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In the context of climate change, ecological boundaries, increasing environmental pressures and biodiversity loss, scientific community
together with policy makers is searching for sources of change towards sustainable bioeconomy. Therefore, there is a clear scientific
interest in connection of innovation and sustainable development as well as competitiveness. As RDI is proved by empirical research
to be a driver of sustainability and competitiveness of bioeconomy, it is relevant to look at the innovation performance of different
countries for comparison. This article aims to make a comparative overview of the bioeconomy related research and innovation
performance between BIOEAST countries (Bulgaria, Czech Republic, Estonia, Croatia, Latvia, Lithuania, Hungary, Poland, Romania,
Slovenia and Slovakia). Comparison to EU-27 (from 2020) and the EU Innovation Leaders is also made. The methodology is based on
methods of analysis, interpretation and relevant comparisons of selected indicators. The research results point out that BIOEAST
countries show very different innovation performance results. There is a wide innovation performance gap between most BIOEAST
countries and the EU Innovation Leaders in terms of citable publications and especially patenting activity. Leading BIOEAST countries
are in some cases similar to the EU Innovation Leaders. The research may be interesting for both researchers and policy makers and
offers opportunities for future studies on the subject.

Keywords: research and innovation, BIOEAST countries, sustainability, competitiveness.
INTRODUCTION

In the context of climate change, expanding understanding of ecological boundaries, increasing environmental
pressures and biodiversity loss, scientific community together with policy makers is in constant search of sources for the
change towards sustainable bioeconomy. Naturally, there is a clear scientific interest in connection of innovation and
sustainable development (Adenle et al., 2015; Llorca-Ponce et al., 2021). And empirical research has shown that research,
development and innovation (RDI) helps achieving sustainable development (Adenle et al. 2013; Fankhauser et al., 2013;
Adenle et al., 2015; Omri, 2019; Kuzma et al., 2020). Though Omri (2019) observed that technological innovation affects
all the three pillars of sustainable development only in the rich countries whereas in middle-income countries it contributes
to the economic and environmental pillars and no impact was found in low-income countries.

Importance of research and innovation for sustainable development is clearly stated in EU strategic documents. The
European Green Deal stipulates that ,,new technologies, sustainable solutions and disruptive innovation are critical to achieve
the objectives of the European Green Deal* (European Commission, 2019). European Commission’s prepared Bioeconomy
strategy’s (2012, p. 2) goal “to pave the way to a more innovative, resource efficient and competitive society that reconciles
food security with the sustainable use of renewable resources for industrial purposes, while ensuring environmental
protection” that was confirmed to be still valid in the strategy’s update in 2018, also echoes RDI importance for sustainable
development. Horizon 2020 and the European Regional Development Fund, ensures ,,important Research and Innovation
outputs that can address cross-cutting challenges and opportunities in the bioeconomy* (European Commission, 2018, p. 7).

As seen above, the strategies also clearly state the innovation importance for competitiveness. This connection comes
from broad scientific literature, where it is rather unanimously agreed that innovation is the main driver of long-term growth
(following Solow’s growth model) and competitiveness. This understanding has been also based on Schumpeter’s creative
destruction (Schumpeter, 1934) and the later developed process of creative accumulation (Pavitt, 1986; Granstrand et al.,
1997; Cefis, Orsenigo, 2001). The latter model defines how firms have different capacity to accumulate technological
capabilities and to generate innovation. “The accumulated technological competencies are the key determinants and drivers
of firm innovation and competitiveness” (Dobrinsky, 2008, p. 53). Various empirical research can be found that confirms
the impact of innovation performance on economic growth/competitiveness (Aghion, Howitt, 2008; Ciocanel, Pavelescu,
2015; Nekrep et al., 2018; Simionescu et al., 2021). According to the international reference standard for conceptualizing
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and measuring innovation in the Oslo Manual (OECD/Eurostat, 2018), the research and development is a determining
element in innovation process (Llorca-Ponce et al., 2021). Therefore, all three — research, development and innovation —
elements are important for competitiveness.

Since RDI is considered as a driver of sustainability and competitiveness of bioeconomy, it is of a scientific interest
to look at the innovation performance of different countries for comparison. This article aims to make a comparative
overview of the bioeconomy related research and innovation performance between BIOEAST countries. BIOEAST
countries are involved in BIOEAST initiative! and include eleven Central and Eastern European countries: Bulgaria, Czech
Republic, Estonia, Croatia, Latvia, Lithuania, Hungary, Poland, Romania, Slovenia and Slovakia. According to European
and Regional Innovation Scoreboard, most of BIOEAST countries are considered as moderate innovators with exception of
Estonia that is categorized as strong innovator and Romania and Bulgaria that are modest innovators. None of BIOEAST
countries are considered as Innovation Leaders, so it is important to see how far behind in RDI they are. BIOEAST countries
are therefore compared to the EU Innovation Leaders such as Denmark, Finland, Sweden and the Netherlands (in 2018).

RESEARCH METHODS

For the comparative overview of bioeconomy related research and innovation performance in eleven BIOEAST
countries, several indicators were analysed. The analysis mainly focusses on the bioeconomy related RDI outputs in BIOEAST
countries as well as four EU Innovation Leaders (Sweden, Denmark, Finland and the Netherlands). Short comparisons to EU-
27 (from 2020) are also done. Two kinds of RDI outputs — patents, publications — are discussed. It also covers RDI input — EU
funds allocation by bioeconomy related Horizon 2020 programmes in selected countries. As far as statistics allow, an overview
of business RDI performance in different fully and partly bio-based industries is also made.

To sum up, the selected indicators are:

1) the patenting activities by bioeconomy related field of technology according to the patent applications per million
inhabitants. Applications per Mio inhab. were calculated as a ratio of cumulative patent applications over 2015-2019 to
million inhabitants at the last year of the period. Five years cumulative data were used for the analysis due to the fact
that most countries applicated only a few patents per year (or none in a given year) for the separate technological fields
in question.

2) citable publications by bioeconomy related research areas according to the citable publications per million inhabitants;

3) EU funds allocation by bioeconomy related Horizon 2020 programmes according to the share of net EU contribution.

4) Proportion of enterprises undertaking innovation activities of the main fully and partly bio-based industries of
bioeconomy. The innovating enterprises with 10 or more employees are included in the analysis. In this article, fully
bio-based industries are understood as a processing biomaterial to higher added value products (i.e. manufacture of food,
beverages and tobacco, wood, paper and leather products). Meanwhile, the partly bio-based industries include the
manufacture of bio-based products that are wholly or partly derived from biomaterials (i.e. manufacture of bio-based
textile and apparel, chemicals, pharmaceuticals, rubber and plastics, furniture, bioenergy, etc.).

Data sources used:

— For patenting activities European Patent Office (EPO) and Eurostat data was used.

— For citable publications analysis data was extracted from the publicly available SIR — SCImago Journal & Country Rank
portal that includes the journals and country scientific indicators based on scientometric information provided by the
Scopus database.

— For EU funds allocation by bioeconomy related Horizon 2020 programmes Horizon 2020 Country Profiles data in
Research and innovation Statistics portal was used.

— For proportion of enterprises undertaking innovation activities of the main fully and partly bio-based industries in
BIOEAST countries and the EU Innovation Leaders Community Innovation Survey in 2016-2018 (Eurostat) data
was used.

RESULTS

Patents are a widely accepted measure of innovation performance (Archibugi, 1992; Raghupathi, Raghupathi, 2017;
Kalapouti, 2020). Therefore, first of all, the patenting activity of BIOEAST countries was analysed. In general, the intensity of
patenting activity was much lower in BIOEAST countries compared to all EU-27 with differences from 8 to 27 times in
applications per million inhabitants. The share of pharmaceuticals, basic materials chemistry and food chemistry patents among
all BIOEAST countries patents in 2015-2019 amounted to 6.6-4.5%, whereas in EU-27 these figures were lower, what indicates
that BIOEAST countries were relatively more focused on research and technologies development in these fields.

The cumulative patent applications data of 2015-2019 (Figure 1) shows that Slovenia is the leader among BIOEAST
countries with total 71.1 patent applications per million inhabitants in identified bioeconomy related fields, followed by Czech
Republic with 30.6 patents submitted for every million inhabitants and Estonia (third in this ranking with 23.4 patent applications
per Mio inhab.). Slovakia, Romania and Bulgaria were at the lower end of the ranking with 6.4, 1.1 and 3.4 applications per

1 A political Central-Eastern European Initiative for Knowledge-based Agriculture, Aquaculture and Forestry in the Bioeconomy, that offers a common
political commitment and shared strategic research and innovation framework for working towards sustainable bioeconomies in the Central and Eastern
European (CEE) countries.
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Mio inhabitants respectively. In comparison, the EU Innovation Leader countries had from 172 to 587 patent applications in
identified bioeconomy fields per million inhabitants.

Looking deeper, the highest patenting activity in Slovenia is observed in organic fine chemistry field with 25 patents per
million inhabitants, leaving behind Czech Republic (9.4 patents) and Hungary (4.8 patents) as well as Finland and Sweden with
12.3 and 22.5 patents per Mio inhab. respectively. Other patenting focal points in Slovenia are pharmaceuticals and
biotechnology (12.5 and 12 patents per Mio inhab. respectively). Few other BIOEAST countries are somewhat on the similar
level of patenting activity only in biotechnology field with 9.7 patents per million inhabitants in Lithuania and 9.1 patents per
Mio inhab. in Estonia. Whereas Denmark had 216.8 patents per million inhabitants during 2015-2019. Patenting activities in
other fields and other BIOEAST countries are of mostly negligible levels.

Patent applications per Mio inhab., 2015-2019
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Figure 1. Patenting activities by bioeconomy related field of technology in BIOEAST countries and in the EU Innovation Leaders, 2015-2019

Another important indicator of RDI activities is total number of citable scientific publications across bioeconomy
related research areas such as life sciences, physical and health sciences. The total share of bioeconomy related citable
publications prepared by BIOEAST and EU-27 researchers in 2019 was on a similar level of around 27-28%. While BIOEAST
countries showed a relative specialization in agriculture and biological sciences research areas the EU-27 was relatively more
focused on biochemistry, genetic and molecular biology. Nonetheless, these two research areas were the largest among all
bioeconomy related ones both in BIOEAST countries and EU-27. The citable scientific publications intensity (measured per
Mio. inhabitants) was higher in EU-27 than in BIOEAST countries in all areas except for veterinary science.

An analysis of scientific citable publications data per million inhabitants demonstrated that again the leaders among
BIOEAST countries are Estonia, Slovenia and Czech Republic (Figure 2) with totals of 888, 770 and 700 publications
respectively (close to the Netherlands with 892 publications in total). They have also shown the highest performance in
production of public-private co-publications (Slovenia 95.3, Czech Republic 60.2, Estonia 53 public-private co-publications
per Mio. inhabitants). Though only Slovenia was above EU average (86.4 publications), which illustrates very weak
academia-business links in BIOEAST countries compared to EU and EU Innovation Leaders. Worst results were delivered
by Romania, Bulgaria and Lithuania with less than 20 public-private co-publications per million inhabitants in 2018.

Citable publications per Mio inhab., 2015-2019
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Note: *the following bioeconomy related science areas are included in the Environmental science categories: ecological modelling, ecology, nature
and landscape conservation.

Figure 2. Citable publications by bioeconomy related research areas of BIOEAST countries and the EU Innovation Leaders, 2015-2019
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On the other hand, according to the data on top 10% most-cited scientific publications, Czech Republic is replaced
by Lithuania in the top 3 of BIOEAST countries with score of 50.1 in 20182 (Estonia and Slovenia had scored 81.1 and 73.4
respectively). While the worst in terms of high impact scientific publications was noticed in Romania, Croatia and Bulgaria
(36.3, 26.8 and 20.9 scores respectively).

When looking at the various sciences areas, both agricultural and biological sciences, and biochemistry, genetics
and molecular biology sciences amounted biggest share of publications in bioeconomy related research areas in all
BIOEAST countries as well as in the EU Innovation leaders (Figure 2). Estonian scientists have published 332
publications in agricultural and biological sciences, surpassing all EU Innovation Leaders except Denmark (with 428
publications). Czech Republic is second among BIOEAST countries with 259 publications, Slovenia is third with 244,
Only Bulgaria and Romania had less than 100 publications in the area. In biochemistry, genetics and molecular biology
sciences highest number of publications was published in Slovenia (284), followed by Estonia and Czech Republic
(271 and 259 publications respectively). Latvia, Bulgaria and Romania had the lowest number of publications in this
area. While the EU Innovation Leaders had much higher numbers of publications in biochemistry, genetics and
molecular biology sciences: from 410 in Finland to 667 in Denmark.

All other sciences areas had significantly lower numbers of publications, with similarly low quantities of
publications in materials science (biomaterials), bioengineering and biomedical engineering in the EU Innovation
Leaders and leading BIOEAST countries. Overall, most of BIOEAST countries, especially Latvia, Poland, Hungary,
Bulgaria and Romania, shows very low performance in publications in bioeconomy related science areas compared to
the EU Innovation Leaders.

As mentioned in second section, Horizon 2020 funding for bioeconomy related RDI projects was chosen for
comparison among BIOEAST countries as an input of RDI. In BIOEAST countries, net EU contribution under Horizon
2020 amounted to EUR 2 958.5 million., which accounted for 5.2% of the total net EU contribution in the EU-27
during the 2014-2020. H2020 funds intensity per capita was more than three times lower in BIOEAST countries
compared to EU27 (EUR 29 vs EUR 110 per capita) during the same period. Whereas the highest net EU contribution
per capita was in Estonia and Slovenia while the rest of BIOEAST countries were far behind (Bulgaria, Poland and
Romania were at the end of the rank). The highest total share of H2020 funds located to Bioeconomy related
programmes were in Slovakia (31%), Croatia (32.2%) and Romania (29.4%). In comparison to EU-27, relatively higher
share of net EU contribution to bioeconomy related programmes was allocated in BIOEAST countries with highest
difference in SC2 programme “Food security, sustainable agriculture and forestry, marine and maritime and inland
water research and the bioeconomy” (7.4% vs. 5%). Among BIOEAST countries, the highest SC2 proportion was in
Slovakia (21.5%), followed by Romania (13.5%), Latvia (9%), Hungary (8.3%), Estonia and Croatia (9% each),
indicating the strong specialization of R&D activities in the field of SC2. On the other hand, the lowest shares were
recorded in the Czech Republic (4.2%), Poland (4.6%) and Slovenia (6%). EU Innovation leaders had similar shares
of funds allocated to SC2 (Sweden 3.9%, the Netherlands 5.6%, Finland 5.8% and Denmark 7.7%).

Projects under Societal Challenge 3 “Secure, clean and efficient energy” were most funded in Croatia, Bulgaria
and Slovenia (17.2%, 17.2% and 13.8% of total EU contribution under H2020 respectively), surpassing the EU
Innovation Leaders. In Societal Challenge 5 “Climate action, environment, resource efficiency and raw materials”,
Slovenia, Croatia and Romania have the highest shares, although they are rather low (6.5%, 5.4% and 5% respectively).
Though it should be noted that these two H2020 funding areas are only partly related to bioeconomy.
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Figure 3. EU funds allocation by bioeconomy related Horizon 2020 programmes in BIOEAST countries and
the EU Innovation Leaders, 2014-2020

2 10% most cited publications worldwide as % of total scientific publications of the country; data extracted from the European innovation scoreboard
2020 Database.
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The results of Community Innovation Survey (CIS) in 2018, presented in Figure 4, reveal several features of
innovation activities in ten industries that were fully or partly included in the bioeconomy. In Estonia 100% of enterprises
in manufacture of pharmaceuticals were considered as innovative enterprises (which had either introduced an innovation
or had any kind of innovative activity). The same situation is observed only in Finland when comparing BIOEAST
countries and the EU Innovation Leaders. This industry has the highest share of innovative enterprises in most of the
compared countries, together with manufacture of chemicals. Thus, in Hungary, Poland, Romania, Slovakia less than
50% of enterprises showed some form of innovation activity in latter sector. Romania and Slovakia had less than 50% of
innovative enterprises in manufacture of pharmaceuticals as well.

Other sectors like manufacture of food products and beverages, rubber and plastics, textiles, paper, wood products
and furniture and in industries of sewerage, waste management, remediation as well as electricity and gas had less than
50% of innovating companies in most of BIOEAST countries. Nonetheless, leading BIOEAST countries in terms of ratio
of innovative enterprises (Estonia, Croatia, Slovenia and Lithuania) had somewhat similar shares to those of the EU
Innovation Leaders: Lithuania being similar to Sweden, Croatia and Slovenia to Denmark, Estonia to Finland. Other
BIOEAST countries lag behind. It should be noted that Lithuania is the only BIOEAST country that has no industries
where share of innovating enterprises is lower than 50%.
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of data needed for separate indicators; **data for majority industries in 2016-2018, for several others industries in 2014-2016.

Figure 4. Proportion of enterprises undertaking innovation activities of the main fully and partly bio-based industries in BIOEAST
countries and the EU Innovation leaders, 2016-2018

CONCLUSIONS

Estonia justifies its attribution to strong innovators as the overview shows high results in citable scientific
publications and highest ratio of innovative enterprises among BIOEAST countries. Slovenia being very close to Estonia’s
results and top among moderate innovators in BIOEAST countries.

Slovakia, Croatia and Bulgaria show rather paradoxical results of RDI inputs and outputs with relatively higher
allocation of Horizon 2020 funds to bioeconomy related areas and providing mostly lowest results in patents and scientific
publications. On the other hand, Estonia, Lithuania and Czech Republic had rather high RDI outputs, but allocated the
lowest share of Horizon 2020 funds to bioeconomy related areas.

There is a wide innovation performance gap between most BIOEAST countries and the EU Innovation Leaders in
terms of citable publications and especially patenting activity.

Despite differences in RDI output between BIOEAST countries and the EU Innovation Leaders, similar share of
enterprises in Estonia, Croatia, Slovenia and Lithuania had either introduced an innovation or had any kind of innovative
activity as in the EU Innovation Leader countries in main fully and partly bio-based industries.
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