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Abstract: The bioeconomy occupies the centre of the Green Deal, the EU’s plan to support trans-
formative growth following the COVID-19 episode. However, parts of the EU, such as countries
in Central and Eastern Europe (CEE) continue to lag behind in harnessing the potential held by
the bioeconomy. This article argues that in CEE countries, where the primary and conventional
bioeconomy sectors play a more important role, ‘early’ transition pathways such as improvements in
productivity and practice- as well as commercialisation-oriented innovation (the do–use–interact
model: DUI) are just as important as approaches based on (generally publicly supported) R&D,
innovation adoption, and technology transfer (science–technology–innovation model: STI), typically
associated with high-value bioindustrial applications. The argument is tested by conducting a survey
of 352 experts in the region that gives an insight into the CEE macro-region’s assets with respect to
deploying the bioeconomy’s potential and assessing the transition pathways relevant to the better
performance of bioeconomy (primary, manufacturing, and other related) sectors. The results show
the particular relevance of consolidating the primary and traditional sectors to support improvements
in productivity based on the vertical and horizontal interaction typically associated with DUI, while
the relevance of STI is mostly linked to advanced sectors, which are narrowly distributed across the
region. The findings are relevant to policy given that the EU’s bioeconomy policy has thus far chiefly
focused on STI support that better corresponds to the needs of countries at more advanced stages of
developing the bioeconomy, but is less appropriate for the specific context and needs of CEE.

Keywords: bioeconomy; STI–DUI innovation modes; drivers of innovation; transition pathways;
Central and Eastern Europe; European Union; post-COVID recovery

1. Introduction: The ‘Green Curtain’ Akin to the Iron Curtain

The bioeconomy, i.e., an economy based on producing or using biological goods and
services, occupies the centre of the European Union’s Green Deal, a plan to boost economic
growth in the post-COVID-19 period while transforming the economy by decarbonising
it [1–7]. Within the EU, the countries of Central and East Europe (CEE) (Bulgaria, Croatia,
Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and
Slovenia) are often seen as lagging behind in developing their bioeconomy, thereby not
harnessing the huge potential held by the bioeconomy (e.g., almost one-third of agricultural
and one-quarter of forest biomass in the EU) [8–11].

The EU recognises this untapped potential in CEE as a specific problem. The EU’s
updated bioeconomy strategy states that the “ . . . low bioeconomy added value in the CEE
is at odds with their high, and, compared to other European regions, yet underutilised
biomass potential” [12]. An EU Council session devoted to the bioeconomy organised
in 2019 during Finland’s presidency reiterated the importance of this gap. Despite this,
actions to bridge the gap have remained limited in terms of supporting the BIOEAST
macroregional initiative which, since being established in 2016, coordinates activities
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aimed at boosting cooperation in strategic innovation and research as well as developing
dedicated bioeconomy strategies in CEECs. Thus, the Council has fallen short of CEE
countries’ expectations of stronger action being taken. With the European Green Deal, the
new multiannual budget for the period 2021–2027, and the Recovery and Resilience Fund
in the post-COVID-19 period stepping up activities for transformative growth [4,5,13,14],
the position of the CEE laggards has attracted greater attention. Moreover, the increasing
East–West divisions within the EU [15], exacerbated by the COVID-19 pandemic, have
made them more politically significant. The pandemic has seen much higher death tolls
in the Eastern EU countries as opposed to the Western ones [16,17], reflecting the varying
capacity of public institutions, policy, and the slow catch-up in (economic) convergence.

CEE countries’ position in being slow to utilise the bioeconomy’s potential is recog-
nised in the literature. Dietz et al. [18] argue that the EU is one of the leading bioeconomy
regions where considerable differences exist among member states. Studies focusing on
value added and employment in the bioeconomy sectors reveal the relative importance
of the primary sector and low productivity in CEE (i.e., agriculture accounting for 65%
of jobs and 38% of value added) [8,9]. These studies noted certain variations among the
countries, i.e., a subgroup firmly specialised in bioeconomy sectors and with a low level
of productivity (Bulgaria, Croatia, Latvia, Lithuania, Poland, and Romania) and another
group of countries with mid-level specialisation and low- to mid-level productivity (Czech
Republic, Estonia, Hungary, Slovakia, and Slovenia) [11]. Over time, the gap between CEE
countries and the rest of the EU has expanded since not one CEE country has been able to
significantly increase the share of sectors with higher value added and, relatedly, higher
labour productivity [9]. Other constraints pointed to are the stronger fossil dependence
and socioeconomic role of the primary sector, e.g., in rural regions [11].

The purpose of this article is to shed light on the position of CEE countries in deploying
the (sustainable) bioeconomy in order to evaluate current policy actions. The chief focus
of the EU’s bioeconomy policy has been on research and innovation as well as policy
coordination to enhance markets [7,12,13,19,20]. In contrast, this article argues that, while
relevant, these support mechanisms are more relevant to countries possessing advanced
knowledge- and capital-intensive bioeconomy sectors, but are not overly relevant for CEE
countries. This view finds support in the argument that the EU’s approach is based on the
science–technology–innovation (STI) transformation model that typically works best with
sectors featuring high value added. In CEE, where primary and traditional bioeconomy
sectors play a more important role, what might prove to be of greater relevance is a
model based on the transfer of more tacit knowledge and practices, vertical and horizontal
interaction within the value chains, and commercialisation (i.e., DUI: do–use–interact) [21].

We begin by defining the bioeconomy, the specific transition pathways, and various
context-dependent enablers in the process. We confront the two paradigms (STI and DUI)
that shape the transition to the (sustainable) bioeconomy and map out the role played by
the EU’s policies in this respect. In the methodology section, we discuss the data used in
existing studies and present the rationale underlying the survey on the transition pathways
and assets conducted among experts in the region. This is followed by a presentation of the
main findings in the context of existing studies and data, as well as a discussion of them
in regard to the relevance of the main argument of this article. The article concludes by
focusing on the findings’ policy relevance and making a call for further research.

2. Framework for Explaining the Transition to a Sustainable Bioeconomy
2.1. Sustainable Bioeconomy

The term bioeconomy is constantly evolving and gaining new emphases. According to
the European Commission’s comprehensive definition [12,20,22], the bioeconomy refers to:
(a) primary sectors that supply biomass (agriculture, forestry, fisheries, and aquaculture);
(b) secondary or industrial sectors that demand and transform biomass into intermediary
or final products (conventional ones based on bulky biomass, such as food, wood, paper,
and energy, as well as new ones based on low-bulk and high-value applications, such as
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chemicals, plastics and rubber, and the pharmaceutical industry); and (c) other sectors,
such as waste and ecosystem services.

The bioeconomy was first mentioned in the 1970s amid the growing scarcity of carbon-
based energy sources and the oil crisis that triggered the search for price-efficient al-
ternatives to fossil fuels, preferably ones with a lower environmental impact [23]. The
bioeconomy first focused on making advances in technologies used in industrial produc-
tion, namely the aspect of the bioeconomy also known as bioindustry [24,25]. In the 2000s
and in the context of rising demand for biomass, accelerated by the competitive pressure
to use biomass for either food or biofuel production and accompanied by growing envi-
ronmental pressures, the bioeconomy moved into the centre of attention, also focusing on
primary sectors, side streams, and waste, as well as ecological functions of the environment,
such as ecosystem services [12].

Another emerging concept is circularity, which refers to closing the material and
energy loops that occur in the use of resources and production of commodities [2,26,27].
The concept shares with the bioeconomy the need for resource efficiency. In terms of
the bioeconomy, this has been related to the cascade [28], i.e., using resources first for
strategic (food) and higher-value-added products, reusing the side streams in subsequent
production cycles from more valuable products and components, such as bio-based ma-
terials, and proceeding towards bulky and low-value outputs, such as energy [29,30].
Within bioindustry, concepts such as industrial symbiosis were introduced to highlight the
challenges of integrating sources (including side streams and waste) and processes, e.g.,
through biorefining.

In the 2010s, an ever-increasing number of studies argued that the bioeconomy could
be unsustainable with regard to the environment as well as the ecological functions of
nature and could lead to the inefficient use of natural resources in addition to degrada-
tion [31–33]. Researchers emphasised that public policy should support a sustainable
bioeconomy [33–35]. Primary sectors such as agriculture and forestry, which are the biggest
producers and, in the case of agriculture, consumers of biomass [9], as well as cover a vast
share of the area (40% and 43% in the EU, see [10,11]), dominate environmental impacts
such as loss of biodiversity and contribute a substantial share of GHG emissions [2,36,37].
Their environmental impact partly relates to technology and partly to policies. Public
policy should focus on support for a bioeconomy that clearly delivers on public goods such
as food and the environment. Interestingly, the key way of supporting the bioeconomy is
seen not in (more) subsidies for production but in the removal of the current support (sub-
sidies, tax relief) for the use of non-renewables, in addition to a proper valorisation of the
environment and its functions via the effective implementation of the polluter/consumer
pays principle so as to facilitate sustainable management practices and innovations [38].

To summarise, renewables, resource efficiency, and ecological functions of nature have
become the three pillars of the sustainable bioeconomy, also keeping in mind the social
aspects of sustainability such as jobs and social inclusion [39].

2.2. The Transition Pathways

Studies describe the transition to the bioeconomy, e.g., of leading countries such as
the Netherlands and Finland [40], as a complex process of the co-evolution of the economy,
technology, institutions, culture, and the environment. This process is multi-phase, non-
linear, and multi-level. It starts with developments on a micro-level in response to the
shifting context, accelerates through the meso-level regime’s development, affecting the
structure of demand and supply, and is consolidated through a long-term systemic change.
In the centre of the process lies the interaction of the industry, government, and knowledge
institutions, also known as the triple helix [41]. Due to the importance of other actors such
as civil society and consumers, some refer to the quadruple helix [42] and given the specific
importance of the natural environment also to the quintuple helix [43]. While the role of
other actors is important in the sense of trade-offs, contestation, and legitimacy [44,45],
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environmental awareness highlights the limits of the exploitation of natural resources and
the need to go beyond the trade-offs that may create certain long-term dependencies [46].

Bioeconomy policy has pursued a knowledge-based approach, ranging from the
assessment of (sustainable) biomass’ potential to research and innovation in individual
sectors as well as policy coordination [2,12,13,19,20]. Dietz et al. [18] divide measures
into: (a) enabling; (b) regulatory; and (c) international cooperation. Enabling measures
include supply-side measures such as support for research and innovation, technologies,
inventories, infrastructure and logistics, and clusters, as well as demand-side measures such
as the funding of environmental goods, either directly (payment for the provision of public
goods and income foregone, public procurement) or indirectly (support for awareness-
raising measures to engage consumers). Regulatory measures include requirements for
different products, standards, and certificates that enable the implementation of principles
such as the polluter and the consumer pays. International cooperation enables cross-border
externalities, network, and transfer knowledge to be addressed.

More developed bioeconomies are associated with the greater complexity of overlap-
ping (and conflicting) objectives, policy designs, and measures [18,46,47]. For example,
rising productivity and new technologies may come with negative environmental effects
that impact the growing ecosystem service-related economy. More advanced stages of the
bioeconomy require the coordination of different sectors, stakeholders, and value chains
by supporting cross-sector strategies, sustainable production and the use of biomass, the
deployment of enabling technologies and practices, and the development of markets (new
products and services).

Building on and slightly upgrading Dietz et al. [18], we distinguish five interrelated yet
distinct transition pathways towards the bioeconomy (Figure 1). The first way (1) entails the
substitution of non-renewables as a source of energy, which is linked to increasing energy
costs, access to alternative energy sources, and geopolitics. The second (2) is the develop-
ment of productivity in the primary sector (especially agriculture), which in some cases,
such as in developing countries and transition economies, is associated with modernisation
and restructuring, and in some instances, such as heavy monocultures, specialisations
and natural resource extraction can produce a negative environmental impact. The third
pathway (3) involves more efficient and new uses of biomass that encompass side streams
and waste, including both conventional and new bioindustries, supply side mobilisation
and innovation downstream, biorefining, new cost-efficient technologies, and increases in
value added through bioindustry, including through market demand. The fourth way (4) is
the development of low-bulk, high-value applications and processes based on biological
principles independent of biomass streams, such as cheaper and environmentally friendlier
methods and processes, new products, products with improved functionality, advanced
solutions, the broad application of biological principles, and the complex interaction of
value chains (e.g., between food and health). To this, we add the fifth (5) pathway based on
the valorisation of non-commodity aspects such as ecosystem services through public and
private action [48].

The pathways located on the edges of the system (1 and 5) are specifically associated
with the role of ‘objective’ contexts (economic development impacting micro-level decisions
and the environment impacting the systemic level). Pathways 1–4 are particularly related
with institutions and policies that promote research, development, and innovation adoption
(RDI). In addition, pathways 3 and 4 are characterised by the interaction of supply and
demand through enabling institutions, such as economic clusters. Pathways 4 and 5 are
again context-dependent, building on the demand-side trends that allow for the market
valorisation of technological advances (4) or ecosystem services (5).
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2.3. Enablers on Different Levels of Integration and Complexity of the Transition to the Bioeconomy

As described in the introduction, the STI approach found in the centre of the EU’s
public policy is more appropriate for knowledge-intensive and integrated transformation
pathways (3 and 4 in Figure 1), while for less complex ones (pathways 1, 2, and 5) the
DUI model performs better [21]. STI vs. DUI forms part of the debate on the innovation
systems that constitute the core of the government–industry–science nexus [49,50]. They
refer to different inputs and outputs that are not equally relevant at various stages of
development [51]. STI is based on the adoption of research, development, and innovation,
highly skilled human resources, advanced technologies, and infrastructure. It supports
formalised interactions with knowledge and research institutions (ibid.). Its outputs are
new technologies, patents, and publications. In contrast, DUI stresses the importance
of practice as well as interaction both within the firm and chain in addition to with the
competitors. It is based on routines as opposed to formal knowledge (ibid.). The outputs
are more commercial in nature [51,52]. STI can better fit high-technology bioindustry,
such as the chemical industry, pharmaceutics, and new materials. DUI may be more
appropriate for sectors with mature and standardised technology as well as practices, such
as agriculture, forestry, food, wood, paper, and energy.

Empirical research has also shown that innovation systems in advanced economies
focus more on STI, whereas in economies that are catching up DUI is more common and
may contribute to improved competitiveness and economic performance through new
sources of supply as well as types of industrial organisation [50,53]. Since DUI can also
relate to transaction costs and tacit knowledge in local structures resulting in lock-ins [52],
in small or less integrated economies ongoing structural change, such as that in CEE
countries, it can specifically work in the context of internationalisation (including export
and FDI), which enables it to draw from broader networks and markets [51]. Still, FDI-
and export-based development alone is insufficient for ensuring sustainable development,
since in the small–transition economy context it has been associated with an unfavourable
position in international value chains and a limited positive impact on the local economy,
such as heavy specialisations and mass high-bulk, low-value exports [54–57]. Instead,
internationalisation and targeted domestic support structures should go hand in hand.

The performance of individual innovation models is specifically related to clusters.
Clusters are considered essential for improving the performance of the region’s economies
as opposed to that of individual firms [35,58]. For a biocluster, along with standard features
such as competitiveness, employment, and innovation, sustainability and environmental
innovations matter [59]. Focusing on productivity, innovation, and employment, studies
have demonstrated the importance of clusters relative to DUI [60]. Clusters impact produc-
tivity by lowering transaction costs with untraded dependencies. Innovation may occur
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through knowledge exchange resulting from the proximity of actors necessary for tacit
knowledge. Income and employment growth may occur based on business formations,
mentoring, role models, learning, communication, and commercialisation that arise from
the biocluster setting [60]. A study of bioclusters [61] also revealed factors that can be
progressively linked to different transition pathways, such as biomass, ecological condi-
tions, infrastructure and logistics including biorefineries, final transformation, competitive
products, cascade, biopharmaceutical, fine chemicals, functional foods, and ingredients.
While knowledge institutions are key in some cluster settings [62], a broad industrial base
is also important, including conventional manufacturing sectors (e.g., food, wood pro-
cessing, and pulp and paper), especially for bulky outputs such as biofuel and electricity,
but also for industrial demand for chemicals, polymers, and materials for construction.
Other types of enabling institutions such as business incubators and accelerators as well as
technology parks are also valuable in terms of the development of regulatory and policy
frameworks (standards, certification, and public procurement), entrepreneurial culture,
and international networking.

2.4. The EU’s Bioeconomy Policy

The EU is a rare case of a regional organisation with a common broad bioeconomy
strategy [25]. The term bioeconomy initially appeared in the fifth framework programme
(FP) on financing research. The seventh FP introduced the term knowledge-based bioecon-
omy, which highlighted the value of evidence and data for fact-based decision making. In
2012 the EU published A bioeconomy strategy for Europe, which aimed at accelerating the
“transition from a fossil-based to a bio-based society, with research and innovation as the
motor” [19]. The strategy focused on targeted research funding and policy coordination,
leading to better stakeholder interactions and market integration. A bigger emphasis on
research was given in order to make better use of the fragmented potential [10,39], with a
view to establishing synergies between hitherto unrelated RDI efforts and policies in EU
competencies—agricultural policy and fisheries (supply side), energy (demand side), and
climate and environment (horizontal). In 2018, the EU’s bioeconomy strategy was updated
to put greater emphasis on environmental sustainability and ecosystem services [12,33].
The strategy was thereby intended to better respond to the changes in the global policy
context, such as the SDGs and the Paris Agreement, as well as to put stress on the strategic
objectives of Juncker’s Commission, such as reindustrialisation, source efficiency, and
circularity. More attention was placed on coherence, both horizontally (between policy
areas) and vertically (national strategies and plans relying on EU funding) [12]. Following
the European Parliament elections in 2019, the new von der Leyen Commission has located
the bioeconomy in the centre of the Green Deal, its transformative growth plan [1]. It
introduced new (cross)sectoral strategies and plans such as Farm2Fork (agriculture, food,
and health) [63], a forestry strategy, biodiversity strategy [2], and circular economy action
plan [7], with specific objectives concerning housing and the textiles sector, and increased
the ambition of existing plans such as the CAP strategic plans as well as the national energy
and climate plans. Bigger shares of overall funding were earmarked for climate action,
planning to mobilise further investments, while taxes on carbon and non-renewables, the
greening of VAT, and fiscal recommendations were foreseen (European semester) [2–6,14].
The COVID-19 pandemic that followed has created additional opportunities for financing
the bio-based transition by using the EU’s public spending on the recovery to boost the
transformation [63,64].

As mentioned in the introduction, even though the EU’s updated bioeconomy strategy
recognises that the CEE member states are systematically lagging behind in bioeconomy
development [12], only a few instruments have been introduced to address this issue. In
2019, the Policy Support Facility (PSF) was introduced for the CEE macro-region in order
to support the development of national bioeconomy strategies and to learn from good
examples of bioeconomy deployment through EU programmes and financial mechanisms.
Strategic macro-regional cooperation on bioeconomy-related research and innovation is a
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goal of the intergovernmental initiative BIOEAST, established in 2016. In terms of more
tangible financial support for physical investments in technology transfer and industrial
installations, virtually the whole territory of CEE (except for its most developed metropoli-
tan areas) is eligible for bigger total envelopes and higher co-funding rates within the EU
cohesion and structural policy.

3. Materials and Methods

This research attempts to evaluate three factors that influence the process of the transi-
tion to the bioeconomy in CEE countries: (a) indicators representing the macroeconomic
and R&D potential for the bioeconomy’s deployment in the region; (b) assets and (sector-
specific) transition pathways related to the development of the bioeconomy; and (c) the
role of the STI vs. DUI support structures in this process.

The absence of a clear definition and concrete measurable objectives means that macro-
regional research on the bioeconomy is still in an early stage, as seen in the indicator
frameworks [9,12,24,25,33,65]. Since the monitoring system has not yet been adapted to
the specifics of the bioeconomy, the evidence base typically refers to (a) physical indicators
of biomass resources and flows as well as (b) macro-economic aggregates such as turnover,
value added, and employment in bioeconomy sectors. Regarding the latter, researchers
in the EU were able to consolidate the methodology on the ‘hybrid’ sectors [20], whose
raw material base may be renewable (bio-based) or non-renewable (usually fossil-based)
resources. More complex multicriteria studies and assessments taking account of the
environmental footprint throughout the product life cycle and comparing this to fossil-
based alternatives are only available for individual streams and products (e.g., biofuels).
Moreover, they show a varying impact that depends on the different contexts in which
products are made. The data are not much better on the national level as the most fre-
quently employed indicators refer to economic contexts, feedstock and biomass flows, and
occasionally to output and result indicators such as R&D expenditure and the recycling
rate. Environmental indicators are rare [66].

To present the economic/environmental context, we use the most recent data on
natural assets and economic aggregates provided by the EU’s bioeconomy knowledge
centre [20]. We complement this with various data taken from Eurostat, Forest Europe,
and others.

The insight into (sector-specific) bioeconomy-related assets and transformation path-
ways in CEE countries draws from the results of a survey conducted as part of the BIOEAST-
sUP research project [67]. A (web-based) survey, whose principal aim was to provide insight
into the qualitative aspects of the bioeconomy’s potential in the region, was carried out
between December 2020 and February 2021. The survey was participated in by 352 experts,
who gave 732 sector-based responses since the respondents were asked to comment on
those bioeconomy sectors that they considered themselves to be familiar with enough to
hold informed judgements. In regard to the sample, the main goal was to cover sector-
specific expertise in different aspects of RDI, business organisation, and policies related to
the bioeconomy, while the actual number of respondents was considered less important.
The respondents cover a wide range of sectors relevant to the bioeconomy: agriculture
(21%); renewable energy (13%); food products, beverages, and tobacco (9%); forestry and
hunting (9%); green care, nature tourism, and recreation (7%); wood and wood products
(6%); fisheries, aquaculture, and algae (6%); and other bioeconomy-related sectors (5%).

The respondents were asked to assess the relevance of various bioeconomy-related
assets (see below) and transformation pathways (see Section 2.2). In addressing the key
assets shaping the velocity and scope of the transition to the bioeconomy, the survey was
consistent with the approach originally developed for analysing bioclusters in the EU [54].
The following assets were evaluated: (a) stable supply of biomass and efficient logistics;
(b) presence of strong ‘conventional’ bioeconomy sectors; (c) level of business consolidation;
(d) emerging industrial initiatives for bio-based transformations; (e) policy commitment,
availability of public funding; (f) presence and engagement of national research and higher
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education institutions; (g) actors engaged in innovation transfer and business growth; and
(h) availability of private funding. Individual transition pathways (early vs. late stage)
and assets (d), (f), and (g) are specifically relevant to the STI vs. DUI debate, while assets
(a), (b), and (c) are indirectly relevant, and assets (e) and (h) account for the availability
of funding as an additional variable. Despite the obvious difference in the scale of the
two analyses (micro- or meso-level of bioclusters in the original approach [61] vs. the
national- or regional-economy level in our analysis), the same groups of actors interact in
the development of technologically advanced bio-based value chains.

The experts’ assessment of the relevance of the above-listed bioeconomy-related assets
and transition was based on a five-level Likert scale. To synthesise the survey results, we
used a particular method. Due to the varying number of responses by the countries, we
calculated the median values for each asset/transformation pathway for every sector and
individual country. By doing so, we attributed an equal weight to each country. Based on
the obtained medians, results were visualised for the CEE region as a whole in boxplots
using R 4.0.4 software. By maintaining the medians in this way, we obtained values that
deviate from the original Likert scale, i.e., intermediate values. Given that Likert’s scale
is ordinal, this is methodologically controversial. However, because such an approach to
presenting results enables the most expedient and intuitive interpretation, we decided to
make this compromise.

To ensure a better understanding of the RIS/RDI, which is found in the centre of the
STI vs. DUI debate, we used data on research intensity from Eurostat (gross expenditure
on R&D–GERD and business expenditures on R&D–BERD) on the participation of CEE
countries in the Bio-based industries Joint Undertaking, the bioeconomy’s integration
in smart specialisation strategies (S3) for the 2014–2020 programming period, which are
essential for targeting investments based on the EU’s enabling policies, and on the support
institutions in the bioeconomy, such as knowledge hubs, business accelerators, start-ups,
technological parks, and venture capital [67].

In order to validate the importance of demand–pull factors and the integration with
international value chains in the specific CEE context (relevant to the DUI hypothesis as
outlined in Section 2.2), we assessed the scope of bio-based sectors in the current industrial
structure in CEE countries. The assessment builds on a synthesis of PRODCOM data
presented in an analysis of bioeconomy-related sectors in CEE countries [68]. The analysis
of the PRODCOM data more closely considers the industrial products that generate 50% of
the total value of production in the analysed countries.

4. Results: Contexts, Performance, and Enabling Environment of the Bioeconomy
in CEE
4.1. Resource Base for the Bioeconomy, Performance of Bioeconomy Sectors

The magnitude of the bioeconomy resource base of CEE countries accounts for 35% of
the EU’s cropland (30% of which is attributed to Poland) and 27% of the EU’s woodland
(25%, again attributed to Poland). Endowments differ considerably among countries. In
Slovenia, Estonia, Latvia, and Croatia woodland covers over half the land available for
biomass production. On the other hand, agricultural land cover prevails in Hungary,
Poland, and Romania, with the largest share of cropland for cereal production being
attributed to Hungary (33%). The richness of the region’s resource base is also reflected in
production data. With respect to the total volume of production in the EU, the production
of agricultural biomass in CEE countries accounts for 31%, while the share of forestry
biomass is 27% [69].

With respect to the available resource base and the exploitation of its potential, bench-
marking with the EU average reveals a clear productivity gap in agriculture, although
productivity varies from sector to sector and country to country, with some countries
achieving comparable yields in certain sectors and others lagging behind significantly.
Similarly, there is considerable potential in terms of increasing tree felling, which often
lags significantly behind annual increments (and sometimes reaches as low as 44% of the
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recommended threshold), albeit care must be taken to avoid doing this in an unsustainable
manner [70].

The productivity gap in agriculture is further shown by the fact that, although agricul-
ture largely prevails (65%) in bioeconomy-related employment, it only contributes 38% to
the region’s bioeconomy value added (VA). While some productivity growth was seen in
the countries’ primary sectors (agriculture, forestry, and fisheries) in the period 2008–2018,
this is mainly attributable to the significant drop in employment.

This is in line with the findings of studies concerned with the status of CEE in the
transition to the bioeconomy, which place CEE countries in the initial stage of the bioe-
conomy [11]. It supports the argument that the key gap between CEE and the leading
bioeconomy performers in the EU occurs in the apparent labour productivity, a gap which
even expanded between 2008 and 2018 and whose closing holds great potential for devel-
oping the bioeconomy.

Another finding consistent with the above-mentioned study is that it is almost a
general characteristic of CEE countries that they tend to export primary products and
import processed ones, thereby achieving very low value added of both agricultural
products and woody biomass.

The total VA of the region’s bioeconomy sectors accounts for 14% of the EU-27′s VA.
Apart from the primary sector (agriculture, forestry, and fisheries), conventional bioecon-
omy processing sectors (food and beverages, pulp and paper, and wood) mainly dominate,
although sectoral composition (endowments, biomass resources, and industrial structure)
varies. The region is characterised by the relatively dense distribution of industrial plants
in ‘conventional’ bioeconomy sectors, yet there is the largely untapped potential of biomass
side streams. There is a notable lack of integrated biorefineries, with the region’s capacities
accounting for just 10% of those of the EU-27 [71]. The structure of bioeconomy sectors is
adapting slowly. However, high employment and VA growth are recorded in some sec-
tors that are currently still marginal in CEE national economies (e.g., biopharmaceuticals,
bio-enzymes and active components, and bio-based chemicals).

4.2. Assets Related to Developing the Bioeconomy
4.2.1. Stable Supply of Biomass and Efficient Logistics

The survey results attribute great relevance to the stable supply of biomass, especially
to agriculture, forestry, and their immediately related downstream sectors (food and feed
production, wood processing, pulp and paper, and also bioenergy). Efficient logistics is
important as well, including for the industrial use of side streams (e.g., lignocellulose
materials) where the cost-efficient and constant inflow of inputs of constant quality is
required for the efficient organisation of business processes. Despite this, a specific feature
of a large part of CEE countries is the small-scale and scattered ownership in addition to
the production structure. This makes it challenging to establish efficient logistic flows and
provide biomass at an industrial scale.

4.2.2. The Presence of Strong ‘Conventional’ Bioeconomy Sectors

The presence of entrepreneurs and entrepreneurial culture is often regarded as a
key asset for developing bioeconomy clusters [61]. The presence and active participation
of large industrial actors from ‘conventional’ bioeconomy sectors (e.g., food and feed
production, wood processing, and pulp and paper) appear particularly important while
developing innovative products or components (chemicals and polymers, construction,
etc.), applying the principle of the cascading use of biomass. As previous research reveals,
bioeconomy clusters in CEE countries are principally focused on the agri-food sector and
bioenergy [8]. The survey results [67] indicate that the potential for establishing clusters is
also present in other bioeconomy sectors, especially in the sectors of forestry and wood,
paper and pulp, and organic waste management. The low capturing of value in the
bioeconomy-related primary and manufacturing sectors in the region (see Section 4.1)
might pose another obstacle in this process.
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4.2.3. Level of Business Consolidation

The logic behind this asset is that sectors with strong, consolidated firms find it easier
to provide leverage for the development of bioeconomy clusters. The assessment relates to
the level of ownership and/or management consolidation in the sectors concerned. The
overall level of business integration into CEE countries is quite low, which prevents the
scale effects needed for a functioning ‘standard’ bioeconomy concept, integrating firms
into the same or complementary sectors with a biorefinery at its core. Experts attributed
great importance to this asset especially in bioeconomy sectors that are currently not
consolidated and thus unable to reap the benefits of integrated operation. However, as
revealed in industrial initiatives [67], the integration of industries from CEE countries
into international value chains, particularly in more technology-intensive sectors (e.g., the
chemical industry, automotive) may provide an important engine of growth for bio-based
industrial applications.

4.2.4. Emerging Industrial Initiatives for Bio-Based Transformations

The subject of assessment is industrial initiatives (e.g., smart specialisation, KET, and
clusters) that actively develop circular bioeconomy technological solutions and business
models. With regard to this asset, apart from the survey, a desk study was carried out,
analysing bioeconomy-related priorities in the national S3 of BIOEAST countries [67]. The
analysis shows that the S3 priorities resonate quite well with their resource endowments for
the bioeconomy as well as with the associated economic sectors. As a rule, the central role
in bioeconomy-related priorities is attributed to the agri-food and forest–wood value chains
(except for Czechia, which also emphasises organic waste management and sustainable
transport, and Croatia, with additional emphasis on the blue bioeconomy) [60]. Particularly
in the case of S3 priorities that only partly relate to the bioeconomy, one can find a whole set
of prospective technological solutions (such as, e.g., the extraction of bioactive compounds
and other biorefining processes, the development of advanced bio-based materials, indus-
trial biotechnology applications, biofuels, and bioenergy). Additionally, quite strongly
represented is a set of supporting enabling technologies (e.g., digitalisation, advanced ma-
terials and technologies, and energy-efficient networks) and social innovations (e.g., smart
villages, eco-tourism). What is also perceivable, however, is a relatively weak commitment
to comprehensive technological and social solutions for closing the material, energy, and
economic loops.

4.2.5. Policy Commitment, Availability of Public Funding

The assessment applies to publicly supported measures and instruments that are
sector-specific, or available to the sector, and where bioeconomy-oriented projects are
eligible for that support. This asset is perceived as very relevant in sectors currently in
receipt of large subsidies, such as agriculture (e.g., the EU’s CAP), energy (e.g., feed-in
tariffs), and organic waste management. Public support is also seen as particularly relevant
for two other primary sectors (forestry and hunting; fisheries, aquaculture, and algae
sector). Among the manufacturing sectors, the sector of wood and wood products stands
out here.

4.2.6. Presence and Engagement of National Research and Higher Education Institutions

The assessment here applies not just to the presence but the actual engagement of
national R&I and higher education institutions in applied research relating to the sector con-
cerned. According to the survey results, the presence and engagement of national research
and higher education institutions is an overall relevant asset in the CEE macro-region. With
respect to this asset, CEE is still below the EU average in terms of GERD, although the gap
has been reduced mostly by virtue of growth in BERD. The investments are concentrated
in individual (export) oriented industrial sectors where biological components are only
slowly replacing fossil-based ones. The in-depth desk research [67] further revealed the
reluctance of the industry to invest in new bio-based technologies for various reasons (e.g.,
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cost efficiency, demand-side risks, and lacking financial leverage). The region is also facing
RDI challenges, such as a high proportion of small businesses unable to invest in this field,
an insufficient level of private sector investment, a small number of employees in RDI,
a small number of scientists focused on applied research, and a lack of cooperation and
coordination between academia, public administration, and industry (ibid.).

4.2.7. Actors Engaged in Innovation Transfer and Business Growth

This asset relates to the presence and importance of various actors engaged in inno-
vation transfer (innovative products, processes, or business models), digitalisation, and
commercialisation (business angels, business incubators and accelerators, or similar). The
survey results reveal that this asset is relevant to the bioeconomy’s development in most
of the sectors concerned. Alongside the survey, additional emphasis has been put on the
environment that enables business growth, such as business clusters, technology parks,
and start-up accelerators. Results of the dedicated survey on business clusters (general
or sector-specific) that develop bioeconomy-related technologies in CEE countries reveal
a diverse and dynamic situation [67]. Industrial and other stakeholders are increasingly
pooling their resources to exploit synergies in business clusters. The dynamism and scope
entailed suggest that industrial initiatives may be taking on the leading role in exploiting
the potential held by the bioeconomy in the region. Technology parks have evolved into a
mainstream support tool for boosting technology transfer as well as innovative start-ups
and SMEs across the region. Yet, in most cases, technology parks do not make distinctions
concerning eligible sectors. What holds for technology parks similarly applies to business
accelerators. A vibrant network of business accelerators has emerged across the whole CEE
macro-region. As a rule, they are complemented with public funding.

4.2.8. Availability of Private Funding

This asset relates to the availability, quality, and affordability of financial services
for specialised financial institutions (venture capital, banks, and insurance firms) that
support bioeconomy-related projects in the sectors concerned. Based on the assessment
of the survey respondents, the availability of private funding is generally a slightly less
relevant asset for developing the bioeconomy in the CEE macro-region compared to the
availability of public funding. The mentioned desk study showed that financial institutions
dealing with risk financing are more concerned about returns on their investments and less
about the sectors their client firms are engaging with [67]. As part of de-risking strategies,
public funding sometimes complements risk financing (Latvia, Poland, and Slovenia). The
conditions of support, and especially the financial leverage of risk financing, vary largely.
A more favourable environment for risk financing is found in countries with a larger scale
and/or maturity of the venture capital market (Czechia, Estonia, Hungary, and Poland).

4.3. (Sector-Specific) Transition Pathways

The course and effects of bioeconomic transformation processes largely build on
the existing mix and technological level of bioeconomy sectors, the efficient provision of
biomass, and a favourable institutional environment. Among the transformation pathways
relevant to CEE countries (Table 1), regional bioeconomy experts highlight the importance
of accelerated technological improvements in primary sectors (agriculture, forestry), and
conventional bioeconomy sectors (food and feed, wood processing, and paper and pulp).
Despite this, as boosts in productivity in land-based sectors (agriculture, forestry) have
also been shown to increase the demand for land in ecologically sensitive areas, care must
be taken to prevent losses in ecosystem services (especially through the over-intensification
of land use in unprotected areas).
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Table 1. Assessing the relevance of various transition pathways for bioeconomy sectors in CEE countries—results of the BIOEASTsUP expert survey [67].

Transition Pathways/
Bioeconomy Sectors

I. BOOSTING SECTOR
PRODUCTIVITY

II. PRODUCTION OF
BIOFUELS

III. MORE EFFICIENT USE OF
BIOMASS

IV. LOW-BULK/HIGH-VALUE
APPLICATIONS

V. VALORISATION OF
ECOSYSTEM SERVICES

Agriculture (4; 4.5; 5) (3.5; 4; -) (-; 4; 4.75) (-; 4; 4.5) (-; 4; 4.75)
Forestry and hunting (-; 4; 4.5) (3; 4; -) (-; 4; 4.5) (-; 4; -) (3.5; 4; 5)
Fisheries and aquaculture (3; 4.25; 5) (2.5; 3; 4) (4; 4.25; 4.5) (4; 4.25; 5) (4; 4.25; 5)
Food and beverage production (-; 4; 4.75) - (-; 4; 5) (3.5; 4; -)
Textile and wearing apparel (3.5; 4; -) - (2; 3.25; 4) (3.5; 4; 5)
Wood and wood products (4; 4.5; 5) - (-; 4.5; 5) (-; 4; 5)
Paper and paper products (-; 4; -) - (3.5; 4; 4.25) (3; 4; 4.25)
Chemicals and chemical products - - (-; 4.25; 5) (-; 4; 4.75)
Pharmaceutical products - - (3; 3.75; 4) (-; 4; 5)
Rubber and plastic - - (3; 3.75; 4.5) (3; 4; -)
Other non-metallic products - - (1.5; 2; 3) (2; 3; 3.5)
Machinery and equipment - - (-; 3; 4) (3; 3.5; 4)
Construction - - (2; 3.25; 4) (3; 4; -)
Renewable energy - - (-; 4; 5) - (-; 4; 4.25)
Organic waste management - - (4; 5; -) (4; 4.5; -) (-; 4; 4.75)
Green care, recreation - - - - (4.5; 5; -)

Experts’ assessment of relevance (Likert scale from 1 (not relevant) to 5 (very relevant) boxplot values (Q1; Me; Q3).
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The fossil fuel substitution transition pathway has (as expected) been recognised as
particularly relevant for the side streams of biomass in primary (agricultural and forestry)
production and partly in relation to organic waste management. The production of biogas
and biofuels is firmly rooted in the bioeconomy in CEE countries that possess favourable
resource endowments (Czechia, Slovakia, and Poland), while the energetic use of biomass
is considered a ‘success story’ in Lithuania. Still, this transformation pathway must be
treated with some caution, especially in the case of relatively large installations, changing
regulations (e.g., restricting the use of plant substrates, mainly maize silage), and high
subsidies (e.g., feed-in tariffs). Slovenia is a good example here, with a number of (fairly
recent) stranded investments in this sector resulting from unsustainable technology (plant-
based substrate) and non-viable business models (not sustaining drastic reductions in
feed-in tariffs). In regions with relatively scarce and scattered biomass resources, the
‘production of biofuels’ is a strategy only feasible for small-scale operators to improve the
(energy, ecological, and economic) performance of their biomass side streams, whereas it
cannot serve as a backup technology for renewables such as solar and wind energy [72].

Another transformation pathway that should be noted with respect to the bioecon-
omy’s growth in CEE countries relates to the innovation in downstream sectors that
increases the efficiency of biomass use and waste stream recycling. New and more efficient
uses of biomass streams through cascaded use is gaining new meaning in the bioeconomy,
especially in primary sectors (agriculture, forestry) and ‘conventional’ manufacturing sec-
tors (notably wood and wood products). Among novel bioeconomy sectors, the sector of
chemicals and chemical products stands out as the most relevant according to the survey
results. However, several factors need to be efficiently tackled before the potential of this
transformation pathway is unleashed. The first challenge is inter-sectoral cooperation (let
alone integration) among bioeconomy sectors, which is relatively low, resulting in broken
and incomplete value chains. The next challenge, which adds to the previous one, is associ-
ated with the establishment of biorefineries (already addressed previously). Their impact
depends on supply dynamics, consumer behaviour, and the regulatory environment.

The possibilities of using the untapped potential for improving product functionalities
and adding value with technologically advanced bio-based solutions in the CEE macro-
region is overall a very relevant transformation pathway as the respondents’ assessments
are not lower than relevant in most of the sectors concerned. The low-bulk, high-value
transition pathway seems more feasible for high-technology sectors such as biotechnology,
biopharmaceuticals, and biomaterials. The national survey reports further that the biggest
challenge concerning this transformation pathway is the poor industrial uptake of low-bulk,
high-value bio-based applications (usually developed within the R&D sector) [67].

In general, the valorisation of ecosystem services, such as biodiversity, water regimes,
rural vitality, and tradition, for adding to the market value of commodities in the CEE
macro-region has been assessed as a relevant to a very relevant transformation pathway in
all sectors under study. This transformation pathway is the most applicable, based on the
respondents’ judgement, in the sector of green care, nature tourism and recreation. Among
primary sectors, this transformation pathway appears to be the most promising for the
development of organic farming and its market penetration.

4.4. Demand–Pull Factors: Integration with International Value-Chains

Table 2 presents the share of (potentially) bio-based products among PRODCOM
products that generate 50% of the total value of production. Slovakia is the sole exception
to this approach. As non-bioeconomy sectors (mainly related to the automotive industry)
account for over 50% of PRODCOM value, the structure of bio-based industry is estimated
from the largest 12 PRODCOM items. Products are presented in the form of four sector
aggregates: (i) ‘Farm2Fork’ (i.e., agriculture and food) sectors; (ii) wood-based sectors;
(iii) new (potential) bioeconomy sectors (e.g., chemical products, plastics and rubber, and
textiles); and (iv) other bioeconomy sectors (e.g., biofuels and bioenergy, fishery and
aquaculture products).
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Table 2. Share of (potentially) bio-based products among PRODCOM products that generate 50% of total value.
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Total 34 31 5 25 5 38 28 27 27 0 10

Farm2Fork sectors (%) 77.7 78.1 43.9 36.5 44.1 24.6 43.9 60.8 58.0 48.5 29.2
Wood-based sectors (%) 6.6 18.5 6.7 56.2 7.5 71.2 36.7 11.0 10.2 13.2 11.4
New (potential) bioeconomy sectors (%) 10.4 49.4 7.4 48.3 15.4 25.2 31.8 38.3 59.5
Other bioeconomy sectors (%) 5.3 3.4 4.3 4.1 3.1

* In Slovakia, non-bio-based products account for >50% of total value produced; here, 12 of the most important bio-based products
are listed.

The overall significance of (potentially) bio-based sectors in the structure of manu-
facturing outputs differs considerably in the CEE macro-region. In Latvia, Bulgaria, and
Croatia, (potentially) bio-based products contribute about one-third of the total value of
production to their countries’ leading industrial outputs (i.e., the upper 50% of PRODCOM
value). Lithuania, Romania, Poland, and Estonia follow closely, with shares ranging from
25% to 28%. The remaining four countries (Slovenia, Czechia, Hungary, and Slovakia)
reveal a completely different picture. Bio-based and potentially bio-based products are
only marginally found in the upper 50% of the total industrial production value.

Table 2 also shows marked differences in the sectoral structure of the leading (potential)
bio-based products in the CEE macro-region. The ‘Farm2Fork’ (i.e., agri-food) sectors
dominate in the overall PRODCOM structure in Bulgaria and Croatia. Poland and Romania
also exhibit the dominant role of the agri-food sector in the sectoral structure of the
bioeconomy’s output. The wood value chain dominates the structure of the bioeconomy’s
output in the Baltic states. The sectors that have yet to start replacing conventional (mostly
fossil-based) ingredients with bio-based ones are most strongly represented in Czechia,
Hungary, and Slovenia.

The indicators described above do not provide straightforward information about the
integration of industrial sectors into international value chains. Yet, they may be indicative
in the sense that the sectors exhibiting the largest scale can only do so if integrated into
international markets (and, most often, into international value chains). Based on this
assumption, we may infer that the leading bioeconomy sectors in CEE countries’ sectoral
structure are those that are most probably integrated into international value chains.

5. Discussion

This research provides insights from different angles concerning the central research
question of this article, i.e., the relevance of the (currently supported by EU policy) STI-
vs. (alternative) DUI-based support structures to bridge the gap seen in the bioeconomy’s
development in the CEE region.

To begin with, data on the existing bioeconomy’s development levels and resources
confirm that CEE has untapped potential for the development of productivity and sustain-
able production growth in the primary and conventional bioeconomy sectors, especially in
the forestry, wood, and pulp and paper industries, while the improvement of productivity
in agriculture should be accompanied by the development of sustainable management prac-
tices [10]. For this approach, the relevance of STI is limited as opposed to DUI due to the
mature level of technologies and the need to address specific context- and practice-related
challenges to their efficient application.

Second, while the survey of the experts and the research into the assets relevant for
the development of the bioeconomy [67] do not give a straightforward answer on the
comparative roles of the STI vs. the DUI model, they do indicate the specific relevance of
the former. The survey showed the importance of efficient supply and logistics for both
primary and downstream sectors, especially for tapping the side streams, which is where
CEE has some potential. The fragmented ownership and production structures (and in
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some cases huge conglomerates that impact market prices) pose a specific challenge to
CEE. While this does not refer directly to the STI vs. DUI debate, horizontal stakeholder
interaction and organisation is generally associated with the efficient operation of DUI.
The survey also highlighted the relevance of the traditional industries, particularly their
consolidation, which is often seen as a problem in individual sectors in CEE. The level of
business consolidation underlines the validity of DUI as a valid transition mode for the
smaller, less integrated (in terms of infrastructure and networks), and less globalised CEE
macro-region. Moreover, according to the mentioned survey and desk research, strategic
industrial development initiatives that focus on key technologies typically associated
with bioindustries can be found across the region. Investment, especially by private
companies, is growing and catching up to that in the most advanced CEE countries, but
is also heavily concentrated in individual sectors, especially those where the replacement
with biological sources is slow. While private and business support structures are in the
centre of the bioeconomy’s development, small and fragmented businesses often find it
hard to mobilise sufficient RDI investments or engage more with the higher education and
research sector. It then follows that the support structures typically associated with the STI
model are largely present in the region but that the bioeconomy uptake they facilitate is
quite narrowly distributed [67]. A broader development would require stronger interaction
both horizontally and with downstream sectors to allow operation of the DUI model.
Meanwhile, the assets corresponding to alternative variables such as policy commitment
and funding turned out only to be relevant for specific sectors (policy for agriculture and
energy) or less relevant (funding).

Third, the experts’ views on specific transition pathways confirmed the prioritisation
of the productivity development pathway: (1) in the primary and conventional industry
pathway, previously associated with the relevance of the DUI-based approach. The fossil
fuel substitution pathway (2) has been recognised as relevant in relation to side streams and
waste, which relates to the discussion on the challenge of mobilising sources via efficient
logistics. The data showed that biomass use for heating in CEE between 2011 and 2015
was below the EU average (3.5% vs. 11.5%) but above the average for biofuel production
(2.1% vs. 1.5%) [8], highlighting the role of policy in this area, i.e., subsidies for biofuel
production which, however, did not support sustainable practices nor long-term market
uptake. Enhanced supply dynamics and regulation of fossil sources would better support
this sector’s development. Due to a different context, the use of biomass for heat production
should not be seen as a general solution but as a solution suitable for certain individual
localities. The improved source efficiency pathway (3) was considered relevant by the
experts for the downstream sectors in particular, pointing to the role of DUI, but also for
individual, more advanced sectors such as chemicals. Yet, to exploit the potential there is a
need for enhanced horizontal and vertical interaction, which is specifically related to DUI.
Among other things, CEE features a relatively small share of integrated biorefineries. As for
the low-bulk, high-value transition pathway (4), the poor uptake of high-tech applications
demonstrates the limits of an STI-based approach. The valorisation of the ecosystem
services pathway (5) is considered relevant across different sectors. However, its effective
deployment requires a combination of effective demand supported by public policy and
the overcoming of fragmented structures as well as distrust in cooperation in sectors such
as agriculture and services, a typical feature in the region that is hindering a DUI-associated
transfer and the adaptation of marketing- and organisation-related practices to particular
local contexts.

Fourth and finally, among PRODCOM products that generate the upper half of the
total value, higher shares of the primary and conventional sectors (Farm2Fork and wood-
based) are typically associated with a larger overall share of bioeconomy products, while
bigger shares of novel bioeconomy sectors typical of countries with overall higher pro-
ductivity levels are associated with bioeconomy products being less important in the
PRODCOM structure (Figure 2). In spite of its traditional FDI-based industrial export ori-
entation, FDI on a larger scale is absent in the CEE Farm2Fork and wood chains, apart from
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food in Bulgaria, Czech Republic, Hungary, Poland and Romania, agriculture in Czech
Republic, and forestry and wood in Latvia [73]. This reveals untapped potential in terms of
integration into international value chains to draw on the DUI transition mechanism. The
current trade patterns in the bioeconomy in terms of exports of raw commodities and im-
ports of processed goods indicate the need to enable environment-prioritising investments
related to the stronger integration of the value chain and value capture.
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Figure 2. Share of (potentially) bio-based products among PRODCOM products that generate 50% of total value (y-axis) and
the share of Farm2Fork and wood-based sectors (x-axis, on the left) and novel sectors (x-axis, on the right). * In Slovakia,
non-bio-based products account for >50% of total value produced; here, 12 of the most important bio-based products
are listed.

6. Conclusions: The Need to Revive Industry in CEECs

The purpose of this article was to address the gap between the Western and Eastern
parts of the EU in bioeconomy development from a new angle, pointing to the limited
relevance of the current STI-based, EU-level public policy approach which is more suitable
for the Western EU member states where the bioeconomy has reached a more advanced
level. In contrast, we have argued that for the Central and Eastern part of the EU a DUI
model focusing on horizontal and vertical interaction within value chains, the transfer of
tacit knowledge, and practices oriented to commercialisation is more appropriate.

From a broader theory and policy perspective, this article adheres to the economic
geography literature after the outbreak of the financial and economic crisis in 2008 that
emphasises the importance of industrial development for the well-being of nations. This
issue might be even more pronounced for CEE, whose economic landscape has changed
considerably over the past three decades. Recent industrial policy developments in CEE
note note the relatively strong, yet unevenly distributed reindustrialisation. In contrast to
conventional industrial policy theory, which associates industrial growth with research
and innovation funding as well as policy coordination, they argue that the impulse for
reindustrialisation in the region is better explained by the improvements made in export
sophistication. If that were the case, this would require a revision of the current EU policy
tools in place, which are largely based on conventional industrial policy theory. Stronger
emphasis should also be given to the changing global demand patterns, where growth
levels in bio-based industrial sectors are anticipated for the next two decades.

This article indicates certain gaps in the research that still need to be addressed; the
(hypothetical) relevance of the DUI-based innovation model should be further tested by
building on cases of its successful application in practice in the region. In addition, as
mentioned, DUI has been often associated with lagging economies and might also lead to
local lock-ins. Namely, potential downsides should also be considered. This would help to
devise more specific and better target policy, taking various trade-offs into account. Finally,
this research does not reject the relevance of the STI-based innovation model and instead
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highlights the lack of attention paid to particular contexts and complementary approaches.
The limited impact of the STI approach in the region and especially the concentrated
distribution of advanced bioindustry investments in the region call for further attention to
be properly understood.

This research confirms the need for policy support in CEE for better horizontal and ver-
tical interaction, overcoming the fragmented or overly concentrated ownership structures
and distrust, efficient logistics, the integration of side streams, biorefinery installations, the
removal of measures supporting unsustainable practices, and improved (cross-sectorial)
regulation. Export orientation and FDI should be seen as an important (but insufficient in
themselves) factors that could contribute to achieving those ends.

A possible specific policy solution that would build on the existing mechanisms entails
expanding the role played by the BIOEAST initiative by giving greater attention to the
DUI approach in the sense of bringing stakeholders from the business sector on to the
board and expressly supporting the build-up of business cooperation networks and hubs,
B2B initiatives, demonstration, training and peer-to-peer projects, advisory services, and
regional market integration.
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