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FINAL REPORT – MAY 2003

Introduction

This report reflects the analysis of an enquiry which has been conducted in 16 Countries participating in the “Partners for Life” Network, i.e Austria, Belgium, Czech republic, Denmark, France, Germany, Hungary, Iceland, Ireland, Israel, Italy, Poland ,  Portugal, Slovakia, Spain, The Netherlands and UK between January 2001 and April 2003 (see national reports in annex).

The enquiry consisted in collecting existing data on the biotech sector and assessing the impact of this sector in each country in terms of production, services and technology applications which can be derived from the Life Science sector. This work focused mainly on SMEs and  their needs for an improved competitive biotech sector in Europe.

The initial difficulty was to define the biotech sector itself, and the results of this enquiry show that this definition varies widely from a country to another. Biotechnology has been defined in many ways. But the definition given by the OECD (the Organisation of Economic Co-operation and Development) may be one of the most useful. It defines biotechnology as " …the application of scientific and engineering principles to the processing of materials by biological agents ". One could also say that biotechnology means using biological processes to make useful products. Production may be carried out by using intact organisms, such as yeasts and bacteria, or by using natural substances (e.g. enzymes) from organisms.
There is no NACE code which covers specifically the development of technologies and products such as genomics, proteomics, DNA probes, gene therapies or cell and tissue culture/engineering, so that data have to be drawn from economic reports available in several sectors such has pharmaceutical products, food and beverages, agriculture, etc…

This lead to divergent evaluations of  the biotech sector in terms of number of enterprises (SMEs), investment, and turnover which can hardly be compared in the countries which provide the estimations through different ministries or governmental agencies. The best evaluation is traditionally made by sectorial bioindustries associations in countries where these biotech association publish national reports and collect investment data in the sector.

In his communication to the Council, the European parliament, the economic and social committee and the committee of the regions called « Life sciences and biotechnology – A Strategy for Europe », published on  23 January 2002 (1), the European Commission adopted a major policy initiative for the development of life sciences and biotechnology in Europe. As recognized by the Commission itself, Life sciences and biotechnology are widely recognized to be, after information technology, the next wave of the knowledge-based economy, creating new opportunities for our societies and economies. 

The commission added that it expects that the global biotechnology market, not counting agriculture, could amount to more than euro 2 trillion ($2.26 trillion) by 2010  (equivalent to the total GDP of Germany last year), with potentially 3 million jobs created.

Yet, the situation in Europe is very paradoxical. While Europe has more dedicated biotech companies (1.570) than the United States (1.273), those in Europe are relatively small, newer and undercapitalized. The U.S. biotech sector employs 162.000 people, compared to 61.000 in Europe, and has far more products in the pipeline, according to EU figures.

After having conducted an enquiry amongst SMEs , it appears that the major difficulties for SMEs in Europe is to face incoherent regulatory environment.

The central point is to achieve coherence in policy among all areas affecting and affected by biotechnology, including industry, research, environment, trade, and education. The main difficulty is that Europe does not have a single policy for life sciences and biotechnology but a patchwork of many sectoral and horizontal policies dealing at international, national and regional levels. 

A coherent, enabling, predictable and workable knowledge-based regulatory environment is not only essential for its implementation and enforcement, but is also essential if Europe is to reap the benefits of biotechnology. 

Historical Background:

Biotechnology in Europe showed a rapid development in recent years. A revolution is taking place in the knowledge base of life sciences and biotechnology, opening up new applications in health care, agriculture and food production, environmental protection, as well as new scientific discoveries. This is happening globally. The common knowledge base relating to living organisms and ecosystems is producing new scientific disciplines such as genomics and bioinformatics and novel applications, such as gene testing and regeneration of human organs or tissues. These in turn offer the prospect of applications with profound impacts throughout our societies and economies, far beyond uses such as genetically modified plant crops.

The expansion of the knowledge base is accompanied by an unprecedented speed in transformation of frontier scientific inventions into practical use and products and  profound impacts which need policy responses.

Two kind of policies  were taken by governments: 

1. Regulations 

2. Measures to financially support investment and Research and Development.

2.1. Regulatory framework:

In terms of regulation, European biotechnology forerunners countries like Britain and Sweden implemented the US (NIH) guidelines since the late seventies. Both saw the need for government involvement and set up advisory committees. In the UK the result was rapid regulation, in Sweden it was a public debate. In many countries, public attention on risks and « trigger events » lead to public attention on assurance and environmental concerns. This is one reason for European diversity.

In practice, most governments reacted to debates and took up issues beyond technical risk from national prestige to nature protection, at a time when economic benefits of biotechnology was still considered as marginal. They followed domestic contexts and political cultures, which were profoundly different. By the mid-nineties, all EU member states had implemented all EU directives. 

However, the European stance on GMOs was not at all uniform with respect to risk assessment, the step-by-step and case-by-case principles and the disclosure of data. Dealing with biotechnology had became easier. Economic benefits prevailed in the media coverage and public resistance waned. Medical biotechnology was welcomed and most agricultural applications were still in the laboratories. 

This changed in 1996 with soy and maize, the first GM crops to enter the Common Market. A series of elements, including food scandals (BSE) and concerted actions of European active NGOs opposing to Biotechnology, led to a collapse of the European system of dealing with biotechnology products and technology.  The results  was that concerns about agricultural biotechnology and food risks got prominent in the media and shattered the economic frame that had dominated so far. The food scandals had deteriorated the credibility in official experts and regulatory bodies. EU policy got into gridlock. The result was a ban on EU-wide approved GM products. Labeling became paramount and EU legislation was not ready. Controversies re-emerged on a larger basis: cloning techniques established a link to reproduction methods, and the patenting of genes triggered concerns about technically possible and the ethically defensible. In response to the governments’ shift, EU policy became restrictive, which caused problems with international agreements.

The same situation prevailed for the Directive on patenting of biotech inventions. After a 10-year debate, the EU adopted what it called "strict ethical rules" for patenting biotech inventions in 1998 and gave member states until July 30, 2000, to transpose them into national law.


Germany, Austria, Belgium, France, Italy, Luxembourg, the Netherlands and Sweden still have not done so, prompting the Commission to refer them to the European Court of Justice.


Their failure to implement the EU directive "has created trade barriers and hampered the internal market," said Commissionner Busquin. "Non-implementation is putting the European biotechnology sector at a serious disadvantage."


The second kind of government commitments in the biotech sector is the series concern the set of measures and incentives aimed at supporting investments and reinforcing research and development initiatives in the Life Sciences.

2.2. Measures to financially support investment and Research and Development.

Government support in favour of biotech companies is closely related to the innovation policy and therefore encompasses a whole range of measures involving direct financial help, fiscal incentives, support to research and development, and more general measures aiming at fostering entrepreneurship.

In Europe, innovation policy is characterized by complexity, given the coexistence of multiple systems of political decision involving Communities, Regions, States, and the EC level. 

In general, both academic and industry sector have separate financial supports.

All these initiatives and tax incentives are very helpful as far as they go.  However, they are uncoordinated and do not in reality offer a viable alternative to the favourable tax regime of the United States or the comprehensive soft loans scheme offered by the German government.  

There is a real need for more radical solutions, such as the establishment of a tax and social charge exemption scheme for biotech companies. 

National Statistics

In Europe, leaders in Biotech are United Kingdom, Germany, and France. 

The UK still remains the most active country in terms of biotech with 50% of all Europe’s publicly traded biotech companies, 25% of the turnover and 50% of all people employed in the European biotech industry
Total number of enterprises is difficult to assess exactly from national statistics. Specifically, the distinction between innovative entrepreneurial companies which are mostly SMEs and technology users which are traditional established companies is not always well specified.

From our study, the table 1 shows the breakdown of data in 16 Countries. 

According to E&Y report there is 1.570 dedicated biotech companies in Europe, representing a global market capitalization of roughly € 63 billion. 
Table 1: Geographical distribution of SMEs in the Biotech sector according to PFL partners

	
	
	Revenues in € million
	Number of Companies
	Employees in SMEs

	
	
	
	
	

	Austria
	
	2.200,00
	77
	10.000

	Belgium 
	
	230,00
	97
	7.160

	Czech republic
	 
	n.a.
	63
	n.a.

	Denmark
	
	n.a.
	70
	n.a.

	France
	
	757,00
	240
	4.500

	Germany
	
	1.500,00
	538
	16.500

	Hungary
	
	n.a.
	24
	n.a.

	Iceland
	
	n.a.
	12
	206

	Ireland
	
	29,20
	29
	580

	Israel
	
	164,00
	72
	n.a.

	Italy
	
	200,65
	52
	850

	Poland
	
	338,04
	28
	710

	Portugal
	
	n.a.
	14
	308

	Slovakia
	
	n.a.
	9
	n.a.

	Spain
	
	280,00
	145
	n.a.

	The Netherlands
	500,00
	290
	40.000

	UK
	
	2.066,00
	440
	n.a.


Breakdown of activity by biotech related sector

Historically, biotechnology can be divided into three groups:

1. Fermentation processes are mostly concerned with improvement of new phyla of microorganisms and their products in the course of their cultivation. 
2. Use of biotechnological processes for elimination of toxic and other wastes and for transformation of these wastes to non-toxic compounds that can be further utilised. 
3. Techniques of genetic and cellular engineering followed by cultivation of animal cells, plant cells and microorganisms (recombinant technologies)
Cellular and genetic engineering are often included in modern biotechnology. 

Their era started 50 years ago  when the structure of DNA was discovered. It is surprising how quickly thousands of products based on this technology came on the market. The use of hybridome technology in the synthesis of monoclonal antibodies came furthest. Currently, 25 000 hybridomes producing monoclonal antibodies against a variety of antigens and with very diverse properties are used commercially. Monoclonal antibodies or their derivates are used in the research, preparation and production of diagnostic procedures and, so far, only rarely for therapeutic purposes. Genetic engineering achieved to prepare a series of products used not only for the purpose of diagnosis and synthesis (recombinant proteins), but also in the therapy of diseases, such as diabetes mellitus, anaemia and some types of tumours.

Mapping out the human genome resulted in a joint achievement of scientists from many countries in the year 2000. We are, however, still at the beginning in the use of this great potential arising from this discovery. Only new achievements in the field of functional genomics and pharmacogenetics will bring a variety of new products onto the market and thus enable us to improve the quality of life. There are many expectations concerning introduction of gene therapy in the therapy of some serious diseases into clinical practice. This is, however, just the beginning as well. 

Fundamental changes in diagnostic algorithms, together with many worries, arise from bringing the knowledge of individual genomes to practical use. Although modern biotechnology will provide help in a short period of time (in some cases it already does, e.g. still growing human population and its nutrition, or the problem of environmental pollution) the reality will apparently be more complicated. Next to revelation of particular genes and their mutations, it is necessary to learn and understand primary and secondary genetic modifying factors that participate on the final clinical manifestation of the observed gene.

There are large numbers of applications in different sectors such as therapeutics, diagnostics, Ag-biotech, Industrial processes, biologicals, bioinformatics.

l
In general nearly 70% of biotechnology enterprises work in applications linked to human health. The others are dedicated to food and agriculture (20%), protection of the environment, cosmetic and other industrial applications (10%).
There is a closer co-operation between science, industry, finance and regional governments in biotech compared to any other area of technology.  New emerging enterprises tend to be created in connection with academic centers and research departments of other large established companies, creating specific clusters which often identified as “biotec valleys”.

There is as well a clear  role of Biotech Clusters in supporting emerging companies. The technology transfer from the academia and hospitals to the private sector is critical to the industry as biotechnology depends heavily on the innovations from the academia. University technology transfer and interfaces (TTCS) play an important role in terms of helping the creation of new ventures.

Scientists in Universities and research institutes also face a lack of financial resources and infrastructure to develop their technologies (e.g., up to proof of concept).  This results in technologies being licensed to the industry at premature stages for limited financial compensation, or, in many cases, not licensed at all. 

There is an emerging trend among TTCs to create start-ups rather than license-out innovations. However, they struggle to attract VC funds or other investors at such an early stage where the risk is high and the exit (e.g., IPO or sale) distant.

European biotech entrepreneurs face the challenge of developing a start-up with limited funding, managerial and commercial support over a long development time. Scientists usually have limited marketing knowledge and drug development experience to manage a biotech start-up. They face limited access to specialized support: incubators and  TTCs lack adequate resources to provide them with high quality advice and there is limited alternative sources of support. Entrepreneurs also face increasing but still limited VC or angel investor funds to support their companies in very early stages of development.

Production and services 

Healthcare

In total, the healthcare sector represents 80 % of biotech activity in Europe. The number of drug testing and services companies are really booming in Europe. 

The sector is clearly meeting market needs as the larger pharmaceuticals and life science companies need to get leaner and more efficient. This opens up unique opportunities for smaller companies offering highly specialized services and unique high-value products and tools.

The healthcare sector is booming as biotechnology is becoming more and more important for the product development pipeline of the large pharmaceutics companies. For most of the biotech companies, collaborations and strategic alliances are essential.

The growing cost of R&D, product development and presence on global markets has prompted many companies to consider sharing costs, risks, and rewards. This represents excellent opportunities for the biotech newcomers to grow and benefit from contract research funding from larger Pharma and Life Sciences groups. The large life sciences companies are the powerhouses in the field of biotechnology. Their success benefits the whole scientific community as well as the smaller entrepreneurial biotech enterprises.

The diagnostics and medical technology sector features smaller size but very creative companies that are consistently growing through innovation.

There is a large variety of products in this sector. The most important are antibodies (monoclonal and polyclonal), enzymes, antibiotics, anticancer drugs, vitamins, kits and reagents for diagnosis, probes, genomics, etc.  Products in development are mainly anti-cancer drugs, drugs for the nervous system, antibiotics (especially for resistant bacteria).

The exportation is quite important for antibiotics (80% of all exported products) in Europe and in international countries. Other products representing 10% of exportation are vaccines. Normally exportation is made directly by the SMEs or through other companies, medium or big companies, specialised in distribution.

Ag-bio

The industry has taken advantage of biotech expertise and developed genuine industrial processes for its exploitation. Agricultural biotechnology is rapidly growing (14% of the global activity). By using different types of biotechnologies a few companies are at the crossroads of the agri-food industry and the diagnostics and services sectors:.

 Protein engineering: To develop processes improving the structure and properties of proteins. Applications can be found in enzyme synthesis, modification of properties to obtain specific functions, etc..

Transgenesis:  To modify an organism's genome in order to obtain properties complying with specific economic requirements: production of proteins in milk and plants, of hypoallergenic proteins, production of Flavours.

Biosensors: For the detection of bacteria, of odours, water monitoring, control of the food chain. Enables the use of tiny samples, hence cost and time savings.

Sensors, intelligent labels: Particularly useful for food traceability. The recent food crises have led to the need to identify the origin and quality of products. 

Metabolic markers: To identify the "health effects" (the benefits for the consumer's health) of a specific food product. It is a tool to design health foods and to evaluate the long term effects. The technique is used in toxicology and food safety, food prevention, consumer behaviour.

Quality preservation of food: User-friendly technologies comprise high pressure, light, pulsed electric and magnetic fields. Chemical and biological treatments are excluded, the objective being to keep untouched the organoleptic and nutritional properties while ensuring safety, natural character and shelf life of the product.

Environment

“Environmental biotechnology” is still in its early days. Besides, companies that use biotechnology to improve or restore the environment also use chemical or mechanical techniques to meet their goals. Biotechnology is only one of their tools, although a fast growing one, thanks to its ecological friendliness.

All over Europe, dedicated support from the national authorities has helped universities and companies to pool interests and to bring out innovative services. This led to the development and use of bioremediation to recycle specific pollutants.

The sector comprises industrial companies already active in waste management and pollution control. They cannot be considered to be pure “biotech ventures”, but  biotechnology users and, as a result, there are not many new players because the limited market is already in the hands of the key players.

The following research are among those which are under active development in Countries participating in the enquiry

· Plant Biotechnology (in the broadest sense) application of biotechnology beyond improving crop plants including, e.g. biological pest control and organic fertilisers. 

· Biotechnological processes used to generate energy and raw materials from renewable resources.

· Biocatalysis: a biotechnological method of changing to 'mild' production processes (temperature, pressure, chemicals) in chemical and other production processes. 

· Biotechnological waste water treatment, the best-known application of biological processes for keeping the environment clean. 

· Plant sewage treatment as a new specific application of biological wastewater treatment. 

· Land and soil bioremediation: a 'mild' technology used to clean up contaminated soil and other contaminated sites (industrial installations, landfills) 

· Biotechnological waste gas treatment may in certain conditions represent an effective alternative to physico-chemical technologies.

· Biotechnological treatment of waste: large-scale technical application of biological processes to detoxify, treat and upgrade wastes that are to large extent of organic origin. 

· Biohydrometallurgy: a promising technology for the treatment of waste and waste water containing metals and - from an international point of view - for the enrichment of ores. 

· Processes of cleaning up waste gas, water and soil. Normally waste treatment does not work under sterile conditions with defined substrata; they usually employ naturally occurring mixed populations for the treatment of ill-defined substrata of changing volume and composition. 

Technology Applications

Research

Biotech companies normally were born through the collaboration among university scientists and managers. They have usually close relations with basic research done in universities and research institutes and they tend to create joint ventures with other companies, small and big ones. In this way, they establish a sort of connection between basic research centres/universities and medium or big enterprises. Many enterprises are born out of technology transfers. Frequently they have been founded on research campuses or near large hospital centres where they can benefit from material and logistical help. 

The number of strategic alliances, set up between biotechnology companies or with pharmaceutical laboratories, is also rising rapidly. Born from the association of researchers and managers working in the life sciences, biotechnoly companies benefit from a high scientifical level. Their research and development budget uses about 90% of their turnover.

Normally biotech SMEs are engaged in research and development which they carry out mainly on their own behalf, but in some cases on commission. Some of them spend over 50% of their revenues in research projects. 

Economic Opportunities

It is expected that the market of European biotech products will increase in the next years, however only in a medium-long term. The main difficulty is coming from the regulatory system for the agro-food sector, which does not allow, at the moment, the cultivation of transgenic plants. 

Biotech SMEs represent a good investment for venture capitalists, for international banks and in general for investors who believe in biotechnology. These SMEs are certainly able to increase employment, especially when they are able to patent their products and to attract young scientists and technicians.

Biotechnology has some specific features, which determine its chances of success
· Factor – entrepreneurship: Sector with a very high-risk value. It needs skilled managers.

· Highly specialised – Sophisticated technology and specific professionals are needed. Companies have problems with recruitment of High-skilled employees. 
· Return on Investment – product development often take from 5 to 8 years.  The real return on investment comes after the final product has been produced and successfully marketed. Unstable legislation and fragmented conditions in Europe make our countries less competitive 

Biotech industry is also a ·Capital intensive industry. It means that the average costs of development of a new medical product are estimated about Euro 700 – 800 Mio, while average revenues per annum after the product has entered the market are about Euro 200 Mio. 

Without financial support from the state authorities in the form of grants, the companies cannot survive. EU average expenditures on R&D are only 1.89 % GDP

Large industrial platforms are also a prerequisite when European biotech is fragmented, with the increase of investments for R&D the growth of the whole biotech industry accelerates and the average costs of new market entrants decrease.

Main sources of information

Documents

·  “Le piccole imprese biotecnologiche in Italia: le tecnologie, i prodotti, i servizi”, pubblicazione dell’Osservatorio per il Settore Chimico, Ministero dell’Industria, del Commercio e dell’Artigianato, dicembre 2000

· Annual Report 2000-2001 of Federchimica, Federazione Nazionale dell’Industria Chimica

· “Forum per la Ricerca Biomedica”, document of DIRP, Dipartimento Informazione e  Relazioni Pubbliche of Farmindustria, 2001

· “Ricerca libera sulle biotecnologie”, Corriere della Sera, 13 July 2001

· “Les biotechnologies en France”, France Biotech

· «Biotechnogies en France »-2001, Ernst & Young

· «Enquête sur les PME de biotechnologies en France », Ministère de la Recherche, octobre 2000 

· Biotech in Belgium, 2002 – Belgian BioIndustries Association. 

Web sites

· http://www.sanita.it/biotec/
· http://assobiotec.federchimica.it/
· http://www.farmindustria.it/
· http://www.biotecnologia.it/
· http://www.circmi.it/
· http://www.biotech.education.fr

· http://www.france-biotech.org

· http://www.anvar.fr/
· http://www.technologie.gouv.fr/
· http://www.bba-bio.be/
· http://www.europabio.org/
ANNEXES: 
"STATE OF THE ART REPORT OF THE BIOTECHNOLOGY SECTOR"

NATIONAL REPORT:



AUSTRIA

AUSTRIA

Historical background of the Country 

Biotechnology in Austria showed a rapid development in recent years. However, compared to other countries, Austria started quite late. As a consequence the number of newly established companies within the biotech area is relatively low. Nevertheless Austria has good opportunities to become an internationally recognised biotech location. A prerequisite for this is the fast improvement of its structure and an active management of the public authorities
.

Since Austria got a member of the European Union several initiatives has been initiated to make Austria more attractive for the founding of Biotech companies. Moreover Austria has a good research infrastructure, which manifests itself particularly in the surrounding of the University Vienna.

During the recent years an important competence centre for biotechnology was established in Vienna. The "Vienna Bio Centre" (VBC) comprises 5 University institutes, the Institute of Molecular Pathology (IMP) and finally 8 Biotech start-ups. Nowadays approximately 700 scientists out of 40 countries are employed at the VBC.

Within Austrian Biotech companies major emphasis is laid on the production of diagnostics, vaccine and therapeutics as well as providing services (DNA analyses etc.).
In Austrians biotechnology scene the following companies are key players:

· Baxter AG

· Biochemie

· Boehringer Ingelheim AG

· Eli Lilly

· IMPCO VOEST-ALPINE

· Jungbunzlauer AG

· Novartic Pharma

· Octapharma AG

· Vogelbusch Ges.m.b.H

· Waldheim Pharmazeutika Ges.m.b.H.

Detailed information of these companies including profiles are summarised in the Austrian Biotech Company Directory
.

The following Universities carry out research in the field of biotechnology 

· University for Agricultural Sciences, Vienna

· University of Vienna

· Vienna University of Technology

· University of Veterinary Medicine, Vienna 

· University of Graz

· Technical University Graz

· University of Innsbruck

Furthermore the following institutions are relevant for Biotech research in Austria:

· Institute of Molecular Pathology (IMP)

· Austrian Academy of Sciences

· Institute for Agrobiotechnology (IFA-Tulln)

· Austrian Research Centres Seibersdorf

· Raiffeisen Bioforschung GmbH

· Austrian Society for Biotechnology (ÖGBT)

· Association of Austrian Food and Biotechnologists (VÖLB)
· Österreichische Gesellschaft für Bioprozeßtechnik (ÖGBPT)

National Statistics

There are no statistics for specific biotech companies available. In the chemical Industry 42.385 employees work in 345 companies.

	Employees and companies in the chemical Industry in Austria

	   
	Employees
	Companies

	1999
	43.852
	354

	2000
	43.028
	355

	2001
	42.385
	345


Source: Fachverband der chemischen Industrie

It was estimated that today’s biotechnology in Austria represents approximately 10,000 employees. In 2001 the turnover was estimated for € 2,2 billions.

Breakdown of activity by biotech related sectors / Technology Applications

Austria has a long and successful tradition of fundamental research in the biotechnological field (e.g. microbiology, biochemistry, fermentation technology).

Production and services

Healthcare 

In Austria biotechnological research, e.g. development of vaccines, has been successful for several years. This branch is represented by established companies but furthermore by innovative Biotech start-ups.

Until 2015 due to prognosis in research the Austrian biotechnology in health care will have an annual added value of approximately 1.6 billion Euro. The amount of workstations in this biotechnology segment will increase.
Some research activities of companies in Austria are listed below:

· Production of enzyme immunoassays

· Production of radioimmunoassays 

· Biopharmaceuticals for clinical trial and market supply (bulk drug substances and finished product)

· Cancer immunotherapy

· Cancer vaccine

· Vaccine for chronic infections

· Preparation of artificial S-layers for health related products

· Genomics of human cell isotopes

· Search for genes involved in skin cell diseases

· Animal models for psoriasis, atopic dermatitis, allergens, inflammatory bowel disease

· Development of synthesis for active pharmaceutical ingredients (APIs)

· Production of pharmaceutical drugs and APIs in full compliance with cGMP

· Research in the field of therapies for diseases of CNS (e.g. Morbus Alzheimer)

· Development of anti ageing products

· Development of Allergen Chips

Ag-Bio

Agrobiotechnology is a field for conflicts when related to genetically modified plants in Austria. The Institute for Agrobiotechnology (IFA) is the biggest research centre in Austria in that field. It deals among other topics with Biotechnology, in Plant and Animal Production.

Some actual research topics of the IFA :

Research activities with oil pumpkin
· Breeding zucchini yellow mosaic virus (ZYMV) resistant oil pumpkin for Austrian growing conditions
· Genetic relationship within C. pepo, molecular mapping of the oil-pumpkin
· Identification of other resistance genes against ZYMV
Research programs in cereals
· A study on the origin of the D-genome of hexaploid wheat using microsatellite markers
· Effect of the 1BL.1RS translocation in wheat; Introduction of new allelic variation into 1RS in wheat from diploid rye
· Improvement of breadmaking quality of triticale
· Application of microsatellites in wheat for studying genetic differentiation caused by selection for different adaptation and use
· Breeding research on soybean
· Resistance breeding in wheat
· Ear rot in maize
Additive and homologous gene recombination for biomedical and biotechnological applications

· Biosafety of mucosa-specific RNA-vectors expressing foreign antigens and recombinant antibodies for prevention of disease

· Production of recombinant protein in rabbits

· Generation of CreLac-transgenic mice for conditional knock outs in the intestinum
Reproductive techniques in farm animals
· Embryo production in cattle

· Development of rabbit enucleated oocytes reconstructed by the transfer of fetal or adult fibroblasts and cumulus cells

Molecular Genetic Analysis of Genes and Genomes

· Genetic analysis in pig production

Environment

Particularly in the area of environmental biotechnology, Austrian engineers and entrepreneurs have developed first class high-tech solutions for a broad variety of applications.

The following topics are covered in Austria
:

· Plant Biotechnology (in the broadest sense) application of biotechnology beyond improving crop plants including, e.g. biological pest control and organic fertilisers. 

· Biotechnological processes used to generate energy and raw materials from renewable resources.

· Biocatalysis: a biotechnological method of changing to 'mild' production processes (temperature, pressure, chemicals) in chemical and other production processes. 

· Biotechnological waste water treatment, the best known application of biological processes for keeping the environment clean. 

· Plant sewage treatment as a new specific application of biological waste water treatment. 

· Land and soil bioremediation: a 'mild' technology used to clean up contaminated soil and other contaminated sites (industrial installations, landfills) 

· Biotechnological waste gas treatment may in certain conditions represent an effective alternative to physico-chemical technologies.

· Biotechnological treatment of waste: large-scale technical application of biological processes to detoxify, treat and upgrade wastes that are to large extent of organic origin. 

· Biohydrometallurgy: a promising technology for the treatment of waste and waste water containing metals and - from an international point of view - for the enrichment of ores. 

· Processes of cleaning up waste gas, water and soil. Normally waste treatment does not work under sterile conditions with defined substrata; they usually employ naturally occurring mixed populations for the treatment of ill-defined substrata of changing volume and composition. 

Production and services

The following table shows the production of chemical products in Austria. The sectors, which are mostly relevant for Biotechnology are marked with bold letters.

	Production 1999 - 2000
	
	

	in Mio EURO
	
	

	
	
	1999
	2000

	chemical products
	
	4.813,34
	5.459,11

	Selection:
	
	
	

	
	Industrial gases
	82,63
	80,3

	
	Other inorganic raw materials and chemicals
	188,66
	204,43

	
	Other organic raw materials and chemicals
	655
	800,13

	
	Plastics, in primary forms
	1046,13
	1288,6

	
	Paints, printing inks and cements
	384,66
	418,3

	
	Pharmaceuticals
	1306,08
	1412,8

	
	Soaps, washing and cleaning products, polishing products and toiletry
	230,3
	210,02

	
	Chemical fibres
	333,93
	386,4

	India rubber goods
	
	553,4
	566,63

	Plastic goods
	
	2.567,68
	2.920,65

	Total
	
	7.961,24
	8.946,39


Source: Fachverband der chemischen Industrie

In the following table the export and import data of the whole chemical industry can be seen.

	Export /Import 1999 - 2001

	 
	 Export
	Import

	
	in Mio Euro
	Mio Euro

	1999
	8.132
	6.539

	2000
	9.100
	7.454

	2001
	9.838
	8.251


Source: Fachverband der chemischen Industrie

As shown in the table below the European Union is the region where the chemical Industry of Austria has the highest export value.

	Export in Mio. EURO
	1999  
	2000  
	2001  

	European Union
	3.579
	3.947
	4.205

	EFTA
	420
	460
	580

	Eastern Europe
	1.380
	1.623
	1.889

	other European States
	79
	95
	92

	Asia
	404
	474
	555

	Africa
	76
	87
	98

	America
	575
	739
	798

	Australia
	25
	29
	35

	Total
	6.539  
	7.454
	8.251


Source: Fachverband der chemischen Industrie

Other services and general assessment

There is a strong movement in Austria to strengthen the Biotech industry. There is a high potential of new jobs in that field prognosed. In particular Vienna and its surrounding are seen as a good place for start-up companies. That is the reason why several initiatives were launched recently.

There are several funding possibilities for research companies in Austria. Biotechnology is seen as one of the future technologies.

Since 1997 the city of Vienna invested for example approximately 72.7 million Euro into the Biotech location, in order to create and secure highly-qualified jobs.

Biotechnology Impulse Programme

The Biotechnology Impulse Programme, launched by the Federal Ministry of Economic Affairs and the Federal Ministry of Science and Transport and operated by Innovation Agency, is offering primarily consulting services, networking and seed financing for company start-ups in the area of biotechnology and Life Sciences in Austria.

LISA - Life Science Austria

Biotechnology counts among the most promising fields of research and innovation. Development and commercial utilisation of biotechnological inventions, either by patenting/licensing or by the formation of companies, should thus be encouraged. Until now no platform was available which would bundle the diverse activities of the public sector and private business, a gap that has been closed by Life Science Austria, operated by the Innovation Agency on behalf of the Federal Ministry of Economic Affairs and Labour, and the Federal Ministry Education, Science and Culture.

Life Science Austria is designed as a central co-ordination and contact platform for industrial Life Sciences in Austria. The specialists from Life Science Austria and Innovation Agency provide expert consulting and contacts to funding agencies, government authorities and investors to remove the hurdles on the way to forming new businesses.

· Advice on patenting and licensing.

· Help in drawing up a business plan, market estimate and the requisite

· calculations.

· Support in creating the organisational and financial structure.

· Contacts to funding agencies, banks and investors by the establishment of the

· Biotech promotion and financing network.

· Search for free laboratory capacities.

· Assistance with government procedures.

Biotech promotion and financing network (Biotech-FF)

Start-up Financing Instruments

· Seed-Financing from the Innovationsagentur

· Seed-Loans in co-operation with the Bürges Bank

· Seed-Capital in co-operation with private venture fonds managed by the

· Innovationsagentur (uni venture, invest seed)

· Co-operations with incubators such as the academic AplusB-centers at Austrian

· Universities
Financing via regional and national Institutions

· Regional Funding Organisations: Vienna Business Agency, Tiroler Zukunftsstiftung, regional government of Styria, WiBAG Burgenland, NÖBEG, EcoPlus

· National Funding Organisations: Innovationsagentur, Bürges, Financing Guarantee Company, Austrian Industrial Research Promotion Fund, European Recovery Program

Research

Companies in the Biotechnology area are very innovative. They are used to co-operate with research centres or other companies. Most of them is used to work in an international environment.

Vienna Bio Centre (VBC)

The "Vienna Bio Centre" (VBC) is an important competence centre for biotechnology in Vienna. It was founded from 5 institutes from Universities, the Institute of Molecular Pathology (IMP) and 8 Biotech start ups. Up to now the VBC has approximately 700 scientific employees out of 40 countries.

Centre Biomolecular Therapeutics

In 2000 the authority Centre Biomolecular Therapeutics was created as an initiative of the Austrian Federal Government for fostering the co-operation of universities and industry. The centre is funded with 60% of its total costs. The scientific target of the centre is the identification and characterisation of new molecules, which are involved in defence reactions of the human organism.

Kplus Authority Centre Applied Biocatalysis in Graz

15 enterprises and 11 native and 7 foreign institutes of 4 Austrian universities or research institutions co-operate in the authority centre. The granted total budget for the first four years amounts to EUR 20.57 millions.  

In the area of life sciences the city of Graz has got a tradition of many years. In 1993 the first special research area in Austria the special research area for bio catalysis was created at the Technical University of Graz. 

With the creation of this research and development centre the competitive power of the Austrian companies within the international area was strengthened.

Areas of activity are the synthesis of intermediate products for pharmaceuticals and environmental chemicals, the representation of health-promoting food additives from natural coal hydrates, the optimisation of enzymes for the respective area of application and developments in the area of diagnostics (biological chips).

In particular the integration of the nano-technology is to be mentioned, a further very promising field of technology.

Economic Opportunities:

The City of Vienna has frequently acted as the sponsor of technology-oriented companies, particularly start-ups and spin-offs. The Vienna Biocenter has been expanded; infrastructure, organisational and commercial support will be provided to an even greater extent for new biotechnology-oriented companies in the future. For companies in Vienna, a broad spectrum of tailor-made supportive measures and programmes is available via the Vienna Business Agency.

Biotechnology Cluster

The Biotech Incubator Network ARGE LISA Vienna Region - A Gateway to Central and Eastern Europe, providing a All-In-One Solution for Biotech Developments in Vienna. With the Network Partners the following is provided:

· General Information 

· Finance & Business Plans (feedback on finance mix, bundling of public finance support from both regional and federal sources, as well as private venture capital

· Consulting on EU-support, Partner Search & Co-operation Programs (EC Framework 5)

· Patent and Licensing Support 

· Business Planning and Coaching 

· Matchmaking and Partnering 

· Selection of Location subject to company-specific synergies within Vienna Region 

· Access to Laboratory Space and Research Facilities

· Assistance with Administrative / Legal / Organisational / Procedures 

· Marketing Support

Annex: 

List of companies introduced in the “Directory of Austrian Biotech Companies”

· AMEX Export - Import Ges.m.b.H

· Amgen GmbH

· Anton Paar GmbH 

· Applera Austria Handels GmbH

· Aureon Biosystems GmbH

· Aurora Feinchemie GmbH 

· Austrian Nordic 

· Aventis Pharma GmbH 

· Axon Neurosciences Forschungs- und Entwicklungs GmbH 

· Baxter AG

· Belan Ziviltechniker-GmbH 

· BFE Biotechnologie Forschungs- und Entwicklungsges.m.b.H 

· BIO GAS Produktionsges.m.b.H. 

· Biolab GmbH & Co KG 

· BIOMAY Produktions- und Handelsgesellschaft M. B. H

· Biomedica GmbH

· Biomin Gti GesmbH 

· Bio-Rad Laboratories Ges.m.b.H. 

· Bio Tec Systems GmbH Krems 

· BIRD-C GmbH (Biotech Innovation Research Development & Consulting) 

· Boehringer Ingelheim Austria GmbH 

· Braincon Technolgies 

· Byk Österreich Pharma Ges.m.b.H. 

· Care Diagnostica 

· Carl Zeiss GmbH 

· Centeon Pharma

· Chemomedica

· CIS Clinical Investigation Support GmbH &COKG

· CNSystems Medizintechnik GmbH 

· Croma Pharma GmbH 

· EDUCELL Zellkultivierung F&E GmbH 

· Fibrex Medical R&D GmbH

· G A T – Formulation Chemistry GmbH 

· Grünenthal Ges.m.b.H. 

· Hamco Filtertechnik GesmbH & Co.KG 

· Hämosan GmbH

· Igeneon Krebs-Immuntherapie Forschungs- und Entwicklungs-AG

· Insight Instruments

· Insilico Software GmbH 

· InterCell 

· Jungbunzlauer Ges.m.b.H. 

· JSW-Research Forschungslabor GMBH 

· Labordiagnostika GmbH – ViennaLab

· Lambda Labor für molekularbiologische DNA-Analysen GmbH 

· Life Optics.

· MED-EL - Medical Electronics

· MedSystems Diagnostics GmbH 

· MTI Maize Technologies International GmbH 

· Nanosearch Membrane GmbH 

· Novartis Forschungsinstitut GembH 

· Nowicky Pharma

· Ökopharm Inc. 

· Optime AG

· ORIDIS BIOMED Forschungs- und Entwicklungs GMBH

· pharm-analyt Laboratory GmbH 

· Photo Dynamic Therapy HgesmbH

· Pichem R&D 

· POLYMUN Scientific Immunbiologische Forschung GembH

· Prior Separation Technology GmbH

· ProCeryon Biosciences GmbH 

· Quintiles Ges.m.b.H

· Robocon Labor und Industrieroboter GesmbH 

· Sanochemia Pharmazeutika AG

· Schering Wien GmbH

· Schleicher & Schuell Vertriebsbüro Österreich 

· Schott Austria GmbH

· Serono Austria

· Sigma-Aldrich HandelsGmbH

· Spectronex GmbH 

· SY-LAB Geräte GmbH

· Szabo-Scandic Handelsgmbh & CO KG

· Torrex Pharma GmbH

· TRNKA GesmbH & CO KG SÖHNGEN ÖSTERREICH

· TU-BioMed

· VBC-GENOMICS Bioscience Research GmbH 

· VITATEQ Biotechnology GMBH 

· Vogelbusch GmbH
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Historical Background of the Country:

With a biotech sector revenue growth rate of approximately 30% in 2000 , Belgium is a significant biotechnology player in the European Union.

For many years, Belgium has been and still is attracting significant investment from international biopharmaceutical and agri-food companies. Belgium’s well-structured network of prominent research institutions and universities and the quality of the available science and technology have increasingly drawn the attention of research-oriented multinationals. With its strong science coupled with a position at the heart of Europe’s political institutions, the high skill and productivity of its work force, and its quality of life, this country has developed an inordinately high concentration of regional clusters, dedicated to biotechnology. 

Belgium became a Federal State, consisting of “communities” and “regions”, as a result of the 1993 institutional reforms. The decision-making power in Belgium is thus no longer exclusively in the hands of the Federal Government and the Federal Parliament. The state reform gave rise to the founding of three regions: the Flemish Region, the Brussels Capital Region and the Walloon Region. Belgium’s regions are, for example, responsible for policies relating to technology and applied research, as well as for infrastructure. The federal state retains important areas of competence including: foreign affairs, defence, justice, finances, social security, important sectors of public health and domestic affairs, etc.

National Statistics

Total number of enterprises: 97

The total figure includes successful large companies that are global leaders in their field i.e. GlaxoSmithKline Biologicals, Baxter Healthcare, Johnson & Johnson, Pfizer, UCB Bioproducts. They are real powerhouses that stimulate the entire sector in Belgium. They invest heavily in research programmes, not only internally but also in external cooperation with local universities and smaller biotech ventures. Moreover they produce locally and distribute their products to the world from a Belgian base.

Number of SMEs (EU standards): 80

Geographical distribution of SMEs:

The industry is dotting the map around the big universities: the Flemish Biotech Valley, with a strong cluster near Ghent, the Mechelen area, the Brussels-Namur-Charleroi triangle, the Brussels Biotechnopole and the Biotechnology Valley of Liège.

Whereas, in Flanders, technology transfer is mostly led by VIB (Flanders Interuniversity Institute for Biotechnology), in Wallonia it relies on cooperation between a centralized level, the DGTRE, and a series of decentralized partners, the university “interfaces” and  science parks. The  Brussels region, despite its small  size, can pride itself on having 16 entrepreneurial companies active in the sector, representing 20% of the country’s total.

Biotech Industry in Belgium by region :

	 
	Biotech Industry in Belgium by region in 2000 (*)

	 
	No. of Companies
	Revenue 

(€ in Million)
	Revenue 

% of Total
	No. of employees
	employees 

% of Total

	TOTAL
	97
	1598
	100
	7 160
	

	Brussels Region
	17
	61
	4
	336
	4 %

	Flanders
	32
	294
	18
	1 522
	27 %

	Wallonia
	48
	1 243
	78
	4 369
	69 %


(*) Source BIB 2002 / BBA

Total number of employees:

	 
	Biotech activity in Belgium  (*)

	 
	2000
	1999
	Increase %

	Revenues (M Euro)
	1 598
	1 211
	31%

	Number of companies
	97
	88
	10%

	Employees 
	7 160
	6 227
	15%


(*) Source BIB 2002 / BBA

Total number of employees in SMEs:

	 
	Biotech Entrepreneurial companies versus large companies (Year 2000) (*)

	 
	No. of Companies
	Revenues (€ in Million)
	Revenue % of Total
	No.of employees
	% employees

	TOTAL
	97
	1 598
	100
	7 160
	

	Large
	17
	1 368
	84
	5 732
	79 %

	SMEs
	80
	230
	16
	1 428
	21 %


(*) Source BIB 2002 / BBA
Breakdown of activity by biotech related sector

The majority of Belgian biotech companies where created after 1995. There are innovative start-ups or service companies with high added value. They have been created as spin-off of Universities and many have not yet reached the stage of commercialization of all their products. 

Research and development of new products and provision of services are often carried out simultaneously as contracted research (CROs) and contracted manufacturing (CMOs).
The overall distribution of entrepreneurial biotech enterprises in Belgium reflects their specialization into specific technology platforms and activities.

The biopharmaceutical sector comprises the large global companies such as Baxter Healthcare, Eli Lilly, GlaxoSmithKline, Johnson & Johnson, Pfizer and Phibro. These powerhouses’ success benefits the whole scientific community from the smaller entrepreneurial biotech enterprises - usually contract research organisations - to the recent entrepreneurial biotech ventures whose long term aim is to bring new drugs to the market, i.e. BruCells, Euroscreen, Henogen, Innogenetics, Thromb-X, Tibotec-Virco, Xcellentis and Zentech. Several companies are providing services, testing and screening of drugs and compounds active against specific diseases, or offer manufacturing services and contract research activities. Such companies are represented by Cypro, Euroscreen, Innogenetics, ReMYND , Tibotec-Virco, UCB Bioproducts. 

20 companies are active in diagnostics: Advanced Array Technology (AAT), Analis, Beldico, Biocode, Bio-Line, Biosource Europe, Biotech Tools, Bipharco/Socolab, Coris Bioconcept, DiaMed Eurogen, D-Tek, Eurogenetics, Gamma, Innogenetics, Lambdatech, ProBiox, RED laboratories, Tibotec-Virco and Unisensor.

Between pure service and drug development, there is a role for the providers of high quality biologicals for research, and even for limited therapeutic usage. The companies involved in such activity are: Eurogentec Group (EGT), KitoZyme, UCB Bioproducts. 

The agri-food field is also represented today by large and mid-size groups such as Advanta-SES, Aventis Crop Sciences, formerly PGS, Beldem-Gelka, Belovo, CropDesign, Seghers Gentec and Warcoing Industries. A slew of smaller enterprises are specialising in growing niches, i.e. Biopole, Bombus International, E&D, Galactic, Progenus, THT. Some have even developed diagnostic tools for animal health and food control: UCB Bioproducts and Unisensor.

Belgium also counts more than 100 companies from various (traditional) sectors whose activities only partially involve modern biotechnology. These are generally companies that are increasingly introducing this technology into their own processes at the levels of research and development, production and finally, commercial products. The part represented by modern biotechnology within these companies in terms of activities, staff and turnover varies greatly, ranging from less than 1% to more than 50% of the activity. The traditional multinational companies in the pharma and agrochemical sector, as well as numerous small and medium-sized companies active in the food, chemical, agricultural and horticultural sectors as well as in the environmental sector, belong to this category. Some examples are Interbrew, Algist Bruggeman, Amylum, Genencor International, Oprins Plant , Seghers Water, Organic Waste Systems, Realco 2001 and Bioplant In Vitro.

Production and services 

Healthcare

In total, the healthcare sector represents 78% of biotech activity in Belgium. 20 Companies are active in the diagnostics sector, and recent biotech ventures were created which a long term aim to bring new drugs to the market, i.e. BruCells, Euroscreen, Henogen, Innogenetics, Thromb-X, Tibotec-Virco, Xcellentis and Zentech.

The number of drug testing and services companies are really booming in Belgium 

The speed of growth is also impressive with Devgen and Euroscreen multiplying their turnover by 3 and 2.5 respectively from 1999 to 2000. Growth of the Eurogentec Group is less dramatic but profitable and incredibly consistent with an annual average of 30% these last 5 years. The sector is clearly meeting market needs as the larger pharmaceuticals and life science companies need to get leaner and more efficient. This opens up unique opportunities for smaller companies offering highly specialized services and unique high-value products and tools. There are top class companies in this field ranging from UCB Bioproducts, now integrated with the UCB Group, to the latest funded company Target Hit.

Ag-bio

Belgian university laboratories (i.e. Prof. Marc Van Montagu, Prof. Josef Schell) are renowned for their advanced research in development of plant quality and crop yield improvement. 

The industry has taken advantage of this expertise and developed genuine industrial processes for its exploitation.

Tiense Suikerraffinaderij, Advanta SES, Aventis Cropscience, Warcoing and Finasucre are large agri-food companies  and  have invested early in biotechnology.

One company however is special as it has no former industrial activity and its business model classifies it as a pure “ag-biotech” start-up: CropDesign.

Agricultural biotechnology is rapidly growing (14% of the global activity). The government is actively supporting this growth with R&D funding, and the creation of centres of excellence.

By using different types of biotechnologies a few companies are at the crossroads of the agri-food industry and the diagnostics and services sectors. Unisensor and UCB Bioproducts Food Diagnostics have already been mentioned. Another recent arrival, Quality Partner is another spin-off from the University of Liège (ULg). Based on technologies developed within Veterinary Faculty, the company offers genetic tools and services to enable comprehensive food and feed testing. The FUSAGx also nurtures projects in a similar field, and this led, early in 2002, to the creation of Progenus.

Environment

“Environmental biotechnology” is still in its early days. Besides, companies that use biotechnology to improve or restore the environment also use chemical or mechanical techniques to meet their goals. Biotechnology is only one of their tools, although a fast growing one, thanks to its ecological friendliness.

All over Belgium universities want to play a role in helping to improve well-being and keep the country “clean”. This is why specific research departments conduct “earth-friendly” research programmes. Dedicated support from the regional authorities has helped universities and companies to pool interests and to bring out innovative services. This led to the development and use of bioremediation to recycle specific pollutants.

The sector comprises industrial companies already active in waste management and pollution control. They cannot be considered to be pure “biotech ventures”, but  biotechnology users and, as a result, there are not many new players because the limited market is already in the hands of the key players.

Technology Applications

Research

A high quality of education and strong basic research are two of the most important elements explaining the continuous growth of the biotechnology sector in Belgium. Since early 1970s, Belgian universities and their scientists have made a number of significant contributions to biotechnological progress. The establishment of science parks close to the major universities, and of incubator facilities for start-up companies, has boosted the rate of new business creation and the commercialization of research. 

Belgian biotechnology attracts obvious enthusiasm, especially in the healthcare sector. The number of biotech companies active in this field has indeed grown at an unprecedented rate over the last seven years. The Belgian healthcare biotech sector benefits from Belgium’s high educational background and from an overall positive public perception. With 16 Universities and research centres active in Biotechnology in Belgium and a dozen of science parks, basic and applied research for the healthcare sector is abundant and covers a wide range of activities. A strength of the universities is their willingness to cooperate actively with the industry, and their track record for delivering successful outcomes. All over the country, universities place an increasing emphasis on intellectual property, therefore playing an important role in fostering bio entrepreneurship, as suggested by the large proportion of spin-off companies.

In addition, measures aimed specifically at SMEs include regional seed funds to facilitate access to venture capital and schemes to support training and the placement of researchers in small, innovative companies.

The spin-offs of universities since 1998

	  University
	Spin-off
	Creation

	ULB
	Henogen
	 1999

	 
	Target Hit 
	 2001

	 
	Unibioscreen 
	 1999

	
	Chemcom
	 2001

	 
	Cypro
	 1999

	 
	Brucells (with VUB)
	 2001

	 
	Delphi Genetics
	 2001

	K.U. Leuven
	Tigenix
	 2000

	
	RNA-TEC
	 2001

	
	ReMYND
	 2001

	 
	Vivactiss
	 2001

	 
	PharmaDM
	 2000

	UIA
	HistoGenex
	 2001

	FUNDP
	AAT
	 1999

	RUG
	Algonomics
	 1999

	 
	Infogenomix 
	 2000

	ULg
	ProBiox 
	 2001

	 
	Kitozyme 
	 2000

	VUB
	Beta Cells
	1998

	
	Ablynx (with VIB)
	 2001

	
	BruCells (with ULB)
	 1998

	FUSAGx
	Progenus
	 2002

	 
	Artechno
	 1998


Economic Opportunities:

Through their regional agencies, Brussels-Capital, Flanders and Wallonia have become a significant player on the Belgian financial scene. 

This first wave of investment was the occasion for private banks, venture capitalists and business angels to climb aboard the train. As companies grew and the sector became more mature, the wider financial community became interested in biotechnology and commercial banks began to get involved in financing new ventures and to offer new products to their customers, i.e. biotechnology investment funds. 

The role of the classical banking players really started with the second wave in the mid-1990s. The industry was more mature and the Human Genome Project attracted a lot of publicity raising the profile of the sector. 

For Belgium, a clear milestone was the IPO of Innogenetics in November 1996, concomitant with the creation of the EASDAQ, now NASDAQ Europe. 


With KB Securities as lead manager, the company raised USD 80 million through its public flotation. This immediate success has been maintained and today the company remains one of the largest biotech market capitalisations in Europe. 

The other, younger biotech companies raised money through private investments. The private bank and stockbroker Petercam was first on the scene acting as lead manager for Plant Genetics Systems in 1988, for Innogenetics in 1989 and later for Euroscreen. Others followed, such as Puilaetco for Eurogentec, Fortis Private Banking for 4C Biotech, Cypro etc.

As the general public started showing interest in investment in biotechnology, commercial banks decided to created the appropriate “equity funds”. KBC was the first to launch in October 1997 with its KBC Biotech Equity Fund. This successful launch stimulated the others and within months, the BBL, (a member of ING Group), Generale Bank, now Fortis Bank and Dexia also offered similar equity funds. 

Recently the two largest private banks launched their own version of equity funds. 

First, in March 2000, Puilaetco offered Puilaetco Innovative Healthcare And, in early 2002, Petercam launched the PAM Equities Biopharma. Both are “open mutual equity funds”, named  SICAVs that invest only in listed biotech companies (US and Europe).

Universities also play a major role in developing new ventures in biotech sector.  This contributes to nourishing the employment market with trained scientists. Their involvement in the economy is growing as they now “create” additional wealth through the “spin-off” companies. To get the best return on such investments, most of them have set up their own “venture capital” fund. 
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Development and Application of Modern Biotechnology

Introduction

Historically, biotechnology can be divided into three groups

Fermentation processes are mostly concerned with improvement of new phyla of microorganisms and their innovation in the course of their cultivation.

Use of biotechnological processes for elimination of toxic and other wastes and for transformation of these wastes to non-toxic compounds that can be further utilized.

Techniques of genetic and cellular manipulation followed by cultivation of animal cells, plant cells and microorganisms.

Cellular and genetic engineering are often included in modern biotechnology. Their era started in the 50s when the structure of DNA was discovered. It is surprising how quickly thousands of products based on this technology came on the market. The use of hybridom technology in the synthesis of monoclonal antibodies came furthest. Currently, 25 000 hybridoms producing monoclonal antibodies against a variety of antigens and with very diverse properties are used commercially. Monoclonal antibodies or their derivates are used in the research, preparation and production of diagnostic procedures and, so far, only rarely for therapeutic purposes. Genetic engineering achieved to prepare a series of products used not only for the purpose of diagnosis and synthesis (recombinant proteins), but also in the therapy of diseases, such as diabetes mellitus, anaemia and some types of tumours.

Mapping out the human genome resulted in a joint achievement of scientists from many countries in the year 2000. We are, however, still at the beginning in the use of this great potential arising from this discovery. Only new achievements in the field of functional genomics and pharmacogenetics will bring a variety of new products onto the market and thus enable us to improve the quality of life. There are many expectations concerning introduction of gene therapy in the therapy of some serious diseases into clinical practice. This is, however, just the beginning as well. Fundamental changes in diagnostic algorithms, together with many worries, arise from bringing the knowledge of individual genoms to practical use. Although modern biotechnology will provide help in a short period of time (in some cases it already does, e.g. still growing human population and its nutrition, or the problem of environmental pollution) the reality will apparently be more complicated. Next to revelation of particular genes and their mutations, it is necessary to learn and understand primary and secondary genetic modifying factors that participate on the final clinical manifestation of the observed gene.

A feature that is typical for the field of modern biotechnology in the Czech republic is the unclear differentiation and fading of basic research, applied research and production in particular institutions.  The best basic, as well as applied, research is performed at institutes of the Czech Academy of Sciences (CAS) and at some university establishments. It is not a problem but rather an advantage. Nevertheless, the problem is that production is often placed here as well. These institutions are, however, financed from the state budget and newly developed technology and products are not forwarded to the same places as they are in other countries, i.e. to small and middle-size companies. Vice-versa, businessmen are in a great disadvantage when they try to introduce new biotechnological production. Another factor that contributes to the problem concerning development of small or middle-size biotechnological companies is the tendency to publish all new information in scientific articles even though they contain new pieces of knowledge applicable in practice. Another problem is the industrial research and development of new technologies that is, to a high extent, financed from the state budget with small financial contributions coming from foreign companies. Suitable projects for the starting Czech entrepreneurs are then absent. Support provided for the development of enterprise in biotechnology, so self-evident in most countries in a form of special programs with respect to specific characteristics of this field (higher costs and longer period of development) is lacking in our country. A program similar to those issued abroad cannot be found in the materials of any programs announced.

A result of the current situation is that, although there is a large number of small and middle-size firms employing a majority of the manpower of our country, the number of biotechnological firms and the number of their employees is negligible in the Czech republic. Tens of biotechnological firms get lost in tens of thousands of small and middle-size firms of all fields and hundreds to thousands employees are negligible compared to millions of other professionals. In this situation, it is difficult to discuss the geographical distribution of biotechnological companies or their share of the total financial turnover in this country.

The basics of biotechnology

Currently, advancements in modern biotechnology are based mostly on information coming from basic and advanced research in molecular biology and genetics. Apart from the already mentioned information resulting from mapping out the genome of various organisms, bioinformatics, functional and structural genomics and proteinomics, study of molecular interaction and systems and molecular medicine will probably be the fields able to bring new fundamental information applicable in the development of new biotechnology. For example, structural genomics together with computer modelling is able to prepare a 3-D model of any protein. From here it is only a step to specific practical use in the development of completely new types of medicaments. Understanding elementary processes that occur in live organisms, as a result of research in cellular biology, virology, immunology and developmental biology, will very quickly find its application in new technology.

As in basic research, there are also fruitful interactions in biotechnology among other fields, such as physics or chemistry, which may seem too out-of-place at first sight. Nevertheless, newly developing areas of research, such as nanotechnology, chip technology and practical applications combine information from these fields. In basically all the areas mentioned above the Czech republic has a number of professionals and scientific groups of very good quality on the level of basic, non-oriented research, as well as advanced, oriented research. Projects in the field of molecular genetics are carried out by many groups at institutes of the Czech Academy of Sciences, for example at the Institute of Molecular Genetics, Institute of Microbiology, Institute of Molecular Genetics of Plants, Institute of Biophysics, Institute of  Parasitology, Institute of Experimental Botany, Institute of Entomology, Institute of Experimental Medicine, Institute of Organic Chemistry and Biochemistry. Very good results are also provided by members of research teams at the 1st Medical Faculty of the Charles University in Prague, Medical Faculty of the Palackého University in Olomouc, at the Faculty of Biology of the Charles University in Prague and Masarykova University in Brno. It is also interesting that very good basic research is carried out also by some private companies, for example the Generi Biotech, LTD in Hradec Králové. Subjects outside the Czech republic to the detriment of the cause, later apply plenty of problems focused on by advanced research to practical use. Research in the field of nanotechnology and biosensors is carried out at colleges of biology and technology (Faculty of biology of the Masarykova University in Brno, ČVUT-Czech College of Technology, Prague).

While research in virology is insufficient in the Czech republic (and what is left of it is scattered into small groups of various institutions-Institute of Molecular Genetics of the CAS, Institute of Haematology and blood transfusion, Prague), research in immunology, developmental biology, cellular biology and pathology (to mention at least some outstanding fields) are traditionally on a high level and are well-performed at many institutes of the Czech Academy of Sciences, together with medical and biological faculties of most of our universities.

Main trends and outcomes of modern biotechnology in the Czech republic

Fermentation technology

Fermentation technology is one of the oldest fields of biotechnology with a long history in the Czech republic. Synthesis of fermentative ethanol from melasa, crude alcohol from potatoes, baking yeast or fermentative vinegar is still in the program of many companies. Here we must not forget to mention the production of drinks, sparkling wines, or beer. New products of this field include medicaments, especially antibiotics, but also precursors of psychoactive substances. Production of those is also traditional in the Czech republic. Series of new medicaments are synthesized chemically. However, it is often a very expensive procedure; the use of microorganisms in these procedures makes them cheaper and simpler. Bacteria and mushrooms are effective means of production of secondary metabolites widely used in many fields. Among these there are antibiotics, substances used in the therapy of tumours, herbicides, pesticides, various immunomodulators and others. There are ways to increase production of these substances or to partially modify characteristics of the substances produced. A classic, but still abundantly used, method of using induction of mutation followed by selection has lately been complemented by a method of genetic engineering, in which selected substances are inserted into the genome of productive micro-organisms. The first method enables us to increase production of secondary metabolites significantly. The problem is, however, that by using this procedure we also increase production of other substances; the method does not enable us to make a selective increase in the production of the substances we desire. On the other hand, the other method enables selective production of a substance of our choice.

All these problems are being researched at a number of laboratories in the Czech republic. The topics of basic and applied research concerning this area of interest are carried out by a number of scientific groups at the Institute of Microbiology of the CAS, Institute of Organic Chemistry and Biochemistry of the CAS and at several departments of the College of Chemical Technology in Prague. Production of cyclosporin can be mentioned as an example of a successful solution. Production of cyclosporin, a very effective immunosuppressive substance routinely used in transplantation programs, is guaranteed in the Czech republic by Galena Opava. Another example is production of veterinary drugs avermectin and monensin and an immunomodulator ascomycin. Nisin and a series of other substances, which are either prepared for production or they are in the stage of being tested, are awaiting their chance to be put into use.

Due to appropriate grant policy and promotion, there are many environmental-concerned projects, which are carried out using fermentation technology, in the Czech republic. Many laboratories of the institutes already mentioned above solve problems of bioremediation, for example elimination of organic substances (PCB, PAH), binding heavy metals, cleaning sludge and liquidation of wastes. In all these projects, classic fermentation procedures are used combined with methods of molecular genetics.

A specific chapter is represented by cultivation of plant cells. In our country there are also several groups, especially at the institutes of the CAS, which participate on these problems. The projects are clearly focused on practical applications, such as cultivation of algae in fermentors or in thin layers which serve as a source or raw materials for the pharmaceutical industry or as nutrition additives (MBÚ Třeboň of the CAS), production of some efficient medicaments, which are still extracted from plants (taxol, Institute of Organic chemistry and Biochemistry of the CAS). Another stage in the use of these substances is their chemical modification in order to improve their characteristics that can be used in practice. This approach is used at some institutes of chemistry of the CAS, as well as some university laboratories (Faculty of Biology and Faculty of Medicine of the Palackého University). Plant cells are more and more used in elimination of wastes (phytoremediation). In connection with cultivation of plant cells, it is necessary to mention new approaches to plant cultivation which use an explanted culture of plants which contribute not only to improvement of planting, but also to production of stable materials for cultivation of several cultivated plants.

Hybridom technology in preparation of monoclonal antibodies

Kohler and Milstein announced construction of first hybridoms in 1975. In several years that followed, this technology not only became widespread, but particular steps of this technology have undergone improvement as well. Further development led to simplification of the whole procedure to such an extent that it is possible now to prepare antibodies to any immunogen.

Due to existence of appropriate myelom line of mice and rats, basically all monoclonal antibodies are of this origin. While any patent does not protect mice of the myelom line, the rat line is patented. This is the main reason why most of the hybridoms are of mouse origin. While construction of new hybridoms is time-consuming and technically complicated, production of monoclonal antibodies is simple and cheap. This is accomplished in two ways, either under in-vitro conditions in different types of fermentors and cultivation bottles, or in vivo in ascitic fluids in mice and rats. Monoclonal antibodies shortly proved to be an indispensable component of many diagnostic sets in human and veterinary medicine. Monoclonal antibodies are routinely used in research and production, however, their use in the therapy of serious diseases, such as tumours, neurodegenerative diseases, and others have not come up to expectations yet. Especially their use concerning applications to the human body promises great progress. This, however, depends on the further technological development and synthesis of monoclonal antibodies that would contain majority of the human component. The use of heterogeneous antibodies (mostly of the mouse origin) leads to many side effects, which are eliminated when monoclonal antibodies are used in vivo. Therefore, there is currently a lot of effort all around the world is put to preparation of so-called humanized antibodies. The technology of their preparation is a combination of hybridom technology and the process of synthesizing recombinant proteins. ScFv fragments of antibodies have half of the size of the Fab fragments, they are less immunogenic, show better penetration into tumours and they can be fused with other proteins or peptides. Potential applications include tissue imaging and targeted application of medications, toxins and radionuclides to tumours.

Another problem in the use of monoclonal antibodies for therapeutic purposes is their relatively low efficiency, for example in the elimination of tumour cells. Improvement of their efficiency can be achieved by preparing so-called immunotoxins.  Immunotoxins are complexes of monoclonal antibodies and an effector-active substance, such as various toxins and radionuclides. The resulting complex keeps its specificity of a monoclonal antibody and, at the same time, takes advantage of the strong effect of toxins (radionuclides) in elimination of the target cell. Combination of two different binding specificities, typical for so-called bi-specific antibodies, can increase the selectivity and efficiency of therapeutic antibodies.

Since 1980, the hybridom technology has been used at several research establishments in the 

Czech republic. Next to several research groups at the Institute of Molecular Genetics of the CAS, monoclonal antibodies have been also prepared at the Institute of Experimental Botany of the CAS, Institute of Haematology and Blood Transfusion in Prague, a hospital in Hradec Králové, Masaryk’s Institute of Oncology in Brno, at the Medical Faculty in Olomouc and scarcely at some other places. Although, we successfully managed to catch the onset of this technology several years ago, there is currently no such project that would be concerned with further development of this technology. At the same time, it is being proved just now that hybridom technology combined with the processes of preparation of recombinant proteins enable us to solve some long-time problems in the use of monoclonal antibodies in the diagnosis and therapy of the human body. 

Express systems in the production of antibodies and fragments of antibodies include bacteria, yeast plants, plants, insect and mammal cells. Each of these systems has its advantages, potential applications and restrictions. Bacteria cannot produce complete, glycosylated proteins; they can be, however, used in the synthesis of fragments of antibodies. Antibodies expressed in yeast plants include multi-branched oligosaccharides with a high content of mannose. As well, antibodies produced by plants or insect cells include carbohydrate structures different from those found in mammal cells.

On the other hand, new hybridoms producing antibodies mostly for the use in scientific projects are still prepared in a series of research establishments. These antibodies are, however, also used for practical purposes. 

Phage display technology from recent years proves to be a revolutionary method. It enables us to acquire completely new antibodies with high affinity to any antigen outside the immunity system without using animals.

The use of stem cells, cloning

The therapy of infertility by in vitro fertilization (so called test-tube babies) is already a routine approach used in many countries, including the Czech republic. Routinely, hundreds of embryos are prepared this way but only a part of them is used. The rest of them are destroyed after some time. Cells forming an embryo are characterized by not being differentiated, i.e. they still have not lost the ability to create a completely new individual and, under certain circumstances, they are able to develop, for example, into neuron cells. The use of this ability for therapeutic purposes opens great possibilities in the therapy of some diseases, such as the Parkinson’s disease, Alzheimer’s disease or multiple sclerosis-that is neurodegenerative diseases that afflict still more people, as well as for transplantations of vital organs. Another application of this method is substitution of destroyed cells of the heart muscle after a heart attack, correction of cartilaginous cells after inflammations, substitution of parts of bones, or implantation of insulin-producing cells to patients with diabetes. Much is also expected from introduction of this method in the therapy of tumours and diseases affecting the immune system of patients.

The presumption is that, in a short period of time, cells with precisely characterized cell lines will be developed; it will then be possible to use them for one of the purposes stated above. Because there are many ethical problems resulting from the use of embryonic cells, other approaches that would eliminate the use of embryonic cells are being tested. An example could be the use of animal cells with nuclei inserted from human cells. The first country in the world that allowed therapeutic cloning is Great Britain. The term therapeutic cloning means a procedure during which genetic information from another individual is inserted in a fertilized egg. Stem cells that come from such embryos can then be further utilized. The law in Great Britain, as well as in some other countries, does not consider cloning a human being, that is, creating identical individuals.

In the Czech republic, some theoretical and practical problems concerning cloning and cultivation of stem cells on model experimental animals are being researched at several institutions of the Czech Academy of Sciences (Institute of Molecular Genetics, Prague, Institute of Animal Physiology and Genetics, Liběchov), medical faculties of the Charles University, Motol Hospital, Institute of Clinical and Experimental Medicine of the CAS, Prague and Mendel’s University of Agriculture and Forestry in Brno. As a part of the Program for centres of research and development the Centre for cellular therapy and tissue substitutions was founded in the year 2000. This centre has integrated most of the research workers working on this problem in the Czech republic. Still missing are clear legislative limitations necessary for starting research on human embryonic cells and similar to those that have been passed in some countries of the European Union. Preparatory work on the necessary laws has been, however, started and the assumption is that the law regulating this research will be prepared in quite a short period of time.

Recombinant proteins

While the basic hybridom technology has become a part of production technologies of thousands of firms all around the world, the technology involving production of recombinant proteins came into routine use later. However, this is the technology that is currently the fastest developing area of interest, especially in preparation of new medicaments and medical substances. In connection with the hybridom technology and new substances used for diagnostic purposes, it is necessary to overcome the disadvantages of heterogeneity of generally used monoclonal antibodies of the mouse or rat origin. Aside from completely new drugs, there are substances, originally produced, for example, from human blood and used for diagnostic and therapeutic purposes, produced the same way now.

Today, proteins present in the organism only in few copies may be cloned, expressed in heterogeneous host cells, purified and characterized. Using targeted induction of mutation it is possible to introduce specific changes convenient for clinical and industrial application.

Production of recombinant proteins consists of several steps:

· preparation of DNA constructs (the discovery and widespread use of the PCR techniques was essential)

· insertion of productive organisms, for example bacteria, yeast plants, insect cells and some types of mammal cells

· cultivation of selected productive organisms in vitro, isolation and purification of produced proteins

· insertion of embryonic cells and preparation of transgenic organisms (animals, plants)

All these steps are already performed at a series of research establishments of the Czech Academy of Sciences (Institute of Molecular Genetics, Institute of Microbiology, Institute of Experimental Botany, Institute of Entomology and some research groups at colleges in the Czech republic and at some departmental institutions). Although these are mostly academic institutions, the projects carried out here focus on practical problems. In most cases there is no connection to potential producers in the Czech republic.

Genetically modified organisms (GMO, transgenic organisms) are organisms, into which, using the methods of genetic engineering, a heterogeneous piece of DNA is inserted. This is done in such a way that enables expression of the appropriate characteristic coded by this piece of DNA in the new acceptor. Most cases of GMO can be found among bacteria where this technology started. Genetically modified bacteria are used in the synthesis of recombinant proteins in a similar way to transgenic animals and plant. From the point of view of practical applications, the use of these methods for the development of transgenic plants is essential. The main goal, at the same time, is to increase and improve production and to eliminate the losses caused by weeds and pests. The existing methods of using chemical sprays are not only financially demanding, but they also pollute the environment with toxic substances (pesticides, herbicides, fungicides). The biggest group of transgenic plants, therefore, consists of plants resistant to insect pests, plants resistant to bacterial, viral and mould diseases.

Transgenic plants will, in a near future, help to solve problems not directly concerned with agriculture. If we are able to insert genes carrying resistance into the genome of plants, nothing can prevent us to apply the same method with many other genes. As an example, there are plants prepared this way that produce a structure able to induce an immunity response against widespread infections. These vaccines may be applied to potential recipients in food. Synthesis and application of such prepared vaccines is significantly cheaper. Transgenic plants may be used in the synthesis of a series of other substances. Among these there is, worth mentioning, a very prospective approach in the synthesis of antibodies.

The main goal of gene modifications in animals is improvement of the health state of livestock, improvement of production properties and improvement of digestibility and utilization of feed. Similarly to transgenic plants, there are transgenic animals prepared in this sector as well. They will serve as a source of active substances. Genes of these active substances, which may be acquired, for example, from milk, will be inserted to the genomes of such individuals. Some research establishments, especially the Institute of Molecular Genetics and the Department of Animal Physiology and Genetics of the CAS and at the Research Institute of Animal Production, have mastered the technology of preparation of transgenic animals. In cooperation with research workers of these institutes, transgenic organisms have already been prepared experimentally for planned as well as for practical purposes of production.

Since January 1, 2001, there is a law now in force in the Czech republic regarding manipulation with GMO; it regulates problems of laboratory manipulation with GMO and problems regarding introduction of GMO onto the market. Similarly to other European countries, this law, based on irrational concerns, essentially limits both research and practical use of GMO and food prepared from them. This is happening in the time when the whole world is being flooded by similar products coming from countries whose legislation better reflects advantages and dangers of this technology.

Vaccines

The effect of vaccination on the state of health of the human population is enormous. Perhaps only provision of clean, non-infectious water had larger effect on health state of people than the effects of preventive vaccination against a number of infectious diseases. During the last 200 years, vaccination has helped to eliminate 9 of the most serious diseases of the mankind. Nevertheless, preparation of efficient vaccinations is one of the main goals of medical research. As in many other areas of biology, the use of recombinant-DNA technology in preparation of vaccines has started to be used. It opens a variety of possibilities in areas where classic approaches have not yet succeeded. First of all, it is the problem of infectious and parasitic diseases. Using this technique, it is possible to define a structure of the infectious agents inducing the immune response in the recipient. In order to induce the immune response in this case, it is enough to use just this part of bacteria or virus and it is not necessary any more to be working with all the infectious material. It is not only much more effective, but also much safer. Completely new possibilities are being introduced in the area of preparation of anti-tumour vaccines. Here it will also be first used on tumours of the viral origin. Encouraging results have been acquired in this field in the Czech republic. In cooperation with research workers of the Institute of Haematology and Blood Transfusion in Prague, Institute of Molecular Biology of Plants of the CAS in České Budějovice, and the Institute of experimental Botany of the CAS in Prague a project dealing with preparation of a vaccine against the papilloma virus 16, the etiologic factor in the development of the cervical carcinoma, is being carried out. The vaccination should become a part of eatable parts of some fruits (tomato, carrot, potato). The goal is to produce a protein in genetically modified fruits given above that would have both a prophylactic and a therapeutic activity.

Current situation in the Czech republic in applied research and application of biotechnological approach and production

In various lists of research organizations and private companies we can find hundreds of institutions and firms claiming that biotechnology is one of their business activities. After a closer look into their program, however, we find out that only a minimum of them is focused on modern biotechnology. Concerning private companies, 90% or even more are represented by distribution companies that only import foreign products on the Czech market.

As stated above, many institutes of the Czech Academy of Sciences and research establishments of universities work on typical projects of applied research supported by financial grants; the goal of these is to develop new medicaments or new diagnostic sets (Institute of Organic Chemistry and Biochemistry, Institute of Macromolecular Chemistry of the CAS, Institute of Nuclear Physics of the CAS, Institute of Molecular Biology of the CAS, Institute of Molecular Genetics of the CAS or institutes of the CAS and the Jihočeská University in České Budějovice). In some cases remarkable results have been accomplished. Among these there is the synthesis of completely new derivates of cytokine analogs showing various inhibitory effects upon the growth of tumour cells that was performed at the Institute of Experimental Biology of the CAS. Most of the plans of institutes of the Ministry of Health, the Ministry of Education and the Ministry of Agriculture cover various spheres of applied research dealing with problems of modern biotechnology. Lately, some programs announced by the Ministry of Industry and Commerce enable companies to receive financial support for development in this field. A big problem is, however, that all this research is almost not at all connected to the possibilities and capabilities of companies operating in the Czech republic. Therefore, it often happens that some very interesting ideas either do not even approach the stage of their practical application or they are applied outside the Czech republic.

As a consequence of these well-known facts, applied research is very little developed in the Czech republic. In the sphere of modern biotechnology this type of research is performed, apart from the institutes of the CAS and the universities already stated above, at some departmental research institutes (Research Institute of Plant Production in Prague-Ruzyň, Research Institute of Veterinary Medicine, Brno, Research Institute of Animal Production, Prague-Uhříněves) and scarcely in some private companies. As an example, we can mention Generi Biotech, Ltd. (molecular genetics), Biopharm, PLC (transgenic animals), EXBIO Prague, PLC, Biovendor, PLC (monoclonal antibodies) and scarcely some other ones.

Application of biotechnological approaches and production in the Czech republic

The biggest problem today is the missing attachment between the plans of advanced research and the plans of production companies. A long series of interesting project end up, at the maximum, by being published or patented. It happens very scarcely that it become clear from the very beginning that new technology or a new product will have a particular producer in the Czech republic, who is awaiting such an application and is ready to start its production quickly. This situation is reflected by a very low number of companies using modern biotechnology. As to bigger companies that survived the process of economic transformation, we can mention Galena-IVAX, PLC, Léčiva, PLC, Pliva-Lachema Brno, PLC, Dyntec, Ltd., BioPharm, PLC, Spofa, PLC. Some others have currently problems and they are turning into rather distribution companies of their foreign owners. The development of small companies, such as GeneAge Technologies, Ltd (production of recombinant proteins, DNA chips), GeneriBiotech, Ltd (production of oligonucleotides, research in genetic therapy), Top-bio, Ltd Prague, (production or reagencies for amplification of the DNA), rEcoli, Ltd, Prague (production of recombinant proteins), Biovendor, PLC, Brno, EXBIO Prague, PLC, Clonstar, Ltd. (development of new hybridoms, production of monoclonal antibodies), Immunotech, PLC (the biggest producer of ELISA kits in the Czech republic with its own research and production of monoclonal antibodies) is promising. Next to these there are some bigger or smaller companies using fermentation technology in preparation of active substances for various applications, for example Contipro, PLC, Lonza, Ltd., Biocel, PLC.

Although there are, especially at universities, many research projects dealing with problems of application of biotechnological approaches in elimination of toxic wastes, the number of subjects that would bring these to practice is very low. It is possible to mention especially Enrisan-Gem, Ltd., which is doing successful business in this field beyond the boarders of the Czech republic. It is the only company that works on its own research, works on development projects and production of bacterial cultures with hydrolytic activities. Many other companies, such as Aquatest Prague, Geonova, Ltd., Ecoconal, Ltd., Dekonta, PLC, Bioasan, Ltd., G-servis, Ltd, KAP, PLC, Everstar Šumperk, Bioprospect Prague, either import raw materials and prepare final solutions to be used or they only supply foreign products and, at the maximum, perform analysis. To certain extent, we can also mention other companies producing diagnostic sets based on products which were developed using methods of modern biotechnology, although the technologies are not directly used by these companies. These are SevaPharma, PLC, Vidia, Ltd., Itest, Ltd., Test-Line, Ltd.

This overview makes clear the fact that application of results coming from research and development in modern biotechnology is the weakest point in the Czech republic. Development of new drugs based on modern biotechnology basically does not exist. The beginning of work supported by risk investments in the company of I.Q.A., Ltd., Prague (cooperation with research workers from the University in Olomouc) and development of new medicaments at the Institute of Nuclear Research Řež, PLC which, in cooperation with research establishment of the Czech Academy of Sciences, works on some research projects, is promising.

Suggestions concerning further development

In developed countries, support of biotechnology receives extra-ordinary attention. A material of the European Union “The European Research Area: An Emerging Reality” ranks biotechnology, genomics and bioinformatics first, i.e. areas of interest which should receive the most attention. Similarly, in the preparation of the 6th general program these areas were placed among the 6 main topics that should receive the biggest support in the following years.

A similar proclamation has not been stated clearly in the Czech republic yet. This is true not only on the state level, but also on the level of individual departments, such as the Czech Academy of Sciences, colleges or ministries. It is, therefore, necessary to make an essential decision that would set appropriate conditions for the development of this field.

The first precondition is to have enough qualified research workers. That means not only in science and research but also in fast growing small and middle-size companies which would apply new information in practice. This requires expansion of capacities of biological faculties, which prepare most professionals in the field of modern biotechnology. This also requires making changes in schedules of some colleges (chemical, agricultural) including the need to intensify teaching molecular genetics to medical students. This requires an improvement in the quality of teaching and introduction of new teaching programs (e.g. bachelor’s degree in this field) in order to prepare highly-qualified professionals for laboratories and to the process of application in production. When preparing the schedules for college students and doctorate students, it would be useful to cooperate with companies potentially applying this research in the Czech republic. This cooperation should not involve only problems concerning classic applied industrial research but also so-called research for education purposes.

Research and Development

In the area of non-oriented research, it is necessary to expand research capacities at universities and at the Academy of Sciences in theoretical fields which provide basis for modern biotechnology, especially molecular biology and genetics. This requires setting up conditions needed to establish new institutions, departments and institutes; conditions needed to enrol new young research workers, especially the talented ones, not only from the Czech republic and to provide appropriate working environment and living conditions for them.

The need to create stimulating environment (including the process of legislation) in order to speed up the transfer of potentially interesting pieces of knowledge to practice through both the departmental research organisations and direct transfer to production companies.

Constant emphasis on increased efficiency and quality should become an integrated part of all these arrangements. Interdepartmental evaluation of results of research organisations should create the basis for dynamic promotion or suppression of activities of individual subject. Finances, which would be saved this way, should be then used to expand high-quality projects and to establish completely new institutions (including new organizational structures).

To make sure, both in advanced research, especially in applied research carried out at the Czech Academy of Sciences and in plans of departmental research institutions working under the Ministry of Health, Ministry of Agriculture, and the Ministry of Environment, that modern biotechnology is involved is one of the main subjects of their research activities. To make sure that the topics of research works are formulated together with the potential users or companies applying this research in the Czech republic.

Main topics of modern biotechnology can be summarized, in a simple way, as follows:

· development of new medicaments (biggest investments and highest expectations), pieces of knowledge obtained  from investigation of the human genome and gradual investigation of genomes of pathogenic bacteria leading to identification of potentially interesting proteins, preparation of monoclonal antibodies against them,  in preparation of humanised varieties of these antibodies, in preparation of transgenic animals and plants to ensure the production of both antibodies and proteins for therapeutic use 

· development of new diagnostic sets (not only for human medicine)

· development of new genetically modified food, livestock and plants

· development of new ways and approaches in improvement of the environment and elimination of its pollution

In the Czech republic an opinion is being spread out that development of new medicaments is a costly matter requiring financial support that can be provided by only a small percentage of the biggest international corporations. The real situation, however, is completely different. Small companies all over the world are founded with the only purpose to develop often only one new medicament (using the already mentioned methods of modern biotechnology). Their budgets are in the amounts of millions or in tens of millions of collars at the maximum. Experience with risk investments in the Czech republic shows that there are enough of these financial resources but there is lack of really good ideas or projects. The quality of results of applied research is lacking behind; as stated above, there are enough financial resources for good-quality projects in our country. As we have learned from the USA, introduction of new products to production including complicated clinical testing is provided by newly founded small companies. And then only a very small part of new products, which have the chance to become widely used, become objects of interest of large corporations. Our neighbours in Germany have already realized this and made such steps, with the help of the government, that enabled foundation of a series of similar small companies.

Application

One of the feelings brought from the last conference BIO 2001 (San Diego, June 2001) is that not only production, but basically the whole field of biotechnology in the USA, is performed mostly by private companies. Universities carry out basic research (molecular biology and genetics, immunology, cell physiology and pathology, virology and others). As soon as there is some discovery made that could become an object of production and successful business, it is patented and usually undergoes further development, testing and in cases it succeeds, it is then applied in new private companies founded by the researchers themselves. This approach is probably the basic piece of advice on how to develop the field of biotechnology in our country. The elements of further development should include all types of support provided to new companies applying all the clever ideas that come out as results of our research teams. Foundation of companies that are able to apply modern biotechnology and to take part in international cooperation (mostly within the EU).

State support, in accordance with the main priorities set up by the EU, should provide conditions that would focus projects of newly developing companies or companies already existing onto the main areas of modern biotechnology as stated above.

NATIONAL REPORT:
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DENMARK
· Pharmaceutical-technologies

· Agro-food-technologies

Partners for Life.

Historical background of the country

The Danish budget for research in the sector is 1. 3 mia euro pr year . A strategic report on Biotechnology will be published by the end of 2002 by the Ministry of Science, Technology and Innovation. There is a close cooperation between science and industry of the area compared to any other area of technology. 

The area is not organised in branch organisation to the same degree as other areas, only 50% is organised in different organisations – for the pharmaceutical area 11 in FBDF and 16 in DI.

Overview in numbers

The science institutes is situated in 8 universities and in 5 RTD institutes. 

There is aprox. 70 companies working in the industrial sector of biotechnology. 

11 are big companies and 60 are SMEs with 50 of the latter founded in the 90ies. 

Now 10 small spin offs have arose during the last 5 years. 

Many of these new spin offs are in the pharmaceutical sector and are situated in one of the 8 science parks. 

All of the SMEs have export as the main target for marketing the product. 

The competition with the USA is percieved as the main barrier for development. The interest for cooperation in the 6 FP is markedly higher than before in the 5 FP, - properly due to the information activities of EuroCenter in the Partners for Life action

Important new initiatives

From 1996 Medicon Valley encompasses Copenhagen on the Danish side and Skåne on the Swedish side. The cross border region Medicon Valley hosts an impressive number of biotechnological, pharmaceutical and medical device and service companies, and Medicon Valley holds a strong scientific position within this area in Europe.


Medicon Valley is a major international centre for biotechnological and pharmaceutical activities also among the strongest in Europe in featuring cross-border partnerships between industry, universities, hospitals and investors. 

Medicon Valley is home to a significant number of pharmaceutical and biotechnological companies, 26 university hospitals, and 12 universities, of which Lund University is the largest and most diverse in northern Europe. More than 30,000 people (in Medicon Valley) work in the medical industry in Medicon Valley, including 4,000 researchers with advanced academic degrees, and more than 135,000 students study in the region.


A very new initiative for supporting new companies in biotechnology the BioVision has been launched by the government whereby private investors on behalf of the government will invest risk money in products with a commercial potential.

Biotech Research and Innovation Centre (BRIC) is a big initiative to contribute from 2004 to the Danish international leading areas of education and science. BRIC will have an obligation to promote result to the industry and also to disseminate knowledge on the application of biotechnology

In the medical areas of the industry 3 areas have priority: In vitro-technology, data analyses and drugs and the vision is todiminish the long time span (10-12 years) from research result to product.

· se also the overview of the medical sector

New development

The new area of the transdiciplinary nanotechnology is inviting to close cooperation with biotechnology. 2 universities will start education in the area from summer 2002. This technology has not yet invaded the more traditional definitions of biotechnology but in trans-dicipline cooperation the area will be recognised as nanotechnology and not for as example molecular biotechnology.

In the field of health and the environment there will be totally new types of sensor based on nanotechnology. It will be possible to integrate an entire analytic laboratory on a single plastic chip that is so cheap to produce that it can be thrown away after use. One example is the work being done in Denmark to develop a sensor based on a minute silicon component, which will make it possible for a doctor to measure whether, for instance, a patient is HIV-infected within a matter of minutes. Continuous measurement of the blood sugar of diabetics, quick and effective control of bacteria in foodstuffs at all stages of production or the effective measurement of tracers in our surroundings are just a few examples of the use of nanotechnological sensors for diagnosis and environmental control. 

In the field of plants the vision is to develop plants that form a new type of nutritional fibre (biopolymers) that will, for instance, be designed to bind carcinogenic substances in the digestive tract, reduce the cholesterol count or prevent the occurrence of stomach ulcers. Attempts are also being made to produce feed grasses containing inbuilt enzymes that are released the moment the grass is chewed, thereby making it more digestible and reducing the environmental load from livestock production. It will be possible to extract other biopolymers from plants and create the basis for quite new bio-degradable materials to replace petrochemical products. 

In the field of biotechnology new nanomachines will emerge on the basis of a number of biotechnological advances. Our knowledge concerning the genetic material of bacteria, fungi is increasing explosively, partly thanks to the total sequencing of their genomes and the ongoing clarification of the functions and regulation of individual genes. These developments will lead to ever more advanced applications of bacteria, fungi and plants as small nanomachines designed or modified to form, control and repair substances, biopolymers, surfaces and objects of nanosize. Thus, bacteria are today being used as an environmental-friendly alternative in stripping old paint on American military planes and to break down contaminated concrete floors in nuclear power stations.

Biotechnology is mostly associated with the pharmaceutical sector but also in the food sector a fast rising development has taken place.  

An international central position for research and innovation in cooperation between universities and industry has been taken by the Levnedsmiddelcenteret (LMC) (Centre for Advanced Food Studies) and the centre is approved as Major Research Infrastructure under EU's fifth framework programme. 

 (LMC) was established in 1992 by the Royal Veterinary and Agricultural University (KVL) and the Technical University of Denmark (DTU) in collaboration with the Ministry of Education. LMC serves a dual purpose: To coordinate Danish food research financed by public funds and to coordinate joint degree courses in food science and technology. The education in Food Science and Technology takes place at both universities at three levels: Bachelor in food Science and Technology - 3 yrs BSc in food Science and Technology 3½ yrs (bachelor degree plus industry training) MA in Food Science and Technology - 5-5½ yrs. 

At the BSc and MSc level specialisation in either Dairy Science, Meat Science or General Food Science is possible. 

The strategy of LMC is for 2001 – 2006 biotechnology and bioinformatics. (Biochips, proteomics and DNA Microarray technology)

Another fast growing cooperation is the Øresund science region – Øresund Food Network. Established in cooperation between 13 universities on both the Danish side and the Sweedish side of Øresund .

In agro-food the traditional priority has been on food quality and – safety. New is the customer-oriented products with great and specific demands to taste and variety in the demands to the producers. The very strong export sector meet a rising competition.

Big programmes for research and innovation in the food sector have been implemented since the beginning of the 90ies. Now  the biggest is Foetec 4 which is launched in 2002 with 4.3 mio euro for 3 years.  The food sector has not been involved in the BSE scandal

· see also the overview of the agro-food sector.

Marjon Boelskov 6.05 2002
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FRANCE

Historical Background of the Country:

Although the French biotechnology industry was born in the eighties, more than 80% of the companies were created after 1990. More clearly since 1999, there has been a real development of young biotechnology companies all over France. Many of the companies created in the eighties are today quoted on the stock exchange : Genset, Trangenese, Immunotech…The second round of creation is due to different data : first a more favourable economic and financial environment, with development of financial tools, venture capital and the creation of new stock markets. Secondly, the attitude towards the researcher-entrepreneur has changed, and finally, the French authorities have put into practice a series of financial and structural measures favouring the creation of enterprises. For instance, the law on innovation and research of july 1999 allows researchers from public institutions to create companies in order to develop their researches, and favourite transfers of technology between young enterprises and higher education and research establishments. The biotech research benefits also from public funds held by the ministries of Education, Research and Industry and ANVAR (The French Agency for Innovation), which promote and give a financial support for innovation in French industry particularly for SMEs. The support of start-up is also going on with incubators and starter founds (BIOAM…). Finally, the creation of the Nouveau Marché in 1996 has also allowed biotechnology enterprises to gain better access to substantial financial resources.

In France, the sector of biotechnology is still very fragmented: 70% of the companies have less than 10 employees. Only a few of the more established companies have more than 100 employees. The staff of these companies is highly qualified (doctors, engineers, technicians). France holds now the third place in Europe with 240 companies and a turnover of 757 millions euros. Great Britain is still the first country for biotech in Europe after the United States. 

A lot of institutions are working on biotech to support the research. Among them, the following can be mentioned: CNRS (the National Centre for Scientific Research), INSERM (the National Medical Research Institute), INRA (the National Agronomic Research Institute), CEA (the Centre of Atomic Energy), IFREMER (the French Research Institute for Marine Resources), the Institute Pasteur. Some universities and high schools are also involved in biotech researches (ENS, ENSCP…). In 2000, eight Sciences Parks (“Genopoles”) have been set up in Evry near Paris, Lille, Toulouse, Montpellier, Marseille, Lyon-Grenoble, Strasbourg and Bordeaux. “Genopole” in Evry for instance, created in 1998, collects now 19 research laboratories, 40 companies, 1500 employees. These Sciences Parks benefit from targeted support from national authorities and regional authorities. 

Recently, the government has reaffirmed its support for biotechnology and life science and prioritised different areas for further development: genomics and post-genomics, medical imagery, neurosciences and the fight against infectious diseases. 

Different programs and networks bring together the public research institutions and biotechnical enterprises. 

· the network of “Genopoles” created to favour exchanges on genomics 

· the GENHOMME  Program dedicated to research of the human genome 

· the GENOPLANTE Program involving public organisations in plants research  and companies from the agronomic sector. 

At least, the French biotechnologies companies have formed in 1997 France Biotech, the French Biotechnology Industry Association. France Biotech has now 80 members. It is actively working to stimulate and encourage the development of the French biotechnology industry. Its major tasks is to formulate and put forwards proposals to government about economic changes, provide a forum for the exchange ideas among biotechnology and be an international point of contact for industries and associations of other countries. France Biotech represents the French Biotechnology community in international forum. 

Most of the data below are based on two surveys, one produced by France Biotech and the other produced by Ernst and Young on biotechnology in France, and also an inquiry produced by the Ministry of Research through a direct interview to 200 SMEs.

National Statistics

Number of SMEs (EU standards): 240

Geographical distribution of SMEs: most from near Paris (Ile de France), south-east (Rhone-Alpes), east (Provences Alpes Cotes d’Azur), a few in the centre, south-west, est.

Total number of employees in SMEs: 4500

Breakdown of activity by biotech related sector

Nearly 70% of the French biotechnology enterprises work in applications linked to human health. The others are dedicated to food and agriculture (20%), protection of the environment, cosmetic and other industrial applications (10%). 
In relation with the movement of concentration, the part of the research carried out by pharmaceutical laboratories is decreasing and the partnership with stars-up is rising rapidly. The sectors of activities in human health is first functional genomics, then vectorisation and drug delivery, therapeutic proteins, gene therapy, cell therapy, pharmacogenomics, reagents, vaccines, structural genomics, combinatorial chemistry, high throughput screening, antisense DNA. 

Production and services 

Healthcare

Biotechnology has applications into all medical fields: predictive, preventive, and therapeutic. These include: development of novel molecule and new products (antibiotic, anticancer drugs, hormones, vaccines), identification of novel targets as candidates for drugs or vaccines, development of DNA-based therapy (gene therapy, celle therapy, antisense DNA), pharmacogenomics, new diagnostics tools. The activities of enterprises working in fields linked with health are growing very rapidly, a large part of this coming from export markets.

Ag-bio

Biotechnology in food industries includes genomics, transgenesis, genotyping, a technique, which can distinguish between varieties and identify possible GMOs (Genetically Modified Organism). These techniques can be used for traceability, varietal identification, research into product imitations…Transgenesis has considerably enhanced the opportunities for created new products. But, there is still significant opposition towards trangenics plants in agro-food sector. New products coming out of plant biotechnologies are also prepared in laboratories: products enriched with vitamins, molecules witch reduce the allergenicity of foods. 

Environment

Just a few companies work in preservation of the environment but biotechnology offers countless applications into areas such as the management of natural resources, the prevention and elimination of sources of pollution. For instance, biosensors, biochips and diagnostics techniques are undergoing rapid development in order to give faster quality control of natural resources. . Biological methods can also play a complementary role to the traditional physical-chemical techniques in the quality control of water and air. The treatment of wastes and the water pollution use currently biological techniques such as bio-activated-mud. These French solutions are exported all over the world.
Technology Applications

The majority of biotechnology companies are innovative start-ups or service companies which have research activities and apply new technologies. The most used technologies are monoclonal and polyclonal antibodies, bioinformatics, transgenesis, molecular biology techniques, molecular genotoxicology, fermentation and extraction of products from micro organisms. 
Research

Many enterprises are born out of technology transfers. Frequently they have been founded on research campuses or near large hospital centres where they can benefit from material and logistical help. The number of strategic alliances, set up between biotechnology companies or with pharmaceutical laboratories, is also rising rapidly. Born from the association of researchers and managers working in the life sciences, biotechnology companies benefit from a high scientifical level. Their research and development budget uses about 90% of their turnover.

Economic Opportunities:

Biotechnology-based industry represents an excellent opportunity. France already has world-class research in the life sciences and can boast of several best-in-class companies in this sector. A significant numbers of its research teams have already contributed to major scientific advances (for instance, the map of human genome). Involvement must be ongoing to facilitate transfers between public research institutes and private companies. The financing of biotechnology enterprises always constitutes a critical aspect of their development but biotech SMEs represent a good investment for venture capital enterprises. It is expected that the market of biotech products (DNA biochips, therapeutic molecules, genotyping techniques, biological techniques in environment) will increase in the next years. In all these areas, biotech SMEs benefit today from a good technical and financial environment and can increase international development. 

Main sources of information

Documents:

· “Les biotechnologies en France”, France Biotech

· « Biotechnogies en France »-2001, Ernst & Young

· « Enquête sur les PME de biotechnologies en France », Ministère de la Recherche, octobre 2000

Useful websites:

· http://www.biotech.education.fr/
· http://www.france-biotech.org/
· http://www.anvar.fr/
· http://www.technologie.gouv.fr/
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GERMANY

Historical background of the country

(not available)

National statistics

(not available)

Biotechnology

Definitions of biotech companies:

	
	Ernst Young Life Science Report
	Annuary and directory “Biotechnology” of the Ed. BIOCOM 
	Map of the Information service biotechnology

	
	Entrepreneurial Life Science Company (ELISCO) bzw. „Core Biotech Company“ with less than  500 employees: main purpose: commercialisation  of modern biotechnologyt
	Companies category 1: companies which do research, production with biotech procedures or companies which are strongly involved in biotech 
	Companies with main business in modern biotechnology 

	Number of companies 
	ELISCOS: 332

(12/2000)
	Category 1 companies: 538

(12/2000)
	489

(05/2001)

	Employees
	10 673
	16 500

<5            14,3%

<10           2,2%

<25           26,7%

<50           17,8%

>50           19,0%
	17.700-21.000 (2000, without biotech departments in major industry)

<10                    38%

10-50   40%

51-100 9%

>100                   8%

	Turnover 
	786 Mio. EUR
	Geschätzt: 1,5 Bio. EUR
	

	RTD-expenditure 
	719 Mio EUR
	
	

	Main business areas
	
	
	Pharmaceutics 
( appr.240  companies.)

Diagnostica
( appr.160 Companies

Services
 ( appr.110 Companies)

Bioinformatics
( appr.70 Companies)

DNA-Analysis 
( appr.65 Companies)

Agro-bio

Technology
( appr.60 Companies)

Environmental bio-Technology 
( appr.45 Companies)



	Database 
	
	BIOCOM Database (without biotech departments in major industry)
	Questionnaires of 485 companies 


Main places of biotech companies

(Source BIOCOM-Verlag)


Berlin/Brandenburg


(80)

München/Martinsried


(67)

Göttingen/Braunschweig/Hannover
(38)

Düsseldorf/Köln/Aachen

(34)

Leipzig/Halle/Jena


(29)

Freiburg u. Umgebung

(27)

Heidelberg/Mannheim

(27)

Frankfurt/Wiesbaden/Darmstadt
(25)

Hamburg



(22)

Marburg/Gießen


(13)

Red Biotechnology:

Turnover of recombinant 
pharmaceutics
:




882,9 Mio. DM (1996)

Vaccines





206,6 Mio. DM

Antidiabetics





276,3 Mio. DM

Immune stimulationen 



190,2 Mio. DM

Pharnaceutics against haemophilia
 

  95,0 Mio. DM

Hormones





  88,5 Mio. DM

Sex hormones





  13,9 Mio. DM

Others 





 
  12,5 Mio. DM

(Source: VFA Statistics 2000)

Patents for pharmaceutics with biotechnical relevance: 176 (1999)

(Source: Deutsches Patentamt)

Green biotechnology

Grey Biotechnology:

Market potential  Environmental analysis



1-3 Mrd. DM


(1999, FAZ)

Production and Services 

(Not available)

Technology Application

(Not available)

Main source of information

(Not available)
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Historical Background of Hungarian Biotechnology

The Cereal Research Institute was the first independent institution which performed biotechnology-related research in Hungary. It has served agriculture by the development of its biological basis since 1924. The Biological Research Centre of the Hungarian Academy of Sciences in Szeged started its activity almost 30 years ago. 

Molecular and cell biological research has stated to gain momentum in the 70’s in Hungary. The initial efforts led to various advanced research and development programs in plant and animal biotechnology-related research in the 80’s. 

Later on, the political and economical situation in Hungary was not favourable to research activities, especially in natural sciences that remained under-supported compared to other sectors of science. Consequently, ten-fifteen years ago the advance of the biological research slowed down due to inadequate domestic financial support, while the gap between the international and Hungarian research activity widened. In order to maintain their competence, scientists were forced to leave 

Hungary for shorter or longer periods. It became common that well-known research groups could scientifically survive only if they received support from Western Europe or the USA. 

Hungarian laboratories practically did not take place in the world-wide genome research programs of the last decade. Although various Hungarian scientists achieved important position in genome programs abroad, lack of local financial support did not allow significant Hungarian participation in such cost-intensive projects. Hungarian laboratories did not take part in any genome sequencing activity. In the last few years efforts took place to adapt advanced technologies such as genome mapping, SNP analysis, or various aspects of functional genomics, like gene tagging, micro array technology and large-scale protein analysis. 

Although there are several well-known Hungarian specialists in bioinformatics (working mainly abroad), the situation in this field is lagging behind the advanced countries. In the higher education system there is no possibility to study bioinformatics or related subjects. Therefore most local biotechnology projects have no adequate support in informatics and computation.

Animal and plant biotechnology in Hungary is closely linked to international developments, mainly to research programs in the EU and USA. In order to perform competent research, scientists are forced to exploit collaborative research and perform their cost-intensive experiments abroad. So many scientific results produced by Hungarians are published as part of international research cooperation or of research carried out in foreign institutions or labs. With the improvement of national financial support, and participation in EU Framework Programmes, several Hungarian groups are gaining more and more financial independence and are able to conduct high-tech research on their own. 

Increased financial support resulted in the gradual improvement of biotechnology-related research in all areas. Although replacement of aging instruments and improvement of working conditions is still far from being completed, this promising process has already been started. Number of advanced projects has been initiated, that are often competitive at the international level, too. 

National and International Cooperation

International cooperation, mainly with the EU and the USA has been greatly improved. Cooperation with foreign universities, research institutes or sometimes private companies has become commonplace. 

Presently Hungary takes part in various international programs on biotechnology development. The following agencies’ international programs are also relevant to Hungary: the United Nations Food and Agricultural Organization (FAO), the United Nations Environmental Program (UNEP), the United Nations Industrial Development Organization (UNIDO), and the Organization for Economic Cooperation and Development (OECD). 

At a country level the Hungarian Association of Genetic Researchers serves as an important institution to boost cooperation. Its members are mainly scientists working at different universities. Since its foundation (1987), 5 conferences were organized focusing on different up-to date biotechnological topics and fostering cooperation. The association has around 260 members, and it can be considered the largest organization of Hungarian genetic researchers. It puts a large emphasis on maintaining cooperation with similar foreign associations. 

National Funding Opportunities 

The Hungarian Ministry of Education annually announces a grant possibility in the field of biotechnology. For the year 2001 65 projects were dedicated to support with a 1.7 million HUF budget. The grants were between 10 to 70 thousand HUF/project. 

The Ministry also invites tenders for innovation including biotechnology as part of the Szechenyi Plan. As part of the National Science and Development Program announced in 2000 support could be given in the following categories: life quality, communication techniques, environmental protection, biotechnology, and national heritage. In 2001 altogether 4.42 billion HUF were assigned on these purposes, while for 2002 this sum rose to 7.68 billion HUF. 

Besides supporting research activity directly, the Ministry of Education announces calls for proposals on development of infrastructure and on purchasing necessary tools and instruments too.

Legislative background of Hungarian biotechnology

On January 1, 1999, the Hungarian Gene Technology Act (Act No XXVII of 1998) came into force. The objective of the Act is to set forth regulations in the field of modern biotechnology in order "to preserve the balance in nature, to protect human health, to support scientific and economic development and to enforce the provisions of the Convention on Biological Diversity". The main elements of the law are based on the European Community directives.

The Act applies to the contained use, release, commercialization, import and export of genetically modified organisms. Modification of human genes and genome does not fall under this Act, but is covered by the Act on Public Health. 

The Act establishes a number of general obligations for those working with GMOs, and identifies the following activities for which permits are required: establishment of a biotechnology laboratory, genetic modification of natural organisms, with the exception of experimental modification, contained use, deliberate release, and commercialization of GMOs and products, with the exception of contained use for research purposes. 

The general obligations and procedural requirements to obtain permits are or will be worked out in implementing regulations. F or agriculture and food industry applications, Regulation 1/1999, which became effective on the same day as the Act, applies. Implementing regulations addressing applications in other fields are being prepared. 

The Government is currently reviewing this regulatory system on the basis of the experience and with a view to the amended EC Directive 90/219/EEC, the imminent amendment of Directive 90/220 and the Biosafety Protocol which was adopted early 2000. 

Administration and Decision Making

Applications for permits must be submitted to the Ministry of Agriculture and Regional Policy Upon receipt of an application, the Ministry of Agriculture and Regional Policy will send a copy to the Biotechnology Committee, which is established by the Act and comprised of experts appointed by various ministries and institutions, with a request for advice. Decisions are taken by the Ministry for Agriculture and Regional Policy in consultation with the Ministry for the Environment. In certain cases, draft decisions are published for comments. 

Public Access to Information

In addition to the provisions of a general Public Information Act, the Gene Technology Act provides for public access to information concerning biotechnology through the establishment of a register. 

Information on the Hungarian biosafety framework is also provided on the Hungarian Biosafety Web site. 

Plant biotechnology

Achievements in Plant Biotechnology

The last decade has seen spectacular advances in plant biology. In earlier decades plant biology was somewhat backward compared to medical or microbiological research. Recently the difference between plant and other research diminished to a degree, as a consequence sometimes plant disciplines are taking the lead. 

1) Acceptance and dominance of model organisms in basic research. 

Plant research has previously been scattered using many different plant species as experimental objects. Most plants were selected due to their economic importance and not for genetical or other experimental convenience. In the last 15 years however increasing effort took place to accept model plants that are optimal for research purposes, but not necessarily have economic value. The most important model species is Arabidopsis Thaliana, which has the smallest genome among evolutionally advanced plants plants, and is generally accepted for basic research. Other species that are accepted as models are rice (monocots), Medicago Truncatula (legumes), or poplar (trees). 

2) Advances of genome research on evolutionally advanced plants 

Concentrated effort has lead to the determination of genomic DNA sequence of Arabidopsis Thaliana by the end of 2000. Completion of the rice genome sequencing is likely to come truth in the near future. Functional genome projects are in progress to determine the function of all genes during the next decade. Further challenges are ahead to map complex regulatory and signalling pathways, determine multiple interactions between genes and proteins, characterize complicated protein complexes, metabolic interactions and regulatory pathways. All these efforts are supported by extensive bioinformatics, that is the characteristics of plant research too. 

3) Achievements in plant biotechnology 

Due to the advances in transformation technologies, genetic modification of the most important crop species is now a reality. Therefore, results of basic research, conducted perhaps on a model species can be easily adapted to application-oriented development programs. Growing knowledge on gene functions improves the opportunity to engineer characteristics of economically important species. Such developments lead to a fast growing plant biotech industry, controlled by mainly by giant trans-national breeding or chemical, pharmaceutical companies. The most common applications include transfer of herbicide resistance; increase resistance against pests and diseases. There are important advances to improve of environmental stress resistance (drought, cold, salinity, soil toxicity), and to use transgenic plants for the production of peptides, enzymes or pharmaceuticals (molecular farming). 

Biotechnological activities in Hungarian research institutions

Plant research in Hungary has long traditions in physiology, genetics, in-vitro cell culture and breeding. Most research is performed in public institutions: plant laboratories are located in various Academic, university or public breeding institutes. 

Most research projects are conducted on crop species and are dealing with breeding or physiology-related problems of local importance. Only two research groups use Arabidopsis Thaliana, the most important model plant, routinely in their investigation. 

Most laboratories are prepared to handle relatively simple techniques only. Advanced molecular and cell biological methods are employed in a few laboratories, mostly belonging to Academic research centres. Gene cloning, genetic transformation, molecular genetical approaches are employed mostly for basic research. 

Genetic transformation of crop plants is utilized in several laboratories to introduce foreign genes into agronomically important varieties. Among the most important crops, genetic transformation of wheat, maize, sugar beet, alfalfa, various horticultural species, fruit trees and grape has been developed or adapted with success. Genome mapping is ongoing project for alfalfa, wheat and paprika. 

Application-oriented plant research is performed in a few laboratories, belonging to Academic and breeding institutes. 

Several advanced laboratories are involved in commercial research contracts with foreign private companies, which finance and control their R and D activities. There are several laboratories for commercial micropropagation of horticultural plants that could be involved in more advanced biotechnology research in the future. 

Short description of the most important research laboratories

Biological Research Center (BRC) of the Hungarian Academy of Sciences, Szeged

The BRC is the largest and one of the most advanced biological research institute in Hungary. Internationally recognized research and development activity takes place in different areas such as the development of artificial chromosomes that can be used as a vector system in animals and human cells, development and application of monoclonal antibodies, virus research, etc. 

In plant areas research on cell cycle regulation, photosynthesis, light signal transduction and circadian rhythm, stress and hormonal responses, regulation of nitrogen fixation, gene mapping and inspectional mutagenesis are the known in international level. Recent developments include advances in proteomics, micro array technology and RNA profiling, etc. 

Researchers in the centre are collaborating in various application-oriented development projects that include genetic transformation of various crop species, such as maize, rice, wheat and alfalfa. 

For further information see: www.szbk.u-szeged.hu
Agricultural Biotechnology Center (ABC), Gödöllö

The centre has been created ten years ago, to develop plant and animal biotechnology applications, that are connected to breeding activities. The ABC is a well-equipped institute with modern infrastructure. However the centre didn’t work at its full potential due to inadequate financial support. 

Several groups in the centre have achieved international recognition in fields such as virology, genetic transformation of different crops, and development of plant transformation methods. 

In animal biotechnology improvement of milk production, genome mapping, casein production is worth to mention.  

For further information see: www.mbk.hu

Agricultural Research Institute of the Hungarian Academy of Sciences, Martonvásár

It can considered to be the most important Hungarian institute in cereal research. The centre has traditional high-level research on cytogenetics, plant physiology, tissue and cell culture. Advanced plant biotech programs have been initiated aiming the improvement of cold and drought tolerance. 

The institute is recognized for the development and use of haploid techniques for the creation and propagation of inbred lines.  

For further information see: www.mgki.hu

Cereal Research Non-Profit Company, Szeged, 

The institute is one of the most important bases for breeding and production technological research on cereals and oil crops. Researchers of the institute were among the first to achieve wheat and maize protoplast regeneration and transformation. 

Their achievements in haploid techniques to produce dihaploid lines are also recognized. 

Ongoing research and development programs aim to improve the environmental stress resistance of wheat and maize, and to improve their resistance against pests and pathogens through genetic modification. Genetic transformation methods of maize and wheat are routinely used in the institute. 

For further information see: www.gk-szeged.hu
Companies carrying out biotechnological activities on plants

Companies carrying out biotechnological activities differ considerably by their activities and their operational form and size. 

Their activities cover mainly the following fields: plant tissue and cell culture, cell and gene manipulation, microorganisms, fermentation engineering, amino acids, cyto metabolism, bio-catalysts, plant breeding, bio-transformation, microbiological products, DNS based plant diagnostics, alkaloids, vitamins, enzymes, peptides, food production, biological sewage treatment and so on. 

Concerning their operational form, some of them are non profit companies, working as a field research institute of a larger research centre, most of them are SMEs but their biotechnological activity is in most cases not their main activity, similarly to the large companies where biotechnological research activity is carried out relating to their main activity. 

For more information on Hungarian companies working on biotechnology topics see Annex. 

Animal biotechnology

Achievement in animal biotechnology

Animal biotechnology programs are usually connected to breeding efforts in agricultural research stations, or in University departments. Research on reproduction biology lead to notable results as early as in the eighties. 

In early nineties, a sheep cloning technique has been developed in the Biotechnology Station of the agricultural University in Mosonmagyaróvár. Advances in artificial insemination and cloning allow the propagation of valuable stocks, and sets technical bases for future transformation programs. 

Research in genetics, immunology, endocrinology, animal development, and pathology is going on in several laboratories. Production of monoclonal antibodies is performed by several groups, some of them with aims at commercial applications. Molecular cloning of genes with the aim of biotechnology applications is going on to improve milk production. 

Short description of the most important research laboratories

University of West Hungary 

Internationally recognized research program is carried out on pig oocyte maturation, fertilization and embryo development, pig embryo vitrification and boar semen cryopreservation at the Faculty of Agricultural and Food Sciences of the university. 

For further information see: www.mtk.nyme.hu
University of Pécs, Pécs

The main field of research in the Department of Immunology and Biotechnology is the investigation of molecular and cellular interactions involved in immune reac​tions. Monoclonal antibody development for research and practical use is an important activity of the department. 

Further information: www.pte.hu
Szent István University, Budapest

In the Faculty of Veterinary Science internationally recognized research takes place in immunology and maternal immunity. Research in fish breeding includes cryopreservation of fish gametes and embryos and development of chromosome set manipulation techniques on fishes.  

Further information: www.szie.hu

Veterinary Institute, Debrecen

The main task of the Institute is to provide veterinary laboratory diagnostic service for the livestock of five counties of Hungary.

Further information: www.oai.hu

Debrecen University

The Centre for Agricultural Sciences has departments carry out research in plant and animal breeding. 

Further information: http://www.date.hu/
Agricultural Biotechnology Center, Godollo

As written above, besides plant biotechnology the researchers of the center achieved considerable results in improvement of milk production, genome mapping, and casein production too.

For further information see: http://www.mbk.hu/
Companies in animal biotechnology

Main activities in animal biotechnology cover the following fields: animal cell culture, food processing, animal breeding, cell and gene manipulation, cell metabolism, antibiotics, steroids, vaccines, enzymes, proteins, microbiological products, diagnostics etc. In size and operational form they are similar to those having plant biotechnological activity. 

Trends and Future of Hungarian Biotechnology

Although Hungarian groups did not take part in extensive genome programs until recently, their participation in functional genomics projects is likely in near future. Implementation of micro array techniques, large-scale mutagenesis programs, investment in protein research will permit development of functional genome and proteome projects both in animal and plant fields. 

Regarding bioinformatics, having recognized the needs, several university has launched courses of postgraduate training in bioinformatics. Internet access and usage has greatly increased in the last few years, although the speed is far from optimal in several regions. Further improvement is expected in the near future. With the advance in bioinformatics, one can predict the establishment and improvement of Hungarian electronic services and biotechnology-related databases serving the scientific community. 

It can be predicted, that the volume and value of plant and animal biotechnology research will increase in the near future. 

Hungarian institutions in biotechnology have already started the preparation for the next EU Framework Programme. To help these efforts at a European level European Research Forum was organized in Budapest between the 24th and 26th April. At the event Austrian, Czech, French, German, Polish, Slovakian, Slovenian and Hungarian institutions spoke about their plans for FP6. 

NATIONAL REPORT:


ICELAND
ICELAND

Historical Background of the Country

The first settlers came to Iceland 34 generations ago. Manuscripts from the thirteenth century give detailed accounts of facts and events, including the genealogy details of  the settlers.  Numerous sources of genealogical information, such as parish records, census data and the Icelandic saga are readily available. The Icelandic population was founded by Norwegian and British settlers and the country has experienced little immigration since.  Genealogy is a national pastime. 

The Institute of Biology at the University of Iceland introduced the new biotechnology to the Icelandic society in the late seventies. Various other departments of the University became involved in this endeavour.

In the mid nineties a programme was initiated, by the University, Icetech and the Icelandic Fisheries Laboratories on intracellular enzymes from thermopile and psycrophile organisms. This programme was financed by the Icelandic Research Council. The effort later continued as a part of a Nordic umbrella program initiated and financed by The Nordic Industrial Fund.

The real brake through came with founding of the two genome companies deCode Genetics 1996 and  The Iceland Genomics Corporation (UVS), founded 1998, both basing their business idea on the genealogical transparency of the Icelanders. The pioneers of both companies were Icelandic professors working in USA. One returning home and the other still working in the United States.

Institutes and key contacts: Ministry of Health and Social Securities (www.heilbrigdisraduneyti.is), University of Iceland (www.hi.is), Icelandic Heart Association (www.hjarta.is), The Icelandic Cancer Society (www.krabb.is), The Icelandic Research Council (www.rannis.is). 

Statistics

The companies shown in tables 1 and 2 are spin-offs from the academic environment or/and the sector institutes, with two exceptions, one producing skin cream and skin lotion and the other marine oil. All the biotechnology companies are in one way or another based on Icelandic environment and culture and/or natural resources. The oldest spin-off is Genis founded 1989 and the youngest is Saga Medica, founded 2002.  There are eleven companies shown in Table 1.  DeCode Genetics employs more than 600 people,  the others are SMEs with respect to size and turnover but a large distributor of health products, Icelandic Pharmaceuticals Ltd, owns Isteka and deCode Genetics owns a part of Prokaria. 

Bioprocess is situated ca. 50 km from Reykjavik on the Reykjanes peninsula and Northice is in Höfn on the south-east coast. Three of the companies are still in the research and development phase, not earning revenues. The others are either earning revenues from products or services or have negotiated a contract that will give revenues even though they are still doing RTD.

Lysi is a marine oil company, established in1938, producing consumer oil and omega-3 products from cod- and shark liver. The Blue lagoon was founded on the idea that it is healthy to bath in a lake formed by “earth sea” from 2000 meter depth, containing relatively high concentration of SiO2 and geothermal microbes.

There are a few more RTD companies in biotechnology, not mentioned in Tables 1 and 2.  Those are new companies, starting their RTD activities, or more mature ones that have been taken over by larger companies.

 Table 1: Biotechnology companies in Iceland
	Name of company
	Technical area
	Number of employees

	
	
	

	DeCode Genetics
	Human Genomes
	600

	The Iceland Genomics Corporation, UVS
	Human Genomes
	40+ co-operating partners

	Genis ehf + Primes AS Norway
	Marine – Biotech.
	18+ partners

	Northice
	Marine – Biotech.
	10

	Ensimtaekni (Zymethec)
	Marine – Biotech
	5

	Bioprocess*In the RTD phase
	Micro algae production.
	6

	Saga Medica *In the RTD phase
	Medical herbs
	4

	ORF Líftækni *In the RTD phase
	Molecular Farming
	4

	Isteka
	Hormones from mares blood
	5

	Prokaria
	Thermopile enzymes and molecules
	24

	Bluelagoon
	Thermopile creams and lotions
	70

	 Lýsi
	Marine oil
	20


Production 

Iceland has had a centralized national healthcare system for the last ninety years.  There is a number of health Societies in Iceland but two are playing a major part. The Clinic of The Icelandic Heart Association, studying cardiac diseases since 1967, and The Icelandic Cancer Society, founded 1951.

The general public is positive towards physicians and scientists doing medical research even though it may infringe on their privacy. That is the reason why they support and participate in the work by accepting offers of physical examinations provided by The Clinic of the Icelandic Heart Association who monitor the cardiac and heart fitness of the population. The same can be said about The Icelandic Cancer Society. These organisations have through the years accumulated a large quantity of data and saved lives. 

Both deCode Genetics and The Iceland Genomics Corporation have research contracts with these organisations.  They also have contracts with The National Health System, including fifty primary care centres, two large hospitals, in Akureyri and Reykjavik, and specialised clinics.

The Icelandic Parliament passed a new law, following a lengthy discussion, giving deCode Genetics the right to establish  an “Anonymous Population Data Bank, Bioinformatic and Data-mining Tools and offer its discovery service, data service and healthcare information to the market“. 

The Government has also issued a five year exclusive permit to Prokaria  for commercial sampling in prime geothermal areas in the country. 

The production of these companies is varied. DeCode Genetics, UVS and Prokaria primarily produce information, knowledge and services but the others produce spectra of products and services. DeCode Genetics operates its own laboratories but UVS relies more on the laboratories of their co-operating partners, see Tables 1 and  2. All the companies look at the world as their market.

Technology

DeCode Genetics operates one of the most technologically advanced high-throughput genotype laboratories in the world. Prokaria has access to this technology and does research on thermopilic enzymes and molecules. Genis extracts chitin from shrimp residue for further processing,  Northice and Ensimtaekni extract enzymes from cod viscera, Bioprocess uses large quantity of geothermal and electrical energy to grow algae, Saga Medica extracts biomolecules from herbs and Orf does molecular farming. The Blue lagoon processes skin lotion and cream from geothermal water and Lysi processes marine oil. The technologies used by the biotechnology companies are quite varied.

Research

DeCode has a contract with E. Hoffmann-La Roche and is paid on milestones reached.

DeCode is the largest investor in RTD in the country and stands for 3/4 of what the industry invests in RTD.  RTD investment in biotechnology is paid primarily by the industry itself, although the spin-offs receive grants from the Research Council in their start-up phases.  In more established areas like agriculture, fishing and food nearly all the RTD cost is paid from the state budget to the sector institutes.  DeCode´s investment in RTD has a tremendous influence on the society as a whole, as the company is investing in the creation of knowledge and know-how and is going to patent its findings.  This is quite different from the more conventional industries that try to invest in equipments and hardware to survive the future.

Economical Opportunities

DeCode has recently bought MedChem, a company developing pharmaceuticals, and may establish such a unit in Iceland with additional few hundred new jobs for scientists. UVS is housing a unit of NimbleGen developing a novel technique in DNA mapping. 

This development is very favourable for a nation where ca. 95% of goods exported are low value commodities, such as marine products and raw metal, at an export price of ca.1-3 EUR/kg.

The most positive aspect of this development is the return of highly qualified Icelanders that studied abroad but could not find challenging enough work at home after their specialised studies. It has also attracted young scientists of many nationalities to the country, who seem to be gradually becoming more mobile if an interesting job is offered anywhere in the world.  This is a favourable development for our civilisation.

Secondly these companies are helping to alter the general opinion and understanding of the value of knowledge and intellectual property as most of the biotechnology companies base their existence on patented ideas.

Finally it may be mentioned that 15 years ago no one was working in the field of biotechnology in Iceland.  Now more than seven hundred highly qualified and well paid people are working in the biotechnology sector and it is very likely that the number will increase in the near future.

April 2002 

Hörður Jónsson

Ragnheiður Héðinsdóttir

Table 2: Biotechnology companies in Iceland (Ref. Web-sites of respective companies)

	Name 
	Activity/Technology
	Co-operation
	Business strategy/ Products
	Employees/RTD when known

	deCODE Genetics:

Based in Reykjavík

www.decode.is 

ph. +354-577 1900 

fax +354-577 1901

Founded 1996
	The company is  a population-based genomics company.

It operates one of the most technologically advanced high-throughput genotype laboratories in the world.

The aim is to utilize the research to develop new methods for identifying, treating and preventing diseases.

DeCode has recently bought the American pharmaceutical development company MedChem Ltd.
	Co-ordination partners:

In information tech. and software:

Fridrik Skúlason ehf

Applied Biostream

In biotech and pharmacy:

Genmap

Partner healthcare System USA

Affymetric Inc USA

E Hoffmann –La Roche

Icelandic health care sector:

Icelandic Universities 

The National Hospital  System

Health Societies
	Access to:

Genealogy records of all living Icelanders and most of their ancestors, in some cases down to the first settlers. 

Genotype data for consenting Icelanders.  

The Icelandic Health Sector Database and other proprietary data.

Avenues of commercialisation:

Discovery Service

Data base Service

Healthcare Information


	600

RTD investment/year 

85.Million EUR



	The Iceland Genomics Corporation (UVS)

Based in Reykjavík

www. uvs.is

ph.  +354 525 3600

fax +354  525 3608

Founded 1998
	The company is a population-based genomics company.

The aim is to analyse the molecular features of patient cancer tumours to isolate the genes involved in both inherited and sporadic cancers

There are many shareholders one is Pharmaco (P) the largest Icelandic pharmaceutical. Pharmaco is a part owner  of the Danish  Colotech A/S  a biotech. company that  is developing anti-cancer drugs.


	UVS  co-operates with:

NimbleGen USA

Colotech A/S

Icelandic partners:

Icelandic Universities- 

The    Cancer  Society, 

The National Hospital

        System. 

Clinicians

Co-operation with  the Cancer Society clinicians and hospitals gives access to information and samples from consensus cancer patients and their families  for genetic studies.
	The Icelandic Bioethics Committee and the Data Protection Authority have granted permits to study:

Genetic disposition to cancer in certain families

Clinical features common to cancer in particular  families

Progression of cancer in particular families

Correlating clinical and genetic information
	40 + co-operating

partners




	Name


	Activity/ Technology
	Co-operation
	Business strategy/

Products
	Employees/RTD when Known

	Genis ehf

Manufacture Plant

580 Siglufjordur

ph:  +354 460 6900

fax: +354 460 6909

RTD

Reykjavik

ph:  +354 511 2880

fax  +354 511 2888

www.genis.is
www.primex.no
Founded 1989
	Initially  based on  industrial activity in enzymology (thermopiles)and related biotechnology.

The company employs now modern biotechnological  approach in manufacture of marine derived biopolymers and proteins from shrimp residues.


	The company has recently bought the Norwegian firm Primex Ingredients, a leading manufacturer of chitosan.

The company collaborates with universities, research institutes and companies, world wide, and participates in several projects within the EU Framework programme.
	The manufacturing facilities are on the north coast of  Iceland close to the largest sources of industrial shrimp residues.

The two current product lines include Natural Marine Flavour products and chitin derivatives products.

Shrimp-, Lobster- Cod- and Arctic Marine Flavours

Chitin and Chitosan 
	18 + co-operating partners

The company can equally well be classified as an environmental biotech. company

	Northice Ltd

112 Höfn: Factory

Reykjavík : Sales Office

ph:  +354 520 2036

fax: +354 520 2026

 www.northice.com
Founded 1999
	The company extracts enzymes from cod viscera.

It has the exclusive right  to exploit the extraction of flavour substances by the use of  psychropilic enzymes from cod viscera.


	It is a subsidiary of  North Ltd 

which is owned by  scientists and experts who have worked on psychropilic enzymes for the last 20  years with a professor at The University of Iceland.


	It markets:

     Flavour substances from marine origin for catering  and other food-processors 

     Is interested in establishing contact with those who are willing to participate in developing flavour substances from all kinds of marine- and meat substances 
	10

	Ensimtaekni/

Zymetech

Based in Reykjavík

ph : +353 551 7312 

fax: +354  552 8911

www.zymetech.is 

Founded   1999


	Penzim is an enzymes mix  extracted from cod viscera.

Penzim  is  said to act on  the cell surface protein of the immune system.


	The operation is founded on the research work of a professor and co-workers on psychropilic enzymes at The University of Iceland
	Penzim contains purified enzymes that have a deep–healing effect on the human body.

Penzim brings relief to people suffering from variety of skin conditions, and muscle pain, among other problems.
	5 




	Name


	Activity/ Technology
	Co-operation
	Business strategy/

Products
	Employees/RTD when Known

	BioProcess Iceland

233 Hafnir

ph: +354 421 79 79

fax:+354 421 77 49

www.bioprocess.is 

Founded 1999
	The company has been developing the micro algal production of astaxanthin based on the photo-bioreactor which involves high amounts of electrical  and geothermal energy .

Scaling up of the pilot production is now in process.


	It is a wholly own subsidiary of BioProcess A/S Denmark

created within the research centre, North Sea Centre, Hirtshals, Denmark

There is a participation from Icelandic investors in the project.
	The red colour of wild salmon is  caused by  carotenoid pigments produced by micro algae digested  by  marine organism later  eaten by the salmon.

There is synthetic astaxanthin on the market.The micro algae  produced astaxanthine will compete  in aquaculture feed.
	6



	Saga Medica-

(Heilsujurtir)

Reykjavík

Ph:  +353 553 3872

www.sagamedica.com 

Founded 2002
	The company is developing,

producing  and marketing high-quality products from Icelandic medical herbs.

The first product  is based on

Angelica Archangelica, an 

Internationally  known medical plant. Others will follow.
	The operation is build on  nine year of research by a professor.

 S. Gudbjarnason and co-workers. 

Co-operation with numerous department of University of Iceland and the Agricultural University at Hvanneyri
	Extensive published research shows that Angelica has bioactive products effective  against

Cancer

Stomach ailments

Respiratory ailments

Infections

Anti-tumor activity
	4+ co-operating partners



	ORF Liftækni ehf

112 Reykjavík

www.orf.is
ph: +354 577 6070

fax: +354 577 1020

Founded 2001


	The company specialises in molecular farming using genetically improved plants to produce specific proteins in high quantity programmed by genes transferred from other organisms.
	A spin-off from the Agricultural Research Institute and The Technological Institute

(Icetech.)
	The aim is companies in biotechnology, pharmaceutical, chemical and agricultural  markets, developing new products.
	4




	Name


	Activity/ Technology
	Co-operation
	Business strategy/

Products
	Employees/RTD when Known

	Prókaría 

Based in Reykjavik

www.prokaria,com
ph+.354 5707900

fax+354  570 7901

Founded 1999
	Thermopile research started at The University of Iceland and Icetech and dates back to 1982. The aim is DNA sequencing and bioinformation to discover, develop, and commercialise genes, enzymes and small molecules and provide services and advice.
	Cooperates with:

The Icelandic Government

deCode Genetics
	The products are aimed at three markets:

The biotech/ genomics industry

The food and agricultural industry

The Pharmaceutical industry
	24

	Isteka 

Reykjavík

www.lyfjav.is
ph: +354 540 8023

fax: +354 581 4108

isteka@vortex.is
Founded 1996


	Fully owned by Icelandic Pharmaceuticals Ltd (Lyfjaverslun Íslands hf)

Production of PMSG from blood from pregnant mares 
	University of Iceland,

Department of Biology and 

Institute of Experimental Pathology
	PMSG fertility drug for sheep and pigs

Diagnostic kit for Pregnant Mare 
	5



	Lýsi hf

101 Reykjavík

ph: + 354 525 8100

fax: +354 562 3828

www.lysi.is 

Founded 1938
	It was as early as 1922 that the general public started to realise that cod liver oil was loaded with vitamins, in particular A and D.
	As an established company it has been a leader in research on omega 3 fatty acids and worked with universities and research institutes all over the world.
	Their main consumer products are:

Variety of different blends of cod liver oil

Shark liver oil

Omega-3 fish oil


	Ca. 20



	Bluelagoon hf

240 Grindavik

www.bluelagoon.is
ph+354 420 8800

fax:+ 354 420 8801

Founded 1980
	The company is founded on the idea that it is healthy to bath in a lake formed by the 80° C earth sea from 2000 meter depth  (condensate from a geothermal PowerStation).

The lake has a high SiO2 content as well as geothermal microbes
	The company has reserved facilities for patients with psoriasis and other skin ailments where ultraviolet light can be provided
	The main products are: 

geothermal skin care

Cleansing Care 

Algae dem bar

Hair conditioner Silica dem bar

Intensive cream for very dry skin
	70
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Definition of biotechnology:


 Biotechnology is the application of biological organisms and processes to produce products for human or animal healthcare, agro-food and environmental sectors.

Modern Biotechnology means technologies for a better understanding of the molecular mechanisms of growth, development, health or diseases of living organisms through genome expression. This understanding provides the rationale to develop products which finally improve quality of life.

By modern biotechnology we mean technologies such as diagnostic kits (clinical & research), DNA probes, protein synthesis, protein sequencing, monoclonal antibodies, gene amplification, DNA sequencing, DNA synthesis, high throughput screening, genomics, proteomics, use of monoclonal antibodies, cell/tissue culture, protein/DNA/ cell purification/separation, electrophoresis, transgenic plants, transgenic animals, gene therapy, biotransformation, enzyme engineering, combinatorial peptides, cell and tissue engineering, and gene/antisense therapy.

MACROECONOMIC ASPECTS 
(one document to be filled by each National 

representative of the SME project and/or PFL)

Historical Background/Profile of Biotechnology in Ireland:

Science and Technology policy making in Ireland has, from the outset been concerned solely with improving the technological capabilities of industry and generating economic growth.  This positioning of S&T policy within an industrial context is based on the theory that technology and science are fundamental components of economic growth.  The evolution of the terminology itself reflects that realisation, with "science" policy becoming "technology" policy and then finally the broader concept of "science, technology and innovation" policy.   The first research organizations of clear economic significance were the Agricultural Institute (1958) and the Institute for Industrial Research and Standards (IIRS-founded in 1961).  But it was an international body, the OECD, that was instrumental in stimulating science policy reform in Ireland.  Its report "Science and Irish Economic Development" emphasized the need to cultivate science and technology for national development and to that end recommended the establishment of a National Research Council in Ireland (OECD, 1966).   The Irish government duly created the council with a duty "to advise the Government on appropriate national policies for research, development and technology". It was mostly an advisory council, with few executive powers and became best known for commissioning and preparing reports in the area where research policy and industrial policy interact.  Ireland was increasingly host to hi-tech foreign companies who drew on Research and Development performed elsewhere and consequently there was little or no demand for Irish R&D.  The NSC made several recommendations to redress the imbalance but they lacked the means to implement their recommendations, being primarily an advisory body.   

A second OECD review of Irish Science policy was published in 1974 (OECD, 1974).  This report relied heavily on documentation from the then NSC.  This report stated that Irish S&T policy lacked co-ordination and recommended the setting up of a statutory agency i.e. the National Board for Science and Technology (NBST).  The government established the NBST only in 1978, four years later.  It was a statutory agency with delegated powers, it was constitutionally obliged to prepare a science budget, it gave modest grants and it had oversight over Science policy.  By the early 1980's research grants for the social sciences had been withdrawn and even supposed "basic" research funding was being targeted strategically at applied research e.g. biotechnology.  In 1983 the NBST launched a program of grants for " strategic research" in selected niche areas e.g. biotechnology, IT and engineering, although the amount available was considerably less than £1 million.  In the mid-1980's the National Board for Science and Technology (NBST) and the Industrial Development Authority (IDA) examined practical mechanisms by which the nationally expanding pool of biotechnology related expertise in Ireland could contribute efficiently to economic growth and productivity.  A model was devised in 1984 for a National biotechnology initiative.  The first model proposed the establishment of 4 discrete centres concentrating on the following areas:

· traditional processes, such as brewing and cheese making.

· modern fermentation industries, such as enzymes and antibiotics.

· new industries, resulting from the technologies of recombinant DNA , monoclonal antibodies and other new technologies.

This bears little resemblance to the model that was subsequently put in place.  The model that was adopted by the Government in 1987 included 3 centres and plans for a further 2 the following year.  The National Biotechnology Programme introduced, for the first time, a special collaborative fusion between academia, industry and the state; a model to promote rapid translation of basic research into practical use by the establishment of a co-operative activity.

The revised plan detailing the objectives of the time were laid out by the government and  ​they were:

· to encourage research activity in Ireland by both home based and overseas companies.  

· to establish a significant reputation for Irish biotechnology research and thus help attract overseas companies to locate in Ireland. 

· to engage in the transfer of technology, from Irish third level colleges to industry.

The programme objectives were to be achieved by establishing, equipping and staffing, centres of biotechnology research expertise, dealing with research topics in which there was existing Irish expertise and which were of concrete relevance to industry.  Three of the centres were established in 1987, while the final two came on-line in 1988.  Thus the centres in operation were:

National Diagnostics Centre, located on the campus of University College Galway.  

National Cell and Tissue Culture Centre, located at Dublin City University.

National Food Biotechnology Centre, located at University College Cork.

National Pharmaceutical Biotechnology Centre, located at Trinity College Dublin.

National Agricultural and Veterinary Biotechnology Centre, located at University College Dublin.

In January 1988, in an effort to enhance and brand the commercial image of the National Biotechnology Program the name BioResearch Ireland (BRI) was adopted.  Presently BRI comprises five research centres and a central core management group.  While the centres are located on the campuses of five Irish Universities they are not attached to any single university department and operate independently from the departmental structure of that college.  BioResearch Ireland represented a unique partnership with Irish universities.  Universities provided the housing, access to university staff, and research proposals, while BioResearch Ireland invests selectively in research projects that will contribute to the development of Irish industry by generating, identifying and patent-protecting knowledge and/or know-how that could be the basis of a commercial agreement or result in a product stream which in turn, could form the basis for a spin-off high-tech company.

The Science and Technology Act of 1987 moved science and technology policy making within the central administration.  It created an Office of Science and technology within the newly named Department of Enterprise and Employment and appointed a Junior Minister whose sole responsibility was S&T.  Simultaneously, the NBST was amalgamated into a partnership with the IIRS and became EOLAS.  In 1994, the Science, Technology and Innovation Advisory Council (STIAC) was formed.  This group critically reviewed the science base and culture of innovation in Ireland. The report was published in the form of a draft white paper in 1995 (STIAC 1995).  The STIAC review was followed by the establishment of the Travers Task Force, which suggested modalities to implement the STIAC reports recommendations to Government.  Following its submission to the minister the following measures were taken:

· Basic Research grants increased from £1 million to £1.5 million

· STI awareness programme was launched

· An extra £4 million was allocated to the science budget

· The annual Ph.D. support grant was doubled to £2,000 per annum

· Funding was made available for a new Post Doctorate Fellowship scheme

All of these measures were of benefit to researchers working in the Biotechnology area. A government white paper on science technology and innovation was subsequently published in 1996.  This lead to the formation of a new independent expert body, the Irish Council for Science Technology and Innovation (ICSTI), to provide independent advice to government on the strategic direction of S&T policy.  This group undertook the first so-called Technology Foresight exercise in Ireland.  The ICSTI identified eight preliminary areas for consideration: Chemicals and Pharmaceuticals, Information and Communication Technologies, Materials and Manufacturing Processes, Health and Life Sciences, Natural Resources, Energy and transport and logistics.  In March 1999 the Technology Foresight Report was completed and one of its main recommendations was that Ireland should establish a fund to invest in research in niche areas of technology that would best enhance and ensure Ireland's future competitiveness.  A technology fund of £570 Million was committed by the government to focus equally on Biotechnology and ICT (ICSTI, 1999).  The fund's objective would be to create a critical mass of world-class research in these two areas.  In July 2000, the Science Foundation Ireland (SFI) was launched, with a competitive research grant scheme in niche areas within biotechnology e.g.

· Molecular and Cellular Biosciences 

· Bioinformatics & Computing

· Novel Enabling Technologies from other disciplines 

· Functional Genomics and Proteomics

· Integrative Biology 

The funding for SFI is part of the overall funding to Research Technological Development and Innovation (RTDI) from the National Development Plan 2000-2006. The government has agreed to an overall allocation of £1.95 Billion over the period 2000-2006 to RTD, recognition that it has been recognized with Government circles that R&D is a driver of economic development and imperative if Ireland is to become a highly skilled, knowledge-based economy.

Investment in R&D in National Development Plan 2000-2006

	Programme
	£M
	Purpose

	R&D in HE Sector
	550
	Investment in R&D capability

	Foresight fund
	560
	R&D in key technologies

	RTDI for Industry
	381
	Increase Industry R&D capability

	RTDI Collaboration
	210
	HE/ Industry Collaboration

	Regional Innovation 
	17.5
	Technology Parks & Networks

	Human RTD
	17.5
	Improve R&D skills in industry

	Agric & Food RTD
	128
	Teagasc/HE & Company R&D

	Fish/Forestry/Envir. 

Other 
	75

11
	RTD for Natural resources



	Total
	1,950
	

	Average/Year
	325
	


National Statistics (Covering the sectors Healthcare/Ag-Bio & Environment)
	Table 1. Dedicated biotechnology companies in Ireland
	
	
	

	Company             
	 Date 
	Sector   
	Number of
	Turnover
	IR£ 000

	
	founded
	
	staff
	Total
	Export

	Aalto Bio Reagents                          
	1978
	Biological Materials
	9
	992
	910

	Archport           
	1998
	Biopharmaceutical Production
	10
	
	

	Arqtech Laboratories
	1997
	DNA diagnostic/pharma services
	5
	233
	18

	Ash Stream
	1989
	Biological Materials / Animal Testing
	5
	136
	100

	BioIndustries            
	1997
	Environmental remediation   
	9
	423
	303

	Biological Laboratories
	1976
	Biological Materials / Animal Testing
	90
	4000
	2550

	Bioserv                       
	1993
	Toxicology & animal cell culture
	5
	
	

	Biotrin International     
	1991
	Human diagnostics
	65
	2425
	2405

	City Analysts
	1998
	Environmental Analysis
	<5
	
	

	Dubcap                      
	1994
	Plant biotechnology
	7
	245
	128

	Eirx                              
	1997
	Apoptosis research
	<5
	
	

	Elan                    
	 ca. 1980
	Pharmaceuticals 
	~1,000 *
	*
	*

	Enfer Laboratories  
	1991
	Veterinary diagnostics 
	20
	
	

	Green Crop                 
	1994
	Plant biotechnology
	<5
	
	

	Hibergen                      
	1999
	Genomics  
	<5
	
	

	Identigen
	1997
	DNA diagnostics
	<5
	256
	56

	Key Laboratories           
	1997
	Veterinary diagnostics 
	<5
	
	

	Mednova                       
	1996
	Biomedical devices
	45
	4082
	4082

	Megazyme
	1988
	Enzyme Test Kits for Food Ind
	7
	1138
	1098

	Microchem Laboratories
	1986
	Microbiological/Chemical Testing
	50
	
	

	Plant Biotechnology (UCC)
	1985
	Plant breeding / Plant Health
	<5
	
	

	Plant Technology          
	1988
	Plant breeding 
	15
	
	

	Serology                        
	1988
	Veterinary DNA diagnostics
	<5
	
	

	Surgen                         
	1997
	Cardiovascular genomics
	<5
	
	

	Tridelta                          
	1997
	Veterinary diagnostics
	<5
	
	

	Trinity Biotech                 
	1992
	Human diagnostics  
	166
	8575
	8510

	Vistron                            
	1998
	Diagnostics    
	<5
	
	

	Westgate Biologicals        
	1997
	Nutriceuticals
	<5
	
	

	Xenith Biomed                  
	1995
	Immunodiagnostics
	12
	315
	115

	
	
	
	
	
	

	No. Companies - 29
	
	* not included in summations
	
	
	

	Total
	
	
	Employees 580
	IR£23m
	IR£20m


Commercial Activities of Irish Biotechnology Companies

Table 2, takes a look at these 29 companies and divides them into four categories. Those which are manufacturing and/or are selling products, those which are providing services, those which are involve in collaborative R&D as a major source of income and those which are involved in developing and transferring key knowledge and technology as a major source of income. Some companies are involved in more than one category.

	Table 2. Commercial Activities of biotechnology companies in Ireland

	
	
	
	

	Manufacturing/Products
	Services
	Collaborative Research
	Knowledge Transfer

	14
	17
	12
	7

	Aalto Bio Reagents Ltd
	Archport
	Ash Stream
	Eirx

	Archport           
	Arqtech Laboratories
	Biological Laboratories
	Elan

	Ash Stream
	Ash Stream
	Bioserv
	Hibergen

	BioIndustries
	BioIndustries
	Eirx
	Identigen

	Biotrin International
	Biological Laboratories
	Elan
	Mednova

	Dubcap
	bioObservation
	Hibergen
	Plant Technology

	Elan
	Bioserv
	Identigen
	Surgen

	Green Crop
	City Analysts
	Mednova
	

	Megazyme
	Dubcap
	Plant Biotechnology(UCC)
	

	Plant Technology
	Enfer Laboratories
	Plant Technology
	

	Tridelta
	Green Crop
	Surgen
	

	Trinity Biotech
	Identigen
	Westgate Biologicals
	

	Westgate Biologicals        
	Key Laboratories
	
	

	Xenith Biomed                  
	Microchem Laboratories
	
	

	
	Plant Biotechnology(UCC)
	
	

	
	Plant Technology
	
	

	
	Serology
	
	

	
	
	
	


The Main Industry Sectors

Table 3, analyses the 29 companies in terms of their activities, and attempts to assign them to traditional industry sectors where their products and services are most relevant – Healthcare, Analytical Service, Veterinary, Plant Biotechnology, Industrial, Environment and Genomics. The only really new sector created here, is Genomics, where two companies are using the tools of gene analysis and informatics, to provide Know-how and services on the basis of information derived from the human genome, to the pharmaceutical industry for development of new biopharmaceutical therapies. Although these companies could well have been included in the healthcare sector, this new sector is purposely created here, as it is felt that this will become a very significant and stand-alone sector in the near future, with the emergence of many fast growing companies on the basis of Genomic technologies and services.

Table 3 – Main Industry Sectors

	Sector
	No. Companies

	Healthcare
	9

	Analytical Services
	6

	Veterinary
	5

	Plant Biotechnology
	4

	Industrial
	3

	Genomics
	2

	Environment
	1


The Companies by Industry Sector/ Breakdown of activity by biotech related sectors :

Healthcare 

Ag-bio

Environment

The individual sectors are now presented with the Irish companies allocated to the respective sectors on the basis of activity and clients served. The right-hand sides of the tables provide a collective overview of kind of technologies/products they are involved in using and developing.

	Healthcare

	Archport

Ash Stream

Biological Laboratories

Biotrin

Eirx

Mednova

Trinity Biotech

Westgate Biologicals

Xenith
	Therapeutics    (         GMP fermentation, proteins, MAbs

/diagnostics

Diagnostics      (          Immuno, DNA,

Therapeutics
(
Proteins, Peptides, Antibodies

Cell Transplant (
Pancreas Cells (insulin)

Drug Testing
(
Animal Tests

Neutriceuticals  (
Probiotics, Antibody mixtures


	Analytical Services

	Arqtech

BioObservation

Bioserv

City Analysts

Key Laboratories

Microchem Laboratories


	Industrial
(
Effluent, Process QC

Environmental
(
Water Sources, Land, Air



Viruses, Parasites, Microorganisms

Veterinary
(
Animal Diseases, Pedigree

Human

(
Disease Diagnosis, Toxicity




	Veterinary

	Ash Stream

Biological Laboratories

Enfer Laboratories

Identigen

Serology

Tridelta
	Disease Diagnostics
(
Immuno, DNA

Animal tests

(
veterinary + human drugs

Toxicity Testing
(
Food chain, animals, meat

Pets


(
Diagnostic tests

Biological Materials
(
Antibodies


	Plant Biotechnology

	DubCap

Green Crop

Plant Biotechnology (UCC) Ltd

Plant Technology


	Micropropagation(
Potatoes, Food Crops, Forestry




Ornamental flowers / plants

Genetics
  (
Breeding, Trait Detection

Diagnostics
  (
Disease Detection

Tissue Culture
  (
Seed Companies


	Industrial

	Aalto BioReagents Ltd.

Megazyme


	Biological Materials
(
Proteins, Peptides, Enzymes





Antibodies, Antigens

Enzymes,Tests Kits
(
Food, Feed, Brewing, Baking


	Genomics

	Hibergen

SurGen


	Mutations

(
Identify Faulty Genes

Role of Genes

(
Discrete Responses / Lack of

Pharmacogenomics
(
Drug Response / Lack of

Gene / Protein Banks
(
Database of sequences


	Environment

	Bio-Industries Ltd


	Microorganisms(
Environmental Products




Biodegrade Wastes


Summary for Irish Companies

Most of the 29 Irish companies listed, and whose businesses are primarily built on the application of biotechnologies for provision of products and services, are still at an early stage of development.

The Irish companies are active in industry sectors, which by-and-large, are typical of those where other biotechnology companies throughout the world apply their products and services.

Healthcare Sector in Ireland

Foreign-owned research-based biotechnology company presence (in the healthcare sector)in Ireland is small. Biotechnology related R&D capability within these companies only amounts to a total of 150 people, with nearly all involved in process- related development work rather than fundamental product research. Of this total only 75 people are involved in classical biopharmaceutical research, the major employer being Elan. Although the pharmaceutical sector is dominated by manufacturing a trend is now starting to develop where some R & D activity is being sited at Irish plants close to the manufacturing process.  This is reflected by the presence of the Elan Biotechnology Research (EBR) unit within its broader drug delivery division, Elan Pharmaceutical technologies (EPT) based in Trinity College Dublin. The EBR mission is to be the provider of superior technology platforms and related services to enhance the permeability and targeted drug delivery of primarily biotechnology based compounds. American Home Products (Wyeth Medica) also intend to locate a significant R & D unit at their new factory in Dublin with several R&D projects planned in biopharmaceuticals and projected employment of 1,500 people.

Multinational Pharmaceutical Presence

The pharmaceutical sector in Ireland can be summarized as follows:

· 16 of the top 20 pharmaceutical companies in the world operate from Ireland.

· From 1973 until 1988 exports in the pharmachem sector grew from 17,974% to £14.2 billion from a fairly modest £79 million. This is equivalent to 31% of all of Irelands total exports during this time. The most significant increase came in the years between 1982 and 1995 when the Balance of Payments figure increased from £110 million to £10.8 billion, which amounted to an increase of some 9,818%. 

· Today Ireland has a strong pharmaceutical sector, characterised by a mix of local companies and a strong multinational presence. More than 80 overseas companies employ 13,000 people and export US$18 billion annually making Ireland one of the world's largest exporters of pharmaceuticals and fine chemicals.

· Figures published in 1998 valued exports from the pharmaceutical and chemical sector at £14.2 billion. This is equivalent to 31% of all of Irelands total exports and represents an increase of 61% on the previous year.

· Now the majority of growth in this area is organic, based on existing company expansions.

· Most plants specialize in high-value end of the industry and therefore are relatively small in size and highly dependent on technology and a significant knowledge input.

· The Irish facilities within corporations tend to manufacture new products and product lines as these are the most profitable. This has led to more or less continuous re-investment taking place at Irish plants resulting in state of the art facilities being developed in this country.

· The overall growth of the Irish pharmaceutical sector is impressive given the current global environment of merger, acquisition and rationalization that is taking place within the pharmaceutical industries worldwide.

IDA Companies producing bio-based products (including Elan)
	Company
	Sector
	Employment
	R&D unit
	No. in R&D

	Schering Plough
	BioPharma
	500
	Yes
	             50*

	Fort Dodge
	BioPharma (animals)
	90
	No
	0

	Abbott Diagnostics
	Diagnostics
	140
	No
	0

	Olympus
	Diagnostics
	201
	Yes
	20

	Organon Technica
	Diagnostics
	107
	Yes
	5

	Cambridge Diagnostics
	Diagnostics
	61
	No
	0

	Alltech
	Agbio
	51
	Yes
	7

	Wyeth

(Yet to start)
	BioPharma
	1,500 projected
	Yes
	150 projected

(2004-2007)

	Elan
	BioPharma
	
	Yes
	68


*Process Development not Product Development Team

IDA Ireland has national responsibility for securing new investment from overseas in manufacturing and international services sectors and for encouraging existing foreign enterprises in Ireland to expand and embed their businesses in Ireland. In particular the IDA has been successful in the pharmaceutical sector. Thirty years ago the Industrial Development Authority of Ireland (IDA) identified the pharmaceutical and chemical sectors as providing potential for wealth and employment creation. The standing of this sector today has vindicated decisions made by the IDA in the late 1960s.   The table above shows the IDA companies surveyed that have set up manufacturing facilities in Ireland some of which also have ancillary R&D capabilities. Only Elan and Alltech can be considered companies conducting biopharmaceutical research.

Indigenous biopharmaceutical companies

The indigenous biopharmaceutical sector is quite small but is also beginning to expand due to BioResearch Ireland facilitated start-up companies and an increasing appreciation of technology transfer and bio-commercialisation within the University System. Typically these companies employ less than 10 people and are at an early stage of development.  The table below contains a list of indigenous Irish start up biopharmaceutical and human healthcare companies.

Biopharmaceuticals and Human Healthcare Companies

	Company
	Personnel
	R&D Personnel

	EirX
	5
	3

	Hibergen
	9
	X

	Surgen
	5
	1

	Westgate Biological
	4
	2

	Arqtech Lab. Ltd
	8
	X

	Archport Limited
	10
	X

	TOTAL
	41
	6


Arqtech Laboratories Ltd.

Arqtech Laboratories specialise in providing an assay for the testing of recombinant protein products of the Bio-Pharmaceutical industry for remnant / residual DNA. Arqtech Laboratories was founded in late November 1996. Initially they developed the business of testing genetically engineered drugs for the presence of residual DNA in final drug substances.  The company now also carries out water testing and water treatment. The company currently employs six full-time staff and two part-time.
Archport Limited

Archport Limited and The National Cell & Tissue Culture Center (NCTCC) have been providing GMP contract production services for the biotechnology industry since 1994. Archport Limited employs ten people and offers a range of manufacturing services including: GMP compliant production and purification of clinical grade materials, such as proteins (for clinical trial or market supply) for vaccine, therapeutics, gene therapy or diagnostic use and monoclonal antibodies, Scale up of culture and purification processes and Joint R&D contract services in partnership with the NCTCC.  

The following table contains a list of indigenous biomedical companies mostly involved in Diagnostic production. These start up companies, within the Biomedical Diagnostic sector, tend to employ less than 10 people with the exception of Biotrin and Trinity Biotech. They carry out little research into Biopharmaceuticals with the exception of Biotrin with 8 people employed in R & D. Biotrin with some activity in biopharmaceutical research would however still be classed as a Diagnostics company.

Other BioMedical-Diagnostic Companies
	Company
	Personnel
	R&D Personnel

	Biotrin
	60
	8

	Trinity Biotech
	166
	?

	Xenith Biomed
	12
	?

	Identigen
	5
	1

	BioObservation System
	4
	2

	Enfer
	13
	3

	Tridelta
	10
	

	TOTAL
	270
	14


Financing of indigenous biopharmaceutical companies

As a general rule, indigenous Irish biotech companies tend to seek finance in the US and in Europe, especially London. Given the small size of the Irish investor pool with knowledge of biotech and in particular bio-pharmaceutics, Irish companies have traditionally looked abroad for finance.  Biotrin, for example, completed an IR£7.5 million private placement in November of 1997, with the majority of equity raised internationally. BioResearch Ireland is also assisting in the establishment of a new early-stage venture-capital fund dedicated to biotechnology, which should facilitate some biopharmaceutical start-ups in the mid term.
Ireland-based pharmaceutical companies with R&D divisions

Elan Pharmaceuticals

Elan Corporation is a leading worldwide speciality pharmaceutical company focused on the discovery of proprietary drug delivery technologies. To address the shortcomings in the delivery and administration of biopharmaceuticals, Elan Corporation formed the Elan Biotechnology Research (EBR) unit within its broader drug delivery division, Elan Pharmaceutical technologies (EPT). The EBR was founded in Ireland and is located on campus in Trinity College. Here 50 research scientists from different areas of biomedicine including molecular and cellular biology, in vitro and in vivo pharmacology, pharmaceutical technology, formulation scientists, analytical and bio-analytical chemistry are actively involved in research and development. 

The EBR group has assembled a series of biotech based collaborative research programs with leading international players in the biopharmaceutical industry. These include Endorex (oral /mucosal delivery), Iomai (transcutaneous immunity delivery), Isis pharmaceuticals (oral delivery of Antisense), Targeted Genetics (platform technologies for viral and non viral gene delivery), Mixture Sciences (combinatorial library screening of novel ligands) and many more. EBR can be considered the major indigenous Irish biopharmaceutical collective specially dedicated to this field that is internationally recognized. Apart from the EBR group Elan also manufactures its products with Elan Pharmaceutical Technologies based in Co. Westmeath Ireland.

Biotrin

Biotrin is one of Ireland’s leading biomedical companies, which also conducts research and manufactures kits for the biopharmaceutical industry, mostly in the area of Diagnostics. It is a healthcare company that specialises in providing a range of novel and proprietary tests for the clinician and research scientist. Established in 1992, it is an indigenous Irish company which has two distinct business units: Infectious Diseases, which provides tests for the detection of new and emerging viruses; and Organ Damage which includes a range of tests for the detection of novel, proprietary biomarkers to assess tissue damage.
Biotrin's lead product range is tests to detect Parvovirus B19, a viral infection that can cause miscarriage in pregnant women. Biotrin is the world leader in Parvovirus B19 testing and the only company to have FDA approved tests at this time. The company also provides a range of tests for other emerging viruses, including HHV-6 and HHV-8. Biotrin's headquarters are based in Dublin, Ireland where it conducts its R&D, manufacturing and marketing activities. The company has sales offices in both Germany and France and also employs a network of over 40 distributors worldwide. The company currently employs 60 people and is ISO9001 and EN46001 / ISO13485 certified.

To date, Biotrin has raised 16.9 million EURO in three financing rounds. Investors include the Irish funds ICC Bank Venture Capital; Delta Partners; International Investments and Underwriters Ltd; Montgomery Oppenheim; Guinness Ulster Bank Fund and Forbairt (Enterprise Ireland). International investors include Biotechnology Investments Ltd., which is managed by 3i; Credit Suisse Asset Management; Reabourne Merlin and New York Life Assurance Company.

Business Interest Non Governmental Organisations (BINGOs)
The Irish BioIndustry Association

The Irish BioIndustry Association was formally established by the Irish Business and Employers Confederation (IBEC) in November 1997 and is a full time member organisation of EUROPABIO (The European Association for Bioindustries).  IBIA draws its membership from all sectors of the biotechnology sector within Ireland e.g. product manufacturers, financiers, executives from indigenous biotechnology companies etc. Its mission is to ensure a platform is developed which will allow a successful biotechnology based sector to flourish in Ireland resulting in additional wealth and job creation for the country and its citizens (The Irish scientist Yearbook, 1999). Its main stated strategic objectives are:

(1) To co-operate with all relevant Government Departments and Authorities to promote a regulatory framework which encourages biotechnology companies to establish and to prosper in Ireland

(2) To effectively communicate the benefits of biotechnology to society

(3) To actively promote research and development in biotechnology and related sciences in Ireland

(4) To actively promote an educational infrastructure which will facilitate the growth of the biotechnology sector

(5) To actively participate in the work of the biotechnology industry in the rest of the European Union

(6) To support a business environment which comprises the key elements essential for the development of a successful biotechnology sector

(7) To adopt a code of practice designed to ensure relevant regulations for the safety and efficacy of products are adhered to by members of the organization.

The Irish Pharmaceutical & Chemical Manufacturers Federation (IPCMF)

The Irish Pharmaceutical & Chemical Manufacturers Federation (IPCMF) is a sector within the Irish Business and Employers' Confederation (IBEC).  It represents the needs of the pharmaceutical and chemical manufacturing industry in Ireland on a range of issues e.g. industrial policy, taxation policy, communications, education, health and safety.  Through the IBEC offices in Brussels, the IPCMF works on behalf of its members at a European level to ensure that European policy initiatives are compatible with its own objectives for the development of the sector.

The Irish Pharmaceutical Healthcare Association (IPHA)

The IPHA represents the interests of the research-based international prescription medicines and consumer healthcare industries in the economic and regulatory environments within Ireland and abroad.  Its main activity is ensuring that the views and interests of its members are recognized by those institutions in Ireland that are involved in pharmaceutical and healthcare matters, notably The Department of Health & Children and The Irish Medicines Board.  In particular, the IPHA negotiates and enters into binding agreements with The Department of Health & Children in relation to the supply terms, conditions and prices of medicines supplied to the Health Services (The General Medical Services, Community Drug Schemes, Health Boards and Hospitals).  This is detailed below in section 2.4.  There are currently 58 members of the IPHA. 
 Regulation

On January 1st 1996, following the Irish Medicines Board Act, 1995, the Irish Medicines Board (IMB) became the competent regulatory authority responsible for the licensing of all medical products in Ireland.  It succeeded the exchequer-funded National Drugs Advisory Board (NDAB), which was formed in 1966.  The IMB is responsible for the licensing and authorization of all human and veterinary medicines and the monitoring of all manufacturing and wholesale activities.  It monitors the safety, quality and efficacy of medicines, including the continual supervision of marketed medicinal products and the elucidation of product defects and adverse drug reactions.  Additional IMB roles include the dissemination of advice to the Minister for Health and Children and the licensing of clinical trials.

Although operating effectively as a state agency, the IMB is self-financing, with costs indirectly recovered from the pharmaceutical industry through fees for product authorization and clinical trials (in 1997, for example, the IMB received a fee income of IR £5.08 million).  The government underwrites extraordinary costs as required, such as when the IMB became the designated Competent Authority under European Directive 98/79/EEC and under S.I. no 304 of 2001 for in-vitro diagnostic medical devices.    The IMB was operating with falling income and rising costs because many pharmaceutical firms were availing of new EU regulations that allowed them to have their products assessed centrally at European level by the London-based European Medicinal Evaluation Agency (EMEA).  Because an application to market a medicine in the EU can be made direct to the EMEA for EU-wide licensing, pharmaceutical firms seeking more expedient product authorization were circumnavigating the IMB, thereby depriving the IMB of income that it might normally have received.  That said, the IMB has and continues to cooperate and work very closely with the EMEA.  The Irish Medicines Board is also very active in pan-European licensing of medicinal products through both the Mutual Recognition and Centralised procedures.   

In determining the safety, quality and efficacy of medicinal products the Irish Medicines Board draws upon the expertise of its assessors and its Advisory Committee for Human Medicines which is appointed by the Minister for Health & Children. Expert advisory panels also meet as required. 

The statutory role of the advisory committees is to provided advice in cases where it is proposed to refuse to grant a license for a medicinal product.  The authorization process for new products took an average of 73 weeks in 1999, compared to 70 weeks in 1998 and the IMB issued 713 product authorizations in 1999 compared to 673 in 1998.  Approximately two thirds of product applications involved new products with transfers accounting for the remainder (Ireland, World Pharmaceutical Markets, Espicom Business Intelligence, 2001). 

Ag-Bio Sector in Ireland

The agri-food sector forms a major part of the Irish economy and hosts some of the largest companies in Ireland. The sector employs over 175,000 people and accounts for 30% of GNP, 10% of exports, and 32% of the net inflow of funds from international trade. The Irish food wholesale and retail sector is also a major contributor to economic activity providing direct employment for 204,000 people and turnover at retail level totalled £5.12bn in 1997. 

The agri-food industry is now operating in a rapidly changing global business environment with increased competitiveness, globalisation of prices, and consumer demands for quality, safe, nutritious and convenient food, produced by environmentally sustainable means. Biotechnology is arguably a powerful means to meet these challenges and recently the government has launched several initiatives to facilitate and expedite the diffusion of biotechnology to the existing Irish food sector.  This is a recent initiative (2000 & 2001) with very little previous indigenous exploitation of biotechnology in the agri-food sector save for Bioresearch Ireland’s National Food Biotechnology Centre located on the campus of University College Cork, where there is a cluster of expertise in the application of biotechnology to food, several university departments and Teagasc, the government agency established to provide research, advice and education in agriculture and food.  
The following factors are relevant in considering the industry’s importance:

· The sector accounts for two-thirds of total indigenous industry. It is based on a major natural resource and, therefore, uses almost exclusively indigenous raw materials. It is estimated that, in 1997, the industry’s purchases of Irish raw materials, labour and services represented over 70% of its total sales. This was more than double that of the other major export industries and helped Irish food and agri-business companies to achieve a positive trade balance of some £3.3bn. 

· In addition to its employment contribution in terms of direct jobs, the industry accounts for 280,000 indirect jobs on farms and in sub-supply industries and ancillary services. 

Like the medical sector, agri-food is recognized as an industry that can exploit biotechnology, as well as capitalise on biotechnology advances already developed for the medical sector (diagnostic techniques applied to food safety, for example). In agri-food, it is anticipated that biotechnology will enable Ireland to:

· Meet consumer demands and produce food that is fresher, healthier, safer and more nutritious but, significantly, no more expensive
· Meet growing legislative constraints and produce food in a sustainable and environmentally friendly way and with fewer chemical inputs

· Treat, reduce and eliminate wastes produced on the farm and at food processing plants

· Address animal welfare concerns with better disease management and prevention

· Increase agri-food production and efficiency, but without increasing costs (thus coping with the trend toward fewer but larger farms and processing plants)

· Develop innovative and niche value-added food products, and so diversify away from price-supported commodities, especially as these supports will not continue indefinitely in the growing free-trade environment
Funding of Agri-Food biotechnology
Notwithstanding the rapid progress of Irish food companies in recent years, a significant competitive weakness exists in innovation capacity. Due to a historically low level of R&D expenditure, a focus on process innovation and an absence of biotechnological application in the sector even our major companies compare unfavourably with their international competitors in the scale and depth of their R&D capability. This creates a serious impediment to the pursuit of alternative product strategies and to meeting the demands of quality and innovation that premium markets require. 

An innovative agri-food sector will be imperative to bring the upside of globalisation to indigenous companies in the Irish economy. For SME’s, the potential for innovation will be more limited by scale but continued R&D support is appropriate to enable these companies to exploit opportunities based on incremental technical developments. The role of public sector research is important since it adds scientific depth to national R&D capability and thereby helps to bridge the gap between Irish food companies and their international competitors. To be productive in this role it must be guided by industry and effective procedures for technology transfer must be in place.  Teagasc has a commercial arm, Moorepark Technologies Limited (MTL), for commercialisation of research within its centres. In the areas of food safety, public sector research may serve to assure consumer protection and support the existing wholesome image of Irish food.

The inclusion of biotechnology in public research funding during the '90s has been entirely at the initiative of the performing agencies, Teagasc and the Universities, when they were competing for funds from various sources. In relation to food research there has been a substantial programme, the Non-Commissioned Food research programme, funded from Structural Funds from 1994 up until 2000. Food Biotechnology became a substantial part of this programme. This was not specifically identified within the original programme objectives but was included because it is an important underlying technology in the food research programmes at important indigenous research centres such as Teagasc at Moorepark (The Dairy Products Research Centre (DPRC)) and University College Cork in particular. The scale of investment in food biotechnology research at the DPRC is of the order of £1m per annum.

A recent (2000) joint Teagasc/Universities report "Agri-Food Biotechnology-The Way forward" details a number of research priorities identified by the Agriculture and Food Biotechnology Group which include:
· The Development fast, accurate tests to detect pathogens in food

· The use of molecular techniques to identify new ways to prevent food poisoning

· To investigate ways of improving the nutritional value of Irish food for example by identifying

· Cattle which naturally produce leaner meat

· Develop novel functional foods, including pro-biotics, for this rapidly growing niche market

· Build on our existing expertise in food starter cultures and bio-processes (used in cheese making, etc.) to yield improved cultures producing industrially useful enzymes and flavours. 
Future funding sources for this sector include a £25 million fund donated by the Irish Government to Teagasc for specific funding of Biotechnology research. This is extensively discussed in 3.4 Future prospects within the Agri-Food Biotechnology Sector.
 Public Sector funding and institutions conducting Food Biotechnology Research

Irish Research Centres have highly qualified researchers with experience in food nutrition and food safety issues. There are strong links to the Irish food Industry, and good National and International collaboration with food centres and laboratories, such as in the EU Framework, USA and New Zealand bilateral collaborations. Individual disciplinary strengths vary between different research centres, as each centre concentrates on a specific research theme.

The chief strengths are in areas of:

· Probiotic bacteria and their use in fermented products

· Interaction between Food Science and Medical Faculties, and human intervention studies,

· Influence of particular dietary components on health and chronic disease in humans

Teagasc

Teagasc is the designated Irish organisation in the fields of agriculture and food and is the state body established to provide research, advice and education in agriculture and food.  It essentially functions as the Agricultural and Food Development Authority of Ireland.  Their annual research portfolio comprises some three hundred research projects, carried out by 200 scientists in nine research centres. The key objectives of the annual research programme are to:

· Provide a strong scientific basis for competitive and sustainable primary production. 

· Underpin product innovation and ensure safety and nutritional attributes of food. 

· Support the development and assessment of national and international policies in relation to the agri-food industry and rural communities. 

Teagasc collaborates extensively with appropriate research departments in Irish universities. 

Their post-graduate fellowship programme supports more than 100 M.Sc. and Ph.D. students. 

Teagasc participates extensively in EU Framework Programmes and has developed bilateral agreements with research organisations in Europe, the USA and New Zealand and formed a commercial arm, Moorepark Technologies Limited (MTL), for commercialisation of research within its centres.

TEAGASC Food Research Centres

Teagasc, Dairy Products Research Centre, Moorepark, Fermoy, Co Cork.

At the Dairy Products Research Centre, research on cheese food ingredients and the quality and safety of dairy foods is ongoing. This provides a base of scientific expertise that links with the Irish food industry and endeavors to bridge the gap between Irish food companies and global leaders. The primary aim of the Centre is to maintain scientific excellence in strategic areas of food research, and to actively manage the innovation process to drive the growth and competitiveness of the Irish dairy food and ingredients sectors. 

Probiotic cheese
In collaboration with UCC, microbial strains of known probiotic properties are being developed and evaluated for their propagation and survival in cheese up to the point of consumption. To date, probiotic bacteria have been shown to survive well in Cheddar cheese during the ripening and maturation period – often over one year. This represents a major commercial opportunity to add value to our most important cheese product.

Food Ingredients
The Dairy Products Research Centre has a vibrant research programme in this area and has contributed to food ingredients innovation in the Irish food sector in several areas. 

Functional and nutritional proteins
Emerging protein technologies can enhance the functional and nutritional value of milk proteins for specific market segments. Moorepark has contributed to a number of successful innovations that are bringing Irish companies to the forefront of developments in this area, and several products from the programme are now being commercialised. Those include variously a protein derivative which is rich in the amino acid glutamine and which is suitable for athletes as an aid to recovery from exertion, a flavour ingredient from yeast, and a novel whey protein product enriched with the component beta-lactoglobulin. A new process for production of total milk proteinate, an ingredient which combines both casein and whey protein in a functional form, has been patented, and a special form of milk protein for humanised infant formula has been developed with nutritional properties that are superior to currently used protein products.

The development of such specialised products is essential to enable Irish companies to extract maximum value from all milk components. Apart from innovative process technologies, such developments require a range of research skills in biotechnology, biological analysis and nutritional science, which are not normally available in-house to Irish companies, and without a committed public sector research programme access to these developments would not be possible. 

Teagasc National Food Centre

The National Food centre provides technical support for the meat, bakery and consumer foods industries. Priorities are in microbiological food safety, chemical residues, and process technology and quality of fresh and processed consumer foods.

Universities

University College Cork

The Faculty of Food Science and Technology at UCC represents a major resource of the knowledge and skills required by Ireland’s dynamic food industry.  In addition to its 40 academic staff, the faculty has 80 research scientists, 180 research postgraduates, 20 administrative and 25 technical staff. The Faculty occupies an extensive Food Science and Technology Complex with dedicated facilities for teaching and research including a pilot scale Food Processing Hall, Microbrewery and Bakery. Research funding for the faculty now amounts to approximately £4.5 million per annum from national agencies, EU and industry.

The UCC/Food Industry Partnership Board provides an important forum for dialogue between UCC and the food industry, while funds donated by member companies have assisted important developments at UCC. A dedicated Food Communications Information Officer co-ordinates an information resource service on Food topics for consumers, the media and the food industry. 

The Food Science and Technology Faculty have established an international reputation for the excellence of its Food Research Programme. UCC is a major participant within the Non-Commissioned Food Research Programme administered by the Department of Agriculture and Food in a wide range of research areas. The NCFRP has provided a major stimulus to food research in Ireland, and particular attention is given to the dissemination of the research findings to the Irish food industry. UCC’s Food Research Programme has also received significant funding from EU Framework Programmes. Among the 5th Framework Funding UCC successes are 7 Shared Cost Projects, 2 Marie curie projects and 1 Concerted Action Project.

BioResearch Ireland, National Food Biotechnology Centre (NFBC)

The NFBC is based on the campus of the University College Cork, which has extensive food research expertise facilities, including a large food processing hall. The Centre and the College have very strong linkages with Irish and international food industries. The Centre adopts an integrated multidisciplinary approach to the development of services and technology for the food and related industries. It brings together expertise from Food Science and Zoology as well as from the National Microelectronics Research Centre (NMRC) that is also based on the campus. The applied research at the NFBC is targeted at meeting the challenges and realising the opportunities of a rapidly changing global food industry, which must respond to consumer preferences for high quality, competitively priced food products that are nutritious, wholesome and safe. 

NFBC research focuses on the following areas:

· Lactic Acid Bacteria including Probiotics, Bacteriocins and Fermented Meats

· Food Safety

· Food Ingredient  Research 

· Functional Food 

· Protein Services Unit

· Biosensors

· Environmental Protective approaches to Plant Pathogen Control

· Cereal and Brassica Breeding

· Macromolecular Analysis Unit

Lactic Acid Bacteria

Applications include 

· Cheeses, Fermented Milks, Fermented Meats

· Phage Resistance

· Proteolysis

· Cheese Ripening & Acceleration of Cheese Ripening

· Cheese Diversification

Probiotics

Applications include:

· Ingredients and technologies for the production of probiotic yoghurts, cheeses and beverages

Natural Antimicrobial Systems

· Bacteriocins produced by Lactic Acid Bacteria

- natural antimicrobials for fresh and fermented food and beverages

· Bacteriocins from Probiotic Bacteria

- natural antimicrobials with applications in clinical & pharmaceutical preparations and in probiotic foods

Protein Services: Protein Chemistry, Technology, and Enzymology

Modifications of food proteins to produce functional food ingredients with key properties including fat replacers, flavour products

Food Safety

Rapid detection of food pathogens through DNA & immunodiagnostic technologies

Biosensor/Sensor Technology

Applications include automated process control and rapid assay of processes and products in the food sector

University of Limerick

Fundamental and applied research on quality and safety of fresh foods, including microbiology, nutrition and packaging.  Research is also on food ingredients, designer foods and nutraceuticals.  

Research Interests include:

· Functional Food Ingredients (caseinophosphopeptides (CPPs) angiotensin-I- converting enzyme (ACE) inhibitory peptides, glutamine undertaken peptides). 

· Enzymatic Hydrolysis of Food Proteins 

· High Pressure Technology 

· Milk Protein Polymorphism (Genetic Variants) 

Trinity College, Dublin 

Dept. of Biochemistry

Research Interests

· Identification of the metabolic block in neural tube defects (Spina Bifida).

· Folate catabolism in man, effect of diet and implication for the recommended dietary allowances.

· Folate catabolism in human pregnancy, an explanation of folate deficiency of pregnancy.

· Role of nutraceuticals in leading a healthy life. Effect of dietary supplementation with a) methylene tetrafolate as an alternative to folic acid and b) fatty acids

· Role of homocysteine in cardiovascular disease.

Department of Physiology

Research interests include synaptic transmission, neurochemistry and neuropharmacology of long-term potentiation and ageing. The overall focus is to establish the mechanisms underlying impairments in synaptic function in the aged brain and to identify means by which these changes can be attenuated or reversed.  Other research interests include:

· Assessment of dietary manipulation with polyunsaturated fatty acids on restoring synaptic function and synaptic plasticity in aged rats

· Mechanism by which dietary supplementation with Vitamin E and Vitamin C restores ability of aged animals to sustain long-term potentiation in dentate gyrus

· Reversal of age related changes in oxidative mechanisms and LTP by dietary manipulation

· Reversal of age related changes in LTP and antioxidant defences by an a-lipoic acid enriched diet

 Industrial Structure

The food industry comprises approximately 700 companies of whom some 600 are categorised as medium (50 to 250 employees), small (10 to 49 employees), or micro (< 10 employees). The main components of the industry are as follows: (estimated output 1997)

Components of the Agri-food industry

	Beef
	£1.7bn

	Dairy Products/Ingredients
	£2.3bn 

	Other Meats
	£1.13bn

	Prepared Consumer Foods
	£1.3bn

	Drinks
	£1.25bn 


Current Development Strategy for the Food Industry

The development strategy for the food industry 1994-1998 is contained in the Food Sub-Programme of the Operational Programme for Industrial Development 1994-1999 (Industry OP). Its overall aim was to build a competitive food industry that would generate national wealth and employment while helping to sustain rural economies. The Sub-Programme constitutes an integrated developmental approach in regard to both its product coverage and the range of support measures. It foresaw growth opportunities in the basic products, food ingredients, and prepared consumer foods areas. Its support measures covered capital investment, research and development, marketing and promotion, and the development of human resources. As well as contributing to the Sub-Programme’s overall aim, these support measures were designed to address four main identified weaknesses in the food industry, namely: 

· An over dependence on intervention markets preventing the sector developing a market led approach 

· Significant weaknesses in the consumer marketing of Irish food products in export markets 

· Serious under investment in research and development for both in-company and institutional research, and 

· A lack of suitable training in management capabilities and other skills. 

Taking account of adjustments made in the Mid-Term Review of Structural Funds, the Sub-Programme provides for total expenditure of some £584m, including £250m in structural/national funds.

Dairy Sector

One of the most important sectors of Irish Agriculture, the dairy industry accounts for 34% of agricultural output in the production of 5.10 million tonnes of milk per annum. Ireland accounts for 4.5% of EU milk supply. This sector is export oriented with over 80% of output exported of which 60% are to the EU, with the UK (cheese) and Germany (butter) being the main outlets.

Two main components:

· Indigenous: involving 9 significant dairy companies/co-ops, which process 70% of milk pool. From this category has emerged a group of food companies that now rank in the top fifty European Food Groups in terms of scale. The five largest all have a turnover of over 635million euro and between them (includes Irish Dairy Board) they represent the majority of Irish Dairy Exports. These companies are diversified both internationally and outside the pure dairy sector. 

· An overseas owned dairy segment which represents major branded product companies and which focuses, in the main, on adding value to the dairy products purchased from the indigenous dairy companies. The dominant activity in this area in Ireland is now the production of infant formula and other packaged, milk powder based, human food products. This segment has been growing rapidly. 

The Dairy sector underwent substantial rationalisation in the 1970's and has continued to consolidate at a slower pace ever since. In 1997 Avonmore Foods and Waterford Foods merged to become, Glanbia plc, the fourth largest dairy company in Europe and the Kerry Group have recently acquired Golden Vale.

A growth area within the dairy sector has been the development of markets for Irish cheese. Despite virtually no EU support for Irish cheese, and very restrictive criteria for funding under the 1994-1999 Food Sub-Programme, production of cheese has increased from 49,300 tonnes in 1980 to 68,500 in 1990 to the current level of 92,000 tonnes. While cheddar continues to be the dominant Irish cheese, production of other varieties such as emmental, mozzarella and regato now amount to nearly 25,000 tonnes or one quarter of Irish production.  Cheese production, however, still accounts for only 19% of whole milk utilisation in Ireland and for only 1.5% of total EU cheese production (while Ireland’s share of EU milk is 4.5%). In contrast, butter production (including butter oil) accounts for 57% of Irish whole milk, and at 153,000 tonnes accounts for 8.5% of total EU butter production. Therefore, Ireland continues to have a relatively low utilisation of milk to cheese and a relatively high utilisation to butter.

The outcome of the Agenda 2000 discussions and the next WTO round will be critical in determining the exact potential for growth but the relevant trends-retention of quotas, with only marginal increases, reduced market supports, greater trade liberalisation and increased market access/conditions are evident now.  Against this background it appears that the prospects for export growth lie in focusing on the further development of the dairy ingredients and value added and specialty cheese sectors and in developing international markets which can be exploited without the benefit of export refunds. This strategy will require an increased focus on innovation, new product development and marketing. In the case of dairy ingredients, the infant nutritional industry has been the catalyst for much recent growth and is likely to be an increasingly important factor in the future. 

Food Ingredients

The food ingredients sector in Ireland comprises three main segments - dairy ingredients, meat and by-products such as pizzas toppings and meat flavourings, and other ingredients such as colourings, flavourings and malt. The sector is largely technology driven and is dominated by the dairy ingredients segment. Output in the sector increased from £320m in 1993 to £400m in 1997. In particular, world-class expertise has been established in the dairy and meat ingredient sectors. And it is no coincidence that one of the major worldwide players in food ingredients, Kerry Foods plc, began as a small dairy and meat co-operative in the 1970's. It grew to its current world dominating position by exploiting the raw material and technical strengths of the country. 

Many of Ireland's food companies, with the assistance and encouragement of Enterprise Ireland, have established a lucrative business supplying ingredients to well known multinationals operating in Ireland and abroad such as baby food manufacturers like Abbott Laboratories and Wyeth and soft drink concentrate manufacturers like Coca Cola, Cadbury Schweppes, and Pepsi Cola. 

The key area for growth in the ingredients market are those products perceived as healthy or promoting good health, as well as ingredients that are perceived as fresh and natural. The key growth segments include:

· Ingredients for pre-prepared foods 

· Specialised ingredients, for new, value added foods 

· Organic ingredients, to satisfy quality and food safety issues 

· Functional ingredients, to extend shelf-life 

· Pre-blended ingredients mixes, to simplify food processing 

Users of ingredients expect much higher levels of service and professionalism than ever before. As markets become more competitive and subject to faster changing fashions, manufacturers must continually offer new products. These products usually require either new ingredients and/or a different approach to the use of technology particularly where ethnic foods are concerned.

Functional Foods

The functional foods sector is strong in terms of innovation, added-value and shifting consumer nutrition concerns.  It builds on the need to assure the quality and safety of products through its emphasis on enhancement rather than maintenance of the health of the consumer. With increasing health consciousness at demand level, the sector should have ample growth opportunities. Their exploitation demands relevant capabilities in product development and marketing. 

New to the Irish functional food sector is the BRI start up company Alimentary Health.  Alimentary Health is an Irish specialist healthcare company engaged in the development, manufacture and marketing of proprietary probiotic platform technologies for human and animal healthcare and quality of life products. The company is a vehicle for developing and exploiting the commercial potential of research work initiated at BioResearch Ireland’s National Food Biotechnology Centre at University College Cork. UCC is a leading European centre for lactic acid bacteria R&D and gastrointestinal health. Alimentary Health comprises a core group of seven promoters with complimentary areas of research, clinical and commercial expertise.  The company’s future product pipeline will stem from ongoing research activities focused on developing the technology base of the AH probiotic bacteria. These strains have the unique characteristics such as human origin, excellent gut adherence properties, immuno-modulating effect, and antagonism of pathogens.  Other indigenous Irish Biotechnology companies within the Agri-Food sector are tabulated below
Ag-Bio firms

	Company
	Personnel
	R&D Personnel

	
	
	

	Bioindustries
	9
	(

	Megazyme
	7
	2

	Plant Technology
	15
	(

	TOTAL
	31
	2


While Ireland has a very advanced Agrifood sector and has a plentiful supply of raw materials, it has not developed any real or significant expertise in research and development.  Recent government initiatives e.g. the mobilization of significant funds to Teagasc will increase the influence of biotechnology in this sector.

Regulatory policy

The foundation directives governing EU Law with regard to biotechnology in the agrifood sector, in particular those dealing with the contained use of genetically modified micro-organisms (90/219/EEC) and the deliberate release of GMO's to the environment (90/220/EEC) were transposed into Irish Law in December of 1994 by the Genetically Modified Organisms regulation 1994 (S.I. No. 345 of 1994) as amended in 1996 and 1997. Directive 20/219, which pertains to the contained use of GMO's is under the authority of the Environmental Protection Agency (EPA) which regulates the contained use of GMM's, GM animals and plants. Directive 90/220 which pertains to the deliberate release of GMO's into the environment for R&D purposes (i.e. field trials) and placing of GMO products on the market is regulated in Ireland by the EPA and the Dept. of Environment and Local Government, the latter being responsible for decisions to place GMO's on the market under article 21 of 90/220. EEC regulation 258/97 that pertains to novel foods and novel food ingredients, including GMO's, is managed by the Department of Health and Children acting on the advice of the GMO and Novel Foods Sub-committee of the Food Safety Authority of Ireland (FSAI). The competent authority functions will however be completely transferred to the Food Safety Authority in the future by end of 2000.

Overall Summary of Biotechnology Sector in Ireland

The Irish biotechnology sector is currently at an early stage in its life cycle in Ireland, with most of the ~29 indigenous biotechnology companies employing less than 20 employees (Elan is a notable exception, but is excluded from the indigenous sector) and generating a total of IR£340 million turnover. Total indirect employment is approximately 2100, with indigenous biotech employment accounting for ~500.  The biopharmaceutical sector is considerably more developed than the Agri-food sector, which in turn is more developed than the equipment and supplies sector. This is reflected in the sectoral distribution of indigenous biotechnology firms in Ireland.  Biotechnology has not been assimilated into the agri-food sector as quickly as it has the healthcare sector.  The degree to which public acceptance has contributed to this lag is difficult to gauge. 

The research base is stronger in healthcare/medical biotechnology sector than it is in agro-food, although Teagasc has recently received substantial funding to diversify into agri-food biotechnology R&D which should improve the technology flows between the Research Community and the industrial food sector.  There is almost a virtual absence of an indigenous and innovative equipment and supply sector.  

The average total R&D spend on biotechnology per annum between 1994 and 1998 was IR£7.22 Million.  This was distributed as follows: Teagasc 38%, BioResearch Ireland 31%, Enterprise Ireland 16%, Health Research Board 10% with charities and other accounting for 5%.  Teagasc would have been exclusively focused on agri-food biotechnology and the HRB would have been focused exclusively on Medical/healthcare biotechnology.  BioResearch Ireland would have had a diversified portfolio of projects encompassing both the agri-food and medical healthcare sectors and Enterprise Ireland, similarly, would have had a diversified span of projects.

Ireland participation was comparatively high in the EU Framework Programmes during the 1994-1998 period, with Ireland especially well represented in the Agri-food area (FAIR) with 78 Ireland-based participants (compared to 59 and 23 in BIOTECH2 and BIOMED2 respectively).  

University-Industry collaboration has been an important component of the development of the Irish Biotechnology industry from its genesis in 1987. The Irish Biotechnology Programme has had explicit technology transfer objectives since its inception. Several biotechnology start-up companies have spun out from the Irish University system during the last decade, despite an under-resourced science base.

NATIONAL REPORT:


ITALY

ITALY

Historical Background of the Country
In Italy there has been an input to biotech research especially driven through public funds, e.g. some projects (progetti finalizzati) of the National Research Council (CNR) during the 90’s. Today the most important sector covered by biotech applications is the healthcare sector. The contribution of the Italian biotech industry, however, is quite limited . The most important products are vaccines and diagnostic products. Italy is the fifth pharmaceutical world market but, in terms of biotech products, it’s heavily dependent on products imported by other Countries. The situation of biotech in Italy is quite ambivalent since there is a favourable climate for applications in the health sector, but significant opposition in the agro-food sector. Last February 2001, after the negative position taken by the Minister of Agriculture against the production of transgenic food, over 1500 scientists claimed their freedom in biotech research.

Some reference laws are the DL n° 92 of March 3, 1993 and the DL n° 206 of April 12, 2001 related to, respectively, the emission in the environment of GMOs and the confined use of  GMOs. 
A number of initiatives have been born in the last ten years in support of biotech research., like 16 Science Parks, 16 Research centres, 23 University degrees, 9 Units of the Consiglio Nazionale delle Ricerche. Among the biotech Centres, the following need to be mentioned:

· ICGEB, the International Centre for Genetic Engineering and Biotechnology. This is an international organisation dedicated to advanced research and training in molecular biology and biotechnology, with special regard to the needs of the developing world

· Centro Biotecnologie Avanzate. This is managed by a Consortium composed by IST (National Institute for Cancer Research of Genoa) and University of Genoa working in several fields (biochemistry, bioengineering, genetics etc.)

· Consorzio Interuniversitario per le Biotecnologie (C.I.B.). This originated a network of 6 Universities, but many other Universities joined it in recent years.  It works in several biotech fields like health, agro-food and environment

· BioGem, Biotechnology and Molecular Genetics in Southern Italy. The Bio Gem consortium was initiated with the aim to contribute to the development of Biotechnology and of Molecular Genetics in Southern Italy

Two initiative pro-biotech at national level can also be mentioned:

1) the Biotech Award, the prize for outstanding Italian research in molecular biology applied to medicine;

2) the 1st International Exhibition and Congress on Biotechnology organised on May 2000 in cooperation with the Advanced Biotechnology Centre, which intended to provide information about the real benefits deriving from the correct application of  biotechnology.
In relation to Italian companies, ASSOBIOTEC, the National Association for the Development of Biotechnologies, is the most important Association for companies working the biotech sector. ASSOBIOTEC is the promoter of a European Association called EUROPABIO, the Association of European bioindustries in which 12 European Associations and over 800 industries are represented. The main objective of EUROPABIO is to contribute to the definition of European laws and their application at national level.  

In Italy there are about fifty small biotech companies, a very small number compared to other countries (270 in Great Britain, 280 in Germany, 1,350 in the United States). They represent only 25% of all biotech companies as against the more than 60% in the other countries. They are normally very small: more than half have fewer than 10 employees, and only five have over 30 employees.

Most of the general data below are based on an survey produced by the Ministry of Industry through a direct interview to 36 out of 52 SMEs.

National statistics:

Total number of enterprises:
approx. 200

Number of SMEs:
52

Geographical distribution of SMEs ( very few in Southern Italy (7 or 8); some in Centre Italy; most from Northern Italy

Total number of employees
4,000

Total number of employees in SMEs
 approx. 850

Revenues for all companies (1998):
200,646,529.20 euros

Breakdown of activity by biotech related sector

It is quite difficult to differentiate the four areas since most of SMEs work in at least two different biotech fields. It is quite common that SMEs work in the health and agro-food sectors or in the agro-food and environment sectors. This is why the total number of companies (in the table below) is over 52.

Healthcare

· Number of companies
32

· Revenue
1,162 million euros


· Number of employees
45-50% of total

· RTD expenses
n.k.

Ag-bio

· Number of companies
18

· Revenue
1,902 million euros

· Number of employees
20-25 % of total

· RTD expenses
n.k.

Environment

· Number of companies
21

· Revenue
212 million euros

· Number of employees
15-20 % of total

· RTD expenses
n.k.

Other activities

· Number of companies
8

· Revenue
44 million euros

· Number of employees
10-15 % of total

· RTD expenses
n.k.

Production and services

Healthcare

There is a large variety of products in this sector. The most important are antibodies (monoclonal and polyclonal), enzymes, antibiotics, anticancer drugs, vitamins, kits and reagents for diagnosis, probes, genomics, etc. The distribution of these products is normally made by other companies, non necessarily involved in biotech production.

Products in development are mainly anti-cancer drugs, drugs for the nervous system, antibiotics (especially for resistant bacteria).

The exportation is quite important for antibiotics (80% of all exported products) in Europe and in international countries. Other products representing 10% of exportation are vaccines. Normally exportation is made directly by the SMEs or through other companies, medium or big companies, specialised in distribution.

Ag-bio

The most common products are biofertilisers, diagnostic kits for plant diseases, extraction and purification of natural substances, fertilizers for organic agriculture, etc.

New genotypes of foods (e.g. tomatoes), transgenic plants. The distribution of their products is normally made by other companies. The level of exportation is limited to Italy; the exportation out of Italy is almost zero. The most important products are enzymes for the production of some types of cheese or yoghurt.

These companies have a good opinion of transgenic foods (e.g. tomatoes) and some of them are starting to develop them. 

Environment

The main products are biofilters, products for bioremediation, biomarkers for see water, monitoring of industrial areas, planning of depuration equipment, microbiological analysis, etc. The distribution of their products is normally made by other companies.

The exportation is limited to the region or at national level. 

Other (services)

Assistance to other companies and consultancy on productive systems or on research projects.

Technology applications

Healthcare, Ag-bio and Environment

Technology needs: the biotech SMEs were all born with the objective to apply new technologies, so in general they have good technologies. This explains why most companies are interested in an least 3 or 4 different fields, since they can apply the same technologies to different biotech sectors. In addition to this, most of these companies were born in the last 3-4 years, thus their technologies are quite recent.

The most used technologies are monoclonal and polyclonal antibodies, cloning and gene expression. Most of the SMEs use molecular biology techniques. Another diffused technology is the fermentation and separation of products from microorganisms (including GMOs).

Research

Biotech companies normally were born through the collaboration among university scientists and managers. They have usually close relations with basic research done in universities and research institutes and they tend to create joint ventures with other companies, small and big ones. In this way, they establish a sort of connection between basic research centres/universities and medium or big enterprises.

Normally biotech SMEs are engaged in research and development which they carry out mainly on their own behalf, but in some cases on commission. Some of them spend over 50% of their revenues in research projects. All of them, through the survey of the Ministry of Industry, declared their willingness to carry out research activity for third parties. Several meetings have been organised to make them aware and participating in Italian and European research networks. 

Economic opportunities

It is expected that the market of Italian biotech products (mainly agro-food products) will increase in the next years, however only in a medium-long term. The main difficulty is coming from the regulatory system for the agro-food sector, which does not allow, at the moment, the cultivation of transgenic plants. The single companies are very active in production and research, but they are very few.

Biotech SMEs represent a good investment for venture capitalists, for international banks and in general for investors who believe in biotechnology. These SMEs are certainly able to increase employment, especially when they are able to patent their products and to attract young scientists and technicians.

Main sources of information:

Documents:

· “Le piccole imprese biotecnologiche in Italia: le tecnologie, i prodotti, i servizi”, pubblicazione dell’Osservatorio per il Settore Chimico, Ministero dell’Industria, del Commercio e dell’Artigianato, dicembre 2000

· Annual Report 2000-2001 of Federchimica, Federazione Nazionale dell’Industria Chimica

· “Forum per la Ricerca Biomedica”, document of DIRP, Dipartimento Informazione e Relazioni Pubbliche of Farmindustria, 2001

·  “Ricerca libera sulle biotecnologie”, Corriere della Sera, 13 July 2001

Useful websites:

· http://www.sanita.it/biotec/
· http://assobiotec.federchimica.it/
· http://www.farmindustria.it/
· http://www.biotecnologia.it/
· http://www.circmi.it/
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Inquiry on issues that most significantly affect SMEs

competitiveness and business development

POLAND

Definition of biotechnology:

Biotechnology is the application of biological organisms and produce for human or animal healthcare, agro-food and environmental sectors.

Modern Biotechnology means technologies for a better understanding of the molecular mechanism of growth, development, health or diseases of living organisms through genome expression. This understanding provides the rationale to develop products witch finally quality of live.

By modern biotechnology we mean technologies such us diagnostic kits (clinical & research), DNA probes, protein synthesis, protein sequencing, monoclonal antibodies, gene amplification, DNA sequencing, DNA synthesis, high throughput screening, genomics, proteomics, use of monoclonal antibodies, cell/tissue culture, protein/ DNA/ cell purification/separation, electrophoresis, transgenic plant, transgenic animals, gene therapy, biotransformation, enzyme engineering, combinatorial peptides, cell and tissue engineering, and gene/antisense therapy

MACROECONOMIC ASPECTS 

( one document to be filled by each National representative of SME project and/or PFL)

Historical Background of the Country:

Profile of Biotechnology in the Country:

Polish biotechnology is mainly orientated towards health protection, developing veterinary and medical diagnostics, and cosmetic industry (there is work in progress over the genes useful in this field), as well as towards agriculture and food industry. About 1000 scientists associated in 100 teams work in research and development in Poland. The scientific level of education and conducted research is on the high world level; nevertheless, road to commercialization of Polish biotechnology is still long.

Every year about 1300 students graduate in biotechnological studies, but only part of them are able to find a job. This is caused by a very small number of private biotechnological firms (fewer than twenty in the whole country). The number of the newly established firms of this profile is also insufficient. There are no research companies investing in scientific research to later sell the technology developed by them. The majority of research is done in scientific institutions and research units at universities. Most certainly, this is a consequence of the necessity for enormous outlays on investments, because doing research requires outstandingly equipped laboratories with high-class equipment. The minimal cost of equipment of such a laboratory is approximately 1 million USD.

Principally, financial means appropriated for the development of biotechnology come from the state budget. They are allocated through the State Committee for Scientific Research in the form of grants on laboratory equipment, research projects, and international collaboration.

A small number of biotechnological companies are financed with private capital. This takes place in such a way that the firms doing research and development works offer production and sale of biotechnological reagents, pharmaceutical raw materials and products servicing biotechnological research, accept orders for diagnostic works. Thus, they obtain means to carry out research projects, and consequently, to develop their firms and to commence operation in more advanced fields.

Venture capital is willingly invested in biotechnological enterprises in the world, but in such enterprises that passed the stage of product preparation and look for capital for it to be implemented in realization (clinical trials and commencement of sale). Nonetheless, Poland still lacks such firms, because the preparation of a production of an active substance, which could later be used for the production of a medicine, is expenditure of the order of a few million zloty. In 1998, capital engagement in venture capital in the world was 14,3 billion USD (source: PriceWaterhouseCoopers), out of which 19,3 % was spent on medicine and biotechnology.
An essential role in the development of small and medium-size firms is played by incubators of entrepreneurship and technological parks, possessing a broad offer as far as working space is concerned as well as an offer of services supporting small and medium-seized firms. At the end of 1999, in all incubators, centres/parks, about 1118 firms operated establishing 5606 workplaces. An average incubator in Poland occupies space of 2581m2 (from 460 to 6072m2), out of which 74% accounts for leased space. At the end of 1999, 88% of the ready space was leased. Every other incubator is completely filled and frequently has a long waiting list of candidates waiting for a vacancy. More than half of the centres (61%) have a space of over 2000 m2 at their disposal. In the year 2000, the city of Gdynia made the premises of the former bus depot at Zwycięstwa Avenue, including the facilities and infrastructure existing there, available to the Pomeranian Science and Technological Park under preferential conditions. The total area of the premises, which entirely belong to the commune, is 6,1 ha, while its value is ca. 21 million PLN. The first modules that will become the origins of the Pomeranian Park of Science and Technology of Gdynia, according to the strategy directives of the Province of Pomerania, will be biotechnology and environmental protection

Main Research and Development Institutes and Organizations in the field of Biotechnology in Poland:

1. Institute of Biotechnology and Antibiotics of Warsaw. Since 1957, it has been doing primary and technological research in biotechnology, chemical synthesis, and genetic engineering of medicines.

Technologies of receiving antibiotics and other biologically active substances, including technologies of medicines based on the most modern world achievements in the field of recombination of genes, are developed here.

2. Institute of Biochemistry and Biophysics at the Polish Academy of Science was established in 1957 in Warsaw. The main directions of the operation of the institute is research on the molecular level genomes organization, genes structure and fungi; mechanisms of mutagenesis, DNA repair and replication; construction and biosynthesis of nucleic acids and proteins, molecular and biochemical research of enzymes structure as well as development of state-of-the-art biotechnologies.


3. Institute of Environmental Protection of Warsaw established in 1973. The most important works of the Institute in protection and biological regeneration of the active surface of the earth are studies on sludge natural management, agro-biological treatment of wastes, principles of re-cultivation of chemical wastes dump sites, principles of wastes management in natural environment.

Assets of the Country.

The value of assets registered in the REGON system and obliged to submit statistical data (businesses employing more than 9 people) on 31 Dec 2000 was 949,3 billion PLN. The assets structure comprised 61,7% fixed assets, 35,7% current assets, and 2,6% prepayments and accrued income. 
     Net fixed assets of the audited period reached the value of 585,8 billion PLN, out of which the private sector accounted for 60,6% assets, and the public sector for 39,4%. The assets were distributed variously, depending on the entity’s legal form. The biggest share of assets was concentrated in joint stock companies (45,1%) and in limited liability companies (24,7%). Cooperatives held 17,2% fixed assets, while state enterprises and state organizational units 8,8%. The other assets belonged to civil partnerships and registered partnerships as well as natural persons.


In the structure of fixed assets net 83,8% accounted for tangible fixed assets and equivalent components of fixed assets (mainly permanent assets), 11,0% financial components of fixed assets, 2,6% long-term debtors and 2,6% intangible assets and legal values.

Current assets as at 31 Dec. 2000 equaled 339,0 billion PLN, including 254,8 billion PLN worth assets belonging to the private sector. The structure of current assets comprised 54,1% debtors (81,7% of total debtors were trade debtors), 29,7% -stocks, 16,2% - cash, and marketable securities. 

Revenues from the total operation of the presented businesses in 2000 were 1204,2 billion PLN, out of which the share of the private sector was 74,1% (892,7 billion PLN), while the share of the public sector was 25,9% (311,5 billion PLN). The structure of revenues from the total operation comprised 54,9% revenues on sale of products (finished products and services), and 38,5% revenues on sale of goods and raw materials. 

Revenues from export sale of finished goods, works, and services were indicated by 10975 entities. They amounted to 115,0 billion PLN, and accounted for 17,4% revenues of sales of products of all the audited entities. 


Costs related to revenue generation in the total operation equaled 1183,6 billion PLN, out of which 875,6 billion PLN in the private sector, and 308,0 billion PLN in the public sector. The financial result from the operating activity was 20,5 billion PLN (17,0 billion PLN in the private sector and 3,5 billion PLN in the public sector).

National Statistics

At the end of the year 2000, there were 3 186 704 registered enterprises in Poland, employing 8 170 747 people in aggregate. Their geographical distribution is presented in table no. 2.

      Tab. No. 2

	Province
	Number of enterprises
	Number of people employed

	
	Total
	

	Dolnośląskie
	269650
	624046

	Kujawsko-Pomorskie
	168761
	430985

	Lubelskie
	134003
	367167

	Lubuskie
	87941
	205843

	Łódzkie
	211442
	531234

	Małopolskie
	251821
	634758

	Mazowieckie
	520646
	1312452

	Opolskie
	76936
	211284

	Podkarpackie
	128494
	393136

	Podlaskie
	85896
	200814

	Pomorskie
	199352
	463366

	Śląskie
	385499
	1175824

	Świętokrzyskie
	89174
	229836

	Warmińsko-Mazurskie
	102722
	261982

	Wielkopolskie
	294362
	762967

	Zachodniopomorskie
	180002
	347042


Source: Central Statistical Office - Statistical Annual 2001

R&D Outlays:

According to the data of the Central Statistical Office of 1997, 37,6 % of all the enterprises were innovative enterprises, i.e. businesses which in the years 1994-1996 introduced at least one technological innovation, i.e. a new or modernized product, a new or substantially modified technological process or an organizational and technical innovation.

From the point of view of ownership, enterprises belonging to the public sector are more innovative than the ones belonging to the private sector (the share of innovative enterprises in either of the sectors was 52% and 30% respectively). In comparison with the West European countries, in Poland small innovative enterprises account for a very small percent in the group of small enterprises in aggregate (16% of enterprises employing below 50 people). 

One of the main factors deciding on whether the enterprise is innovative or not is its conducting research and development activity. In 1996, outlays on innovative operation in industrial enterprises (in current prices) were 8,1 billion PLN, in 1997 they grew by almost 35%, up to the amount of 11 billion PLN, while in the year 1998 up to the amount of 12 billion PLN. More than half of the amount (52,2) fell under the private sector, accounting for 73,7% of total enterprises in the audited pool. The most innovative branches of industry embrace the production of coke and crude oil products (78% enterprises were innovative enterprises), production of chemicals (73%), production of machinery and electrical appliances (63%), production of medical, precision and optical instruments, clocks and watches (59,5%).

In 1999, expenditure on R&D was 4590,5 million PLN, which accounted for 0,75% gross domestic product. Internal expenditure on R&D activity, per category of outlay and province is presented in table no. 1, whereas expenditure on R&D per source of financing and province  - table no. 2.

In 2000, research-development expenses increased up to 4796,1 million PLN. Outlays on research-development activity in 2000 are presented in table no. 3.

The total number of employed in research-development activity was 125614 people in the year 2000. The employment in R&D activity per particular province is presented in table no. 4.

The structure of expenditure on R&D activity in the enterprise sector per source of financing and field of activity is presented in table no. 5.

Table no. 1

	Internal expenditure on R&D activity per category of expenditure and province in thousand PLN in 1999 

	Provinces
	Total
	including

	
	
	current expenditure
	investment outlays on fixed assets



	
	
	Total
	Including personal ones
	Total
	Including machinery and technical equipment

	Poland
	4590477,1
	3694879
	1875894,3
	895598,5
	638793,6

	 
	
	
	
	
	

	Dolnośląskie
	283276,4
	197006,7
	96191,7
	86269,5
	51070,8

	Kujawsko-Pomorskie
	119578
	99997,1
	36658,5
	19580,9
	19568,9

	Lubelskie
	137381,7
	124404,7
	57888,2
	12977
	12106,2

	Lubuskie
	18554,5
	11531,1
	5059,2
	7023,4
	3620,6

	Łódzkie
	265592,9
	239350
	137902,8
	26242,9
	20717,3

	Małopolskie
	431228,9
	341279,3
	160762,7
	89949,6
	58807,3

	Mazowieckie
	2015822,6
	1682534
	880964,5
	333288,3
	221141,8

	Opolskie
	37176,5
	31473,3
	16549,2
	5703,1
	4956,4

	Podkarpackie
	142649
	90685,1
	53088,6
	51963,9
	48404,3

	Podlaskie
	42456,9
	21847,9
	7002,8
	20609
	15224,1

	Pomorskie
	196011
	158727,2
	74227,5
	37283,8
	29009,2

	Śląskie
	395368,2
	347448,8
	198743,9
	47919,4
	38703,4

	Świętokrzyskie
	96276,2
	21317,5
	10734,1
	74958,7
	62907,5

	Warmińsko-Mazurskie
	52457,7
	39970,7
	19030,6
	12487
	11281,2

	Wielkopolskie
	287384,4
	230730,1
	101725,7
	56654,3
	34467,6

	Zachodniopomorskie
	69262,2
	56574,7
	19364,3
	12687,5
	6795


Source: Central Statistical Office

Table no. 2

	  Internal expenditure on R&D activity per source of financing and province in thousand PLN in 1999 

	Provinces
	Number of entities
	Total
	Including funds from 

	
	
	
	Budget 
	scientific units of the Polish Academy of Science and research & development units
	schools of higher education
	enterprises
	private non-profit institutions
	foreign funds
	own funds

	Poland
	955
	4590477,1
	2686730
	30170
	23687,5
	462762,5
	11749,2
	76133,3
	1299280

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Dolnośląskie
	67
	283276,4
	137233
	270,9
	131,3
	25968,4
	227,9
	2319,9
	117125

	Kujawsko-Pomorskie
	49
	119578,0
	39086,7
	305,5
	279,5
	12229,5
	55
	770,9
	66851

	Lubelskie
	31
	137381,7
	84025,2
	215,9
	224,9
	3900,5
	111,8
	5794,9
	43109

	Lubuskie
	13
	18554,5
	11456,6
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	6539,3

	Łódzkie
	65
	265592,9
	193477
	7421,9
	658,4
	14410,1
	303
	6153,7
	43169

	Małopolskie
	73
	431228,9
	284890
	2456,6
	15102,7
	42150,8
	690
	5271,3
	80668

	Mazowieckie
	262
	2015822,6
	1275986
	7431,1
	3947,6
	241014,8
	8601,4
	33661,7
	445174

	Opolskie
	21
	37176,5
	17389,3
	172,8
	1528,1
	3657,5
	
	491,9
	13937

	Podkarpackie
	48
	142649,0
	26585,8
	21
	
	19487,2
	3,3
	149,9
	96402

	Podlaskie
	10
	42556,9
	18957,9
	183
	14,5
	2312,3
	20
	21,2
	20948

	Pomorskie
	50
	196011,0
	135789
	956,6
	503,9
	22193,5
	930,5
	5084,9
	30552

	Śląskie
	122
	395368,2
	191014
	3126,9
	529,6
	46598,4
	124,2
	5006,8
	148968

	Świętokrzyskie
	18
	96276,2
	10483,2
	
	1,1
	2468,6
	2,5
	39,8
	83281

	Warmińsko-Mazurskie
	12
	52457,7
	33998,7
	49,1
	
	1689,2
	71,9
	480
	16169

	Wielkopolskie
	95
	287384,4
	184210
	7552,9
	660,1
	22625,7
	598,2
	6191,8
	65545

	Zachodniopomorskie
	19
	69262,2
	42146,9
	
	80
	1487,1
	9,5
	4694,6
	20844.1


Table no. 3

Expenditure on R&D activity per particular province in 2000
	PROVINCES

 
	Totala
 
	including

	
	
	 enterprise sector
	government sector
	 schools of higher education

	 
	in million PLN

	Poland
	4796,1
	1730,7
	1546,6
	1512,4

	Dolnośląskie
	313,0
	138,5
	33,1
	141,4

	Kujawsko-Pomorskie
	124,4
	*
	*
	52,1

	Lubelskie
	147,9
	47,2
	43,4
	57,3

	Lubuskie
	38,0
	9,5
	-
	28,5

	Łódzkie
	290,9
	73,8
	74,7
	142,3

	Małopolskie
	437,4
	116,2
	87,8
	233,2

	Mazowiecki
	2163,8
	769,8
	1038,4
	354,6

	Opolskie
	42,3
	29,2
	*
	*

	Podkarpackie
	122,9
	72,1
	34,2
	16,5

	Podlaskie
	36,3
	*
	*
	26,1

	Pomorskie
	204,9
	64,3
	44,2
	92,0

	Śląskie
	389,6
	201,7
	77,3
	110,4

	Świętokrzyskie
	21,2
	11,5
	*
	*

	Warmińsko-Mazurskie
	56,9
	*
	23,8
	*

	Wielkopolskie
	337,3
	95,9
	79,3
	161,8

	Zachodniopomorskie
	69,3
	*
	*
	56,1

	   a including the sector of private non-profit institutions

	N o t e. No data marked with asterisk " * " results from the requirement of non-disclosure 

.


      Table no. 4  

     EMPLOYMENT IN RESEARCH & DEVELOPMENT IN 2000 

	PROVINCES
	Totala
	Sector
	Total
	Sector
	Share of R&D employees in population

	 
	 
	 enterprises
	governmental
	schools of higher education
	 
	 enterprises
	governmental
	schools of higher education
	professionally active
	total employees 

	 
	people – status as at 31 Dec.
	in full-time position equivalentsb
	Per cent

	POLAND
	125614
	24107
	21892
	79539
	78925
	18586
	18823
	41499
	0,73
	0,86

	DOLNOŚLĄSKIE
	9506
	1382
	466
	7658
	5836
	1168
	420
	4248
	0,70
	0,89

	KUJAWSKO - POMORSKIE
	4866
	*
	*
	4002
	3150
	*
	*
	2483
	0,47
	0,57

	LUBELSKIE
	6864
	674
	738
	5452
	3494
	620
	716
	2157
	0,64
	0,74

	LUBUSKIE
	1400
	146
	-
	1254
	727
	122
	-
	605
	0,33
	0,42

	ŁÓDZKIE
	8828
	1567
	1208
	6053
	4799
	1128
	1048
	2623
	0,64
	0,78

	MAŁOPOLSKIE
	15585
	1982
	1490
	12113
	8835
	1551
	1157
	6127
	1,05
	1,19

	MAZOWIECKIE
	35259
	9317
	14011
	11920
	27006
	7392
	12140
	7465
	1,49
	1,71

	OPOLSKIE
	1694
	402
	*
	*
	1019
	318
	*
	*
	0,38
	0,44

	PODKARPACKIE
	3045
	1245
	433
	1363
	1522
	892
	266
	362
	0,36
	0,44

	PODLASKIE
	2354
	*
	*
	2293
	1459
	*
	*
	1421
	0,41
	0,48

	POMORSKIE
	6882
	1043
	655
	5125
	4546
	764
	551
	3225
	0,76
	0,91

	ŚLĄSKIE
	10766
	3812
	1011
	5943
	6630
	2709
	879
	3042
	0,61
	0,74

	ŚWIĘTOKRZYSKIE
	1189
	285
	*
	*
	730
	182
	*
	*
	0,17
	0,20

	WARMIŃSKO - MAZURSKIE
	2020
	*
	381
	*
	1258
	*
	323
	*
	0,32
	0,42

	WIELKOPOLSKIE
	11638
	1275
	1199
	9162
	5598
	1007
	1070
	3522
	0,72
	0,83

	ZACHODNIOPOMORSKIE
	3718
	*
	*
	3606
	2316
	*
	*
	2239
	0,50
	0,61

	   a  full-time and part-time  employees without conversion into full-time positions. b full-time position equivalent.
	
	
	
	

	N o t e. No data marked with asterisk " * " results from the requirement of non-disclosure
	
	
	
	


    Data source: Central Statistical Office 

Table no. 5

	 Internal expenditure on R&D activity in the sector of enterprises per sources of financing and fields of activity in thousand  PLN

	Fields of activity
	Total
	including funds from

	
	
	Budget 
	scientific units of the Polish Acad. of Science and R&D units
	schools of higher education
	enterprises
	private non-profit institutions
	foreign funds
	own funds

	Total
	1897334,1
	503428,4
	5177,2
	1353,3
	231857,8
	496,3
	22771,1
	1132250

	Agriculture, hunting, forestry
	41566,4
	14673,1
	23,8
	3,3
	16518,9
	8,2
	2124,2
	8214,9

	Production of food and beverages
	26589,6
	8142
	______
	______
	1514,8
	_____
	232,8
	16700

	Production of coke, crude oil product and derivatives
	13509,3
	2112
	______
	______
	1220
	_____
	
	10177,3

	Production of chemicals and chemical products (excluding pharmaceuticals and herb products)
	133610,6
	41491
	850,8
	229,2
	11263,6
	_____
	4182,9
	75593,1

	Production of pharmaceuticals and herb products
	91010,6
	11561,6
	______
	_______
	7072,4
	_____
	
	72376,6

	Production of products of rubber and plastics; production of other non-metallic raw materials
	63579,8
	13532,1
	______
	217,2
	6485,1
	_____
	213,8
	43131,6

	Production of medical, precision, and optical  instruments, clocks and watches
	27333,2
	6142,8
	_______
	______
	785,0
	_____
	513,4
	19892

	Health protection and social welfare; other service, communal, social  and individual
	46192,3
	21752,3
	_______
	7,0
	377,0
	_____
	36,0
	24020


Structure of expenditure on R&D activity per field of science in 1999 
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Structure of employees in R&D activity per field of science in 1999 
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Structure of expenditure on R&D activity per source of financing in 1999
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Data source: Central Statistical Office

In Poland, biotechnological education takes place in 18 schools of higher education like universities, technical universities, and agricultural universities. The total number of regular daily students studying there in an academic year equals about 1679 students (table no. 5). This year, a University Accreditation  Commission has been established (UAC). On behalf of UAC, Biotechnology Accreditation Commission, operating under the 15 professors of biotechnology., has developed biotechnology-teaching standards, and it will grant accreditation to schools providing education in this field. In order to obtain the said accreditation, the university must apply to UAC. The accreditation will be awarded for a period of 2-5 years. The procedure aims at the elimination of these schools of higher education that do not meet European requirements.

Table no. 5

Limit of places in „Biotechnology” Departments in particular Polish schools of higher education in 2000/2001 

	SCHOOL
	FACULTY
	DEPARTMENT
	LIMIT

	The August Cieszkowski Agricultural University of Poznań
regular daily studies
	Agriculture
	Biotechnology
	95

	The Hugo Kołłątaj Agricultural University of Krakow
regular daily studies
	Horticulture
	Biotechnology
	45

	Agricultural University of Szczecin

regular daily studies
	Biotechnology and Animal Breeding
	Biotechnology
	65

	Agricultural University of Wrocław
regular daily studies
	Nutrition Technology
	Biotechnology
	60

	The J.J.Śniadeccy Technical and Agricultural University of Bydgoszcz

regular daily studies
	Agriculture
	Biotechnology
	 

	Technical University of Gdańsk
regular daily studies
 daily professional studies
daily complementary studies
	Chemistry
	Biotechnology
	
120

	Technical University of Łódź
regular daily studies
regular daily complementary  studies 
daily professional studies
extramural professional studies
	Food Chemistry and Biotechnology
	Biotechnology
	

324

68

	Technical University of Warsaw 
regular daily studies
	Chemistry
	Biotechnology
	30

	Technical University of Warsaw 
regular daily studies
	Chemical and Process Engineering
	Biotechnology
	30

	Technical University of Warsaw 
regular daily studies
	Environment Engineering 
	Biotechnology
	30

	University of Gdańsk – Medical University of Gdańsk 
regular daily complementary studies 
daily professional studies
	Inter collegiate Faculty of Biotechnology University of Gdańsk & Medical University of Gdańsk
	Biotechnology
	40

	The A. Mickiewicz University of Poznań 
regular daily complementary studies 
daily professional studies
	Biology
	Biotechnology
	39

	The Jagielloninan University of Krakow 
regular daily studies
	Biology and Earth Sciences
	Biotechnology
	60

	The Maria Curie University of Lublin

regular daily complementary studies 
daily professional studies
	Biology and Earth Sciences
	Biotechnology
	30

	The Nicolaus Copernicus University of Toruń 
daily professional studies
	Biology and Earth Sciences
	Biotechnology
	40

	University of Warsaw  
regular daily studies
regular daily complementary studies 
daily professional studies
extramural professional studies
	Biology
	Biotechnology
	

210

	University of Wrocław 
daily professional studies
regular daily complementary studies 
	Natural Sciences
	Biotechnology
	 

	Medical University of  Bydgoszcz

daily professional studies
extramural professional studies
	Pharmaceutical 
	Biotechnology
	
80


Scientific research with the use of biotechnological methods is done in 109 scientific institutions, which accounts for 11,5 % of all the scientific institutes in Poland, including 24 institutes of the Polish Academy of Science, 40 institutes operating at schools of higher education and 46 departmental institutes. They all employ over 16500 people altogether.

Division of activity per biotech sector:

Healthcare

Ag-bio

Environment

Other activities, services, testing  and in general, any supplier of products or services to the industry (sales of data, equipment, R&D or manufacturing capabilities as a services to others).

In no Polish database does a notion of a „biotechnological enterprise” exist. One will find no position: production of biotechnological preparations, trade in such preparations or research & development works in biotechnology both in the Polish and in the European Classification of Economic Activity.

There are fewer than 28 biotechnology-oriented firms in Poland; their turnover is in the order of 1237,5 million PLN. They employ over 7100 people. R&D expenses are not known. Below are biotechnological firms  operating on the Polish market:

· Adamed Sp. z o.o. (Czosnów) – development and production of pharmaceutical drugs. The main goal is to organize research and development laboratory for synthesis and research of new chemical compounds with therapeutic potential in various diseases.

· AKWAWIT Pharmaceutical Industry Enterprise (Leszno) – production for chemical-, petrol-, pharmaceutical industry and for agriculture. The product list: absolute petroleum ethanol, absolute pharmaceutical ethanol, 50% and 80% lactic acid, 50% agricultural lactic acid, pharmaceutical calcium-, and sodium lactate. Agricid-fodder preservative.

· DNA- Gdańsk II – research based, small company- basic PCR reagents and equipment, molecular diagnostics, recombined proteins. The product list: PCR reagents, PCR anti-inhibitor, AS-PCR –buffer kit for PCR opimisatin, PCR diagnostic kits, primers; DNA MW markers; nucleic acids isolation kits

· PPHU BIOFARM Sp. z o..o. (Poznań) – manufacturing and marketing pharmaceutical preparations. The main line of products: vascular and anti-hypertension agents. Its scope of interest: licensing and co-marketing, transfer or development of new technologies for pharmaceuticals

· BioInfoBank (Poznań) is the bio-informatics consulting company. Their mission is to provide professional bio-informatics support for academic and commercial research groups active in the field of molecular biology.

· Bio-Tech Consulting (Łódź). Their mission and goal is to serve science and business information in the field of biotechnology and biomedicine.

· Gen-Tech (Krakow) offers ready to use research and/or diagnostic strategies: starting from lab-method selection, finding chemicals and supplies to adaptation, and proving the methods, interpretation, and statistical analysis of results.

· Innovation Enterprise “Impulse” (Pruszcz Gdański) is a producer of cleaners and disinfectants, cosmetics, pharmaceuticals, food preservatives. They search for substances to enzymatic cleaning and washing products. Active substances of biotechnological origin are needed for: disinfecting products, body-care cosmetics, plant protection creams, plasters for skin diseases, burns and cuts.

· Biomed Serum and Vaccines Manufacturing Plant (Warsaw) is a producer of blood components, serums and vaccines, medicines and para-pharmaceutical preparations.

· BTL Spółka z o.o. Enzymes and Peptones Plant (Łódź) specializes in the manufacture of various types of bio-preparations: peptones, biological extracts, primary ingredients of microbiological mediums, enzymatic hydrolysates, dry and ready for use microbiological mediums, enzymatic preparations – pepsin, lysozyme.

· EurX of Gdańsk is a biotechnological company, whose fundamental objective is doing scientific research in molecular biology, with its results being applied on the competitive USA market, especially in restricting endo-nucleases  and DNA modifying enzymes. Among its broad assortment of products, the most noteworthy are: restricting eukaryotic endo-nuclease, thermophile iso-schizomers.

· Sun-Farm (Kołbiel) - manufacturer of pharmaceutical and pharmacological preparations. 

· A&A Biotechnologies of Gdynia specializes in DNA, RNA, and proteins purification.

· Bio-Gen of Opole is a manufacturer of in vivo and in vitro diagnostic kits, pharmacological preparations for animals.

· BIO-GEN Biotechnology, Genetics, and Experimental and Applied Veterinary Plant of Namysłów is a manufacturer of biological growth stimulators, pharmaceutical preparations and medical chemicals.

· Department of Research and Implementation of the Salmonella Center at „Immunolab” Sp. z o.o. of Gdansk is a manufacturer of serums and Salmonella bacteriogenic glass agglutination. The serums are applied in numerous sanitary and epidemiological stations, hospital laboratories, institutes of veterinary hygiene, and other laboratories where isolation and identification of Salmonella bacteria is conducted. The company has also developed a vaccine against salmonellosis in hens, and presently has been making a study of a development of new technologies  in the field of immunology in order to obtain diagnostic, immunifacient, and therapeutic preparations.

Moreover, firms to be discussed in a subsequent part:

· Polfa Tarchomin

· Grodziskie Zakłady Farmaceutyczne „Polfa”

· Jelfa

· Polfa Pabianice 

· Bioton

· MediGen

· TK Biotech

· Kendro

· Aventis CropScience Polska
· Monsanto Polska
Production and services

Healthcare:

Biotechnology serving health protection is developing most dynamically. The first and biggest group of medicines of microbiological origin introduced in healthcare are antibiotics, followed by amino acids, organic acids, enzymes, enzyme inhibitors, alkaloids, dextran, steroid compounds (technology joining chemical and biological processes). In the post-war period, the production of vaccines against contagious diseases developed very intensively. The technology of manufacture of monoclonal antibodies is the basis for development of a large assortment of diagnostic tests; it has also contributed to the manufacture of a new generation of medicines – particularly, anti-neoplastic ones, for the targeted therapy where the administered medicine should selectively reach the infected tissues. Genetic engineering has played an essential role in the development of biotechnology. Owing to it one started industrial production of many precious peptide (protein) medicines, like: insulin, growth hormone, interferon, inter-leukin, as well as genetic diagnostic probes for the identification of many hereditary and infectious diseases.

In Poland, 421 enterprises operate in the field of healthcare (excluding the firms manufacturing pharmaceutical preparations), out of which 399 units employs under 250 people. The total income of this sector was 13,5 million PLN in 1999. The internal expenditure on R&D was 46192,3 thousand PLN (data for they year 1999). The firms operating in the sector may be divided into two categories:

Firms manufacturing pharmaceutical preparations 

In the year 1999, the size of the Polish pharmaceutical market was 1 169 216 thousand packets of the total value at 7 453 369 thousand PLN. In comparison with the year 1998, the size of the market had grown by 4,8%, whereas the total sales value risen by 39,1%. There are 458 firms on this market, including 34 conducting research and development activity. The value of the pharmaceutical preparations sold in Poland in 1999 was billion USD. The outlays on R&D in this sector equaled 91010,6 thousand PLN. The most popular enterprises belonging to this group are:

· Polfa Pabianice takes the 11th place on the Polish market of medicine. The most important medicines include: cardio-protective, proton pump inhibitors, non-steroid anti-inflammatory and analgesic ones, circulation enhancing medicines, chemotherapeutic agents, pain relievers, corticoids, metabolic preparations, coumarin derivatives, cholagogic and cholepoietic medicines, analeptics, anxiety relievers, anti-arrhythmic medicines; spasmolytic medicines, anti-malarial medicines: para-sympathomimetics, anti-Parkinson. Annual turnover in the company amounts to 171201000,0 PLN.

· Polfa Tarchomin of Warsaw is the biggest Polish manufacturer of antibiotics and the only producer of insulin. The offer of this factory also comprises anxiolytic and hypnotic medicines, medicines administered in ulcer disease, dermatological aerosols, and veterinary medicines. The firm specializes in antibiotics of almost all groups starting from penicillin through cephalosporin to macrolids. Owing to the efforts of scientists working in Polfa’s laboratories, the firm introduced new original antibiotics onto the market, namely DavercinR, TercofoksymR or TarcevisR. The annual turnover of the firm reaches 33017000,0 PLN. The value of the sale of insulin produced in Polfa Tarchomin covers 20% of the domestic market demand.

· Pharmaceutical Enterprise „Jelfa” SA of Jelenia Góra belongs to the group of the biggest pharmaceutical firms in this country. Jelfa offers approximately 110 preparations of various purpose, pharmaceutical form and therapeutic activity. These products may be divided according to various therapeutic groups (applications) into: anti-inflammatory and anti-allergic, multi-vitamin, cardiologic, psychotropic, dental, diabetic, organ-preparations, hormonal, ophthalmologic (at present, the Company is the only domestic manufacturer of ophthalmic ointments, effectively competing with foreign investors), nootropic, otolaryngologic, gastroenterologic, calcium preparations, cytostatic agents and calcitonin preparations. The Company possesses their own Research Laboratory, and in addition, collaborates with clinical hospitals and scientific institutes all over the country. Owing to this, it was possible to develop original medicines, like Ipronal, TFX and Vratizolin. It is noteworthy that there are only few original medicines registered in Poland - 3 of them originate in JELFA, and they are manufactured there. The annual turnover in this company is 220000000,0 PLN.

· Group of Iba Bioton Sp z o.o. of Ożarów Mazowiecki is now the biggest domestic manufacturer of injection cephalosporin and amino-glycoside antibiotics. Specialists in many fields work here: microbiologists, geneticists, biochemists, chemists, technologists, physicians, pharmacists, analysts. All the manufactured antibiotics are clinically important, modern medicines, manufactured based on own technologies. The Capital Group of IBA BIOTON comprises the Institute of Biotechnology and Antibiotics, and Bioton. For some tens of years, the Institute of Biotechnology and Antibiotics has been doing primary research in obtaining medicines by way of biosynthesis and chemical synthesis, and recently also by way of recombination of genes. Technologies of manufacturing medicines, mainly antibiotics, are developed. In 1999, modern antibiotics were introduced on the domestic market: Bioracef (cefuroksym axetyl) Bioepicyna (epirubicin) on top of introducing preparations of recombined human insulin. 

In order to distribute their products, the firms run promotional and advertising campaigns, participate in medical and pharmaceutical trade shows, and conduct informational activity by organizing seminars  and scientific conferences for the representatives of the medical world.

The other group of firms comprises diagnostic firms. 

We owe the development of molecular biology many new techniques applied in healthcare. New diagnostic methods are the ones that are particularly noteworthy, as they allow one to identify pathogens promptly and unequivocally, as well as to determine patient’s health state, and the potential susceptibility to diseases of hereditary nature. These methods are based mainly on identification of nucleic acids. One of the primary technologies of genetic engineering in which complementarity of DNA and RNA molecules is used is polymerase chain reaction (PCR) , enzymatic reaction of a quick coating of specific DNA fragments with the participation of DNA polymerase. 

Based on this method, a rich assortment of diagnostic molecular tests has been developed, enabling the identification of the causes of very many dangerous diseases. Possessing specific anti-bodies with respect to HIV, one may identify its carriers based on the presence of respective antigens in blood. With considerable changeability of many pathogens, e.g. HIVB or flue virus, a set of probes allows one to identify the type of virus unmistakably. Possessing starters complementary to specific fragments of DNA tubercle bacillus, one may very quickly – using PCR reaction – detect an infection caused by the bacteria without a necessity of their reproduction. Theoretically, one cell (one genome) suffices; practically, one needs not many more. Hybridization of the examined DNA with genetic probes and PCR technology are not the only techniques of pathogen diagnostics. One also applies the sequencing,  and the restricting analysis of DNA, the analysis of plasmoids, as well as the specificity of proteins, carbohydrates and fatty acids. Genetic probes make it possible to locate and identify neoplasm, thanks to a previous recognition of anti-genes occurring  on the surface of neplastic cells. Some diseases of genetic nature appear after a certain delay; appropriate tests enabling the detection of predispositions to a disease, make it possible to take early preventive actions. The results of genetic examinations of the potential future parents may lead to a resignation from parenthood. Using genetic probes in prenatal examinations, one may detect many defects and diseases that will be present in a newborn baby. It will be possible to eradicate some of them, applying a gene therapy  in the early development stage of the fetus. 

· There are over 30 diagnostic service firms in Poland, both state ones and private ones, which use the state-of-the-art achievements in biotechnology in their research. They offer a wide portfolio of diagnostic examinations. Selected firms and specific services offered by them include among others:

· Independent Laboratory of Haemostatic Disorders , Chair of  Laboratory Diagnostics Medical University of Łódź executes the following examinations: mutation of the factor V Leiden (FV:Q506) responsible for the so-called active protein C resistance (APC), polymorphism of promotor area PAI-1 4G/5G, polymorphism of promotor area PAI-1 (CA)n, polymorphism of promotor area of the gene of chain b of the fibrinogen G-455-A, polymorphism of promotor area of the gene of chain b of fibrinogen C-148-T  

· Institute of Medical Genetics at Medical University of Łódź executes prenatal molecular diagnostics of Prader-Willi Syndrome (PWS) and Angelman Syndrome (AS)

· Department of Genetics at the Institute of Psychiatry and Neurology of Łódź executes molecular diagnostics (DNA analysis) of the nervous system diseases,  of the nervous-muscle diseases and others (pre-clinical tests, carrier tests)

· Laboratory of Medical Biotechnology of the Institute of Biochemistry Medical University executes molecular diagnostics  in: detection  of mutation cz.V Leiden the so-called active protein C resistance (APCR), detection  of polymorphism of promotor area PAI-I 4G/5G, detection of polymorphism of promotor area of the gene of chain b of fibrinogen -455G/A, detection of polymorphism of promotor area of the gene of chain b of fibrinogen -148C/T

· Institute of Genetics and Patho-morphology at the Chair of Pathology Medical University Szczecin does examinations in genetics, patho-morphology, diagnostics of hereditary predispositions to neoplasm,  mutation in genes, DNA sequencing by means of automatic sequencer, CGH, lymphocyte humorpholisation

· Mother and Child Institute of Warsaw  does tests in pediatric oncology, clinical genetics, molecular biology, cyto-genetics , molecular diagnostics 

· Oncology Center – The Maria Skłodowska-Curie Institute of Warsaw renders the following services: diagnostics and clinical therapy of neoplastic diseases, immunology, experimental endocrinology, epidemiology of neoplasm and carcino-genesis

· Department of Laboratory Diagnostics of the "Mother Pole’s Health Center" Institute of Warsaw executes diagnostics of neoplastic markers

· Clinical Audiology Hospital of the Institute of Physiology and Pathology of Hearing of Warsaw executes molecular diagnostics  of genetic hearing disorders. The Clinical Hospital employs 16 people.

· Private enterprise styled TK-Biotech of Warsaw offers  a wide range of services in molecular diagnostics i.e.: cancer predisposition tests, DNA mutation analysis, genetic diseases diagnosis, congenital endocrynopathies, cardiovascular disease, sterility tests, osteoporosis, test determining fatherhood and court applications, molecular diagnostics of contagious diseases, immuno-genetics and repeated abortion, cyto-genetic analysis, prenatal passing tests. The company employs 3 people.

· Chair of Microbiology, Technical University of Gdańsk provides services  in:

· Molecular biotechnology: PCR product cloning, excess protein production in bacteria systems (E.coli) and in eukaryotic systems (S.cerevisiae, Pichia pastoris), purification of recombined proteins (enzymes, albuminous hormones and others) by means of the bio-affinity method (his-trap system)

·  Molecular diagnostics: designing PCR systems,  detection and identification of all types of organisms based on DNA analysis, genotyping by the method of PCR fingerprinting.

· Others: DNA sequencing, purification and plasmid and chromosomal DNA analysis, DNA mass models production 

· Non-public Healthcare Unit MEDiGEN of Warsaw deals in molecular diagnosing of virus infections (HPV, HBV, HCV, herpes-viruses), oncological diagnostics, as well as selection of donors for bone marrow transplantation. In the year 2000, the enterprise selected a few tens of donors for patients with blood cancer, and executed over 20 bone marrow transplantations (4 abroad).

· Private Institute of Laboratory Diagnostics of Bydgoszcz does examinations of neoplastic markers

· Private Laboratory styled SPECTRUM S.C. Institute of Laboratory Diagnostics of Tarnów with a branch at Dąbrowa does examinations of neoplastic markers.

· Laboratory for Sequencing Oligo-nucleotides IBB of the Polish Academy of Science of Warsaw executes single and complete DNA sequencing, analysis of polymorphism, synthesis of oligo-nucleotides, synthesis of genomes, computer analysis of DNA

· Chair of Oncology Medical University Łódź does molecular examinations of  brain tumours - expression p53, EGFR as well as genome instability, molecular examinations  in analysis of the structure and function of the gamma and delta receptor of T lymphocytes in neoplastic growths, auto-immunological diseases, diseases triggered by proins, including research in PNRP gene mutation and research in doppel-PrP new gene.

Apart from the enumerated centres, molecular diagnostics is done by Institutes of Forensic Medicine, which operate at Medical Universities. In 11 Institutes of Forensic Medicine all over Poland, there are more than 200 employees. These Institutes make tests for the needs of medicine and courts regarding:

· Retrospective determination of alcohol concentrations in drivers’ blood as well as presence of medicines 
molecular biology - DNA analysis (RFLP, MLP, SLP, VNTR, STR, Multiplex STR, sequencing ) - nuclear and mitochondrial 

· identification of the type of biological material

· applications for DNA analyses in trials to determine fatherhood in the world’s standard, including the calculation of the probability of fatherhood 

· applications for DNA tests in identification of biological stains (blood, sperm, saliva, hairs, scrapings from under nails, tissue debris, etc.) executed in the standard and scope of Interpol and CODIS American base as well as the European Network of Forensic Sciences Laboratories, including a calculation of the probability of the origins of the trace from a given person 

· mitochondrial DNA analyses of hairs, enabling individual identification, of bones, human debris, teeth and “old” material  - exhumed debris, mummies 

· alleli association e.g. HLA DQ A1 with various diseases, molecular identification of bacteria, including e.g. Helicobacter pylorii with the marking of the cyto-toxicity gene, Chlamydii pneumonia

Specific products or technologies in development.

In Poland, many research and development institutes and centres conduct research in new medicines, vaccines, methods of molecular diagnostics, diagnostic apparatus. Specific products and technologies in the course of development may be divided into the following groups:

1. Treatment of diseases:

· Recombined human insulin – manufactured by the Institute of Antibiotics and Medicines of Warsaw in collaboration with Ibatech and Bioton, the first genetically modified preparation produced on the basis of an Israeli strain. The team works under the leadership of Professor Andrzej Płucienniczak. 

· Medicine based on recombined protein. Research in this technology is conducted in the Institute of Genetic Engineering at the Pharmaceutical Enterprise styled „TERPOL” and is strictly confidential.

· Anti-neoplasm vaccine against melanoma. Research is done in Poznań 

2. Diagnostics and therapy of neoplastic diseases

· Amino-acid derivatives of porphyrin 

3. Gene therapy

· Gene therapy in antipathies – research in this field is conducted in Krakow and Warsaw

· Gene therapy  in neoplastic diseases – research in progress in Poznań

· Gene therapy  in parasitic diseases

4. Prevention of human and animal diseases

· Edible vaccine against animal salmonellosis. Research into this vaccine is conducted in the Research and Implementation Institute of the Salmonella „Immunolab” Center. Project is in the production preparation phase

· Institute of  Biochemistry and Biophysics of the Polish Academy of Science  of Warsaw conducts research into  transgenic carrot protecting against gastric ulcers

· Institute of Bioorganic Chemistry of the Polish Academy of Science in Poznań conducts research into  transgenic lettuce capable of producing surface antigen of the type B hepatitis virus. This is an edible vaccine, which has already been tested in people.

· Plant vaccine against classic pig plague. Research in progress in Poznań, Warsaw and Gdańsk

· Edible vaccine against virus hemorrhagic rabbit disease. Research in progress in Gdańsk and Zduńska Wola.

· Vaccine against liver fluke. Research in progress in Warsaw and Gdańsk.

5. Molecular diagnostics:

· Restricting enzymes - research in progress at the Chair of Biotechnology, University of Gdańsk

· DNA mass standards – research done by the Chair of Biotechnology, University of Gdańsk

· DNA purification kits are developed by the Chair of Biotechnology, University of Gdańsk

6. Tools for diagnostics:

· Monoclonal antibodies – research in progress at the Institute of Marine and Tropical Medicine in Gdynia 

· Poly-clonal antibodies – research done by the Institute of Marine and Tropical Medicine and centres in Krakow and Warsaw

· Diagnostic and therapeutic apparatus:

· Private enterprise styled anDRew  of Gdańsk has developed a device for non-invasive monitoring of the subarachnoid width. 

· Apparatus for mammography – Technical University of Gdańsk has been developing a modern apparatus for mammography 

7. Recognition of diseases:

· Detection of Aujszky’s disease (pig virus) – research into  these tests is in progress in centres in Gdańsk and Warsaw

· BLA detection (cattle leukemia) – research into  these tests is in progress in the State Veterinary Institute in Puławy

Do they export their products? What is the export percentage (% National market, European market, global market)?]

Only big pharmaceutical firms are the ones to export their products, and so the export value at „Jelfa” Pharmaceutical Enterprise equals about 48 000 000,0  PLN, which accounts for 21,8% of the factory’s production value.

Ag-Bio:

Research and development works  in agro-biotechnology are mainly conducted in large scientific institutes and state research and development centres. These centres include among others: Plant Breeding and Acclimatization Institute at Radzików, Research Institute of Pomology and Floriculture, Institute of Vegetable Growing, Institute of Animal Husbandry, Institute of Food and Nutrition, Warsaw Agricultural University, University of Warmia and Mazury, Institute of Plant Protection, Agricultural University of Bydgoszcz. Poland does not export agro-biotechnological products. Plant Breeding and Seed Production firms are worth noting, as they supply highly-selected sowing material to the marketplace: 

· Aventis CropScience Polska deals in both protection of cultivation from sowing and seed protection till harvest, improvement of their quality, storage and processing. Crop size and quality may be modified through chemical protection of cultivation, breeding and biotechnology. Aventis CropScience is the market leader in each of the agricultural domains. Aventis’ big share in the world’s market of plant protection, seed production and biotechnology as well as one of the biggest research and development budgets (400 million Euro) allows the company to accomplish the set goal – to become the leader of the agricultural market.  Aventis Polska is the leading domestic producer of herbicides, fungicides, insecticides, mordants, growth regulators as well as fertilizers.
· Pioneer sells seeds of hybrids of corn, lucerne, sunflower and microbiological products since the early 1980s, taking the leading place on the marketplace (13 corn hybrids registered in 2001 and several new ones in tests in COBOR). Pioneer representative office in Poznań has been in business since 1986.
· Agricultural Plant Breeding "Nasiona Kobierzyc". Breeding proceeds in the company’s three breeding centres. The centre at Pustkowo Żurawskie specializes in winter and summer wheat breeding. At Henrykowo, summer wheat breeding has been taking place since 1973, whereas winter wheat breeding was commenced in 1994. The centre at Kobierzyce, since its establishment, has dealt in breeding inbred lines and corn hybrids.
· KWS Polska Sp. z o.o. is a seed company operating on the Polish market for over 12 years, supplying high-quality seeds of cultivable plant varieties for Polish agriculture. 

· Monsanto Polska is a supplier of artificial fertilizers, plant protection agents, agro-technical agents.

Specific products or technologies in development.

Institute of Vegetable Growing in Skierniewice develops the following technologies:

· Method of freeing horseradish plants from turnip mosaic virus TUMV, using tissue cultures and micro-reproduction of virus-free material.

· Reproduction of asparagus masculine plants in vitro

· Method of cheap and quick reception of greenhouse tomato seedlings

· Method of intensive tomato reproduction in vitro

· Technology of obtaining a marrow-stem kale homo-zygotic line, using anther cultures.

· Application of andro-genesis in the derivation of a homo-zygotic line of Brussels sprouts.

Chair of Evolutionary Genetics at the University of Warmia and Mazury has been developing a method of rainbow trout sex identification of the Rutka line.

What is their opinion on transgenic food?
One of the most controversial biotechnology subjects in recent years is genetically modified food. According to the opinion poll taken by Opinion Poll Center on transgenic food, Polish society more frequently assesses the application of biotechnology in food production positively than negatively. More than half of the respondents (57%) think that one should allow the production and sale of transgenic food. Almost one fourth (23%) is against it, while one fifth (20%) has no opinion on that subject. On the other hand, 2/3 of biotechnologists are advocates of „GMO food” production.

In your opinion, should one allow or ban the production and sale of transgenic food, namely the one obtained by using genetic engineering techniques?
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Poles’ opinions on traditional production methods in agriculture and food industry in comparison with the methods applied in genetic engineering are varied. Over one third is in favor of genetic engineering (36%). A similar percent believes that neither method is better or worse (34%). Every tenth respondent prefers traditional methods (9%), and every fifth person has no opinion on the subject (21%).

In your opinion, are traditional production methods in agriculture and food industry in comparison with methods applied in genetic engineering:
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To the question whether one should specifically mark transgenic food, four fifth of respondents replied in favour of a special marking of the „GMO food”.

The attributes of the modified food that are most valued by the respondents appear to be: nutritive values, indicated by 68% of respondents, and by 90% of experts. A longer shelf-life is pointed out in the next place (63%), and  68% experts share the opinion; flavour (62%) , and respectively – 79%; appearance (50%), and in the opinion of biotechnologists – 54%. A lower price was indicated relatively less frequently (46 and 43%).

According to the conducted opinion polls, approximately half of the respondents (from 41 to 57%, and among biotechnologists– about 4/5) expect that the influence of the application of genetic engineering methods will bring about changes in various fields of human life. The biggest part, over half of the respondents (57%) believe that the methods will improve the human nutrition; on the other hand, 80% of experts share the opinion. A fewer number of people (41%) are afraid that there is a threat of new diseases, with 1/5 of experts considering a likelihood of such a threat.

In the „Rzeczpospolita” daily of 9 November 2001, an unsigned note appeared, informing that the Commissioner for Civil Rights Protection turned to the Minister of Finances of the Republic of Poland to take urgent action aiming at amending the act on genetically modified organisms (GMO) as well as the table of stamp duties associated with obtaining a permit to use GMO in scientific research. The Commissioner took this action based on the opinions of Polish scientists and the resolution of the Council of the Faculty of Biology at the University of Warsaw.

The act on genetically modified organisms adopted by the Parliament (Seym) and signed by the President of the Republic of Poland was announced in the Journal of Laws on 25 July 2001. The acts, expected by the scientific and economic community, came in for criticism though, and a requirement of an amendment to certain terms of a general and detailed nature arose. Despite the fact that for the first time in Polish history the act has regulated the GMO-related issues comprehensively, it is still a restricting act, hindering the development of science and biotechnological industry in this country. 
Food industry belongs to the biggest areas of implementation of biotechnological processes that serve for the manufacture of food and its ingredients, preservation and increase of nutritive values, improvement of flavours and aromas of food products as well as providing them with health values. Selection of highly selected lactic fermentation bacteria cultures e.g. for manufacture of acidophilic milk, yogurt and other products of pro-biotic properties – having an advantageous influence on the consumer’s state health. 2958 enterprises deal in food products manufacture in Poland. Revenues from the total business amounted to 92262,1 million PLN, while income to 952 million PLN. Export value in this sector equaled 6221 million. While introducing a new product onto the marketplace, all the firms conduct a broad advertising campaign, offer products at promotional prices, give free samples of their products.
Environment protection:

The crucial aspect of biotechnology in environment protection is utilization of process sewage and wastes without burdening the environment. Biotechnological methods of sewage treatment are applied (trickling filters, biological filters, active sludge) and bio-utilization of organic wastes (biogas production). The notion of ecological biotechnology is being created with the respect to the one implemented comprehensively, in such a way as to use renewable material resources in technological processes reasonably and economically without affecting the balance in the natural environment.

There are 104 firms  managing wastes in Poland, out of which 100 have the SME status. In 1999, the sector’s revenue  from its total business equaled  14392,6 million PLN, while its income was 338,6 million PLN.

Specific products or technologies in development.

· Center of Polymer Chemistry in Zabrze has been making a study of biodegradable non-toxic polymer materials. Bio-polyesters generated in nature by microorganisms are particularly noteworthy. 

·  „EKOPLASTIK„ Company of Gdynia has been developing a plastic and rubber wastes utilization project. The project aim is the development of a reasonable economical plastic wastes utilization – regarding polyolefin, PET, PS, PA, PVC and others plastics as well as rubber.

· „OLIVA” Company of Gdynia is working on an economical technology of trans-esterification of rape oil in methyl ester and subsequent reception of bio-fuels as well as ethyl esters and products received based on this ester. 

What means do they use for product distribution?

Chemical industry and others. 

Apart from pharmaceutical production, biotechnological processes are used in chemical industry to manufacture raw materials (e.g. alcohols, organic acids, biopolymers), energy carriers (ethanol, methane), to process natural raw materials (including textile industry and leather industry), as well as in bio-hydrometallurgy (ore leaching, biological concentration of chemical elements and recovery of metals from wastes). 

In 1999, the following were registered in Poland:

· 516 enterprises producing  chemical products, out of which 433 had the SME status. In 1999, the revenue from total business operations amounted to 33003,8 million PLN, while the income was 1452,1 million PLN. R&D expenses equaled  133610,6 thousand PLN. Export value  equaled 7682,6 million PLN. The exported products are sold mainly onto the eastern market. They are primarily washing powders, disinfecting agents.

· 1023 enterprises producing  rubber and plastic products. 958 employed maximum 250 people. The revenue from total business operations amounted to w 1999 r 17373,6 million PLN, while the income was 778,8 million PLN. R&D expenses equaled  63579,8 thousand PLN. Export value  in this sector equaled 3675,7 million PLN.

· 264 enterprises producing  leather and leather products, out of which 225 employed maximum 250 people. In 1999, the revenue from total business operations amounted to  2682,9 million PLN, while the income was –8,8 million PLN. 

· 510 enterprises producing  textile products. 422 had the SME status. In 1999, the revenue from total business operations amounted to  8922,9 million PLN, while the income was –72,5 million PLN. R&D expenses equaled  26835,6 thousand. PLN.

Cosmetic industry is also worth mentioning, as it makes use of the biotechnology achievements to a large extent. A bilingual magazine entitle “Cosmetology” is published, which presents news on products and technologies for the industry. Among 336 Polish enterprises, 121 have the SME status. The cosmetic industry offers a wide range of products whose quality is equivalent to foreign products. „Cosmetic Laboratory Dr Irena Eris” Company, incorporated in 1988, used to employ 1 person initially. Nowadays, it is one of the most well-known cosmetic firms in Poland. The company employs 250 people, while its annual turnover equals 72 308 000 thousand PLN. It offers many excellent cosmetics of the Forte and Pharmaceris lines, like:

· Forte/Fortessimo: active serum with phyto-estrogens, a skin-activating concentrate for mature complexion, deep-regeneration night cream, neck cream; moisturizing and lifting Nutrilagen R day cream; hydrating and revitalizing eye care cream; 

· Forte/Forte Inter: active micro-emulsion for capillaries, in ampoules; deep-moisturizing mask  in tablets; intensive eye care treatment; soothing eye care lotion for make-up removal; cleansing-soothing milk; detoxicating serum against free radicals; firming and treating lip care balm;  

Technologies and expertise

Others (services)

There are 324 firms in Poland producing medical, precision and optical  instruments. 292 firms employ fewer than 250 people. In 1999, revenues from the overall operation in this sector amounted to 4260,3 million PLN, while income was 94,4 million PLN. The value of export from this sector equaled 510 million PLN in 1999. 

Many firms in Poland cooperate directly with the biotechnological industry, supplying equipment for laboratory diagnostics as well as biotechnological reagents. The outstanding ones are:

· AB-Electronics offering the supply and sale of laboratory equipment by C.Gerhard as well as ISMATEC: devices for Nitrgen and protein marking by Kjeldahl method; Soxhlet extracts;  devices for COD marking; shakers, including incubator ones; peristaltic, forcing and gear pumps as well as other heating equipment

· A.G.A. Analitycal – a supplier research apparatus and laboratory equipment by Dionex Corp, Gilson, Faster, Hamilton, Lab-Line, Labconco, Frimont, Harris: amino acids analyzers; systems for chromatographic analysis of saccharides; ion chromatographs; automatic pipettes; HPLC systems; fraction collectors; laminar chambers; laboratory extracts; micro-syringes; automatic sample preparation stations; automatic shakers; climatic chambers; CO2 incubators; lyophilizers; vacuum centrifuge, laboratory water de-ionisers; SCOTSMAN ice machines; deep freezing freezers;  cryostats

· AGEMA Foreign Trade Office offers science and research apparatuses by Infors, Conviron, Ziegra, Buse, Leec, Fryka, Froilabo: bioreactors; incubators with shaking; shakers; phyto-thrones; incubators; ice machines; dry ice machines; CO2 incubators; deep freezing freezer;  cooling-heating thermostats 

· AMEX Eksport – Import is a distributor of laboratory equipment and science apparatuses by such firms as Cole – Palmer, Plas – Lab, FTS, Marienfeld, Vilber Lourmat : gas, air and water analyzers; baths and circulators; scales; centrifuges; conductometers; pipettes; flow-meters; glove and laminar chambers; white light and UV fluorescent tables as well as UV radiation measuring devices

· ATUT Sp z o. o. distributes science and research apparatuses by IMR, PHOTOVAC, OLDMAN, EDEROL, RETSCH : analyzers of volatile organic substances in the air; portable gas chromatographs; flammable and toxic gas detectors; explosion-meters; toximteres; oxygen-meters; technical and analytical drains, filters; thimbles; screens; sieves; crushers; mills; blenders and feeding devices

· Other suppliers of equipment for laboratory diagnostics:

· AKOR Laboratories Sp. Z o.o.  of Gdańsk

· Becton Dickinson Polska Sp. Z o.o. of Warsaw

· BIOGENET of Warsaw – distributor science and research apparatuses 

· BIONOVO of Legnica – distributor laboratory appliances and equipment, reagents

· Carl-Zeis Sp. z o.o.  – supplier of microscopes, micotomes, cryostats 

· INLAB Technical and Trade Office of Warsaw – technical consulting, equipment distribution as well as service

· JW. ELECTRONICS ( Warsaw) – Polish laboratory equipment, manufacture and service of laboratory apparatuses

· KENDRO – supply and service of a wide range of laboratory equipment

· MERANCO  of Poznań – supplier of laboratory and monitoring-measuring apparatuses. Official representative of the firms: Eppendorf AG, Analytic Jena AG, Hellma Optic AG

· Merc Sp. z o.o. (Warsaw) – wide offer of chemical reagents  and laboratory equipment, chemical raw materials as well as pharmaceutical products

· MPW Med.-Instruments (Warsaw) – producer of  laboratory equipment

· OLYMPUS OPTICAL POLSKA Sp. z o.o. (Warsaw) supplier of microscopes and microscopic accessories

· POLATOM Isotope Research and Development Center (Otwock-Świerk) – production and sale of radio-isotopic and non-isotopic reagents for biochemistry, molecular biology, immunology and medicine

· PRECOPTIC Co. – Wojciechowscy S.C. (Warsaw) –supplier of microscopes, professional video cameras

· Prochem Sp. z o.o. (Warsaw) – biological materials from ATCC collection, models of pharmaceutical substances and a wide assortment of reference materials for clinical, environmental analyses, food analyses, for criminology and forensic medicine

· SMS Mechanics' Cooperative (Warsaw) – producer and supplier of medical equipment

· S. WITKO (Łódź) – comprehensive laboratory equipment 

· SYMBIOS Sp. z o.o. (Gdańsk) – sale and production of tools for biotechnological examinations. Comprehensive services in consulting, selling and technical services of a wide range of offered products. 

Technology Applications

Healthcare:

Technologies use and innovation level

We owe the development of molecular biology many new techniques applied in healthcare. New diagnostic methods are the ones that are particularly noteworthy, as they allow one to identify pathogens promptly and unequivocally, as well as to determine patient’s health state, and the potential susceptibility to diseases of hereditary nature. These methods are based mainly on identification of nucleic acids. One of the primary technologies of genetic engineering in which complementarity of DNA and RNA molecules is used is polymerase chain reaction (PCR) , enzymatic reaction of a quick coating of specific DNA fragments with the participation of DNA polymerase. . Hybridization of the examined DNA with genetic probes and PCR technology are not the only techniques of pathogen diagnostics. One also applies the sequencing,  and the restricting analysis of DNA, the analysis of plasmoids, as well as the specificity of proteins, carbohydrates and fatty acids

Technologies needs; do the technologies used satisfy their needs (i.e. does total production satisfy the market. Etc.) ?

The responding firms agreed uniformly that the technologies they apply satisfy their needs.

Ag-Bio:

Technologies use and innovation level 

Technologies needs; do the technologies used satisfy their needs (i.e. does total production satisfy the market. Etc.) ? 

The responding firms agreed uniformly that the technologies they apply satisfy their needs.

Środowisko:

Technologies use and innovation level:

· biological trickling filters, forming spontaneously on the mineral base.

· active sludge technology, consisting of rich micro-flora reproducing in the form of floccules in aerated mixed environment. Active sludge technology is an intensive oxygen process, generating large quantities of biomass – a waste product requiring further management. Oxygen free methane fermentation has brought a solution to this problem, as it produces mainly carbon dioxide and methane. The latter is an attractive by-product, used locally as an energy source. Methane fermentation also takes place at solid wastes dumpsites, containing organic materials; the large amount of methane produced there may pose a grave threat.

· Bio-sorption. Performance is accomplished owing to state-of-the-art technologies, in which one makes use of the activity of both microorganisms and highly selected plants distinguished for their quick growth and capability for bio-sorption of toxic compounds and heavy metals. The treatment process proceeds in specially prepared leach fields. Micro-flora of such fields is richer than in other treatment plants, while the costs of construction and exploitation are lower.

· Noxious gas pollutants emitted by power, chemical and other industry plants contain toxic and environment-degrading substances and odorous substances, which may be neutralized in specially designed filters, incorporating a trickling filter or sorption through microorganisms suspended in water.

· Sea and ocean pollution caused by oil spills as a result of disasters involving tankers is a problem of paramount importance. The proposed methods of treating this kind of environment consider the use of bacteria modified genetically towards degradation of hydrocarbons of crude oil. 

Technologies needs; do the technologies used satisfy their needs (i.e. does total production satisfy the market. Etc.) ?

The responding firms agreed uniformly that the technologies they apply satisfy their needs.

Other services and general assessment

Technologies use and innovation level
Research

Do the enterprises working in the fields carry out any research?

In case of negative replay, witch is the reason (i.e. lack of money, lack of human resources, no need to carry out research, etc.

How and where do they get information on the researches which are being carried out in their fields of activity (i.e. specific magazines, event, fairs, technological intelligence service providers, sartorial association, etc.)

Economic Opportunities:

Are there some national economic opportunities and what are their purposes (i.e. buying new materials, carrying out research, employment, export, etc.)

Have they requested economic help and , in such case to whom have they applied (i.e. EU, National funds, etc.) ?

What are the existing and planned measurement in your country favouring and supporting the creation and sustaining of emerging biotech ranging from start-ups to SMEs?

The Foundation for Polish Science granted a subsidy within the TECHNO (24/2000) Program to the Department of Lipids and Liposomes of the Institute of Biochemistry and Molecular Biology at the University of Wrocław for the purchase of equipment necessary for the establishment of the technological line, enabling a production on a semi-technical scale of liposome forms of medicines. Thanks to this investment, whose completion took place in September, the centre in Wrocław, as the only one in this country, has a real opportunity to extend the scale of research into the application of the liposome technology as well as lipid aggregates for practical therapeutic applications. The line has also become one of the main elements of the Intercollegiate Center for Biotechnology of Lipid Aggregates, established in June 2001 by the Rector of the University of Wrocław, composed of the teams of Professors A. Kozubek, A.F.Sikorski (UW), M. Langner (Technical University of Wrocław) as well as M. Ugorski (Agricultural University, Wrocław). Apart from the main task – connection of the primary research with applications, the Center is an entity offering both its services and cooperation to other scientific units in this country as well as to the Polish pharmaceutical industry with a view to obtaining specific practical developments. The new entity will offer educational services on all the levels of education, also under the terms of established domestic and foreign cooperation.
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Historical Background

In 1996 and 1997 Portugal saw for the first time the green-shots of biotech Small & Medium Enterprises (SME’s). By making the most out of the Bio-entrepreneurship climate observed in the rest of Europe, new SME’s were created and the existing ones developed their competitiveness, mainly through collaboration and networking at a European level.

Human, physical, financial, legal and fiscal resources and tools, which when put together are the Key-factors for promoting entrepreneurship are presently in place. These should promote the creation of young, dynamic and competitive biotech industry. The positive climate for the development of Biotech in Portugal can also be seen in the financing of projects in consortium between universities and biotech companies, in the creation of incentives given to companies, for employment of the PhD level researchers and in the creation by the Portuguese government of tax incentive law for companies investing in R&D. 

Biotechnology in Portugal results from the development over the past several decades of the classic fermentation industries, along with more recent experience in modern biology techniques, first at the research level and then through application by new companies.

Portuguese research facilities and industry have traditionally been very open to outside contributions and collaboration.

Biotechnology Areas

Biotechnology in Portugal results from the development and research in several Areas such as: 

Agro – Foods

Biotechnology is nowadays a very powerful tool that influences a wide range of areas including the agro-foods area where the social impact is enormous.

We saw the appearance of genetically modified crops with greater yields and more resistant to diseases and now watch the increasing growth of functional food (nutraceuticals) where tailored food is produced using biotech tools to satisfy certain needs.

In between we should not forget the large amounts of food additives now produced using biotechnological methods and the use of plants as factories to produce a great variety of biotechnological products including vaccines.

In Portugal there are five Companies and ten R & D Institutes that based their studies and research in the biotechnological field applied to the Agro-food area. The main applications are:

Companies – BIOEID; NECTON; PROENOL; RAR; STAB

Services - Public Health Analysis Services; Microbiology for Industry; R&D Services in the fields of Aquaculture Development and Microalgae Biotechnologies; Hygiene Control of Wine bottling plant; Wine Biochemical Analysis; Water and Wastewater treatment, from the conception, to construction and exploitation of the facilities; Routine Quality Environmental Analysis; Pilot-scale assays for efficient determination of Treatment Plants; New Culture media for Yeast Identification; Biofungicides; Genomics and Proteomics; Technology Transfer.

R&D Institutes – CEQB IST; CNC UC; ESB UCP; DEB UM; IBET; IBQF UM; INETI; INOVA; ITQB UNL; LPB ICAT.

Services - Product Development; Study of Effluent Treatment Systems; Microbiological control of mineral Waters; Cellular and subcellular Test of Drugs; Toxicity Tests; Packaging; Chemistry and Organoleptic Studies; Technology; Consultancy on production processes in the food processing area; Consultancy on Wastewater and Gaseous effluents treatment processes and Development of specific Analytical methodologies in the Pollution Control Area; Short Courses (3 – 5 days) in the Food and Environmental Fields; Fundamental Research; Applied Research and Laboratory Space; Transfer of Technologies and Processes to Industry from Pilot Plant Scale; Consultancy for Biotechnological industry Processes and Production Processes; Support to Foreign Companies; Support to Start up Companies; Specialized Services in forest and agro-industrial self-runs; Quality Control; Technological Formation; Identification of New Products and Industrial Application; Technological Information; Determination of the Structure and Function of Biologically Active Molecules; Plant Molecular Biology; Genetic manipulation; Cloning of Elite Genotypes.  

The Technology and the Material used in the development and research in the agro-food Area by the Portuguese Companies and R & D Institutes are very actual and in some cases innovative.

Pharmaceutical

 The need of cheaper and more direct drugs, the increasing knowledge of the metabolic pathways and the development of high-throughput screening methods allowed the fast discovery of new drugs or new ways of producing known drugs using recombinant proteins and different living expression systems, from microorganisms to plants including animals like rabbits or cows. 

These drugs vary from small molecules to highly valuable proteins that might interact in metabolic pathways or replace an inactive or inexistent protein due to mutations on those pathways. 

Because of the efforts to be in the top of the market, the Portuguese Biotechnology Research related with Pharmaceutics is well developed and as seven Companies and nine R & D Institutes with studies on this area. The Technology used is actual and the application in this Area is very diversified, as you can see:

Companies – AZEVEDOS; BIAL; BIOTECNOL; CIPAN; EC BIO; JABA; MEDINFAR

Services - Pharmaceutical Specialities; Façonnage; Penicillin; Antiulcer; Anti-anaemics; Steroid; Anti-allergic Vaccines; Novel Bacterial Expression Systems Production of Clinical Grade pDNA; Production of Clinical Grade Recombinant Proteins for Clinical Trials; Cytokines & Growth Factors for Immunotherapy Protocols; Antibiotics obtained by Fermentation and Chemical semi-synthesis; Technology Transfer; Global Marketing (Market Research, Targeting, Internationalization, Negotiation); Financing (Viability and Diagnostic Studies, Business plan Elaboration, Negotiation, Project Evaluation); Contract Management (Project Implementation, Effective management and Control, Reporting); Generical Medicine in the areas of Dermatology, Cardiology, Gastroenterology, General Medicine; Production of Non-injectable, Non-antibiotic Medicine.

R&D Institutes – CEBQ IST; CNC UC; DEB UM; IBET; IBQF UM; INETI; INOVA; ITQB UNL; LPB ICAT.

Services - Product Development; Study of Effluent Treatment Systems; Microbiological control of mineral Waters; Cellular and subcellular Test of Drugs; Toxicity Tests; Fundamental Research; Applied Research and Laboratory Space; Transfer of Technologies and Processes to Industry from Pilot Plant Scale; Consultancy for Biotechnological industry Processes and Production Processes; Support to Foreign Companies; Support to Start up Companies; Consultancy on Development of Specific Analytic Methodologies; DNA Sequencing; Industrial Analysis of the Degradation of Mixed Protein Substrate; Maximal Tolerated Dose of Organic or Inorganic Molecules; Determination of the Bactericide, Fungicide and Sporicide Activity of Disinfectants and antiseptics; Quality Control; Technological Formation; Identification of New Products and Industrial Application; Determination of the Structure and Function of Biologically Active Molecules; Chemical Analysis; Genetic manipulation.

Chemical

In the traditional chemical industry, the production of interesting product (in the most variety areas and most different kind of products) usually involved a multitude of chemicals and catalysts, which were added to large-scale reactors, sometimes reacting at very high temperatures and pressures generally through a great number of steps.

Nowadays, thanks to enzyme technology and the increasing knowledge in metabolic pathways and their control these procedures are sometimes replaced by enzymes or living organisms that are able to perform the same reaction not only in milder conditions but also in a much efficient, clean and economical way.

Portugal is trying to be in the same level of the other European Countries, having two Companies and seven R & D Institutes working in this Area. The technology involved is of the top and there are several applications such as:

Companies – BIOEID; HERBEX.

Services - Public Health Analysis Services; Microbiology for Industry; Agricultural Herbicides; Pharmaceutical Products.

R&D Institutes – ITQB UNL; INETI; IBET; DEB UM; ESB UCP; IBQF UM; CEBQ IST. 

Services - Biochemical Engineering; Chemistry and Organoleptic Studies; Technology; Consultancy on production processes; Consultancy on Wastewater and Gaseous effluents treatment processes and Development of specific Analytical methodologies; Short Courses (3 – 5 days) in the Food and Environmental Fields; Packaging; Fundamental Research; Applied Research and Laboratory Space; Transfer of Technologies and Processes to Industry from Pilot Plant Scale; Consultancy for Biotechnological industry Processes and Production Processes; Support to Foreign Companies; Support to Start up Companies; Spectroflurimetric Determination of Fructans in Biological Products; Checkout of Surfactant Biodegradability; Chemical Analysis; Determination of the Structure and Function of Biologically Active Molecules.

Cosmetical

In this area the influence of biotechnology is enabling the preservation of species and the respect for animal rights.

Today, many of the products used in cosmetics industry are produced using biotechnological tools rather than large amounts of animals.

Adding to these, thanks to biotechnological evolutions, many of the toxicological tests using animals were replaced by tests using non-suffering living systems such as animal-cell cultures.

In Portugal there are two Companies and three R & D Institutes that concentrate their work on this Biotechnological Area.

The services and applications offered by these Companies and Institutes are:

Companies – MEDINFAR; NECTON.

Services - OTC’s; General medicine in the Area of Dermatology; Production of non-injectable, non-antibiotic medicine; R&D Services in the Fields of Aquaculture Development and Micro algae Biotechnologies.

R&D Institutes – INETI; IBET; ITQB UNL.

Services - Fundamental Research; Applied Research and Laboratory Space; Transfer of Technologies and Processes to Industry from Pilot Plant Scale; Consultancy for Biotechnological industry Processes and Production Processes; Support to Foreign Companies; Support to Start up Companies; Microbiological Control of Cosmetics; Chemical Analysis; Determination of the Structure and Function of Biologically Active Molecules.

The Technology and the Material used in the development and research in the Cosmetical Area by the Portuguese Companies and R & D Institutes are very actual and in some cases innovative.

Environmental
The increasing concern with the environmental lead to the procedure of new methods to deal with environmental pollution.

The use of biotechnology allowed the development of cleaner production processes as well as the development of cleaning methodologies based on living microorganisms or plants (bioremediation) that allow the resolution of daily as well as more acute problems. Highly sensitive methods of pollution control have also been developed due to biotechnology advances.

In Portugal there are two Companies and nine R & D Institutes that concentrate their work on this Biotechnological Area, being at the same level of the best European Companies and Institutes.

The services and applications offered by these Companies and Institutes are:

Companies – IBER BIO; STAB.

Services - Biological Products for Depolution; Solvents Recycle; Compact Residual Water Treatment Plants; Environmental Studies; Water and Wastewater treatment, from the conception, to construction and exploitation of the facilities; Routine Quality Environmental Analysis; Pilot-scale assays for efficient determination of Treatment Plants; New Culture media for Yeast Identification; Biofungicides; Genomics and Proteomics; Technology Transfer.

R&D Institutes – CEBQ IST; CNC UC; DEB UM; ESB UCP; IBET; IBMC UP; IBQF UM; INETI; INOVA.

Services - Environmental Biotechnology; Microbiological Control of Mineral Waters; Consultancy on Wastewater and Gaseous Effluents Treatment Processes; Microbiology; Chemistry and Organoleptic; Technology; Fundamental Research; Applied Research and Laboratory Space; Transfer of Technologies and Processes to Industry from Pilot Plant Scale; Consultancy for Biotechnological industry Processes and Production Processes; Support to Foreign Companies; Support to Start up Companies; immunology; Structural Biology and Biomaterials; Consultancy on production processes; Consultancy on Wastewater and Gaseous effluents treatment processes and Development of specific Analytical methodologies; Short Courses (3 – 5 days) in the Environmental Fields; Determination of Fructans in Biological products; Microbiological Control of Waters for Human Consumption; Checkout on the Surfactant Biodegradability; Specialized Services in forest self-runs.

Others

As biotechnology develops, its use is becoming broader appearing in lots of other areas like the production of new materials were living entities or biological molecules replace original inert compounds such as the use of DNA molecules to store information in bio-computers.

Portugal already have some companies (five) and Institutes (one) that concentrate their work in this kind of Biotechnological area, trying to be at a good level in the European Market. The technology used by them are actual and, in some cases, innovative. 

The services and applications offered by these Companies and Institutes are:

Companies – BIOEID; BIOTECNOL; EC BIO; NECTON; STAB.

Services - Public Health Analysis Services; Microbiology for Industry; Novel bacteria expression systems production of clinical grade pDNA; Production of clinical grade recombinant proteins for clinical trials; Cytokines & growth factors for Immunotherapy protocols; DNA and protein sequencing; Global Marketing; Financing; Contract Management; Aquaculture Development; Micro algae Biotechnologies; New culture media for yeast identification.

R&D Institutes – INETI.

Services - Microbiology / Microbial Physiology; Enzymology / Protein Engineering; 
     Molecular Biology / Applied Immunology; Bioactive agents; Biological Processes.

Biotechnology Evolution

The Portuguese Business environment has been subject to far-reaching changes, begun when the country joined the European Community and driven by the globalisation of world markets. This has in turn led to the emergence of technologically intense sectors, among them information technology and, more recently, biotechnology.

The emergence of Portuguese biotechnology is also the visible result of investment in R & D, training, infrastructures and networking undertaken in the last two decades. These factors led to the constitution of dynamic research teams with established links to the world’s major scientific centres, at the same time firmly grounding their presence in national territory.

In this area, Portugal has earned international recognition for the quality science it produces, which is reflected via participation in a growing number of R & D projects with international consortia and by the number of publications counting work by Portuguese Authors. This recognised quality has not, however, found correspondence on the internal level, as evinced by the number of companies in the respective business sector.
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Introduction:

Biotechnologies are one of the most rapidly developing industries nowadays. Biotechnology implies the use of living organisms to manufacture pharmaceuticals and other products and to promote industrial processes. Much „new“ biotechnology uses organisms genetically altered to work more effectively than before, or to function in entirely new ways. Today biotechnology is facing a major challenge in developing new antibiotics to replace those to which disease causing bacteria have become resistant.

Characteristic features:

Biotechnology has some specific features, which determine their production and development in Slovakia.

· Risk Factor –  entrepreneurship in the field of biotechnologies has a very high risk value, so Slovak investors are unwilling to invest freely in this sector. If a new project proves to be unsuccessful, the company goes bankrupt, because the sunk costs are irretrievably lost (the investment made cannot be used for another project)

· Highly specialised – Sophisticated technology and the required specific professional approach pose serious problems to enlarge these industries in Slovakia. Companies have problems with recruitment of High-skilled employees.

· Return on Investment – Research works often take more than seven or eight years.  The real return on investment comes after the final product has been produced and successfully marketed. Unstable legislation and macroeconomic conditions in Slovakia make even less attractive these kinds of investments

· Capital intensive industry – Average costs of development of a new medical product are estimated about 700 – 800 Mio USD, while average revenues per annum after the product has entered the market are about 200 Mio USD. Without financial support from the state authorities in the form of grants the companies cannot survive. Slovakia invests in Research and Development only 0.69 % GDP, while the EU average expenditures on R&D are 1.89 % GDP.

· Economies of scale – With the increase of investments for R&D the growth of the whole biotech industry accelerates and the average costs of new market entrants decrease.;

Biotechnologies present a sector, which is making its first steps on the Slovak market. The market is dominated mainly by importers and distributors of biotech medical appliances, and the share of domestic producers is very small. Since the research and development are cost intensive, only several big companies, with the help of state funds and scientific institutes develop such kind of technologies. Slovakia has made some steps to enhance the implementation and development of biotechnologies, but it is lagging considerably behind the other CEE countries (ex. Czech republic).

National Strategy for Conservation of Biodiversity in SR:

Slovak MAB National Committee has developed a National Strategy for Conservation of Biodiversity in the Slovak Republic including 24 strategic goals. Goal 12 is: „Increase safety in biotechnologies and promote access to biotechnologies and/or benefits resulting from them“.

 Strategic directions to be followed:

· initiate the elaboration of national biotechnology transfer programmes including transfer of biology to developing countries

· Develop appropriate administrative rules to promote access to the result of biotechnologies

· Introduce basic standards for testing, import and export and commercial use of living genetically modified organisms.

· Designate authorities for bio safety control including the establishment of early warning system, elaborate detailed procedures and instruments for risk assessment of unintentional release of genetically modified organisms

European and Government Projects, Grants

Slovak republic takes part in the Fifth Framework EU programme for research and development. During the last four years Slovakia has invested more than 900 mio SKK in the programme and the return on this investment amounts to about two thirds. Problems for the Slovak companies is the language barrier and the not high enough professional quality of the submitted projects. For Slovak participants grants are given only if they form consortium with partners from EU. Some grants are given only on the condition that companies can prove their financial collaboration to the project, which is a serious problem for Small and medium enterprises. Slovak Academy of Science closely cooperates mostly in Slovak projects IST. European Commission at present finances 23 projects and has approved totally 37 projects of Slovak companies. 

Participation in projects (Webocracy) take the companies Juvier, s.r.o. , exe Information Technologies, s.r.o (in project CRAB), Intermec, s.r.o. Martin (project Bidsaver). 

Companies doing business in Biotechnologies industry in Slovakia.

Danube Clone s.r.o. Bratislava

The company is carrying out a research in the field of Alzheimer disease. It is one of the few Slovak companies that is dealing with Biotechnologies. The company produces new medicaments based on molecular biology instead of chemical processes. After an unsuccessful attempt to find financial investments Danube Clone signed a contract with Venture capital fund Horizont Venture Management in Austria, which concentrates mainly in the biotechnology industries. The fund owns approximately half of the stocks in Austrian Axon Neuroscience FuE GmbH, Vienna. The latter is the Mother company of Danube Clone.

That company could not find enough financial resources and human capital potential in Slovakia.

FERMAS s.r.o,  Slovenská Ľupča

Fermas has successfully established itself on the world feed market. As for the L-Threonine, based on the biotechnological production, Fermas is one of the three major producers in the world manufacturing this product. The products are being sold through Degussa and Biotika and customers can be found throughout the world- in Germany, Switzerland, Italy, Denmark, France, Belgium, Holland Brazil, Australia, Canada etc. 

More than 4 times received the company the award “ exporter of the year” from the Slovak minister of economy, and the award “ Company of the year 1998” from the weekly “Trend”

(Biotika a.s. sells its 49% shares in Fermas s.r.o to Degussa AG, so Fermas becomes a 100% subsidiary company of Degussa AG Frankfurt. Totally more than 75 Mio. DM have been invested into the extension and renewal of the biological plant for the production of feeding additives for animals nutrion. Thus, Degussa became one of the major foreign investors in Slovakia)

Biotika a.s.

Pharmaceutical company Biotika is striving to expand its portfolio of substances and new biotechnological products. 

In the area of biotechnology they are planning the realization of projects focusing on the production and sales of products with higher added value, while simultaneously a further valuation of penicillin is taking place. 

Betax Biotechnologie s.r.o.

The company develops and delivers technical lines for processing of organic waste. 

Companies – producing medical appliances

The amount of companies producing medical technologies in Slovakia is very small in comparison to Czech republic. Most Slovak companies focus on import and distribution of these technologies.

Artman Technologies s.r.o, Dúbravská cesta 2, Bratislava, information systems for hospitals and laboratories.

BDSR s.r.o Košice-production of medical and diagnostical systems

Chirana-Prema Export-Import a.s. Piešťany- medical equipment, X-ray machines, medical electronics, respiratory technologies

Chirana Dentál s.r.o. Piešťany- medical equipment, production of dental chairs

Chirana Medical Stará Turá- production of dental chairs, anesthesia and resuscitation equipment, ORL appliances,  etc.

Chirana Progress s.r.o Piešťany- production of water-therapy equipment -Aqua program

Eur-med s.r.o. Špotrová 1, Stará Turá –export of medical technologies, development and production of  appliances for stomatology

Fang-Dent s.r.o Topoľčany- production of appliances for stomatology 

Ko-lens s.r.o. Komárno- distribution and production of plastic lenses 

MEDIST s.r.o, Paracelsus Humenné- development, production and distribution of medical aspirators

Mediprogress Humenné-, production of physiotherapy (water and light therapy apparatuses ) and dental equipment (dental units, dental chairs, X-ray machines for dentists)

Mevak a.s., Nitra- production of biopreparates

Neoprot s.r.o.Záhradnická 40, Bratislava – Production and sale of orthopaedic appliances.

Paracelsus Plus s.r.o. Zilina. – Developmen, distribution and sale of Slovak protheses of Coxae “Coxa Paracelsus”

WEGA-MS s.r.o. Moravany nad Váhom – development and production medical appliances
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Biotechnology, in its more integrating meaning, is a horizontal technology with a quite specific enterprise development.

Due to these characteristics, the biotechnological companies are not an all homogenous one, but are characterized by a specially heterogeneous structuring, where in addition to the company size (employees, volume of turnover and export, etc.), the position in the production/commercialisation chain is used to fit each company in the different existing sub-sectors (agro-food, human and animal health, environment, bioprocesses, provisions).

Taking into account all these properties of the great sector of the biotechnology, statistical data do not even exist that allow their characterization, and their identification, like technological and enterprise instrument in any country in general, and Spain in particular.

The previous experience about the enterprise situation in which it talks about its interaction with the biotechnology allowed to define a strategy particularly aiming to separate the intensity and the type of survey according to each of the detected enterprise sub-groups, with the purpose of obtaining the objective initially proposed.

These sub-groups are: the group of companies completely dedicated to biotechnology (CCDB); the group of companies partially dedicated to biotechnology (CPDB); and the group of companies users of biotechnology (CUB).

Spanish industry and biotechnology

las empresas parcialmente dedicadas a la biotecnología, pertenecientes fundamentalmente al sector agroalimentario y que no son productores, sino transformadores y/o comercializadores de productos derivados de las técnicas modernas; y las empresas usuarias de la biotecnología, que operan casi exclusivamente en el sector de la alimentación y que pueden y deben ser entendidas como usuarios finales de productos elaborados por el primer y, como excepción, por el segundo grupo.

The establishment of these three groups of companies that operate in biotechnology at the present time, is characterized by a different intensity of their activity in this sector: 

· Companies completely dedicated to biotechnology, those that deal with new advances, scientific and technological innovation, research and development programs, whose more representative sectors are those of human and animal health, agriculture and food sector.

· Companies partially dedicated to the biotechnology, belonging fundamentally to the agro-food sector which are not producers, but transformers or commercialisers of product coming from modern technologies.

· User companies of the biotechnology, that operate almost exclusively in the food sector and which can and must be understood like end users of products elaborated by the first one and, like exception, by the second group.

These three groups show homogenous characteristics within the different enterprise groups that compose them and makes possible the accomplishment of a study specifically directed for each one of them. This study is essential to detect their current situation within the industrial weave, their problems, necessities, deficiencies, etc. and the determination of a strategic plan that promote the development of the biotechnology as a whole and where all the actors that compose the frame of performance, each one with their paper and corresponding weight, as well as their interaction are considered.

Companies completely dedicated to biotechnology (CCDB)

The analysis of the first group of companies, completely dedicated to the biotechnology, mainly offers a type of companies characterized by being of national private property (63% of the companies), being member of a group of companies in quality of branch (65%, of which 6% are considered like associated, 13% combined, 58% branch, and 23% matrix). Nevertheless, the participation of the multinational private companies (31%) confers them a weight that must be outstanding, presence that is consolidated in the sectors of agriculture, food and human health (and that are located in the communities of Cataluña and Madrid). In addition, a 6% of companies are of public character.

The national private company declares to have in greater measurement the biotechnology like main activity (37%), whereas multinational companies consider it as "another activity but not the main one" in a 87% (only 13% declares this activity like the main one). As far as the type of biotechnology used, national companies seem to have a more innovating component than multinational companies, as that first ones use the new biotechnology in their processes or products in a 73% of the cases, descending until 64% in the case of multinational companies.

The distribution of the companies by Autonomous Communities within Spain. shows a strong concentration in Cataluña (42 companies), Andalucia (27), Madrid (21) and Valencian Community (21). In a second level appear Castilla and Leon (8), Aragón (6) and the communities of Galicia, Murcia, Navarra and the Basque Country, with five companies in each one. In the rest of the Spanish territory the presence of biotechnological companies appears like testimonial (1-2 companies). 
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Special reference deserves Cataluña, that represents the 37% of the companies dedicated to biotechnology, whose main sector of activity is animal health, followed by human health, agriculture and food sector. Regarding the region of Madrid, human health, agriculture and animal health are in this order, the more mentioned sectors. Andalucia presents an equidistant distribution of its activity between agriculture and human health, whereas the Valencian Community is mainly focused on agriculture. Galicia does not show a specially significant activity in any of them.

There is a concentration of companies in the segments of "Supplier industries-bioprocesses" (33,6%), "Agro-food: plants "(24,7%) and" Therapeutic: care of human and/or animal health "(19,9%). Other important sectors within biotechnology like, "Other cares of health" (12,3%), "Energy and Environment " (6,2%) and "Agro-Food: animals "(1,4%) do not have a hard and consolidated industrial weave yet. These data clearly shows the predominance of pharmaceutical and agro-food sectors within the biotechnology in Spain.

Activity sub-sectors
In a national level, the sub-sectors with greater number of companies (CCDB) in biotechnology are human health (16), agriculture (15), animal health (9) and food (8). In each one of these sub-sectors the percentage of companies that uses the new biotechnology is of the 87, 73, 89 and 38% respectively, showing that the food sub-sector appears very remote of the tendency marked by the rest of the mentioned ones. In the minority sub-sector "industrial Processes", with four companies of the total of the sample, only one uses the new techniques that the biotechnology offers.

The segments of the market with greater representation are the "Agro-food: providing plants "and" Supplying industries ". As far as the sub-segments, diagnosis materials, (monoclonal antibodies, DNA genetic tests and other genetic studies), transgenic plants (new properties and resistance to agents), technologies of fermentation and propagation of plants win the first places.

	Segments of market
	Nº of companies
	% upon 46 companies

	THERAPEUTICAL; CARE OF HUMAN AND/OR ANIMAL HEALTH

	Production of identical proteins got  by isolation
	2
	4,2

	Vaccines
	3
	6,3

	Vaccines DNA
	2
	4,2

	Peptides and small molecules
	4
	6,3

	Genic therapy
	1
	2,1

	Without defining
	1
	2,1

	OTHER HEALTH CARES

	Diagnosis materials
	7
	14,6

	Monoclonal antibodies
	3
	6,3

	DNA tests
	2
	4,2

	Other genetic studies
	2
	4,2

	Drug liberation systems
	2
	4,2

	Medicine design
	3
	6,3

	Without defining
	1
	2,1

	SUPPLYING INDUSTRIES (BIOPROCESSES)

	Antibiotics, small peptides
	2
	4,2

	Other medicines
	3
	6,3

	Additives and helps in processes systems
	3
	6,3

	Enzymes
	1
	2,1

	Fermentation technologies
	9
	16,6

	Bio-transformations
	3
	6,3

	Proceeding of “aguas abajo”
	1
	2,1

	AGRO-FOODS: PLANTS

	Bio-pesticides
	5
	10,4

	Bio-fertilizers
	1
	2,1

	Diagnosis of plants diseases
	3
	6,3

	Spreading of plants
	6
	16,7

	Transgenic plants
	1
	2,1

	New properties
	6
	12,5

	Resistance to agents
	4
	6,3

	Without defining
	1
	2,1

	AGRO-FOOD: ANIMALS

	Bio-reactors
	1
	2,1

	Without defining
	2
	4,2

	ENERGY AND ENVIRONMENT

	Preservation of energetic resources
	1
	2,1

	Detection or identification by molecular genetic of organisms
	1
	2,1

	Taxonomy
	1
	2,1

	Degradation of xenobiotic compounds
	1
	2,1

	Bioremediation
	1
	

	BASIC ASPECTS

	Cellular factory
	1
	2,1

	Cellular animal biology
	2
	4,2

	Genomic analysis
	1
	2,1

	BIOTECHNOLOGY AND SOCIETY

	Ethical, social and legal aspects
	1
	2,1


According to the year of beginning of the main activity and the activity in biotechnology an interval of between 5 and 10 years is observed between the beginning of the first one and the later incorporation of the biotechnology to its production line.

The Spanish industry reacts to the advance of the technology from the 80’s, a decade which must be considered like fundamental in the development of the Spanish science and technology. Companies modernization is more and more important and they already start incorporating processes and products of technological innovation, making I+D activities. Thus, in the years 1980-1984 an 8% of the companies began their activity in biotechnology, increasing up to 22% between 1985 and 1989 and to 41% between 1990 and 1994. This period becomes the most important one when referring to biotechnological activity.

Economic and human resources

The improvement of the industrial situation, however, finds in the economic crisis of the early nineties a brake in the experienced evolution. This situation generates a high rate of unemployment which, nevertheless, has a point of flexion from the second half of the decade on: the companies of this group (CCDB) express an increasing evolution in the number of superior employees and BSc in the period 1996-1998, mainly in the case of qualified employees (BSc).

The size of the company dedicated totally to biotechnology finds a homogenous distribution in the number of employees between the intervals 20-49, 50-59 and 100-199 (11 companies, 10 and 11, respectively) existing 5 companies with less than 20 employees and 11 that surpass the 200. BSc-s are below twenty by company (25 companies), being the other interval more representative the one of 20-49 employees (10 companies). Between 50 and 99, there are 7 companies and 6 of more than 100. The average by company is of 385 and 63 respectively, averages that must be relativized due to the existence of some of the great companies and/or groups that break the proportion. 
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The type of company, national or multinational, becomes an independent variable in relation with the number of employees and BSc-s. being this number, obviously, higher in multinational companies Nevertheless, the evolution of growth is more important in the national private companies, which are directly influenced by the economic situation of the country. Multinational companies, although they do not experience a growth in the size of the company, they incorporate indeed BSc-s in a similar percentage of private national ones.

The turnover of these companies for the period of 1997-1998 is about 3,5 million euro a year (1997: 2.700 million euro; 1998: 2.600 million euro) and the average by company is around 60 million euro/year.
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The exports, that lose force in the second year of reference, are almost 601 100 billion euro/year (1997: 650 million euro; 1998: 525 million euros), being the percentage of activity in biotechnology superior to those found in the turnover. This means that the biotechnological products or processes have a greater incidence in the volume of exports than in the total companies turnover, that is to say, the market of this activity is more oriented towards abroad.
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The countries of destiny of the exports are mainly the ones belonging to the European Union: 96% of the companies to the UE, 59% to the rest of non European countries and 52% to the rest of European countries non belonging to the EU. The companies that export belong to the sectors of human health, animal health and agriculture, without taking onto account the destiny of biotechnological products, although for the third group -rest of European countries- exists a greater concentration of companies of the human health sector.
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Competitiveness factors: innovation

This group of companies, identified like completely dedicated to the biotechnology (CCDB), has a strong commitment with the innovation activities: mechanisms to develop changes in the processes and/or products, incorporating new strategies, new technology, etc. Only an 8% of the questioned companies indicate that no innovating and R&D activities had been carried out in period 1995-1998, whereas a 59% do have made them in processes and products. Specifying in more detail, an 80% of the companies have made process innovations and a 71% product innovation. As far as the frequency when carrying out these innovations, a 82% do it systematically whereas an 18% do it in a sporadic way.

Innovating capacity

The priorities of the company with reference to the innovation or R&D activities are the improvement of the product quality, the extension of the product range and the increase or maintaining of the market share. The first two goals make possible for the companies a privilege situation which will let them get the third goal, providing them enough guarantees to enter new national and international markets. 

Importance given by CCDB to different objectives related to R&D and Innovation
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The source of the innovating ideas for the development of these activities is the R&D department of the companies (with an average value of 4.7). Secondly, but to a great distance, is the management board (3,6), both of them understood like internal sources. Like external sources, the competition (3,3), the customers and universities (3.2 both), the public research centres and the conferences, symposiums and magazines (3,1) are the most mentioned.

Importance given by CCDB to different sources of innovating ideas
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Cooperation

The companies completely dedicated to biotechnology (CCDB) have cooperated fundamentally and during the period 1997-1998 with the universities and the Spanish public research institutions, confirming this way the connection existing between both systems, enterprise and the scientist, that guarantees stability through the time. Companies, most of the times, are not capable of starting up innovation activities in the processes or products by themselves. Thus, their cooperation with experts of the public science and technology group facilitates these tasks enormously. This relation is foreseen like a key element of the success of the innovating activities in biotechnology.

Cooperation of CCDB with different national and international institutions

	Cooperation institutions
	Spain
	EU Countries
	Other European countries
	Other non European countries

	Companies of the Group
	16,3
	25,6
	9,3
	14,0

	Customers
	25,6
	9,3
	4,7
	-

	Suppliers
	9,3
	11,6
	2,3
	-

	Other companies of the sector
	30,2
	37,2
	-
	14,0

	Joint companies
	4,7
	2,3
	2,3
	4,7

	Experts and consultants
	16,3
	2,3
	2,3
	4,7

	Other companies of other sectors
	11,6
	9,3
	-
	-

	Public Research Organisms
	72,1
	37,2
	4,7
	18,6

	Universities
	83,7
	37,2
	4,7
	18,6

	Research Associations
	16,3
	9,3
	2,3
	9,3

	% calculated on a basis of 43 answers

	Source: CSIC, Consejo Superior de Investigaciojnes Científicas, April 1999


Incorporating of technologies

Purchase and selling of technologies by Biotechnological companies (CCDB)

	Purchased or sold technology
	Spain
	EU countries
	Other European countries
	Other non European countries

	
	Purchased
	Sold
	Purchased
	Sold
	Purchased
	Sold
	Purchased
	Sold

	Equipment
	34,1
	2,4
	29,3
	-
	4,9
	-
	22,0
	-

	R&D taken on outside the company
	46,4
	14,7
	14,6
	9,7
	4,9
	2,4
	17,1
	2,4

	Consultancy services
	19,5
	9,7
	12,2
	7,3
	-
	-
	7,3
	4,9

	Personnel taking on
	39,0
	2,4
	4,9
	2,4
	-
	2,4
	4,9
	2,4

	Communication and training activities
	24,4
	17,1
	12,2
	9,8
	4,9
	4,9
	14,7
	9,8

	% calculated on a basis of 41 answers

	Source: CSIC, Consejo Superior de Investigaciojnes Científicas, April 1999


This table shows the image of an industrial weave that incorporates, fundamentally, R&D taken on outside the company, equipment and personnel, whereas the sales are focused on communication and  training activities and R&D taken on outside the company. As far as the country of origin of these technological transactions, Spain appears in the first place.

Innovation conditioning factors

Companies dedicated to biotechnology have made a great deal of efforts in the modernization of their facilities, the incorporation of personnel and BSc-s and have carried out an important participation in research and innovation projects in collaboration with other institutions. However, they are constantly facing many factors that make difficult and suppose a brake to the innovating activities.

The more important and influential economic factor than condition the innovating bet is the high cost of putting it into practice, with an average of 3,5 -in a scale from 1 to 5, where 5 is the maximum importance-; whereas the reduced cost in R&D (2,7) is the enterprise intrinsic more conditioner factor. As external factor we find the regulation, legislation, norms, like the factor that more worries to the companies (3,2).

Importance given by CCDB to different factors that make difficult R&D activities
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On the other hand, there are some other factors that influence on the companies commitment towards these innovation activities, in addition to leading them to the success. The commitment of the high management board (4,7) and the innovating culture of the company (4,6) are the internal factors that in the companies opinion, play in favour of the innovation.

Importance given by CCDB to different factors that make easier innovative R&D activities
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Other factors

· Factors that would play in favour of greater innovating or R&D activity in biotechnology according to companies:

1) Greater participation in R&D projects with Public Research Organizations. Greater collaboration and connection between the research and the enterprise world. Increase of knowledge of official organisms of the possibilities of work and the real necessities of the market.

2) Greater support of Public Administrations through fiscal policies, aiming to stimulate companies to carry out R&D activities The investment in R&D is always risky and difficult to assume for the companies.

3) Participation of capital-risk organizations. External sources of financing to support high costs. 

4) Incentives in the personnel hiring –BSc-s- dedicated to R&D. Development of training and qualification programmes needed by the sector

5) Support of the Administration in the creation of new "biotechnological" companies.

· Factors that would play against a greater innovating or R&D activity in biotechnology according to companies:

1) High investment. The cost is very high and the profit is obtained in the long term. Lack of capital-risk and support of financial institutions (banks, etc) that neither have confidence nor support the technological innovations.

2) Risk and uncertainty in the answer of the market. The consumer prefers traditional products due to the absence of communication and information campaigns. User groups (buyers, commercialisers) are not keen on GMO for market pressures.

3) Groups of pressure opposed to Genetically Modified Organisms. Sensationalism in mass media, ready to spread negative news.

4) Lack of research and innovation culture in the company and in the industrial weave on the whole. Lack of enterprise vision. Little entrepreneurial spirit.

5) Lack of really prepared and competitive personnel in the companies.


Characteristics of the market segments

The type of predominant company for all the segments is the private national, although the "Supplier Industries" and "Agro-Food: Plants "count on a great representation of multinational private companies. The public company appears only in “Agro-Food: Plants” sector and in the sector of "Other Cares of Health" segment there is an over-representing of national private companies. 

Type of company (CCDB) depending on the segment of the market
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ATIONAL REPORT:


UNITED KINGDOM

R&D INSTITUTIONS IN THE UK

The institutional structure of research and development in the UK can be summarised as follows:

· Universities and Higher Education colleges

· Research Institutes of the National Research Councils

· Other Research Institutes 

· Industrial companies

A large part of the UK research and development capacity is to be found in Universities/colleges and Research Council funded Research Centres. 

Universities/Colleges

Universities in the UK are diverse, including the older traditional universities, and former polytechnics that were given the status of universities in 1992. In addition, there are many more Higher Education Colleges

Table outlining the number of universities and Higher Education Institutions in the UK

	
	Universities
	HE colleges

	England
	87*
	47

	Northern Ireland
	2
	2

	Scotland
	14
	7

	Wales
	9å
	4

	Total
	112
	60


* Includes 16 schools of the University of London 
å University of Glamorgan plus eight constituent colleges and universities of the University of Wales

These institutions are funded by four UK funding bodies, the Higher Education Funding Council for England (HEFCE), the Higher Education Funding Council for Wales (HEFCW), the Department of Education, Northern Ireland (DENI) and the Scottish Higher Education Funding Council (SHEFC). Nearly all funding for research, is related directly to the quality and volume of research.

Many of these institutions have departments relevant to the Fellows for Industry project, such as Medicine and Surgery, Biomedical Science, Mechanical and Biomedical Engineering, Radiography, Neuroscience and Biomechanics. For a list of UK universities and their research departments go to www.ucas.ac.uk. 

Some of these universities have specific research centres within them, such as The Advanced Centre for Biochemical Engineering at University College London, The Institute of Biotechnology and The Wolfson Institute for Biomedical Research at the University of Cambridge and the Institute of Molecular and Biomolecular Electronics at the University of Wales.

Research Councils

In addition to the Universities and colleges in the UK, there are Research Council funded and other research related sites that are not directly affiliated with universities. The UK Research Councils are controlled by the Department of Trade and Industry, supported by the Director-General of Research Councils, within the Office of Science and Technology.
The Research Councils comprise:


• Biotechnology and Biological Sciences Research Council
• Engineering and Physical Sciences Research Council
• Economic and Social Research Council
• Medical Research Council *
• Natural Environment Research Council
• Particle Physics and Astronomy Research Council
• Council for the Central Laboratory of the Research Councils *
The Research Councils jointly sponsor the UK Research Office. The office promotes UK participation in European Community research and higher education programmes. As well as funding research in universities, the Research Councils provide funding for a number of research centres around the UK. These include strategic research institutes and other research centres. Some of these work in areas that are relevant to the Fellows For Industry project. These are outlined below:-

Biotechnology and Biological Sciences Research Council 

The BBSRC is Britain’s lead funding agency for academic research in the non-medical life sciences. The BBSRC funds eight strategic research institutes, six structural biology centres and other research centres. Those of relevance to the Fellows For Industry project are outlined below:-

Strategic Institutes

The Babraham Institute – biomedical, biotechnological, pharmaceutical and healthcare research (www.bi.bbrsc.ac.uk)

Structural Biology Centres

The Council has established six BBSRC Structural Biology Centres in the UK, providing access to state-of-the-art equipment, research, expertise and training facilities for the UK research community. 

The six centres are:

· Imperial College Centre for Structural Biology (Imperial College, London) 

· North of England Structural Biology Centre (NESBiC) (Leeds, Sheffield, Manchester, UMIST) 

· York Structural Biology Laboratory (York) 

· Bloomsbury Centre for Structural Biology (Birkbeck College and University College, London) 

· Centre for Protein and Membrane Structure and Dynamics (CPMSD) (CCLRC Daresbury) 

· Cambridge and East Anglia Centre for Structural Biology (Cambridge) 

Other Research Centres and Institutes supported by the BBSRC 

BBSRC also supports several groups and units within universities:

· Advanced Centre for Biochemical Engineering 

· Centre for Genome Research 
· Oxford Centre for Molecular Sciences 

· Sussex Centre for Neuroscience 

Scottish Agricultural and Biological Research Institutes (SABRIs):

 The Scottish Biomedical Research Centre

· Biomathematics and Statistics Scotland 

· Moredun Research Institute, Edinburgh 

· Rowett Research Institute Buckburn, Aberdeen

 Medical Research Council 

The MRC is independent in the research that it chooses to support. The MRC supports medical research by providing funding for research programmes and infrastructure, and by investing in training and employment both in universities and in MRC's own research centres. This includes MRC and other institutes, MRC Units, and major research centres. Those of relevance to the FFI project are listed below:-

· MRC Applied Psychology Unit 

· MRC Laboratory of Molecular Biology (LMB)

· MRC Clinical Sciences Centre (CSC)

· MRC Biochemical and clinical magnetic resonance Unit

· MRC Centre for Protein Engineering Cambridge 

· MRC Human Genome Mapping Project  

· MRC National Institute for Medical Research (NIMR)

Other Research Centres

There are several specific research institutes that work solely in the biomedical field. 

· National Institute for Biological Standards and Control  

· European Bioinformatics Institute 

· University of London Institute of Cancer Research 

· The National Physical Laboratory 
· The Sanger Centre 
In addition there are research departments of the National Health Service (NHS) Trust, for example, The Oxford Orthopaedic Engineering Centre, Nuffield Orthopaedic Centre NHS Trust, Oxford.
Industrial companies

The medical technologies sector in the UK is a large, with many companies, both large and small, working in this sector. 

There are many companies operating in the field of biomedical engineering and rehabilitation. Some of these are large multinational organisations such as Smith and Nephew, although many innovative firms are new start-ups that have spun out of the universities.

 It is not possible to list here all of the companies working in this sector, however, there are several Trade Associations that represent this industry. These include the Bio Industry Association (www.bioindustry.org), the Association of British Health Care Industries (www.abhi.org.uk) and the British Medical Association (www.bma.org.uk).

Over 80 companies have been identified in the telemedicine field – a sector that the UK appears to be particularly strong in. This includes large companies such as Tunstall Group plc. Information on companies working in this sector can be found at the UK Telemedicine Association (http://www.telemedicineuk.org.uk).


Science parks

There are around 50 science parks in the UK, where collaborative projects between higher education and industry are located. These contain around 1,300 generally small-scale companies engaged in mainly science and engineering projects. They employ over 25,000 people in total.
2 According to: Environmental Biotechnology in Austria, Federal Environment Agency Ltd. – Austria, Vienna 1997


� Position und Perspektiven von Österreich in der Biotechnologie – Erfolgsfaktoren für eine internationale Positionierung: The Boston Consulting Group (BCG), Wien 2002.


� Directory is available at: http://www.bit.ac.at/BioAustria.htm


� According to: Environmental Biotechnology in Austria, Federal Environment Agency Ltd. – Austria, Vienna 1997


� Data available for 36 SMEs out of 52
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		Nakłady wewnętrzne na działalność B+R wg kaegorii nakładów i województw w tys zł w 1999 r

		Województwa		Ogółem		Z tego nakłady

						Bieżące				Inwestycyjne na środki trwałe

						razem		w tym osobowe		razem		w tym maszyny i urządzenia
 technczne

		Polska		4590477.1		3694878.6		1875894.3		895598.5		638793.6

		Dolnośląskie		283276.4		197006.7		96191.7		86269.5		51070.8

		Kujawsko-Pomorskie		119578		99997.1		36658.5		19580.9		19568.9

		Lubelskie		137381.7		124404.7		57888.2		12977		12106.2

		Lubuskie		18554.5		11531.1		5059.2		7023.4		3620.6

		Łódzkie		265592.9		239350		137902.8		26242.9		20717.3

		Małopolskie		431228.9		341279.3		160762.7		89949.6		58807.3

		Mazowieckie		2015822.6		1682534.3		880964.5		333288.3		221141.8

		Opolskie		37176.5		31473.3		16549.2		5703.1		4956.4

		Podkarpackie		142649		90685.1		53088.6		51963.9		48404.3

		Podlaskie		42456.9		21847.9		7002.8		20609		15224.1

		Pomorskie		196011		158727.2		74227.5		37283.8		29009.2

		Śląskie		395368.2		347448.8		198743.9		47919.4		38703.4

		Świętokrzyskie		96276.2		21317.5		10734.1		74958.7		62907.5

		Warmińsko-Mazurskie		52457.7		39970.7		19030.6		12487		11281.2

		Wielkopolskie		287384.4		230730.1		101725.7		56654.3		34467.6

		Zachodniopomorskie		69262.2		56574.7		19364.3		12687.5		6795





nakłady wew wg źródeł finansow
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		Województwa		Liczba jednostek		Ogółem		Z tego środki

								budżetowe		placówek naukowych PAN i jednostek badawczo-rozwojowcch		szkół wyższych		przedsię-biorstw		prywatnych instytucji niedochodo-
wych		zagraniz
ne		własne

		Polska		955		4590477.1		2686730.3		30170		23687.5		462762.5		11749.2		76133.3		1299280

		Dolnośląskie		67		283276.4		137233.2		270.9		131.3		25968.4		227.9		2319.9		117124.8

		Kujawsko-Pomorskie		49		119578.0		39086.7		305.5		279.5		12229.5		55		770.9		66851.1

		Lubelskie		31		137381.7		84025.2		215.9		224.9		3900.5		111.8		5794.9		43108.5

		Lubuskie		13		18554.5		11456.6				25.8		532.9						6539.3

		Łódzkie		65		265592.9		193477.2		7421.9		658.4		14410.1		303		6153.7		43168.6

		Małopolskie		73		431228.9		284889.6		2456.6		15102.7		42150.8		690		5271.3		80667.9

		Mazowieckie		262		2015822.6		1275986.2		7431.1		3947.6		241014.8		8601.4		33661.7		445173.8

		Opolskie		21		37176.5		17389.3		172.8		1528.1		3657.5				491.9		13936.9

		Podkarpackie		48		142649.0		26585.8		21				19487.2		3.3		149.9		96401.8

		Podlaskie		10		42556.9		18957.9		183		14.5		2312.3		20		21.2		20948

		Pomorskie		50		196011.0		135789.2		956.6		503.9		22193.5		930.5		5084.9		30552.4

		Śląskie		122		395368.2		191014.4		3126.9		529.6		46598.4		124.2		5006.8		148967.9

		Świętokrzyskie		18		96276.2		10483.2				1.1		2468.6		2.5		39.8		83281

		Warmińsko-Mazurskie		12		52457.7		33998.7		49.1				1689.2		71.9		480		16168.8

		Wielkopolskie		95		287384.4		184210.3		7552.9		660.1		22625.7		598.2		6191.8		65545.4

		Zachodniopomorskie		19		69262.2		42146.9				80		1487.1		9.5		4694.6		20844.1
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