 
ency1atic syste1 for 1at1Jration of cheddar 
cheese 

cont 1nul'd 

IO 1illion 

Additional 4 
1illion for 
controlling 
interest in 
Intellicorp's 
genetic engineer­
ing sof tMare sub­
sidiary 

Also, IO 1illion 
for 4% interest 

l.l 1illion 

tI00,000 
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Table IO i~q!!!A!!I!!~) 

@!~!~[~~-~-~~l~~! !r~~~!!~d 
~~@1_qr_!!l.!i~r~!!1 ~gr~r!H~- !t~-q~_!rr!!!~!! ~!Cll!~Lrn~u 

Cilgene Rhooe Poulenc Contract to develop :>unf1011er varieties tolerant 
Agrocbi1ie to aroeorynil (herbicide) 

Cal gene le1ira (Japan) Contract to develap herbicide-tolerant rapeseed 
and turnip ra!H' 

Cilgene ~stle Products Tech- Joint develop1ent of herbicide-tolerant 
nical Assistance Co. soybeans for third parties 

Hybritecb Teijin ltd. (Japan) Ten-year joint venture to develop hu1an Up to 7.S 
IOllOClonals against cancer 1illion for 

three ypars 

Cetus hstaan lodak DevelDP1ent of !!!:!Hrn huaan diagnostics 

(llUllel East1an lodak Joint venture (I1111nology Ventures) to research, 
develop and aanufacture lyaphokine therapeutics 

Cold Spring Harbor Pioneer Hi-Ired Five-year joiat research agree1ent on 2.S 1illion 
Laboratory genetic 1anipulation of corn 

Aagen Johnson l Johnson Develop, aanufacture and 1arket erythropoietin 
hepatitis 8 vaccine and interleukin-2 

Louisiana State Helix International Joint research progra11e (University lgrinetics) 
University Corp. into viral diseases in ani1als and plant and 

aniaal i1prove1ent 

llgen S1ithlline leck1an Joint progra11e into co11ercializing porcine S 1illion 
soaatotropin investment by 

S1i t~lline in 
A1gen 

Chiron Corp. Ciba-Geigy Joint venture to develop vaccines 
against infecsious diseases 

DNA Plant Technology lltJ Pont Project to develop value-added 
plant varieties 

Cal gene Ciba-Geigy Agree1ent for Calgene to develop 
disease-resistant ~rop plants 

NeoR1 Corp. East1an lodak Jo~nt develop1ent of 1onoclonals lodak no11 holds 
for cancer treat1ent and diagnostics over 20 per cent 

of NeoRr. 

cont i nut>d 



~~~~~r~~-~-~!~!ge~~! 
~!!!l!~@r_qr_!m!!~r~!tr 

Endotronics 

Nova ~har1aceuticals 

"onoclonal Antibodies 
Inc. 

!r~~~~~H~md 
£m~qr~!!qg_ 

Celanese Corp. 

Celanese 

Alcan Laboratories 

)1 

Table 10 (continued) 

T-cell adoptive i11unotherapJ 
progra11e 

Drug deliverf syste1s joint 
venture 

Develop1ent and ftanufacture of external 
ocular infection detection tests .. 

Additional 2 
1illion in ret•irn 
for 120,000 
shares of Endo­
tron ic. 

CEianese 11ill 
acquire 10 
1illion (4%) of 
NOV4. 

~r~!~= "Hybritech: Portrait of a "onoclonal Specialist,• f!Q[!~~~g!ggr, April 1933; ·rurbuler.t Ti1es for lodak," ~~~ 
!gr!_!!~~. ll February 1986; "Do11n to Earth Biotechnology,·~~-~!~~!!~!. 25 April 1935; "Calgene, Phytogen Sign Pact on 
Herbicide Tolerant Cotton Seed," ~~~!i~-E~9i~~r!~9-~~!!~r. 24 Novelber 1984; ·centocor: Cishing in on Serendipity,· 
fi9l!~~~Q!ggy, February 1935; ·r.algene Strives to Lead in Plant Biotechnology," ~~~i~~!-~-E~9i~~~ri~g-~~~~. 29 April 
198S; "Chronicle,· fi9LI~~~Q!Q9f, January, Septelber, October and Nove1ber 1985 and January, March, April, August, an~ 
Nove1ber 1986; "Biotechnology Fir1s Record Substantial Revenue Increases,· ~~i~~!-~_E@9i@~~ri@g_N~~~. l Septe1ber 1986. 

Cited in D. Dembo and W. Morehouse, Trends in Biotechnology Development and Transfer, 
UNIDO, Technology Trends Series No. 6, IPCT. 32 (Vienna, 19 June 1987), pp. 24-26. 
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Table 11. National government fundiri.g of biotechnology R&D 

(millions of US dollars) 

Country 1982 1986 

United States 483 l,ooo* 
Japan 200 210 

France 85 
Federal Republic of Germany 40 70 

United Kingdom 15 3 

Source: For 1982, U.S. Government Interagency Working Group on 
Competitive and Transfer Aspects of Biotechnology (1983), p. B-105; for other 
years, diverse sources. 

Note: EEC funding forecast at 10.35 ECU over 1987-1991 period. 

* billions, spread over five years 



)) 

Figure I. International R&D/GNP 

J O W.t Germany 3 0 

2 5 ...... -..J_ - LnntO Stites ~-:ti-, 2.5 
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$ource: Technical Insights, Inc., Annual Report on Research 
and Development (1986), p. 309. 
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Figure III. Share of hardwa~e and software costs in 
information technology applications 
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(Paris, 1985), p. 20. 
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II. INDUSTRIAL AND TECHNOLOGY "ll(ARKET STRUCTURE 

This ~hapter examines certain groups of technological advances 

characterising the present technological scene, focusing on trends in their 

production, the nature of firms engaged in their production and the changing 

nature of the industrial structure in each case. The last-mentioned aspect is 

intended to reflect what may be called the "technology market structuLe". It 

is important for countries and firms wishing to acquire an industrial and 

technological r.apability in any of these groups of technologies to understand 

the sources of production and technology, the oligopolistic or competitive 

nature of the market, and the nature of production and technology transfer 

arrangements entered into. The discussion in this chapter centres solely on 

these aspects of three technological advances, viz. information technology 

(IT), genetic engineering and biotechnology and solar photovoltaics. 

At the outset, some of the problems that b~Y new technology creates in 

the classification and generation of data should be pointed out. First, 

definitions of industrial classes lag behind changes in technologies. 

Defining ex ante appropriate industrial classes arising from changing 

technologies is impossible. Much of earlier electronics production was 

therefore subsumed within various electrical engineering classificatio~s. 

Second, the convergence taking place, particularly that of computers with 

telecommunications, has made the allocation of new product groups under a 

particular industry group arbitrary. 

For these reasons, and also because relative unit costs of different IT 

products are changing in a myriad ways, little is to be gained from examining 

shifts over time in the composition of total IT production. For Pxample, a 

declining share of semiconductor production in total electronics pro~uction 

does not necessarily mean that semiconductors are figuring less prominently in 

information technology but may simply be reflecting their rapidly declining 

unit costs. 

Likewise, there are problems in presenting production data on 

biotechnology and new materials particularly those attributable to new 

technologies. 
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A. Information technology: producers and users 

World production in the electronics industry in 1985, excluding 

centrally planned economies, amounted to ~485 billion, or 4.7 per cent of 

gross world product. By the year 2000 it is expected to account for 8 per 

cent. At present computers and software amount to over a third of the total. 

{UNIDO, Microelectronics Monitor, 18, April-June 1986, p. 11) Table 12 shows 

the major exporting countries of electronics products. 

"Convergence" is a word that is currently in vogue, particularly in the 

electronics industry, where it represents the "merging of computer and 

telecoamunications segments as more and more public networks carry combined 

voice and data, and as everything from local and area networks to 

communication satellites blur the once-clear distinctions between two 

businesses with disparate histories, structures and economics". (Mackintosh, 

1986, pp. 105-106) 

Mackintosh actually identifies a trend with more far-re4ching 

implications. He calls it "product desegregation", of which convergence i!; 

only one example. Figure IV depicts the commonly held viev of the way the 

electronics sector vas segmented 15 years ago. There were clearly delineat:ed 

subsectors: electronic components were at one end {several units with a low 

average unit price); large systems such as mainframe computers and telephone 

exchanges were at the other end (few units with a very high average unit 

price). 

Technological change pushed the boundaries on either side of each 

sub-sector. Some consumer electronics products performed simpler tasks at 

lower prices while others did far more sophisticated tasks at much higher 

prices. This was reinforced on the demand side as users wanted products that 

were both cheaper and more complicated. Figure V illustrates how the 

once-distinct boundaries have begun to blur. The electronics industry of the 

mid-80s is more desegregated. Mackintosh forecasts a price-volume continuum 

of products by the 1990~ (see Figure ~I). Available at one end will be some 

microcircuits so powerful that they could be considered systems. At the other 

P-nd will be some systems which, despite a still relatively high average unit 

price, will be produced in large numbP,rs (i.e. standardised private-branch 
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switching systems). It is this product continuum, rather than the simple 

i11tegration of computers with telecoamunications, or information technology 

with genetic engineering, that best embodies convergence. (Mackintosh, 1986, 

pp. 106-108) (1) 

Table 13 presents the technological structure of the information 

industry shoving the different !evels of technological complexity and 

investment requirements. 

1. Computers: hardware and software 

Data processing capacity has grown extremely rapidly. Table 14 shows 

the production increase and the rise of computer stocks worldwide between 1977 

and 1987. The even more rapid growth of micro- and mini-ccmputers has been a 

significant development in the computer industry. These systems owe their 

development to improvements !n components, making the 32-bit microcomputers -

now ubiquitous tools on working desks - hardly distinguishable from the 

mainframes of the 1960s (except in terms of size and user-friendliness). In 

1984 the business market for personal computers (and there has also been a 

growing market for home use) was $10 billion in the United States alone. 

(Hoffman, 1986, p. 27) The OECD c!tes a forecast that by 1987 the market in 

value terms for personal computers (less than $10,000 in 1984 dollars) will be 

greater than that for all other computers. (OECD, 1985, p. 21) 

Software, the set of instructions that allows computers and other IT 

machines to perform specific functions, is the crucial factor in all IT 

applications. w~rd processors, flexible manufacturing systems (FMS), 

electronic fund transfer systems and transport control systems are just a few 

of the products dependent on software for their operation. A 1984 survey of 

some of the largest U.S. computer manufacturers revealed that in 1981 the 

average proportion of R&D expenditure devoted to software was 35 per cent; by 

1985 it was expected to be 55 per cent. (OECD, 1985, p. 61) Software is 

becoming a more indispensable part of the package. Though not technically 

essential, hardware-software packages are frequently marketed as a single 

product. 
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As the hardware is standardised. it is software that becomes the 

distinguishing feature. For a number of reasons to be discussed subsequently, 

software producers include both computer manufacturers and independent 

software producers. The latter supply almost 60 per cent of the market. 

(OECD. 1985, p. 189) Customers are demanding new applications for their 

computer hardware, and software fills this demand. Sales of software in the 

United States nearly quadrupled between 1981 and 1984; by 1990 sales are 

expected to have quadrupled again (see Figure VII). 

A similar trend is expected in Western Europe. In 1985 the region had 

software sales of $5 billion. Based on a forecast of an annual growth rate of 

30 per cent, by 1991 sales could reach $24 billion. (Financial Times, 27 June 

1986, p. I) 

To understand the computer industry, one must recall a crucial feature 

of the industry since its beginnings in the 1950s: it has been dominated by 

one company - IBM. There have been a dozen or so major competitors at the 

hardware end, and a number of competitors have mushroomed at the software end, 

but a shake-out in the industry has begun. It is widely believed that by 

1995, 10 (or less) major players will have remained and that the number of 

specialist companies, not necessarily from the mainstream computer industry, 

will have increased. With the convergence of computers and 

telecoamunications, some of the big survivors may have their origins in 

telecommunications and general electronics. IBM and AT&T will almost 

certainly be among them. 

Even computer companies with a turnover of more than $5 billion are 

anxious about their survival. Among this group are many mergers: Burroughs 

and Sperry (U.S.), French manufacturer Honeywell, Bull and Japan's NEC. NCR 

(Japan) is seeking to specialise in banking applications and Control Data 

(U.S.) is losing money. All these companies have to reckon with IBM since it 

sells about two-thirds of the world's computers, in value terms. 

Software can be divided into two parts: systems software, which makes 

the machine work; and applications software, which takes account of the user's 

requirements. In the 1960s systems software was included in the price of 

hardware. But in 1969, the U.S. Justice Department required IBM to invoice 
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them separately. This move was actually in the interests of the suppliers 

because systems software was becoming too expensive to be provided 

essentially free. This requirement is often cited as the beginning of a 

discernible software industry. Hardware manufacturers had a competitive 

advantage in the supply of systems software and some standard applications 

software (e.g., accountancy and payroll) as they were famlliar with the 

hardware systems and had develo~ed close links with the major users. However, 

the door was opened to custom-designed software, supplied by independent 

software houses. In 1982 hardware manufacturers controlled approximately 

two-thirds of the systems software market while the independents had more than 

80 per cent of the applications software market. (OECD, 1985, pp. 55-56) In 

the late 1970s and early 1980s, the number of software houses in the United 

States grew at a rate of 18 to 20 per cent per annum. (Miles, 1984, p. 29) 

The growth in demand for new and better programmes suddenly turned 

software into big business. In 1981 software was essentially a cottage 

industry, with sales of just $2.7 billion. Not too long afterwards, by 1984, 

sales had exceeded $10 billion. Several software companies became sizable 

corporations. For example, Management Sci~nces America, Inc., the largest 

independent software supplier, quadrupled in size between 1981 and 1984. 

Thousands of new companies entered this lucrative market. The world market 

for software is expected to increase by 30 per cent annually and could reach 

$150 billion in 1987 (nccording to afiother estimate, by 1991). 

Until recently most software com~anies concentrated on a particular 

niche. There were three distinct markets for both mainframe and personal 

computers: applications software, utility software and systems control 

software. The computer manufacturers themselves provided the systems 

software, which handles basic activities such as controlling the printer and 

the memory. Independent software houses joined them in writing utility 

software, the interface between the operating system and the applications. 

Many other companies competed in the market for applications packages, the set 

of instructions telling a computer how to do specific tasks such as accounting 

or word processing. 

These distinctions are blurring. Hardware manufacturers are 

strengthening their own applications software efforts on their own, or through 

acquisition of existing software houses, or through joint ventures with 
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existing software houses. Software houses that used to occupy just one market 

niche are moving into others. Publishers and other companies outside the 

computer business are licensing programmes and then selling them, using their 

own distribution networks. One result of all this activity is an increase in 

mergers and acquisitions in the industry. Jn 1983 there were 146 acquisitions 

in the United States, valued at more than $1 billion. (Business Week, 27 

February 1984, pp. 54-55) 

Some kind of restructuring of the software industry is expected. Table 

15 shows that of the top 10 independents, seven have traditionally specialised 

in mainframe products. Six are now starting to turn out prograD1Des for 

smaller companies. And personal computer software companies see new 

opportunities in software for larger machines. Intense comvetition is 

expected to develop in applications software and database management 

programmes. The new competition in software may lead to price reductions and 

also increased involvement in software. 

Most hardware manufacturers that responded by establishing their own 

software houses chose not to sell to companies with incompatible systems. It 

is this, together with the convergence of computers and telecommunications, 

that has reinforced IBM's position. Now that computers can communicate with 

each other, it is vital to have ~BM-compatible machines. Because of IBM's 

leadership position, its standards became the industry's standards by 

default. Despite the European Commission's ruling that IBM must give its 

competitors sufficient warning &bout impending changes in its systems designs, 

IBM retains a technological and competitive edge. Some of these issues, most 

importantly the convergence of technologies and suppliers, will be explored in 

the following section on telecommunications. 

2. Teleconununications 

Telecommunications is one of the largest and fastest growing sectors in 

the world econo~y. The turnover in the sector for the EEC countries, Japan 

and the United States is roughly equivalent to 3 per cent of the world's GDP. 

This places telecommunications on a firm footing with the largest industries 

motor vehicle manufacturing (2), electricity production, aerospace and 

petrochemicals. Despite the global recession, growth in telecommunications in 
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recent years has averaged 8 per cent a year worldwide, and 10 per cent a year 

in developing countries. If this growth is sustained, teleconmunications will 

be the largest sector, with a turnover of about 7 per cent of world GDP. 

In 1982 equipment sales were worth $47 million and by 1992 are expected 

to double. Purchases of OECD countries now account for about 80 per cent of 

total sales, reflecting the uneven distribution of teleconmunications 

infrastructure between developed and developing countries. Purchases of 

developing countries as a whole account for just 11 per cent of world sales. 

l'his slight figure underlines the growth potential of these as yet unco!llllitted 

markets, and suppliers of teleconmunications systems are competing intensely 

to gain access to them. (Hobday, 1987, pp. 11-13) 

The telecoamunications industry is highly oligopolistic. The 10 leading 

corporations account for approximately 70 per cent of world sales. The 

largest, AT&T, established its lead through its long-standing moncpoly of the 

U.S. market; until recently it was prohibited from competing internationally. 

The other market leaders all undertake international transactions, although 

~any rely on their domestic monopoly for the bulk of their sales. Outside the 

largely protected markets of the OECD countries, L.M. Ericsson (Sweden), ITT 

(U.S.) and Siemens (FRG) have been the dominant corporations. Recently, 

however, Japan·~ NEC has entered the more unprotected markets in a major way, 

particularly in the developing countries. 

In 1982 the U.S. G~vernment introduced legislation making it possible 

for AT&T to compete for overseas orders of telecommunications equipment and to 

enter other areas of the IT market, which anti-trust legislation had 

previously prohibited. The objectives of the 1982 legislation were to 

stimulate competition in the face of Japanese success in the U.S. and European 

markets, and to encourage the introduct!on of new digital information services 

within the U.S. public and private sectors. 

Governments play an extremely important role in formulating the 

competitive environment in which telecommunications companies operate. In 

OECD countries, government purchasing makes up between 60 and 85 per cent of 

all telecommunications sales. The service carriers are either owned or 

strictly controlled through postal or telecommunications administrations. 
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Government orders have continued to be allocated to local companies partly 

because of the perceived importance of a strong national supply industry and 

partly to ensure econc...ies of scale in development and production. This type 

of government purchasing support has led to extremely high concentration 

ratios within countries where major producers are based. 

Until rtcently the ranking of the top 10 to 15 telecoamunications 

companies hardly changed, especially between 1973 and 1982. 3owever, as 

Table 16 shows, by 1983 Motorola (U.S.) - a leading manufacturer of 

semiconductors - and IBM (U.S.) had joined the top 10 telecoamunications 

suppliers. This is indicative of the widespread structural adjustments now 

occurring within the telecommunications industry, and between 

telecoamunications and other areas of information technology. Government 

deregulation of telecommunications in the United States enabled IBM to compete 

in that market. Technological convergence has enabled other companies to gain 

a firmer grip on telecommunications technology. 

Soaring R&D costs together with the need to achieve economies of scale 

have led many predominantly telecommunications firms to participate in joint 

ventures with other equipment makers and with providers of telecommunications 

services. Successive generations of Japanese firms have gained significant 

shares of the international IT market, intensifying the competition. Japanese 

firms have not yet established ~ stronghold in the main public switching 

networks but are gaining markets fast in areas such as PABX (private automatic 

branch exchange), transmis~ion and peripherals. In the deregulated PABX 

sector, NEC already has 5 per cent of the market. 

European and U.S. firms see greater export orientation as increasing 

both their market share and their international competitive position. 

European companiec have entered into a wide range of commercial and 

technological joint ventures to improve technical co-operation within Europe, 

to gain access to the U.S. market, and additionally, to protect themselves 

against AT&T and IBM competition. Similarly, U.S. firms are hoping to gain 

access to European markets through joint venture arrangements. Japanese firms 

are also now getting involved in joint ventures with European firms as a means 

of selling their technology in Europe, and with American firms, which are 

trying to gain a foothold in the Japanese market. 
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The U.S. Government responded to technological change and internal 

pressures to open up the new value added networks (VANs) to competition by 

d~regulating the local market. Japan has also recently agreed to open its 

teltcommunications market to foreign competition. In Europe, Britain has 

taken the lead in deregulation with the privatisation of British Telecom. 

There are signs that several other European countries will follow. All these 

moves are intended to ensure the commercial orientation of telecommunications 

monopolies and the acceleration of the introduction of new IT services. 

At the level of the individual firm, some of the major 

teleco1111nn1ications service providers are integrating backwards into equipment 

production. AT&T has reached agreement with Philips (Netherlands), ICL 

(U.K.), Olivetti (Italy) and Ricoh (Japan) to market their products abroad. 

Since many service providers have had little foreign operating experience, 

joint ventures are one way of establishing marketing channels. Several 

telecommunications administrations in developing countries (e.g., Telemex in 

Mexico, ielebras in Brazil and NPT!C in China) are eng~ged in various forms of 

joint ventures with transnational corporations. 

As for suppliers of telecommunications equipment, most of the major ones 

have been diversifying into other production areas of IT, such as computers, 

semiconductors and data processing equipment. With the erosion of the 

vertical market structu•·e, which prevailed under the paradigm of 

electro-mechanical technologie~. value added has be~n steadily transferred to 

semiconductor manufacturers. Thus, several major telecommunications equipment 

suppliers are attempting to increase their share of the compone~t market. 

Siemens, Italtel (Italy), CIT-Alcatel (France) and Plessey (U.K.) are engaged 

in a joint European venture to develop VLSI chips. These types of joint 

ventures should be seen as diversification into other IT areas rather than a~ 

vertical integration since VLSI components are not specific to 

telecommunications but are intended for general IT applica~ions. 

AT&T, L.M. Ericsson, Plessey, STC (U.K.) and Siemens have all entered 

joint ventures or are competing independently for a share nf the growing 

office automation and business equipment markets. Soon AT&T and IBM are 

expected to do battle in the per5onal computer market. ITT, AT&T, NEC, 

Northern Telecom (Canada) and Philips ar~ preparing to challenge the dominance. 

of Cornin& Glass (U.S.) in the fibre optics m~rket. NEG ls a model of a firm 

that is horizontally integrated across the whole range of IT products. 
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Conversely, firms successful in ether IT products are now moving into 

telecommunications. The public switching market has remained relatively 

untouched due to high R&D thresholds, technological complexity and market 

saturation. However, many computer manufacturers, including IBM, ICL and 

Olivetti have entered the PABX market. These diversifications should be 

r~~arded as aggressive market responses to new opportunities presented by 

technologi~al convergence. 

A final trend worth noting is the growing international network of 

technical co-operation and marketing joint ventures. Not all the arrangements 

are successful but each contributes to the growing internationalisation of the 

expanding IT industry. (Hobday, 1987, pp. 13-21) 

3. Semiconductors 

The semiconductor industry is dominated by the United States and Japan 

and, to a much lesser extent, Western Europe. In 1984 global production of 

semiconductors was about $30 billion, of which integrated circuits (IC~) 

accounted for approximately $24 billion. Table 17 shows the 1980 and 1985 

global <livision of semiconductor production according to home country of the 

producing firm. While the United States continued to maintain its lead, Japan 

was fast gaining ground. Most European chip products are outside the 

mainstream chip industry and produce largely for specialist markets. With the 

exception of Philips, all top 10 chip producers are American and Japanese 

firms; the five next largest European firms are all markedly smaller than the 

five largest American and Japanese firms. It has been argued that European 

chip producers are actually of suo-critical size. (Guy and Arnold, 1987, p. 

13) 

The importance of the semiconductor industry far exceeds the monetary 

value of its products since it is such a pervasive technology. A few years 

ago semiconductors were thought to be taking up an increasing proportion of 

the value of electronics products. However, this has not happened large!y 

because the cost of producing integrated circuits has fallen. The value of 

semiconductors remains about 5 per cent despite the dramatically incrtased 

number of functions that have been incorporated within almc~t all electronic 

products. (Sigurdson with Tagerud, 1986, pp. B--15) 
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Tho~gh telecommunications and computer companies are beginning to look 

upon semiconductor manufacture as a suitable case for acquisition or 

independent entry - a trend common to Europe, Japan and the United States -

the semiconductor industry in each of these regions has different origins. 

In the United States, Bell Laboratories contributed signi~icantly to the 

development of semiconductor technology. However, it was Texas Instruments 

and Fairchild that dominated the industry durir.t the 1950s and Jq6os. 

Although privately owned, they received co~siderable government support via 

the military and space programmes. Anti-tru3t legislatior. explicitly exclud~d 

AT&T and IBM from entering th~s market. This development, together with 

relatively low entry costs, allowed smaller firms to break into the market. 

Ame~ican firms gained a valuable head start in the industry, with Japan 

and several European countries attempting to foster local capability through 

the use of trade and other barriers. This ~ad the effect of increasing 

American-Japanese joint ventures and American foreign direct investment in 

Europe. Japan's semiconductor industry developed within integrated electronic 

companies. The five major producers and consumers of semiconductors in Japan 

(3) were involved jointly in the VLSI project ~~on~ored by the Ministry of 

International Trade and Industry (MITI) between 1976 and 1980. The project 

sought to bring the capabilities of Japanese producers in line with the!r 

American counterparts. They were more than successful, not least because the 

recession of 1974-1975 forced American companies tG cut back their investment 

programmes, thus keeping them from meeting the subsequent surge in demand. 

Efforts of European companies were not as successful as Japan's, ~artly 

because of a lack of venture capital and partly because of diffi~ulties in 

cross-national co-operation at that tiffie. (OECD, 1985, pp. 24-26) 

U.S. semiconductor firms had established themselves by selling 

mass-produced cnips. Their largest custon1ers were the computer systems 

establishments and firms that us~d chips in manufacturing defense systems, 

control systems for robots, telecommunications equip~ent and other electronic 

devices. Much of this mass production of semiconductors was located in the 

low-wage countries of Asia. However, semiconductor production is being 

automated to improve both quality and yielrl (4), but whether or not this will 

result in a relocation back to the home country is still unclear. 
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ASICs (applications specific integrated circuits) are a related market 

that are growing in importance. The market share of this segment is forecast 

to grow from 8.6 per cent in 1983 to more than 20 per cent by 1991 - a growth 

rate far exceeding those of standard, off-the-shelf chips. The personal 

computer is an ideal illustration of the growth of this market. Early models 

of personal computers contained circuit boards packed with hundreds of chips. 

Today the major functions of a personal computer are controlled by as few as 

five ASICs. The most important impact of the growth of the ASICs market on 

the electronics industry has been to fundamentally change the relationship 

between chip suppliers and their customers. Now that many of the functions of 

an electronics system can be jntegrated onto fewer chips, and the chips can be 

customised t~ meet the requirements of specific applications, chip designers 

and systems designers need to work closer together. Chip producers have to 

disclose some of their secrets; in turr. systems designers must trust chip 

producers with the proprietary secrets of their new products. 

This need for close working relationships is an important factor behind 

the growing number of alliances between semiconductor and electronics 

companies, for example, between National Semiconductor and Xerox. U.S. 

companies see it as essential in their competitive battles with the Japanese. 

They are attempting to emulate the vertically-integrated structure of the 

Japanese electronics companies. (Financial Times, 18 December 1986, p. 22) 

VLSI has also been a major factor behind the changing structure of the 

whole electronics production complex. With VLSI, hundreds of thousands of 

transistors are embedded in a single silicon chip. This is not simply the 

next step in the procP-ss of increasing power and decreasing size. Single 

chips produced by semiconductor manufacturers will now be able to compete in 

performance and speed with the large systems of chips assembled by computer 

firms. Thus, the traditional division of labour between semiconductor and 

systems assembly firms is blurring. For example, the new microcomputer 

developed by Hewlett Packard has as its core a single VLSI chip. The product 

has the power to compete with other microcomputers that are th~ size of 

refrigerators, cost four times as much and use dozens of chips. 

Because of the historic division of labour in the United States between 

semiconductor manufacturers and systems assemblers, few companies arP. in a 

position to take full advantage of the possibilities providP.d by convergenc~. 
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IBM is one exception. Even though it remained committed to the production of 

mainframe computers, IBM has recently entered the personal computer market and 

semiconductor production successfully. Japanese companies are in a much 

stronger position to take advantage of convergence because of their system of 

families of firms - including firms involved in robotics, semiconductors, 

computers and other high technology products. (Ferguson, 1985, p. 47) 

This section and the preceding two have pointed to a tendency towards 

increased concentration and integration in industries with previously 

separable areas of IT production. Figures VIII and IX illustrate these 

trends. Figure X depicts the new shape of the merchant IC industry. 

On the subject of integration of activities, it may be noted in passing 

that although electronics firms and machine tools producers have so far 

respected the boundaries of their industries, they have integrated their 

activities in areas that lie on the borderline of electro-mechanical 

technologies. In the future machine tools manufacturers may be absorbed into 

the IT industrial complex. (UN/ECE, 1986, pp. 69-74) 

4. Consumer electronics 

Developments in the consumer electronics sector provide some good 

examples of trends common throughout the electronics complex - for example, 

the tremendous proliferation of new products based on microelectronics. 

Growing demand for these new products has stimulated the resurgence of an 

already mature industry. U.S. sales for all consumer electronics products 

were $16.1 billion in 1982, $20.1 billion in 1983 and $22.7 billion in 1984. 

(Hoffman, 1986, p. 23) The number of television receivers produced rose from 

29.5 million units in 1965 to 77.7 million units in 1981. (Sinclair, 1985, p. 

3) 

The electrical machinery industry as a whole - including consumer 

electronics, heavy electrical equipment for power generation and distribution, 

and other electrical apparatus such as lighting equipment - contributes 6 per 

cent of manufacturing output in the developing countries compared with 9 per 

cent in the de~eloped countries. However, electronir.s accounted for more than 

half of that output in most countries in 1980. The proportion was 60 per cent 
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in the United States and 50 per cent in Japan. In developing countries 

electronics contributed as much as 80 per cent of manufacturing output in 

Malaysia, 75 per cent in Singapore and 68 per cent in the Republic of Korea. 

(UNIDO, Industry and Develor·ent, Global Report 1986, p. 87) 

Table 18 illustrates, through the case of video cassette recorders, 

Japan's remarkable success in the production and export of consumer 

electronics. Japanese producers introduced many improvements in products and 

processes (leading to a reduction in number of components required) and the 

use of automatic insertion processes (leading to a reduction in lower unit 

costs). (Hoffman, 1986, p. 24) 

The case of cons1J111er electronics demonstrates how changing production 

patterns are affecting the prospects for developing countries. Until recently 

the assembly of consumer electronics served as a relatively accessible entry 

point for many developing countr~es into the consumer electronics market. For 

example, between 1975 and 1980 U.K. imports of consumer electronics grew from 

~179 million to £489 million, of which more than 60 per cent were imports from 

developing countries in Asia. (Hoffman, 1986, p. 22) These countries were 

dependent on Japan for components and assembly technology. Currently though, 

Japanese producers are changing their strategy. Fearing that increasingly 

protectionist North America and Western Europe will import less, Japanese 

firms are investing in these two regions either through cross-licensing or 

direct investment, instead of continuing to locate production in the low-wage 

Asian countries as in the past. The higher degree of production automation 

makes it possible for the new investments to be competitive with imports from 

low-wage countries. The pace of technological development is so fast that 

developing countries will have to develop their capabilities (as in the 

Republic of Korea) or continue to rely on transnational corporations if they 

are to remain dynamic participants in the global supply of electronic 

components, television sets and radios. (UNIDO, Industry and Develop~ent, 

Global Report 1986, p. 89) 
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5. IT user industries 

One characteristic of information technology is its pervasiveness - its 

potential to be applied in all areas of human endeavour. This section 

examines the implications of information technology for user industries: 

agriculture, forestry and fisheries; primary extraction; manufacturing; 

private services and public services. Table 19 summarises the key IT 

applications in each of these five major economic sectors. 

{a) Agriculture. forestry and fisheries 

These industries are characterised by physical interaction with the 

environment, affected so far tJ mechanisation rather than automation. 

However, information technology is likely to have a major impact in two areas. 

First, information technology can help bring about a better understanding of 

the scientific base, thus enabling more efficient monitoring of pests and 

yields, for example. Second, information technology can assist in the 

sector's management, including identification of markets. 

Structural changes are likely to be reflected in the continuing move 

towards large-scale operations to achieve economies of sc3le, accompanied by 

concentration of ownership. Information technology also allows a greater 

degree of integration particularly in the food processing industry, which is 

seeking greater control over quality and delivery dates. 

Growth in productivity in the agriculture, forestry and fisheries sector 

has been remarkable during the past decades. In the industrialised countries 

"jobless growth" has been a feature of this phenomenon. In the United 

Kingdom, between 1953 and 1975, employment declined by 50 per cent while 

productivity increased by 160 per cent. Much of the productivity rise has 

stemmed from mechanisation, improvements in organisation and planning, and 

improved economies of scale. Information technology is actually peripheral to 

these trends, which are also now emerging in developing countries. 

Information technology can, however, contribute marginally. Robot tractors 

are already in use; ~xperiments are under way in robot sheep shearing and 

animal husbandry. However, such te~hniques are likely to be used only in very 

large farm units. Systems for irrigation, crop spraying, feed regulation and 

produce ha~dling are likely to be much more widely diffused. 
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(b) Primary extraction 

This industry is also characterised by the nature of its interaction 

with the physical world. Likewise, the growth in its scale of operations has 

created a need for information manipulation techniques. Compared with the 

preceding sector, the primary extraction industry can probably e;nploy 

information technology more effectively towards understanding the industry's 

scientific base. Extremely sophisticated techniques are being applied and 

further develope~ in oil and mineral exploration. Robots are beginning to be 

used under water and in other hostile environments. 

Future uses of information technology are likely to reinforce the trend 

towards concentration into large-scale operations. As the scale of operations 

increases, information technology can shift the decision-making to major urban 

areas, away from the point of production. Relocating mines and wells is 

obviously impossible but information technology can be at the centre, 

co-ordinating production and scheduling transportation. 

Information technology may lead to higher productivity in the primary 

extraction industry. But shifting patterns of supply and demand, and 

1olitical forces, affect competitiveness more. For example, the recent fall 

in oil prices has led to a shakeout in the industry. Many smaller, 

independent companies that grew in the late 1970s have not been able to 

survive. They have either merged with other small companies or have sold out 

tn the majors. In cases where they have had access to capital, they have 

diversified into totally new business areas. 

(c) Private services 

This includes all services usually provided by the private sector: 

banking and finance, insurance, retailing and distribution, office services, 

hotels and catering, and leisure. Many of these services involve a high level 

of information activity. Banking, for example, is essentially a process of 

informltion storage, retrieval, manipulation and conununication. Retailing and 

distribution, even though concerned with the movement of physical goods, 

relies on effective management of information about stockholding and delivery 

requirements. 
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The potential of information technology to provide a vide range of 

services tailored to individual needs is videly believed as leading tovards 

decentralised and nore competitive private services. Firms supplying 

services such as home banking and shopping, accountancy and share dealing are 

expected to proliferate. Even though the number of firms providing 

specialised services may rise dramatically, cent~al financial structures will 

most likely use information technology to maintain their hold over the 

financial system. This does raise problems of social participation, privacy 

and security, which must be addressed. 

Indicators are contradictory on the future structure of private 

services. Small, specialist firms nay be flexible enough to use information 

technology to provide almost tailor-made services. On the other hand, large 

organisations such as banks and insurance companies could also use information 

technology to reinforce pover and control, at the same time exploiting the 

potential of the technology to provide a wide range of services. Again, a 

structure vith small, decentralised, largely autonomous units co-ordinated 

from the centre should be considered. 

More difficult to gauge are the implications of information technology 

on the productivity of service sP.ctors. Office productivity cannot be 

measured in the same way as manufacturing productivity. For example, the 

ability of a typist to produce an extra 10 pages per hour using a vord 

processor is not necessarily reflective of an increase in productivity. 

Indeed, many argue that information technology h6s facilitated the 

proliferation of drafts. What information technology does offer is an 

opportunity to re-organise office systems thoroughly. 

The situation in banks and retailing organisations is different, many of 

of the systems having been automated years ago. Information technology dces 

present an opportunity to replace labour-intensive operations. The major 

issue concerns the proliferation of other organisations offering competing 

services. 

In the leisure industries, information technology can facilitate hotel 

bookings, scheduling anrl security. OvPrall, however, the Impact of 

infor~ation technology on the structure of the increasingly concentraterl 

ptivate services industry remains to be ~een. 
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(d) Public services 

The areas that fall under the definition of public services are often 

the outcome of a political process and therefore vary among countries. But 

the sector frequently includes the various administrative functions of the 

civil service, education, health, social welfare, police and other community 

services. The IT applications in public services are similar to those in 

private services: integrated office automation, database systems and 

communications networks. 

Considerable scope exists for improving the flow and the speed of access 

of in!ormation within the public sector. For example, social benefits systems 

can be computerized. Databases can be linked with common users, although this 

raises still unresolved issues of privacy and civil liberties. To date, 

relatively few linkages exist. Information technology makes possible the 

provision of much more decentralised services, operating with local autonomy 

but connected to a central network. All this may be technically feasible, but 

questions around political and bureaucratic control and authority have yet to 

be resolved. 

Competitiveness in the sector is a difficult issue by virtue of the 

underlying concept of public services. Nonetheless, in recent years many 

governments have been wanting to introduce the accounting criteria of private 

services into the public sector and to open the public sector to private 

competition. Information technology can improve productivity in the 

administration and management of delivery of these services. Even more 

fundamental is the contribution that infort1ation technology can make towards 

innovative and more widely accessible education and training. (Bessant and 

others, 1985, pp. 29-47) 

(e) Manufacturing 

The pace of introduction of information technology in m~nufacturing has 

been studied in detail in certain countries. The following comparison between 

France, the FRG and the United Kingdom will be of interest. (Northcott and 

others, 1985) 
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Britain 

Britain is slightly behind the FRG in the percentage of factories using 

microelectronics in their production processes and further behind in the 

percentage with applications in the products themselves, but ahead of France 

in both. Compared with the FRG, Britain makes less use of CRC 

(computer-numerically controlled} machine tools and robots, appears to have 

fewer professional engineers with microelectronics expertise and sends fewer 

people on training courses. However, Britain appears to be relatively strong 

in some areas such as the electrical engineering and food industries and in 

the use of semicustom chips, and to have fewer difficulties with trade unions 

than the other countries, but British industry has greater problems than the 

others in raising finance for development and in the general economic 

situation. 

Federal Republic of Germany 

The FRG has slightly more factories than the other two countries using 

microelectronics in their production processes and is further ahead in the 

proportion with applications in the products themselves, although the rate of 

increase in the proportion using microelectronics appears to have slowed down 

in recent years. The FRG is particularly strong, relative to the other two 

countries, in the mechanical engineering and printing industries and in the 

numbers of microelectronics engineers available (although more are wanted) and 

in the widespread use of training courses. It has higher rates of use of CAD 

(computer-aided design) and CNC machine tools and robots, but also more 

widespread problems with software, sensors and chips (~lthough these may 

reflect not backwardness but a greater use of the more advanced and difficult 

systems}. Confidence in being ahead of competitors in Europe is high and 

overall performance is helped by an industrial structure that is strong in the 

industries with the greatest scope for applications. 

France 

France is behind Britain dnd still more behind the FRG in the percentage 

of factories using microelectronics, particularly in products, but does not in 

general appear to be behind Britain in the kinds of equipment used or the 

numbers of microelectronics engineers available. There are some areas of 
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particular strength such as the vehicles industry, and the larger factories 

have rates of use not ver, different from Britain or the FRG. Overall 

performance is impaired, however, by a less favourable industrial structure 

than in the other two countries and a higher proportion of small factories 

with low rates of use. 

Extent of use 

In the factories in the survey samples, the differences in the 

proportions of users in the three countries is not great - 66 per cent in the 

FRG, 65 per cent in Britain and 61 per cent in France. Nearly all these 

factories are using microelectronics in production processes, but in each 

co1uitry the proportion with applications in products is much smaller - 20 per 

cent in the FRG, 16 per cent in Britain and 13 per cent in France. 

If allowance is made for the fact that in industry as a whole there is a 

far higher proportion of small factories than in the samples used for the 

surveys (and the small ones tend to have lower rates of use), it can be 

calculated that in all the factories employing 20 or more people, 

microelectronics is being used by only 51 per cent in the FRG, 47 per cent. in 

Britain and 38 per cent in France. Again, nearly all these factories have 

applications in their processes but the proportions with applications in their 

products are much smaller and tae differences between the countries greater -

13 per cent in the FRG, 10 per cent in Britain and 6 per cent in France. 

The factories using microelectronics account for about three-quarters of 

total manufacturing employment in Britain and the FRG and nearly two-thirds in 

France. 

In all three countries, applications in products are heavily 

concentrated in electrical and instrument engineering (where the United 

Kingdom has the highest percentage of users), in mechanical engineering (where 

the FRG has the highest percentage of users) and in vehicles (where France has 

the highest percentage of users). In applications in processes where the 

differences between industries are less extreme, there are particularly high 

percentages of users in food in the United Kingdom, in printing in the FRG and 

in vehicles in France. 
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It is interesting in this context to compare the introduction of 

information services in the United States. It is found that the expenditure 

on information services as a percentage ~f revenue is highest in banking and 

finance (4.5 per cent), followed by electronics (3.7 per cent), industrial and 

automobile sectors (2.7 p£r cent), insurance (1.7 per cent); process 

industries (1.6 per cent) and food and beverage (1.6 per cent). (Datamation, 

1 September 1987) 

The implications of information technology for manufacturing are still 

unclear, with the situation changing constantly and with a number of 

contradictory forces at work. Small technology-based firms may increase; they 

are economically viable as information technology would have improved the 

production economies of small-batch manufacturing. In addition, small firms 

are better able to respond quickly to changing circumstances, to develop new 

ideas and to provide local services to large companies and communities. On 

the o~her hand, information technology may simply reinforce the advantages 

held by large firms. Whereas production of small batches has been cheaper to 

sub-contract, the emergence of flexible manufacturing systems will allow 

economically viable in-house production. Furthermore, the benefits offered by 

CIM (com~uter-integrated manufacturing) techniques may only be realised to the 

fullest in large-scale operations. 

Scale constraints have been cited as a major obstacle to 

industrialisation in developing countries. Increasing competitive pressures 

in domestic and world markets have stimulated efforts in many industries to 

gain the perceived advantages of large plant size through building 

prog~essively larger operating units. A tendency towards indu~trial 

concentration in both industrialised and developing countries nas been 

apparent in manufacturing, particularly in chemicals, steel and automobiles 

as well as in power generation, mining and agriculture. At the same time, the 

perceived disadvantages of concentration and size have intensified the search 

for technological solutions, which have allowed profitable production at lower 

levels. However, flexible manufacturing systems may be more applicable to 

engineering industries than to others. 
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Even the highly automated, mass production industries are concerned 

that bigger may not be best. The maximum potential of economies of scale can 

be reached only if the facilities a~e operated at high levels of capacity 

utilisation over a long period. This has not been easy to achieve due to 

fluctuations in demand over the course of the business cycle, changes in 

consumer preferences regarding design and product mix, changes in the relative 

prices of inputs, and variations in their availability and quality. There has 

long been a need - one that is beginning to be met - for flexible systems of 

production. Information technology can lead to changes in the organisation of 

production, and both biotechnology and new materials have substantial 

implications for relative factor prices. Thus the impact of the new 

technologies goes much further ttan simply permitting down-scaling. 

It may be that size loses its importance as a factor in determining 

productivity, and that the flexibility that economic agents are able to 

achieve with the new systems may become far more significant. Physical 

production alone is not the only consideration. While the optimal scale of 

production may decrease because of IT-based economies of scope, the optimal 

scale of other operations, including marketing and administration, may 

increase with the introduction of information technology. Thus, large firms 

may be able to set up effective barriers of entry to small fir.as through using 

information technology to exercise greater control over their markets. 

Information technology can be used to improve communications between 

geographically disparate locations. Another option would be for future 

industrial entities to be made up of a large number of small plants, each 

exercising a high degree of local autonomy but receiving the benefits of 

centralised R&D, marketing and financial services. 

Users-turned-manufacturers are another trend. Some major consumers of 

the new technologies are profiting from their experience in information 

technology by offering their honed skills elsewhere. Automobile producers, 

early users of robotics and other forms of factory automation, are now among 

the major suppliers of this form of technology. 

Both small and large firms may continue to have a future, with large 

firms retaining responsibility for large-scale production and small firms 

providing the flexibility required to supply local and specialist markets. In 

line with current trends, the absolute number of firms will continue to 

decline; simultaneously, the number of divisions within firms will increase. 
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Increased internationalisation is another feature of information 

technology although the concentration pattern throughout the worid and within 

regions may change. For example, in Norway the relatively small number of 

small-scale enterprises find it difficult to compete due to pro~lems in 

achieving economies of scale and problems of access to resources. They can 

use information technology to improve their competitiveness and productivity 

at firm level, and to enable them to share centralised R&D and marketing 

facilities. The production system can thus be tailored to meet the needs of 

the coamunity. Japan, on othe other hand, has different circumstances. It 

needs to locate production away from centres of population to relieve problems 

created by pollution and space constraints. This is one re~~on why the 

Japanese have pushed forward the development of unmanned factories and methods 

of production that function effectively without large inventories of component 

parts. 

The location of decision-taking and control may also shift. Many large 

corporations are decentralising production because of its advantages while 

simu!t~~eously concentrating central resources such as marketing and finance. 

Access to communications is likely to become more essential than advantages of 

location. Thus, corporate headquarters could continue to move away from large 

cities; consequently, policies promoting particular regions could take on 

increasing importance. 

Information technology will become crucial in determining patterns of 

international competitiveness, not only because of its potential to reduce 

spending on other production factors, but primarily because of improvements in 

product and process performance. Those who fail to make use of information 

technology will be o~erating at a major disadvantage. Concern over this issue 

is growing in many countries. 

The diffusion of information techn~logy in the production process raises 

a number of issues: the domination of the supply of information technology by 

a few large, integr~ted firms, which will set the technical standards; the 

optimum scale, product mix and production location; and the decision to either 

purchase information services or to provide them for oneself. For indeed, 

while permitting the rapid and accurate transmission of information, 

information technology also opens up possibilities of creating a market for 
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it, supplying only what others are prepared to pay for and selling it to the 

highest bidder. Clearly, the future market structures of particular 

industries in certain countries depend in large part on the history of each 

case and the policies adopted now and in the future. 

6. Changing location of production of information technology 

Changes in the geographic location of production have been taking place 

at four different levels: (Ernst, 1983, pp. 148-155) 

(a) locational shifts among the major OECD countries; 

(b) locational shifts from the cent. to the periphery within the OECD; 

(c) new patterns of investment in the export-oriented countries of Asia 
such as Hong Kong, Malaysia, Republic of Korea, Singapore and in 
the Province of Taiwan; and, 

(d) relocation from ~hese countries to new offshore locations such 
as Bangladesh, China, the Philippines, Sri Lanka and the Caribbean. 

As mentioned earlier, Japanese an~ West European fiil'ls are investing in 

the United States because it continues to be an expanding and attractive 

market; also, U.S. protectionist moves are leading foreign firms to locate 

there so as to secure their market share. Similar pressures are motivating 

Japanese firms to locate to Western Europe, particularly to Ireland and 

peripheral regions of the United Kingdom such as Scotland and Wales. 

Governments of some of these economically depressed areas are trying to 

attract foreign investment in high technology to secure jobs and to gain 

access to technology. In fact Western Europe is predicted to be the most 

important growth market for integrated circuits - if only because it has so 

far lagged behind Japan and the United States. 

Future markets are also emerging outsie? the OECD, notably in the 

Association of South-East Asian Nations (lSEAN) countries, the Gulf area, 

Brazil, China and India. Automated production methods make it possible for 

production in high-wage countries to compete with that in low-wage countries. 

However, being located close to markets still holds its advantages and 

pressures are building towards vertical integration within the electronics 

industry. Thus, countries with both an electronics production industry and a 

user industry have more potentially promising markets. The subject requires 

constant review as fast-moving changes and countervailing tendencies make 

future developments difficult to predict. 
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7. Future trends 

What does the future of electronics production look like ~nd what are 

the implications for world trade? Mackintosh (1986, pp. 95-99) derives 

projections, in 1983 US dollars, for production and markets in Japan, Western 

Europe and the United States. Figure XI shows that Ja.an's IT production 

almost approaches the U.S. level despite a 2:1 population ratio in favour of 

the United States. By the year 2006 the ~reduction lev~l in both countries is 

estimated to have evened out at about $570 billion each. 

Even more remarkable is Japan's predicted huge IT trade surplus. A 

Japanese surplus of $194 billion may seem improbable today, but theh again the 

thought in 1970 of a $25 billion surplus in 1983 would h~ve seemed ab3urd. 

Not shown in Figure XI is another calculation by Mackintosh that by 1990 

the "rest of the world" will produce about $120 billion worth of electronics 

goods but will buy about $200 billion worth. 

B. Biotechnology 

People have long been combining substances in order to provoke a 

chemical reaction. In terms of volume, biotechnology industries based on 

water treatment and purification form the largest se~tor, followed by beer and 

spirits, dairy products, yeast, organic acids and antibiotics. The impact of 

modern biotechnology lies in the creation of new products and processes and in 

the upgrading of existing and traditional processes over a wide range of 

industries such as food processing, chemicals and pharmaceuticals, energy and 

waste treatment. 

Tables 20 to 23 provide different forecasts made in 1981 anrt 1982 

concerning the marke~ for biotechnology and the products expected to be 

commercialised within the time horizons of 5, 10 and 15 years. The forecasts 

have generally proved to be too optimistic in view of the problems connected 

with the scaling-up and the time taken to get the necessary regulatory 

approvals. However, progress in plant genetics seems to have accelerated. 

One report on the potential market for agribusiness applications of genetic 

engineering puts the figure at $50 billion to $100 billion annually for 
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agricultural applications alone by 1996. Predictions f-ir biotechnology in 

geaeral continue to be optimistic. A report from the Long-Term Credit Bank in 

Japan suggests that worldwide markets fQr biotechnology-based products may be 

as high as $94.2 billion by the turn of the century. 

A survey of companies involved in biotechnology has identified 1,036 

firms. Of this total, 45 per cent or 469 were U.S.-based. The United Kingdom 

accounted for 29 per cent or :irms, Japan for 9 per cent or 92 firms, the 

FRG and Italy for 22 firms each, France for 20, and Belgium, Denmar~~, Ireland, 

the Neth~rlanos, Spain and Sweden for 115 firms. Of the remaining 66 firms, 

developi: g countri· -~counted for 20 (UNCTC, 1937) of which the Province of 

Taiwan accounted f~c 11, India and the Republic of Korea for two each, and one 

each for Brazil, Egypt, Mexico, Pakistan and the People's Republic of China. 

Another 38 firms were based in the centrally planned economy countries of 

Eastern Europe, mostly in Poland. The rest were scattered around the world. 

Most of the new rP.search in biotechnology started with small companies, 

at lea~t in the United States. These sought to finance R&D through different 

measures such as ventur -~pital, public stock offerings, funding by 

transnational cor~orAtll.. _; (TNCs) and government support. As the practical 

problems or commerci&li.sation became better known, the position of large, more 

established ~om~anies strengthened. Though there has been some thinning out 

among the small new biotechnology companies, many have survived and continue 

to play an important role. 

'.i'he situation has been somewhat different in Japan and Europe. The 

approximately 200 companies in Japan that are involved heavily in 

biotechnoiogy are mostly major corporations such as Ajinomoto and Mitsubishi 

Chemical Industries. This is also true for the FRG where it is the largest 

TNCs such as noechst and Bayer that are increasing their involvement in 

biotechnology and where therF. are virtually no ,-enture capital biotechnology 

firms. In most other OECD countries, biotechnology is being developed by both 

new venture capital firms and established TNCs. 

Out of the 500 largest ~.S.-based companies li~ted in Fortune magazine, 

at least 83 have biotechnology-related act!vities. (UNCTC, 1987) Among 

non-U.S. based firms, out of the 500 largest also listed in Fortune, at least 
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62 have biotechnology-related activities; 22 of these firms are based in the 

United Kingdom, 19 in Japan, six in the FRG, four each in Franc~, the 

Netherlands and Switzerland, and one each in Belgium, Italy and Panama. 

Inter-firm arrangements take different forms. Japan and Europe have 

begun investing in some of the smaller American companie= in order to gain 

access to the latest technology. Alternatively, these smaller companies may 

attecpt production and marketing themselves, at least in their home countries, 

and arrange with other companies, usually TNCs, for marketing abroad. 

Typically, under such an arrangement, an American company might license 

production and/or marketing to a Japanese TNC for marketing in Japan or other 

Asian countries and retain North American rights. A second or even third TNC 

might also have rights to other geographic areas. Transnational corporaticns, 

of course, have well established production and marketing systems as well as 

departments to handle regulatory hurdles for their traditional product lines 

that may also be utilized for biotechnology products. 

A third and more unusual approach - which has already been arranged in 

at least one case - is for a larger corporation to license a biotechnology 

company to do marketing and take care of regulatory problems. In such a case, 

it is the ability of a smaller company to focus its energies on one product or 

product line, and to develop a marketing system specific to that line, that is 

desired by the larger corporation. 

A survey of 50 enterprise-level agreements for international transfer of 

technology revealed the following (5). In a majority of them, Japan figured 

as the recipient and the United States as the transferor, with the FRG, Italy, 

Sweden, Switzerland and the United Kingdom also involved. In one instance a 

firm in Malaysia entered into an agreement with a research company in the 

United States in the field of plant genetics. The products involved in these 

transfers were monoclonal antibodies, interferons and, to a lesser extent, 

hepatitis-B vaccine and insulin. The mechanisms used included subsidiaries, 

equity investment, joint ventures, licensing and other agreements. The 

objectives of joint ventures covered joint R&D, joint development involving 

complementary inputs from the two parties and marketing. Other agreements 

were concerned with funding R&D in exchange for access to technology or rights 

to later production and marketing; researc.h co-operation; exchange of clinical 
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test drug technology; marketing rights within or outside a country; agency 

arrangements; and supplies of commercial quantities of biochemicals. In one 

case, there was a tie-up between an electronics firm specialising in the 

application of microelectronics to biotechnology and a trading company • 

Table 24 documents illustratively the variety of inter-firm production 

and marketing arrangments that have been made in recent years. 

It will probably be some time before any sort of equilibrium is reached 

in the emerging biotechnology industry. While plenty of risk capital remains, 

there is unlikely to be enough to allow all the companies currently in 

business to follow through to the commercialisation phase. Mergers and 

acquisitions are likely to become increasingly prevalent in the next few years 

and the general expectation is that the number of companies competing 

worldwide in any one market segment will be far small smaller than the present 

number. (Zimmerman, in UNIDO, Genetic Engineering and Biotechnology Monitor, 

February 1984, p. 21) 

The emerging picture also tends to show the broad-banding of TNC 

interests over several sectors related to biotechnology. Thus, food 

processing, chemical and oil TNCs have begun to invest in biotechnology 

initially to secure their strategic interests in particular production lines, 

but their interest is likely to spread over other production lines as well. 

Trends of this kind are also evident in seeds and agribusiness as a whole; 

several TNCs, particularly in the chemical field, are taking over seed 

companies or are controlling the seeds trade. 

Hotwithstanding the fact that most of the movement in biotechnology is 

among industrialised countries, transnatinnal corporations based in 

industrialised countries do have a number ~f activities involving 

biotechnology in developing countries. TNCs have numerous manufacturing and 

marketing operations in developing countries in industrial sectors such as 

pharmaceuticals and chemicals where the potential for biotechnology is 

substantial. However, ber.ause very little biotechnology - certainly based on 

the most advanced techniques - has actually been commercialised, so far there 

have been relatively few TNC operations involving biotechnology of this 

character under way in developing countries. 
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Clearly, however, if present trends continue, more and more industrial 

processes of TNCs in pharmaceuticals, chemicals and other fields will become 

biotechnology-based. As this occurs, there will be substantial TNC marketing 

and probably manufacturing operations in developing countries in the future. 

But even now several aspects of TNC operations in biotechnology do involve 

developing countries. 

The pharmaceutical industry is one key sector where TNCs that are 

assuming active R&D roles in biotechnology already occupy a major position in 

many developing countries (6). As these companies begin to develop and market 

products in their home countries and in other industrialised countries based 

on biotechnology generally and on genetic engineering more specifically, these 

products will begin to find their way into developing countries as well. 

Pharmaceutical products based on biotechnology will not only be marketed 

in developing countries but will also be tested in these countries even before 

t.hef are marketed. Indeed, such tests are already under way. For example, 

China has a joint venture with Switzerland's Biogen for the marketing and 

production of ganuna interferon as well as an agreement with Biogen to supply 

the drug for clinical trials of cancer ~atients in Chinese hospitals. {Dembo 

and Morehouse, 1987, p. 81) 

One existing path for TNG involvement in developi~g countries in 

biotechnol~gy is through the acquisition of marketing rights for all of Asia 

by Japanese TNCs from North American biotechnology R&D and venture capital 

firms. For example, Genentech in the United States has contracts with Japan's 

Toray Industries, Inc. and Dauchi Seiyaku Co. to market gamma-type interfero~ 

in Asia. Biogen has an agreement with Shinogi & Co. for the same substance, 

giving the Japanese company rearketing rights in exchange fer royalties. A 

similar agreement exists between Biogen and Japan's Suntory, Ltd. for a cancer 

drug. {Dembo and Morehouse, 1987, p. 80) Genentech has an agreement with 

three other companies for marketing tissue plasminogen activator, an 

anti-clotting agent. Genentech retains marketing rights in North America, 

Boehringer Ingelheim International has marketing rights in Europe, the Middle 

East, South America and parts of Australia, while Mitsubishi Chemical 

Industries and Kyau~ Hakko Kogyo will market the agent in Japan. (Dembo and 

Morehouse, 1987, p. 81) 

• 
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Agriculture, particulary the seed sector, is another major area closely 

related to biotechnology where there is TNC involvement in developing 

countries. According to a recent study on the seed industry by Teweles, a 

major broker of seed companies, the U.S. seed industry is already a $5 billion 

Lnnual market and is expected to grow to $11.8 billion annually by the end of 

the century due to advances in genetic manipulation techniques. (Business 

Week, 11 June 1984, p. 59) TNCs are getting more actively involved not only 

in vegetable seeds but seeds for cereals and other food grains as well. One 

obvious approach to marketing new varieties of seeds is through acquisition of 

existing seed companies. Yhus, a company based on advanced biotechnology like 

the Agrigenetics Corporation in Colorado has purchased over 10 seed companies 

since 1975. The initial thrust has been directed towards industrialised 

country markets but more recently attention has turned towards developing 

country markets as well. 

Large numbers of seed companies have been acquired in recent years by 

transnational corporations, particularly pharmaceutical and petrochemical 

companies. According to one recent study, substantial segments of the 

developing country vegetable seed market are already in THC hands. Suttons of 

U.S.A. (owned by Cardo), Ohlsenn Enke of Denmark (owned by Svalof of Sweden), 

Daehenfeld of Denmark, and Zaadunie of the Netherlands (owned by Sandoz, the 

Swiss pharmaceutical TNC) a~e among the principal suppliers of vegetable seeds 

to Africa and Western Asia. In Latin America and the Philippines, vegetable 

seed is marketed by American companies like Dessert Seeds (owned by 

Atlantic-Richfield, the petroleum company) and Ferry-Morse (once owned by 

Purex and now controlled by Limagra:n of Frar.~e). (Dembo and Morehouse, 1987, 

p. 82) 

There arc various other seed-related activities in developing countries 

involving TNCs and their subsidiaries. For examp!e, a Cardo subsidiary, 

Hilleshog, is working with Swedish Match to breed Acacia mangium trees for the 

Philippines. Campbell Soup, a U.S. f~od processing company, has linked up 

with an American genetic engineering company and Brazilian interests to breed 

new tomatoes in Brazil. Among vegetable varieties being grown in Kenya are 

cabbages from Ohlsenn, cauliflower and carrots from Dutch and American 

subsidiaries of Sando1, and lettuce from ARCO's seed subsidiary. (Dembo and 

Morehouse, 1987, p. 82) 



- 66 -

Biotechnology applications in agric~lture offer a number of 

opportunities to TNCs. Perhaps most important is the ability, through 

biotechnology, to link the use of fertilizers and pesticides ~~ new varieties 

of seeds. Thus, it is possible to develop seeds that require increased 

applications of certain chemicals to receive the benefits of improved yields 

and stress tolerance. Tl: ~ugh seeds with such characteristics, TRCs can build 

a market for other agricultural inputs that they manufacture and market. In a 

similar manner, food TNCs are interested in seed companies because of their 

ability to develop and market new varieties of seeds that will produce not 

only greater yields but also products better adapted to commercial harvesting, 

storage, transportation and preparation. 

The most crucial distinction between the Green Revolution and the 

"Bio-revolution" is the fundamentally private characte~ of the latter in 

comparison with the fact that the former was based almost exclusively on 

technology developed in the public domain. At a minimum, researchers 

interested in crop improvement for developing country contexts will have to 

contend with a fundamentally different milieu of plant variety protection and 

the utilisation of patent systems to restrict acc~ss to new processes and to 

genetically engineered proprietary molecules. (Kenney and Buffel, 1985) Many 

of the products that may be displaced by industrial tissue culture originate 

in developing countries, resulting in progressive displacements of developing 

country exports of those products. Similar displacements could occur by other 

technological developments such as high fructose corn syprup and conversion of 

palm to cocoa oil. 

C. Solar photovoltaics 

The international flow of photovoltaic technology has been considerably 

influenced by the dominant conversion technology and by the expected market 

penetration. Photovoltaic technology has gone through three partially 

overlapping generations: single-crystal, polycrystal and amorphous cells. 

These three generations have not only shaped the structure of the industry but 

have also influenced the patterns of technology transfer. In the first place, 

the fact that the technology has been in a state of constant flux has reduced 

the widespread diffusion of process know-how. Secondly, the high-process 

control associated with ingot-growing made it difficult for new firms to enter 

• 
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the market or for the technology to be quickly ~iffused. Thirdly, the 

uncertainties surrounding the competitiveness of photovoltaics, coupled with 

the rapid rate of technical change, reduced its rate of diffusion and the flow 

of process technology as well • 

Because of these factors, the flow of photovoltaics technology has been 

mostly among the United States, Europe and Japan. The transfer of 

photovoltaic technology to the developing countries has been restricted either 

to assembly facilities or to near-obsolete single-crystal cells. In nearly 

all the known cases of technology transfer, the flow has been mainly turnkey 

plants with very little transfer of know-how. This is because - as has been 

said - the technology itself is in constant flux; but in addition, much of the 

R&D is conducted at the point of origin or in universities and government 

centres. The shipment of plants has therefore been usually to enter a 

specific market as well as to reduce module assembly costs. (Juma, 1987, p. 

24) 

While assembly plants are being set up based on single crystal cells, 

other firms are extending their international operations with amorphous 

silicon technology in the belief that such cells are likely to dominate the 

market !n the future. Yet other firms believe that the mass production of 

amorphous cells is just starting and that there is room for coexistence among 

different cell types on the market. Moreover, amorphous cells themselves are 

going to undergo efficiency- and process-related changes. 

It is notable that the shift to amorphous cells outside Japan t tS been 

pioneered by emerging small- and medium-sized firms. The decision by firms to 

enter the market with plants based on new conversion materials illustrates the 

uncertainties surrounding the suurces of innovation and position of firms in 

the market structure. The late 1970s and early 1980s saw the rapid emergence 

of subsidiaries of oil majors. 

The commercialisation of photovoltaics has been dominated by large oil, 

electronics and electrical companies, which have long experience in the 

manage~ent of new technologies. The shift towards amorphous cells provides 

these corporations with the opportunity to complete the vertical integration 

of their photovoltaic activities. With single-crystal technology, 
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photovoltaic producers used to be dependent on the surply of single crystal 

ingots from only three companies in the world: Wacker (FRG), SEMIC (U.S.) and 

Pragma (Italy). This oligopoly was broken up with the shift to 

polycrystalline material, permitting the entry of new materials producers. 

This has been extended even further with the shift to amorphous cells. 

Already the industry has experienced takeovers aimed specifically at acquiring 

capability in amorphous technology. 

The uncertainty that current amorphous materials will continue to 

dominate the market, even in the mediUl'l term, has influenced the availability 

of raw materials for cell manufacture. The industry is presently dependent on 

resid~al crystalline silicon produced for the electronics industry. Only 3 

per cent of the silicon produced in 1985 was applied to photovoltaic 

production. Shortages of materials are a possibility as the electronics 

industry is not willing to invest in additional ingot products at prices lower 

than can be obtained from the electronics industry. The rise cf amorphous 

cells has been a disincentive to the expansion of single crystal silicon 

production. High production costs are partly responsible for current high 

photovoltaic costs. Responses to potential shortages include using rejects 

from the silicon produced for the electronics industry. Large investments in 

single crystal siliccn material production is unlikely, given its declining 

share in the volume of module shipments. 

Much of the tect.nology flow in the 1980s has been between European and 

U.S. firms. This flow was associated with trans-Atlantic corporate links 

established in the lat~ 1970s, allowing U.S. fir~s access to devel~ping 

country markets through traditlonal links with former colonies. However, the 

location of productive facilities in the developing countries to take 

advantage of cheap labour has formed part of the strategy of some firms. So 

far only a case in Singapore has been noted. There are numerous proposals 

that have so far not been implemented. In the meantime, firms are emerging 

that tend to specialise in the export of productive facilities to the 

developing countries. 

The actual worldwide shipments of photovoltaics, which up to 1984 had 

been increasing, now appear to be stagnant. It has been c!ear to the industry 

and its watchers that the earlier projections of the growth of markets for 
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solar photovoltaics haYe been too optimistic. Long--term forecasts for the 

year 2000 and beyond do continue to be optimistic, particularly because of the 

rapidly increasing conversion efficiencies (from 1 to 2 percent in 1976 to 11 

to 12 per cent in 1985) • 

The share of the United States, which was the dominant supplier of 

photovoltaic modules, has been dropping over time. In 1982, the United States 

accounted for 61.2 per cent of world module shipment. This dropped to 50.4 

per cent in 1983, 46.8 percent in 1984, 33 per cent in 1985, and 27.2 per cent 

in 1986. At the same time, Japan's share has been rising steadily from 18.4 

per cent in 1982 to 23 per cent in 1983, 35.6 per cent in 1984, 45 per cent in 

1985 and 48.8 per cent in 1986. European shipments have dropped from 18.2 per 

cent in 1982 to 14.4 per cent in 1984, 16 per cent in 1985 and 15.7 per cent 

in 1986. The pattern of technological change and public sector participation 

have influenceo these developments. Japan was able to increase its share of 

the world market largely because of its use of amorphous cells in consumer 

electronic products such as calculators and watches. (Juma, 1987, pp. 16-24) 

The output of developing countries has only changed from a minuscule 0.2 

unic mW in 1983 to 0.70 MW in 1984. (Juma, 1987, p. 22) The largest growth 

rate appears t~ have been recorded in India while th~ rest of developing 

country shipments is acccounted for by Brazil and Singapore, which have 

assembly facilities. Saudi Arabia has set up a single custom module plant 

aimed at supplying local and regional markets. At the same time, the 

developing countries have remained targets of photovoltaic commercialisation 

despite the disappointing sales in the last five years. The EEC is a major 

supplier of modules to these countries as part of its aid programmes. 

Individual countries such as France and Italy ship over half of their 

photovoltaic output to developing countries, mainly to Africa. 

The initial optimism over assembly plants in developing countries was 

based on the view that since 50 per cent of module production costs went to 

BOS (Balance of System) components, their assembly in the developing 

countries, using cheap labour, would be possible. Moreover, reductions in 

cell costs would increase the share of BOS components that would have been 

partially standardised and would not likely undergo any major cost-reducing 

changes. This view was also supported by the assumption that the developing 
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countries would be a major market tor photovoltaic systems, especially in 

water pumping and rural electrification. Such assembly plants have so far not 

been set up on scales previously envisaged. One reason for the slow transfer 

of production facilities to the developing countries is the rapid rate of 

innovation in conversion materials, making photovoltaic process technologies 

near-obsolete at any one moment. The pos~ibilities for selected assembly 

sites in the developing countries still exist but will have to await the 

emergence of domi~ant conversion materials. 

However, it appears that some firms are interested in automated 

production and will most likely consider setting up production facilities in 

the industrialised countries to take advantage of advances in automation and 

local photovoltaic markets. Firms such as Energy Conversion Devices (U.S.) 

are already adopting Japanese-type automated production, thereby pre-empting 

the need for cheap labour. This development is linked vith the fact that 

photovoltaic sales are growing faster in the industrialised countries than in 

the developing countries. It appears therefore that the rate of technology 

flow to the developing countries is likely to be slower than originally 

projected. This may change as access to automated production technology is 

uneven, including among industrialised country firms, some of which may use 

the cheap labour as a basis for competition. Mo=eover, the need to have 

access to specific dev~loping country markets may lead to the establishment of 

labour-based production facilities in those economies. 

• 
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(1) This sort of classification can be extended to biotechnology, 

alth~ugh it is still a clearly segregated product market. Animal 

feed, water purification and ethanol are currently at the 

high-v~lu~e, low-value end, whereas antibiotics, enzymes and 

vitamins are at the low-volume, high-value end. Food products, 

yeast and polymers, among others, are somewhere in between. Whether 

a product continuum will emerge, analogous to that described for 

electronics products, remains to be seen. 

(2) The production of passenger cars declined by 15 per cent between 

1979 and 1982, commercial vehicles by 18 per cent over the same 

period. 

(3) Fujitsu, Hitachi, Toshiba, Mitsubishi and NEC. 

(4) As a result of the automation of semiconductor production, there is 

a fast-growing market for relevant equipment, which still falls 

considerably short of demand. The expansion of this market is 

likely to be followed by a period of consolidation based on 

takeovers and mergers - similar to the one occurring in the 

semiconductor industry itself. 

(5) Compiled from: Biobusiness World Data Base. Draft report by 

U.S. Government Working Group on Competitive and Transfer 

Aspects of Biotechnology (Wash., D.C., McGraw Hill, 1983). 

(6) For data on TNCs in the pharmaceutical industry in developing 

countries, see United Nations Centre on Transnational 

Corporations, Transnational Corporations in the Pharmaceutical 

Industry of Developing Countries: A Technical Paper (New York: 

United Nations, 1983). 
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Table 12. Major exporters of electronics products 

Developed countries 

Japan 
United States 
Germany, Fed. Rep. of 
United Kingdom 
France 
Netherlands 
Canada 
Italy 
Ireland 
Sweden 

(billions of US dollars) 

13.77 
14.32 
7.60 
4.75 
3.96 
2.93 
1.31 
2.01 
0.51 
1.58 

26.78 
23.09 
8.56 
5.90 
4.51 
3.00 
2.44 
2.Sl 
1.45 
1.76 

Newly industrialising countries 

Taiwan Province 
Korea, Rep. of 
Hong Kong 
Singapore 
Malaysia 
Philippines 
Thailand 
Mexico 
Brazil 

2.15 
1.59 
1.35 
2.07 
0.93 
0.30 
0.05 
0.91 
0.21 

3.23 
2.67 
2.04 
3.36 
1. 75 
0.89 
0.18 
1.49 
0.30 

35.50 
27.29 

9.25 
7.34 
5.02 
3.55 
3.41 
2.82 
1.99 
1.85 

4.55 
3.65 
2.80 
4.34 
2.30 
1.15 
0.31 
1. 79 
0.44 

36.26 
26.49 
10.72 
8. 77 
5.86 
3.67 
3.47 
3.62 
2.28 
2.24 

4.50 
3.75 
2.25 
4.19 
2.10 
0.81 
0.26 
1.94 
0.45 

Source: GATT, International Trade. 1985-82 (Geneva, 1986), p. 178; cited 
in A. Mody, Information Industries: The Changing Role of Newly 
Industrializing Countries (1987), p. 3. 
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Table 13. Technological structure of the information industry 

Levd or i 

technology I 
Sector Examples of products lnvcsunenl I Design 

Mmufac-
lllring I 

Advuiced Advanced semiconduclOB, compurers, High High SlOO Mand above j 
lelecommunicatiQl'I equipmenL I 

Design lniensive Mini/supcrmicro computen, !.- ftware. High Medium/Low S5-2S M 
simpler telephone swilChing 
equipmenL 

Medium Technology Color Televisions, video casseue Low/Medium Low/Medium SS-50 M 
iuorders, disk drives, microcomputers. 

Low Technology Black w-id white lelcvisions, passive Low Low Sl-20 M 
componenlS, simpler scmicondUCIOr 
devices. 

Source: A. Mody, Information Industries; The Changing Role of Newly 
Industrializing Countries (1987), p. 13. 

! 
I 
: 

! 
I 
I 
! 

! 
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Table 14. Worldwide general-purpose computer market and stocks, 

l977-1987a 

Production lmrallatit.>n.S 

Number 
\'alu< Number 

Voaluc 
(million Sl (bdhon Sl 

1977 17800 12500 111500 77.7 

1978 10800 14740 113000 88.6 

1979 10200 15 710 105 500 98.2 
1980 19900 16610 110300 108.1 

1981 20200 IS 120 109400 110.3 

1982 18300 18630 115700 120.5 

198J 16500 21690 118400 131.9 

1984 18000 19940 121900 IP.4 

1985 29400 24600 133600 1411.I 

1986 29500 28840 146900 162.I 
1987 28600 27900 159100 172.0 

Source: OECD, Software: An Emerging Indus!J:Y (Paris, 1985), p. 21. 

~/ Forecasts for the period 1984-1987. 
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Table 15. The top 10 independent software companies 

111 TOP 11 llDEPlllDEllT 
SOFIWAll COllPlllllS 

Mlmycmtpllllr 

, ___ 
ComplllJ 

_.. !Mons al dDln .... Personal computers $283 

UWUl• 
ASSOCllllS Mainfnunel/ninis 265 

~ Ptnanlll computers 260 

&SllM-1111 Personal compuleB 211 ....... 
soma 
lmBIU Mainfralnes 193 

CIUmr ..... Mainframes/mirlia 113 

NUCI .... , .. 
nsnm Mainnm. 150 

:cm. Mainfr- 142 

&Mmlla 
lllUICI Mlinfrlr1- 132 

lm1mllM ~ 130 

DAT-'. DATACUEST IC.. IW 

Sourc~: ~usiness Week, 11 May 1987, p. 80. 



7b 

Table 16. Sales of major telecommunications equipment mancfacturers, 
1982 ;md 1983 

Rank Company/Headguarters Sal_es, 1982 
US$ billion 

1 AT&T/Western Electric U.S. 12.49 
2 ITT U.S. 4.87 
3 Siemens W.Germany 4.49 
4 L.M.Ericsson Sweden 2. 72 
5 GTE U.S. 2.72 
6 Northern Telecom Canada 2. 72 
7 NEC Japan 2.17 
8 GEC U.K. 2.17 
9 Thomson France 1.63 
10 Philips Holland 1.09 

!/ New name followir.g reorganisation 

Company Sales, 1983 
US$ billion 

AT&T 
ITT 

Technologies!/11.16 

Siemens 
L.M.Ericsson 
Alcatel-Thomson(Fr) 
Northern Telecom 
NEC 
GTE (U.S.) 
Motorola (U.S.) 
IBM (U.S.) 

4.86 
4.49 
3.16 
2.74 
2.66 
2.41 
2.38 
2.31 
l. 73 

~ources: Arthur D. Little, cited in International BusiJ1!!~~-Week_._ 24 
October 1983 (1982 sales) and Financial Times, li July 1985 (1983 sales), in 
M. Hobday, ;he International Telecommunications Industry - _The l!!l.I>_<!f:t of 
Microelectronics TechnolQ.&Y and l!!'&llr,_a~ion~_ for Developing Coun_tries, UJHDO, 
Technology Trends Series No. 4, IPCT.31 (Vienna, 18 June 1987), p. 14. 
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Table 17. WorldYide semiconductor production, 1980 and 1985 

1980 1985 

{I!_ercentage) 

United States 60 47 
Japan 25 39 
Europe 13 11 
Rest of World 2 3 

Source: Financial Times, 30 ~ :ne 1986, p. II. 
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Table 18. Japan's production and export of videotape recorders, 1976-1982 

(ur:.its) 

Export Production Export/Production 

1976 150,000 350,000 0.43 
1977 400,000 800,000 0.50 
1978 950,000 1,400,000 0.68 
1979 1,600,000 2,200,000 0.73 
1980 3,400,000 4,400,000 0.77 
1981 6,900,000 8,400,000 0.82 
1982 14,000,000 

Source: K. Hoffman, "Managing Technological Change in Developing 
Countries: The Impact and Policy Implications of Microelecuonics", in 
Commonwedth Ecor,omic Papers, no. 21 (April 1986), p. 25. 
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Table 19. Key applications of information technology by economic sectors 

Aqrlculture, ForPstr1. Fis~ries 

- rrllDtP sensing (to identift patterns in pest control, algration, 
and we• tl...-r I ; 

- fJra nanageal'nt aids (including thP. use of artificial 
intelligencP/eapert systems for achlev~ng optiaua yields): 

- conaunications systeas for large fara operations/rr11Dte o~erations; 
- advanced portable instrumentation (for aolsture analysis, blood 

t .. sts. etc): 
- vieo-Jata and other databases (for access to .. rket and oth._.r data): 
- si•ple robotics. and autoaatlc/reaote control systems (for 
op .. rations such as tractor ..ork. •ilktng. poultry aanageaent. sheep 
she•ring. pic .. in~ •nd harvesting); 
- llldrketing intPlligence systems. 
Priladry [a~ractive Sector 

- rl!lllOte sensing (for identification of likely de~osits); 
- expert systeas (for prospecting •nd extraction .. nage111ent); 
- advanced proce!s aonitoring and control; 
- ll-b•sed .. nagt!lllent and distribution systems; 
- int .. gr•ted •ining systegs (cOllbining extraction and finishing 
o~erations under hierarchical control); 

- reaote and automated extraction frOlll hostile areas (deep sea 
robotics). 

Cor.struclion 

- co..pu~er-alded design (architecture) and pref•brication; 
- IT-base~ ..anagem~nt and distribution systeas; 
- IT-enhanced power tools, surve1in9 equijllllenl; 
- simple robotic construction .. chin .. ry. 

Hanufacturin'J 

- cor.iputer-aided plannlng/scheduling/...,nageaent; 
- autoaated stockholdlng/warehouslng; 
- CQlllfluter-aided dP.sign and draughting; 
- autOlllated handling and aanipulatl~n; 
- autor.i.tted ..anufacturing aonitoring and contol; 
- autOR1ated testing and quality control; 
- autoaated packaging and despatch; 
- integratP.d. inter-site communications (via loc1l area network\ and 

wide area syst~s). 

Service Sectors 

- office autOlllation technologies, cOlllblnlng processing (text, voice, 
1magt). storage/retrieval and comaunlcatlons In both lnteyrated and 
stand-alon~ e~ui111ent (operating within local and wide area 
networks I; 

- autor.iated operations in fields like banking via automated telling 
llWChinery (ATH) and In retailing via electronic point of sale 
equipment (EPOS); 

- electronic funds transfer/point of sale lln~o1ges b1·tween banks and 
retailers; 

- e.~·ert systeias/artif1tial tntell19e,.ce-b,n"'d database search and 
retrieval syste111s, providing new for•s of library-type services; 

- elPctron1c ,..ii; 
- viewt.lata (including lnttractlve systPr.IS); 
- advanced teleconnun1cat1ons equip111ent (message forwardln9, 

cellular radio ty~e local/•ohile cor.1111Un1cations. satellites) 
- home com~uter-based service access (financial services, 
teleshopplng, electronic ••ii/fax terainals). 

Source: I. Miles and others, New IT Products and Services -
Technologicl\l Potential and "Push". Report to the Long Term Perspectives 
Subcon.iittee, National Economic Development Office (Science Policy Research 
Unit and Innovation Rezearch Group, Brighton, 1985), pp. 41-42. 
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Table 20. Market predictions for implementing production 
based on genetic engineering 

Current Ti• needed 
.. rket to i.-pl•ent 
value .:.n qenetic 

Rumber of ail lion ~elected compound production 
COllPOUMB dollars of uae (years) 

Allino Acids 9 l 703 Glutaate 5 
Tryptophan 5 

Vftaaina 6 667.7 Vitaain C 10 
Vitaain B 15 

BnZ}"MB 11 217.7 Pepsin 5 
Steroid borw>nes 6 367.8 Cortisone 10 
Peptide boraones 9 268.7 Buaan Growth Hor.one 5 

Insulin 5 
Viral antigens 9 Poot-and~outh Disease 

Virus 5 
Influenzia Viruses 10 

abort peptides 2 '·' Aaparta• 5 
Miscellaneous proteins 2 300 Interferon 5 
Antibiotica 4 !.1 4 240 Penicillins 10 

Brythroaycins 10 
Pea tic ides 2 !.I 100 Microbial 5 

Aroaatics 10 
Methane l 12 572 Methane 10 
Aliphatics 24 2 737.5 Ethanol 5 
(Other Than Methane) Bthylene Glycol 5 

Propylene Glycol 10 
IllObutylene 10 

ArOllatiCS 10 1 250.9 Aspirin 5 
Phenol 10 

Inorganic a 2 2 681 Hydrogen 15 
~nia 15 

Mine:al leaching 5 oraniua 
Cobalt 
Iron 

Biodegradati,,n Re110val of Organic 
Phosphates 

Sourc~: Alan Bull, Geoffrey Holt and Malcomb D. Lilly, Biotechnology_;_ 
International Trends and Perspectives (OECD, Paris, 1982); cited in UNCTC, 
Transnational Corporations in Biotechnology; draft paper (UN, New York, 1987). 

~I Number indicates classes of compoun1s rather than number of compounds. 
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Table 21. New bioengineered products in agriculture and 
their displacement of exis~ing pr~ducts in the 
U.S. economy 

(millions of US dollars) 

Prod act• 1983 1987 1~92 

Rew bioenqineered products 
Seeds 2 20 436 
P'ertilizeu 219 319 
Crop pcotection cbeaicals 134 231 

Total 2 373 986 

KA rkets lost 
Pe::t Uizers 145 360 
Crap protectior. cheaicals 67 231 

Total 212 591 

Source: Technology Update, 14 May 1983; cited in UNCTC, Transnational 
Corporations in Biotechnology; draft paper (UN, New York, 1987). 
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Table 22. Forecast of world markets growth :n 
selected biotechnology products 

(millions of US dollars) 

All biotechnology products - world vide 
All biotechnology products - Japan 
Food and pharmaceu~ical biotechnology products 
Aqcicultural products 

(cmaulative 1980-2000) 
Medical products based on 

genetic engineering 
Monoclonal antibody diagnostic products 
DNA probes 
BPO hor90ne 
Waste treat•ent processes­
e inq le cell protein 
Enzymes 
Ethanol 
Cheaicala • 
Microbial cultures 

10-60 

7 000 

900 
500 
200 

80 
15 

1990 

500-27 000 

600 
360 
200 

l 500 
750 
350 
250 
200 

2000 

65 000 
16 000-24 000 

50 000-100 000 

5 000-10 00" 

Source: "Biotechnology in Wales", WINVEST, 1986, p. 5; cited in UNGTC, 
Transnational Corporations in Biotechnology; draft paper (UN, New York, 1987). 



83 

Ta~le 23. Time horizons for commercialisation of gen~tically 
engineered strains 

l. Currently ororiuced Current Market value 
(million dollars) 

Aaino acids 

Viral antiqens 

(arqinine, asparatate, cvsteine 
qluta•ate, lysine, phenylalanine, 
threonine, tryptophan) 

Coe-amylase, amyloglucosidase, 
asparaqinase, !/ Bacillus pr~t~ase, 
qlucose isomerase, qlucose oxidase, 
papin, pepsin, rennin, tyrosine, !I 
urokinase) 

Cadrenocorticotropic hormone CACTR), 
bovine qrowth hor1U0ne, ~/ endorphins, !/ 
enkephalins, !I qlucaqon !/ human 
qrowth hormone, insulin, vasopressin 2_/ 

(avian leukemia, avian my~loblastosis, 
Epstein-Barr, nepatitis, herpes, hoof and 
mouth, Rous sarcoma, rubella, varicella) 

Short peptides, nucleotides and miscellaneous proteins 
(aspartame, qlyoine-histidine-lysine 
interferon, human serum albumin) 

Pesticies 

Aliphatios 

Aromatics 

(microbial) 

(ethylene glycol, ethylene oxi~e. 
glyce_rol, itaconic acid) 

(aspirin, ,.>-acetaminophenol) 

TOTAL 

!I Market information not available. 

~/ No market value at present. 

1,409 

281 

264 

n.a. 

304 

1,225 

99 

3,544 
====:-= 

continued 
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Table 23. (continued) 

2. Five years Current Market value 
(~illion dollar3) 

Amino acide (111ethionin) 

Vitamins (nicotinic acid, riboflavin, vitamin B12 
vitamin C, vitaain 0} 

Corticiods cortisone prednisone, predisolone 
aldosterone) 

Androqens (testosterone) 

Estroqens (estradiol) 

Peptide hormones (ovine qrowth hormone, poroine 
growth hormone} 

Viral antiqens (influenza) 

Short pept:des, nucleotides and •iscellaneous proteins 
(51-IMP, 51-GMP, monoclonal antibodies) 72 

Antibiotics 

Pesticides 

Aliphatic~ 

Aromatics 

3. Ten Years 

(penicillins, tetracyclines, 
cephalosporins, ervthrornycins) 

(aromatics} 

(acetic acid, acrylic acid, adiplic acid, 
ethanolamine, isobutylene, methane, 
pentaerythrit.01, propionic acid, 
propylene qly~ol sorbiticl) 

(aniline, benzoic acid, cresols, phenol> 

TOTAL 

Vitamins (vitamin E> 

Viral antiqens creoviruses) 

Gene preparations (sickle cell anaemia> 

Aromatics (pthalic anhydride) 

Inorqanics (alllmC'nia, hydroqen) 

TOT-'L 

294 

561 

306 

11 

60 

n.a 

n.a. 

2 560 

75 

12 904 

663 

17 506 
••:S•••• 

106 

n.a. 

n. a. 

259 

2 681 

3 046 
••••• 

contin'.Jed 



4. Fifteen Years 

Genepreparations 

Aliphatics 

A.tomatics 

4. 
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Table 23. (continued) 

(hemophilias, thallasemias1 

(Bis (2-ethyihexyl) adipate), 
critronellal, citrontllol, 
qeraniol, linalool, iinalyl 
acetate, nerol, a-terpineol, 
a-terpin acetate) 

(cinnamaldehyde, diisodecyl 
phthalate, diocytl phthalate) 

TOTAL 

1. Currently produced 

2. F:ve years 

3. Ten years 

4. Fifteen years 

TOTAL 

Current Market Value 
(•illion dollars) 

n. a. 

57 

231 

288 

Current Market Value 
(million dollars) 

3 544 

17 506 

3 046 

288 

24 384 
s===~==s 

Sou.rce: UNIDO, The IlnPJi~_.Q_f_g_en~_tj_~-~11gJneering on Industry, 
UNIDO/IS.269 (Vienna, 21 December 1981). 

Note: Except for aromatics and aliphatks, all market data represent 
worldwide esti~1ates. Market data for aromati~s and aliphatics are ~estricted 
to the United States. 
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Table l.l: S~•e rt>cent marketing and production agree1ents in biotechnology 

Researrh & Develop1ent Harketing 

E~Q~1Kt ~Q~e~~rl~~!~~[~!!~----- rn~!l~~L-- IY!l~_Q[_~gr~~~~~t 

Pharuc eu t ical Hor.santo G.D. Searle 1985 acquisiton of G.D. Searle to help 

~iotechnology Monsanto urket its biotechnology-

products related products 

Ani1al health care Genentech Ciba-Geigy USS42 1illion for exclusive rights 
(including interferon 
products) 

Honoclonal antibody Ca1brid9e Bioscience Corp_ Norden Ca1bridge Nill supply ~orden Nith kits 

feline leuke1ia virus Laboratories for sale to veterinarians 
diagnostic kits 

AIDS blood screening Cellular Products Technogenics International 1arketing rights 

tests 

YegiSnax DNA Plant Technology Kraft ~raft Nill 1arket the snacks developed 
by DNAP 

01nivac (pseudo- Nova gene Biologics In return for 1arketing rights, 

rabies vaccinei Biologics will pay Novagene 501 of 
any profits fro• sales of pr~~uct 

Seru• hepatitis !~ Centocor llarner-La1bert llorldNide 1arketirg rights_ Centocor 

~!trQ radio-i11unoassay and Toray-Fuji gets 201 royalties for non-exclusive 
1arketing rights. 

Ani1al health care Molecular Genetics Upjohn Co_ Distribution of products to 57 i~ter-

products, including national 1arkets 
Genecol99 (for calf 
scours prevention) 

Ani1al health care Centre for Applied Hicro- Porton Il-year ~xclusive co11ercidlizing 
products, including Research at Porton International agent agree1en t 
Genecol 91 (for calf 
scours prevention) 

Ani1al health care Nova Phar1aceutical Corp_ Hitsubishi Exclusive 1arketing rights for Japan 
products, including Corporation 
Gcnecol99 (for calf 
scours prevention) 

Urine test for Hygenia Sciences ~of f~an-La Roche Harket1ng agree1ent 
lutinizing hor1one 

Pregnancy test Hygenia Sciences Zer Science Distribution agree1ent 
(Israel) 

DNA probes A1gen Abbott Lab- USSI9 1ill1on funding of kit develop-
1ent. Abbott Nill sell kits. 

cont. i nucd 



Eesearrh ~ D~velopm~nt 

rg~~aQtf~nj~~~sitt __ 

fjtiie :2C.icont'.f; 
!11ri~e~ ini; 

Erythropoi~tin IEP~) 

A!OS diagnostics 

Cattle ovulation 
Ltcle diagnostic 

Generic antica~cer 

drugs 

I!1unological and 
biological products 

Agricultural products 

Cardiovascular and 
diuretic therapeutic 
a·1ents 

Halar ia vaccine 

Platelet-derived 
growth far tor 

Genetir s,~tems Corp. 

Boots-Ce I !tech 

Ben Venue Laboratories 

Serotec Ltd. IU.~.) 

Plant Genetics 

California eiotechnology 

Biogen 

Biopr0cessing Ltd. (U.k.) 

Honoclonal antibody ~its Agri-01agnostirs 
to detect turfgrass 
disea:::es 

Hu1an growth nnr1one Bioterhno]nqv General Corp. 

~nnnrlnn~I ant1bod1P~ Ubr Industrie~ Lid. (Japan1 

1 IPO'..<J,•· : .·., r:r1.j I :.-Tl [rr;. 

Ortho 01agnos­
t ic Systems 
( J1hnson s 
Johnson 1 

Kirin Brewery 

Sy11tex 

Bayer AG and 
Su1ihito and 
Sankyo 

Cetus Corp. 

&ioproducts 
for Science, 
Inc. 

kirin Brewery 

Wyeth Labor­
~tor ie--: 
(A1erican Home 
Prcducts1 

Behringwerke 
A.G. (Heochst) 

Bethesda Re­
search Lab. 

O.H. Scott & 
'lone. 

Exrlusive worldwide 1arketing rights 
to rrcbes in return fer US$20 11ilion 
w1es t1en t 

USS24 1illion contract tc make hor1ane 
fer worldwide 1arketing 

Agreed to buy 13% of Genetic Syste1s in 

exrhange for distribut,on rights for 
~roducts developed in iive years 

Bayer will 1anufacture and 1arket kit 
worJdijide except China and Japan where 
Su1ihito and Sankyo will distribute it 

50-50 joint venture for Cetus to get 
approval to 1arket drugs 

Exclusive U.S. distribution riqhts 

Licensing and joint research arrange-
1ent with Kirin 1arketing so1e of Plant 
Genetics' products in Asia 

Exclusive worldwide 1arketing license 
developed under a joint progra11e 

Oevelop1ent and 1arketing 

Distribution in the U.S.A. and Canada 

Harketing of kits developed by ONAP and 
Koppers' joint venture 

ARI Biotech- Exe lus1ve rights to distribute product 
no 1 ogy (Canada) 

Wdkn PurP Chet· Harketing agree1ent 
Hal Industries 
, td. IJapan) 

r.~r1p1·,. 

: ·!~' II i1 t (It 1 P,'. 

Jti1nt 1arkrtinq venturi:> (Cooper­
!. 1r1nterhl 
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Research l Developtent 
Table 241cont 'di 

llarket ing 

Liposo1e-bas~d assay 
kits 

~Q~e~~Il~@!~~~~!tI ____ _ 

Collaborative Research 

llonodonal antibody llolecular Ge11etics 
treat1ent of 1astitis ir. 
cows 

Hu1a9 granulocyte colony A1gen 
sti1Ulating factor 

Hepatitis B test 

Alpha int~;feron 

Che1otherapeutic 
drugs 

Salin01ycin 
antibiotic 

Sno1ax 

Sno1ax 

Lung surfactant 

Growth factors 

Se1posai 

Hepatitis B vaccine 

Hu1an tu1or necrosis 
tac tor-producing 
bacteriu1 

Organon Teknika Ccrp. 

aiogen 

Cetus Corp./Ben Venue 
Laboratories 

raken Phar1aceutical Co. 

Advanced Genetic 5·iences 

Advanced Genetic Sciences 

California Biotechnology 

Chiron 

lirin Brewery 

Chiron Corp. 

Biogen 

rn~e~~L-

Sterling Drugs llarketing to over-the-rn1.1nter 1arkets. 

East1an lodak Develop1ent and 1arketing 

lle1orial Sloan- Production a~d oistribution 
lettering 

Electro­
Hucleor.ics 

llarketing in the U.S.A. and Canada 

Schering-Plough Litensing agree1ent--Schering-Plough has 
a 10.8% share of Biogen. llanuf acturing 
of the drug is in liogen's USS54 1illio· 
plant in Ireland. 

Cetus-Ben Venue Joint venture to 1arket anti-
Therap~utics cancer products. llethotrexate 

is its first product. 

raken in China, 
Robins in the 
U.S., Hoechst 
in Europe and 
Pfizer in Canada 
and South A1erica 

East.an lodak 

larlsha11s 
01 jefabr iker 
A.B. 

Byk Gulden 
Lo1berg Che•· 
ische Fabrik G1bH 

Johnson & 
Johnson 

Tokita Seed 

llerck Sharp 
' Doh1e 

Suntory Ltd. 

Worldwide 1arketing of 
laken's product 

Production of AGS's 
ice for1ation product. 

llarketing of Sno1ax in 
Sweden and expansion into ~urope. 

European 1arketing rights 

Distrib~'ion and 1arketing 

llarketing of new vegetable hybrid. 

lla~keting of gene-splicing vaccinP. 

Suntory Nill produce and sell pro­
ducts in Japan and So•Jth East Asia 

cont.inuC'd 
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~Q~~[~~: "New Coum ial Opportuni t 1l'S for liPOSOll'S lterge", ~!QL!~~~!!Ql•m, April l·<.~:;; "Siott"?ch Breaktt'rroug~s 
in Detecting Disease·, fQ[!~@~. 9 July 1~84; "In!erfercr. lifts Schering-Plough Hopes·, ~~~-lQ~~-I!~~~. lJ January 
1~'6; "Syntex to Acquire 181 of &ent"?tics·, ~~!_!Q[~_I!~~~. 20 August 19$5; "Japa~ Roundup~. ~!QLI~~~!!QlQ9i· 
January and StPtetber 1985 and April, July and Nove1ber 198~; DNA Plant Technolo~y 1~35 10-1 Keport; ·e1olv~ic5' 
Historic Product", ~~!_!Q[~_!!~~~. 27 "ay 1986; "Stall U_S_ Biotech Fire Testing Products with Co11ercial 
Potl'lltial •• ~~~~!rdJJ!!9l!!~~[l!!9_~~!~· 25 "arch 1985; "&rowing Pd ins Give !iotechnofo9y Fim lli1ed Re5>!l ts rn 
Quarter", ~~~!£~l_l_~!!9!!!~~[!!!9_~~!~· IO June 1985; ·cetus-Een Venue: A Deal with a Twist", ~!QlI~~~~Q!Q;~. 
Nove1ber 1985; "Chronicle", ~!Q~~~!!QlQgf, !lay, Septe1ber, Nove1ber and Deceeber 1~85 and Janu~ry, llarc~. Aoril, 
August and Ncve1ber 1986; "!iotechnology Dea! at East1an lodak", ~~-!Q[~_I!~~~. 7 October 19~; "A Shot in t~e 
Ari for Vaccine ftakers·. ~~~!!!~~~-~~~. 4 August 1~36_ 

Cited in D. Dembo and W. Morehouse, Trends in Biotechnology Development and Transfer, 
UNIDO, Technology Trends Series No. 6, IPCT.32 (Vienna, 19 June 1987}, pp. 4~-'-'? • 
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Figure IV. The segmented electronics industry of the 1970s 
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Figure V. The desegregated electronics industry of the 1980s 
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FigurP. VI~. U.S. Sales of computers ~nd software packages 
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Figure VIII. Main-line merchant IC producers (worldwide) 
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Figur~ X. The new shape of the m~rchant IC industry 
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Figure XI. Projected electronics production and markets in Western Europe, 
Japan and the United States 
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III. DEVELOPMENT AND USE OF MATERIALS 

The development and use of materials have such a wide-ranging impact 

that_ they need to be treated and m&derstood as an "across-the-board" 

technological development comprising a collection of new manufacturing 

technologies or new product technologies applied to existing or new 

materials. The need to conserve energy and resources has led to product and 

process changes resulting in a reduction in consumption densicy (ratio of 

industrial raw material ~onsumption to GNP) for major metals such as ir~n, 

copper, zinc and lead and to a lesser extent for lightweight raw materials 

like aluminium. Another important general trend is the broad movement towards 

materials with a greater knowledge content per unit weight. Future 

developments in the field of materials are expected to involve a greater 

degree of information content or a greater degree of intellectual 

sophistication for each unit of material. Advanced materials, it is argue~, 

are not mere substitutes for existing materials but creative agents for the 

new age of industry. 

Figure XII plots the amount of materials per unit of product against the 

amount of sophistication attached to the use of a given material. 

The gravity center of several major materials-producing industries has 

been indicated in this heuristic model together with a vector, shown as an 

arrow, to indicate what the trend in the next decade will be. Older 

industries like steel and cement have limited possibilities of moving the 

gravity center of their product mix considerably within the next decade or so 

towards more sophisticated uses or drastically new technologies. For instance 

the basic steel industry will move only slowly out of its :,resent position 

because the bulk of steel is used for rather simple products like railroad 

tracks or simple beams for construction. Highly specialized steels like 

high-strength, low-alloy steel (HSLA), shown separately, have a brighter 

future. 

High-temperature materials already have a lot of built-in sophistication 

as well as know-how in their final use. The opportunities for the 

high-tempenture resistaHt materials and younger and lightweight mater:I als 

like plastics, aluminium, titanium and magnesium are more dynamic. It can be 
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easily reccsnized that the automobile industry will move, like most other 

materials-using industries, to the uppEr left of the heuristic model. For all 

vectors indicating innovative moves, R&D and new technologies will have a 

considerable impact within the next decade or so. An example would be the 

microprocessor industry, which would be placed around electronic materials on 

the upper left of the heuristic model. (Altenpohl, 1980, pp. 200-201) 

According to a study, "The Present Condition and Perspective of New 

Materials", prepared for Japan's MITI, the market scale for new materials 

alone is some Y5.4 trillion (in 1981 values); the market scale for existing 

materials that can be put to use for new products to appear with the advent of 

new materials is some Y4.8 trillion; the market scale for intermediary 

products consumed in the process of manufacturing these new products - say, 

production-inducement effect - is some Yll.2 trillion; the market scale for 

products employing new materials is some Y41.6 trillion; and the total scale 

is estimated to reach some Y63 trillion. As for the impact on industrial 

structure, the study predicts that not only will enterprises tackling the 

study of new materials be presented with business opportunities to expand, but 

new materials will also form a new industrial area. (Nikko Material, June 

1984, pp. 14-18) 

In the same study the fine ceramics and new metal material markets (both 

of which centre mainly on large-scale IC materials such as semiconductor 

monocrystal and plates) are estimated at Yl.9 trillion and Yl.5 trillion, 

respectively; the markets for high-functioning, high-polymer materials and 

composite materials (both of which centre on lightweight structure materials) 

are estimated at Yl.5 trillion and Y0.4 trillion, respectively. 

By functional classification, the scale of the market for electrical 

function materials such as those for large-scale IC circuits is estimated at 

Y2.r ~rillion; for the lightweight structure material as core mechanical 

functioa materials market, at Yl.9 trillion; for optical function materials 

market with optical fibers, at Y0.6 trillion; followed by the thermal function 

metals market, which has heat-proof structural materials at its core, at Y0.6 

trillion. 
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The following materials and technologies are among the major developments 

in the field that are likelf to make a considerable impact on society up to 

the turn of the century: (Czichos, 1985, p. 3) 

• Synthetic polymers 

• High-performance resin- and metal-matrix composites 

• Surface technologies (e.g. laser treatments) 

Silico11 nitride and silicon carbide ceramics 

• High strength low alloy steels 

• Rapidly-solidified superallcys 

• Single-crystal ma~hinery components (e.g. turbine blades) 

• Fibre optic transmi~sions 

• VLSI silicon chips 

• Improved high-capacity computer memories ("magnetic bubble memories") 

• Semiconductor int~grated detectors 

• Powder metallurgy techniques 

• Precision-casting technologies ("net shape fabrication") 

• Computer-aided design and manufacturing (CAD, CAI'!) 

Some of the latest achievements in the field of advanced materials and 

related research and technology are described below. (Czichos, 1985, pp. 

19-29) 

A. Metals and alloys 

For basic metals ~uch as iron, steel, aluminium and copper, incremental 

improvements in specific properties are expected rather than striking advances 

on a broad front. Newer metals whose uses have grown during the past three 

decades include the reactive metals - titanium, zirconium, and hafnium - a~d 

the iefractory metals - niobium, tantalum, molybdenum, and tungsten. 

Titanium, which has some favourable properties like high strength, low 

specific weight and excellent corrosion resistance, is of particular 

importance in aircraft constructions. It will also be used in other 

applications: chemical plants, heat exchangers, electrodes, marine 

technology, power plants (nuclear, coal-fired and geothermal). Further 

examples of new developments in metals and alloys in recent years are: 
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1. Superalloys 

Alloys based on ni~kel, cobalt or iron and in~ended for service above 

soo0 c are frequently termed superalloys. They are used for turbines and 

compressor discs, turbine vanes and blades, and other hot components. The use 

of high-temperatu~e nickel and cobalt alloys for turbine blades, with special 

anisotropic grain ~tructures obtained by controllerl solidification, will make 

it possitle to increase the operating temperature of gas turbiLes beyond 

95o0 c, thereby increasing the thrust:weight ratio by 15 p~r cent. The use 

of directionally solidified materials and single-crystal components will 

increase the durability of equipment sticb as turbines and may increase peak 

operating temperatures and thus efficiency. 

2. High-strength, low--alloy steels (HSLA steels) 

HSLA steels comprise a relatively new class of engineering materials. 

They are low-carbon steels, modified with a small addition of one of the 

following elements: vanadium, neobium or titanium. Since the aJdition of one 

(or a combination) of these three elements is usually less than O.l per cent, 

the term microalloying is frequently applied to this class of steels. 

Compared to common ~~rbon steels, HSLA steels exhi~it a yield strength two to 

three times higher. In addition to strength, the new steels exhibit an 

attractive balance of engineering properties such as ductility, toughness and 

weldability. Low-carbon microalloyed HSLA steels are being produced as bars, 

sheets, plates, structural shapes and tubuJar products. In addition, in 

medium and high carbon steel grades, small amounts of vanadium have been found 

useful in the production of cold drawn bars forging steels and rail steels, 

leading to great reduction in the general steel construction, fabrication and 

ship-building industries. 

3. Glassy metals 

These materials consist of metals like iron, cobalt and nickel alloyed 

with elements such as phosphorus, silicon and boron, and are nolidified in 

noncrystalline or amorphous form such as glass by very fast cooling. 

Advantages of these materials: considerably improved magnetic and electrical 

p1operties compared with crystailine metals, higher mechanical strength and 

. I 
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corrosion resistance. They can be used to advantage in the following 

applications: cores for electrical windings ~nd transformer.s, television and 

magnetic tape technology. The replacement of conventional trar.sformer cores 

has been estimated to result in potential savings of electrical energy losses 

in the Cnited States equivalent to 6 million barrels, i.e. approximately 109 

liters of oil per year. 

B. Inorganic materials; ce~amics 

Ceramics may be broadly defined as inorganic non-metallic materials 

rrocessed or consolidated at high temperatures. Several new classes of 

"high-performance" ceramics (base: high-purity oxides. such as aluminium 

oxide and synthetic carbides, ~ .trides, borides, silicates and phosphates) 

with special advanced properties are currently being investigated at materials 

research laboratories. The technical advantages o( ceramics are: readily 

available raw materials, high chemical and thermal stability, and extremely 

high hardness values. The range of industrial applications cover: electrical 

insulation components, cutting and forming tools, bearing materials, nozzles 

and chemical pumps through biotechnical materials such as artificial hip 

joints and housings for microelectronics chips. Non-oxidizing thermally 

stable materials such as silicon nitride are suitable in principle for use 

both in diesel engines and gas turbines and in high-performance cutting 

tools. Table 25 provides a systematic classification of high-performance 

ceramics by functions. 

By 1990 the value of ceramics used by the automotive industry in Japan is 

estimated to reach $1.5 billion for cars and $1.4 billion for Jther vehicles. 

If the present intensive research efforts on engines based on ceramics are 

successful, the figures may be even higher. 

C. Organic materials; polYl'!ers 

A broad variety of useful plastics, elastomers and other polymers have 

become commercial products in recent years. They are at present the 

fastest-growing class of materials. Trends in polymers are at the forefront 

of future technologies. Commercial developments over the past two decades 

include: 
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(a) polyamide fibres with strength and modulus properties superior to 
many materials commercially available today; 

(b) temperature-resistant aromatic polymers which will displace many 
strategic metals for elevated temperatur-- aprlications; 

(c) electronically act:ve polymers with electrical conductivities close 
to those of conventional metals; 

(d) improved thermoplastic resins suitable for stamping out high 
production rate, fibre-reinforced composite parts; and, 

(e) polyme~ blends, alloys and multicomponent structures with optimum 
co~binations of prope~ties. 

There is a continuing interest in developing high-performance polymer 

materials that are l;~ht in weight but as strong as metal. Development of 

these materials is considered possible through the technique cf high 

crystallization. They are expected to replace structural materials made of 

alumi~ium or steel. Thus, the areas of construction (e.g., thermal 

insulation, seeding) packaging and containers will remain major markets for 

plastics in the years ahead. In addition, the automobile industry is a 

growing market for plastics, in part as weight-3aving rerlacements for ste~l. 

For example, bumper systems employing reaction-injection molded urethane 

fascias are already familiar and new bumper systems employing injection-molded 

blends of polycarbonate and polyester to form a "toughened" polymer alloy are 

currently being introduced in the United ~tates and Europ~. These new bumper 

systems will offer an eight-pound weight savings 0ver an unatlorned 

high-strength steel bumper. Oth2r applications of advanced polymers to 

automobiles will include the tires, structural components, panelling, 

upholstery, trim, battery, electrical distribution system, and electrical 

sensors and displays. 

D. Composite materials 

Composite materials are made up of two or more component mattrials, each 

individual and separate but intimately interconnected. Compo:;ite materials 

generally fall into the following main rategories: 

(a) fibre-reinforced materials; 

(b) surface-coated materials; 

(c) layered materials; and, 

(d) particle-composite materlals. 
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The materials for the matrix and the constitue~ts (fibres, coatings, 

layers, particles) may consist of any of the main types of materials (metals, 

ceramics, plastics, cement, glass, rubber). 

Composite ·aaterials are always used in the p11rsui t of a sreci fie 

technological aim: to improve performance compared with the use of 

single-component materials in terms of resistance to corrosion or wear, 

appearance of optical characteristics, thermo-mechanical strength, heat or 

noise i~sulation, or weight reduction for energy-saving purposes. ·fhe quest 

for new materials with higher strength and stiffness relative to their density 

for transportation systems has led to increasing use of composite materials 

consisting of reinforcing fibres of carbon polymers, metals and ceramics 

embedded in matrices of polymer resins~ metals and ceramics. Larger 

percentages of the structural weight of airframes for aircrafts are now being 

fabricated from graphite-plastics. Furthermore, these composites are finding 

increasing use for helicopter rotors and propellers. Applications of 

composite materials in cars, trucks and off-highway equipment are also 

increasing considerably and wilL continue to expand as processes yield 

products with more reproducible properties and as designers devise more 

effective joining methods. 

E. Information-related materials 

Materials play a crucial role in contemporary and future information 

technology as illugtrated bri2fly in the following examples. 

1. Transistor and computer materials 

Electronics are possibly the must rapidly accelerating area in technology 

today, with silicon remaining the most emphasized electronic material in the 

near term. Due to the ability to control the composition, structure and 

processing of silicon-based components, the number of electronic components on 

a single integrated circuit silicon chip has doubled and the cost per 

component has fallen by nearly half annually for about two decades. A strong 

effort is under way in the development of new lithographic techniques 

employing electron beams and X-rays and of dry processing techniques such as 

plasma-etching and laser-annealed ion implantatio~. In addition a technology 
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is being developed rapidly for producing computer memory using magnetic 

substances such as gadolinium-iron-garnet {"bubble-memories"). These 

bubble-memories store information at very high density as microscopic 

magneticized domains. 

2. Fibre optics 

Glass and quartz fibres have been developed through which information in 

the form of light signals can be transmitted over several miles. At present 

optical conununication systems are built around discrete optical components. 

The source is driven by electronics and the optical signal goes directly from 

the fibre into a detector which converts it back into an electronic signal. 

Communication by fibre optic transmission is well advanced and will see major 

growth in the next years. 

3. Electronic displays 

Electronic displays will continue to replace most of the mechanical 

devises now used to depict letters and numbers in cash registers, home 

appliances, instrument panels and other eq~ipment. Such displays will use 

light-emitting diodes, liquid crystals and gas-discharge devices and will be 

driven by digital circuitry. R&D efforts focus on the performance of the 

materials currently limiting tne utility of these devices. 

F. Materials processing and manufacturing 

Materials processing is, broadly speaking, the .· .. "lversion of raw 

materials into intermediate or finished products with useful shapes and 

properties. In the past 50 years productivity and product qual~ty in basic 

materials industri~s like the metals industries have been vastly improved by 

important engineering advances in materials processes and manufacturing. 

Examples are: continuous rolling of strip, automatic gauge {thickness), 

control, electronic inspection of tubes and computer control of rolling 

mills. Further advances rts~lted from the development of the numerically 

controlled machine tool in the 1950s and the evolution of computer-aided 

manufacturing (CAM) techniques. In full-scale use, CAM will be capable of 

providing computer generation of tl.e optimized production plans including 
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selection of processes, equipment, tooling and operating conditions. This 

further leads to optimised production control, namel-r the dynamic scheduling 

of the work, maximisir..g and balancing the use of the manufacturing equipment 

and minimising the time that parts lie waiting to be worked on. Finally, CAM 

helps to realise the automated machining of the parts by numerical control of 

machine tools. Numerical control and design data are combined with 

aanufacturing data to produce a control prograllllle. The proganne is then used 

via ptDlched tape or small computer to control one or more machine tools that 

produce the finished parts from raw stock. 

In addition, the last decades have provided many notable advances in 

near-n~t shape fabrication methods, greatly reducing or in some cases 

elimi•dting the need for final machining or grinding operations. For example, 

in sophisticated production techniques, turbine blades are now being produced 

by single-crystal castings and complex shapes are being coamercially produced 

by one-step superplastic forging of powdered-metal billets. Advances in 

cutting tool mat~rials are fulfilling needs for higher tool speeds and 

material removal rates. The availability of advanced ceramics, 

ceramic-metallic compacts, intermetallic compounds end ceramic coatings has 

been a key asset in contemporary manufacturing and ~aterials processing 

technclogies. 

Further advances in material$ pr~cesses include: 

laser and electron-beam surface heat treatment 

plasma processing 

photon-activated chemical reactions 

dynamic compaction of ceramic and metal powders 

microjoining 

diffusion bonding 

molecular-beam epetaxy 

rapid solidification 

high pressure synthesis 

hot-isostatic pressing 

convection-free crystal growth 

microencapsulation 
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G. Industrial and technology market structure 

Full information on the emerging industrial and techno~~gy market 

structure is not available for all mater11ls. But to illustrate, the trends 

in ceramics and fibre optics are discussed. 

In 1986, world sales of engineering ceramics were $6 billion; by the 

early 1990s they are expected to be approximately $18 billion. Further 

research is needed because ceramics are still brittle; in addition, new 

applications are c~nstantly being sought. Table 26 illustrates the wide 

disparities in R&D spending in this one area of new materials. 

Firms moving into new ceramics tend to fall under one of three groups. 

First are materials manufacturers that are diversifying into new materials 

because of perceived opportunities to develop their existing technology in 

ways that will enable them to achieve higher levels of value added. This 

tends to be the motivation of firms entering from the textile, petrochemical 

and metal industries. Porcelain and glass industries usually make up the 

second group. These industries are seizing the opportunity to upgrade their 

existing technology through the results of acc·..1u1ulated R&D on the properties 

of the products they have long been producing. The third group, consisting of 

firms in processing and assembly industries, has identified its own need for 

new materials. Firms in the electrical equipment and automobile manufacturing 

industries, for example, have identified uses for new ceramics. 

In electro-ceramics and in the development of sensors, many smaller and 

venture companies are emerging as strong contenders. But in engineerin& 

ceramics, large companies have an advantage. Automobile manufacturers that 

enter into joint agreements with ceramics makers have an edge since they 

already control the market for engines. They are unlikely to contract out 

work for engine development since the engine is such an essential part of 

their final product. (Kimura, 1983; cited in UNIDO, Advances in Materials 

Technology; Monitor, 2, August 1984, pp. 16-17) 

In fibre optics, the United States accounts for over 50 per cent of the 

world market. An interesting picture emerges from an assessment of thE U.S. 

fibre optics industry; the main products (cable, connectors and 
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receivers/transmitters) are all highly concentrated and interconnected via 

vertically integrated producers. Both in 1983 and 1984, more than 90 per cent 

of cable fibre shipments were supplied by just flve companies. Western 

Electric alone had a market share of 50 per cent. Ever since the divestiture 

of the AT&T system, the role of Western Electric has changed somewhat. :n the 

past, r.early all of its output was sold to the Bell system. But now Western 

Electric can engage in markets outside the Bell system, extending to 

international markets, via AT&T International. Since it is a very large, 

low-cost produc~r, Western Electric represents a real threat to all the other 

suppliers. 

Table 27 indicates the extent of vertical integration within the world 

fibre/cable supply industry. Majority of the firms are vertically 

integrated. ~ut of 93 suppliers, only 18 sell either fibre or cable alone. 

The rest of the firms deal with one or more segwents of the market. 

Apart from the United States and Canada (in the form of Northern 

Telecom), at least seven countries - France, the i"RG, Italy, Japan, t. .. e 

Netherlands, Sweden and the United Kingdom - have considerable production 

capacity in fibre optics. In Japan, the industry is part of the 

Optoelectronic Industry and Technology Development Association, which includes 

representatives from electronics, teleconununications and glass firms. 

Japanese firms, though largely supplying the domestic market, have become more 

active recently in developing countries such as Argentina, India and Singapore. 

Other countries also have a central body that co-ordinates national 

efforts in fibre optics. In France, it is the "Centre National d'Etudes des 

Teleconununications". In the FRG, the "Kabelkartell" - which has been 

attempting to direct the German fibre optics industry comprising Siemens, 

Standard Elektrek Lorenz, Philips, AEG and Kabelmetall - has been successfully 

challenged by Wacker Chemie, a large supplier of chemicals to the 

semiconductor industry. 

The market for fibre optic transmitters is dominated by the suppliers of 

complete teleconvnunications systems. The connector market, on the other hand, 

is dominated by 25 firms specialising in connector production but are 

otherwise not engaged in the fibre optics market. 
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The reason for the industry's relatively high level of vertical 

integration stems from the fact that some national telecommunication 

administrations demand readily usable, whole systems. It then becomes the 

supplier's responsibility to ensure that the system is workable and properly 

integrated. This practice is also in the int~rests of suppliers since they 

receive large orders. 

However, a large number of ~~rket niches are available to specialised 

producers, especially for local ;~ea networks (LABs) and the very 

short-distance segi;:ent of the ~arket. This does provide a point of entry for 

new suppliers. 

An interesting pattern now emerging is that in every country using fibre 

optics on a large seal~ in its telecommunications industry, strong ties exist 

between the demand and supply sides of the market. The major users of fibre 

optic systems and components usually enter into contracts with a limited 

number of suppliers. Suppliers are either often affiliated with the users, as 

in the case of AT&T and Western Electric, or they co-operate through official, 

institutionalised channels, as in the FRG, France and Japan. In practice, 

market entrance is severely restricted in several countries; only in the short 

distance markets are there possibilities for new entrants. (Bonek, ~urch and 

Otruba, 1985, pp. 209-213) 
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Table 25. Classification of high-technology ceramics by function 

lnsula11011m:a1er~h1Al,O,. 
BcO. Mg()J 

Fcrroclcclrics m:aienah 
tBaTtO •. SrTtO.J 

IC circull subs1n1c. pkk:a,c. wmnr: subs1n1c. rniSlor 
subslnlc. electronics m1crconncct1on sublnle 

Ccr:anuc c:ap:ac11or 

Piczoelcclric m:a1cri:als I PZTI [Vibmor. oscill:alor. filiu. etc. 

Transducer. ulu:asonic humidifier. t'ICZoelcclnc spark 
!CftCBIC>r. etc. 

Semiconductor maicrials IB:aTiO •. 
SiC. Zn0-81,0 •. v,o, and Olhcr 
tt:ansllaon metal 011 ides I 

Ion conducung m.:1enals 
llJ-Al,0,. Zr0:1 

Ma1n'!tic functions I r- Sofl fanle 

Opric;al functions 

Hard ferrite 

T r:ansluc:enl alumina 

Tr:ansluc:cnl magnesium. mullilC. CIC. 

Transl111:cn1 Y,O,-ThO, ceramics 

PlZT ceramic~ 

Gas sensor 1Zn0. Fc:01. Sn0,1 

Humiduy sensor 1MgCr10.-Ti0,1 

Chemical funcuons • · - __ .. - Ca1a!ys1earner1conhcn1c) 

Organic ca1alys1 

NTC dlcnniSlor: ICmpcmurc sensor. 1em­
pcra1ure compcm:arion. Cll. 

L--- PTC dlcnnisror: healer clcrricnr. swnch. lem­
pcnrurc compcns~uon. Cle. 

L---- CTR dtcnmSlor· heal srmor elcrricnl 

L---- Thick film dtcnmSlor: infrared sensor 
V:arisror: noise climin:atlt'll. sur,c 

current :absorber. lighting 
irrcsror. CIC . 

.____ SinlCTCd CdS nwcri:al. solar cell 

G 
SiC healer. clcclric furnace hearer. 

m1n1:a1urc hearer. crc. 

elcc1roly1C for socbu.n b:al1ery 

ZrO, ccr:amics: 011ncn sensor. pH meta 
fuel cells 

Ma1nr1ic rccordin1 head. 1empcr:a1urc sensor. CIC. 

Fcmrc magnet. fracllonal hone po..,er mocon. CIC. 

H11h pressure sodium vapor lamp 

For a bghring rube. special purpose lamp. infrattd 
tt:ansm1ssion window nwcnals 

Laser rnatcnal 

Lip:hl rricmory clerricn1. video display & s1orar:e system. 
lighl modulauon clcrricnl. li1h1 shutler. hr:ht val,,c 

Gas lcaka1c alarm. au1orna11c ven11la11on fan. hydrocarbon. 
fluorocarbon dc1ccton. Cle 

Cooking control elcrricnl in microwave oven. clc 

Ca1alyst earner for emission control 

Enzyme camcr. uohlcs 

Elcc1rodc~ I 111ana1cs. sulfides. bondcs) Elccrrow1nn1n1 aluminum. ph01ochcm1c;al proc:cucs. 
chlonnc producuon 

r-:;;:-rmal funcuons 1-----------------+ Infrared radialor I llrt),. TiO, ccr:am1csl 

Mechanteal funcllons 

Cunmp: 1ools I Al:O •. 
T1C. TiN. ()(hcrsl 

Wear rc~1s1an1 ma1enals 
tAl,0 •. Zr0,1 
Heal n:sis1an1rna1cnals1S1C. Al,O,. 
Si,N •. ()(hcrsl 

E 
Ceramic 1001. sinlcrcd SBN 

Ccrmcl 1001. anif1c1al diamond 

N11ndc 1001 

Mechanical seal. ceramic liner. bcannp:\. 1hrcad p:u1dc. 
pressure sensors 
Ceramic en11nc. 1urb1nc bl:adc. heat uchanp:ers. weldmp: 
bunicr nozzle. high frequency combusuon cnic1bln 

BK>lop:1cal funcllons Alumina ccramJCs implan1a11on ---Anificial ioolh root. bone. and JO•nl 
Hydro•yapalllc b1oglass -

r I [ Nuclear fuels (UO,. uo,.PIJO,) 
L Nuclear funcuons t----C: Cladding ma1cnal ((. S1C. B.C1 

'---------' Sbcld1ng ma1cnal 1S.C. Al,O,. C. B.CI 

~_OJ!rf._~: JI. Cz i chos, Mat e.rlaJ Ll ecl:mo 19g i es a_rul...T~chn...Q= E~onQm.~ 
Q~v-~·Jopm~P~, Forschungsbericht 117 (German Foundation for International 
Oevelopment, Berlin, October 1985), p. 41. 
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Table 26. R&D spending on engineering ceramics, 1985 

Country (millions of li.S. dollars) 

Japan 
United States 
Federal Republic ~f G~rmany 
Sweden 
United Kingdom 
Frant::e 

300.0 
100.0 

5 .o 
0.5 
~. :> 
5 .(\ 

Source: IAL, cited in Financial Times, 
30 June 1986, p. VI. 

• 
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Table 27: Vertical integratifln among fibre/cable suppliers 

Product 

fibre only 
cable only 
fibre & cable 
fibre & other components 

Number of suppliers 

6 
12 
20 
~ 

cable & other components 8 
fibre, cable & other components 14 
unclear production programme JO 

Total 93 

Source: E. Bonek, 8. Furch, H. Otrub~, Qrytical 
Fiber Production, UNIDO/IS. 542 (Vienna, 1985), p. 211. 
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Figure XII. Heuristic model providing correlation between 
quantity of material in a given product and 
"information" attached to material an1 its use 

We;pr of Maruial per Unic of Produce 

Source: D. Altenpohl, Materials in_~orld Pe.r.~~tiv~ (Springer-Verlag 
Berlin, Heidelberg, N.Y., 1980), p. 201. 

Note: F.ach point indicates schematically the gravity center of a given 
material (or group of materials) in the mid-70s. The vectors show trends for 
the next decade or so. "Degree of Sophistication" is know-how ("software") 
built into either the material and/or the final product. 
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IV. CHANGING CONCEPTS OF INDJSTRIAL ORGANISATION AND PRODUCTION 

Recent trends in automation essentially involve the employment of 

factory-wide systems, with information technology as the operational link. 

Such trends could be s~~sumed under the rubric of "advances in manufacturing 

technology", which bid fair to create "the factory of the future". The 

changes in the concept of industrial organisation and production are no less, 

if not more, fundamental than any specific new technology. The following 

discussion is centred on flexible manufacturing systems and robotics. 

The total world market for industrial automation equipment (1) in 1983 

was estimated at $15 billion. By 1989 the market is expected to more than 

quadruple. Table 28 presents estimated investments in shop-floor automation 

in the United States. 

A. Flexible manufacturing systems CFMS) 

So far, no internationally agreed definition of exactly what constitutes 

a flexible manufacturing system exists. However, definitions are beginning to 

merge as experience in designing and using FMS grows. The United Nations and 

the Economic Commission for Europe have adopted this description: 

A flexibl~ manufacturing system (FMS) is an integrated 
computer-controlled complex of numerically controlled machine 
tools, automated material and tool-handling devices, and 
automated measuring and testing equipment that, with a minimum 
of manual intervention and short change-over time, can process 
any product belonging to certain specified families of products 
within its stated capability and to a predetermined schedule. 
(UN/ECE, 1986, p. 13) 

A number of related concepts also need clarification: 

Direct numerical control is a system connecting numerically co.1trolled 

machine tools to a common memory, which has the capacity to provide data t~ 

the machines. Direct numerical control was originally used to deacribe . 

system in which two or more numerically controlled machfl.i.es '¥'ere controlled by 

a common computer system. The term is now used to describ~ a system in which 

programmes are stored centrally and located onto individual machines as 

required. 
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Robots come in many shapes, sizes and abilities. De3cribed simply, a 

robot is a reprogrammable device designed to manipulate and to transport parts 

or tools through variable program:ned motions. Robots vary in arm geometry, 

drive system~, dynamic performance and accuracy, and reliability. (UN/ECE, 

1985, pp. 13-15) 

A computer-aided design system (CAD) incorporates one or more computers 

when carrying out some of the calculations and actions involved in the design 

process. 

A computer-aided manufacturing system (CAM) incorporates one or more 

computers when undertaking some of the ~asks involved in tile organisation, 

scheduling and control of manufa~turing process operations. 

A computer-integrated manufacturing system (CIM) consists of software and 

hardware, which together are involved in product design, production planning, 

production control, production equipment and production processes. Two or 

more manufacturing operations are controlled by the same computer. More 

research in systems engineering would enable co~puter-integrated manufacturing 

sytems to realize their full potential. (UN/EGE, 1986, pp. 18-20) Figure 

XIII describes how functions and production processes can be integrated under 

a CIM. 

As its name implies, flexibility is the most important characteristic of 

a flexible manufacturing system. Machine flexibility refers to the ease with 

which the machines can be reset according to tooling or positioning. Process 

flexibility refers to the ability to produce in a number of different ways a 

given set of parts, each possibly using differPnt materials. Most important 

is product flexibility, the ability to change over to produce a different set 

of products quickly and economically. Then there is flexibility in routing, 

volume, expansion, operation and production. (UN/ECE, 1986, pp. 20-22) 

Since there is no universally agreed definition of what flexible 

manufacturing systems encompass, the extent of their use is diffic~lt to 

determine. Despite the varying definitions, Figure XIV (2) provides some idea 

of the order of ~agnitude of the diffusion of FMS in industrialised 

countries. For example, in Japan, flexible manufacturing systems have 
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increased from five in 1975 to more than 100 today; the USSR installed its 

first flexible manufacturing system in 1968 and by 1985 it had 60. 

A flexible manufacturing system is made up of many different mechanical, 

electronic and software components and subsystems. Few companies have the 

capability to manufacture all the necessary parts for a complete, operational 

FMS. Therefore, a joint venture of component manufacturers often supplirs the 

FMS. One of the component manufacturers acts as the main contractor, usually 

the company responsible for the largest share of the total system. For 

different sorts of flexible manufacturing systems, the main contractors are: 

Flexible manufacturing system 

metal-cutting 

metal-forming 

welding and assembly 

Main contractors 

suppliers of machining centres, 
turning centres or head indexers 

suppliers of metal-forming machines 

suppliers of industrial robots 

Suppliers of material-handling equipment and systems engineering firms 

also act as main contractors in some cases. Firms that produce control 

systems and computer and conununications equipment rarely act as main 

contractors. 

These joint ventures are usually arranged ad hoc for a particular FMS 

installation. The absence of per~anent arrangements between FMS component 

suppliers gives the user more freedom to pick and choose. Of course this is 

valuable only if users know what they want and need. On the other hand, joint 

ventures can lead to higher prices as each component manufacturer has to be 

able to provide the necessary interface for many different sorts of machines. 

Often the user acts as the main contractor. More likely this would be 

the case in a large company witn in-house expertise in systems design and 

development, and also one that is expecting to install a number of flexible 

manufacturing systems in the future. Developing an in-house capability in 

designing, installing and operating FMS can reduce subsequent FMS investment 

costs and can result in tremendous savings in maintenance and repairs. 
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FMS component manufacturers come from three groups of industrial firms: 

electrical and electronic engineering firms, computer and :~ firms, and 

mechanical engineering firms. Figure XV compares the competitive strengths of 

some of the major component suppliers. The chart confirms that few companies 

have in-house capabilities in all the areas necessary to produce flexible 

manufacturing systems. The exceptions are a few Japanese firms - Fanuc, 

Hitachi and Toshiba - which have strong in-house capabilities in all three 

areas. 

The past few years have witnessed a trend among major FMS component 

manufacturers to expand their activities, usually by acquiring specialised 

independent firms (see Figure XVI). Major electrical firms such as General 

Electric, Westinghouse, Siemens and NEC, and computer firms like IBM have 

established subsidiaries in robotics and computer-aided design. Many 

automobile manufacturers have done the same. However, except for Renault, 

Fiat and Toyota, no noticeable shift towards in-house production of m~chine 

tools has occurred despite the fact that many of these companies are major 

users of machine tools. 

Most of the big machine tool manufacturers also p~oduce 

computer-numerically controlled systems. In recent years several have 

expanded their activities to include production of industrial robots, 

computer-controlled material handling equipment, computer-aided manufacture 

and systems engineering. As yet they have not expanded into computers and 

teleco!Mlunications. They have, however, integrated their activities into 

areas on the horderline of electro-mechanical technologies. 

Trends in machine tool production should in this connection be exam!ned 

as machine tools make up the majority of piec~s of equipment used in flexible 

manufacturing systems. Machine tools have not recorded any significant growth 

but changes are taking place in the composition and location of production. 

The proportion of numerically controlled machine tool production (in total 

machine tool production) grew from 1.7 per cent in 196i to more than 50 per 

cent in 1981. In 1984 Japan, the FRG, the United States and the USSR 

accounted for nearly 65 per cent of the t0tal world machine tool production of 
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$20.8 billion. While the shares held by the FRG a~d the Soviet Union have 

remained relatively stable, between 1975 and 1984 Japan increased its share 

from about 8 per cent to 22 per cent and the U.S. share fell from 18 per cent 

to less than 13 per cent. (UN/ECE, 1986, pp. 23-43) 

Possible FMS developments, including component parts, are summarised 

below. The major objective is to increase speed and accuracy. 

(a) Advances in machine to~ls are expected to lie in their ~bility to 
perform simultaneous functions, in their cutting speed and in their 
use of lasers, plasma, electron-beam and water-jet techniques. 

(b) Control systems, sensor interaction and accuracy of robots will 
continue to improve. They wiJl also become more mobile, moving 
between different locations 011 the factory floor while performing a 
variety of tasks. 

(c) The use of automated guided vehicles for carrying robots and other 
tools as well as for quality control and cleaning is also a 
foreseeable trend. 

(d) The ability of flexible manufacturing systems to operate with the 
minimum of human attention de~ends to a large extent on the 
development of automatic sensors that can monitor the location and 
condition of different tools and products as they go through the 
production process. Among the many types of sensors being developed 
are those for toucn, vision, acoustic, torque monitors, lasers and 
co-ordinated measuring. A common feature is their being 
computer-controlled. Thus, a common language tor sensor equipment, 
FMS and CAD/CAM should also be de~eloped, t:&~tiing different parts 
to communicate with one another. (UN/ECE, 1986, pp. 166-169) In 
addition, a greater understanding of the production process is 
crucial to avoid deficiencies in the operating system. 

(e) The development of new materials could create a demand for new types 
of machine tools since existing machine tools are designed for 
processing conventional materials like cast iron, sheet metal and 
aluminium. 

FMS ~pplications are still limited, cost being only one constraint. 

Production volume in many applications is still too low to justify the 

investment. Today, flexible manufacturing systems fill the niche between 

fixed automation systems used for high-volume production and stand-alone 

machine tools. Flexible manufacturing systems actually come into their own in 

mid-volume manufacturing, a variable amount that depends on the complexity of 

parts and thP. types of processes required to make them. LLck of expertise 
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also inhibits widespread diffusion. Few potential users are skilled in all 

the technologies required to design and install a system, although some 

machine tool suppliers and some major users are beginning to develop the 

expertise. {Kinnucan, 1983, cited in Microelectronics Monitor, April­

September 1984, p. 23) 

Cost ;s the biggest barrier, but the price of not automating may be even 

greater. According to most forecasts, the diffusion of flexible manufacturing 

systems will be rapid over the next decade - not only within large but also 

within small and medium-siz£d companies - particularly in Ja~an. By the early 

1990s many thousands of FMS are expected to have been installed. 

B. Robots 

The r~bot industry is relatively young. The first commercial use of 

robots was in the early 1960s but not until the mid-1970s did output reach a 

level warranting consideration of a separate robot indcstry. Since then t~e 

i~dustry has grown rapidly, with an average yearly growth of more than 3C per 

cent in value and volume terms. Both new and established firms have entered 

the industry. 

Despite these high growth rates, the robot industry remair.s limited. I~ 

1982 total output was just 3 per cent of the total output of the machine tool 

industry. But its high potential for growth and its role in factory 

automation make the industry strategically important. Estimate~ of the 1990 

world robot popuiation range from a low of about 100,000 to a high of l 

million. 

No exact record of the number of robot-producing firms is available. In 

1983 Japan had about 250 firms {which includes 80 firms producing robots for 

the firms' own purposes alone); the United States had about 50; and Western 

and Eastern Eucope as a whole also had about 50. 

Most robot manufacturers, or at least the divisions within firms 

producing them, are relaLively small. In 1982 total turnove~ was 

approximately $150 million. It would, however, be misleading to conclude that 

the mu.m turnover of the 50 producers W<is $3 million. In fact the industry iG 
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highly concentrated. !n the United States, six fiillls account for about 80 per 

cent of total output. Similar high concentration rates are found in other 

countries. In Japan, 14 firms accounted for 65 per cent of total output; in 

the FRG, 10 firms accounted for 90 per cent; and, in Sweden, just one fiilll 

accounted for more than 80 per cent. 

To produce robot~, a firm must possess capabilities in a number of 

different areas including machine tools, computers, process control, sensors, 

software, welding, painting and assembly. This explains why established firms 

that have gone into robot production have their origins in a variety of 

industries (see Figure XVII}. There are observable differences in the origins 

of robot manufacturers in the various producing countries. 

In nearly all countries, robot use is limited to just a few 

applications. The first significant installations of industrial robots were 

in metal processing and fabrication, for example in hazardous areas such as 

foundries and casting. In the 1970s spot welding emerged as a major use for 

robots. The first robot welding line was installed at General Motors in 

1969. More recently electronics assembly has emerged as a focus for growth. 

In the United States, most firms that went into robot production in the 

industry's early days came from the mechanical engineering industry, usually 

machine tools and material-handling. hy the end of the 1970s, large 

diversified companies, particularly those with in-house electronics 

capabilities, began establishing divisions for robot production. Many such 

firms, including Westinghouse and General Electric, entered the field by 

acquiring independent robot firms dnd through a complex network of 

manufacturing and sales licensing agreements. 

llle beginning of the 1980s saw the increase of robot-producing firms. 

They can be classified into two groups: Some, like General Motors and IBM 

were large enterprises. Being major robot users~ they were able to learn all 

about robot production, thus derivin& considerable competitive advantage. 

Others were new small firms with their backers usually possessing an 

electronics background. So far they have succeeded by concentrating their 

activities on particular segments of the robot industry such as assembly 

systems or vision systema. 
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In Japan, nany firms have been in robot production since 1968. They had 

their origins in the machine tool industry and (unlike in the United States) 

iu the computer and electronics industry. All a~e major conglomerates, vith 

interests not only in computers but also in telecoamunications and consumer 

electronics. Since the mid-1970s, Japanese firms have moved the quickest. 

Their patter1i of use has been followed by the Jnited States but vi~h a lag of 

several years, vith Europeans even further behind. 

In Western Europe, robot manufacturers had their roots across a range of 

industrial sectors. One striking feat~re is that several car manufacturers 

such as Volkswagen, Fiat, Renault and Volvo are not only major producers of 

robots, they are also major users. 

Table 29 presents information on selected robot manufacturers and their 

origins. While American manufacturers and, to a more limited extent, European 

manufacturers have been concentrating on producing highly sophisticated 

robots, the Japanese have been focusing on production of lover-cost equipment 

through close co-operation among themselves and with users and equipment 

suppliers. (UN/ECE, 1985, pp. 71-74) 

Table 30 presents information on the sectoral use of robots for various 

OECD countries and Table 31 their distribution according to area of 

application. Until recently countries without a motor vehicle industry were 

unlikely to have large stocks of robots, particula~ly welding robots. In the 

future, given current growth rates, countries with a relatively large 

electronics sector are the ones most likely to experience a fast growth in 

robot population. This considerable expansion must be having an impact on 

the organisation of production. The next section turns to this issue. 

C. lmplications_for the organisation of production 

A recent assessment reveals that concepts of the factory of the future 

vary between countries. (The Economist, 30 May 1987, pp. 1-18) In the United 

States, emphasis is more on computer-integrated manufacturing. CIM or FMS in 

one form or another is being introduced in an estimated 96,000 factories. 

Already, a considerable amount has been invested. Between 1981 and 1986, U.S. 

firms spent nearly $50 billion installing the tools of flexible 

manufacturing. Firms, including General Motors, General Electric and IBM, 

have embarked on major CIM-like activities. 
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While the emphasis in the United States is on computer-integrated 

manufacturing, Japanese firms appear to have concentrated more on flexible 

manufacturing systems. This is partly because of a shortage of software 

skills in Japan and partly because of a difference in attitude; that is, one 

of automating a job shop rather than trying tc make a rigid transfer line 

become flexible. The Japanese attempts are considered to have been more 

successful. Japanese factories, compared with the American ones, have an 

average of 2.5 times as many computer-numerically controlled machines, 5 times 

as many engineers, and 4 times as many people trained to use these machines. 

With few exceptions, reports say, flexible manufacturing systems installed in 

the United States show an astonishing lack of flexibility. The technology is 

not to blame, add the reports; it is the management that makes the difference. 

Though there are flexible manufacturing plants in Europe, the total is 

estimated to be not more than SO, while Japan, with half the population, is 

installing that number of FMS units annually. Though European firms are 

pursuing something similar to computer-integrated manufacturing, they prefer 

to call it advanced manufacturing technology {AMT). Under its ESPRIT 

programme on information technology, the EEC has spent $120 million of public 

money since 1982 developing ideas for the factory of the future and now h~s a 

proposal for CIM research totalling $1.3 billion over the next five years. On 

top of this, the Collllllunity plans to pour mo~e than $900 million into 

communications research under its RACE programme, and $140 million has been 

allocated to i~s BRITE programme on industrial technologies. Then there are 

the national efforts on computer-integrated manufacturing run by individual 

European governments. 

The development of computer-integrated manufacturing, flexible 

manufacturing systems and similar technology has important implications for 

global competitiveness. It should be stressed that computer-integrated 

manufacturing does not provide an off-the-shelf solution to solve what are 

really problems of poor management. Profitability is still the important 

criterion for the introduction of these methods. Firms need not spend more 

than $5 million or so to gain many of the benefits of switchi11g a factory over 

to CIM-based production. But its introduction requires nothing short of a 

total overhaul of a company's strategy, involving managerial effort. Managers 
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have to ask themselves searching questions about what products they expect to 

be making in five years' time, which technology they will be using, who will 

be their competitors, and how fast and at what price new flexible plants will 

be able to respond to signals of the marketplace. Investment in factory 

automation usually requires more skilled workers. Justifying CIM investment 

requires a careful scrutiny of tue overheads and a look at some of the 

intangible benefits that can accrue. While firms that have installed FKS 

units are still accumulating experience, the number being installed around the 

world is doubling every two years. 

One of the most powerful effects of the tremendous investment in factory 

automation, with its potential for changing the very nature of production, is 

that the factory is re-emerging as the focal poii1t of corporate strategy. 

Eliminating direct labour costs is not the major objective; indeed, direct 

labour costs are not sufficiently large to justify these enormous 

investments. (In the United States, direct labour costs account for between 

10 to 15 per cent of total costs.) Rather, the major benefits arise from the 

ability to automate the flow of information through a factory. Thus, the 

labour costs that are saved are those of indirect labour and middle 

management. Kore important savings are generated elsewhere. For example, 

flexible manufacturing systems do not make the same mistakes as people -

quality control expenses fall dramatically. And, if automation is accompanied 

by the "just-in-time" approach to inventories of components and finished 

goods, another major cost element fades into insignificance. However, 

managers are not accustomed to thinking along these concepts. Besides, 

quantifying savings that result from a reduction in lead time is difficult. 

Unless one is operating within a fully vertically integrated factory, 

some of these benefits can only be realised if all the companies involved in 

the production chain have systems that can conununicate with each other. This 

partly explains an earlier observation - that more and more, small- and 

medium-sized firms are taking up flexible manufacturing systems. Big 

manufacturers in the United States are encouraging suppliers and 

sub-contractors to link up electronically. (Business Week, June 16, 1986, pp. 

84-86) 
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The issue whether or not to internationalise producer services is another 

little-known area that is likely to have major implications. In the past, 

many producer services were carried out within the firm because it was 

believed that obtaining them from outside would result in prohibitive 

transaction costs. Information technology could lead to negligible 

transaction costs. However, firms may have internalised for other reasons -

secrecy or difficulties associated with transferring information, for 

instance. Information technology may simply allow these firms to reduce 

internal costs of transferring information from one part of the organisation 

to the other. 

The possibilities of, for example, the marketing department having 

iamediate access to production data have not yet been fully realised. Both 

production and marketing have benefited separately from the introduction of 

information technology in various ways but their integration has not happened 

on a sufficiently large scale to enable the implications to be assessed. All 

too often companies have not pursued an integrated strategy; the lack of 

software and telecommunications standards can lead to problems not only in 

supplier-user communications but also in inter-organisational communications. 

This happens when each department in an organisation pursues its own 

automation strategy. Much remains to be learned about the impact of 

information technology on changing inter-organisational relationships. 

The fact that benefits can now be gained from increased flow of 

information and increased co-ordination can be a set-back for developing 

countries. If they retained their contractual arrangements with assemblers in 

the developed countries, developing countries might not have access to the IT 

infrastructure (particularly in telecommunications) allowing them to 

participate in the integrated information and production flow. Also, if firms 

in the developed countries attempted to reduce their inventories (to either 

reduce warehouse expenditure or to smooth the flow through the factory), then 

even if transport costs were unimportant, a high premium would be placed on 

reducing transport tim~. Thus, the production chain would tend to be located 

within closer geographical proximity. 
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On the positive side for developing countries and for small economies in 

general, flexible manufacturing systems are precisely that: flexible. 

Short-batch production becomes economic. The whole notion of economies of 

scaie could be turned on its head. Flexible manufacturing systems make it 

possible to produce different products, along a ~ertain continuum, using the 

same equipment. 

Some developing countries such as China, the Republic of Korea and 

Singapore have started using industrial robots. A robot R&D centre is being 

constructed in China, and Shanghai factories are reported to be producing 

robots. The first aim of the recently formed Singapore Robotics Association, 

which has 25 corporate members so far, is to promote the use of robots in 

Singapore to ensure the competitiveness of the country's products and services. 

Scale constraints have been cited as a major obstacle to 

industrialisation in developing countries. Increasing competitive pressures 

in domestic and world markets have stimulated efforts in many industries to 

gain the perceived advantages of large plant size through building 

progressively larger operating unit3. A tendency towards industrial 

concentration in both industrialised and developing countries has been a 

feature of the "fourth long wave" and has been apparent in manufacturing -

particularly in chemicals, steel and automobiles - as well as in power 

generation, mining and agriculture. At the same time the perceived 

disadvantages of concentration and size have led to increased efforts to find 

technological so:utions allowing profitable production at lower levels. 

Flexible manufactu~ing systems and their less comprehensive cousins are 

diffusing into an ever wid~r range of industrial sectors and applications. 

The ways in which they do so will be crucial at both national and 

international levels. A number of questions arise: What will displaced 

production workers do after the successful introduction of flexible 

manufacturing systems? Are some countries moving rapidly towards a 

post-industrial society? And, of considerable importance for patterns of 

international trade: Will workerless factories (which would have resulted in 

production to be relocated back to the industrialised countries) lead to a 

loss of export earnings for the developing countries? 
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While the possibility of small batch production and strengthening 

international competitiveness are factors of advantage to developing countries 

in the adoption of flexible manufacturing systems, indiscriminate imports of 

capital-intensive automated systems with little scope for employment will 

clearly not be in the interes~s of many developing countries. But such 

imports are a distinct possibility since new generations of capital-goods 

equipment and systems produced by develo~ed countries will be increasingly 

automated. At the same time a "technological gap" in industrial organisation 

and production techniques will have adverse consequences for developing 

countries, particularly on the export front. In this connection it is 

important to remember that the advances in manufacturing technology 

essentially involve the building up and operation of systems. Hence the 

capacity to disaggregate systems, select and buy the components or 

sub-systems, and to build systems according to one's choice and requirements 

becomes crucial for developing countries. Building up such a capacity should 

be an important objective of their industrialisation efforts. 
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(1) A variety of estimates is presented in UN/ECE, 1986, pp. 23-43. 

(2) This includes CAD/CAM, CIM and other computer-based systems but it 

excludes stand-alone machine tools, whether or not they are 

numerically controlled. 



12 ') 

Table 28. U.S. investments in shop-floor automation 

(millions of US dollars) 

factory computers and software 935 2861 6500 
materials handling systems 2000 4500 9000 
machine tools and controls 3000 4800 7000 
programmable controllers 50 550 3000 
rooots and sensors 68 664 2800 
automated test equipment 800 2000 4000 

Total spending 6853 15375 32300 

Source: Business Week, 16 June 1986, p. 86. 

* estimate 
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Table£,. Selected major robot manufacturers and their origin 

Western Europe 

Automotive: 

Volkswagen (FRG) 
Fiat Comau {lt~ly) 

Renault (France) 
Volvo (Swede1.) 

United States 

General Motors 
Fanuc 
(GMF) Robotics 

Japan 

Toyoda ( Tupta) 

Electrical machinery, electronics, computers; including conglomerates with 
electronic capabilities: 

ASEA (Sweden) 
livetti (Italy) 
Siemens (FRG) 
DEA (Italy) 

IBM 
Unimation (Westinghouse) 
General Electric 

Hitachi 
Matsushita Electric 
Toshiba 
Yaskawa Elactric 
NEC 
Fujitsu Fanuc 
Mitsubishi Electric 
Fuji Electric 

Mechanical engineering: machine tools, material handling, process technology 
etc..: 

Yuka ( FRG) 
Trallfa (Norway) 

Cincinnati Milacron 
Bendix 
Prab Robotics 

Kawasaki Hc3vy Industries 

Source: United Nations/Economic Commission for Europe, ~rQ~llf!ion_~nd 

Use of Industrial Robots, E.84.11.E.33 (New York, 1985), p. 122. 
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Table 30. Use of robots by industry in various OECD countries 

(percentag~ distribution based on number of units) 

USE OF IOIOTS IT IWDUSTIT IW YAI IOUS OECD COUNTI 1 lS 
(Perce••••• •1atrlll•tl .. ••••• ... .,..., af ••&ta) 

CAlllJIA llUll C:EIJIHT '1111 l 
Aut••••l lea Ut Tr•••••rtatl•• l••ustrr 
Pl•••••a F1atur•• " Electrical Ea1l•••rl•1 
Electr1cal Ea1l•••rl•1 .. ,..c•aa!cal Ea1i•••rla1 
••t•l••rktaa .. ..tal-••rlla1 l••••trJ 
Appluacn n Pla•t•c aa• IUterlals 

la•uaUJ 
Otllcr 

JTAU (1170 WETHEILHDS l11U) 

Aut••••il .. Jlt .. ,., ••rll•I l••uatrr 
Housellold Appltaacea .. ..cllaalcal Ea1iaeerln1 
Metal Jadustr1cs .. Electrical Ea11L•eri•1 
Electrtcal JaduatrJ .. Traaaport Equlpaent 
lullller laduUrJ It CoAstructlea ••tcr1al1 
bporu , .. lubber a•• pla1ttc1 

Ol•crs 

SWEllEll 11 t1t l 

llctal ••rll•I laduatrr sn 
llccllaaical Ea1l•••rl•1 ......... , JU 

_ Tra•sportath• l••unr1 Ut 
Electrical Ea1l•••ria1 " 

... , .. 
Ut 

" .. 
"' ... 
lU 

" n 
lt 
n .. 

Sources: Canada - National Research Council, Canada; FRG - KUKA, quoted 
in Wirtschaftswoche Nr. 15, 1983; Italy - Le Proges Scientifique, March-April 
1981; Netherlands - Stichting Toekomstbeeld der Techniek; Sweden - Swedish 
Electronics Commission; cited in K. Flamm, Internatio~al Differe~ces in 
Industrial Robot Use: Trends. Puzzles and Possible Implications for DevelQQ!ng 
Countries, World Bank Discussion Paper, Report No. DRD185 (Wash., D.C., 1986), 
p. 24A. 
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Table 31. Distribution of robot use by application, various countriP.s 

";.u.cdlC" S,1t Ir< P11•h"'1 F101- ..... u, l ...... llt1t1al tHh .. It• Toh I .. ., ... 11u1"' /(Hh .. ..... /llalNlll .......... 

--------:------- ........ ---:·--
'1rc111t Du tr 1•uh11: 

fHr: 

a.1, ... 1•9< 71.IG 7.21 l.ll 11.15 J.21 ·" '·" 100.IO 

ltll 46.U 1.n l.70 .n .71 11.67 2.Sl .3' 2'.51 llO-• 

ltl• ... 00 7.ll .,, .10 ·" 1.n z." Ill Ill llO.IO 

Funn nu 27.16 12.'9 7.l! 2.24 '·" --l4.5l---
._ .. llO.IO 

,., .. ,,,, 1'82 4'.5' t.10 2.14 4.4' IU5 Z.1' Zl.tl IN.GO 

ltll ll.50 17.IJ IZ.21 ·" 5.17 ,_., 4.M l.15 11.n llO.IO 

198• ll.7V !Ui 11.~2 .n 6.b 7.06 J.11 z.21 21.u ll0.00 

it.Ir 191~ 4'.7J 1.12 10.H t.21 __,_"_ 11.00 ll0.00 

191!l 35.00 10.00 10.00 -----25.IO zo.oo IOl.OI 

;,Urt 1"2 25.24 l.3' !t.12 I.GI Zl.ll 1.15 Zt.15 100.t" 

J·~·" nil 14.07 14 -~' l.5l 2•.02 '·" 24.16 2.52 5.53 110.00 

S•Urr. 1'i2 17.tl I•-•• I.OJ 40.00 1.n ll.10 Z.07 100.00 

Ul 1m 40.94 ·~-" 1.14 •.'2 1.10 5.51 17.50 100.00 

tlfi! 19.'1 ll.]5 ·-~l 1.54 5.11 t.O Zl.50 2.f' ll.'2 100.00 

1911• 1•.li 14.02 1.21 l.71 I.II ,_,. Zl.'1 2.U 14.'3 100.00 

lo'.i 1'i2 ll.h 7.71 1.14 16.ll 20.U n." ·" 100.00 

J: l'ij 2•-" 10.0 2.12 2.1' l•.22 1.ll ---Z6.Zl-·· '·" 100.00 

Source: RIA, Worldwide Robotics Survey and Directory, various years; 
BRA, Robot Farts, various years; cited in K. Flamm, International Differences 
in Industrial Robot Use: Trends. Puzzles and Possible Implications for 
Developing Countries, World Bank Discussion Paper, Report No. DRD185 (Wash., 
D • C • , 19 8 6 ) , p • 2 2A • 
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Figure XIII. Model of a CIM system 
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Integrated 

systems 
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Source: United Nations/Economic Commission for Europe, Recent Trends_in 
Flexible __ Manufacturing (New York, 1986), p. 21. 
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Figure XIV. Growth of FMS in the FRG, Japan, the United Staces and the USSR 
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Source: United Nations/Econcmic Commission for Europe, Re~~nJ:-1rends_jn 
[lexible Manufacturing (New York, 1986), p. 29. 

No.te: The two curves for the United States apply to a wider and a 
stricter definition, respectively, of FMS. For the FRG, an interval estimate 
is given for the number of FMS installed at the end of 1984. 
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Figure XV. Some of the major sui:·pliers of automation equipment 
and their relative coffipetitive str~ngth in the areas 
of mechanics, computers and electrical engineering 
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Sourc~: United Nations/Economic Commission for Europe, Recen~__Ir_~n.<;IL!J1 

f'l~~j_hle _ _Manµ_f~n_11rlJJg (New York, 1?86), p. 72. 
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Figure XVI. Major trends of int~gration among manufacturers 
of FMS components 
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Sourc~: United Nations/Economic Co:nmission for Europf', ~er1>n_t Tr_P.nd_s _fr\ 

flexible Mam1fH!Uri_n.g (New York, 1986), p. 73. 
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Figure XV~I. The industrial origin of robot manufacturers 
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R.obQl~ (Chicago, April 1983), cited in United Nations/Economic Conunission for 
Europe, J:t.Q..d_l!c~j_c;>!!.!ll'1d __ !fs~.-QLlmlµ.s_tri!l1_Robots (New York, 1985), p. 122. 

(E.84.II .E.33) 
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V. TECHNOLOGY FLOWS 

The process of technology transfer is of utmost importance particularly 

for firms and countries that see themselves as falling behind the state of the 

art. Acquiring technology already developed by others is a means of catchir...g 

up. Technology can be transferred through: 

(a) trading products including machinery and process equipment, either 
individually or as part of a turnkey package; either arrangement 
can embody technical knowledge; 

(b) subsidiaries, affiliates and joint ventures with local firms; 

(c) licensing or sale of patents and other industrial vroperty rights 
and know-how, with the latter including technical or management 
assistance; and, 

(d) databases, scientific literature and published patent 
specifications. 

During the 1960s and 1970s, international organisations and host country 

governments devoted a great deal of attention to the issue of whether or not 

foreign direct investment - item {b) above - actually transferred technology. 

Many transnational corporations established facilities in different countries 

to reduce transport costs and to take advantage of lower input costs, at the 

same time continuing to generate new technical knowledge in their home 

countries. Host countries gained at best only an operating knowledge of the 

technologies used. Often, firms in the host country were ~ied to the TNC 

through the technology. Patents figured in this scenario because they 

provided a mechanism whereby firms could repatriate their profits. In 

countries with strict foreign exchange controls, royalty payments were in fact 

a legitimate mechanism of transferring earnings out of the country. 

While this issue remains important, attention has shifted in recent years 

to the role of the technology recipient. The transfer of technology on right 

terms and conditions and strengthening the negotiating capacity of the 

recipients in this respect assumed importance. Now firms in host countries 

would like to be in a position of further developing the technology 

themselves, appropriate to their own needs and commercial interests. This 
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does not mean an end to the role of imported technology (in fact, some of the 

more successful economies run their technology account at a deficit) but it 

does mean that host country firms must define their needs more clearly and 

ensure adequate infrastructural support to absorb the technology. 

This chapter analyzes the indicators of two modes of transfer - (b) and 

(c) above - relative to flows between countries or different groups of 

countries, and where possible, relative to the changing volume of flows in 

different sectors. As with the S&T indicators discussed in Chapter I, no 

single indicator captures all aspects of technology transfer. The OECD has 

expended considerable efforts (1) to generate internationally comparable 

technological balance of payments (TBP) data, which includes payments arising 

from licenses, patents, trademarks, designs, copyrights, use of technical 

know-how and technical assistance. Not reflected, of course, is technological 

knowledge embodied in products and technology provided to affiliates or 

subsidiaries, unless royalties are paid. These two factors, it is argued, 

provide far more technlogical knowledge than the activities monitored by TBP 

data. On the other hand, data on both trade and investment flows reflect far 

more than simply technology flows. All these indicators exclude 

non-commercial transaction~ such as the use of libraries. 

A. Foreign direct investment 

The level of foreign investment unaertaken by transnational corporations 

responds to a variety of forces including corporate strategy, policies adopted 

by both home and host countries, and ~7 the general economic climate. During 

this decade the interaction of these variables has, overall, not been 

favourable to the growth of foreign investment. The fast-moving technological 

climate in recent years is an example of a variable that is having 

contradictory effects. On the one hand, information technology allows 

corporations to integrate their activities to ar. amazing extent and to scan 

the world economy rapidly for profitable opportunities. On the other hand, 

• recent changes in production technology tend to discourage worldwide sourcing, 

encouraging instead the location of production closer to final markets. 
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Policy variables are also having uncertain effects on foreign 

investment. As a result of concerns articulated during the preceding two 

decades, host countries have been attempting to minimise the negative effects 

of foreign investment. At the same time, because of growing balance of 

payments problems, foreign investment is increasingly seen as potentially 

capable of easing foreign exchange ccnstraints and as assisting the 

development process. Policy measures of home colDltry governments also 

determine the course of foreign investment. The seemingly irreversible tide 

of protectionism in industrialised countries has made export-oriented 

investments in deve!oping countries less attractive and has directed 

investment flDlds towards the protected markets. 

The fast growth of foreign direct investment during the 1970s came to a 

sudden halt in the early 1980s (see Table 32). Perhaps the greatest factor 

affecting foreign direct investment during the 1980s has been the unsettled 

world economic situation - the steep recession f~llowed by an uneven 

recovery. The recovery has occurred mainly in the United States and in a few 

countries in South-East Asia. Interest rates have not helped - contrary to 

what would normally be expected during an economic recession - by rising 

steadily to a range of 3.5 to 8 per cent by the end of 1984. (UNCTC, 1985, 

pp. 3-6) 

Between 1981 and 1983, flows into western industrialised countries fell 

by almost one-quarter and flows into developing countries fell by almost 

one-third. Each of these trends will be discussed below. 

1. Develooed market economy countries 

Table 32 shows that more than 75 per cent of investment flows are into 

industrialised countries. Between 1982 and 1984, more foreign direct 

investment went to the United States than to all other OECD countries 

combined. Canada, France, the FRG, Japan, the Netherlands and the United 

Kingdom were individually the source of more investment funds than was the 

United States. This is quite different from the picture in the early 1970s 

when the United States was the largest source and the FRG, the United Kingdom 

and the United States were equally important as destinations. 
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Three main reasons explain the heavy flov of foreign direct investment 

into the United States. 

(a) "any European and Japanese firms have expanded internationally on 
the basis of solid technological, production and marketing 
abilities. 

(b) Economic grovth has been strong in the United States since 1982, 
thus attractive to foreign investors. 

(c) Access to a larr.e market and avoidance of trade restrictions 
continue to be motives for foreign investment. 

The ensuing competition from foreign firms has led to the introduction of 

nev techniques and modes of organisation, in turn helping transform U.S. 

industrY, particularly automobiles, chemicals, steel and electronics. 

At the same time, investment flovs from the United States have declined 

and flows from subsidiaries to their U.S. parents ha7e increased. The latter 

has no doubt been influenced by the grovth prospects of the U.S. economy 

~o~pared with other countries. Relatively high interest rates and the 

appreciation of the U.S. dollar have been significant factors as well. 

These developments do not necessarily suggest that the transfer of U.S. 

technology to other countries has sloved down. Investment flows do not 

represent precise technology flovs since investment covers other items and 

since technology can be transferred through other means. Because of the high 

interest rates in the United States, local borrowing may have been utilised 

increasingly to finance capital investment and R&D activities by U.S. 

subsidiaries in foreign countries. (Vickery, 1986, pp. 40-44) 

2. Developing countries 

Only a quarter of foreign direcc investment flovs to developin& 

countries. The industrialising countries of South-East Asia are now the 

leading recipients of foreign direct investment among developing countries • 

Since 1983 large investments, particularly in electronics, have flowed into 

Malaysia, the Republic of Korea, Singapore and the Province of Taiwan, whfc~1 

have relatively liberal foreign investment regimes. So is the case with 

China. Foreign investment and, more generally, capital investment has fallen 
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sharply in Latin America where domestic demand has declined and imports have 

been curbed in an effort to reduce external indebtedness. In response to 

these pressures, 'oreign investment is generally going through a period of 

rationalisation and restructuring. (Vickery, 1986, p. 45) 

Prospects appear to vary between sectors. For countries hoping to 

attract foreign participation in order to develop their petroleum industries, 

the key variable is future oil prices. Reduced oil consumption in 

industrialised countries may represent a permanent response to higher oil 

prices, but at the same tine the recent plunge of oil prices has released 

significant amounts of technical expertise and capacity. In many non-fuel 

nineral narkets, current world production capacity far outstrips demand. 

In general, prospects for foreign direct investment in the manufacturing 

sectors of developing countries do not appear to be as buoyant as in the past 

despite moves towards liberalisation in at least some countries. Factors 

threatening to reduce investment flows include Latin America's continuing debt 

crisis, industrialised country protectionism, and TNC use of technologies that 

can discourage export-oriented investment. On the other hand, manufacturing 

sectors in developing countries are likely to continue growing more than in 

industrialised countries and competitive advantage may shift in favour of 

developing countries. Indeed, in the long term the manufacturing sector will 

probably continue to attract direct foreign investment flows and may well see 

its share in total flows to developing countries continue to rise in the 

remainder of the decade. (UNCTC, 1985, p. 80) 

Service-oriented activities will continue to be the most dynamic 

recipient sectors. Initially this grew out of the internationalisation of 

manufacturing, which required services. Once established, international 

service companies probably found that they could offer a broader range of 

services than could local competitors and that they could provide local 

manufacturing companies access to international marketing techniques. Other 

more general developments contributing t~ the growth in transnational service 

corporations were the expansion of trade in goods and services, the rise in 

international lending, labour migration and the growth in tourism. These 

developments would not have been possible without the rapid progress in 

communications, including transportation, which st~mulated the need for other 
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international services such as lodgingt banking and insurance. The expanded 

availability of telephonet telex and data transmission have had a profo\Dld 

impact on both trade and foreign direct investment. Deregulation of certain 

services in some countries has also accelerated their internationalisation. 

Working against these factors for growtht howeve~t are the new technological 

developments. Although these enable an increase in the tradability of 

servicest they simultaneously decrease the need for foreign direct 

investment. The rapid growth in foreign direct investment in services over 

the past 25 years may therefore not be repeated in the future. (UHCTet 1985t 

pp. 86-88) 

It has been pointed out that a combination of domestic and international 

policies that would ensure a revival of economic growth in the developing 

world is likely to be more effective in encouraging larger flows of foreign 

direct investment than a unilateral relax~tion of policies towards foreign 

direct investment and TNes in host countries. It is also cautioned that 

foreign direct investment cannot be seen as a panacea in either a qualitative 

or a quantitative sense. Relatively few developing countries benefit from 

foreign direct investment; in particulart T~es tend not to invest in either 

the low-income or least developed countries on a scale that can make any 

significant contribution to those countries' recognised external resource 

needs. With very few exceptions, countries at the lower end of the per capita 

income scale are unlikely to attract foreign private capital into the types of 

activities that are necessary for their future development. (UNere, in the 

ere Reporter, Spring 1987) 

B. Technological balance of payments CTBP) 

Many countries collect information on payments and receipts for patents 

and related items - the most direct measure of technology flows between firms 

and countries. However, data from different countries are not always 

comparable. Sometimes these are culled from R&D surveyst other times from 

balance of payments figures. Parent-subsidiary transactionst exchange rate 

fluctuations and tax regimes also affect the data. TBP data may reflect 

economic and financial rather than technological relations between countries. 

And there may exist agreements to supply or to trad~ technology in which no 

financial exchanges are involved. 
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International payments for patents, licenses and technical know-h~w have 

risen, in constant terms, from $9.7 billion in 1975 to $11.4 billion in 1983 

for 14 OECD countries (2). (Vickery, 1986, p. 27) While small especially 

compared with the value of world trade and foreign direct investment (also, 

production under independent licence agreements is estimated to be 

approximately 5-10 per cent of production from foreign direct investment), ~he 

amount is not insignificant, it is gro*ing, and it more closely depicts 

"technology" transactions than do either of the measures discussed earlier. A 

large share of technology trade, which is dominated by multinational firms, is 

in R&D-intensive industries. An increasing share of this trade is between 

associated firms. (OECD, STI Review, Autumn 1986, p. 79) 

Before a discussion on the transactions among developed countries and 

between developed and developing countries, it is worth pointing out that a 

surplus in a country's TCP account does not necessarily indicatt technological 

strength, nor does a deficit necessarily indicate that a country is lagging 

behind. Most countries are net importers of technology. A more telling 

indicator is the ratio of technology payments to domestic R&D. The five major 

OECD countries (3) spend less than one-fifth of their business enterprise R&D 

efforts on purchasing technology from abroad. Spain and Portugal, however, 

spend up to 150 per cent more on the purchase of foreign technology than on 

their own R&D. (OECD, 1986, p. 19) 

1. Developed market economy ~ountries 

The United States is easily the largest exporter of technology. Not only 

does it have the largest shar~ of total receipts, it also has a high TBP 

surplus. Switzerland and the United Kingdom are the only other countries with 

consistent surpluses, although on a much smaller scale than the U.S. In 

addition, all three countries have large stocks of overseas direct 

investment. France, the FRG anJ Japan are also major sources of technology 

but are not net exporters. 

Cana~a, Japan and the United Kingdom together account for almost half of 

U.S. technology receipts. In recent years, Japan's ranking as an importer of 

U.S. technology has been going up, while the position of Europe and the 

developing countries ha& been declining. Eetweer ~~8 and 1978, the 

proportion of U.S. know-how going to developing 

per cent. (Ledic and Silberston, 1986, p. 108) 

les fell from 25 to 20 
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Jdpan's role as a technology supplier has grown. Its receipts from 

technological exports have increased in real terms, as have those of France. 

In 1983 Japan earned as much from its technology sales in absolute terms as 

did the United Kingdom and almost twice as much as did the FRG. (OECD, 1986, 

p. 19) 

Japan has demonstrated the positive contribution that imported technology 

can play. The country has been a major importer of foreign technology, with 

91 technology import contracts in 1950-S4 rising to l,5t9 in 1975-79. 

(Hiraoka, 1985, p. 234) At the same time Japan has intensified its R&D 

efforts to fully utilise and improve upon imported technology. Figure XVIII 

shows the fall of technology imports from 25 per cent of the value of R&D 

exp~nditure in the early 1970s to less than 10 per cent in 1983. The same 

phenomenon is happening in Canada largely because of increased R&D expenditure 

in th~ aircraft, communications and petroleum industries. Payments for 

technology have dropped from 30 per cent of R&D in the 1970s to 20 per cent. 

(Vickery, 1986, pp. 30-31) 

2. Developing countries 

Comprehensive TBP data for develop g countries is not easily available. 

Developed country data do provide an indication. As mentioned in the above 

aection, only 20 per cent of U.S. technology receipts come from developing 

countries. Most of the other developed countries also reflect a similar 

proportion for developing countries. The exception is Japan: One-half of its 

technology exports go to developing countries, primarily in Asia (as is the 

same unusual case for its foreign investment). Table 33 presents figures for 

the FRG. Developing countries accounted for less than 1 per cent of FRG 

expenditure during the 1970s, whereas receipts from them accounted for between 

18 to 30 per cent. 

From the point of view of the supplier countries, therefore, transactions 

with developing countries appear to be relatively insignificant. For the 

developint countries, however, the absolute amounts involved are quite 

considerable; in addition, a large proportion of the transactions take place 

between affiliated firms. Concern over this situation was expressed by, and 

on behalf of, developing countries. During the 1970s many Latin American 
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countries introduced various regulations and controls designed to limit 

international payments for technolrygy, improve the bargaining position of 

local firms and "unpackage" the various components of technology agreements. 

Over the course of the decade, receipts from Latin America to the FRG, Japan, 

the United Kingdom and the United States slowed down. At the same time, 

direct investment in Latin America except from Japan grew at a faster rate 

than technology receipts. Payments for technology did decline, possibly as a 

result of the new controls, but whether or not the technology trans1~~ process 

was hindered is not clear. Latin American countries were extremely active in 

the international money markets, and the borrowings may have been used to 

import capital equipment. (Ledic and Silberston, 1986, p. 112) 

J. recent survey on the role of industrial property rights in TNC 

strategies has revealed that when TNCs license patents, they are primarily 

concerned with provisions that are technically related and provisions that 

deal with royalty payments such as the supply of additior.~l kr,ow-how, granting 

of reciprocal patents, rights over improvement patents and training. These 

provisions were implemented more frequently than those touching on territorial 

restrictions on exports and restrictions on input purchases, output or sales. 

(Wyatt and others, 1985, p. 210) 

Through its Technological Information Exchange System (TIES), UNIDO has 

been monitoring information on technology transfer policies, institutional 

arrangements and technology flows. Chapter VI presents some of the 

policy-related material. Some information on the types of collaboration 

entered into by developing countries and the country of origin is presented 

below. 

Figure XIX shows that approximately 50 per cent or more of the technology 

transfer contracts concluded by a set of countries involved transmission of 

know-how, and licensing, sale or assignment of trademarks. For Egypt, 

however, the lat~er item was less than half than it was for the other 

countries. Patent licensing occurs only in about 6 per cent of the cases 

except in the Philippines where it accounts for about 17 per cent of the 

number of contracts, and in Peru, where it is just 1 per cent. Again with the 

exception of Egypt, while contracts involving management assistance account 

for about a third, both engineering and management assistance are included in 

at most 10 per cent of the contracts. Technical services, mostly for training 

local personnel, range fr~m 5 to 30 per cent. (UNIDO, 1985, ID/WG.4~~/S, p. 

31) 
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The United States and EEC member countries account for approximately 73 

per cent of the technology transfer contracts. The United States would appear 

to have played an even more important role but for the inclusion of Spain and 

Portugal as host countries. (In these two countries, other Western European 

countries play the leading role.) Egypt concluded 20 per cent of its 

contracts with Japan, far above the J~panese average of 5.3 per cent. (UNIDO, 

1985, ID/WG.454/5, p. 36) 

3. Sectoral patterns 

More than 80 per cent of international technology transactions take place 

in manufacturing industries particularly in chemicals; electronics and 

electrical engineering; non-electrical machinery; automobiles; transport 

equipment; and professional, scientific and industrial instruments and 

controls. Within OECD countries, agreements relating to technology for 

commercial and distribution services also exist. 

In many countries the share of research-intensive or high technology 

industries in TBP is increasing especially since the electronics, 

telecommunications, information processing, aerospace and pharmaceutical 

industries are expanding internationally. This has happened most dramatically 

in Canada, France, Japan and the Republic of Korea, reflecting a structural 

shift towards the high technology industries. The trend is weaker in other 

countries, although nowhere is there evidence - at least in the countries for 

which detailed data are available - of any major shifts towards less 

research-intensive industries. (Vickery, 1986, p. 32) Technology trade 

between independent firms is predominantly in traditional industries, or 

industries with many small firms. 

TIES data show that the majority of technology transfer contracts 

concluded with developing countries are related to manufacturing, many in 

chemicals, fabricated metal products, machinery and equipment (see Table 34). 

4. Relations between firms 

The transactions under discussion here take place usually between 

associated firms (see Figure XX). For example, in the case of the United 

States: 
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(a) payments of fees and royalties are predominantly from affiliates to 
U.S.-based parent companies; 

(b) payments include parent company expenditure for R&D, administration 
and provision of business services; 

(c) in 1983, 93 per cent of payments from Canada vere to parent firms; 
and, 

(d) in 1983, 87 per cent of payments from both the FRG and the United 
Kingdom vere to affiliated firms. 

Payments by U.S. and U.K. firms are more evenly split betveen affiliated 

and non-affiliated firms. Payments by Japanese and Svedish firms are less 

influenced by corporate ties, reflecting the relatively lov levels of foreign 

direct investment in these tvo countries. (Vickery, 1986, pp. 34-35) 

The general trend since 1970 (again, see Figure XX) is that corporate 

links are becoming an important basis for technology trade, particularly in 

electrical and electronic engineering and computers. In research-intensive 

industries, firms tend to operate through subsidiaries. This is also true for 

more traditional industries that are dominated by TNCs such as food, drink and 

tobacco and rubber products. Smaller firms in textiles and metal-vorking are 

more likely to license their technology to firms in foreign countries. 

(Vickery, 1986, pp. 35-36) A recent survey of TNC licensing patterns found 

that TNCs grant licenses most frequently to subsidiaries, other TNCs and 

affiliates. (Wyatt and others, 1985, p. 209) 

C. Role of recipient firms 

A great deal of the analyses of Japan's post-war success has focused on 

the build-up of its capital stock through joint ventures, licensing, foreign 

direct investment, as vell as through its own capital investments. In 

addition, however, Japan invested heavily in its human resources. Although 

difficult to measure, the impact of education, on-the-job training and 

inunigration on Japan's economic and technological success should not be 

underestimated. For instance, Table 35 shows that the Japanese work force has 

been characterised by a growing number of engineers (20 per cent of 

undergraduates) even when compared with the United States (4 per cent of 

undergraduates). Japan is also strongly conunitted to in-house training. 
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It could be argued that technology transfer in high technology industries 

is taking place through affiliated firms because the technology ovner seeks to 

capitalise on its technological advantages before these are imitated (a 

process with an increasingly short time lag). Doubtless, this is part of the 

story. This argument arises out of the perception that technology is 

expensive to produce but is costless to transfer and that therefore, firms 

must internalise their technological advantages. This theory rests on dubious 

assumptions about the nature of technology as a discrete object which, if the 

price were right, can be transferred easily. So, negotiating the right price 

becomes the focus of attention. In reality, however, developing a 

technological capability is much more complex. In fact technology may be 

internalised not solely to earn huge profits but precisely because it is so 

difficult to externalise. 

Some of the misunderstanding arises because the center of the policy 

debate is referred to as being one of "technology transfer". The term implies 

a one-way flow from firms with the technology to those without it. Actually, 

the issue is one about the process of acquiring and accumulating a 

technological capability. Attention is now shifting, as it should, towards 

this broader issue. 
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{l) Part of this process included bringing together experts from 19 

countries in December 1981 to examine 19 papers. Since then, 

OECD's Science and Technology Directorate has attempted to collect 

and analyse TBP data for its member countries. R~sults have been 

obtained for the Federal Republic of Germany and France. Financial 

constraints have, however, delayed analysis of the data for the 

other countries, although the OECD does have access to the national 

statistics. 

(2) Australia, Austria, Belgium/Luxembourg, Canada, Federal Republic 

of Germany, France, Italy, Japan, Netherlands, Spain, Sweden, 

United Kingdom and United States. 

(3) Japan, Federal Republic of Germany, France, United Kingdom and 

United States. 
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Table 32. Market economies: gross inflovs of foreign direct investment, 
1970-1983 

(percentage) 

World a.rkt lkwlllpi• ...U. 
et'Olllllllic s er• ........... 

Avenge anmaal growth '*S • 

19105 It 16.I 16.4 11.0 

1980-1911 14.3 12.6 19.2 
1912-i913 -13.2 ·II.I -17.0 

s~ in 101a1 Rows 

1970-1971 100.0 77.1 22.9 

1980 100.0 77.6 22.4 

1911 100.0 71.9 21.I 

1912 100.0 67.0 33.0 

1913 100.0 74.; 2'.7 

Source: UNCTC, Trends and Issues in Foreign Direct Investment and 
Related Flows, A Technical Paper, E.85.11.A.15 (Nev York, 1985), p. 8. 
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Table 33. FRG: receipts and expenditure on patents, inventions etc. 

(percentage) 

lnclusarial Dndopins Ccnually-pbnncd 
countries coun1ries economies 

Ra.--c1pu Ell?Cndllurc Ra.""C'llJ(S E 'pcnd11urc Rccrip1s E1rcnJ11urc 

1970 70.9 9'1. :t .... 
0 " I 9 O.J -· -

1971 67.6 99 .. 1 ~-:c 0.-1 ! 6 O.J 

197.? 69.I 99 s !S II 0 s "'-" 00 

197:; .. ~ ~ ·--- 99.6 .?-I " 0 J J .? 0 I 

197fi 7-1.7 99.0 19.1 0.7 IJ.:! I) .? 

1977 7.?.6 99.0 II . .? 0 s 9 . .? 0 s 
1978 7SA 99.-1 .~.J 0" S.J O . .? 

1979 73.1 99.S .?1.6 0.0 .C.6 0.? 

of "'hich affilia1ed firms 

i'>N 7.? 115 1.6 0 0 O . .? 0.1 

Source: Horn (1981), cited in M. l..edic and A. Silberston, "The 
Technological Balance of Payments in Perspective", in Technology, Innovation 
and Economic Policy, P. Hall, ed. (Oxford, Philip Allan, 1986), p. 129. 
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Table 34. Number and percentage of contracts by manufacturing sectors, 
1984 

I 

~~ 
!Ar&'""' I.Ga f*1llco TT Pens jl'hll1ppll<etj ......... 1 lspaltt !7 ! Ean• 'J7 I 

~~nuf acturtn1 se-ct 
I I ! .... : 1'o. % I 11o. I % l11o. %. : 
• !lo. % % !lo. %. IJo. % 

r '·'""· llettrages. I ! I r 22.2 l I I I 
I 

~~'} 6.5, 61 21. l 25 26 14 a 5.S ' 29 5.l i 0 0 ' r ,:,~~c.:- I I ! I 

:..... ! I I 

I I 
I I I 

r~xttlft.eather 12 i Ill.] I 29 9.7 7 7.2 l 1.6 2] 16.7 I ]4 I 6.2 2 14.]: 

I I ' 
I 

! I 

I I ' 
i,;,,,..,.f .. ~~d pr..:.d.r.acts ' 

0 i ! 
! 0 0 0 0 0 i 0 0 c 0 0 i 0 0 0 

i 
I 

l.61 1.1 I i : 
I . 

P3.p.rr. paper pMducts ! 5 lS 5.2 l ] 4.S 4 I u 9 l 1.51 l 7.li 
I i . 

t.:~ew:tc&L$ • C.nr•~caT I 
'31.l !111) : recrnlru•. c:ca!. ru~b~r 

. 
11.5

1 i 21.5' 
' 51 20.l 51 5l.l 25 l9.7 46 ,. ] 

L,__..£1.a~rt' oroducts I 98 I ' 

! I 5.8 

I 
' 

?"tt:i11trals. non -•all 1c I 5 l.6 4 1.4 l l.l 4 6.] a 24 I 5.) l I 7 -1! 
: ! 

! l 
I 

! ! : ' 
' a~stc ar:.al t:idustr!es I 16 5.1 11 ].8 ! l l.l 0 0 2 1.• I i i l ! 7 .1 : 

i I : : 

'.Fabrtcat~d metal products, I l)O 
l]).91 

. 309 :57 .6 I I ; 
. 41.8 98 9 9.) 16 ' 25.4 42 l)0.4 

I . fi 
1 v~<~:n~ry. ~~~1p9rl'lt I ' ' 1•u! l I 

I 

' 

! ! ).7 ! I 
; Othtr e-nuf act~rtn~ 5 1.6 14 4.8: l l. l 0 0 I 5 l:? I 5.9 I 0 i 0 ! 

tnduSl r le-s I ! I i I 
~-

I I 1)8 ! 100 l 5)5 1 100 I • 
r ~ :.11 ! :m 100 289 100 96 100 6) 100 14 l"'l ! 

I --· 

Sourc~: UNIPO, J'renruLJ.n.J.rchnolQ.&Y_1raJl~fer Flow, preliminary version, 
ID/WG.454/5 (Vienna, 1985), p. 35. 

l/ New contracts only. 
ZI The number of contracts include new, modified and extended contracts. 
~/ Only transfer of technology contracts associated with foreign 

investment. 
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Table 35. Japanese education and immigration 

l'IS~ 1%0 1%5 1'170 1'1-~ l'Jllll l'Jli~ 

En~1nttnn~ b;a:hchll' ·' 

~n .a•;mkd on 
bp.an· 'I h lh l'I ::0 I) .l:C 7 h) I) ;~.., -.; h 

Sru.!cll- '1uJ\ 1n; '" rhc 
i.: s a/ I II . ; .. • 1: : 1.:n 

1..,...n·, r:inl b/ .Ith hlh ~th 'Jth ~rn •th 'rh 

Imm•!'""'"' h> 1hc C-S cf 7 II -' = . - I :I I 5 I 
., -

= s· I < . ; - . .I - ... ~ 1 

Source: L.S. Hiraoka, "Japan's Technology Trade", J,"echnological 
Forecasting and Social Chang~, 28 (1985), p. 237. 

~/ In thousands. 
~/ Rank among leading countries sending students to the United States. 
~/ % professional, technical and kindred workers. 
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Figure XVIII. Technology trade of Japanese firms as percentage of their R&D 
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Figure XIX. Percentage of contracts by collaboration type, 1984 
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Figure XX. Associated firms' technology trade as percentage of total 
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VI. POLICY TRENDS 

Several policy areas are relevant to the global trends that have been 

discussed in the preceding chapters. All fall broadly under industrial 

policy, or science and technology (S&T) policy; some areas are linked with, 

for example, education and fiscal policies. Many policy measures may not have 

been designed explicitly to affect the scientific establishment but 

nonetheless do influence it through indirect routes. 

What happens far too often is t:1at the important strategic issues dealing 

with the development of technological r~pabilities of firms, and consequently 

of indus~ries, are caught at the bound~-i of two policy areas that usually are 

dealt with separately: industrial policy and S&T policy. Industrial policy 

tends to focus on the individual investment project rather than on national 

development; increasing total productive capacity is its overall objective. 

S&T policy often focus~s on activities that are clearly identifiable as 

science and technology activities such as R&D; institutions outside the 

structure of industrial production are its main concern. This explains why 

questions and answers surrounding the accumulation of industrial technological 

capability have an unfortunate tendency to fall between industrial and S&T 

policy. 

There is increasing agreement in this respect though perceptions of the 

emerging policy configurations vary. One argument is that industrial policy 

and technology policy are two sides of the saine coin. Another observation is 

that industrial policy has lost its cutting edge, which has to be provided by 

technology policy. Another view provides a historical perspective. The 1950s 

and 1960s were marked in most OECD countries by "science policy" and 

"industrial policy" coexisting in a largely unco-ordinated manner. The 

recognition in the mid-70s that R&D is nvt synonymous with innovation resulted 

in increased coordination between the more ~~aditional science and industrial 

policies and the introduction of new measures, such as "grants for 

innovations" as opposed to "R&D credits". The use of public procurement as a 

potential means to stimulate supplier innovations gained increasing 

attention. The 1980s are marked by "strategic innovation polices", involving 

the selection and support of generic technologies and high technology product 
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grants through the establishment of major national collaborative programmes 

introducing inter-departmental initiatives. The~e ~ro~rammes, which in the 

main focus on pre-competitive research, include ~ne stimulation of 

inter-company and company-university research proj~cts. They are aimed 

towards the structural transformation of industrial production towards high 

value added, and more knowlege-intensive se~t .. rs and product groups have a 

strong "reindustrialisation" flavour. (Rothwel~. 1987) 

Before proceeding to a discussion on some recent policy measures adopted 

by OECD countries, it is useful to set out a framework for classifying 

appropriate policy objectives and instruments (1). Policy instruments 

particularly relevant to the development of local (i.e., nattonal) 

technological capability fall under one of the following categories: 

Category 

(a) promotion of demand for local 
technology 

(b) development of local scientific 
and technical infrastructure 

(c) promotion of absorption of 
technology by local firms 

(d) regulation of technology imports 

(e) promotion of S&T-intensive 
enterprises 

Policy instruments 

government purchasing 
fiscal measures (taxation, price 
controls, export promotion, special 
credit, other financial incentives) 

establishing institutions 
planning/financing S&T activities 

establishing credit lines 
fiscal measures 

controls on imports 
foreign direct investment 
patent system 
licensing agreements 
joint ventures 

establishing technical standards, 
providing S&T information 
providing training and access to 
consultants 

Policy measures in OECD countries relating to technological advances 

have no~ been discussed in several publications (e.g., Technovation, vol. 5, 

no. 4, Elsevier, February 1987, and UNIDO IPCT.33, Technology Trends Series: 

no. 3, "Global Trends in Microelectronic Components and Computers", June 

1987). Here vnly some salient features are highlighted. 
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Tax incentives have been used widely, particularly in industrialised, 

market economies. These are ~~ten preferred becau~0 they are seen to be the 

least interventionist. They have not always been very effective, however, 

especially when a~plied to the R~D end of the innovation process. Recently, 

tax incentives have been designed in such a way that downstream innovative 

activities (prototype building, for example) benefit. 

Financial assistance incentives such as grants, risk-sharing investments 

and loan assistance have . _ been utili~ed, but little is known about their 

impact. One lesson learned is that bureaucratic procedures nee1 to be 

simrlified for the incentives to be fully exploited by firms. 

GovernmeHt procurement programmes have been used extensively to support 

private R&D efforts. Today they are being used more and more to support 

spec~fic technological targets in clearly defined key industrial sectors such 

as information technology and biotechnology. 

japan's Ministry of International Trade and Industry plays an important 

ro~e in the develo~ment of the country's industry. The influence of MITI, 

together with the ' -~ level of government and private industry co-operation, 

givts the apfear~nc~ of a cohP.rent industrial policy. It is argued that 

Japanese technolugy policy wo=ked alongside ~arket forces rather than 

replacirg them with the politic~! process. 

A major strength of the Japanese system is its ability not only to 

devise long-term plans but also to implement them. The VLSI project, 

iuitiated in 1976, brought Japan to t~e leading edge of semiconductor 

technology by 1979. The project cost $250 million, with industry and 

government sharing =osts equally. Over the course of the coming decade, 

several more MITI-sponsored projects are expected to yield dramatic results. 

For e~ample: 

(a) The fifth-generation computer is a 10-year project established 
jointly by MITI and eight major private firms. It aims to 
transform today's computer through the application of artificial 
intellige~' and the utilisation of parallel processors. This 
initiativ~ .1~q forced many other c~untries to be more active lest 
they be left behind. 
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(b) The super-computer project is another long-term initiative 
seeking to develop a much faster compuLer for scientific and 
technical use. 

(c) MIT! has provided $100 millivn for a project to develop a new 
generation of robots. Both public and private research 
institutions are involved. 

While Japanese firms co-operate during these pre-competitive stages of 

R&D, they compete with one another and with f~reign firms by the time the 

ideas have reached the commercialisation stage. 

Over the years, Japan has developed several mechanisms for acquiring 

technical information from all over the world. It has also acquired, 

successfully, technology through licenses and know-how agreemencs. 

The U.S. Government sees itself as intervening as little as possible in 

the affairs of industrv. It aims to foster an environment in which industry 

can survive and flourish. It will intervene whenever a company is 

monopolising power, but its general guiding principle is that the market is 

the best regulator. 

This perc~ption is, however, not strictly accurate in the high 

technology areas. Public purchasing activities of the space and military 

programmes are enormous and have wide-reaching effects on the scale and 

structure of industry. Between 1972 and 1982 the U.S. Government invested 

more than $280 million in IT-related R&D. Between 1980 and 1985 a military 

R&D programme concerned with very high speed integrated circui~s spent $225 

million. Major spin-off benefits are ~xpected in non-military computer and 

telecommunications applications. 

Western European governments tend to support industry through activities 

like R&D funding, promoting awareness and public purchasing. In 1984 EEC 

governments spent about $3.25 billio~ in support of IT industries. The amount 

directed towards pre-competitive r~search was merely one-tenth of the 

expenditure for product specific development. The biggest recipient sectors 

were Lomponents, opto-electronics, telecommunications, information processing, 

software engineering and computer-integrated manufacture. 
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European governments place a high priority on raising the awareness 

level on the role of information technology in improving the usefulness of the 

products and the competitiveness of production. A total of $300 million has 

been funnelled towards this end. 

European countries use the purchasing power of their public sector, 

which is substantial, to support the development of their national 

industries. This is certainly the case for computers and telecommunications. 

Until the su~cessful entry of AT&T into France, most European 

telecommunications markets had been regarded as virtually closed. Public 

purchasing can assist new firms to gain entry into the market and can enable 

established firms to deve~op new areas, but the danger is that the firms will 

become inefficient or uncompetitive at the international level. 

The market of any single European country is not large enough to allow a 

firm to develop up to the scale and scope of its U.S. and Japanese 

competitors. The market provided by the EEG as a whole is sufficiently large, 

however. A co-ordinated use of these markets is one way of developing them 

into internationally competitive markets. 

This prospect motivated the EEG to establish ESPRIT, a Gommunity-wid~ 

programme that aims to provide support for pre-competitive research in 

advanced microelectronics, software, advanced information processing, office 

systr.ms and computer-integrated manufacture. The programme will cost $1.5 

billion over the next five years, shared equally by private industry and 

Government. The progranune provides support for international collaboration 

between firms and research institutions in different member countries, 

complementing existing national programmes. Its ultimate objective is to 

provide European industry with a sound base for competing in the international 

trade of information technology. (~alor, 1986, pp. 30-33) 

Within Europe, though there is some agreement on the merits of being 

internationally competitive, opinion is diverging on the means to achieve this 

end. At first glance, France, the FRG, and the United Kingdom appear to have 

pursued very different ~~licies. In 1981, the Socialist goverrunent in France 

nationalised bll the major telecommunications equipment producers. The 

Conservative goverrunent in the United Kingdom recently privatised British 
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Telecom, opening the way for competition in the provision of networks and 

services. (Equipment producers have always been privately owned.) Government 

policy in the FRG has remained much the same despite a change in 

administration. 

Despite the French and British differences over ownership, policies have 

recently converged similar to those adopted in the United States and Japan -

for example, the trend towartls state-supported R&D co-operation between 

telecommunications firms. In France, in addition to the ESPRIT programme, the 

telecoJ11I1unications subsidiaries of Thomson and GGE have established a joint 

R&D laboratory. The Government is also sobsidising, through its "progranne 

filiere electronique", joint R&D between both public and private 

institutions. The scheme has also been adopted in the FRG. In Britain, 

British Telecom has utilised t~~ joint services of the three main 

telecommunications equipment manufacturers in the research, development and 

i ~oduction of its "System X" telephone exchange. 

The driving force behind these developments is the realisation that 

there is a discrepancy between the volume of resources required to develop new 

tehnologies and the size of European markets. Governments do not wish to 

support firms to re-invent the wheel. 

Signs of policy convergence are also evident at the demand end - via the 

liberalisation of markets and trade. The reduction of trade barriers within 

Europe opens opportunities to firms for greater sales. Thus, investing 

heavily in new areas may become economic for them. Signs that this is 

happening are seen in the development of European standards for 

telecommunications and in the British Government's decision to allow British 

Telecom to order up to 10 per cent of its equipment from foreign suppliers. 

These moves towards trade liberalisation should not be interpreted as being 

totally technology-driven. The measures also reflect the increasingly 

dominant economic philosophy of western governments. Success of this policy 

is net a foregone conclusion. Some firms ma1 gain considerably; others, 

particularly small firms, may lose. Besides, trends towards increased 

co-operation, and possibly mergers, may be resisted by advocates of 

competition law. (Webber and Holmes, 1985, pp. 18-19) 
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Table 36 sunmarizes key policy measures considered or adopted by 

industrialised countries in biotechnology. Looking across national policies, 

eight connon characteristics have been identified: substantial support for 

basic research; increasing emphasis on applied research; expansion of 

traditional policies for supporting R&D; a new emphasis on linkage between 

academic and industrial research; gradual convergence towards corporatist or 

quasi-corporatist policies; the popularity of the collaborative approach; the 

promotion of small firms and the venture capital market; and concern with the 

regulatory env1ronment. (Sharp, 1987) 

Developing countries 

It is worth indicating in this chapter the policies adopted by some 

developing countries in information technology and biotechnology. The moves 

of historically rich and powerful countries to promote technological chaitge 

pose a formidable challenge for developing countries. Some of the policies in 

the field of information technology adopted by Bangladesh, India, Pakistan, 

the Republic of Korea and Venezuela - countries at very different stages of 

industrial development - are presented here (2). 

These countries have recognised the importance of acquiring and applying 

information technology for national development. However, only India and the 

Republic of Korea ~ave drawn up strategies for the development of information 

technology. The Republic of Korea recognises information technology as a 

strategic industry, granting it the requisite status in the 1982-1986 

five-year plan. India has also conferred special 3tatus on information 

technology in the development of national industrial and S&T policies. In its 

latest scheme to promote Exp~rt Processing Zones, Pakistan has given highest 

priority to the IT industry. Venezuela, however, has a glaring lack of a 

clear government policy in all industries except oil. Bangladesh is in the 

process of fonr.ulating a national policy in various technical fields. 

As in industrialised c~untries, government's role in industrial 

development and the appropriate balance between the public and private sectors 

varies from country to country. In the Republic of ~orea, government support 

is seen to be one primarily of creating an environment appropriate to the 

needs of private industry although the government does provide the framework 
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for the educational system and the national R&D laboratories. In the more 

mixed economy of Pakistan, government's role is largely promotional with an 

emphasis on encouraging private investment. 

Several countries have adopted liberal medsures aimed at attracting 

foreign investment. Pakistan offers guarantees of capital and profit 

repatriation, a coir.. .. :tment not to nationalise industries, and tax exemptions 

or tax holidays. India and Pakistan have reduced duties on capital equipment 

imports and have restructured tariffs. The Indian and Venezuelan Governments 

have assumed a more active role by establishing state companies, regulating 

private companies and creating a protected market. 

The nature of government R&D support reflects national priorities. In 

the Republic of Korea, industrial R&D is being carried out more and more 

within firms. Substantial industrial R&D is also being undertaken within 

national research laboratories, focusing on specific areas such as 

semiconductors, telecommunications and switching systems. National 

laboratories in India, which undertake much of the nation's R&D, are being 

encouraged to gear their work towards meeting specific industrial, scientific 

and social needs. In Pakistan, the recently established government institutes 

predominate in the IT area. For example, the Silicon Technology Development 

Centre, established !n 1981 with U.N. assistance, will attempt to transfer the 

technology to local firms. The Centre will also engage in pre-competitive 

research on the development and use of silicon microchips. In Bangladesh, R&D 

is limited, with most of the activities being done within the confines of 

university departments and two national institutes. In Venezuela, 

governmental organisations conduct much of the research. A proposal to tax 

the productive sector ~o generate funds for local R&D activities is being 

considered. 

Training and education are recognised as important basic needs and as 

largely the government's responsibility. Many routes are taken: introducing 

undergraduate and graduate programmes in new technology areas; sending 

students abroad for training; and making on-the-job training a condition of 

foreign investment in the country. 
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Countries have also fol.~owed various routes to acquire technology from 

abroad. The Republic of Korea has used Lost of the available mechanisms, with 

considerable success. India has been successful in encouraging foreign direct 

investment and in sponsoring overseas training of students. Joint venture 

arrangements have been less effective since imports of capital equipment are 

strictly controlled. Bangladesh has been involved mostly in assembly 

operations, which present limited opportunities for developing indigenous 

technological capabilities. These more traditional routes of acquiring 

foreign technology have not appeared to work well in Pakistan. Instead, the 

country has established Export Processing Zones as a ~ay of gaining access to 

technological know-how. Venezuela has been able to develop an indigenous 

capability on the basis of local skilled manpower. For the last two decades, 

Venezuela has encouraged students to study abroad - an investment now 

beginning to earn returns. (Lalor, 1986, pp. 34-44) 

The chief objecti.ve of the measures being carried out by Brazil is to 

develop a suitable scientific, technological and industrial infrastructure so 

as to enable the country to design, develop and produce strategic components 

in order to meet the needs of those national industrial segments whose 

evolution is dependent on microelectronics. Governmental initiatives include 

the setting up of the Microelectronics Institute of the Technological Centre 

for Informatics. The chief objective of the institute is to promote and 

co-operate in the development of microelectronics by encouragirg and 

conducting R&D programmes along with universities, other R&D centres and 

industries. 

Many countries will simply not be able to afford to enter into IT 

development. Capital equipment used in the pro~uction technologies of nearly 

all other industries is likely to contain some form of electronics. Countries 

that will have to import this equipment enabling them to reduce economies of 

scale and expand economies of scope would, at the very least, need the 

education and training to become informed buyera and to be able to maintain 

the equipment. 

3everAl factors favour the development of software by developing 

nations: low v.age scales and a large labour pool; the scarcity of adequately 

skilled software experts worldwide; the lack of software to meet local 

• 
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requirements; increasing software development, operating and maintenance costs 

in developed countries; and the proliferatiou of international subcontracting 

for software development. The prognosis for success is considered good though 

not entirely optimistic. (Schware, 1987, pp. 14-15) 

Many proble~s associated with a new software industry must be addressed 

through policy and institutional reforms: 5hortage of labour with required 

skills; low capital availability; lack of management expertise; regulatory 

restrictions on the import of technology and software; language barriers; 

severe competition from large foreign companies; and difficulties in providing 

adqequate maintenance and follow-up support services. Table 37 shows the 

policies and strategies adopted by certain developing countries compared with 

those adopted by developed countries. (Mody, 1987, p. 23) 

UNIDO's Technological Information Exchange System (TIES) has been 

collecting and exchanging information on technology transfer policies in 

addition to data on technology transfer flo~s. Some of the adopted 

legislation can be classified broadly as direct sales, licensing, technical 

assistance, management assistance and engineering assistance. 

Many countries take into account the direct sale cf computer programmes, 

models and industrial drawings, know-how and assignment of rights as 

technology transfer but do not say so explicitly. Only Egypt, Mexico and the 

Philippines mention these in relation to the assignment of industrial property 

rights, and only Brazil and Argentina in connection with computer programmes. 

All countries require the licensing of industrial property rights and 

the licensing of know-how. However, some countries cover every industrial 

property right ~hile others list only those they recognize, thus allowing them 

to exclude copyrights or trademarks. The legal status of computer programmes 

is not clear. They may be covered by copyright or are patented if embodied in 

particular hardware • 

In regard to biotechnology, several developing countries have 

established national co-ordinating bodies and program.~~s for building up 

infrastructure and carrying out R&D. Such countries include Argentina, 

Brazil, Cuba, India, K~wait, Mexico, Venezuela and Yugoslavia. In almost all 

cases, policy efforts for commercialisation do not appear to have been 

initiated. 
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(1) Techniques of policy evaluation are equally important but fall 

beyond the scope of this report. 

(2) This section is drawn from a sunmary by Lalor (1986), based on 

country reports prepared for UNIDO by local experts in each country. 

• 
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Table 36. Biotechnology policies in !ndustrialisPd countries 

A summary of reconunendations made by experts on the development 
and promotion of biotechnology for their respective countries or con:munity 

Criteria 

l. Definition of 
biotechnology 

2. leaearch and 
Develupment 

Recommendations/Ste • taken 
untr1es Organ1zat1ona Descr1pt1on 

OE\J> 

l:SlRO 
(Australia) 

OECD 

Japan 

France 

Chemical Economic 
Development Co111111ittee 
Ult 

West Germany 

Alle lix Inc. 
Canada 

To adopt a common definition ot 
biotechnology • 

• ~ive nighest priority for the continued 
development of techniques for genetic 
engineering in ~SlKU • 

• Establish an industrial •icrobiology 
unit in ~SlRO for innovati~e research 
with adequate research personnel 

• (;ontinue resefrch with rec·.-binant DNA 
strains • 

• To support research, especially in plant 
genetics. •icrobial physiology and 
bioche•ical engineering. 

• To atudy new organis•• other than 
Escherichia coli • 

• Classify biotechnology as one of the 
fields in which research and development 
should be emphasized • 

• Attention given to research which ca~not 
be accoa110dated under existing research 
structures • 

• Government extending subsidies to 
universities, and private corporati~ns 
pursuing research on biotechnology while 
itself also conducts its own research 
and development • 

• Government has set up a systematic 
progru..e for research and development 
of enzyme technology • 

• ~overnment identified biotechnology as 
one of the maJor str&tegic areas for 
development on which the science law and 
funds will be focused • 

• French ~overnment poiicy on R6D will 
give increased emphasis to high 
technology sectors including 
biotechnology • 

• 16D in manufacturing industry should be 
increased on a selective basis. 
Biotechnology ia one of the chemical 
1ectors where the emphasis should be 
given • 

• Government play1 an active part in 
funding and planning biotechnology R6D 
in universities and industry • 

• Will spend •100 million over the next 
10 years focusing on the development of 
biotechnology-based product• and process 
for coamercialization. 

continued 



.:riteria 

3. Manpover and 
Training 

4. Co-operation 
between 
Univenities 
and relevant 
Research Groups 
and Industries 

lob 

Table 36. 

Recommendations/Ste s taken 
Countries Organi~at1ona Description 

CSlllO 
(Australia) 

OECD 

Second European 
Congress of 
Biotechnology 

Chemical Economic 
Development Committee 
UK 

Royal Soi:iety, 
UK 

CSlllO 
Australia 

Japan 

Britain 

• To consider the needs for increased _.n­
power in industrial post-graduate 
training, including biochemistry, micro­
biology and cneaical engineering • 

• To introduce indaatrial post-graduate 
awards financed by the Science Research 
Council to attract more participants • 

• To increase specific skills in the 
interdisciplinary context of b1otecn­
nology at univeL·aity level and above • 

• To provide opportunities for organi~a­
tions to advertise vacancies available 
ao as to attract biotechnologists from 
countries whose gover~aent iack interest 
in biotechnology • 

• Calls for an increased output of 
scientists with appropriate skills -
biologists, biochemists, toxicologists 
and others • 

• Call for a concerted drive oy the British 
\Oovernment to develop an active national 
policy on education for biotechnology • 

• The research and teaching efforts in 
biotechnology should be based in a few 
centres which must be provided with 
sufficient ataff and funds. 

• To take poaitive steps to foster close 
cooperation and collaborative work 
between the molecular and other cellular 
biology units, universities and other 
relevant research groups in Australia. 

• To facilitate mutual exchange of 
competent staff between CSIRO, univer­
sities and industri~. by secondment or 
other practical mean. to accelerate 
research and co11111ercialization targets. 
Private corporation advancing research 
vigoroualy in new f ielda through 
technical licence agreement with their 
foreign counterparts with the aim of 
developing connercial processe1. 

• Formation of biotechnology company whose 
objective ia to make available for use 
by industry a range of products and 
know-how derived from outstanding 
biotechnology research in UK • 

• Eatablishment of specialized organic SWP 
to coordinate tne effort• of interested 
parties to increase the total UK effort 
in this field and should be actively 
pursued. 

continued 



• 

• 

S. Lava and 
Regulations 

~- International 
Trade and 
Markets for 
Biotechnological 
Products 

7. Culture 
i;ollection 

167 

Table 36. (continued) 

Reco...endationa/Stepa taken 

OECD 

Second European 
Congress of 
Biotechnology 

CSIRO 
Auatralia 

OECU 

Chemical Economic 
Development Committee 
UK 

Canada 

CSlRO 
Auatralis 

OECL> 

• To inveatigate poaaible legal and insti­
tutional solutLons to the probleaa 
raised by industry-university links so 
that trade secrecy does not prevent the 
disseNin&tion of information • 

• To inveatigate and compare the various 
patent systems of OECD countries vith a 
viev ~o .. king the• •ore suitable for 
the nev realities of biotechnology and 
possibly achieving harmonization between 
various countries • 

• To study the proble .. connected vith the 
dangers and regulations governing the 
use of biotechnology especially at 
induatrial level • 

• To review the regulatory policy on human 
therapeutic products, since the present 
regulatory requirements may be doing 
more harm than good • 

• to make every effort by CSlRO to secure 
relevant prompt information on existLn6 
and potential internatior.al markets for 
biotechnological products, and to sei~e 
the vorld market for Australian products. 

• To undertake a serious study ot the 
long-term economic impact of biotech­
nology and to examine any ensuing 
changes in international trade • 

• To evaluate rav materials needs and 
costs and examine the com~~titiveness of 
biotechnology compJred to other 
technologies. 
Companies in all sectors of the industry 
should be alive to the opportunities tor 
exploiting development in biotechnology 
to serve worldwide markets • 

• Setting up of Allelix lnc. to develop a 
world scale biotechnology buainess. 

• Conserve the exiating major microbial 
culture collections in Australia and to 
accommodate future new 1train1 in a 
National Microbiological Culture 
Collection Centre • 

• 1o facilitate national and international 
coordination of the component 
collection• by aupporcing the World Uaca 
Centre. 

• To improve and fund microbial culture 
collectiona. 

S!?.tlr~f!: extracted from Asj_~_::f acifi c_r~_~h ._]foni to_i;: (November-December 
1984), cited in UNIDO, Gen~t!r~11gjneerJn& .. ar:ut~LQ.t;:~~JmQ)ogy __ f"!_gJJJ.tor., 1 
(Vienna, March/April 1935), pp. 10-13. 
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Table 37. Measures to promote and protect software industries 
in selected developed and newly industrialising nations 

I Mandatory Marbl Procurancnl Govcrr.mmt 
---, 

Subaidiea 

Rc&iJtmion Racl"C l'ld'crcncc Domenic F1ni1n 
Finns Supplicn 

.,_ 

Dneloped utlou: 

France So Sc. Yes Yes No 
JipM Propolcd So Yes Yes So 

t:niled Kinadom No So So Yes Yes 

Sewly llldlllllrlallzlna Countries: 

Brazil Rcpstraliaa Yes Yes res No 
(Llcmsin1 Pl'opotcd) 

India No Yes Yes Yes Yes 

Sins•poR So No So Yes Yes 
South Koia No Propoted Propoled Yes No 

Taiwao No No So Yes Yes 

Source: A Competitive Assessment of the United States SoftyEre In<1!!.l2-tIY 
(Science and Electronics, Office of Computers and Business Equipment, 
Assistant Secretary for Trade Development, December 1984), p. 54; cited in A. 
Mody, Information Industries: The Changing Role of Newly Indus~rialising 
Countries (1987), p. 23. 

I 

I 

I 

• 
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Concluding Remarks 

A variety of trends have been presented briefly in the preceding pages. 

All of them are concurrent and some of them are interrelated. What is the 

total picture that emerges and what are its implications? Different countries 

and firms may draw different conclusions in their vwn specific context. 

However, some observations are made starting with a quick summary of the 

results of previous chapters. 

Chapter I has examined certain indicators of technological trends. 

Except for the smaller OECD member countries, R&D in general has been over 2 

per cent of the GNP. While private expenditure of R&D has grown 

substantially, government funding for R&D has also emerged as a key factor in 

technology development; in countries such as Fra1.ce, the FRG, Sweden, the 

United Kingdom and the United States, it is well over 1 per cent of GNP. R&D 

expenditure has grown more rapidly than capital investment or domestic 

patE~ting except in the case of Japan. Co-operative R&D between countries has 

increased significantly through progranunes like ESPRIT, EUREKA, etc. 

Cooperation in pre-competitive research has emerged as an important feature. 

In some specific sectors R&D holds the key to growth. For example, in 

information technology as a whole, R&D expenditure of firms was generally 

about 10 per cent of the sales while for software it is as much as 35 to 55 

per cent. Absolute figures apart, new types of R&D collaboration~ and 

management are emerging. University-industry collabor&tion has taken a new 

turn, while there is the growing phenomenon of science parks. 

Altogether it may be said that there is a quantitative and qualitative 

intensification of R&D efforts, which in turn are the basic building blocks of 

innovation. New types of firm alignments particularly in relation to 

pre-competitive and generic technologies are readily entered into as strategic 

• moves to keep abreast of galloping t ~chnological changel • 

Judged in terms of patents, the technological strengths and weaknesses 

are spread over different regions. Japan is reported to be currently ahead in 

metals, electronics and automobiles, the United States in aerospace- and raw 

material-based technologies an1 Western Europe in chemicals, nuclear energy, 

conventional machines and production engineering. 
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Chapter II clearly brings out a trend which has not been highlighted by 

research elsewhere. The trend was indicated by the UNIDO Secretariat ever. at 

the time of the Tbilisi Forum in April 1983. (UNIDO, 1983, ID/WG.389/6) 

Subsequent events have only corroborated this trend, covering not only some 

but also practically all the emerging technologies. This trend relates to the 

realignments i~ the industrial and technology market structure. Industrial 

firms producing or having access to new technologies are more diversified than 

before. The consequence is not only for industrial production but also for 

acquisition of technology. The acquisition of technology in future may well 

be motivated not only by the specific technology that a joint venture can 

transfer, but also the kind of access to other technologies that the 

collaboration may provide. This has clear implications for developing 

countries. 

In tne case of information technology, particularly in semiconductors, 

telecommunications, computers and software t~ere is a dynamic restructuring of 

the respective industries both within and among themselves. The reasons for 

such restructuring include those specific to each sector and also those 

general to all of them. The growing importance of personal computers may have 

=elevance to the restructuring in the computer industry, while for simila 

reasons and in view of the close interrelationship between software and 

hardware, the restructuring of the software industry is also under way. In 

telecommunications the restructuring has mainly been triggered off by U.S. 

court decisions relating to AT&T and IBM. In the case of semiconductcrs the 

possibilities of vertical integration have been a major cause. But common to 

all the sectors is the fact that technologies have been converging and product 

segregation has given way to a product continuum. Products have often to 

derive their technological content from more than one of the sectors of 

industry referred to. In the case of user industries it has often happened 

that users have become producers of information technology, turning out 

applications software or creating new systems. In the field of software in 

particular the initial effort has been spearheaded by relatively small 

companies, wh1ch are increasingly being taken over by large companies. 

fhe last trend referre1 to i~ a particular feature of gen~lic 

engineering and biotechnr>loey. However, a trend towards transnational 

corporations is vlsible. For example, out of the 500 largeet U.S.-based 

• 
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companies listed in Fortune, at least 83 have biotechnology-related 

activities. Among non-U.S. based firms, out of the 500 largest companies also 

listed in Fortune, at least 62 have biotechnology-related activities. 

Petrochemicals and chemical companies have been active in this field including 

in t~e acquisition of a large number of seed companies. A whole set of firms 

dealing with biotechnology equipment and chemicals for biotechnology R&D has 

also emerged • 

In the case of solar photovoltaics, the structure of the industry has 

been considerably influenced by the dominant conversion technology of 

single-crystal, polycrystal or amorphous silicon c~lls. Petroleum firms have 

shown interest in acqqiring companies specialising in solar cells in view of 

the relevance to energy ~arkets, while semiconductor firms have an obvious 

relevance from the point of view of silicon wafers. 

In the limited case of new materials that have been analysed, a similar 

trend in the industrial and technological market structure is seen. Firms 

moving into new ceramics include materials manufacturers diversfying into new 

materials; porcelain and glass industries that are upgrading themselves; and 

firms in p~or.essing and assembly industries that have identified uses for new 

materials. In the case of fibre optics, although it is domiLated by a few 

companies, a considerable amount of vertical integration has been noticed 

between suppliers of fibres, cables and other components. 

The position is no different in the case of manufacturers of flexible 

manufacturing systems and robots. These include robot users, machine tool 

manufacturers, software and engineering and construction firms, electric and 

electronic mantifacturers, and computer manufacture~s. 

The alignments noted in all the above cases have several implicatio1ts. 

They not only indicate the alertness and resilience of firms in diversifying 

in an era of changing technoiogy and emerging market possibilities but they 

are also a testimo~y to the pervasiveness o~ the new technologies straddling 

across several ir1dustrial sectors. Figure XV in chapter IV is but one 

example of networks emP.rging between industrial sectors related either by the 

nature of the technology or its use. This has implications for corporate 

finance, corporate manageme11t and also for technology acquisition. 
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A separate chapter has been devoted to the use of new materials since 

the pervasiveness of such materials has to be fully understood. References 

are often made to the de-materialisation of industry and technology but on the 

other hand (and not necessarily in a contradictory sense), to the emergence of 

a new type of materials industry. Collection and analysis of information in 

this field is rendered difficult not only because of the wide Lange of 

materials but also because the uses of each material are spread over many 

industrial sectors and organised collection of information does not yet appear 

to have taken place. 

Together with new mP~erials, the changing concepts of industrial 

organisation and production discussed in chapter IV might ~ell augur a 

paradigm shift in industry. The question is whether a new industrial culture 

is emerging where in addition to ch2~ges in its external links such as mergers 

and acquisitions, collaboration and funding of research and co-operat!on in 

pre-competitive re3earch, the internal structure of a factory is also 

beginning to change with new concepts of design, production, marketing, 

inventory control, etc. Current evidence is sufficient to bring out this 

ch.£1.nging trend but it also discourages hyperbolic expectations. What is clear 

i& that techniques cf industrial organisation in general are likely to be as 

important as any $pecific technology in the narrower sense of the term. Such 

changes require considerable in~estments and also call for special managerial 

perceptions and corporate strategies. 

Though technology transfer has been a majo1 feature in interr.ational 

economic relations, whether between developed countries or between developed 

and developing ones, a global view of the trends and dimensions has been 

difficult to obtain particularly because of the difficulti~s in building and 

collecting national statistics. However, the need for a global view of the 

trends is evident especially in t~e context of the impact of the new 

technologies. Chapter V addre!lses the question of te:~hnology flows, in 

particular the tr.ends in foreign investment and licensing. For example, the 

United Stat~s has emerged as a major recipi~nt ot foreign investffient. 'fhe 

investment in developing countries is only about 2~ per cent of total direct 

foreign investment and while in some countries a relatively liberal policy has 

increased the flow of investment, in others foreign invest~ent is g~nerally 

going through a period of rationalisation and restructurf ng. In the long-term 

the manufacturing sector is expect~d to attract direct investme~t, though 

currently s~rvice-oriented industries appear to h~ the most dynami~ recipienr 

sectors. 

• 
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In many countries the share of high technology in technological balance 

of payments is increasing. Technology trade between independent firms is 

predominantly in traditional industries or industries with many small firms. 

Payments for patents, licensing and know-how have increased. In real terms 

they still contribute only 5 to 10 per cent of production from foreign direct 

investment. This relatively iOW share doe~ not, by any means, underemphasise 

the importance of the flow of technology it connotes. Based on the 

information available in the Technological Information Exchange System (TIES), 

it has also been possible to provide information about at least some of the 

developing countries in relation to their technology trade. 

Chapter VI has dealt with the oolicy responses of the OECD countries. 

Clearly the policy responses have invo~ ·:ed a close interrelation between 

industrial policies and technology policies. Encouragement of R&D has given 

way to encouragement of innovation. Government funding o~ research has 

c~nsiderably increased, particularly to increase the overall technological 

capability in generic technologies and to prepare the ground for future 

techn~logical bre~kthroughs. A variety of policy instruments have bee~ 

considered hoth for information technology and biotechnology, with lhe 

governments being concerned with the competitive position of their respective 

countries in the future. Several common characteristics of nationdl policies 

have been identified. However, in the case of developing countries the 

emphasis seems to be primarily on capability building which by itself is to be 

fully commended. However, attention to interaction of capability building 

with the commercialisation into production does not seem to have been given. 

The degree of diffusion of technological advances depends not only on 

the degree of maturation but alRo on the nature of the technology and the 

market opportunities. Sometimes diffusion is considered automatic but this is 

not the case. In this connection, it is most important to consider the agents 

of technological change and applicaticn. These would be enterprises, 

government departments and a wide range of professionals su~h as agricultural 

extensi~n workers, public health personnel~ etc. It is through them that the 

actual diffusion of technological advances will take place. The induction of 

new technologieR will be toverned primarily by economic considerations 

combined with a number oi technological and social factors involving, ~ 

alia, acceptance of new products and technologies by producers and ur.ers. For 
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example, ~ile enterprises that consider the introduction of new technologies 

will be concerned with the investment requirements, the replacement of 

existing usable equipment and considerations of cost, competitiveness and 

technical advantage. Similar considerations will be applied by users. For 

them the new technologies should result in products that are better than 

existing ones in terms of effectiveness and cost and can fit into the general 

milieu in which their use takes place. 

The difficulties assoclated with the introduction of microelectronics in 

industries in France, the FRG and the United Kingdom have been identified by 

the firms surveyed as lack of expertise, economic situation, development costs 

and difficulty in obt3ining development finance, technical problems in 

software, etc. In biotechnology the difficulties in commercialisation of 

research results are not so much in terms of finance but are essentially 

problems in scaling-up. In the case of new materials the speed of ap~lication 

is governed by the conflict or identity of interest between the manufacturer 

of new materials and the user. In the case of the automobile industry, for 

example, cost coasiderations, quantity ordered, eAclusivity of the material 

and the product, tendencies to diversify in each other's territories, etc. 

govern the extent of use of new materials. 

In general, the economic environment, the social and educational 

context, and government and management supp~rt will be factors governing the 

pace of introduction. Within the framework of such general considerations, 

the factors relevant to each technological advance have to be considered in 

depth. For example, replacement of existing equipment, often an important 

consideration, will not arise when new industries are set up. For 

biotechnology processes, existing fer~entation equipment may not be 

redundant. Several of the new technologies would require adaptation to Jocal 

conditions. Country-spec_fic microelectronics applications and biotechnology 

in general r~quire a high degree of local adaptation and close interaction 

with the ucers. 

The trenls discussed in this report and in particular the changing 

industrial and technologiral market structure, ~he new facets of 

1niversity-industry collaboration, the new elements in transfer of technology 

and R&D relating to enterprises and the emerging product continuum in 

• 
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information technology, have obvious implications for enterprises and 

managers. Managers in general will be increasingly called upon to display 

several traits, some of which will require reorientation of attitudes and 

departure from company traditions: decision-making in a wider range of 

uncertainty, understanding of implications of new technologies and the 

persp~ctive of a changing industrial scene, resilience and flexibility, 

interdisciplinary team work and a new attitude towards competition and 

co-operation. 

A workshop organised by UNIDO on the institutional and structural 

responses of developing countries to terhnological advances (UNIDO, 198J, 

ID.WG.401/7, p. 28) concluded that at the level of the firm, the technological 

advances call for: 

(a) a minimum of in-house R&D capability t~ be established in the 
larger industrial unit3; 

(b) internal reorganisation in interdisciplinary task forces charged 
with specific development or production targets; 

(c) stricter quality control and higher levels of workmanship and 
emphasis on full and detailed documentation; 

(d) good, flexible and responsive information ~ystems within the firm 
and wJth the outside; 

(e) emphasis by management ~n the encouragement and easy flow of 
innovative ideas; 

(f) interest in, supp~rt to, and financial participation in the 
exploitation of useful applications developed in academic or R&D 
circles; and, 

(g) encouraging firms to formulate and ~mplement long-term corporate 
strategies and plans fo~ exploiting the technology advances, based 
on current and expected states and directions of development of 
these technologies. 

It should be stressed that the management of technological change in 

general is not a matter solely confined to firms and their managers. While 

they continue to bP the primary agents of technological change, policy-makers 

in government departments have an important role to play, as evidenced by the 

increasing role of governments in fosterin6 the growth and application of new 

technologies. 



- 176 -

It is cl~ar that enterprises and governments should closely follow 

technological developments and use the information to review and modify firm 

strategies and government policies. SincP the situation is highly dynamic, 

the subject requires attention and action on a continuous basis. To help in 

this process, ~he UNIDO Secretariat intends to continue its monitoring 

activity on the lines explained in the introduction. 

• 
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