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O Estonian Biotechnology Association (EBio) was founded in 2003 by 15
biotechnology companies and organisations. Currently, EBio joins 20
members, both enterprises as well as research institutions.
Eesti Biotehnoloogia Liit o ) )
Estonian Biotechnology Association The purpose of EBio is to represent the Estonian biotechnology sector both

outside the sector and outside Estonia, as well as to support the development
of the sector. EBio organises events, represents its members at exhibitions and
conferences and in communication with state institutions, creates contacts for
networking and mediates information.
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Biotechnology is the fastest growing industry in the world. By the year 2005, more than
4100 companies of the industry employed over 5 million people, marketed more than 100
genetically engineered drugs, the annual turnover growth of the sector had been at the
level of 15% for several years, and the expenditures on research and development
exceeded 34% of the total turnover of the sector. Biotechnology as a separate business
area has been developed by such multinational corporations as AmGen, Novo Nordisk,

Novartis, etc (Ernst & Young, 2006; Burrill & Co, 2006).

Estonia’s level of investment in biotechnology could never compete with that of the
USA, the Nordic countries or the leading Western-European nations. Furthermore,
Estonia’s biotechnology sector is still in an incubation phase and it will take, on average,
20 years for a sector to grow into a fully developed state. Therefore, as a rule, we will not
be able to compete with the large countries in terms of development of fundamental
technologies or creating new branches of industry. However, Estonia is able and needs to
become an active user of the biotechnologies developed elsewhere, thereby participating
in the development of biotechnology, and sharing in the resulting economic benefits in

much the same way as it did with the information technology during the last decade.

The Estonian Research and Development Activities and Innovation Strategy
‘Knowledge-based Estonia 2007-2013°, which was approved by the parliament on 7
February 2007, envisages establishment of public research and development programs in
key technology sectors, including the creation of a biotechnology development program.
The ultimate purpose of this strategt is to provide input for that program, serving as an
advisory document for the Estonian parliament, government and the local governments
on how they could efficiently support the Estonian biotechnology sector and how the

sector itself could contribute to the future development.

Our vision is that by the year 2013, Estonian biotechnology will have passed the

incubation phase and will have become Estonia’s fastest-growing sector with an annual



turnover of at least 1.3bn Estonian kroons. The development of the biotechnology sector
and the broad utilisation of its results in traditional branches of economy will help to
increase the global competitive position of the entire Baltic Sea region. As the region is at
the forefront of biotechnology development, international companies will direct

increasing flows of investment to the Nordic countries, including Estonia.

The current main reasons that hinder the development of the Estonian biotechnology

sector are the following:

e available labour force does not meet the needs of the sector;
e low level of investment and lack of financial resources in the companies, i.c.,
weakness of local venture capital;
e low level of internationalisation of research and entrepreneurship:
o too much emphasis on Estonia and Estonian language in research and
degree studies;
o no adequate funding from the state to attract doctoral students and
postdoctoral researchers from abroad;
o absence of big international pharmaceutical companies in Estonia;
o small number of patents;
e limited cooperation between the companies within the sector as well as
between the public and private sectors;
e uncertainty about the long-term vision for the development of the sector;

e lack of awareness of the importance and application of bioethics.

The main measures required for the successful development of the biotechnology sector
can be grouped under three main categories that have to be implemented together in order

to support both the short-term and long-term growth of the sector



These categories are:

Raising the
quality of
human
resources and

research

Increasing the
inflow of
financial

resources

Improving the
environment
and regulations
pertaining to

biotechnology

The development of biotechnology as an economic sector is affected and characterised by

five factors that can be positioned under the three categories above as follows:

Quality of Research and Human Resources in Estonian Biotechnology

Sector

Ensure proper scholarships for doctoral students in biotechnology. Establish
a scholarship program for the doctoral students in the framework of the
biotechnology program, using a scholarship contest to select the doctoral students
who would be paid a monthly scholarship of at least 10 000 — 15 000 kroons. At
least 50% of the contest evaluation panel should be representatives of the
businesses to ensure that the selection of doctoral students supports the areas that
need development in the opinion of the Estonian biotechnology private sector.
Special consideration should be given to supporting the doctoral students in
agricultural biotechnology, as this has clearly been the least supported branch of
biotechnology in Estonia.

Organise contests for biotechnology post-doctoral fellowships abroad.
Organise contests for the biotechnology sector where successful PhD holders
could apply for public funding in order to cover the costs of two or four years of
post-doctoral fellowship abroad, also in private sector. At lest 50% of the
members of the contest panel should be representatives of the business sector.
Offer grants to students majoring in natural sciences to study a minor

subject abroad. The contest would be open to students with a Bachelor’s degree



in natural sciences who would like to study marketing, intellectual property issues
or some other subject at a foreign university.

Develop a financing system for young and promising scholars enabling them
create their own research teams. Once again, a contest panel with at least 50%
representatives from businesses would allocate research grants with a minimum
period of 3 years and minimum amount of 3 million kroons. The grants should be
available to both R&D institutions and private companies.

Persuade top scientists to come or return to Estonia. Solve the problems
pertaining to infrastructure and funding of research in order to lure good
researchers to Estonia. Good scientists will return or come to Estonia only if the
conditions are good enough. Contests should be organised where the same panel
that allocates grants for young scientists decides on giving grants of at least 6
million kroons for at least three years to recognised researchers in the field.

Offer enterprise internship opportunities for the students. This measure has
been used with great success in the world to give students experience of applying
theory to practice. The program would provide financial support to the company
offering the internship.

Support the training of biotechnology entrepreneurs. Support the participation
of business managers in training events and organise/import training courses.
Hire specialists from abroad to advise the companies on project preparation

and drafting.

Increasing the Inflow of Financial Resources

Establish a foundation to finance the projects of R&D institutions for up to
two years with a maximum amount of 2 million kroons as the proof-of-
principle At the start of a project, the R&D institution would sign an agreement
with a respective company to continue cooperation after the proof-of-principle.

Implement biotechnological application projects in the companies in
cooperation with R&D institutions. The applications would be submitted by the

companies alone but they would make a commitment to use at least 50% of the



project funds to buy the applied research service from an Estonian R&D
institution. The total duration of such projects could be even up to 5 years (to
create a more stable environment) and the measure could constitute the largest
part of the future programme for public funding of biotechnology.

Feasibility study of curiosity driven ideas both in R&D institutions and
companies The financing of up to 250 000 kroons per project would be allocated
only to cover current expenditures (e.g., reagent purchases) but not salaries or
infrastructure costs.

Financial support to the teams and companies able to bring in foreign grants
or contractual financing. The government would match the amount that the
companies themselves can bring in from abroad, especially the private money.
Public support for the companies searching cooperation partners abroad.
Create a system where the state compensates part of the R&D costs of
biotechnology companies. At the end of the year, the companies would submit
an application to a specific public authority, stating their R&D costs. The
authority would hire competent auditors to review the applications and check
whether the stated expenditures fall into the category of R&D and if the
application is granted, the company would be refunded a fixed percentage of its

R&D costs.

Improving the Environment and Regulations

Implement a support scheme for agricultural and industrial biotechnology.
Create a separate support scheme in order to modernise the infrastructures of
agricultural and industrial biotechnology in Estonia.

Maintain and, if necessary, create additional biotechnological core
laboratories. The primary need is to cover the expenditures on laboratory
equipment maintenance contracts.

Facilitate the creation of a biotechnology cluster. Facilitate the creation of a

cluster in biotechnology and, more generally, in all high-tech fields to provide the



businesses with a better overview of each other’s activities and increase mutual
cooperation.

o Estonian Biotechnology Association and its members participate actively
in associated projects to find various biotechnological applications,
organises seminars to introduce various biotechnology applications
implemented in the world, inviting guest speakers from abroad. This
would facilitate creation of contacts and prepare the next stage where a
specific person could be invited to a company to discuss opportunities for
future cooperation.

o Compensation for initial awareness-raising efforts to people who promote
the potential of biotechnology in other sectors; creation of a mentorship

scheme.

e Better coordination of the work of bioethics institutions and committees and
development of transparent and efficient ethical and legal regulation based
on clear foundations.

o Establishment of a National Centre for Ethical Documentation,
Information and Communications responsible for collecting and
forwarding ethical information from and to the users and creation of a
discussion forum on an ethics web site at www.eetika.ee;

o Establishment of a reference centre that would provide research
institutions and companies with the competence to elaborate the ethical
issues of different applications. It is important to offer further training

opportunities to researchers and technologists.
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By the year 2013, Estonian biotechnology will have passed the
incubation phase and will have become Estonia’s fastest-growing
sector with an annual turnover of at least 1.3bn Estonian kroons.
The development of the biotechnology sector and the broad
utilisation of its results in traditional branches of economy will
help to increase the global competitive position of the entire
Baltic Sea region. As the region is at the forefront of
biotechnology development, international companies will direct
increasing flows of investment to the Nordic countries, including

Estonia.
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Biotechnology has been with us for centuries. Biotechnology can be defined as
application of natural science and technology on living organisms or on parts, products
and models of these, so that living and non-living material is transformed to produce
knowledge, goods or services. Consequently, biotechnology is a term for a collection of
technologies based on applying biological processes to solve problems and make

products.

People have used biotechnological processes since ancient times. Traditional examples of
biotechnology include fermentation in beer, cheese and bread making, as well as animal
and plant breeding techniques. This strategy focuses on the opportunities and challenges
offered by the development and utilisation of biotechnological research. This, in turn,
would enable improving the Estonian standards of medicine, public health and food

safety, for instance.

A look at the current level of global investment in biotechnology and the potential areas
of application gives every reason to assume that (in the next 10 or 20 years)
biotechnology will develop into a key technology that will be utilised virtually in all areas
of business and daily life. This should improve the quality of life and increase economic
productivity. It could be compared to the current utilisation of information technology,
which in the recent years has contributed approximately 2 of the economic growth in the

OECD countries (OECD, 2006).

The increase in productivity and profitability is not uniform across sectors. The extent of
R&D can differ significantly between industries. Somewhere between 80% and 90% of
the private investment in R&D is made in the bio-pharmaceutical, ICT and electronics
and vehicle manufacturing sectors. If these sectors are not represented in a country or are

weak, the amount of private sector investment in R&D will remain fairly low. Estonia’s
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R&D investment target of 3% is only achievable through significant strengthening of
(some of) the aforementioned sectors. This is one of the reasons why Estonia needs a
strategy for the biotechnology sector, where there have been no strategy documents

covering the entire sector.

The independent development of the biotechnology sector is not possible without synergy
between various associated sectors. Biotechnological knowledge and skills to use that
knowledge will not be so much a competitive advantage as a precondition of remaining in
competition in the 21% century. Biotechnology will be utilised in medicine, food
production, agriculture, chemical industry, power engineering, information technology,

environmental protection, etc.

Estonia’s level of investment in biotechnology could never compete with that of the
USA, the Nordic countries or the leading Western-European nations. Furthermore,
Estonia’s biotechnology sector is still in an incubation phase and it will take, on average,
20 years for a sector to grow into a fully developed state. Therefore, as a rule, we will not
be able to compete with the large countries in terms of development of fundamental
technologies or creating new branches of industry. However, Estonia is able and needs to
become an active user of the biotechnologies developed elsewhere, thereby participating
in the development of biotechnology, and sharing in the resulting economic benefits in

much the same way as it did with the information technology during the last decade.

In order to compete or keep up with other countries that develop biotechnology, Estonia
has to take advantage of all its strengths (e.g., as a result of investments made 20 or 30
years ago, Estonia has a decent number of competent biotechnology professionals) and

specialties and make investments to fill the gaps.

The Estonian Research and Development Activities and Innovation Strategy
‘Knowledge-based Estonia 2007-2013°, which was approved by the parliament on 7
February 2007, envisages establishment of public research and development programs in

key technology sectors, including the creation of a biotechnology development program

13



(Estonian Research and Development ... 2007). The ultimate purpose of this Estonian
Biotechnology Strategy is to provide input for that program, serving as an advisory
document for the Estonian parliament, government and the local governments on how
they could efficiently support the Estonian biotechnology sector and how the sector itself

could contribute to the future development.

The Estonian Biotechnology Association has carried out the following actions during the
preparation of the Estonian Biotechnology Strategy in order to map the current situation

and the needs of the Estonian biotechnology companies:

1) Interviews: structured interviews with the managers of biotechnology companies
and leading researchers to identify the problems of the sector and potential measures, and

to formulate recommendations for both the public and private sectors;

2) Roundtable meetings of the heads of research institutions and business
managers: to analyse the Estonian biotechnology environment. The objective is to define
the main bottlenecks of the sector and develop proposals for achieving optimal

advancement of the biotechnology sector;

3) Financial analysis: a financial model was developed to assess the

macroeconomic impact and public cost-benefit of strategy implementation;

4) Earlier analyses and studies: for example, Assessment of the Estonian Research
Development Technology and Innovation Funding System (Nedeva, Georghiou, 2003),
Research on the Estonian Biotechnology Sector Innovation System (Fraunhofer ISI,

2003).
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Due to the reasons referred to in the Introduction, Estonia still has very few research-
intensive biotechnology companies and there are almost no biotechnological products
that could generate considerable financial gain. The majority of the Estonian
biotechnology companies have specialised in the provision of fairly simple services
because of the limited human and financial resources. However, Estonia wants to become
a world-class player in the biotechnological industry and, therefore, the government and
the public sector have to play a significantly larger role in creating a suitable environment
for the emergence of new biotechnology companies and future development. We should
become a more reliable partner by raising the awareness of the ethical regulations and

legislation in the field among the relevant actors and making them visible to others.

The biotechnology sector has a great potential to become a significant source of Estonia’s
economic growth. It is already a rapidly developing sector in Estonia, producing
relatively high added value (300 thousand kroons per capita) in comparison to some other
sectors (e.g., 171 thousand kroons per capita in trade) (Mets, 2006). The main measures
required for the successful development of the biotechnology sector can be grouped
under three main categories that have to be implemented together in order to support both

the short-term and long-term growth of the sector

These categories are:

Raising the Increasing the Improving the
quality of inflow of environment

human financial and regulations
resources and resources pertaining to
research biotechnology
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The development of biotechnology as an economic sector is affected and characterised by

five factors that can be positioned under the three categories above as follows:

1)

2)

Quality of human resources and research

Human resources, their availability and quality; number of researchers with
different qualifications, students, degree students and degrees awarded in
academic institutions; number of employees with different scientific qualifications
in the companies; availability and number of qualified managers, sales and
marketing managers and patent specialists in the companies and their level of
competence; proportion of sales, marketing and other similar costs in the budget

of the company as an indicator of business operations.

The level of research and development in academic institutions, which is
characterised by the number of published research articles and citation frequency,
the number of patented or otherwise protected inventions, success in applying for
research grants, and the number of awarded research degrees. The level of
research and development in the companies is characterised by the number of
patented or otherwise protected inventions, success in applying for R&D grants

and the involvement of venture capital (Clarysse, Degroof, Heirman, 2003).

Inflow of financial resources

Availability and offers of financial resources (both local and foreign capital) in
the public sector, private sector and various financial institutions (angel investors,

venture capital, banks), particularly in the case of initial funding or seed capital.

Economic activities of existing companies: types of companies and business
models, business growth (number of employees, sales turnover and profit, patent
portfolios, quality management system, creation of added value), innovation

absorption ability and technology transfer (R&D agreements with universities),

16



capability of involving investments and R&D support (such as EC framework

programmes, Enterprise Estonia).

3) Business environment and regulations

e Environment; general economic area and business environment, ethical and legal

regulations, measures applied by the state, vision and leadership, clustering.

Estonian Biotechnology Association has analysed and assessed the Estonian
biotechnology situation and has identified key areas where efforts are required to support
the biotechnological industry and develop a favourable environment. The strategy
highlights the principal actions that should be performed in the next years in cooperation

between the government, biotechnological industry, investors and research institutions.

Based on international experiences and considering the early stages of the biotechnology
sector development, it would be unrealistic to expect the Estonian biotechnology sector to
become a well-developed industry by the year 2013, even if implementation of all
necessary support measures were to coincide with a favourable business environment.
However, the measures proposed in this strategy can realistically establish preconditions
and a foundation for the medium- and long-term (2014-2025) development of this sector
with potentially very significant economic impact. This would enable substitution of
Estonia’s current motors of success and ensure continued international competitiveness

and economic growth.
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The development of natural sciences and technology in the second half of the 20"
century, particularly in the last quarter of the century, created preconditions for the
emergence and development of modern biotechnology. Ever since the establishment of
the first genetic engineering company, Genentech, in the USA in 1976 and placing on the
market of the first genetically engineered drug, recombinant insulin (Humulin), in 1982,
biotechnology has been developing at a rapid pace. By the year 2005, more than 4100
companies of the industry employed over 5 million people, marketed more than 100
genetically engineered drugs, the annual turnover growth of the sector had been at the
level of 15% for several years, and the expenditures on research and development
exceeded 34% of the total turnover of the sector. Biotechnology as a separate business
area has been developed by such multinational corporations as AmGen, Novo Nordisk,

Novartis, etc (Ernst & Young, 2006; Burrill & Co, 2006).

The main user of biotechnology over the years has been the pharmaceutical industry. As
biotechnology is now, in addition to its rapid development, also merging with traditional
sectors, the economic theorists regard biotechnology as the new technological paradigm
(Perez, 2002:198). According to a definition developed by OECD, biotechnology is the
use of living organisms and biological processes to develop products and services.

Biotechnology is often divided into several sub-fields based on the different applications:

e red or medical biotechnology, which now also includes defence against bioterrorism
and the corresponding prevention and protection technologies;

e green biotechnology, which includes applications in agriculture, environmental
protection and food production;

e white biotechnology, which is applied in traditional industries, e.g., chemical

industry, textile production, forestry and electronics.
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A specific characteristic of biotechnology is the relatively high level of initial investment
and a long period between investment and profitability. Assessment of the level of
development in the sector should be based on two elements — economic growth of
biotechnology as a branch of economy and development of new technologies. The
consultants in the field believe that the new stage of the technological development of
biotechnology in the beginning of the 21* century will be the crossing of boundaries

(Ernst & Young, 2006):

e Convergence of different research fields itself is a precondition and promoter of the
biotechnological development, which has led to the creation of new disciplines such
as systems biology, proteomics, theranostics, etc. Biotechnological products are
developed not only by biologists but also by technologists in a wide variety of fields
from chemical engineers to internal-combustion engine designers.

e Biotechnology crosses the boundaries between countries — in addition to Europe
and Northern America, both development and production are progressing rapidly in
Japan, India, China, Brazil, Australia, New Zealand, etc.

e Modern biotechnology has expanded beyond its original areas of application in
medicine and pharmaceutics — the technologies once used for medical purposes are
now increasingly applied in agriculture, food production, textile production,
defence industry, etc. The Golden rice and the Sorona biopolymer are both good
examples of these developments.

e Biotechnology also crosses product boundaries, i.e., new biotechnological products
have become market leaders and have significantly changed the application
concepts. Maybe the best example of this is the emergence of personal medicine,
based on the identification of patient’s unique drug responses and prescription of
the most suitable form of medication. Cleevec is one of the best-known examples of

such personalised drugs.
The new incentives of development for the pharmaceutical industry, the leading force in

the biotechnology sector, include increased healthcare costs, which exceed 15% of the

GDP in the USA, emergence of personal medicine, higher costs of drug development,
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ageing of population and increased demand for medication for chronic diseases,
increasing importance of generic drugs, inability to treat about 50% of the medical
conditions, etc. Convergence with the food industry is becoming increasingly important
for healthcare through the production of ‘functional food’ using biotechnological

solutions.

The pharmaceutical industry, which is more than 160 years old, is also promoting
application of biotechnology in the ‘old’ economic sectors. Examples of modern
biotechnology applications can be found in agriculture and industry. According to a
forecast by McKinsey & Co, the added value created by biotechnology in the chemical
industry will rise to 22bn dollars by 2010. Approximately 6-12bn dollars would result
from the lower production cost (cheaper raw materials, energy, investment) and 5-10bn

dollars from the added value (new materials, new value chain) (Riese, 2006).

The modern biotechnology as an economic branch is barely 30 years old but it has
already gone through periods of strong growth and deep recession. The activities of the
US and European biotechnology companies and research achievements led to a belief in
the end of the 1990ies that the rapid growth of the biotechnology sector will continue,
which meant that trading in biotechnology shares peaked in the year 2000. The 2001
market drop in the technology sector resulted in a financing crisis for biotechnology
companies. The stock market activity started to increase only in the fourth quarter of
2003 when four new US biotechnology companies were listed on the stock exchange
after several years of pause. In the following year, 2004, the trading in biotechnology

shares returned to the level of the ‘golden period’, i.e., the year 2000.

New trends in biotechnology include cooperation with large pharmaceutical companies
(particularly financing of development by the pharmaceutical companies), company
mergers and buy-ups. The number of such transactions had doubled in 2005 in
comparison to 1999. The interest of large pharmaceutical companies in biotechnology
undertakings is, among other factors, also caused by the fact that the productivity of

research and development expenditures in these undertakings is significantly lower than
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in the pharmaceutical companies themselves. The total investment in US biotechnology
companies in 2004, including stock exchange, venture capital and partnership deals, was

33.9bn dollars (Ernst & Young, 2006).

Indeed, the US companies are at the forefront of the biotechnological development and
nearly 75% of the turnover of the sector is generated in the North America. In
comparison to Europe, US biotechnology companies have twice as many employees and
thrice the level of research and development expenditures, the level of venture capital
involvement is three or four times higher, they use four times more loan capital and the
profitability of the sector is twice as high. The situation of European companies and
research institutions is further complicated by the rapid transfer of biotechnology to Asia.
The largest obstacle to the development of the European biotechnology sector is
insufficient funding and, in particular, the lack of financial instruments designed for
starting businesses. As a result, many companies are wound up after some 3-5 years. The
sad fact for Europe is that while in 1990 Europe spent 50% more on pharmaceutical
research than the USA, the situation was reversed by the year 2001 when the
corresponding US spending was 40% higher than in Europe. The European
biotechnology sector did manage to find 21.2bn euros worth of investments in 2004, but
insufficient funding was still a problem for recently established young businesses that
have to focus on research and development in the initial stages. Unfortunately, investors
and venture capitalists do not see a quick profit in research and development. At the same
time, any economic development of biotechnology companies would be inconceivable
without research and development and, therefore, financing research and development in

academic institutions and businesses is of crucial importance (Ernst & Young, 2006).
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Estonia is a very small country, which creates a potential for fast and flexible
development scenarios. In order to compete or keep up with other countries that develop
biotechnology, Estonia has to take advantage of all its strengths and specialties and make
investments to fill the gaps. The availability of considerable experience in natural
sciences and existence of bio-companies creates an opportunity to develop biotechnology
as a separate economic branch, but success would be unlikely without coordinated
cooperation between the industry, government, academic research and educational

institutions and the general public.

Even though Estonia’s first biotechnology companies were established already two
decades ago, the sector is still in very early stages of development with only rudimentary
biotechnology businesses that could, however, become serious future players in the
industry. The development of biotechnology in Estonia, as in the rest of the world, is
characterised by a very long period of return on investment and high risks. As the
Estonian economy includes other sectors (such as wood processing, construction and real
estate), where earning is faster and easier for the investors than in biotechnology, there is

a classic case of market failure that needs intervention from the government.

According to the conducted interviews, the main reasons that hinder the development of

the Estonian biotechnology sector are the following:

e available labour force does not meet the needs of the sector;
e low level of investment and lack of financial resources in the companies, i.c.,
weakness of local venture capital;
e low level of internationalisation of research and entrepreneurship:
o too much emphasis on Estonia and Estonian language in research and

degree studies;
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o no adequate funding from the state to attract doctoral students and
postdoctoral researchers from abroad;
o absence of big international pharmaceutical companies in Estonia;
o small number of patents;
e limited cooperation between the companies within the sector as well as
between the public and private sectors;
e uncertainty about the long-term vision for the development of the sector;

e lack of awareness of the importance and application of bioethics.

Estonian biotechnology lacks a critical mass of qualified and experienced
professionals, which would enable it to meet the future ‘biotechnological revolution’

in a strong position.

According to a survey conducted in this autumn, the specialists involved in
biotechnological research or business believe that the main changes in the field of

Estonian biotechnology during the last five years have been the following:

e Development of the sector: the sector has started to develop, but Estonia is only
a very small market in global terms and it does not have sufficient partners and

customers for the businesses.

e Implementation of structural funds: while there were virtually no investments
in the biotechnology sector 15 years ago, the recent 3 or 5 years have seen some
strategic investment, which is a positive trend and could lead to the desired
results. The structural funds have helped to improve the condition of the
infrastructure, because the buildings and equipment inherited from the Soviet

times had become obsolete.
e Appreciation of innovation: the attitude towards innovation has become more

open and more attention has been paid to innovation policies in different

economic sectors.
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Improved image: the external image and credibility of Estonia as a country has

improved significantly.

Universities: the universities have improved their capacity as research centres
and at the same time their rhetoric and research interests have shifted towards

applied research.

Development of research centres: Tallinn University of Technology has become

an important partner alongside the University of Tartu.

Company networking: the networks of Estonian biotechnology companies

outside Estonia have improved (contacts, partnerships, cooperation).

Development of bioethics: increased awareness of the existence and need for

ethics; available competent human resources.

Estonia seems to possess several important preconditions of success, such as long

traditions in the natural sciences. Unfortunately, Estonia’s current position in relation to

other countries interested in biotechnology is relatively weak, particularly in terms of

technology transfer, venture capital and investment in the biotechnological industry.

There are some 55 Estonian companies working in the field of biotechnology and most of

them are located in Tallinn or Tartu. The following is a brief overview of the companies

in the biotechnology sector:

The biotechnology companies are either (a) selling services and products or (b)
focusing on research and development (R&D). The number of research and
development companies is around 30 and one third of them have been established

in the period 2005-2007.
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The estimated sales turnover of the sector in 2006 was around 280 million kroons,
with 17 companies hitting turnover figures over 1 million. Two thirds of the R&D
companies that had generated sales turnover exported more than 75% of their
production.

The patent portfolios of the companies include patent applications and patents in
almost 40 different patent families. Of the companies founded prior to 2005, 50%
have a patent portfolio, while for the companies established in the last two years,
this indicator is at 90%.

10% of the companies have implemented a quality management system that
complies with international standards.

The capacity of the R&D companies for commercialisation of new technologies is
weak and the competence in international marketing and sales and technology
management is limited.

R&D companies have close associations with research and researchers in
Estonian and foreign universities. Even though Estonia is relatively successful in
academic research (number and quality of publications) and has a good
competitive position in the context of Eastern Europe (international research
grants received), the amount of knowledge that could be commercialised is very
low. The lag of European biotechnology behind the USA is mainly caused by the
insufficient public sector investment in research; in this respect, Estonia together
with the rest of Central and Eastern Europe is far behind even the Western
Europe.

The ratio between funding for different types of biotechnological research
(fundamental research : applied research : product development) in Estonia
(11:5:1) 1s directly opposite to the model of research and development funding in
developed industrial countries (1:10:100).

In 2006, the Estonian biotechnology companies employed 410 people, which means that

these are very small businesses, mostly with less than 10 employees. At the same time,

the annual economic growth of the biotechnology sector is in the region of 11-17% in the

R&D companies and 14-47% in the biotechnology sales and intermediation companies.
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Both figures are higher than Estonia’s total average annual economic growth. A specific
characteristic of the Estonian biotechnology sector is the small internal market, which
creates the need to expand the businesses to export markets as quickly as possible. Unlike
many European biotechnology firms that ‘burn money’, Estonian businesses are
profitable, because their preferred business model relies on the provision of services, not
technology or product development. Comparison of the financial sources used for the
establishment of the companies indicates that Estonian companies have not had the
opportunity to acquire seed capital. This is also the reason why the Estonian business
model emphasises provision of services. The Estonian companies have no access to
venture capital and, therefore, any funds required for research and development must be
earned from the sale of products and services. This is quite different from the strategies of
European and US biotechnology companies that are based on the creation of a strong
intellectual and industrial property portfolio and the percentage of service provision
companies is relatively low. At the same time, the government is investing large portion
of the R&D budget in fundamental and applied research while the funds available for
product development, marketing and sales promotion are very limited. The contribution
of the government indicates that the Estonian biotechnology sector is still at the level of
creating new knowledge. The current growth rate could not be sustained if the
development of the sector were to continue without systematic support measures from the
government, whereas the rate of growth could even exceed the current level under more

favourable conditions for business development.

Estonia’s main biotechnological research and business competence belongs to the field of
red biotechnology associated with biomedicine. The general public has learned about this
field through the Estonian Genome Project. Less attention is paid to the more general and
industrial fields of biotechnology, or the white biotechnology. Some areas represented in
Estonia include biochemistry and organic synthesis, intermediation of lab equipment and
reactants, as well as environmental research. The level of involvement of Estonian
enterprises in food and particularly in agricultural biotechnology, or the green

biotechnology, is minimal.
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Estonia has 55 biotechnology companies, including both trade companies as well as
research and development undertakings. Some of the larger companies are indicated on

the following figure.
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Figure 1. Some Estonian biotechnology companies by the number of employees

Source: Estonian Biotechnology Association, 2007

Many leading research and development institutions in the field of biomedicine and
biotechnology operate under the University of Tartu, Tallinn Technical University, Tartu
University Hospital and the Estonian University of Life Sciences. Other major
institutions include Estonian Biocentre, National Institute of Chemical Physics and
Biophysics, National Institute for Health Development and Jdgeva Plant Breeding

Institute.
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The R&D activities of biotechnology companies are carried out in close cooperation with
the universities — it is common practice that the company management members or
founders are at the same time also employed by the university. Fundamental research is
done mainly at the universities. The resources allocated to fundamental research in the
companies are usually small, remaining below 5% of the company turnover. The lower
percentage can be explained by the specific nature of the products of these companies.
The products offered are mostly based on the results of fundamental research and these
results are then used for applied research and new product development. Nearly three
quarters of the R&D investments of the companies are associated with applied research

and product development (Kask, 2005).

A survey of ‘Innovation Activities in Estonian Companies in 2002-2004" indicated that
the spending on innovation was generally low in Estonia, averaging only 2.4% of the net
turnover and reaching 5% of the turnover only in one fifth of the companies. This
indicator was 5% in the processing industry and only 1.2% in the service industry.
However, the spending on innovation in the biotechnology sector, which is at the level of
18% of the net turnover, is more than seven times higher than the Estonian average (The

Estonian institute for..., 2006).
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Figure 2. Added value created by the biotechnology sector in comparison to other

. . 1
economic sectors in 2006

In terms of added value, the Estonian biotechnology sector outpaces most of the
traditional economic sectors (Figure 2). Only the telecommunications industry (1325
thousand kroons per employee) and mainly infrastructure-related sectors (e.g., air and sea
transport with 437 thousand and 361 thousand kroons per employee, respectively), can
boast a higher added value per employee than biotechnology. The added value created in
the biotechnology sector is higher, for instance, because the R&D companies invest more
in the creation of intangible assets (patent applications, licence purchases, etc.), which

leads to higher-than-average depreciation expenditures.

! For technologies other than biotechnology, the calculations use the data from the analysis by Urmas
Varblane; the data on the biotechnology sector is consolidated from the annual reports of the companies.
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Applications of modern biotechnology have the potential to create significant added

value for products and processes in many different industries (Tiits, Kattel, Kalvet, 2005).
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Like biotechnology, the materials science integrates and synthesises the results and
potential from a number of research fields and is one of the modern key disciplines. The
Estonian researchers have developed world-class competence in some of these areas, for
instance, optical memory materials, semi-conductor materials, various sensors, laser
technologies, computer design of materials, creation of new composite materials and

coatings, and development of new methods and equipment for materials studies.

Consequently, existing or future Estonian high-technology SMBs have a great potential
of success in these promising and research-intensive fields. The new solutions in
materials science and technology should ensure competitiveness of Estonian companies
in several research-intensive fields (electronics, machine and equipment engineering,
communication, medicine, power systems, national defence, etc) and create a sustainable

economy.

The applications of nanotechnology in biotechnology include, for example, various kinds
of equipment, multifunctional drugs and drug transport, artificial neural networks,

implants.
The leading R&D institutions in materials science are the University of Tartu, Tallinn
University of Technology and the National Institute of Chemical Physics and Biophysics.

Students in the field are educated at both the UT and TUT.
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IT plays an important role in biotechnological research and development. The huge data
sets resulting from the applications of molecular biology can be interpreted only using
mathematical and statistical methods. Bioinformatics helps to reduce the cost and time
required to develop new products, such as medication and vaccines, pesticide-resistant
plant species, new protein molecules and biological materials. In addition, bioinformatics

helps to integrate different databases of genome sequences, microchips and proteomics.

Bioinformatics requires specialists with an educational background in both the
information technology and biotechnology. The University of Tartu offers the students
the opportunity to specialise in bioinformatics. Development of bioinformatics is
important, because a lag in this significant field could slow the development of the rest of
the biotechnology sector. Another important requirement is cooperation between
Estonian bioinformatics specialists and foreign research centres, as well as the
cooperation between research institutions and the private sector when developing

databases and software.

Research in bioinformatics is carried out at the University of Tartu, Estonian Biocentre

and the Tallinn University of Technology.
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In the field of care and treatment, integration of biotechnology and medicine could result
in earlier discovery of medical conditions and reduced treatment times. It could also

create new, more specific and individualised approaches to therapy.

The leading medical research and education centres are the University of Tartu and the

Tartu University Hospital. Medical research is also done by several hospitals, the
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National Institute for Health Development, Technomedicum of TUT, etc. People with
genetic or lifestyle risks are currently monitored in Estonia by the UT, Estonian Genome

Project, and the Estonian Centre of Excellence for Behavioural and Medical Research.
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Biotechnology enables to modernise agriculture and make it more competitive.
Applications of biotechnology in agriculture can take a variety of forms. They could
include breeding of new plant varieties and animal species using molecular markers,

diagnostics of pathogen DNA, and biotechnology of food and animal feed.

The Estonian climate prevents the level of productivity of agriculture from competing
with many countries located further south. However, the quality and quantity of crops can
be improved by increasing resistance to cold and diseases, for instance. Disease-resistant
crop varieties would require fewer pesticides, resulting in a positive impact for the
environment and the quality of the end product. Development of new crop properties and
sale of products with added value is beneficial for farmers, small businesses and

consumers in the light of international competition.

The leading centres of biotechnological agriculture are the Estonian University of Life
Sciences, Jogeva Plant Breeding Institute, Tallinn University of Technology and
University of Tartu. Students in this field are educated mainly by the Estonian University

of Life Sciences.

The excellence of Estonian food industry is largely due to the traditionally high level of
legislation concerning food safety, quality requirements, standards, etc. These factors will
remain important in the future if Estonian food industry is to compete at the international
level. Each stage of the food production process should be transparent and traceable.
These goals cannot be achieved without biotechnology. Research teams for the study of
biological food science have been established at the Tallinn University of Technology,

University of Tartu, and Estonian University of Life Sciences. Students of food
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technology are educated by the Tallinn University of Technology and Estonian

University of Life Sciences.
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The issues of environmental protection concern everyone. Biotechnology can be used for
a variety of environmental applications, such as description and conservation of different
and rare species, forestation and reforestation, bioremediation, monitoring, etc.
Biotechnology enables efficient monitoring of pollution, soil recovery in mining areas,
wastewater treatment, solid waste management, etc. Several technologies are already in
use to solve various problems. The objective is to increase the scope of industrial
application of the existing technologies. Furthermore, cheaper and simpler methods are
required for environmental waste management, toxin decomposition, biomass processing,

environmental engineering processes, ex-situ conservation technologies, etc.

All large Estonian universities (UT, TUT, EULS, Tallinn University) are studying and

teaching different aspects of environmental protection.
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Estonia has eight R&D institutions, with a total of 300 researchers specialising in
biotechnology in the narrower sense. In addition, 4000 students are studying life sciences
and the annual number of graduates is around 700, incl. 300 graduates from the Master’s
or Doctorate levels. The number of state-commissioned student places in natural and
mathematical sciences has remained almost the same during the period 2002-2006. From
2002 to 2007, some 120-140 people in each year have received qualifications in genetic
engineering, biotechnology, food technology, molecular technology, molecular and cell

biology, enabling them to enter the labour market.

The annual reports for 2006 indicate that biotechnology companies employed a total of
410 people. An interesting observation was that many companies earned profit from the
sales, despite having no employees. It is, therefore, likely that they hired only temporary
staff. The majority of the employees of biotechnology companies have a research degree.
According to the subjective assessment of the executive managers interviewed,
biotechnology companies are short of specialists with experience in marketing and sales
(evaluation of the available competence was between 1.4 and 1.6 on a 5-point scale), as

well as qualified and experienced business managers.

The criteria used for performance assessment in an academic context, i.e., the number of
published research articles and citations, are not always suitable for evaluating the
research carried out in the companies. The companies are often prevented from
publishing research papers by the need to protect their intellectual and industrial property

and, therefore, the enterprises use publication primarily only as a marketing tool.
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Research success of the companies can be assessed on the basis of the number of issued
patents and other intellectual property protection instruments, the number of licenses
sold, the sale of innovative products and services, as well as success of applications for
applied research grants from the European Commission framework programmes,

Enterprise Estonia and other sources.

A total of 133 million kroons of research and development funds for biotechnology were
brought to Estonia through the 6™ framework programme, allocated between 21 projects
submitted by academic research institutions and 9 projects submitted by businesses. In a
situation where the European Commission approves less than 20% of the funding
applications and consortium contracts impose a number of restrictions on research and
commercialisation of the results, many companies are not interested in writing

applications and participating in the projects.

Table 1. Estonian biotechnology projects funded from the EC 6™ framework programme

Institutions No of financed projects
Biotechnology companies 9
University of Tartu 11
Estonian Biocentre 8
Tallinn University of Technology 1
Institute of Chemical Physics and 1
Biophysics

Source: Talpsep, 2007

Enterprise Estonia offers different types of support to cover the cost of innovation in the
companies and academic research institutions carrying out applied research. In the field
of biotechnology, Enterprise Estonia has supported academic institutions with 80 million
and companies with 44 million kroons between 2002 and 2006. 13 companies received
research grants from Enterprise Estonia in the period 2002-2006. A comparison of the
division of grants between different sectors indicates that biotechnology sector has been

the most active and most successful applicant. The following table shows the percentage
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of the total amount of support allocated to the companies and academic institutions in

different sectors.

Table 2. Percentage of the total support allocated by EE to different projects submitted

by businesses and research institutions: comparison by sectors

Economic sector Businesses Research
institutions

Biotechnology 31 39
Information and communication technology 15 1
Energy and environmental engineering 16 9
Products and materials science 13 27
Chemistry and chemical engineering 7 0

Oil shale 6 4
Construction and wood technology 3 5
Electronics and automation 3 2
Production technology and logistics 3 0
Food technology and agriculture 2 13
Others 1 0
TOTAL 100 100

Source: Talpsep, 2007

The above table indicates that some sectors have very low innovation absorption ability:
in biotechnology, research is divided almost evenly between businesses and research
institutions but in food industry and agriculture, the universities have received funding
for applied research but the innovation capacity of the industry is low (few projects). In
some other research-intensive fields, such as information and communication technology
or energy and environmental engineering, the businesses are the main sources of

innovation funded by EE.

While a 2002 survey of the Estonian biotechnology sector carried out by Fraunhofer ISI

indicated an extremely low ability to create and defend intellectual property, patenting
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and commercialisation of patents have significantly increased after Estonia’s admission
to the European Patent Organisation on 1 July 2002 and creation of new biotechnology

companies.

For instance, the University of Tartu has patent applications for 14 inventions, whereas 9
inventions have been protected in the period 2005-2007. The University of Tartu has
been issued (as in November 2007) thee Estonian patents and 21 international patents,
protecting three inventions. The patents protecting the probiotic lactobacillus strain ME-3
have reached the level of commercial application. According to the Estonian Patent
Office, the Estonian University of Life Sciences has submitted two and the National
Institute of Chemical Physics and Biophysics has submitted three Estonian patent

applications.

Not only do the biotechnology companies acquire more patents than academic research
institutions (35 and 24 protected inventions, respectively), but they also have different
patent strategies as well as possibilities and capability of invention commercialisation.
While the research institutions try to protect their inventions primarily with Estonian
patents, the companies prefer to apply for international patents to protect their
technologies and products. The research institutions are able to commercialise only a few
inventions but the strategy and operations of biotechnology companies are geared
specifically to the commercialisation of inventions. Commercial success is ensured
through the protection of the product or service from competitors or the sale of licenses.
A significant success story in this context is the 2006 sale of licenses by the company

Evotec Biosystems.

Even though invention activity has increased in the recent years, a large gap with
developed countries still remains — five times less inventions per person are protected in
Estonian biotechnology than in the European Union on average and ten times less than in
the USA. When we compare Estonia’s success in funding research and protecting
intellectual property to that of Medicon Valley, for example (the Swedes and the Danes

are amongst the most successful biotechnological inventors in Europe), we see that
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Estonia’s level of investment is 46 times lower than in Sweden but the number of patents
is only 15 times smaller. Consequently, the ‘price’ of a patent in Estonia is lower than in
Sweden (several studies have mentioned a similar tendency also in the context of

publication of research articles).

Table 3. Number of patents and patent applications in Estonian biotechnology sector

(2001 - 2007)

Research institutions | Businesses

Estonian patents and applications 18 6

International patents and applications 6 36

Source: Talpsep, 2007
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1. There is a shortage of people with business experience. The biotechnologists
graduating from the university could do with more knowledge about accounting,
marketing, project management, intellectual property issues and quality
management, for instance. Biotechnology companies need managers who have
majored in natural sciences and minored in business management (or vice versa).

2. It is difficult to find specialists from abroad who would agree to work in Estonia.
External consultants would be needed in different fields — how to build
laboratories, process patent applications, develop businesses, draft business plans,
etc.

3. The sector needs more highly qualified academic staff, including professors. The
competition for professor positions is almost non-existent and there are virtually
no candidates from abroad.

4. There are almost no post-doctoral fellowship opportunities in Estonia. This causes
a situation where young specialists who have gone to train abroad will not return
to Estonia any time soon (if ever).

5. Low level of funding for doctoral studies. The state scholarship (6000 kroons per
month) does not enable doctoral students to focus on their studies but forces them

to work and study at the same time. Furthermore, this amount makes it effectively
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impossible to find quality foreign students who would agree to start a doctorate
program in Estonia.

6. The companies have a shortage of in house R&D competence.

7. The students of the Faculty of Medicine of the University of Tartu and the
University of Life Sciences have insufficient knowledge of modern biology and,
therefore, are often unable to use modern methods of analysis and keep up with

the latest trends in medical and agricultural research.
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One of the most crucial tasks of the public sector is management of the educational
system according to the social and economic development of the society. The public
policies of youth education should take into account the knowledge and skills required in

the public sector itself but also in the private sector.

1. Ensure proper scholarships for doctoral students in biotechnology. Establish
a scholarship program for the doctoral students in the framework of the
biotechnology program, using a scholarship contest to select the doctoral students
who would be paid a monthly scholarship of at least 10 000 — 15 000 kroons. At
least 50% of the contest evaluation panel should be representatives of the
businesses to ensure that the selection of doctoral students supports the areas that
need development in the opinion of the Estonian biotechnology private sector.
Special consideration should be given to supporting the doctoral students in
agricultural biotechnology, as this has clearly been the least supported branch of
biotechnology in Estonia.

2. Organise contests for biotechnology post-doctoral fellowships abroad.
Organise contests for the biotechnology sector where successful PhD holders
could apply for public funding in order to cover the costs of two or four years of
post-doctoral fellowship abroad, also in private sector. At lest 50% of the
members of the contest panel should be representatives of the business sector.

3. Offer grants to students majoring in natural sciences to study a minor

subject abroad. The contest would be open to students with a Bachelor’s degree
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in natural sciences who would like to study marketing, intellectual property issues
or some other subject at a foreign university.

Develop a financing system for young and promising scholars enabling them
create their own research teams. Once again, a contest panel with at least 50%
representatives from businesses would allocate research grants with a minimum
period of 3 years and minimum amount of 3 million kroons. The grants should be
available to both R&D institutions and private companies.

Persuade top scientists to come or return to Estonia. Solve the problems
pertaining to infrastructure and funding of research in order to lure good
researchers to Estonia. Good scientists will return or come to Estonia only if the
conditions are good enough. Contests should be organised where the same panel
that allocates grants for young scientists decides on giving grants of at least 6
million kroons for at least three years to recognised researchers in the field.

Offer enterprise internship opportunities for the students. This measure has
been used with great success in the world to give students experience of applying
theory to practice. The program would provide financial support to the company
offering the internship.

Support the training of biotechnology entrepreneurs. Support the participation
of business managers in training events and organise/import training courses.
Hire specialists from abroad to advise the companies on project preparation

and drafting.
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According to a classification developed by the European Commission, SMBs specialising
in research and development (group B) can be grouped in three sub-categories: lifestyle
businesses, gold-seekers and venture capital businesses (Clarysse, Degroof, Heirman,

2003).

Lifestyle businesses are set up by the specialists in a narrow profession; experienced
business professionals are not hired. They have no defined product or marketing concept;
the company offers consultations, mediates products and services, and sells products and
services developed with in-house skills. The company is typically undercapitalised,
resources required for investment are earned from sales and intermediation. The company
operates on the local market and has no expansion ambitions. The founders want to retain
the control over the business at any cost. These companies are often set up by university
academic staff to earn additional income and/or acquire targeted financing through the
company to support the research done in the principal job. These companies are

frequently family businesses.

Gold-seeking businesses have no venture capital but hope to acquire it at some time in
the future. The founders are specialists in their profession and may occasionally also have
some business experience. They frequently hire professional business managers who
have not yet gained much experience. The company aims towards slow but steady
growth. The company has no prominent product platform or marketing concept; they
hope to develop them in a manner that would create an investment interest among venture
capitalists. After involvement of venture capital, the company becomes a rapidly growing
venture capital business. The company has been internationalised at the early stages of
development. In Estonia, this group of companies includes two sub-types. The first deals
with intermediation and invests any sales revenue in applied research and the

development of services and products. The second sells products and services in
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conjunction with research and development and product development and reinvests the

revenue in applied research.

Venture capital businesses — this is a metaphor used to characterise the European
technology companies. It refers to the involvement of venture capital at the very early
stages of business development. The prerequisites include high level of research and
development in the company and presence of experienced executive managers in the
management team and the group of owners. The company has a clearly defined product
and marketing concept, based on specific technologies. The business is based on the
model of exponential growth and oriented to the global market. Estonia has three
companies that are funded purely by venture capital or angel investors; they have no sales
revenue and they ‘burn’ money only to create intellectual property, expecting to generate

profit in the future.

The archetype/business model of small businesses depends on the economic
environment. Most Estonian companies are so-called ‘lifestyle’ businesses. The
movement of the local businesses towards more profitable and innovative third sub-
category characterised by high risk levels but also high future earning potential (venture
capital business) could be supported by improving and developing the economic

environment, as indicated on the figure below.
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Figure 3. Archetype/business model of small businesses depending on the economic
environment

Source: Clarysse, Degroof, Heirman, 2003

In November 2007, Estonia had more than 55 registered biotechnology companies, which

is more or less similar to the European average indicator per capita. At least 11 new

companies have been set up in the last two years.

Table 4. Distribution of R&D biotechnology companies by age and archetype

Type 1987-1997 | 1998-2001 | 2002-2004 | 2005-2007 | Total
Lifestyle - |5 |2 | |7
Gold-seekers

Mediators (2)* (1) 1 1+(3)
Innovators 5 7 3 15
Venture capital

Venture capital support | - 1+ (1) 1 3 5+(1)
Public sector support - 5 5
TOTAL 5 13 6 9 33+ (4)

* brackets indicate that some features of this type are present in the companies belonging to another sub-
category

Source: Talpsep, 2007
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In 2006, companies selling R&D products employed 209 people and the total number of
employees in the sector was 410. The growth of sales revenue during the period 2002-
2006 was 16-44% per year (total for sales companies and R&D companies); the total
sales revenue in 2006 was 280 million kroons. While the annual growth of Estonian
businesses (in terms of employee numbers and sales revenue) is 15-20% and similar to
the growth of US biotechnology companies, the absolute value of the sales revenue of

Estonian companies is 100 times lower.

Table 5. Biotechnology companies and their economic activities in the period 2002-2006

Years of No >10 R&D Sale* Increasing Exporters ‘Money
foundation employe | business sales burners’**
es

1987-1997 8 0 5 4 3 1 0
1999-2001 19 7 13 7 3 5 1

2002-2004 17 3 6 3 1 2 2
2005-2007 11 0 9 0 0 0 8
TOTAL 55 10 33 14 7 8 11

* Companies that sell products and services based on R&D.
** Companies without sales revenue, specialising on the development of intellectual and industrial

property.
Source: Talpsep, 2007

Biotechnological research in the period 2002-2006 has been funded by EE with 124
million and EU 6" framework programme with 133 million kroons. Additional funding
has been received from some research grants allocated by foreign foundations, public
targeted and base funding to academic research institutions, and research grants of the
Estonian Science Foundation. The structure of Estonian public funding allocated to
biotechnology comprises fundamental research, applied research and product
development with a ratio 11:4:0. Biotechnology companies themselves provide funding
for the research with the ratio 1:3:2. While the Finnish biotechnology sector receives 28%
of the research funds from the state, 69% from the companies and about 3% from outside
Finland (mainly from the EU framework programmes) and the public share in the
funding of research is considered to be too low, even though research funding approaches

4% of the GDP, the majority of Estonian companies are able to reinvest only 15.7% of
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their sales revenue in R&D activities (the corresponding percentage is 45.7 in the USA

and as high as 60 in the EU).

The combined funding of biotechnology research from the public and private sources
indicates that the ratio between fundamental and applied research and product
development is 11:5:1, which is the exact opposite of the suggested rule of thumb

1:10:100 for the distribution of funding in developed industrial countries.

Most of the Estonian companies working in the field of innovation believe that the role of
the public sector in supporting innovation is too small, because only 5% of the said

companies had received support from the state and even fewer had used the opportunities

offered by the EU.

A strong aspect of Estonian life sciences is the fact that many recognised researchers
belong to the shared international research networks and have good international
contacts. In the context of EU grants, almost every fourth application in the field of life
sciences and genomics submitted under the 6™ framework programme has been
successful. The average level of success of the applications with Estonian participation in

the context of the 6 FP has been 20%.

Biotechnology projects constitute more than a third of the total funding allocated from
the research and development program by Enterprise Estonia. The entrepreneurs
themselves support, in addition to R&D projects, also product development and applied
research, which has received relatively fewer positive funding decisions than other
support measures. At the same time, the support measures that have been previously
characterised by the highest application success rate (e.g., the export plan program) are in

relatively lower demand in the subsequent periods.
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Figure 4. EE support measures received by the biotechnology companies in the past and
desired in the future

Source: Estonian Biotechnology Association, 2007

As Estonian biotechnology companies struggle to find venture capital and this is the main
obstacle that prevents R&D investment from the private sector in Estonia, there is a need
for new instruments designed for the private sector to increase its innovation capacity.
Different countries have implemented various schemes to support the potential of
biotechnology companies, including tax concessions for research-intensive enterprises. In
Estonia, a more suitable solution would be the R&D support scheme used in Canada

where the state directly compensates certain expenditures qualified as R&D costs.

Canadian companies can apply for a public compensation of R&D costs by sending a
respective application form and statement of R&D costs to a competent authority during
the last month of the fiscal year. As the review of applications is time-consuming,
preference is given to SMEs. The officials of the public authority may visit the
companies and verify the accuracy of the stated costs. Several support measures have

been developed to assist the companies with the filling out of the required documents.
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This compensation is available to three types of companies: private companies based on
Canadian capital, other Canadian companies, partnerships and trusts. The first group can
apply for the highest level of compensation — up to 35% of its R&D costs. All

compensation amounts are subject to taxation (SwedenBio, 2007:15-16).

Inflow of capital from private sector

The sector has problems attracting capital due to not being able to generate profit,
because biotechnology sector is still young and, considering the need for large investment
and high risks, achieving profitability may take longer than in some other sectors (e.g.,

real estate).

Internally, the Estonian biotechnology sector also experiences lack of ambitious business
plans. This could be caused by small internal market and limited overview of the existing
market. Company managers often do not have the experience required for the

implementation of ambitious business plans.

Biotechnology sector has so far been unable to attract funds released from other sectors.
The current situation could be improved significantly if public funding would be able to
match the amount of private capital brought into the sector. The first important step
would be development of respective instruments that could be used at a suitable
opportunity. A similar scheme is used in many OECD member countries that have not yet
been able to bring in large private investments but at least the public sector measures
have created preconditions for such investment and support the companies in negotiations
with potential investors. Another important prerequisite is the growth of the sector itself,
creation of ‘critical mass’, in order to have a sufficiently large number of businesses and
projects for a potential investor to choose from. Smaller investments are usually not made
far from home and large investments can come only if the Estonian biotechnology sector

makes an effort to grow and expand.
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1. Only 1.14% of the Estonian GDP is used for R&D.

2. Almost no domestic venture capital is available.

3. Private companies themselves are not capable of making sufficient investment in
R&D.

4. Estonia lacks competence required to assess the industrial potential of ideas and
find sources of funding.

5. Ideas emerge from the side of research and from the side of the market. At the
moment, the Estonian biotechnology companies are forced to accept the projects
from the universities at a very early stage so that they are too ‘raw’ for the

companies.
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1. Establish a foundation to finance the projects of R&D institutions for up to
two years with a maximum amount of 2 million kroons as the proof-of-
principle At the start of a project, the R&D institution would sign an agreement
with a respective company to continue cooperation after the proof-of-principle.

2. Implement biotechnological application projects in the companies in
cooperation with R&D institutions. The applications would be submitted by the
companies alone but they would make a commitment to use at least 50% of the
project funds to buy the applied research service from an Estonian R&D
institution. The total duration of such projects could be even up to 5 years (to
create a more stable environment) and the measure could constitute the largest
part of the future programme for public funding of biotechnology.

3. Feasibility study of curiosity driven ideas both in R&D institutions and
companies The financing of up to 250 000 kroons per project would be allocated
only to cover current expenditures (e.g., reagent purchases) but not salaries or

infrastructure costs.
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4. Financial support to the teams and companies able to bring in foreign grants
or contractual financing. The government would match the amount that the
companies themselves can bring in from abroad, especially the private money.

5. Public support for the companies searching cooperation partners abroad.

6. Create a system where the state compensates part of the R&D costs of
biotechnology companies. At the end of the year, the companies would submit
an application to a specific public authority, stating their R&D costs. The
authority would hire competent auditors to review the applications and check
whether the stated expenditures fall into the category of R&D and if the
application is granted, the company would be refunded a fixed percentage of its

R&D costs.
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To stimulate economic growth, Estonia needs to assess the potential benefits of possible

research and technology achievements. This chapter deals with the infrastructure of

biotechnology and with the ethical, legal and social environment.

% &

Creation of a competitive research and development environment requires further
improvement of core laboratories in cooperation with different fields. The expensive
equipment of core laboratories should ensure technological competence and application
of modern research and analysis methods in the research labs of academic institutions and
in the companies. The ability of the universities to cooperate with the private sector needs

improvement and creation of university spin-off companies should be supported.

Some important biotechnological core laboratories have already been created in Estonia.
However, the sustainability of the laboratories could become a problem due to the current
weakness of the sector. Efficient functioning of these laboratories would facilitate
international cooperation and the consequent access to the latest research and technical
information and electronic databases; it would also support the development of data

communication and networks.
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The current legal environment includes, in addition to national instruments, also
international conventions signed by the Government of the Republic and ratified by the
parliament. For instance, such international documents include:

Convention for the Protection of Human Rights and Fundamental Freedoms; RT II 1996,

11/12, 34
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Convention for the Protection of Human Rights and Dignity of the Human Being with
regard to the Application of Biology and Medicine and the Additional Protocol on the
Prohibition of Cloning Human Beings; RTII, 07.01.2002, 1, 2

Additional Protocol to the Convention on Human Rights and Biomedicine, on

Transplantation of Organs and Tissues of Human Origin; RTII, 11.07.2003, 18, 92

National regulation comprises above all the following legal instruments:

Law of Obligations Act, RT 12001, 81, 487

Penal Code, RT 12001, 61, 364

Transplantation of Organs and Tissues Act, RT 12002, 21, 118

Human Genes Research Act, RT 12000, 104, 685

Medicinal Products Act, RT 12005, 2, 4

Artificial Insemination and Embryo Protection Act, RT 11997, 51, 824

Animal Protection Act, RT 12001, 3, 4

Deliberate Release Into the Environment of Genetically Modified Organisms Act, RT I
2004, 30, 209

Act on the Contained Use of Genetically Modified Microorganisms, RT 12001, 97, 603
Patents Act, RT 11994, 25, 406

Utility Models Act, RT 1 1994, 25, 407

Law of Determination of the Cause of Death, RT 12005, 24, 179

Personal Data Protection Act, RT 2003, 26, 158
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Being a member of the EU, Estonia accepts all permits for the use and cultivation of
GMOs issued in the EU and bases its legislation on the EU legal instruments. Estonia has
three regulative ministries responsible for GMO issues: Ministry of Agriculture, Ministry
of the Environment and the Ministry of Social Affairs. The Ministry of the Environment
deals with GMOs as living organisms. The Environmental Inspectorate is the subordinate

authority of the Ministry of the Environment. The Ministry of Agriculture deals mainly
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with GM food and animal feed but also with the use of genetically modified animals for
animal experiments. The Ministry supervises the Agricultural Research Centre, which
uses the GMO laboratory of the Tallinn University of Technology as its reference
laboratory. The area of government of the Ministry of Agriculture also includes the
Veterinary and Food Board and the Veterinary and Food Laboratory as its reference lab.
Both laboratories use the real time PCR method and qualitative PCR method for GMO
identification. The Ministry of Social Affairs is responsible for authorisations of

contained use of genetically modified microorganisms.

The Ministry of the Environment has established a Gene Technology Committee as an
advisory body in the field of GMOs. The duties of the Committee are specified in the
Deliberate Release Into the Environment of Genetically Modified Organisms Act. The
Committee has no executive powers and any decisions made in GTC meetings are
submitted to the government authorities as proposals, opinions or assessments. The
opinions of the Committee are recommendatory. The government area of the Ministry of
Agriculture includes the Advisory Committee of Novel Foods working at the Veterinary
and Food Board as an advisory body in the issues of novel foods and genetically
modified foods. Based on the information received, the Committee develops positions for
the Veterinary and Food Board regarding the safety and compliance of novel foods and
genetically modified foods, sufficiency and relevance of food tests, and the decisions and

opinions based on such tests.
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The task of human research ethics committees is to ensure the protection of the health,
dignity, identity, security and other rights and freedoms of the persons participating in
human research. In the case of animal research, the researchers need to ensure natural and
humane care, accommodation and natural freedom of movement of animals involved in
experiments. According to an agreement, all publicly funded research projects have to
undergo an ethical assessment since 1991. Projects without an approval of the ethics

committee are not considered.

52



Estonia currently has the following committees dealing with issues relevant to
biotechnology:

e University of Tartu Human Research Ethics Committee;

e Tallinn Medical Research Ethics Committee;

e Animal Testing Permits Committee.

Permits for human research are issued by the University of Tartu Human Research Ethics
Committee (www.ut.ee/ta/teadus/eetika) and the Tallinn Medical Research Ethics
Committee (www.tai.ee/?1d=1960). The committees have equal legal status and meet

once a month, except in July.

Animal experiment is defined as the use of an animal for a permitted scientific purpose,
including:

1) prevention, diagnosis or treatment of disease in humans, animals or plants;

2) development and safety testing of drugs, foodstuffs and other substances or products;
3) detection, assessment, regulation or modification of physiological conditions in
humans, animals or plants;

4) protection of the natural environment in the interests of the health or welfare of
humans or animals;

5) education and training, except upon the provision of general education and teaching of
general subjects;

6) judicial examination.
It is prohibited to conduct animal experiments for the purposes of development of
weapons and ammunition, and for the development of the tobacco products and certain

cosmetic products.

There are three types of establishments dealing with experimental animals:
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1) experimental animals breeding establishment;
2) experimental animals supply establishment;

3) experimental animals user establishment.

All these establishments are authorised and monitored by the Veterinary and Food Board.
The requirements for these establishments and the procedure for approval have been
provided in the Government of the Republic Regulation No. 181 of 30 April 2004 on
‘The Requirements for Experimental Animals Breeding, Supplying and User
Establishment and the Procedure for Approval thereof’. In order to receive approval, a
representative of the establishment should contact the local office of the Veterinary and
Food board and fill out an application form. An experimental animals user establishment
should hold both the said approval and a permit for the conduct of the animal experiment
granted by the permits committee formed by the Minister of Agriculture pursuant to the
Government of the Republic Regulation No. 187 of 1 July 2003 on ‘The Procedure for
the Formation of the Committee which Grants Permits for the Conduct of Animal
Experiments, its Functions and its Rules of Procedure and the Formats for the
Application and Report Concerning an Animal Experiment’. If experiments are
conducted with a genetically modified animal, a risk analysis of animal experiments is
also required. The respective requirements are provided in the Government of the
Republic Regulation No. 377 of 10 December 2002 on ‘The Requirements for
Preparation of Risk Analyses of Animal Experiments involving Genetically Modified

Animals and Mandatory Information to be Presented in the Risk Analysis’.

Furthermore, the Estonian Council on Bioethics was established in 1998 at the Ministry
of Social Affairs. The Council is responsible for: 1) shaping common bioethical positions
in the fields of medicine; 2) introducing the principles of bioethics to the public and
organising the publication of relevant information; 3) coordinating the activities of ethics
committees on human research and committees on bioethics that exist in Estonia; 4)
making proposals on bioethics upon preparing draft Acts and other legislation, and 5)

advising the Riigikogu and government agencies on bioethics.
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Biotechnological research and applications should conform to the highest ethical
standards. Conformity to ethical standards is ensured by transparent ethical and legal
regulation based on clear foundations, efficient system of ethics committees, training in
bioethics and promotion of ethical knowledge in the society. Biotechnology raises several
ethical questions that require both scientific justification and informed public debate.

Such questions include:

¢ involvement of human subjects in research and clinical trials;

e use of animals for scientific research;

e disclosure, preservation and use of human genetic information;
e gene therapy and cloning;

e potential impact of GMOs on the environment;

e horizontal gene transfer from GMOs to other species;

e use of human embryos for research purposes.

Application of new technologies is often met with public uncertainty or opposition. The
opposition is frequently caused by the lack of knowledge or prejudices. Therefore, it is
very important to inform the public about the nature of new technologies, the associated
ethical issues, the benefits and risks of applications, and the methods used for risk
assessment and management. The people should be confident that the use of
biotechnology does not harm their health or the environment and does not endanger the

shared values of the society.

Estonia has several institutions that deal with the ethical issues in the field of
biotechnology, such as the Ministry of Social Affairs, Ministry of Education and
Research, Ministry of Economic Affairs and Communications, etc. They all need to
approach the ethical issues from the viewpoint of their respective areas of government.

Additionally, there are also the aforementioned specialised ethics committees.
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Internally in the biotechnology sector, the development of agricultural
biotechnology (plant and animal breeding, agricultural plant and animal
physiology, veterinary research and phytopathology, etc.) and industrial
biotechnology, incl. creation of corresponding core laboratories, has been
significantly under-financed.

There are no support mechanisms to maintain the existing biotechnological core
laboratories.

Scattering of responsibilities; different ministries deal with different aspects of
ethical expertise and competence. There is no single authority that could

coordinate the entire field.

Implement a support scheme for agricultural and industrial biotechnology.
Create a separate support scheme in order to modernise the infrastructures of
agricultural and industrial biotechnology in Estonia.

Maintain and, if necessary, create additional biotechnological core
laboratories. The primary need is to cover the expenditures on laboratory
equipment maintenance contracts.

Facilitate the creation of a biotechnology cluster. Facilitate the creation of a
cluster in biotechnology and, more generally, in all high-tech fields to provide the
businesses with a better overview of each other’s activities and increase mutual
cooperation.

a. Estonian Biotechnology Association and its members participate actively
in associated projects to find various biotechnological applications,
organises seminars to introduce various biotechnology applications
implemented in the world, inviting guest speakers from abroad. This

would facilitate creation of contacts and prepare the next stage where a
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specific person could be invited to a company to discuss opportunities for
future cooperation.

b. Compensation for initial awareness-raising efforts to people who promote
the potential of biotechnology in other sectors; creation of a mentorship

scheme.

4. Better coordination of the work of bioethics institutions and committees and
development of transparent and efficient ethical and legal regulation based
on clear foundations.

a. Establishment of a National Centre for Ethical Documentation,
Information and Communications responsible for collecting and
forwarding ethical information from and to the users and creation of a
discussion forum on an ethics web site at www.eetika.ee;

b. Establishment of a reference centre that would provide research
institutions and companies with the competence to elaborate the ethical
issues of different applications. It is important to offer further training

opportunities to researchers and technologists.
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This chapter analyses possible correlation between public sector investments and the
economic indicators of biotechnology institutions and companies. Statistically significant
correlation enables developing an oeconometric model to project the future of

biotechnology in Estonia.

World practice indicates that government intervention and deliberate development of
public innovation policy has played a very large role in the countries with recent
significant advancements in the biotechnology sector (e.g., Scandinavian countries,

France, Germany).

The initial data of our analysis included relevant time series characterising the situation in
the USA, Germany, Denmark, Finland, Sweden and other countries. The data from
Denmark was most significant, because these time series were the most comprehensive.
The similarities of size, culture and geography between Denmark and Estonia were also

important.

The Danish public investment in the biotechnology sector has been over 100 million
USD annually since the 1990ies and reached nearly 170 million USD by 2003. Such
considerable investment has enabled to educate a sufficient number of specialists for the
sector. This in turn has led to a significant increase in the private sector investments,
doubling of the R&D expenditures, quadrupling of the number of employees and tripling
of the number of Danish biotechnology companies over the period 1997-2003. The sales

revenue, for instance, increased between 2001 and 2003 by 40%.

The examples from Denmark and many other countries clearly demonstrate that

economic growth can be achieved if the public sector creates an environment where the
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private sector can start making investments. The following table shows Danish public

sector investments in the biotechnology sector (bn USD) between 1997 and 2003.

Table 6. Danish public sector investments in the biotechnology sector (bn USD) between

1997 and 2003

T
% '&"& %g
0.1674
0.1401
0.1270
0.1308
888 0.1243
88 0.1209
889 0.1143

Source: Bloch, 2004

We assume that public sector investment in biotechnology leads to increased employment
in the field and the consequent increase in the number of companies, private sector

investment, R&D expenditures and, finally, sales revenues.

We first checked whether the selected example of Denmark contains a significant
correlation between public sector investments and the rate of employment (number of
employees). We therefore analysed two samples: 1) public sector investment (Table 6)
and 2) the number of employees in Danish biotechnology companies in the same period.

This sample is presented in the table below.
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Table 7. Number of employees in Danish biotechnology companies between 1997 and

2003

#HS TIHC &% YH L/

HT I % &
17 902
16 800
15 300
12394
888 10 788
88 9912
889 4324

Source: Bloch, 2004

Using specific calculation models, we found that the correlation coefficient between the
samples is r = 0.81, which indicates a considerable level of correlation. The correlation

field is graphically presented on the following figure.
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0
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Investment, bn USD

Figure 5. Public sector investment and employment (number of employees): Danish
example

Source: Laidre, 2008
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Having checked the accuracy of our assumption that public sector investment helps to
increase employment in the respective sector, we next attempt to describe this correlation
in the form of an oeconometric model enabling us to project the economic developments
in Estonia (on the condition that the assumed similarity between the past Danish and

future Estonian developments is accepted).

In order to develop the oeconometric model, we convert the above samples (public sector
investment, number of employees) into relative values to create two new derivative
samples.

The first sample is the volume of public sector investment relative to the baseline level
(i.e., 100% in the year 1998) and the second is the number of employees relative to the
baseline (100% in 1998). These two derivative samples are presented in the following

table.

Table 8. Volume of public sector investments relative to the baseline (i.e., 100 % in

1998) and number of employees relative to the baseline (100 % in 1998)

138.5% 181%
115.9% 169%
105.0% 154%
108.2% 125%
888 102.0% 888 109%
88 100.0% 88 100%

Source: Laidre, 2008

The following is a graphic representation of the samples reduced to relative indicators

(incl. trend).
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Figure 6. Correlation between relative indicators of public sector investment and
employment in the Danish example

Source: Laidre, 2008

Using specific calculation and analysis methods, we have developed a probable
oeconometric model applicable to these derivative samples, as well as the parameters of

the corresponding function:

Y=19x-05+e¢

where
Y is the number of employees relative to the baseline,
x 1s the volume of public sector investments relative to the baseline,

e is random component.

As a next step, we use the developed model to project the future developments in the

Estonian biotechnology sector.
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Estonia’s biotechnology sector is small. Its turnover in 2006 was 280 million kroons and
the average annual growth of the sector has been around 30%. Continuation of the current
growth rate requires, above all, creation of human resources with the necessary
experiences and adequate training, because the growth of the sector would slow down at
the current level of resources. So far, the companies have been often set up by enthusiasts
but this will not be enough to maintain the current growth rate in the near future. The
analyses and interviews during the preparation of the strategy clearly indicated that the
most urgent task is educating new people and achieving a critical mass, which is a
precondition for the creation of new companies. Sufficient human resources with the
necessary training in the biotechnology sector is an absolute requirement also for the
creation of interest among large biotechnology and pharmaceutical companies, which

under favourable circumstances could lead to significant investment decisions.

The following table indicates the projected public sector investments, based on the
assumption that the national biotechnology program will be launched, and the estimated
number of employees in Estonian biotechnology companies. The regression model
developed above has been used to project the number of employees after the year 2011;

the employment estimates for the period 2008-2010 are based on expert assessments.

Table 9.Public sector investment and the estimated number of employees in Estonian

biotechnology companies from 2008 to 2015

## "HC &%
V# ./, #7:1 % &

7 3 : 410

8 < 3 803 470
8 ; - 500

- < 3 800

- - 900

7 : : 1 000

0 < 9; : 1050
7 <7 8; 73 1075

Source: Laidre, 2008
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Figure 7. Projection of the number of people employed in the biotechnology sector

Source: Laidre, 2008
Additionally, we project the sales revenue of the institutions and businesses in the
biotechnology sector. Sales revenue includes the income from the sale of products and

services, sale of patents and licenses, and targeted funding received (support, grants).

The calculations are based on two values:
1) expert assessment of the average sales revenue per employee,

2) the above projection of the number of employees.

The results of the calculations are presented in the following table and chart.
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Table 10. Projected number of employees in biotechnology companies, sales revenue per

employee and sales revenue of the sector from 2002 to 2016

~

Source: Laidre, 2008
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Figure 8. Projection of the sales revenue of the biotechnology sector from 2008 to 2016

Source: Laidre, 2008

The objective of the strategy is, above all, to maintain the current rapid rate of growth,

because otherwise, without introducing new instruments, the growth of the sector would

slow down considerably. With the measures implemented, it would be realistic to expect
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that around the year 2015 the biotechnology sector will have achieved a sufficient critical
mass for the large biotechnology companies to direct their investments into Estonia. In
the light of this probable development, it would be very difficult to predict at the moment
the level of growth in the biotechnology sector beyond the year 2015.
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1. In your opinion, what should be included in the Estonian National
Biotechnology Program and what would be your expectations from this

program?

2. In your opinion, what are the most important (noteworthy) developments in

the biotechnology sector in the last five years?

3. Describe your ideal of the Estonian biotechnology sector after five years.

4. What resources do you think would be required in order for this described

vision to become reality?

5. In your opinion, which factors support (complicate) the achievement of these

objectives?

6. Is the funding of biotechnological research in Estonia sufficient to attain the

described visions?

7. What would be your assessment of the development potential of the Estonian

biotechnology companies?
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Name WWW/email Founded Core business
in
ACESO Envirtech OU meelis.niinepuu@innopolis.ee 2002(Developing technology
using microorganisms to
clean waste in
environment
Applied Phenomics OU www.appliedphenomics.ee 2002{Molecular expression
info@appliedphenomics.ee profi ling, molecular
pathology services
Asper Biotech AS www.asperbio.com 1999|Custom mutation

info@asperbio.com

detection and SNP
genotyping services and
products for association
studies and haplotyping
projects based on APEX
technology

Balti Tehnoloogiaarenduse

AS

info@molcode.com

1998

Product development

Bestenbalt OU www.bestenbalt.com 2002|Proteomics-related
info@bestenbalt.com services including
production, purification
and identification
Bimkemi Eesti AS www.bimkemi.com 1998|Development specialty

info@bimkemi.ee

chemicals for the
worldwide pulp and paper
industry
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Bioatlas AS

www.bioatlas.com

info@bioatlas.com

2006

Development and
marketing of molecular

biological reagents

BioData OU www.biodata.ee 2000|Methods and software for
biodata@biodata.ee large-scale SNP
genotyping, fully
automated systems for
automatic processing and
analysis of large datasets.
Bioexpert AS www.bioexpert.ee 1996(Additives for food
info@bioexpert.ee processing industry,
laboratory equipment
Biomedium OU www.biomedium.ee 2005| Development, producing
leho@biomedium.ee and marketing of
biomaterials and
genetically modified cell
and tissue cultures
Biotap OU madis.metsis@hotmail.com 2007Metagenomics of micro-
organisms
Celecure AS www.celecure.com 2002(Discovery and preclinical
info@celecure.com development of next
generation tumour cell
specific therapeutic
compounds against cancer
CeMines Estonia OU WWW.cemines.com 2004|Cancer biomarker
kaia.palm@cemines.com research
CePeP Eesti OU WWW.cepep.se 1996/Production of
marie-louise@cepep.se biochemical products
Dermarep OU www.dermarep.com 2007|Cosmetics

kylliki.piatecki@dermarep.com
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Egeen AS

www.egeeninc.com

egeeninc(@egeeninc.com

2001

Medical data collection

and analysis

Elementum OU

olev(@cresco.ee

2003

Research and
development of lactic acid

and its products

Evotec Technologies Eesti  [www.evotec-technologies.com 2003|Development of cell
oU info@evotec-technologies.com technologies
Fibro TX OU www.fibrotx.com 2005|Cosmetics and diseases of

toomas.neuman(@fibrotx.com

connective tissue

FIT Biotech Oyi Plc Estonia

www.fitbiotech.com

info@fitbiotech.com

2001

DNA vaccination,
immuno- and gene

therapies

TasGen OU

ulo.puurand@mail.ee

2001

Novel methods for

genome analyses

Immunotron OU

raivou@ut.ee

2000

Novel immunodiagnostic

devices for human

diseases
InBio OU www.inbiolabs.com 1999|Custom antibody services
info@inbiolabs.com and peptide synthesis,
research in the field of
cell membrane
penetrating antibody
technologies and
diagnostic and therapeutic
intabodies
Kemotex Bio OU www.kemotex.ee 1990|Chemical synthesis
info@kemotex.ee
Kevelt AS www.kevelt.ee 1998|Production of sterile

kevelt@chemnet.ee

pharmaceuticals and

bioactive eicosanoids for
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scientific purposes

Kinasera OU

www.kinasera.com

info@kinasera.com

2007

Development and
commercialization of
novel inhibitors of protein
kinases and assay
technologies for screening
and characterization
inhibitors of protein

kinases

Labas AS

www.labas.ee

info@labas.ee

1991

Production, purification
and labeling of mono- and

polyclonal antibodies

Labema Eesti OU

www.labema.ee

labema@labema.ee

1996

Import and export of
laboratory equipment and

chemicals

LabExpert OU

www.labexpert.ee

info@labexpert.ee

2000

Import and export of
laboratory equipment and

chemicals

Mikrolabor OU

elken@kbfi.ee

2001

Production and sell of

laboratory equipment

Mikrotaim OU

www.eau/~agt/mustikas/mikrotaim.html

kaldmae@estpak.ee

2001

Specific
micropropagation
protocols for different
plant species, initiation of
plant tissue cultures,
micro propagated plant

material

MolCode AS

www.molcode.com

info@molcode.com

2004

Technological
development and

consultations
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Naxo OU www.naxolab.com 1997(Production of enzymes
naxo@naxolab.com and reagents
PharmaSynth AS www.pharmasynth.ee 2004(Organic synthesis,
pharmasynth@pharmasynth.ee medical chemistry and
diagnostics
ProSyntest AS Www.prosyntest.com 1998 Manufactoring of fine
info@prosyntest.com chemicals and
development of chemical
processes
ProtoBios OU kaia@protobios.com 2003|Stem cell based cell
therapy, drug design
based on treatment of
transcriptional
mechanisms
Quantum Eesti AS www.quantum.ee 2001{Laboratory and medical
quantum(@quantum.ee diagnostics equipment
Quattromed AS www.quattromed.ee 1999|Research in the fields of
info@quattromed.ee gene therapy and gene
vaccination
Quattromed HTI Laborid  [www.laborid.ee 2006Medical diagnostics
ouU tallinn@laborid.ee services
Quattromed Rakuvabrik OU [www.cellfactory.quattromed.com 2005Research and
gmcf@quattromed.com development
Quintiles Estonia OU www.quintiles.com 2000|Clinical studies
katrin.otsalt@quintiles.com
Quretec AS www.quretec.ee 2004 Bioinformatics,
quretec(@quretec.ee development of
biotechnology databases
Riistakast OU www.genomictoolbox.com 2004|Research and

madis@genomictoolbox.com

development on
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biotechnology and

bioinformatics
Solis BioDyne OU www.sbd.ee 1997|Production of high-
solis@sbd.ee quality thermostable
DNA polymerases
Stenil OU jaanus(@steri.ee 2004|Development service in
medicine
Steri AS www.steri.ee 2003|Irradiation service

info@steri.ee

Tartu Biotehnoloogia Park
AS

www.biopark.ee

biopark@biopark.ee

2002

Providing physical
infrastructure as well as
business development and
consultancy services to
companies and R&D
institutions in the fields of
biotechnology, medicine

and veterinary medicine

TBD-Biodiscovery OU

www.biodiscovery.eu

allan.nurk@ut.ee

2006

Service company

Tervisliku piima

www.tptak.ee

2005

Research and

biotehnoloogiate ene.tammsaar@emu.ee development on diary and
arenduskeskus OU other food products
Toidu ja www.tftak.org 2005| Research and
fermentatsioonitehnoloogiate(info@tftak.org development on food
arenduskeskus biotechnology

TorroSen OU www.hot.ee/torrosen 1999|Research and

toonika@ut.ee

development on

biosensors

Vihiuuringute tehnoloogiate

arenduskeskus AS

www.vtak.ee

info@vtak.ee

2005

Research and

development on
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biotechnology and

molecular biology
Visgenyx OU WWW.visgenyx.com 1999|Scientific research on
visgenyx(@visgenyx.com biotechnology and
molecular medicine
Werol Tehased AS www.werol.ee 1997|Production of feed protein
werol@peregrupp.ee and food oil
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