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fic and TechnToghial h in' Burope;
Japan and the United States ()

We are lving through one of the most far-reaching transformations in the
history of mankind, which is powered by exmordinary advances in scientific
knowledge and continuous wechnological innovations.

The cconomy is faced with 3 cluster of emerging technologics which bring
sbour continuous innovation and urc carrying us towards the post-industrial
saciety, alsa referred to us the information socicty because of the prominent role of
information, communication and related technologies (ICT).

The emerging technologies are capable of blending with cach other and with
esdional techasiopes, g rise to completely new "hybrids”™: a classic example
of this is the digital waich, which grafts an emerging technalogy, microelectronics,
in a conventional produce. Similarly, the blending of electronics with the mechanical
industry has given nise to mechatronics.

The globalization of markers and the pervasive nature of technology are
leading 1o a new international division of labour which has litde 10 do with the onc
we were used ta Ond.emhnnd\mmwmmbﬁurqwmmhrm
injection d by changes in the
ther to remain competitive in the sdvanced indusirialised countries, in spueome
hghnoﬂ of labour. On the other hand, the new sectars often move towards newly

ing or developing countrics, (just think of microdectronics in South
Kmrl.atbf:oﬁmmmlndu) The rules of the pust no longer upply and the world
economy is beconiing more dynamic and flexible.

An wpect peculiar 1o our time s represenied by the imention of new
tesources i terms of material, encrgy sources, and also agriculrural varitis.
‘which are beginning 1o replace tradnional, scarce or vulnerable resources. This,
together with the growing importance of the services sector of the cconomy, the
rationalisation of production and the miniawrisation of machines and products,

(4) Uno de X1,
{**) wMarconi Lecture 1997» tenut presso b Royal Swedish Academy of Sciences,
11 povendbre 1997, Srockholm
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contributes to what is often referred to as the “de-materialisation” of soeiey, The
importance of hardware declines steacily, WM: that of software steadily increases.
In addition, hardware tself incorporates ever kw»led.uzln-.,nnqumny
of mater Indlu'n‘ is thus hecoming 2 ’lpphs of knowledge con oods
and services, and mmerupmmdwrdymmdpmimu

In the postindustrial socicty the manuficturing industries, even though
pmﬁdlm-dumum shae of diect cuployment, arc sl of ccntral importance.
We can even say that into a new cra of world
for re-industrialisation), given that industry is still ar the centre of innovation,
which, in_turn, induces spectacular changes in the rest of the cconomy and in
everyday life. In the space of a few decades producion of a standard mnd repetitive
kind has been automated and taken over by machines and robots. The “actory
without workers”, tempting as it may be, is peshaps not ideal as an objective. The
best salution for the purpose of optimising well being and sdded value lies in @
skilfl i of machines and organied, el buman b

riscs are no longer construined to work in a local or regional marker,
i s 2 i ol ot wil b racisn e of Koovition, bf
searching for new eperational frontiers, even by way of alliances and joint ventures
on a world-wide basis. With respect to the past, we are now living in a world where
time is dramatically accelerating und space is shrinking, Firms must, therefore, be
flesible and ready for changes in which they must participate actively, lest being left
behind and soon becoming obsolere.

This does not mean that short term considerations and competitiveness in the
market should monopolise the amention of those working in scientific and
technological research. Fundamental research, carried out withour speific practical
benelits in mind, with a passicn for discovery and a sense of adventure. is and will
continue ta be, of utmst importance to mankind. Furthermore, it i incumbent on

our gencrations that global instances and problems be faced with @ far sighted
approach, For example, we need o improve our understanding of the environ-
ment’s ablity to sbsorb the impact of human activity, and must adopt palicies 1o
reduce such impact before irreversibly damaging anr ecosysrem, The issue of
sustainable development is gaining the arention of policy-makers all over the world.
Tt is also a motal imperative to try to reverse the trend 10 o widening gap in income
and standard of living between the rich and poor sectors of the population, on a
world scale and in individual countries, This gap hus increased over the
decades, us can be scen from the graphs in Fig, 1, reporting the evolution of the
ratio between incomes of the richest 20% und the poorest 20% of the population
of the world since 1970,

The European Union, the Usiced States and Japan {the so-called *Triad"), arc
e major protagoniss in the ficld of scientific and technological reseatch and in
gencrating innovation. As far s fundamental research poss, one of the most
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Soare: UNDP.
Fig. 1 - Per cupica icome o the richest snd poorest 20% of the warld popilation

significant indicators of cxcellence is the number of Nobel Prizes awarded for
chemistry, physics, physiology or medicine, and, in the case of mathematies, that of
the Field Medals, From 1901 10 1945 Europe was by fat the dominane region, but
after the Second World War the United States have progressively gained the
leadership in chemistry. physics and the bio-medical sciences. Up until now Japan
has. been a second rank countey as far as Nobel Prizes and other awards to its
scicatists go. When we come 1o an analysis of financial resources devoted to
rescarch and development in the various regions of the world, the European Union,
the United States and Japan, which toether, with a population of 750 million, make
up less than 13% of mankind, are responsible for over 80% of the financial effort
devoted to R&D on a world scale The same countries employ in thesc activities 2.2
million scientists and enginicers, that is over half of those scvive in the whele world
(Table 1). 1 comes as no surprise thar 7$% of scientific publications reported in
the Science Citation Index and in Compumath eriginate in the European Union,
the United States and Japan (Table 2). The supremacy of the Triad Countries is
even more impressive when reference is made to the number of patents filed in the
United States and Europe which are, respectively, 90.3% and 94.6% of the total
filed in the whole world (Table 3).

R __ e



Table 1 - Some R&D indrcators for the Trad.

EUIs

Total R&D expenditures (MECUs) 1994 121,882
Toral R&D expenditures as % of GDP 1995 191
Total R&D expenditures per inkabitant (ECUS) 1994 329
% of total R&:D financed by 1993 396
% of weal R&eD qpa-duwwﬁnmd by industry 1993 535
Number of researchers 1993 774,100
Number of researchers per thousand employed 1993 47
Number of rescarchers in industry 1993 376,000
Number pes thousand employed in industry 1993 z

Soree: Eropean Commission, DG X1 from OECD dats.

Table 2 - Sciemific production meseured by publicatians, 1993

World share: 199 imdex
1995 (%) fbase 1992= 100)

Eusopean Union - 15 w7
European Free Trade Association * g 100
Central and Eastern Eurogean Countrics

Other countries in Far East
Australin e New Zealand

World total

* Tochand, Licchtenstein, Norwsy and Switzerlarnd
** Korea. Maliysaa, Hong Koug, Singspoce and Taiwan.
Sowrse: UNESCO), Warld Science Report (19961
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 Tuble 3 - Posstions of the Tried Countries by technologival ares, mezsured in patenti, 1993

Share (%) of European ~ Share (%) of US patents
pasenss in the Warld im the World
EU USA Jopm EU  USA Japan

467
ruments/oprics T8 324 14 49 508 280
icals/pharmaceutical prod 403 335 200 282 510 197

il processes 501 256 166 223 505 193
chanical engincering/transports 583 192 155 D6 454 25
goods 50.1

Suurce: USPTO.
Dt Tressmcaes STO and CHI-Research, 1995, Unesco report on Sclence i the Workd.

Let s now try 1o examine the factors which have determined the cconomic
evolution and the compatitive position of Japan, the United States and Western
Europe. A eavear, howerer, is in order it is somewhat simplistic to thiak of a
country as if it werc a big corporation, competing i the global marker. We must
be aware of the extreme complexity of the concept, In operarional terms, compe-
utivencss involves & wide variety of factors, including technological innovation,
productivity, investment in physical and human capital, sectoral specialisation and

e

Japan's emecyence a3 a world power was based on the use of its uaditional
social model, with a strongly ingrained sensc of belanging. to achieve un ecosomic
and industrial development that bus involved an accelerared passage, in the post-

consequent structural dependence on imports. The domestic morket proved 10 be
a useful trial ground for exports. The wining of substantial shares fn the world
market wis made possible, initally, by literally copying Western technalogies,
siving rise 1o producrs of low to medium technology and middling quality, the
compeitive factor being low price. Tn a remarkably short time, however, with the
joint guidance by the yovermment (the Ministry of Finance and MITT! and industry
(Keidanren). Japan learmed how 10 mprove imported technologies and to creste
new products of ever higher quality in many technelogically-advanced sectors.
Itis possible to detecr, through the analysis of the evolution of the structure
Japanese exports, 4 clear strategy of progressive shift towards increasingly




[ §ewmg machines '

Tiig 2 - Tndustial sectors.in which Jspan has spplicd s *Laser Besm” approach. Some cxamples
in chroaslogical order

sophisticated industries and technologics up to the point where Jspan emerged us

 champion in many high-tech sectors (Fig. 2). One of the decisive factors in this
success was the commitment to education, training and research: more than 95%
of Japan's children of both sexes, gain a high school diploma of some kind, with
wery demanding and comperitive courses, whilst R&:D, mostly applied research and
rechnological deselopment, sccounts for abour 2.9% of the GNI!

The Japanese Gevernment, which in the 1960 und 1970s had cremed
instraments for the suppert of industrial research (iax credis, loans and incentives
of various kinds), has recently set up the “R&D project on Busic Technologies for

Future Industries”, which includes 14 spes new materbals,

|
|

biotechnologies and new electronic devices and systems. Tor over u decade it has

L supported the programme for the development of fifth peneration computers based
on amtificial intclligence and other forms of advanced trestment of information,

[ including intelligent manufucturing systems. It has founded the “Japan Key
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Technology Centre” which reports 10 MIT] and the Ministry of Posts and
Telecommunications, and created, together with the Science and Technology
Apency: the intemational scientific project “Human Fronties” in bio-sciences und
related technologies. The Government now suppons basic research in the uni-
vensities and in sciensc and technology parks. To this end, a lew was promulguted
in 1996 to sirengthen basic scieaific research, Last year, the Gevernment decided

to spend over 30 billion dollars per annum in o five.year period, on scientific and
technological rescarch, mostly targered to civilian technalogics.

One should add, however, that although the Japanese real ceonomy is now
improviny after four years of distress — by und large the result of malfuncrioning
of the banking system — the financial mess in which the system is scill embroiled
cold have negative repercussions, national and unfortunately global. Massively
burcaveratic goverament intervention i industeal policy is o being atacked for

s, at a tine when fexibality and rapid diffusion of technology
and knvowledge are the decisive factors of success, The over diciplned cducarional
system stifles initiative and individual creativity, Nﬂmu or the bqg corporations
and the banks SMESs of capital and hips which
hamper their growth, The patent disequilibrium b«mmﬂ-mi returm on capital
and the poor retum on labour is finally threatening 1o demotivate the labour force,
already disenchanted! with the stress and the poor qualivy of life Japan offers. The
disadvantages suffered by thase not covered by the “cradie to grave” corporate
system are all too visble They are an uncomfortable reminder to the more
fortunate that the cost of their privileges may soon become two high cven for
paternalistic Japanese corporations to beaz,

country is now going through a set of stractural reforms in government,
finance, education, with the fading sway of gerontocracy and the emergence of &
younger generation of leaders, bringing about # dramatic upheaval in the traditional
scale of values. How the Japancse rescarch and production system will adjust 10
these changes is difficult 1o predict.

In contzast with Japan, the huge domestic market has ahvays dominated in the
Unitedl States andl the demands of dhis market have been the driving force hehind
technalogicsl development. Tn addition, there was the Government's high level of
commiment 1o echnical and produmw lforts dring thewarand i subscaent

w of advanced the f
mliary and spsce projects during the period of ~eold war® with the USSR, The
development of information technologies and computcrs i a case in point

However, increasing comperition from Japan gradually revealed the limis of a
technolagical strategy that relicd on “spin-off” fram the results of military research
to simulate innovation in the civilian ¢conomy, The involvement in objeetives
unrelsted to the logic of the mirket, such as milirary and, for a lang time, space
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sesearch, reduced the country’s ability to transform knowledge into. commercial
products. Tt is sufficient 1o cite the case of compact disc readers where the United
States, despite their lead in the development of luscrs, the key technalogy, i almast
completely absent. We now see attention growing in the United States, and in some
Eusopean countrics as well, towards the promesion of dushuse technologies and
the fostering of “spin in” from civilian to military innovative products, a process
quite common in Japan.

Shortcomings in education and training in the United States, only partly offset
by the “brain drain” from other countries, pave risc 10 a cultural level considerably
lower than that of other developed countries. This, in turn, led 10 a reduced ability
10 innovate on @ wide front and to an inadequate attention to quality. These
phenomens, accompanied by a slower gain in productiviy, attracted the aitention

markers began o be of increasing

<
which produced intercsting results, Research involving hundreds of industrial
experts led t the identification of 22 critical technologics where the United States
were in s weak competitive position. Public and private research was then focused
on these technologics, giving rise to forms of co-operstion between enterprises and
the pubie e, which prevoly b dbemmoﬂ unusual in America The major
of research and between the US. Federal
Someros s ey o the beiod 1988 i 1993 re e T g, 3, aorg:
with data on investment. In 1994 the Couneil on Competiiveness produced ancth
report, which showed 4 pronounced improvement in all the crtical technologies
previously identified. I this effort, the method used is that of benchmarking, ic.
comparing the American position for esch technology with thit of the leading
countrica-at the world level Europe is seen as the strongest competitor only in
chemicals, pharmaceuricals and biotechnology, while Japan remains strongest in
electronics, new materials and many mamufacturing technologics. Indis has emerged
a5 2 front.runner in software, and some nfpf!smlly industrialising countricsin the
Far East, including China scetors
and lafhlmbnmnfmlpom«fcﬂhﬁmn The White House Office of Science
and Technology and the National Critical Technologies Review Group collaborate
in the production of biannual reports en critical techsologies. The Federal Govern-
ment has become the dominant sponser of the nation’s long term, basic research
portolio.
American universities are in the process of re-defining their mission in training
amd rescarch. On the ane hand, they are developio mechanisms for the ranser of

they are trying 1o reinforce their
universities are the main bencficiacies of public funding of scicnific research,
through the programmes of the National Tnstiuste of Health, the National Science




M 5EMATECH - Gonsomuum on saiconductar lechnaiogy
zs00-| T TRP - Tachaology Renvetiment Project
[T cRADA - Coaporative Resaarch and Development Agresmants
o] [ en - Manetatisog Button Progiam
B ATP - Advanced Tachnciogy Project
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1060
5003
P
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Sounce: Depasement of Commesee datn, 1995,

Fig. 3 - Scected Federal parnersbip with industry. Years shiown are fscal years feg. FY 1995 =
1 Ovtaber 199 10 50 Scpecruber 1993),

Foundation and various other government Departments and Agencies. The Federal
Government’s mission is o sustain US. leudership across the frontier of scientific
knowledge, o enhance consections berween fundamental research and broad
national sorio-ceonomic goals, and to faster R&D partncrships herween universitics,
industey and government laborataries. The results are spectacular, and indirect
evidence of this i the fact that all Nobel Prizes in the scientific and economic
disciplines aver the Last five years (1993 to 1997) were wwarded 1o scientists working
in the United States and funded by the US. Government, even if 50% of the prizes
wete jointly awardead to European and other non-American scientists.

One should not ignore the commitment to competitiveness of the individual
States. Many of them have lnunched programmes to foster cooperatian berween
univensitcs. industry and government, with the aim of increasing rescarch efforss
and diecting them towards tareted industrial sectors, including traditional ones
for their imporiance as purscyor of jobs, s0 15 to ereare centres of excellence in the
chosen industries and to orient university rescarch and teaching towards explotting
synergies with industry.

This overview of the position of the United States in rescarch and innevatian
cannot end without that industry is the backbone of innovation in

RE—
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the country. where a large mumber of major high tech carpararions are in an van-
parde position world-wide, and a multiplicity of small-sized scicntific enterpriscs.
many of which bom i the university environment, and supported by a brave, risk-
taking venture capital ssstem, generate a continuous flew of impoetant insovations
The present undisputed Amesican superority isdie aboseal o this exisordinary
ion of large and small new ground in the
coonomy of the fure. Federal and Staute action to remove regulations acting os.
constraints to innovation, especally in the ficlds of information and communication
and in the biotechnologies, has had crucial impact. Deregulation, re-
regulation and selfregulation are ull key words in the ongoing challenge w0 frec
Amcnun sosicty enabling it to respond rapidly to the changes induced by science
and technology. Competition is the crux: from this perspective, America’s
unplanned, chaotic economy has major advantaes in an age of Increasing impor-
tance of information and communications

Europe invests less than its competitors in research and development: a total
N&Dﬂﬁnaf:'bwr.l‘”bnfd):GN'Pulgum?)%fwlil:lim:adsnmnd
29% for Japan, Funthermore, the European Union is anything bt
Sweden inwests 3%, Germany and France 2.3%, Taly 1.1%, SM sbout 08%.
Even the number of European rescarchers is relatively low: about 4.7 per 1000
emploved, against 7.4 per 1000 in the United States, and 8.0 per 1000 in Japan.
There is gencral agreement on the fact that Eurape eouples a position of excellence
in fundamental scientific rescarch with an inferior capacity, with respect to the
United States and Japan, to translate resubs into industrial innovations and a sofid
competitive position in the high technology sectors. This Fracture herween research

Table 4 - Indices of scientsfic and techrological production relatd 1o GDP, 1993

Scicaific P
publication e
European Union 126 181 »
USA 144 1z 200
Japan 81 208 1
World Tatal 100 100 100

The sharcs of woeld sciemtific publicaons, mnd of the European and US puents, huve been
mmlbnbeGnrm‘mmmmmm«mm&-unmﬂkmumm
bas becn set at 100

Source: UNTSCO, Wedd Science Repart (1596)




Table 5 - The potition of the Triad by technological ares, mearured in patents, 1993,

Burepean patents world share (%) 1993 (base 1967 = 100)
UES  USA  Japun UE13 Jupan

co/electricity 342 300 318 8 100 12
ents/optics 38 524 B4 8 106 136

sty pharmaceuticals 403 37 200 95 10 107
ssrral processes 501 256 166 o5 w0 123
hanical engincering/transport 5835 192 155 % 100 134
goodds G0 169 8O % %8 42

454 273 09 9 103 129

US puncos workd shate (%) 1993 ibuse 1987 = 1000
UE USA  Japan UE UsA )

354

sfoptics 149 308 280 74 UL w0
‘pharmaceuticals 282 3510 197 90 103 108

23 505 193 79 16 15

Mechanical engincering/transport 16 454 225 80 1o w2
191 501 125 76 1B 106

186 487 250 76 105 1m

 Sparce: USPTO, OST ¢ CHI Research, 1994

and innovation is & paradox of Europe. The low propensity of Europe to apply for
ULS. patenty is evident from the data in Table 4, It is also interesting o note (Table
5) that the position of Europe in terms of patents filed in Europe and the USA in
six diverse high technology arcas has been deteriarating steadily from 1987 to 1993,
whilst those of Japan and the USA have been generally improving.

Let us now look at research and development activities undertaken o1 co-
ordinated ot the Eurapean level. The growth of Europesn co-operation in R&D has
0 far been a slow process, that has neventheless wiven rise 10 a complex of
institutions and programmes, aliogether accounting for 13% of public R&D
expunditures in the 15 EU. member countries. This moy seem s soaall proporion,
hmimuldd-umndulhmduwnf&ulhuwomlmﬁnmpﬂnm
‘has in orienting national programmes. This i cvident in such fickds as high-cnergy
physics, space. melecular biology, and in a number of advanced technoloies.
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Some European co-operative rescarch programmes are based on inter-
governmental agreconents i s the e of CERN, ESA, £SO, EMBL, COST,
EUREKA. The RTD Framework Programme and the Joint Rescarch Center are
managed direerly by the- Enropean Commission, with a co-decision process
involving the European Council of Ministers and the European Pariament, For the
selection of projects, in mest cases the criterion of excellence prevails. In the case
of ESA, however, for a large part of the budger, member countries are expected to
have o st etum of their inancial conteibusion

the national research activities to which as much as 87% of public R&D funds are
dedicated.

The Framework Programmes for research and technological development of

:h: European meuwy were designed since their beginning in the early 19808

for research mostly

mmﬂhlu results (*demand side”). It is easy, then, to understand why the overall
f the Framework has been very a5 Table 6,
(which refers to FP IV, currently being exccuted) confirms, Results have been
go0d, sometimes cven excellent, from the scieniific point of view, but gm..n,
disappointing when it comcs to their applications and impact on the

Hitherto, the European Framework Programmes have been confined to ) the
areas of basic and *pre-compeitive’ ressasch, i the sense that co-perarion
berween European enterprises must cease when competition in the market begins.

There i now a growing swarencss of the foct that reseorch should be
baving in mind th ly global

‘competitive und competitive research, since there are examples of fundamental
scicntific discoverics being at the same time a marter of competitive nature on
which to pump fresh capital and human resources. European scientists, for

example, discovered in the second half of the 19505 high temperature supercon-
prescilepsein magnetic materials (giant magneto-resistance materials), but the
1S and Jopanese industries were readier to focus an them intense development
efforts. European rescarch must now aim at suceess in achieving the delicate
balance berween competition and co-opcration.

Framework Programme V, (1998-2002), which aims at correcting the defects
met with sa far, is sill being defined, but its purpose is to pursue 4 bigher level of
strategic concenteation. I its presens formulation, it is divided into 6 specific
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Table 6 - Specific Progrummies under the Fourth Fransework Programape (1994-95),

Specific Programee Acromym MECU
A, Rescarch, technological development and demostsation
 programmes

energy
Nuclear fission safecy
Conteolled thermonuclear fission
. Torgered socio-scoriomie resesech
6. Direct measures (joint Research Centre)
Co-operation with thisd countries and international
i

Dissemination and oprimisation of results
Trsiniog and mobility of rescarchers TMR b
Totat 13,100

programmes. three of a thematic nature and three of the horizontal type (Fig. 4).
The will of Europe to sssure a more selective and disccred strategy, remains to be
confirmed, given that it cannot be excluded tha the Programme may be modified
during the process of political bargaining, into something as fragmented as the
previous Framework Programme.

It it difficult to asscas the overall competiive situation of Europe. There area
aumber of large emerpriscs from European countrics that are competitive in
imporuant industrial sectors, such as chemicals and pharmacenticals, engincering,
‘machinery, automobiles, durable consumer products, energy including the genera.
tion of electricity, metallurgy, where there is a long standing tradition of European
excellence. In the emerging high-tech sectors, however, the strongest European
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Living world and
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_sustainable growth

Fig 4 - Otgninston and comtent of RIT Framesork Programme V of Earopesn Union (1953-2002)

enterpriscs. are to be scen in smaller counsries such ar Sweden, Finland, the
Nerherlands, whete companies have been forced since the beginning to face global
compeition: this s the case, for cxample. of L.M. Eriesson and Nokia in the
tekecommunicarion supply industry and mobile telephony. There arc data which
demonsirate the backwardness of Enrope’s competitive position i the emerging
technologies. For example, awtention is drawn to Table 7, from OECD, which shows
the values of international specialisation indices with referenee 10 1970 and 1992
The already unsatisfuctory position of Europe in high technology sectom has
deterioraicd during the period under consideration, whilst Japan has strongly
improved, to the exten that it pow challenges Americas leading position. This
usscssment is confirmed by the data on average annual volues of interchange of high
rechnology products berween the countries of the Triad aver the five years betwoen
1959 and 1993, from which we se¢ that the European Union's average annual deficit
with respect 1o the USA and Jopan amounts to nearly 24 billion ECU (Fig. 5).

As underlined in the Delors White Paper, Europe must now aceelerate the
construction of its Jirge-scale modem infrastructures n encrgy, transport and
telccommunieations. These ought 10 be conceived and designed from the start as
instruments for development of the whole of Europe, West and Esst, and take into

Horizontal Programmes




Table 7 - International Specialisations Index for High, Mediume and Low Tecknology
Lirdustries.

OECD = 100 JARAN s EUROPE - 15
M0 1992 w0 2 1m0 1
High Technology 124 144 159 13 8 8
Medium Technology 714 %0 S0 103 100
Low Technoloay 4% & M1

Specialuation index. Country'’s share on total exports, divided fmto. the same coclficient of 1be
OFCD countrics. A iedes higher than 100 in ons range of prosists statcs that the country
specialsed in the export of thasc peodfuc

Source: Fusostar

Fig 3« Tde of gh echncogy products between he thice ol of e Toind faveage 143
19931, Volume of trade (expressd in billon EC
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aceount the opportunities represented by an increasing interaction with its ncigh-
houring eountries of the Mediterrancan basin.

Tuis particularly important for Europe to identify those “critical rechnologies”
which can provide 4 driving foree for the European cconomy. The sclection of
et i rope should, 1 believe, take into account the sectars
whnﬁ.mpeiuiﬁsd;adyoanp«iﬁwm-wnddn-kmﬂmanuﬁwm
of the continent’s high level of social welfarc, (health, housing and urban siructures,
and the environment); those that are based on deep cultural and aesthetic roots
{fashion and style, cultural heritage); and, last but nor least, those that are the
products of the technological revolution. These. of course, are broad indications
and fiot an exhaustive list, Further, each technolagy must be analysed carefully so
s to idenify spectfic tendencies und applications on which to concentrate ideas
and

resouces.
Biotechnotogy is cerainly amongst the most promising, snd therefore, critical
jes for Esrope. It should be recognized, however, that, in spitc of the
scientific excellence of Europe in the biosciences, the biotechnology industry is
mchmtdwdupﬁinﬂnUlﬁlndSmu.'l‘qdly.ud:MinTnbk&h‘Leu&
there arc almosr 1300 active enterprises, about 300 of them being quoted on the
stock exchangs, which give  job to nearly 120,000 people and have 4 wrmover
of 13.2 billion dollars. Given the long fime needcd to develop and bring to the-
market a new biotechnalogical product, for example, in the pharmaceutical sector,
American biotechnological enterprises lose, even today, an average of 52% of their
wmover, but continue 1o invest over 30% of it in research and development. This
extranrdinary position s due to the strong sense of business which dominaics the
country and to the availability of vemture capital, attracted by the enormous

Tublc § - Comparsion betwver: USA and Enrope in bioirchuology industry.

199 19% Vaarion %
USA Eumope USA Buwpe  USA  Farpe

Financil ospects

Sales (million ECU) 0060 1471 11680 ”
RaeD) expenditures (million ECU) 6,160 1252 £320 20
Net Lass (million ECU) 680 1206 5750 -8
Lindutry

Number of enterprises 584 1267 2
Number of employees. 118,000 9 60

Sourcer: Ernst & Young, BioBusiness.




B sman 1 - 49 employees
EEZl  Medium  50- 149 employees
B porge  150-500 employees

Sources: Esnit ¢ Young. Beofsiness
Fig 6- F o between difesers e the sre
of enerprses

potential for development of the biotechnologies. Some of these enterpriscs have
already begun to make large profirs: Amgen, for example, has realised profics of 150
million dollars in the first three months of 1997. Only recently has Europe, thanks
mainly to the UK, which alane has 180 biotech companies of which 65 are of
medium o large size, begun to gather momentum. Fig. 6, which records data on the
number of biowchnelogy companics operating in the various European countries,
indicutes, however, that we arc a long way from fully realising the available porential.
From an American point of view, biotechnological Exrope is stll a kind of *Wild
East”, full of rich, by and lange unexploited, scientific resourees.

It needs, however, 1o be recognised that the technologies that arc eritieal the
United States or by Japan. Each country (or group of countries in the case of
Europe} has its own characteristics. Europe must overcome its weaknesses where
necessary, but it must also build on its strengths, Europe, in fact, has an
extraordinary cultural for Europe may partly differ from those considered to be
eritical by endowment stemming from the diversity of cthaic groups and national
cultures, languages. customs and traditions. This diversity makes the integration of
the various components of the Union more difficuls, Flowever, it results in an
extremely rich social fabric and s especially useful in o world where innovation
increasingly requires an approach that extends 1o the sociu sciences and humanistic
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disciplines, thus drawing on the whole spectrum of knowledge and not just science
and technology in the strict sease.

To mention s secior where a wide interdisciplinury approach would be
particularly uscful, just consider the enormous potential for intcgrating historical
and anistic studics with scicnrific and technological research, with the aim of
prosecting and upgrading Earope’s artistic, cultural and environmental resomrees,
which are the basis of a strong market for wurism and educational activities. The
sheer size of the internal market and the expertise accumulated would permit
Europe to opérate i a ghobal market, which ix destined to become very important
in the decades 1o come. One should leamn from Europe’s environmental policies,
which are producing knowledge and technologies thar find important outlets in the
world market in view of the increased awarencss of the environmental problems in
a groitg nuriber of developing countriel.

On a similar vein, it would be a mistake if Europe, rightly committed 10 #
reform of its welfarc palicics, were to throw the baby out with the bath water. In
addition to renouncing, not 5o much an operational instrument as a system of
values which has made a positive contribution to the quality of life on our
continen, such a course would deprive s of crie of e mast promising sources. of
future technological development and new jobs. Tn the field of healh, for example,
the longer life expectancy and Jower birtherate, wlong with the multi-cthoic
wansformation of European populations and the. spread of old and new diseases,
are expected 10 Jead 10  growing divesification of the demand for social services,
with 1, poiential spin-off in terms. of new and improved products and actvities.

erall, 2 good competitive posiion has been achieved by Europe in the
traditional sectors of medium-low technology, where @ myrisd of Europesn small
and medium-size enterprises (SMEs) have been ablc to absorb and adapt
technological inputs from the outside, cither incorporated in modern equipment
and machinery, or in new materdals as they have become available in the market,
muwhdpedwnknmpwkiminmd-muaormzamn
countries, including Germany, Tuly, Sweden. Europcan SMEs are often highly
speciaised, fiexible and dynamic. On the usual definition of SMEs (fewer than 500
emplovees), they provide more than 70% of EU, emplayment and generate more
than two. thirds of the total rumaver and @ proportional fraction of value- addes)
The role of SMEs should be scen also in the light of their coatribution o solving
Europe's difficult unemployment problem, The average unemployment rate in
Eurape is over 10%, involving some 18 million people: it is as if the unemy
in Europe made up the whole population of the 6th lrgest member of the Union.
In comparisan, unemplayment in the Unied Statcs is now below 3%, and in Japan
is about 3%, This colossal waste of buman potential is particularly felt by the
young, (the unemployment rate for Europeans under 25 yeass old is over 20%),
even when well quulified. Without a mussive injection of technological innovation,
the situation is destined, irreversibly, to worsen.
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Table 9 - Venture Capital Investmsents in Europe and the Untted States (1995).

UsA ()
%

UE @2}
KEEU ®

5,748,000

+50 1100 35346000 +2 4955

seed & start-up 1ATS000 26 445 320000 02 M9
" 3,307,000 58 2300000 57
buy-out 92,00 16 2900000 52

B i sccho, 2641000 46 2000 16

 life sciences 1398000 24 422,000 8 |
non-technology 1709000 30 4222000 76 '

avenage size of seed-capital 932 260

Even though European SMEs possess a seriés of qualitics that result in their
being superior, on average, to their counterparts ia the United States and Japaa,
{important among which is the widespread culture which is pan of the inheritance
of & long-standing tradition of highly specialised artisan and cralt activitics, often
associated with a tasie for design and creativity), their small size is an objective
handicap when it comes 10 rackling the complex challenges of new technologies
and global competition. It is therefore necessary o adopt policies thar will
encourage Enropean SME: 1o grow in size and, even morc impartas, 1 become
linksd in netwarks. The risk facing SMEs is that of remaining “prisonces” of the
culture of the sectors in which they operatc, withaut being able fully 10 spprecime
the benefits which new technologies, especially in the fields of ITC, can bring in
terms of productivity, quality and flexibility. Govemnments should therefore
implement palicics o foster the demand for information, training and advice to the
SMEs, leading to a systematic uptake of new technology. The issue of venture
capital is of critical imporance for the success of high tech SMEs. Table 9 indicates
that the riskiest underakings, ie. sced & start-ups, are much more financed in the
United States than in Europe, where safer, “non-technology”™ investments, are
preferred by ventuse capital ourfits.

The Europes Union's Research and Development cifort should remain
catalytic in nature, strategic and based on high-quality programmes and projects.
Tis value added should reside in promoting Eurapean research co-operation and
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networking; reducing the deggee of parochialian of the research milizu and
between i :

SRt o s el ot frairuad: towoling SMES e oo
peraing ith non-Furopean coustris, Futhermors, she Union must dﬁ?nlvdy
shandon the g
iamndm_,,dmubypmpa,mmmumu&y»mpmm
hat, hylhirn-nn-:u.te.nlwbd-ﬁwopun if not global, approach.

The dedication of grester resources to research and 1o the scienific and
|emdtmmdﬂmhumupnﬂliﬁmhlymm But 1
change in mentality becomes even more pecessary in order o overcome, in

rescarch, the wntinude that considers public financing as subsidies 1o be

preneurial spirit, a for

cconomic and social development, to be shared by all the memshers of the Enropean
Uion.

In closing, let me say that a forwardlooking science nd technology policy

of today's technelagical revolution o o benefit the whole of mankind.




