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Abstract

Biotechnology is becoming a crucial factor for the innovation strategies of the industrialised countries. Thus, the
analysis of the sector is gaining relevance for the identification of the technological strength and potential of a country
(or region) in a context of globalisation. A specific national case study may serve for more general comparative
analyses. We have selected the case of Spain as illustrative of the complexity and differences existing in Europe. By
using the analytical framework of the “national systems of innovation” concept, we have performed a multistep
analysis of the biotechnology sector in Spain, focussing first on regions of Madrid and Catalufia which together
account for more than 50% of the sector in Spain. The firms in both regions have followed a common strategy based
on diversification and investment in R&D and innovation, so as to be able to compete in an international and
competitive environment. There are, however, some interesting differences between the two subsectors; the one from
Catalufia being more based on industrial traditions, and the one from Madrid characterised by the emergence of more
specialised firms. The study has been extended to the remainder of Spanish firms for comparative purposes. The case
of Spain is illustrative of the divergences existing in the biotechnology sector in Europe. A comparison is made with
the structural and organisational characteristics of the biotechnology sector in several European countries. It shows
that there is diversity in the pattern of commercialisation between countries and within regions of countries.
Understanding these differences may assist the design of appropriate policies to promote the development of
biotechnology in Europe. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

It is increasingly recognised that science and
technology, as key elements in the process of
) knowledge production and transformation, are
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During the second half of the 20th century,
theories about the process of knowledge produc-
tion and its transformation into, and/or its inter-
actions with, technology have been changing (see
as an example Rosenberg, 1991). The recognition
of serious deficiencies in the ‘“linear model of
innovation” led to the development of a systems
model of innovation. The purpose was to under-
stand the production of scientific (and technical)
knowledge in relation to the influence of networks
of stakeholders and to link the process of innova-
tion with social, political and economic factors.

There is now an important body of literature
on national systems of innovation (Lundvall,
1992; Nelson, 1993) and the possible application
of the system concept to regional (Braczyk et al.,
1998) or sectoral scenarios (Malerba, 1999). The
emergence of this systemic model has shown the
limitations of the traditional input/output analy-
sis—the use of microeconomic indicators, and
bibliometric analysis—to provide fine-tuned in-
formation on the evolution and dynamics of inno-
vative sectors. In all these models, the importance
of the social and political environment was always
implicit but was not made explicit. The relevance
of the environment appears critical for under-
standing the development of the so-called emerg-
ing, new technologies.

Biotechnology is an enabling technology, which
uses the properties of living things to produce and
transform foods, to obtain substances with thera-
peutic activity, and to seek solutions to ameliorate
environmental problems. In some cases it uses the
properties of living things as they are found in
nature; this is the case in traditional or classical
biotechnology. In other cases organisms are ge-
netically modified to produce specific substances
or to improve processes.

Biotechnology applies science-based techniques
that rely on the knowledge produced by a wide set
of disciplines, ranging from microbiology to
chemical engineering through other very basic and
critical disciplines like molecular biology, im-
munology and genetics. Multidisciplinarity and
interdisciplinarity are basic features of knowledge
production in biotechnology.

Another important feature of the commerciali-
sation of biotechnology stems from a specific

form of industrial organisation (Saviotti, 1998).
This is the launching of small- and medium-sized
firms which are grounded in intensive knowledge
and tight links with academia and public research
centres. As Saviotti (1998) has pointed out, the
behaviour of these dedicated biotechnology firms
differs according to the sector in which they oper-
ate and on the role they adopt, i.e. as radical
innovators, as specialists in a niche-market or as
suppliers of knowledge services.

The characteristics of this technology—hori-
zontality, rapid changes in evolutionary trends,
combination of relatively old technologies with
new ones—make this case particularly interesting
for understanding the capability of old and new
industries to evolve (co-evolution) and their adap-
tation to a strongly competitive environment.

Two projects funded by the European Commis-
sion considered the commercialisation of biotech-
nology in Spain as part of wider studies. The first,
European Biotechnology Innovation System
(EBIS) (SOEI1-CT98-1117), aimed to identify
whether the development of biotechnology in Eu-
rope is mainly influenced by national or sectoral
factors. The second, Strategies and Policies for
Systemic Interactions and Convergence in Europe
(CONVERGE) (SOE2-CT98-2047), aimed to un-
derstand the economic and technological dynam-
ics by identifying the main factors that account
for the gaps between the “less-favoured” and the
“more-advanced” regions of the European Union
(EU) (“economic convergence”). Along the
projects, several approaches and methodologies
have been mobilised, including the selection of
case studies. In the case of Spain, biotechnology
was selected as an example of a sector requiring
high technological intensity. The results of these
studies provide the opportunity to present a de-
tailed case study of biotechnology commercialisa-
tion in Spain and to set these findings in a wider
European comparative framework. The compari-
son with the situation in several European coun-
tries allows us to draw lessons on the situation in
Europe with respect to the possibilities and feasi-
bility of biotechnology development and throw
light on the challenge of convergence. The wider
context of developments in the biotechnology sec-
tor in Europe is presented, before discussing the
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Table 1

Structural and organisational characteristics of the biotechnology sector in several European countries

Country Development*  Age® Size® Presence of Spin-offs (%) Predominant type
subsidiaries
A Low Middle Middle High <40 Mix CDB and diversified
D High middle Young Low Middle ~40 CDB based on opportunities and
capacities
F High middle Young Low High <10 CDB based on internal assets
GR Low Old High High <15 Diversification
IRL Low Young Low Low ~40 CDB based on own capacities
NL Middle Middle Low Low ~25 CDB based on opportunities and
capacities
UK High Young Low Low >50 CDB predominantly
Sp Low Old Middle Middle - Diversification

Data gathered from the EBIS project. CDB, companies dedicated to biotechnology; commonly spin-off companies.

“ Based on the number of firms and turnover figures.

® Average of year for establishment of firms: old, below 1975; middle, 1980-85; young, up to 1986.
¢ Median of the number of employees for firms: low, below 50; middle, below 100; high, up to 100.

methodology used for the Spanish case study and
its results.

2. Comparative characterisation of the
biotechnology sector in European countries

The predominant role played by the United
States in the development and evolution of bio-
technology in the world has led to the adoption of
those dynamics as the model for the development
of this emerging technology. As is well known, the
North American model is characterised by the
establishment of many new firms based around
the knowledge embodied in the key figure of the
“entrepreneur—scientist”. There is ready availabil-
ity of risk capital to support these firms and a
generally positive public attitude to their activi-
ties. But such a model is unlikely to occur in all
countries.?

The information gathered from the EBIS pro-
ject has served to confirm this statement. The
basic characteristics of the biotechnology sector in
several European countries are summarised in
Table 1. This leads on to the identification of a

2 The Ernst and Young report gives annual accounts of the
biotechnology sector in Europe. It is based on the US model,
and reveals deficiencies in this approach.

series of models to represent differences in the
sector between these countries (Table 2). Within
this context, we have explored the case of biotech-
nology in Spain in depth in order to understand
the specific situation of the biotechnology sector
in a large European country whose model of

Table 2
Models for development of the biotechnology sector in Eu-
ropean countries

1. Based on companies dedicated to biotechnology,
established in the last decade, mainly as spin-offs of
other firms, public research laboratories and universities.
This is the typical model of development of
biotechnology in USA. European example: United
Kingdom

2. Relative importance of dedicated firms, established
recently, based on the capacities and strategies of the
countries, middle level of spin-offs companies. European
example: Germany, The Netherlands, Ireland, Austria

3. Intermediate model with companies dedicated to
biotechnology, created recently but based on the
previous industrial assets, low culture in the
establishment of spin-offs firms. European example:
France

4. Sector based on diversification of industries already
existing, low profile in the creation of spin-offs.
European example: Spain, Greece

Based on the results recorded from Table 1 and previous work
carried out under the EBIS project.
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development appears to differ from that of the
United States.

3. The case of Spain: the Cataluiia and Madrid
regions

The Spain case study focuses on the two main
regions of Spain in terms of their contribution to
gross domestic product. These regions, Madrid
and Catalufia, also make a significant contribu-
tion to Spain’s population and both have
achieved 100% in convergence index with Europe.
However, Cataluna has an established industrial
tradition, while Madrid belongs to a location
which is based on services but is rapidly evolving
to use and develop new technologies. This in-
depth study has been further extended to the rest
of Spanish firms and landscape for a more definite
characterisation.

3.1. Methodology

This research was carried out through a multi-
step methodology.

1. The first step aimed to identify all the biotech-
nology firms operating in Spain. This was a
necessary prerequisite in view of the lack of
official statistics on the biotechnology industry
in Spain. Several sources were used to carry
out this identification such as the Directory
“Spanish research groups & enterprises work-
ing in Biotechnology 1997 prepared under
the support of the Interministerial Committee
for Science and Technology (CICYT, acronym
from the name in Spanish, Comision Intermin-
isterial de Ciencia y Tecnologia, 1997), a data-
base on the subsidies allocated to
biotechnology companies for the development
of R&D and industrial projects by the Centre
for Technological Development (CDTI from
the Spanish name), as well as information
resulting from the Innovation Survey and all
reports and analyses published by June 1999.

2. In the second phase a quantitative approach
was applied, based on collecting the opinions
of the main industrial stakeholders. A ques-
tionnaire was used to gain information on the

general objectives of firms’ research pro-
grammes: identification of the main character-
istics of the industrial sector of biotechnology
in Spain, and its relationships with and atti-
tudes towards the process of technological in-
novation. The selected population was that
resulting from phase 1 and amounted to 148
firms from the whole of Spain. Two of these
firms were withdrawn, because of the difficulty
of making contact after a change of address.
This led to a sample of 146 companies to
which a questionnaire was mailed in the spring
of 1999. After careful monitoring of the re-
sponses in relation to the degree of identifica-
tion with the industrial sector and its relevance
for innovation and business activities, 49 firms
were identified as companies mainly involved
in biotechnology (CMIB). In statistical terms,
the selected sample represents 34% of the orig-
inal sample, with a maximum sample error of
9.9% and a confidence level of 95.5%.

3. In the third phase, the results obtained
through the surveys were validated by carrying
out semi-structured interviews, based on inter-
view guidelines about the following items: in-
novation activities performed, goals to be
attained, collaborations and co-operations
with the different stakeholders, problems ham-
pering the evolution of the sector, and percep-
tion of the situation.

The following concepts were developed and
adopted to carry out this study. CMIB: firms that
have a consolidated activity in biotechnology, ei-
ther as their main industrial activity or as an
activity well incorporated into company strategy.
The firms with such an involvement may use the
techniques of both modern and classical biotech-
nology in the -elaboration of products or
processes.

These firms are evolving into biotechnology by
a process of industrial diversification. This con-
cept of CMIB complements the concept of com-
panies dedicated to biotechnology (CDB),
essentially start-up and spin-off companies.

Small and medium enterprise: Owing to the
characteristics of the biotechnology sector in
Spain, which emerged in the 1980s, two profiles of
small- and medium-sized enterprises have been
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considered: (a) the classical industries, with less
than 250 employees, which began activities in
biotechnology before the 1980s with no exclusiv-
ity; and (b) the more specialised firms with less
than 50 employees whose activities have focussed
on biotechnology since the 1990s.

3.2. Characteristics of the firms

3.2.1. Number, age and strategies
The number of companies is greater in

Cataluna than Madrid. Of the companies (49)

identified in our study, 18 are located in Cataluia

(37%) and eight in Madrid (16%), with the two

regions accounting for more than 50% of the

national total.

(a) The companies located in Catalufia were not
set up during a specific time period as a
response to market tendencies or to “indus-
trial trends”. None of the companies was
created with the initial objective of full com-
mitment to biotechnology activities, but
rather they have incorporated the new tech-
nological developments into their original
aims and primary activities as a response to
society’s new demands. Some companies were
created during the mid-19th century, but the
youngest companies were founded at the end
of the 20th century. Biotechnology activity
began for this last group during the 1970s,
and rose to particular significance in the
1990s. There appears to be a clear difference
between the dates of setting up a company
and the introduction of biotechnology,
providing evidence of the non-existence of
companies created with the sole objective of
carrying out activities linked to the sector
under study.

(b) Half of the companies from Madrid were set
up during the 1980s with varying aims, but
these were already directed towards and
linked to biotechnology. The principal activi-
ties of the companies created after 1980 are
connected with biotechnology, making them
what could be termed ‘“biotechnology compa-
nies”. Those companies founded before 1980
have incorporated the new techniques into
their activities, processes and/or products as a

method of adapting to the market and its new
demands. The date of starting the biotechnol-
ogy activity is similarly centred in the 1980s
and, therefore, the setting up of companies at
this time is intimately linked with this activity.
The adapting or acquiring of knowledge in
biotechnology has also come about, as occurred
in the companies in Catalufia, through innovative
activities and R&D. The companies consider in-
novation as a mechanism by which they assimilate
and put into practice changes in the design of
processes, product manufacture, organisational
changes, etc., and it is by this mechanism that
they have incorporated the new technologies. In
fact, all the companies have undertaken R&D in
biotechnology in the period 1995-98, in products
or processes or both: five companies have under-
taken these activities in both products and pro-
cesses (these are the companies most committed
to the sector and which consider biotechnology to
be their principal activity, having been set up with
this objective), one solely in processes and two
solely in products.

3.3. Property and commercial activities

All the companies are private both in Cataluiia
and Madrid, though with differing distributions,
depending upon the nationality of capital: from
the 18 Catalan companies, 12 are national and six
multinational, whilst there is a 50:50 distribution
(four national and four multinational) among the
companies in Madrid.

The activities carried out by companies from
Catalufia may be directly related to biotechnology
or, on the other hand, show a diversified field of
action in which biotechnology is just one activity
amongst many. Grouped according to the sector
in which they work, three companies are in hu-
man health, four in animal health, three in agri-
culture, three in agro-food, one in industrial
processes, three state that they carry out activities
in the sectors of human and animal health and
one in animal health and agriculture. There is no
significant concentration of these companies in
any of the market segments in which they operate.
Thus, seven companies state that they act in the
segment “‘therapeutics: human and/or animal



30 V. Diaz et al. /Journal of Biotechnology 98 (2002) 25—-40

healthcare”; eight in “other healthcare”; seven in
“supply industries”; three in “agro-food: plants”;
two in “agro-food: animals”; one in “energy and
environment” and one in “basic aspects”.

With respect to turnover, the data obtained are
those for 1998, with a total turnover for the
companies in Catalufia involved in biotechnology
activities of 1647 million euros. There is a wide
range of turnover figures in the interviewed com-
panies from 0.63 to 589 million euros, showing
the existence of two very different groups: the
SMEs (small- and medium-sized companies), in-
novative companies entering the biotechnology
market and making a great effort to adapt them-
selves to the new technologies; and the multina-
tional companies, larger and with a high turnover
derived from their multiple, current business inter-
ests, and which have seen an opportunity for
business in biotechnology.

The mean percentage of turnover attributable
to biotechnology activities in the year 1998 was
30%. However, there are companies already spe-
cialised in this sector in which sales are completely
attributable to their activities in biotechnology
(100% of sales), whilst another group is just be-
ginning to enter the sector and its sales from this
activity may be considered trivial compared to its
principal activities. Sales are also influenced by
exports, and 15 companies carry out business
abroad. The volume of this business for 1998 was
of 96 million euros, with a range of 0.02-17
million euros and a median of 4.3 million euros.
Of the 15 exporting companies, 12 export to
countries of the EU, six to other European coun-
tries (not members of the EU) and seven to other
countries (excluding those countries mentioned in
the previous categories).

Regarding the group of companies in Madrid,
two are independent, six form part of a group,
and five are subsidiaries and one is a joint ven-
ture. Of the companies which form part of a
group, the group head office of two is in Spain,
two in countries of the EU, one in another Eu-
ropean country and one in a non-European
country.

Five of the companies consider that biotechnol-
ogy is their principal activity, but it is one of the
various activities in three of the firms. These data

present us with a clear difference in comparison to
those companies found in Catalufia, whereas the
“biotechnology companies” or “companies fully
committed to biotechnology” in Madrid represent
62.5% of the total for the region; in Cataluna this
group represents only 22.2%. Companies in
Madrid appear to have committed themselves
more fully to the sector and show a higher degree
of specialisation, or at least the present distribu-
tion in percentage terms would suggest this.

Of the eight companies in Madrid, three oper-
ate in the sector of human health, one in animal
health, two in agriculture, one in industrial pro-
cesses and one works in three sectors—human
health, animal health and agriculture. This indus-
trial group does not concentrate on a specific area
of work, rather the contrary that there is no
significant concentration in any of them.

The companies from Madrid had a mean
turnover of 46.1 million euros and a median of
43.8 million euros. The small difference between
the median and the mean indicates a more homo-
geneous level of turnover than in the case of
Catalufia. The range in turnover was from 1.3
million euros for the company with the lowest
turnover to 113.8 million euros for the largest
company; a figure quite different from the level of
turnover of the largest company in Cataluna (589
million euros). The sales from activities specifi-
cally related to biotechnology represent 34% of
the total for 1998. There are five exporting com-
panies in Madrid, with a mean volume of exports
of 11.3 million euros and a median of 6.1 million
euros. Three companies export to EU countries,
three to other European countries not belonging
to the EU and a further three to other countries
not included in the previous categories.

3.4. Human resources

3.4.1. Cataluiia

The total number of employees in the 18 com-
panies located in Catalufa is 7993, ranging from
small companies with 14 employees to large multi-
nationals with a total of 2800 workers. The mean
number of employees per company is 444, a figure
which is distorted by the presence of large compa-
nies. In comparison, the median, understood as
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the middle value of all values found, gives us a
figure of 149 employees per company, a value
closer to the reality of Spanish industry in the
biotechnology sector.

The proportion of graduates is just short of
30% of employees (28.8%), with a total of 2300.
The difference between the small and large com-
panies is also very wide, ranging from six gradu-
ates in the smallest company to 1000 in the
largest. The mean is 128 graduates per company,
and the median, and more representative figure, is
217.

Employee numbers over the past three years
have experienced growth for 12 companies, a
reduction for four and stability for two. These
data indicate a sector in marked expansion and
growth, aiming to consolidate its market position.

There has been a very significant change in the
employee profile: graduates have been hired in
significant numbers to work, particularly in the
areas of R&D and innovation. In fact, in the
above mentioned period, no company lost em-
ployees from their graduate staff; 15 companies
have increased the number of graduates on their
workforce and only three have shown stability of
numbers (they have not increased the number of
graduates but neither have they reduced the
numbers).

3.4.2. Madrid

The total number of employees from Madrid is
957, with a mean of 120 employees per company.
Correction of this value using the median gives a
value of 80. The companies in Madrid are smaller
than those from Cataluia, and the range in the
number of employees is from 7 to 399. With
respect to the number of graduates, eight compa-
nies have a total of 316, with a range of 4-120, a
mean of 40 and a median of 19. The number of
graduates employed is also lower than in firms of
Catalufa in absolute values but higher in percent-
age terms with respect to the total number of
employees, reaching 33%.

The level of qualification (using the percentage
of graduates as an indicator) is higher in the
companies in Madrid than in the companies from
Cataluiia.

In the last three years, six companies have
shown growth in their human resources, one has
lost employees and one has maintained stable
levels. With respect to graduates, seven companies
have added members to their staff and only one
has shown no change. The incorporation of staff
with university degrees has been a marked ele-
ment of business strategy.

In this respect, the number of employees dedi-
cated to R&D in biotechnology has increased in
five companies over the period 1995-98 and has
remained stable in three. The figures related to the
numbers of graduates are even better than the
above, with six companies increasing the number
of graduate employees dedicated to this area,
whilst two companies have maintained stable
levels.

3.4.3. Common arguments in relation to human
resources

The evolution, albeit positive, of the biotech-
nology sector in the two main regions of Spain is
still insufficient to attract massive human re-
sources to this sector. The hiring of graduates by
the companies represents an additional cost
which, in most cases, is not supported by the
overall management of the firms, as there is still
no real culture and commitment to hire graduates
amongst their employees. A further important
aspect, highlighted by the companies with respect
to the hiring of graduates, is the mismatch be-
tween the academic training received and the
tasks to be carried out thereafter in the compa-
nies. This lack of congruity with the real needs of
the companies is a handicap which conditions and
interferes with the entry of graduates into indus-
trial employment. University graduates require a
period of training and adaptation which is equal
to or even greater than that demanded by workers
with vocational training, while the latter asks for
lower wages. In the case of similar skills, the firms
tend to prefer hiring those with lower salaries.
Nevertheless, the strategic importance of research,
innovation and technological development in high
technology sectors like biotechnology may modu-
late the policies for hiring personnel. These tasks
emerge as the determining ones for delineating the
profile of employees.



32 V. Diaz et al. /Journal of Biotechnology 98 (2002) 25—-40

3.5. R&D and innovation activities

3.5.1. Cataluiia

The companies in Catalufia recognised the im-
portance of these activities, and the companies
which carried out innovation (15 out of the 18
companies studied) have financed these activities
with their own funds, showing a direct involve-
ment in the change produced.

The total cost for the group (15 companies) for
R&D in 1998 was 61.7 million euros, around 5%
of the total turnover, with a mean of 4.1 million
euros per company and a median of 1.32 million
euros. These figures have shown an increase over
time.

The percentage of the R&D expenditure corre-
sponding to biotechnology amounted to 37.7% in
1997 and to 39.4% in 1998, representing an in-
crease of 1.7%.

The companies also raise funds from other
organisations, as they consider the expenditure
which has to be committed in order to undertake
innovation with some degree of success to be
excessive. The securing of external funds, there-
fore, becomes a concern itself and one of the
objectives for management. All the companies in
this group find that the cost of innovation is very
high and consider this to be a factor which, to a
great extent, limits these activities.

Furthermore, the return from these investments
is considered to lie in the long-term, whereas their
annual results are really important for successful
management. For this reason, one of the deficits
of this part of the system is the lack of continuing
economic support for business projects designed
to promote technological development and inno-
vation. There is a clear need for public funding
for the research undertaken in private companies
and there is a demand for it.

The companies from Catalufa allocate funds
for R&D and innovation to both internal and
external spending (purchase of equipment, train-
ing related to new products and processes, mar-
keting of new products, industrial design and
engineering and, a minor percentage, to buy intel-
lectual property).

Innovations are both of a technological charac-
ter and an organisational nature. Among the first,

about 50% of the companies said that they had
introduced new products; the same percentage has
made significant achievements in traditional prod-
ucts and about one-third have only made slight
modifications. Among the organisational innova-
tions, new strategic orientations, advanced man-
agement techniques and the acquisition of new
equipment for long-run activities were most often
mentioned by firms.

The factors which, in the opinion of the compa-
nies, contribute to the success of innovative activ-
ities are, in first place, the commitment of the high
level management and the innovative culture of
the company and, in second place, co-operation
with research centres and universities.

3.5.2. Madrid

The companies in Madrid, for their part, also
consider innovation and research as fundamental
to the building of companies and making them
competitive. All of them (eight companies) have
undertaken biotechnological activities during the
period 1995-98. Furthermore, they confirm their
commitment to innovation when they declare that
these activities are undertaken systematically and
not as temporary activities, forming part of the
routine tasks in the different processes in which
they work.

The funds which they use to cover the costs of
research are mainly provided internally by the
company. They also state that it is only through
this line of action that they can consolidate their
position in the market and that the future of the
companies depends on continuous innovation and
a rapid adaptation to the needs of the market.
Despite covering the costs of innovation them-
selves, some companies do look for public money
to supplement the funds which they have pro-
vided. The investments made by the Madrid com-
panies amount to 4-5% of the total turnover, a
figure similar to that recorded for firms from
Catalufia. Funds invested in innovation increased
by 34.4% from 1997 to 1998.

On comparison of the medians, the middle
value found for Madrid in the distribution
of R&D and innovation expenditure is higher
than in the case of Catalufia and so is the percent-
age devoted to innovation in biotechnology
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(around 4-5%), a fact which serves to confirm the
greater degree of specialisation of the companies
located in Madrid: this is a group whose principal
activity is more closely linked to biotechnology
and which, thus, makes a greater economic effort
towards its development.

At present, the companies consider that adapt-
ing their infrastructure to the new technology is a
priority, and the purchase of new machinery to
cope with the technological advances is essential
for this purpose. All companies consider this a
business strategy priority and a first step towards
undertaking truly innovative activities and tech-
nological research and development in the future.
The greatest number of technological innovations
has been in new products, introduced and manu-
factured by the company itself, followed by sig-
nificantly improved products, and, finally, slightly
modified or unmodified products.

The organisational changes which have oc-
curred have been put into practice as a new
strategic orientation required by the introduction
of new technologies which, without doubt, neces-
sitated a change in current practices.

As a first step, the companies were only acquir-
ing the equipment necessary to adapt their tech-
nologies to the new era, without redefining
business objectives and the new tools required.
Innovation was only considered from the point of
view of the technology itself, without taking into
account the consequent need for a change in the
organisational culture with new, more dynamic
and flexible management techniques. This group
now appears to have achieved this second stage.

These companies, as mentioned above, base the
success of innovation primarily on the R&D de-
partment, and the presence of this department can
be considered as an example of the organisational
change which has occurred: in the mid-1980s there
were almost no companies carrying out R&D
and, naturally, not one of them had a specific
department for this. They all now have a well-
defined department which concentrates all its ef-
forts on finding effective solutions for
manufacturing processes, on the improvement of
existing products and the creation of new ones.

In most cases general management is consid-
ered to be a fundamental element not in the

provision of usable ideas for technological re-
search and development but rather in the adapta-
tion of the organisational structure to modern
times. The redefinition of the personnel depart-
ment (which used to be concerned only with
salaries and social security) to the human re-
sources department (which decides training pol-
icy, career planning, remuneration, etc.), and of
the research group (when there was one) to the
R&D department, etc., are some of the benefits
which the companies attribute to management.

The new technologies must be accompanied by
new methods of management, and these must be
implemented by upper management. Further-
more, the companies also state that these “‘execu-
tives” participate actively in innovation by their
commitment and by the study of global processes.
As a test of the importance given to general
management, the innovation culture of the com-
pany and the dedication of upper management
are considered by all companies as factors which
contribute to the success of innovative activities.

The marketing and production departments
are, in their opinion, the most distant from inno-
vation. These departments, presently, only under-
take activities related to production and do not
participate in any practical way at this level: their
involvement is intermittent and always linked to
an improvement in the production chain, either in
the process or in the product itself.

3.6. Linkages and interactions: co-operation

In general, the companies studied have a posi-
tive opinion of co-operation, particularly with
regard to undertaking work related to innovation.
The appreciation of innovation-linked competi-
tiveness, conditioned by the search for “partners”
to jointly finance the high cost of the research,
favours relationships with various institutions.

The situation seen up to the 1980s, when no
company carried out innovation or research and
development, placed each company (or business
group) within defined limits, working in isolation,
distanced from its competitive environment and
with no need for input from external organisa-
tions. Now, the search for solutions to specific
problems demanded by the market, for sufficient
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financing for the costs of R&D and, in general,
for integral solutions for new processes and prod-
ucts, encourages companies to sign agreements
and enter partnerships with both public and pri-
vate institutions.

In Cataluiia, the companies are even beginning
to participate in various national and interna-
tional research programmes related to biotechnol-
ogy research projects: 13 companies have
undertaken projects financed by funds from the
“Spanish National Plan of R&D”, five with funds
from the “Autonomous Community Plans” and
nine with support from the EU framework. This
participation in projects began in the 1990s.

Furthermore, as mentioned above, the compa-
nies have begun a strategy of co-operation with
other institutions to carry out innovation or R&D
which, on many occasions, has resulted in the
development of new products.

The relationships with public institutions ap-
pear more formalised, and these contacts already
form part of business culture. Co-operation with
Spanish universities has been established by all
the companies which are undertaking or have
undertaken innovation of products or processes in
recent years, and almost half of these companies
have had contact with universities in other coun-
tries of the EU. It is also very significant that
two-thirds of the companies undertaking R&D
have co-operated with public research organisa-
tions (the “Consejo Superior de Investigaciones
Cientificas” (CSIC) {The Spanish Research Coun-
cil}, for example) in Spain and in almost equal
number with EU organisations. However, this
type of co-operation only occurs in a small group
of companies dedicated to research which make
use of public resources, both human and eco-
nomic, to assure the quality of their projects. It is
clear that there is still a long way to go in this
matter as the relations between the private sector
companies and the public sector are still far from
ideal and the potential of public research organi-
sations is not optimised or “exploited” by the
Spanish industry.

Co-operation with other companies of the same
group and with other companies of the sector is at
a secondary level. The mergers now commonplace
throughout the EU are also seen in the biotech-

nology sector in Spain. Companies come together
to form business groups which are able to take on
research in an integral manner, producing total
solutions to specific problems. For this reason, the
companies within a group keenly maintain co-op-
eration between the various members. Even more
important is the finding of co-operation with
other companies in the sector (those which could
be called competitors), easier to understand in
terms of the different levels in a production chain.
As well as intermittent contact with the competi-
tors as such, companies in the sector (particularly
those concerned with agro-foods) are stratified
according to their proximity to the final product.
For this reason, most of the co-operation takes
place through the production chain itself, when
intermediate solutions are required for specific
problems as they occur.

One of the indicators when assessing the results
of research and innovation is the development of
new biotechnology products. In the period 1995-
98, 13 out of the 15 companies in Cataluna which
carried out innovation developed new products,
showing the success of the action undertaken.
Investigation into the manner in which these
products have been developed reveals that eight
companies achieved this internally, within the
company, and in 10 it was thanks to co-operation
established for this purpose. The Spanish universi-
ties and public research centres are the principal
institutions collaborating in the development of
new products. Once again, these institutions ap-
pear in first place when the companies speak
about products obtained in collaboration with
other organisations, giving these institutions a
very high assessment with respect to their active
participation in attaining the objectives. All the
companies confirmed they have been able to find
within the universities and public research organi-
sations those aspects which they cannot cover in
their own organisations. Furthermore, the opin-
ion of this industrial group on the scientific qual-
ification of the professionals in the two mentioned
organisations is very high.

There has been a favourable trend in co-opera-
tion with the various organisations in carrying out
innovation and R&D in the field of biotechnology
over the period 1995-98, with 13 companies
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showing growth of this aspect (five intense and
eight moderate) in this period. Only one company
said that it has had fewer professional contacts in
recent years. In general, however, the companies
state that they do not maintain the levels of
co-operation which they would like because of the
continuing low investment in R&D and innova-
tion as compared with the average of EU.

Co-operation with the various available institu-
tions (from suppliers, clients and other companies
to research centres and universities) is one of the
factors which the 15 companies highlight as a key
to success in innovative processes. The impor-
tance given to research centres and universities
continues to be higher than that given to other
organisations.

In Madrid, the profile of the companies with
respect to co-operation with other institutions fol-
lows the same lines as those mentioned for
Catalufia: the companies are beginning to partici-
pate in the National Plans for research and are
increasing their co-operation with the public re-
search centres and universities.

Entering into greater detail, four of the compa-
nies in Madrid have participated in the National
Plans related to biotechnology research projects,
four have participated in EU programmes and
three in the Autonomous Community Plans run-
ning in the different autonomous communities.
However, the companies continue to feel that the
public financial programmes do not take the in-
dustry’s opinion into account, so as to adapt their
policies to the real needs of the sector and that,
therefore, the public research funds are not effi-
ciently used.

It is true that the basic research carried out in
public research centres has always been out of
touch with industry and motivated, in part, by the
industry’s lack of interest in any significant ad-
vance. The companies, due to the small size which
has always been one of their characteristics, and
apart from the truly innovative companies, have
not considered R&D as one of their strategies up
to now. This has led to a clear difference of
interests between industry and the public research
system. Despite this traditional culture, the com-
panies studied have begun to change this situation
and have started to set up co-operation in a

systematic manner. The Spanish public research
organisations and universities are the preferred
organisations with which the companies maintain
contact, as can be appreciated from Table 3. Both
Spanish and the EU universities and public re-
search organisations have seen an increase in re-
quests for work from these companies, but
contact and co-operation with these organisations
in other countries are negligible.

Other organisations with which co-operation
has increased are other companies in the sector
and the companies of the same group, also at a
national level. Companies in Madrid have a very
noticeable lack of contact with international or-
ganisations, though present trends suggest an in-
crease in these contacts: the companies first
establish contact with national institutions; from
there, they look for partners in the EU and finally
they attempt to set up contacts with other compa-
nies or organisations at an international level. The
leap to establishing co-operation with American
organisations ‘‘frightens” general management,
and a first level of co-operation with European
organisations is preferred.

This co-operation has resulted in the develop-
ment of new biotechnology products on many
occasions. In the period 1995-98, seven compa-
nies (of a total of eight) have achieved this objec-
tive and all of them in collaboration with other
centres or companies. Five companies have been
able to achieve new products internally, without
co-operation with any other external organisation.
In this manner, it appears that the companies
interviewed find greatest support within the group
to which they belong, as the largest number of
products is developed in collaboration with these
companies. These groups have companies in vari-
ous countries, and this favours international con-
tacts, increasing the number of these contacts with
respect to contacts with public research centres
and universities.

In general, these eight companies state that they
have increased the number of contacts in the
development of innovative activities between 1995
and 1998, achieving an increase in the number of
occasions on which co-operation was undertaken.
All the companies are anxious to achieve a signifi-
cant increase in co-operation with public organi-
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Table 3

Number of companies in Catalufia and Madrid which have bought and/or sold technologies

New technologies Spain EU countries Other European Other countries
countries

Bought Sold Bought Sold Bought Sold Bought Sold

C M C M C M C M C M C M C M C M
Equipment 6 2 1 4 2 1 4 1
Subcontracted R&D 9 3 3 1 4 1 2 1 1 3 1 1
Consultancy services 4 2 1 2 1 1 1
Personnel contracts 6 4 1 2 1 1 2 1
Communications and training 4 2 2 3 2 2 2 5 2

C = Catalufia; M = Madrid.

sations, though they also considered that the pub-
lic research system is an obstacle in relationships:
a change in the outlook of public sector scientists
is believed to be necessary in order for them to
better understand the problems of industry. The
companies also criticise the established career sys-
tem of public sector research for not according
merit to contracts with companies in the curricula
vitae of the investigators.

3.7. Technology transfer

With reference to the processes of acquiring,
transforming and transmitting technology, it
should be mentioned that the Spanish industry
involved in the tasks of technological innovation,
research and development is still in an early
phase, based, fundamentally, on the acquisition of
technology and equipment from abroad. Innova-
tion, therefore, has been practically limited to the
purchase of the ‘‘latest generation technology”
which provides them with an up-to-now unknown
potential.

The companies in Cataluiia find themselves
within the framework described above, and the
greatest activity insofar as concerns new technol-
ogy is the acquisition of equipment and externally
subcontracted R&D. The results of the interviews
on this issue are summarised in Table 3.

The results show a clear negative balance be-
tween the companies which buy in new technol-
ogy and those which sell. The group of the 15
companies in Catalufia is modernising its produc-

tion systems by the incorporation of new equip-
ment, though there is already a small group (three
companies) which is beginning to sell their inno-
vations to other companies in the sector.

The companies face a series of factors which
make this expansion difficult and which are
classified as: internal—economic and business—
and external. With respect to the first, the eco-
nomic factors most frequently cited as a restraint
on innovation are the high cost of these activities
and the risk of this investment. All quality inno-
vation requires the medium term allocation of
funds which is not always positively viewed and
accepted by general management, particularly
when the results of these investments do not
assure tangible benefits in a reasonably short pe-
riod of time.

The prime business factors are precisely the low
spending on R&D and the inability to count on
sufficient innovative potential. Although the men-
tality of management is changing towards a more
long-term view, they are looking for investments
to be made based on the success of the proposals,
but an association between investment and later
economic benefit cannot always be assured.

Finally, the external factors which have a bear-
ing on innovation are current regulations, legisla-
tion and norms and the uncertainty which is a
characteristic of innovation. We must not forget
that the sector at which we are looking, the
biotechnology sector, works under totally new
legislation and that it gives rise to certain doubts
in all sectors of society: the companies, the scien-
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tists, the consumers, the associations, environ-
mental groups, etc. The companies interviewed
insist on their request for a single, unified, com-
munity legislation for all countries of the EU so
that they can work under equality of conditions
and competition.

The situation for the companies interviewed in
Madrid is similar to that in Cataluna, with all of
them consolidating their position as potential pur-
chasers of new technology. This is despite the fact
the group in Madrid is being considered as more
“biotechnological” than the Catalan group.

However, the needs of the industry do not stop
there: there is also a need to train the workforce,
adapting it to the technological advances, as well
as to take on R&D projects in a systematic man-
ner to assure competitiveness.

As may be seen from Table 3, the greatest
efforts are being put towards taking on personnel
and carrying out R&D projects. The most ambi-
tious companies with the most commitment to
innovation make great efforts towards these two
objectives as the means to assure their success in
the market. The sale of new technology is consid-
ered to be the next step, though it is still far from
being within current possibilities. First the compa-
nies must get themselves “up-to-date” in current
biotechnology developments and, from there, con-
solidate their position and achieve a balance be-
tween purchases and sales.

Accepting these deficits as reality and of pri-
mary necessity, the means for their solution must
be sought; the companies are aware that the cost
which this represents is very high and to under-
take them they demand encouragement in the
form of innovation programmes supported by
government (both at a central and regional level)
and the promotion of co-operation with public
research centres.

A change in the innovative culture (considered
a key factor in competitiveness) already appears
to be taking shape in all the companies, favoured
in large measure by the commitment of high-level
management. Both factors are closely linked to a
greater predisposition of the workforce towards
this type of work and the search for better
alternatives.

3.8. Convergence trends and factors of
development

The main aim of the sector in Cataluiia is to
increase the range of currently available products
in order to increase or maintain their market
share. To achieve this, a product of higher quality
must be offered. Other objectives of great impor-
tance, such as the entry into markets in other EU
countries or in the rest of the world, appear to
take second place, though they are given consider-
ation when future business strategy is being
drawn up.

The very close agreement in the objectives es-
tablished by the companies as a whole is remark-
able. Above all, they appear to be looking for a
leading position in the national market before
taking on activities which would allow them to
broaden their horizons to foreign countries.

For their part, the companies in Madrid have
established as priorities the improvement in the
quality of the products and an increase in the
range of products. This group considers that a
leading position with respect to competition is
gained by offering the best possible product on
the market. Having achieved a truly competitive
product, with its niche in the market, the means
are sought to introduce further new products to
consolidate their position.

Furthermore, their aims also include the open-
ing of new markets in Spain. It has already been
mentioned that this sector is considered to be ““a
new creation”, and the companies have still not
been able to penetrate all the available markets at
a national level. This is how the companies per-
ceive the situation and express it in the interviews;
their intention is to dominate the largest possible
number of sectors.

Concern for the environment is another factor
labelled as a priority in the strategy for the future.
The companies require full awareness of and com-
mitment to sustaining the environment, and they
already express this concern.

3.9. Main factors that may be affecting those
expected trends

In the same line, there is also consensus in
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considering innovation and R&D to be the mech-
anism by which existing products and processes
may be adapted to real needs, though the
prospects of their economic impact on turnover
and the volume of exports are still not considered
to have been fulfilled.

In Cataluiia, at present, these activities, which
up to now have been considered as giving “added
value”, have not yet compensated for investment
in the form of consolidated economic benefits.
Despite this, five of the companies have already
correlated the increase both in turnover and in
exports with the R&D activities in biotechnology.
This increase has been estimated at slightly over
10% at a global level (for all five companies), with
an increase of 13% in sales and of 16% in exports.

In Madrid, with regard to the economic impact
of innovative activities and R&D on company
profits, the figures made available in the inter-
views are not particularly encouraging: one com-
pany has only increased sales and two have
increased sales and exports. Three companies
which have increased sales have done so with a
mean of 25.3% and the two which have increased
exports have shown a mean increase of 57.5%.
The forecasts made by all of them are of experi-
encing growth in the short- and medium-term,
conditioning the results to more mature markets
which are open to the continuous changes being
introduced.

3.10. Expectation about reduction of the gap

The perspectives defined by all the companies
for the immediate future are, in a first phase, to
make the investments in R&D profitable by mak-
ing their products or processes more suited to the
demands of society, thus achieving a better posi-
tion in the market. From that moment, the in-
crease both in turnover and in exports becomes an
objective which must be fulfilled.

The problem in both regions, Cataluiia and
Madrid, is two-fold: public policies and consumer
acceptance for the newly created products (or
already known products using new, more modern
procedures based on biotechnology). It is clear
that Spanish society has been able to accept prod-
ucts derived using these new techniques in the

area of therapeutics and healthcare and that this
is not a problem when they become potential
consumers of these products. All those drugs
which contribute to an improvement in the qual-
ity and length of life, even if openly called “bio-
technological”, with all its implications, are
accepted without condition.

However, the advances made in the agro-food
sector have led to considerable social controversy
concerning the problems caused by the consump-
tion of food from genetically modified organisms.
Despite the safety of these products (they have to
pass a series of strict controls which, to date, have
raised no doubts about their suitability for mar-
keting), the public is negatively disposed to them
without having received sufficient information to
be able to form a qualified opinion. For this
reason, the success of companies working in this
sector seems to be conditioned by consumer ac-
ceptance, both in the production chain (food
manufacturers, for example) and the final con-
sumers of the newly developed products.

4. The biotechnology sector in the rest of Spain

The rest of the firms in Spain (23 firms, 47% of
the total firms identified in the study) are dis-
tributed throughout the country, though three
regions (Andalucia, six firms; Galicia, four firms;
and Comunidad Valenciana with four firms) still
show a certain degree of concentration (28.6% of
the total). The nine remaining firms are scattered
in other regions with the following distribution:
Aragon, Castilla-La Mancha and Basque Country
(Pais Vasco) with two each, and Canary Islands,
Castilla-Le6n and La Rioja, with one firm each.

There is a degree of specialisation in the area of
agro-food and environment for the region of Va-
lencia (Comunidad Valenciana), whereas in the
other two regions with the higher share (Andalu-
cia and Galicia) there is an even distribution of
the firms into the three classical subsectors: agro-
food, health and bioprocesses.

Three firms out of 23 are of public ownership.
The other 20 are private, 15 of national property
and five multinationals.
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The great majority of the firms (19) were cre-
ated before the 1990s, with their activities not
specifically addressed to the development of bio-
technology. However, the incorporation of this
technology has opened new business opportuni-
ties, thus leading to an important strategic orien-
tation in the market and new entreprencurial
organisation. Two-thirds of the firms undertook
their activities on biotechnology during the 1990s,
with the remaining firms beginning their activities
in biotechnology earlier; five firms in the 1980s
and the other four well before that decade.

The total of human resources for the 22 firms
that provided information on this topic amounted
to 9537 employees, with an average per firm of
433.5 and a median of 50—-60. The strong differ-
ences between the average and the median rest on
the effect of two big firms: one in Andalucia with
7500 and another in Castilla-Le6n with 700 em-
ployees. The influence of these two big companies
does not mask the profile of the biotechnology
firms in these regions of Spain as that of an
industry which is nationally owned and of small-
to-medium size.

The turnover figures amounted in 1998 to 700
million euros (average, 34 million euros, and me-
dian, 3 million euros). The average of the sales
which are a result of the activities of the firms in
biotechnology amounted to 41% (though some
firms were unable to provide such data), a per-
centage that matches well with the percentage of
the R&D spends which was devoted to developing
biotechnology (41.7%, with the following figures:
1.15 million euros as average and 0.54 million
euros as median). In spite of this good match, it is
perhaps worth to note that the relatively small
differences between these values as compared with
the larger ones existing in other parameters like
human resources and turnover figures, may point
out that the small and medium firms are those
carrying out the highest effort in the R&D spent.

Most of the firms have been involved in per-
forming innovation in processes, though their
main innovative strategy is driven by improving
their organisational structure. Their goals are to
be able to compete in the market by increasing the
number of competitive products and their market
share. The reduction of the environmental impact

is also recognised as an aim of the firms’ goals.
About 50% of the firms are able to export, namely
to the EU, with smaller percentages to other
European and non-European countries.

The firms recognise the high cost of R&D and
innovation, together with their limited resources,
the lack of the trust of consumers in new biotech-
nology products as well as the constraints im-
posed by regulations as the main factors
hampering the development of the biotechnology
sectors. On the other hand, the existence of an
intra-firm innovative culture, supported by the
will of the general management of the firms and
the ability and opportunity to co-operate with
public research centres are applauded as the main
drivers for a satisfactory development of that
sector.

In summary, this data confirms the argument
that the landscape of the biotechnology sector in
Spain is shaped by the intervention of industries
from the agro-food, bioprocesses and someone in
the health subsectors, which have been able to
diversify their activities, processes and products,
to cope with the introduction and development of
modern biotechnology.

5. Conclusions and comparative framework

I. In carrying out comparative studies on bio-
technology industry in Europe, there is a risk
to follow the North American pattern—the
Ernst & Young approach. This model does
not apply to all Europe, although it is relevant
to United Kingdom, and partially to the new
developments in Germany and other central
European countries. But it scarcely fits into
the development of biotechnology in France
and in other less developed countries of Eu-
rope. The case study of Spain adds support to
this argument. As a consequence, the compar-
ative analysis based on that approach might be
either incomplete and/or biased in terms of
information for taking decisions and designing
policies at European level. The case study of
Spain, for example, identifies deficiencies in
the development of public sector research pro-
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grammes and the attitudes of public sector
scientists. Adapting policies to remedy these
problems could be of great importance to fur-
ther developing the commercialisation of bio-
technology in Spain.

The analysis of the Spanish case on biotech-
nology, carried out within a European frame,
has served to illustrate the complexity and
diversity underscoring the comparative studies
on this technology. Several models have
emerged.

There are evident similarities and differences
in the landscape of industrial biotechnology
between Catalufia and Madrid. The differ-
ences seem to stem from culture and socio-eco-
nomic values and traditions, as well as from
their respective organisations to tackle with
these issues. There is a primary state of bio-
technology development in both regions,
Cataluia and Madrid, and they already have a
regional capacity for innovation in biotechnol-
ogy, relying on the specific characteristics of
each of these regions: an industrial tradition in
Catalufia, and the strength of the services sec-
tor and new technologies in Madrid.

The evolution of biotechnology in Madrid is
showing a trend towards the Anglo-Saxon
model with the creation of several spin-offs
from universities and public research centres.
The evolution in Catalufia appears to be based
on institutional initiatives bound to the con-
cept of technological (and scientific) parks and
the corresponding infrastructures. The quanti-
tative weight of the Catalufia region in the
case of Spain biases the model of the Spanish
biotechnology sector towards type 4 (Table 2).
However, the subsystem of Madrid matches
better with a mix of models 1 and 4.

. The lack of statistical data on biotechnology

in Europe, due to the complexity and transver-
sality of the sector, hampers the feasibility and
validity of FEuropean comparative studies.
Studies as those carried out in the frame of
European projects such as the one reported
here may help to increase the knowledge on
the situation of biotechnology in Europe.

6. Some previous works have shown differences
in the role being played in the making of
biotechnology policy in Europe by public ad-
ministrations at supranational, national and
regional level (see for details European Com-
mission, 1999).

7. It is evident that biotechnology is operating at
a global level, but in this operational situation,
the importance of the national and regional
levels is emerging as critical environments for
the appropriate evolution of the technology.
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