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Is there an European System of Innovation in Biotechnology?

This paper considers the factors that are encouraging and holding back European innovation in biotechnology, and the extent to which it is possible to identify the emergence of a European system of innovation in biotechnology. It is based on a study
, which investigated biotechnology innovation in eight European countries (Austria, France, Germany, Greece, Ireland, The Netherlands, Spain and the UK) focusing on three specific industrial sectors: bio-pharmaceuticals, agro-food
 and research equipment and supplies.

The main results of the study will be discussed, after presenting the methodology employed, discussing the characteristics of the three sectors studied and the strategies adopted by each sector for biotechnology. The reasons for the great differences revealed in the innovation patterns of the eight countries and the three sectors will then be presented, leading to reflections on concepts of national systems of innovation. Some scanty evidence about how European biotechnology firms differ from their US counterparts will be reviewed. It is uncertain whether this suggests the emergence of a European biotechnology system. The paper will conclude by discussing the implications of the findings for triple helix interaction to promote economic development.

1.
Methodology for the Study

The methodology for the study was designed to encompass scientific, industrial, technical, economic and regulatory changes and trends, both past and present, as well as attempting to predict future patterns. It took this approach with the intention of contributing to a wider understanding of the processes underlying the development of new technologies in general and the evolution of biotechnology in particular.

Three bodies of literatures identify important features that may affect the process of technological change: national systems of innovation, technological systems and socio-technical systems. A review of these literatures found both differences and significant overlaps.
 It also helped to identify the factors that appear to be significant to innovation and the central elements and relationships between them. This information was used to design a framework for preparing national case studies. Figure 1 provides a simplified overview of this framework, including the networks within which relevant institutions and organisations are embedded and their inter-relationships. As shown, the main components of the framework are networks of knowledge and skills; industry and supply; demand and social acceptability; and finance and industrial development. This framework is more comprehensive than that provided individually by the three underlying bodies of literature. The national case studies aimed to provide information about these networks and about the elements, which link them together. 
Figure 1: Networks of Key Factors Influencing Innovation
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Figure 2: No. of Biotech Firms by Sector and 
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TT = technology transfer   IPR = Intellectual Property Rights   PINGOs = Public interest non-government organisations   BINGOs = Business interest non-government organisations

We employed a common framework and definitions for the phenomena being studied, used the same indicators and similar data sources to represent the factors under study and reported the findings in reports which conformed to a common structure, to ensure that the national case studies were as comparable as possible. The common reporting structure for the national reports included a general introduction to the characteristics of each country which might affect the development of biotechnology such as strong national economic sectors, critical historical events, elements of the culture or political style, industrial policy since 1990 and any recent changes in direction in terms of the four networks being considered. Chapters on each sector also followed a common framework and reviewed the science base, the industrial structure, the nature of the market including consumer attitudes and the prospects for the sector. The national case studies concluded by comparing the three sectors.

Secondary sources were used for collecting background national and sectoral information. In addition, studying a related controversy in each sector identified information on the social acceptability of biotechnology: xenotransplantation for bio-pharmaceuticals, GMO foods or crops for agro-food and genome sequencing for equipment and supplies. 

An industrial survey was carried out in the eight countries to assess the extent of biotechnology commercialisation in each sector. Sectoral definitions were based on specified product areas and sub-fields of biotechnology. Information was gathered about new biotechnology firms and other firms which had diversified into biotechnology, including both domestic multinational companies (MNCs) or the subsidiaries of foreign MNCs. Model questionnaires designed for collecting information about firms were for optional use only, and the required information could also be gathered by other means. Data gathered about the companies in each country was consolidated in a single database
 to facilitate the preparation of cross-sectoral analyses for each of the sectors being studied. The cross-sectoral analyses drew on the database, national studies, relevant secondary sources and contextual background provided by an assessment of European policy. 

2. General characteristics of the sectors
i) Pharmaceuticals: The European pharmaceutical industry competes in a global market place and in 1998 it accounted for 40% of world output. It is a net exporter of pharmaceuticals and with the exception of Austria and Spain, the countries in this study have a positive pharmaceuticals balance of trade. Multinational companies dominate the sector and invest in intensive R&D to bring new products to market, to move into competitors' markets and to meet health and safety regulations. The long time (typically 12 years) and high cost of bringing new drugs to market has been a major barrier to entry, and provided an excuse to maintain high profit margins on new drugs (Sharp & Senker, 1999).

The costs of innovation have been increased substantially by advances in biotechnology which are being applied both as research tools in the drug discovery process and in the discovery of new drugs (Henderson et al, 1999). The growth of mergers between large multinational companies in recent years has been driven by the need to reduce innovation and sales costs (Hodgson, 1999).

Domestic multinational pharmaceutical companies are significant players in three of the countries in our study: France, Germany and the UK. These three countries are also home to subsidiaries of other European and US multinationals which are active in R&D. France, for instance, is home to several laboratories of Swiss pharmaceutical firms. The Netherlands has major multinational chemical companies (but none in pharmaceuticals) and these appear to have had some influence on industrial biotechnology activities. 

The research activities of foreign-owned subsidiaries are a significant part of the biotechnology R&D effort throughout Europe. There are subsidiaries of major European multinationals in every country in the study except Ireland and Greece. US subsidiaries are mainly located in Germany, the UK and Ireland. Irish pharmaceutical subsidiaries are mainly involved in manufacturing in state-of-the-art facilities but a trend is now developing for them also to undertake biopharmaceutical research. Subsidiaries undertake significant biotechnology activities in The Netherlands and Austria; they also make some contribution in Spain. Foreign subsidiaries in Spain and Austria are included in the general analysis of the activities of small and medium sized companies, in 3.2.1 below because they are almost the only significant industrial performers of biotechnology research in these countries.

Pharmaceutical business interest non government organisations (BINGOs) are active in every country except Greece, and play a minimal role in Austria and Spain. They are extremely strong in Germany and significant in France, The Netherlands and the UK.

ii) The agro-food sector: The agro-food sector involves a wide variety of diverse actors: on the one hand there is agriculture, with farmers, seed firms and agrochemical firms producing pesticides and fertilisers; on the other there are agro-food firms that supply products directly to consumers, essentially through mass distribution. In both cases, the implications of the use of biotechnology are different. For agriculture, biotechnology allows seeds to be improved and this can be linked to reduced application of agrochemicals. In agro-food, biotechnology is used to control processes and for diagnostics. In all cases, agricultural and agro-food biotechnology is rarely integrated into final products; it is used for production or control. 

Since the late 1970s, the sector has been shaped by the activities of agrochemical firms. They faced increasingly saturated markets and biotechnology offered the potential to develop new, profitable products to wipe out competition from low-cost products no longer in patent protection. Biotechnology can speed up the screening process for new agrochemicals and improve their efficiency. Initially the agrochemicals firms were extremely active in acquiring seeds companies; more recently, as the sector became more mature there have been mergers between agrochemical companies (Tait et al, 2001). The main characteristics of the two sectors are:

· important to national and the European economies;

· large number of firms and concentration of research in a small number of large firms, mainly multinationals in agriculture (seed and agrochemical companies); the seed multinationals are oriented to the European market and agrochemical multinationals towards the international market. Food manufacturing is also highly concentrated but, with a high volume, low value-added market, companies have a low propensity to invest in R&D.

· national specificities in food consumption.

· limited use of patents. In agriculture, plant varieties are protected by plant certificates. Patent protection is used mainly by biotech firms for specific genes or specific techniques. Agrochemical firms protect innovation by producing complementary products, especially plants with genes resistant to specific herbicides. In the agro-food sector firms have a low propensity to patent because much innovation is in the production process which is difficult to imitate. Secondly, there are low margins for agro-food and firms base competition more on marketing, than on intellectual property.

Germany, UK, France and the Netherlands are countries in which technological progress in agriculture is important. They all have a strong industrial base in agriculture and agro-food, and large domestic multinationals. In Austria, Ireland, Spain and Greece the farming system is less intensive and the agro-food sector is less developed. 

Apart from The Netherlands, where the interests of agro-food firms are represented by a BINGO for the biotechnology industry, there do not seem to be any specific biotech associations for the agriculture or agro-food sectors. Nor are BINGOs in the agriculture and agro-food sectors visible or powerful. One of their main handicaps is the segmentation of markets (milk, beer, yeast, etc.) and relationships with other professional associations. 

iii) The equipment and supplies sector: There is no statistical sector for the equipment and supplies, nor publicly available information about market size and growth rates. The sector was defined solely according to specified product areas and sub-fields of biotechnology. The overlap between traditional research areas like immunology, molecular biology and biochemistry is one reason why it is so difficult to delimit a clear market segment for this sector. 

It has been assumed that innovation in the sector is similar to that in the scientific instruments sector. Irvine (1991) suggests that successful development of scientific instruments depends on integrating potential (scientific) users into the testing and commercialisation process. The involvement of lead-users from industry or government ensures that market needs are taken into account during the innovation process, and guarantees important initial sales. Technically sophisticated, high-status lead-users can promote the rapid diffusion of new scientific instruments. This analysis suggests that the strength of the biotech instruments and supplies sector may be intimately linked to the strength of the science base and industrial research in any country.

4. Strategies for Biotechnology in the Three Sectors

Small biopharmaceuticals firms have been formed to exploit new scientific breakthroughs in biotechnology, especially their potential to revolutionise the innovation process. There appear to be two possible paths that new biotechnology firms may follow. They may seek to provide "platform" technologies, or other specialised knowledge to large pharmaceutical and small biotechnology firms. Alternatively they may attempt to become integrated pharmaceutical companies and compete with the incumbents. Both strategies are likely to lead to increased concentration. Firms following the former strategy may become vulnerable to takeover by multinational companies in the long term. Initially platform technologies were unidisciplinary (based on molecular biology or biology), but current platform technologies are multidisciplinary or interdisciplinary (DNA chips, DNA/RNA arrays, proteomic analysis combining electrophoresis and NMR, genome sequencing or mapping single nucleotide polymorphisms). Thus small platform technology firms may seek to acquire or merge with other similar firms so as to expand their product pipeline, increase company valuation, provide access to complementary expertise or technologies, increase "critical mass" and capabilities so as to create a new, strong entity in which the whole is greater than the sum of the individual parts.  

The agriculture and agrofood sectors are characterised by strong concentration around a few multinationals. In this context of strong concentration, biotech SMEs developed in close association with large industrial groups, especially in the 1980s and 90s. This explains why biotechnology SMEs linked to agriculture have a higher turnover and number of employees than the average. They are also older, on average, and the parent companies provide a market that enables them to economically valorise their technological developments.

While SMEs in the agriculture and agro-food sectors that developed during the 1980s and 90s from major industrial groups were able to generate high turnovers compared to firms in the bio-pharmaceutical sector, the late 1990s witnessed a new wave of start-ups based on more recent technologies (genomics, gene function). This new generation of firms relies on research that highlights the unity of living matter, and uses specific plants as model species. Technical progress has enabled them to develop diagnostic kits to resolve questions relevant to the public: content of vitamins, fats, lipids, etc., presence of listeria, or GMOs, etc. This movement is now strengthening, with the development of diagnostic kits for environmental applications and for the detection of transmissible animal diseases such as foot and mouth disease and BSE.

Zipkin (2000) suggests that the equipment and supplies market is segregating into:

· supermarket companies providing a broad range of reagents and consumables. Growth is a prerequisite for such firms to stay competitive. Consolidation is most likely in this arena. 

· players combining instrumentation and reagents in several well-defined application niches, and

· small companies occupying a single niche, concentrating on product branding.

Suppliers of biotech reagents and instruments have to keep up with their increasingly sophisticated customers. Both in the US and Europe, small firms trying to exploit experimental niches have shown impressive growth. At the same time, larger companies in the life science supply chain are trying to increase their market share and brand name recognition. In the past, many of the big firms have been built around platform technologies like molecular biology or immunology. This pattern is vanishing in the face of customers' demands for systems solutions, designed to solve problems of a particular experimental technique. Maintaining the link between platform technologies based on instrumentation and corresponding reagents may well be a key to ensure market share and profitability because cross-selling potential is high. Customers like to buy both from the same supplier in order to maintain compatibility. Margins are often higher in reagents than in hardware.

3. Main results of the industry survey

The industry survey collected information on 724 small firms involved in biotechnology in the eight countries involved. An analysis of the main results of the industrial survey found that the commercial exploitation of biotechnology differs markedly between the three sectors and eight countries as shown in Figure 2. 

To summarise the main points of the survey, countries with the highest number of biotechnology firms are France, Germany and the UK, all countries with large populations. The Netherlands, one of the smaller countries, also has a significant number of firms. Austria, Greece and Spain have few firms and most were created 30-40 years ago, indicating that the majority have diversified into biotechnology. 
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A more recent median year of foundation for Irish, French, German and UK firms suggests that the majority were created specifically to exploit biotechnology. These countries also have a high proportion of firms with less than 50 employees. France and Germany have the largest number of subsidiary companies, but they constitute the highest proportion of all biotechnology firms in Austria and Greece. University spin-off firms are rare, but they are most frequent in Germany, Ireland and the UK where they account for approximately 20% of all biotechnology firms.

There are biopharmaceuticals companies in every country in our study. They are the most numerous (337) and they are younger than firms in the other two sectors, suggesting that they were set up specifically to exploit the potential of biotechnology. Every country also has some firms in the agro-food sector, but the number is small except in France, Germany, The Netherlands and Spain. It is the smallest sector (162 firms), with the oldest and largest firms, and the highest proportion of subsidiaries. The equipment and supplies sector has a relatively large number of companies (224) which concentrate in a few countries only: Germany, The Netherlands and the UK. Most of the firms have less than 50 employees, but they have the highest median turnover of the three sectors. 

4. Explaining the results
This section draws on the national studies prepared as part of this project to identify the factors that explain national differences in biotechnology innovation patterns. Since there was such divergence in innovation between the three sectors studied, each sector will be discussed separately. Certain key factors do not differ substantially by sector (e.g. the finance/industrial development network and technology transfer mechanisms), but where evidence of differences exist, these are mentioned.

a) Factors Influencing Biopharmaceutical Innovation: An examination of national strengths and weaknesses in the key factors influencing innovation found that France, Germany and the UK far outstrip the other countries in terms of funds allocated to public sector research, the number of university departments and Research Institutes carrying out research, and in the numbers of post-graduate students being trained in relevant areas. The Netherlands and Spain have broadly comparable, but more modest achievements. The difference in population size between these two countries suggests that per capita expenditure on biotechnology research is probably higher in The Netherlands than in Spain. The other countries invest far less funds in relevant research and research training.

The vast majority of biotechnology SMEs are in France, Germany and the UK. These countries are home to multinational pharmaceutical companies and, together with The Netherlands, have attracted foreign pharmaceutical multinationals to establish research-active subsidiaries; these countries also have strong sectoral business interest non government organisations (BINGOs) to represent the interests of the business community. Subsidiaries of multinational pharmaceutical companies involved in R&D can also boost national activity, and they account for most industrial biotechnology research in Austria and Spain.

The size of the market and the regimes followed for procuring pharmaceuticals by national healthcare systems clearly influence the activities of companies in the larger countries. Countries with a procurement regime that favours low priced products, particularly The Netherlands, Spain and Greece, seem to negatively affect the development of national biopharmaceutical companies. Among the smaller countries Austria seems to have attracted inward investment by a previous policy of providing an agreed margin for products manufactured inside Austria. Austria, like Ireland, has a rather strong pharmaceutical sector based around the activities of foreign subsidiaries. Both countries serve as good entry points to larger markets: Ireland to the EU and Austria to Central and Eastern Europe.

Public attitudes to biopharmaceuticals are positive in all countries. There is also a common regulatory regime for biopharmaceuticals, which mainly follows EC regulations. There has been long-standing and strong technology policy to support the development of biotechnology firms in the UK, Germany and Ireland, including mechanisms to encourage technology transfer. Until recently, policy to promote biotechnology innovation or technology transfer was weak in France, The Netherlands, Austria, Greece and Spain. France and The Netherlands are now doing more to support the creation of small firms. With the exception of Greece, technology policy has also improved in the other countries. Availability of finance capital can affect the creation of start-up firms. Conditions are favourable in the UK, Germany, France and The Netherlands but poor in Austria, Ireland, Greece and Spain.
To sum up: the UK and Germany have an environment where most factors are supportive or strongly supportive of innovation in biopharmaceuticals and none impede the development of the sector. Most factors in France provide some support to the sector, but there are also several areas which have so far acted as a brake on innovation, although recent policy is now attempting to address these handicaps. The Netherlands has a mixture of both positive and negative influences on innovation. The negative effect of the small market size is compounded by low expenditure on pharmaceutical products and this seems to outweigh many positive factors which could encourage pharmaceutical innovation. Austria and Ireland, by contrast, have only a few positive factors. Demand-side factors, particularly the opportunity to provide a launch-pad for access to adjacent markets, however, seems to allow these two countries to play a bigger role in biopharmaceutical innovation than might otherwise be expected. Spain has certain strengths in knowledge and skills and engages in public-private R&D cooperation. However, the potential for biopharmaceuticals innovation is limited by widespread weaknesses, especially strong control of pharmaceutical prices. Greece invests in scientific education, but most of the other factors affecting innovation suffer from weakness and impede national innovation. This analysis appears to suggests that though all the factors may have a role to play in contributing to innovation, their significance in the process varies. 

b) Factors Affecting Agro-Food Biotechnology Innovation: Public sector biotechnology research related to agriculture and agro-food receives much lower funding than that in the biopharmaceuticals area. However, much of European investment in relevant research comes from public (national or the EC) sources, not private investment.

Germany, France and The Netherlands make the largest investment in public sector research and mainly focus on plant biotechnology. The UK and Ireland also invest in plant biotechnology and plant science but these investments do not generate commercial activity. Austria, Spain and Greece are building a scientific base, which may or may not be dedicated to agro-food biotechnology. Spanish agro-food biotechnology research is growing in strength. 

Industrial activity is strongest in Germany, France and The Netherlands, partly due to the activities of large, domestic multinational companies and their subsidiaries. These countries neglected technology transfer and small business creation until recently, but public policy now emphasises these activities. In terms of small biotechnology firms, the leading countries are France, The Netherlands and Spain, with Germany in fourth place. Agro-food SMEs dominate Greece's very small number of biotechnology firms, but there are only a tiny number in the UK. Technology policy is little different from that for biopharmaceuticals. However, there is now a tendency for European agro-chemical multinational companies (MNCs) to locate their biotechnology R&D facilities in the US. 

The main focus of commercialisation in this sector has been by MNCs, and they have concentrated on six or seven important crops (maize, cotton, rapeseed, soybeans etc.), and on applications connected with herbicide resistance. There is low demand or public acceptance for these applications of GM crops and food, although the strength of public opposition varies from country to country. Concentrated food retailers and manufacturers have played a major role in eliminating these products from the products they stock. Despite the EC providing a common background regulatory framework, national agencies have sometimes adopted a more stringent approach at the detailed level. Thus there is fragmented regulation and competition between European and national agencies to promote the precautionary principle or other ethical standards. In addition, food retailers and manufacturing have introduced de facto regulation by introducing "zero-tolerance" to GM ingredients. 

Public attitudes, regulation and the response of highly concentrated European food retailers and manufacturers are now having a major impact on European demand for genetically modified organisms (GMOs) in crops and food. Citizens Associations (Greenpeace, Green political parties and other environmental groups) have played a crucial role in widening public debate about the implications of GM crops and food, and their ideas have been widely disseminated through the media. As a result negative public attitudes to GM crops and food are now widespread, although the strength of antagonism varies from country to country. The public has a very negative attitude to GM crops and ingredients in foods in Austria, Germany, Greece and the UK. 

Public opposition to GM crops and foods is lower in France, The Netherlands and Spain. Several consumer associations in France have organised boycotts of products containing GMOs, and concentrated food retailers now avoid stocking GMO food, but public opposition to GMOs does not yet seem to have affected field trials in France or the commercial activities of agro-food biotechnology firms. Dutch attitudes towards biotechnology have not changed markedly over time, but the public understands both the positive and negative aspects of the technology, due to the work of non-government organisations such as the Rathenau Institute.. Thus, despite negative publicity about cloning and genetic modification, the Dutch acknowledge the possible advantages of biotechnology and they judge the risks involved as being acceptable; they remain somewhat negative about applications to food. Nevertheless, the use of GM soy in food products was recently approved by the Dutch government. The agricultural tradition in Spain, the relevance of this sector to the economy and limited public reactions against plant biotechnology in Spain have led to agribusiness and public research centres conducting field trials. 

It is very difficult to interpret data on field trials
 for GM crops, especially since they date back to 1991, when public opposition to GM crops scarcely existed. The concentration of field trials in France is puzzling. France is a large country with a strong agricultural sector. Public opposition may count for less than agricultural interests, be less organised than elsewhere or government agencies may choose to disregard public hostility to GMOs. There may also be less extreme public opposition to GMOs in Spain and The Netherlands since a significant percentage of trials also take place in these two countries. The presence of several major, influential companies may partly explain this activity in The Netherlands. The presence of the greatest number of small biotechnology firms in the sector in France, The Netherlands and Spain could be due to the strong agricultural traditions of these countries, together with muted public opposition.

The results for the UK are difficult to understand. It has a strong science base in the area and there is a national emphasis on commercialising that science base. Although there have been a significant number of field trials, there are very few small biotechnology firms. The campaigns of public interest groups, reinforced by media coverage and the response of concentrated food retailers appear to have created an environment where venture capital is loathe to invest in these firms. Alternatively those companies which are involved may not be prepared to admit that they are active in the area. Another possible explanation is related to the importance of subsidiaries in this sector. Multinationals may choose to locate subsidiaries in countries where public acceptance is higher than in the UK. This hypothesis is partly borne out by data about the countries which appear to have the highest number of field trials for GMO crops. 

To sum up, the development of the agro-food biotechnology sector faces considerable barriers. The countries best placed to develop their competences in the area are France and The Netherlands, based on their science base, their multinational companies and muted public opposition to GMOs. Spain's fast-growing science base, and relative lack of public opposition to GMOs gives it the potential to develop national strength. The main brake on the development of agro-food biotechnology, however, is the weakness of private investment in R&D, together with non-availability of venture capital to support the formation of small firms. Germany has a large number of domestic agrochemical multinationals; they may choose to use the knowledge developed in the public sector for applications and field trials in other parts of the world where there is less public hostility.

North America has given the majority of approvals to commercialisation of GM crops and, in 1999, had almost three-quarters of worldwide acreage planted with transgenic crops. Reasons for the predominant activity in the US include the size of the market and the suitability to US climatic conditions of some of the crops first modified. Differences in regulation and in public acceptance between the US and Europe appear to be far more significant. It is not clear whether BSE and other crises connected with food production have aroused European public concern about the risks of GMOs. Fears about GMOs may have spread rapidly throughout Europe because the process of developing common regulations, and disagreements between countries on those regulations provided a platform for public interest groups to draw attention to potential risks.

c) Factors Affecting Research Equipment and Supplies Innovation: Germany, The Netherlands and UK have a well developed biotechnology equipment and supplies sector. These countries maintain numerous institutions devoted to scientific research and education. The number of scientists per capita and the pool of academics engaged in advanced scientific research in these countries are high. The scope of basic research funding may also serve as an important demand factor for the equipment and supplies industry. There is also considerable investment in research by various multinational chemical and pharmaceutical companies in these countries, as well as a growing population of new biotechnology firms. National research activity provides both a market for equipment and supplies and may also stimulate the development of new generations of products. The domestic market in Germany and UK is large enough to induce further growth of the sector. The businesses in The Netherlands have strong links to firms in other countries, which may compensate for the relatively small domestic market. The strong venture capital markets in these countries nurtures the foundation and growth of small start-up companies.

Public research funding in Austria, Greece, Ireland and Spain is low compared to other countries, thus hampering demand and the development of a large pool of creative scientists. In addition, Austria, Spain, Greece and Ireland have few biotechnology firms in the equipment and supplies sector, and though Austria and Spain host R&D-performing subsidiaries of multinational pharmaceutical and/or chemical companies, these companies may source equipment and supplies from their home countries. In France, academic and industrial research communities are healthy but they are poorly linked, and institutional mechanisms have failed to exploit these strengths. The cluster of countries with little or no industrial activity in equipment and supplies does not have much of a tradition in engineering or in the development of instrumentation; its academic researchers have a low commercial orientation, and availability of venture capital is poor. 

The market for the equipment and supplies sector is stable and robust because its products are used in a number of industries and by a wide range of public sector research (PSR) organisations and institutions. Unlike other sectors, companies do not appear to have to cope with negative public attitudes to their work. However, the proliferation of standards throughout Europe caused by national and cultural differences may hinder the long-term development of the sector. The US does not suffer from this proliferation of standards.

The results, and particularly the differences in the three main networks found to affect innovation are summarised in Table 1.

Table 1: Characteristics of Framework Conditions for Innovation by Sector

	
	Biopharmaceuticals
	Ag-Food
	Equipment and supplies

	Knowledge/

Skills
	· Expertise in every country

· Major focus of public research funding
	· Higher priority for public sector research in Spain and Ireland

· Draws on wide science base
	· Neglected by public research funding

· No specific science base

	Industry

/Supply
	· Commercial activity in all countries

· High share of new start-ups

· Medium risks and high opportunities for new business creation
	· Poor (or hidden) commercial activity in many countries 

· Diversification rather than new start-ups

· Very high risks and limited opportunities for new business creation
	· Commercial activity concentrated in countries with large science base and strong pharmaceutical or chemical MNCs 

· Diversification + new start-ups

· Low risks and high opportunities for new business creation

	Demand/

Social Acceptance
	· High potential demand

· High social acceptance
	· Unknown customers

· Weak demand and exploitation

· Strong social opposition
	· High actual demand

· High potential demand

· Demand related to science policy

· Not an issue in public debate


5. Discussion and Conclusions

The great differences in innovation patterns in the eight countries studied can be partly explained by the national R&D system, the role of the public sector including public policy, interfirm relationships, the financial system, and the national education and training system. Considering the relationships between these elements also helped to explain national innovation performance. The major impact on innovation identified by the study, however, is demand, the nature of the market and public attitudes to applications of biotechnology. Demand, the nature of the market and public acceptance differ greatly between sectors and also have a major influence on sectoral innovation activity. 

The significance of public acceptance and demand in shaping innovation in biotechnology, the difference of these characteristics between sectors, and the differential effect on innovation of sectors with domestic and global markets suggests that the development of biotechnology in Europe takes place mainly at the sectoral level. The institutional features of particular national systems affect biotechnology innovation because sectoral innovation occurs in specific national locations and is dependent on history and the trajectory of innovation. This finding agrees with Archibugi and Michie (1997) that "both technology-specific and nation-specific factors shape the innovative process". In biotechnology, however, the national characteristics appear to be of secondary importance when compared with sectoral characteristics. 

The great difference between countries suggests that each country has its own pattern of innovation in biotechnology. Countries with large home markets appear to have the best opportunities to exploit the development of new market niches. We found some evidence of synergy between sectors at a national level. We could find little evidence of integration of European markets for these sectors. The equipment and supplies market is fragmented by a plethora of standards and the biopharmaceuticals market by different pricing regimes in each country.

Several characteristics of biotechnology firms in the eight countries differentiate them from their US counterparts. First is the high proportion of independently established firms and dearth of university spin-offs. Secondly, we found a significant number of European firms, which had diversified into biotechnology, especially in the agro-food and equipment and supplies sectors. We do not know whether this shows better diffusion or the benefits of late entry. These characteristics, however, do not indicate the existence of a European biotechnology innovation system. The US appears to be closer to having a national biotechnology innovation system because, in general, there have been similar regulations for each sector, with the United States Department of Agriculture (USDA) and the Food and Drug Administration (FDA) working closely together. In Europe the great fragmentation between social actors prevents the operation of a single market in any of the sectors. This is particularly marked in the agro-food sector, where there are both national and cultural differences in food preferences and the implementation of EC policy, suggesting that common European regulation and patents may be a necessary, but not sufficient condition for creating a single market. 

The conclusions also show the limitations of triple helix interactions in promoting commercialisation. Investment in public sector research, the promotion of public-private research links or the commercialisation of university research may be necessary conditions for the commercialisation of biotechnology, but demand and public attitudes have far more significance for innovation. In sectors such as biopharmaceuticals where demand is affected by public procurement policies, government has the potential to intervene. When the public is negatively disposed to certain applications of technology, such as genetically modified crops and foods, however, triple helix interactions become immaterial to innovation. In this situation, it is important that governments continue to invest in public sector research, so as to be ready to exploit the potential of future applications, which are acceptable to the public.
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� Agro-food includes biotechnology applied to crop improvement (agro-biotech) and to process and product safety in food (food biotech).


� The central elements and differences between each body of literature and their limitations in terms of assessing biotechnology innovation are reviewed in Senker et al (1999).


� Data on some aspects is poor. For instance some firms did not provide information on turnover. We do not know whether this reflects lack of turnover or commercial confidentiality. Some gave the amount of turnover, but not the proportion contributed by biotechnology. Others told us the proportion of turnover contributed by biotechnology, but not the amount. Primary information on sector, date of establishment, origin of firm is more comprehensive than other details. The results of the analysis of the database should therefore be regarded as indicative only, and treated with caution.


� For information on the location of field trials in Europe see JRC website of deliberate releases at: � HYPERLINK "http://biotech.jrc.it/gmo.asp" ��http://biotech.jrc.it/gmo.asp�
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