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Abstract The transition towards a sustainable future is
increasingly understood to rely on further development of
the bioeconomy. In this, both public and private sectors
play pivotal roles. Government agencies and public
institutions are instrumental in shaping the trajectory of
the bioeconomy through strategic frameworks, regulatory
measures, and policies. These instruments may create a
conducive environment by clearing away bureaucratic
impediments and establishing favourable conditions.
Concurrently, private sector entities, including industry
interest groups and companies, have the important task of
advocating for these favourable conditions and driving the
bioeconomy’s growth through active involvement,
strategic business decisions, capital investments, and
bringing bio-based innovations to market. Throughout
these processes, perceptions of the bioeconomy held by
actors in both sectors shape the outcomes of their actions.
Hence, this study delves into the perceptions of the
bioeconomy among stakeholders from both the public
and private sectors across nine European regions regarding
barriers and supporting conditions impacting its
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development, particularly important bioeconomy value
chains, and the willingness and perceived responsibility
to advance the bioeconomy. Findings from 534 online
survey responses (288 public sector and 246 private sector)
reveal that key factors identified as propelling the
development of the bioeconomy forward include access
to investment and scientific knowledge, while obstacles
such as limited cooperation among stakeholders and
inadequate  supportive  policies and  legislative
environments were noted as primary hindrances. Among
the value chains highlighted, bioenergy was frequently
recognised as having high growth potential, while not
necessarily being the one with the most significant
environmental benefits. Both the public and the private
sector demonstrated a high willingness to develop the
bioeconomy, yet both also assigned more responsibility to
the public sector in three main areas: enhancing societal
awareness and communication about the bioeconomy,
ensuring beneficial environmental and social impacts, and
investing in the bioeconomy’s growth.
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INTRODUCTION

Given the high hopes and aspirations attached to the pos-
sibility of sustainable economic systems, the so-called
bioeconomy has become the focus of many political and
policy endeavours. In the European context, the European
Commission’s Bioeconomy Strategy outlines how to pro-
mote the bioeconomy (European Commission 2018). Fur-
thermore, numerous policy and strategy documents at
global, European, national, and regional levels outline
ambitions for the bioeconomy: 194 regions in the EU-27
have or are working towards a strategic framework related
to the bioeconomy, according to Haarich and Kirchmayr-
Novak (2022). Of these, 29 regions had or were working
towards fully dedicated bioeconomy strategies. Sixty-nine
regions had or were working towards strategic frameworks
with strong bioeconomy focus. Lastly, 96 regions had or
were working towards strategies with minimal bioeconomy
content. To set the scene, we first summarise the extent to
which the nine study regions that are the focus of this paper
had progressed in formalising the bioeconomy agenda by
the end of 2022 (Table S1). These regions were selected
from the networks of the European Forest Institute’s (EFI)
Bioregions Facility and the European Regions for Inno-
vation in Agriculture, Food and Forestry (ERIAFF). The
governments of these nine regions are actively working to
advance the bioeconomy within their territories, making
these regions particularly relevant objects of study for
insight generation.

@ Springer

We notice the uneven but steadily widening policy
uptake of the bioeconomy concept across Europe and
underlines why stakeholders may interpret “bioeconomy”
through very different strategic lenses. This overview is
given in supplementary material Table S1, which indicates
that only four regions have stand-alone bioeconomy
strategies; in some regions the agenda was advanced via
circular economy or sector-specific plans. This hetero-
geneity is a useful backdrop when interpreting the data
presented in the following sections.

Yet, the critical challenge remains: how will these
frameworks be filled with substantive meaning and trans-
lated into concrete action? To inform this, the following
question needs to be answered: How can the bioeconomy
develop and operate most effectively? This paper aims to
contribute to answering this question.

Multiple definitions of the bioeconomy coexist, including
those emphasising sustainability, resource efficiency, and
innovation-driven development (McCormick and Kautto
2013; Bugge et al. 2016; Bryden et al. 2017; Global Bioe-
conomy Summit 2018; Frisvold et al. 2021; Téller et al.
2021; Sinkko et al. 2023). Systematic mapping studies
identify at least three dominant ‘visions’ of the bioeconomy
concept: the biotechnology, bioresource, and bioecology
visions, each mobilising contrasting narratives of economic
growth, fossil substitution, and ecological regeneration
(Bugge et al. 2016; Birner 2018, 2021). One interpretation
that is widely used and adopted here describes the bioe-
conomy as the ‘knowledge-based production and utilisation
of biological resources, biological processes, and principles
to sustainably provide goods and services across all eco-
nomic sectors’ (IACGB 2023, p.1). However, studies have
shown that the bioeconomy’s conceptual imprecision,
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particularly the lack of clearly defined objectives, vague
definitions, and terminology, can hinder effective policy-
making and stakeholder engagement (Greer 2022; Gardossi
etal. 2023). Research also emphasises the value of exploring
stakeholders’ perceptions of the bioeconomy’s societal and
environmental dimensions. Despite the dominance of
technoscientific and economic narratives in the bioeconomy
discourse, these narratives face criticism for failing to deli-
ver anticipated social and ecological benefits (Giuntoli et al.
2023). By explicitly foregrounding the contested nature of
the term, our study seeks to reveal how different stakeholder
groups understand bioeconomy and what this means for the
transformative ambitions attached to the bioeconomy
agenda.

Aside from more or less successful attempts at con-
ceptual precision, a broad consensus on its meaning,
components, and priorities appears to be emerging among
practitioners, emphasising a shift towards bio-based sys-
tems that balance ecological, social, and economic objec-
tives (Briers et al. 2024). However, the success of an
effective establishment of the bioeconomy across Europe
critically relies on the active involvement and strategic
choices of regional stakeholders who are optimally posi-
tioned to tailor solutions that address their unique local
needs, challenges, and opportunities (Gerdes and Kiresiewa
2018; D’Amato et al. 2020; Gardossi et al. 2023; Briers
et al. 2024). Hence, a definitional focus should be com-
plemented by one that identifies key questions that deter-
mine the success of bioeconomic strategies and practices.

One crucial question is: where should attention and
efforts be focused? High-growth-potential value chains,
which offer promising pathways for both sustainability and
economic development, warrant particular focus. Another
essential question is: what works and what does not, and
what are the bioeconomy’s most important barriers and
supporting conditions in diverse contexts. Finally, to enable
the most effective implementation of the bioeconomy, we
must determine who the most suitable actors are, which
actors different stakeholders see as responsible for this
societal project, and which actors are best placed to shape it
constructively. First, answers to all these questions—ad-
mittedly imperfect and incomplete, but nevertheless a
helpful practical indication and a strong basis for further
academic engagement—will be offered in the present paper
based on a survey of the perceptions of representatives of the
public and private sectors in nine European regions.

These sectors are among the most impactful actors in
shaping the bioeconomy. It is true that diverse other
stakeholders are also involved in the shaping of the bioe-
conomy: local communities, research institutions, envi-
ronmental organisations, among others, and according to
the principles of ‘systems thinking’, incorporating the
viewpoints of these diverse stakeholders is essential for
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cultivating favourable perceptions and outcomes of bioe-
conomic initiatives (Meadows 2008). However, the public
and private sectors have a central role and constitute the
focus of this paper.

The private sector primarily influences the bioecon-
omy’s direction through strategic business decisions,
investments, and innovations and by lobbying for advan-
tageous conditions. This intersects with the roles of public
institutions and governance structures, which are equipped
to shape these conditions through strategies, policy-mak-
ing, and regulatory measures. Such governance efforts
ensure broad and lasting benefits and foster an environment
conducive to bioeconomy stakeholders. Robust governance
measures are crucial for safeguarding economic, social,
and ecological sustainability and for enabling fair com-
petitive conditions for bioeconomy products and processes,
thus making efficient market choices between alternative
and traditional technologies and resources viable (Thran
and Moesenfechtel 2022).

However, a deeper comprehension of the perceptions
held by public and private sector actors on prevailing
barriers and supporting conditions, as well as ways to get
involved in the bioeconomy, can aid practitioners and
policy makers in enhancing the bioeconomy’s cohesion
and efficiency through collaborative and synergistic efforts.
This helps in understanding the dynamics that either hinder
or facilitate the bioeconomy and in identifying regionally
specific priorities for bioeconomy initiatives. Insights from
such an analysis are offered here based on a survey in nine
European regions (cf. Government and Industry’s Bioe-
conomy Perceptions Survey (Bioregions Facility 2024) for
regional context) and may inform future strategies and
policies in these regions—and potentially broader gover-
nance levels.

Building on previous research (Briers et al. 2024), this
paper seeks to address the following questions: (1) How do
respondents’ demographic traits (sector affiliation, regional
background) correlate with their self-assessed familiarity
with the bioeconomy? (2) How do respondents assess
public information levels about the bioeconomy? (3)
Which bioeconomy value chains are perceived to have a
high growth potential? (4) What factors and dynamics are
considered the main barriers and supporting conditions to
bioeconomy development? (5) What roles and responsi-
bilities do the public and private sectors have in the tran-
sition towards a bioeconomy? (6) How willing are both
surveyed groups to develop the bioeconomy? Providing
policy makers and relevant practitioners with empirically
based insights from diverse regions across Europe, this
paper aims to improve their understanding of relevant
actors’ perceptions of where there might be additional
information needs, what currently works well or not in the
bioeconomy, what are its immediate potentials, what are
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and should be their own and others’ role in it—in short: it
aims to equip policy makers and other relevant actors to
optimally develop the bioeconomy for the benefit of soci-
eties in different geographical contexts, at different levels
of political support and advancement of the bioeconomy,
and working with different bioeconomic opportunities and
constraints.

The paper is organised as follows: Sect. “Literature on
dynamics of bioeconomy development” provides insights
from scholarly literature on the dynamics of bioeconomy
development and on  bioeconomy  perceptions.
Sect. “Methods” details the methods employed in the
study. Sect. “Results” presents the results, structured into
three subsections: Bioeconomy familiarity and information
levels; Key characteristics of the bioeconomy and its
development; Willingness and responsibility to develop the
bioeconomy. Sect. “Discussion” discusses the findings,
while Sect. “Conclusion” concludes the paper, offering
recommendations and directions for future studies.

LITERATURE ON DYNAMICS OF BIOECONOMY
DEVELOPMENT

Much academic and non-academic discussion focuses on
the opportunities associated with the bioeconomy. For
instance, bioeconomy strategies align well with the Sus-
tainable Development Goals, fostering synergies among
clean energy, recycling, and ecosystem preservation
(Ronzon and Sanjuan, 2020). It includes public—private
partnerships and EU-funded projects that drive innovation
and the development of new bio-based products and
materials (Open Access Government 2023) and has sig-
nificant potential for economic growth, job creation, and
rural development, enhancing resilience to climate change
and promoting sustainability (Lange et al. 2021).

The question then arises: what hinders or advances
successful bioeconomy development and, ultimately, the
achievement of these opportunities? The literature suggests
that potential barriers and supporting conditions for bioe-
conomy development are very diverse. Key themes include
governance, investment, and awareness issues.

Governance as a factor in bioeconomy development

Governance aspects emerge as a recurring theme in bioe-
conomy literature emphasising its dual role as a driver and
a challenge in the bioeconomy.

Proestou et al. (2024) conducted an analysis of policy
documents related to the bioeconomy, examining the
relationship between economic and environmental objec-
tives. Government bioeconomy strategies, analysed
through 78 policy documents from 50 countries, reveal a
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predominance of economic objectives focused on market
development, biomass management and sustainable
growth. Environmental objectives, while present, are often
aligned with economic perspectives and reflect a trend
towards framing bioeconomy strategies in terms of sus-
tainability and green growth, particularly in high-income
countries. Policy objectives focus on governance and reg-
ulation, while social objectives, such as addressing
inequalities, remain less prominent. Additionally, Dietz
et al. (2018) conducted a global comparative analysis of 41
national bioeconomy strategies, identifying enabling and
constraining governance mechanisms critical to aligning
bioeconomy initiatives with Sustainable Development
Goals (SDGs). Their findings highlight the importance of
strategic coordination to ensure sustainability is embedded
in governance frameworks. Heimann (2018) showed in his
study that without additional measures and efforts (regu-
lations, policies, and investments ensuring sustainability),
the bioeconomy has the potential to limit rather than sup-
port the achievement of the SDGs. Ferraz and Pyka (2023),
through their systematic literature review, highlight the
bioeconomy’s potential to contribute to achieving the
SDGs. However, additional research is essential to design
and implement bioeconomy policies that bridge these gaps
and advance sustainable development.

Stern et al. (2018) highlight the necessity of inclusive
governance frameworks that address societal perceptions
and public trust in bioeconomic initiatives. This highlights
the need for comprehensive frameworks that balance
competing interests while fostering societal trust in bioe-
conomy advancements. Dietz et al. (2023) highlight sig-
nificant governance gaps at both national and international
levels in advancing the bioeconomy and offer expert-rec-
ommended solutions. At the national level, experts
emphasise insufficient policy coordination. At the inter-
national level, they highlight the lack of binding regula-
tions, unequal distribution of institutional capacities, and
imbalances in knowledge and technology access. The
current governance frameworks contain incoherent policy
incentives. De Besi and McCormick (2015) call for
coherent bioeconomy strategies. Banda and Huzair (2021)
emphasise that governance frameworks need to address
tensions arising from regulatory practices, particularly
balancing precautionary approaches with industry interests,
including the drive for innovation. Enhanced global and
cross-sectoral policy coordination is essential to steer the
bioeconomy towards sustainable development and min-
imise risks to social and environmental sustainability.

Focusing on specific policy incoherences, the risk of
conflicts between SDGs in bioeconomy strategies is high-
lighted, particularly concerning forest-based trade-offs
(Maksymiv et al. 2021). Their analysis calls for governance
mechanisms that mitigate these tensions to achieve
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coherence across policy goals. Mustalahti (2018) intro-
duces the concept of responsive governance, emphasising
citizen inclusion as crucial for equitable and adaptive
governance in bioeconomy transitions. Strategic coordi-
nation and responsive governance frameworks ensure
alignment with the Sustainable Development Goals,
addressing competing interests and embedding sustain-
ability principles into bioeconomic growth (Dietz et al.
2018; Stern et al. 2018).

Gawel et al. (2018) underline the importance of creating
fair competitive conditions through harmonised policies to
facilitate the transition towards the bioeconomy. This
aligns with broader discussions around creating a level
playing field for new bio-based activities while maintaining
environmental integrity. Dieken et al. (2021) extend this
concern, highlighting that stakeholders’ perceptions of the
bioeconomy are predominantly technology- and resource-
oriented, with limited attention to its ecological dimension.
The study underscores the lack of public involvement,
challenging the bioeconomy’s claim to contribute to sus-
tainable development. To address these gaps, it calls for
comprehensive strategies that integrate diverse stakeholder
perspectives beyond narrow consumption topics, fostering
inclusive governance structures and ensuring a balanced
approach to sustainability. Similarly, Pagnicu et al. (2019)
stress the importance of cohesive governance and har-
monised policy approaches to drive sustainable bioecon-
omy development. Concrete examples include the demand
for government intervention to support planning security,
essential for long-term investments in sectors like the
wood-based bioeconomy (Hafner et al. 2020). Similarly,
Franzini et al. (2018) underscore the influence of local
governments in promoting sustainable construction prac-
tices, such as the use of wood in multi-storey buildings.
These findings emphasise the role of local governments as
critical gatekeepers in urban planning and their ability to
influence sustainable construction practices.

This body of research underscores the multifaceted
governance challenges in the bioeconomy and highlights
the importance of inclusive, strategic, and well-coordinated
policies.

Investment and public spending

Finance, particularly investment in research, development,
and innovation, is also a key consideration in factors that
promote or hinder bioeconomy development. Economic
hurdles, such as limited access to capital for bioeconomy
start-ups and inadequate commercialisation support, hinder
progress (Dietz et al. 2018; Faulkner et al. 2024; Hogarth
and Salter 2010). Other authors have found that public
spending on research and development has proved helpful
in the development of advanced bioeconomy sectors, for
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example, biorefineries (Ding and Grundmann 2021).
Albrecht et al. (2021) highlight the potential economic
opportunities for industrial and technological development
as a dominant narrative that justifies public finance for the
bioeconomy. EU-supported initiatives, such as the Circular
Bio-based Europe Joint Undertaking, significantly enhance
competitiveness and resilience by funding innovative bio-
based products, facilities, and processes, while promoting
rural development and sustainability (Open Access
Government 2023; CBE JU 2024). Prochaska and Schiller
(2024) demonstrated, using Germany as an example, that
expanding research and development funding for biologi-
cal activities from a biotechnological focus to encompass
bioresources and bioecology significantly enhances the
participation of rural and less-developed regions. This shift
is driven by the inclusion of more traditional industrial
sectors as key recipients of research and development
support, highlighting the potential for regional develop-
ment through diversified bioeconomy initiatives.

Public perceptions and engagement
in the bioeconomy

Public perceptions and engagement are critical for the
success of bioeconomy strategies, as societal acceptance
and active participation influence the long-term sustain-
ability of bioeconomic transitions—not least in terms of
attracting a qualified workforce (Pender et al. 2024).
Hence, several authors observe a need to improve public
awareness of the bioeconomy and its benefits (Dieken and
Venghaus 2020; Dupont-Inglis and Borg 2018; Pascoli
et al. 2021; Thomchick et al. 2024). Macht et al. (2022)
show that the perception of a bioeconomy transition
depends on the specific technologies that will be imple-
mented and on how these technologies are communicated
to the public.

Pasnicu et al. (2019) and Ranacher et al. (2020) point to
the general population’s limited understanding of bioe-
conomy concepts, stressing the need for targeted awareness
campaigns to bridge knowledge gaps. For instance, the
Austrian case study by Stern et al. (2018) reveals that
public trust in bioeconomy projects is closely tied to
transparent communication about their environmental and
economic impacts. These findings are echoed in broader
European contexts, where public awareness campaigns
have been shown to foster community-level engagement
with bio-based practices. Wozniak et al. (2020) further
emphasise that effective communication of bioeconomy
benefits—especially regarding sustainability and economic
growth—is key to public acceptance across Europe.
Equally, education significantly influences perceptions of
the bioeconomy by raising awareness, shaping sectoral
importance, and providing interdisciplinary and
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transformative knowledge (Paris et al. 2023; Marcinekova
et al. 2023; Trigkas and Karagouni 2023; Pink et al. 2024).

Across different knowledge levels and irrespective of
how knowledge is assessed, perceptions of the bioeconomy
are often complex. In Austria, public perceptions reveal a
divide between technology-driven visions and environ-
mentally localised approaches, with trust in sustainable
consumption emerging as a crucial factor (Stern et al.
2018). Similarly, Pasnicu et al. (2019) demonstrate that in
Central and Eastern Europe, public perceptions are shaped
by socioeconomic factors and national strategies, reflecting
variability in readiness to engage with bioeconomy initia-
tives. A survey of the German population revealed limited
familiarity with the term itself, but widespread support for
its underlying principles, particularly those tied to sus-
tainability and environmental benefits, though concerns
persist regarding certain specific practices or technologies
in value chains seen to be part of the bioeconomy (Dal-
lendorfer et al. 2022).

Linking perceptions to behaviour, a study by Rinn et al.
(2024) in countries of Southeast Asia highlights the rela-
tionship between perceptions of the bioeconomy and par-
ticipation in sustainable practices, including the sustainable
use of natural resources. Stern et al. (2018) and Wozniak
et al. (2020) highlight that public participation in gover-
nance enhances the acceptance of bioeconomy initiatives,
fostering sustainable consumer practices. Research by
McCormick and Kautto (2013) underlines that participa-
tory governance models, which actively involve citizens
and stakeholders, are critical for the development of sus-
tainable bioeconomy policies. Public engagement efforts
can also draw on best practices from national bioeconomy
strategies, as illustrated in studies in Finland and Germany,
where stakeholder inclusion is prioritised to build trust and
mitigate potential conflicts (Franzini et al. 2018; Hafner
et al. 2020).

High potential value chains in the European
bioeconomy

The above-listed conditions collectively create a favour-
able environment for bioeconomic growth, enabling the
transition towards sustainability and circularity, and the
development of new bio-based products. While such
structural factors are important, it is also important not to
overlook the bioeconomy’s substantive content, which is
also decisive for its success.

Positioned as a cornerstone for achieving sustainability,
fostering innovation, and addressing climate challenges,
the bioeconomy is now a significant economic sector in the
EU, representing 5% of the EU’s GDP and employing
8.3% of its workforce (UNECE 2024). It encompasses
several high-growth-potential value chains, prominently
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discussed in the literature and supported by strategic EU
initiatives, such as the CBE JU. Among the most promi-
nently discussed are wood construction and bioenergy. The
former has seen growing demand for engineered wood
products (Franzini et al. 2018), while the latter accounts for
over half of the EU’s renewable energy consumption
(D’Amico et al. 2021; Mastrucci et al. 2024). Long-s-
tanding value chains like wood-based materials and prod-
ucts, pulp and paper, non-wood forest products, and food
and gastronomy are also relevant. Green chemistry and
bioplastics also feature heavily. In the case of bioplastics,
expanding production capacity and regulatory support
foster innovative bio-based materials that align with the
EU’s circular economy goals (European Commission n.d.-
a). Nature-based tourism integrates economic growth with
conservation, particularly in rural and ecologically sensi-
tive areas. In addition to these widely recognised sectors,
others such as sustainable textiles, focusing on bio-based
and biodegradable fibres (Deckers et al. 2023), and bio-
based fertilisers, which improve agricultural sustainability
through organic waste conversion (Chew et al. 2019), are
gaining traction. Innovations in bio-based packaging, dri-
ven by the EU’s single-use plastics directive (European
Commission 2019), and in cosmetics, with natural ingre-
dients reducing petrochemical reliance, further diversify
the bioeconomy. These sectors collectively highlight the
EU’s activities in fostering a circular and sustainable
economy. They are supported by market insights and
forecasts from sources like the EU Bioeconomy Monitor-
ing System (European Commission, n.d.-b).

MATERIALS AND METHODS
Data collection

The research findings presented in this paper derive from
an online survey conducted across nine European regions.
Constituting a two-pronged approach of purposive expert
sampling across the continent and convenience sampling
via comparatively easily mobilised multipliers (including a
snowballing effect), the selected regions were recruited as
locations for sourcing survey respondents through the
networks of the European Forest Institute’s (EFI) Biore-
gions Facility and the European Regions for Innovation in
Agriculture, Food, and Forestry (ERIAFF). The choice of
these specific regions followed explicit case-selection cri-
teria intended to enable a structured, comparative explo-
ration rather than statistical representativeness. First,
regions had to (i) be active members of EFI Bioregions
and/or ERIAFF and (ii) have an identified public authority
willing and able to act as a local dissemination partner.
Second, to maximise heterogeneity, we sought coverage
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across Europe’s main macro-geographies (North—-South
and East-West) and to certain extent varied bioeconomy
profiles (forest-dominant, mixed agro-forestry, and diver-
sified industrial bases). Third, regions were required to
have ongoing policy interest in advancing bioeconomy
activities (e.g. a strategy, programme, or equivalent ini-
tiative) to ensure the policy salience of stakeholder per-
ceptions. Finally, feasibility criteria (e.g. local outreach
capacity) were applied. These criteria, together with pre-
existing collaboration channels in Bioregions and/or
ERIAFF, explain why the final set comprises these nine
regions specifically.

To glean insights from the public sector, the survey
sampled stakeholders from relevant ministries, municipal
departments, public agencies, and publicly owned compa-
nies. Key priority domains included were Agriculture,
Energy, Environment, Forestry, Rural and Urban Devel-
opment, Tourism, and Recreation. From the private sector,
responses were solicited from diverse entities linked to the
bioeconomy such as wood or food product manufacturers,
tourism service providers, forest owners, forest managers,
and representatives from industry clusters and umbrella
organisations like sector/industry associations, chambers of
commerce, agricultural and forestry associations, and
cooperatives. The focus areas identified to instruct regional
disseminators were Agri-food, Clean Tech, Environment,
Forestry, Gastronomy, and Tourism. While attempting to
even out imbalances in focus on different value chains by
means of this instruction, it cannot be guaranteed that no
such imbalances remained. We therefore treat the sample
as analytical rather than probability-based: it is designed to
capture breadth across relevant actor groups and value
chains, not to estimate population parameters. Furthermore,
an unavoidable potential selection bias in favour of com-
mercially oriented attitudes towards the bioeconomy
inherent in this sampling design was considered accept-
able due to the economic focus of this research endeavour
and the assessment that there were no grounds for ethical
concerns about maleficent impacts of this research. This
potential bias is explicitly acknowledged in the interpre-
tation of results.

Ultimately, nine regions participated: Basque Country,
Castile and Ledn, Catalonia (Spain), North Karelia, South
Ostrobothnia, (Finland), Central Bohemia (Czech Repub-
lic), Flanders (Belgium), North Rhine-Westphalia (Ger-
many), and Tuscany (Italy). This set satisfies the
heterogeneity criteria above by spanning Northern and
Southern as well as Western and Central/Eastern Europe,
and by including regions with distinct resource endow-
ments and industrial structures. While a larger and more
diversified set (including non-Bioregions and/or ERIAFF
regions and countries beyond Europe) would further
strengthen external validity, these nine cases constitute a
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theoretically justified and feasible comparative baseline for
the present study.

Ethical considerations regarding the research subjects
were reflected in the adoption of the principles of free,
prior and informed consent and the option to abort partic-
ipation in the research at the respondent’s discretion, as
well as anonymity and GDPR conformity of the study. All
steps of the research process were guided by the principles
of inclusivity, fair representation, and equal value creation.

The survey tools, including a questionnaire and a dis-
semination toolkit, were translated into the local languages,
and distributed by local partnering organisations (men-
tioned in the acknowledgements). The survey was available
for approximately three months in each region between
September 2021 and December 2022. Dissemination
methods included social media and direct email campaigns.
Due to the nature of these dissemination methods, accu-
rately determining the response rate is not possible. In all
regions, the local partnering organisations included a
regional government agency knowledgeable about the
regional bioeconomy actors. These partnering organisa-
tions disseminated the survey among the relevant public
and private sector actors. The sample size was defined by
the possible outreach during the three-month timeframe.

The survey included a working definition of the bioe-
conomy that corresponds to those referred to in the intro-
duction, adding reference to the forest sector specifically:
‘an economy that relies on the production and utilisation of
renewable biological resources, including those of forest
origin, to produce materials, energy, products, and services
across all economic sectors’.

During data cleaning, some of the 713 original responses
were excluded from the final analysis: those providing only
demographic information without substantive answers and
those from participants indicating the sector (public, pri-
vate, other) category ‘other’, such as researchers and media
representatives. However, of these ‘others’, respondents
whose additional information indicated a misunderstanding
of the categories were reassigned to their corresponding
sector category and included.

After processing, the final dataset included 534
responses, with 288 (53.9%) from the public sector and 246
(46.1%) from the private sector. The numbers of responses
received varied significantly across regions, from 15
(2.8%) from North Karelia to 109 (20.4%) from North
Rhine-Westphalia (Fig. 1). The unequal sample sizes
across regions and the small sample size in a few regions
represent limitations of this study. This imbalance was
partly unavoidable, given that the population in North
Rhine-Westphalia is more than 100 times larger than that
of North Karelia. Nevertheless, the authors acknowledge
these limitations and refrain from making claims of abso-
lute representativeness. To ensure contextual accuracy, all
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South Ostrobothnia
10.5% (56 responses)

North Karelia

——, »2,8% (15 responses)

North Rhine-Westphalia
20,4% (109 responses)

Flanders
14,2%

'L
(76 responses)
=

Central Bohemia
8,4% (45 responses)

Basque Country
7,7% (41 responses)

Castile and Ledn
12,7% (68 responses)

Tuscany
4,9% (26 responses)

Catalonia
18,4% (98 responses)

Fig. 1 Map of regions where the survey was launched with the absolute number of respondents and as a proportion of the entire sample (Briers

et al. 2024)

local partner organisations reviewed the study as part of a

regional validation process.

Based on open-ended responses categorising respon-
dents’ value chains, we find that the public sector is pre-
dominantly represented by forestry, followed by education,
research, economic development, environmental manage-
ment, and agriculture. A smaller proportion of public sector
respondents are affiliated with waste management or
energy-related activities. In the private sector, agriculture
and forestry/wood-based industries are the most frequent,
followed by the food sector, energy, and consultancy.
Fewer private sector respondents operate in waste man-
agement, manufacturing, or construction.”

A mandatory familiarity slider from 0 to 100 was used to
based on familiarity
Responses to this were later categorised as low (0-33),

facilitate cross-analysis

! During the preparation of this paragraph, the authors used
language model to
responses received on the corresponding open-ended question in the
survey in eight different languages. This was intended to address the

DeepSeek’s DeepSeek-V3

medium (34-66), and high (67-100) familiarity. Other
questions were optional, which might have affected the
total number of responses for those items.

The questionnaire inquired about following key aspects
(see supplementary material 2): (1) familiarity with the
bioeconomy; (2) relevant concepts, value chains,” policy
areas associated with the bioeconomy, and its potential
benefits and risks; (3) barriers and supporting conditions for
bioeconomy development; (4) high-potential value chains in
the bioeconomy; (5) willingness and responsibility to
advance the bioeconomy; and (6) perception of the general
public’s understanding of the bioeconomy. This study
reports findings about aspects 1, 3, 4, 5, and 6, while con-
ceptual associations are discussed in Briers et al. (2024).
levels.

Data analysis

Statistical analyses presented here were carried out using
IBM SPSS Statistics, version 29. The initial step in the
analysis involved employing standard descriptive and
summary statistics (mean, range, and distribution) to

synthesise the

complexities created by potentially diverging nuances of sector

definition and meaning of terminology in different languages, and the
language use to convey similar meanings. It was deemed that the
technology could, thus, produce the best possible approximation for
attributing value chain backgrounds of respondents. To sense check
the resulting interpretation presented here, the authors reviewed the
steps undertaken by DeepSeek and found that they were appropriate

for creating an accurate outcome.

@ Springer

2 1t is important to note that the term “sectors,” as used in the survey
questionnaire, has been replaced with “value chains” throughout this
paper to prevent confusion with the terms “public sector” and
“private sector.” While some sectors, such as forestry and agriculture,
encompass multiple distinct value chains, this paper does not further
differentiate between them in its terminology.
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Final sample — 534 responses: Nine regions, 288 public sector; 246 private sector

(1) Descriptive & summary statistics (mean,
range, distribution)

All variables follow non-normal
distributions

=

)
)

Tables 1, 2 & 5 (partially) represent
proportions of respondents; Tables 3, 4, 5
(partially) & 6 represent means

= |

|
B [ (2) Test for statistical significance in between groups ]
" g 0
S Nominal dependent variables Ordinal or scale dependent variables
High potential value chains, previous bioeconomy-related Likert scale: Barriers, supporting conditions; Continuous scale:
P actions, perception of general public’'s awareness Bioeconomy familiarity, willingness to develop bioeconomy
S 4
S Two groups R ThreBeior more grfoupls " Two groups Three or more groups
egion, oloeconomy familiarity Sect R Gend A Al
Sector groups, Gender, Age Area L St agion, Gender, Age.Aned
v
2 Mann-Whitney U tests to test Kruskal-Wallis tests to test
9 Chi-squared tests to test for statistical significance (a =0.05) for statistical significance for statistical significance
L (0=0.05) (u=0 05)
Post hoc pairwise comparisons not possible for nominal When significant differences between groups observed, post
variables hoc pairwise comparisons conducted and reported

(3) Significance test for paired differences

U

[

Scale dependent variables
Continuous scale questions (0-100 sliders) about allocation of responsibilities between the public and private sector for promoting bioeconomy

]

U

[

Wilcoxon signed-rank tests to test for statistical significance (a=0.05): Public or private sector is more responsible when there is a
significant difference from the midpoint value of 50

]

Fig. 2 Visualisation of the data analysis methodology used

provide a basic understanding of the data. Because the
variables were not normally distributed, non-parametric
methods were subsequently applied in accordance with the
distribution characteristics of the data.

For nominal dependent variables, chi-squared tests were
utilised to determine statistical significance between
groups, with a significance level set at o = 0.05 (McHugh
2013; see Fig.2). These variables included responses to
multiple-choice questions regarding high-potential bioe-
conomy value chains and single-choice questions about
respondents’ previous bioeconomy-related actions and
their perceptions of the general public’s awareness.

For ordinal or scale-dependent variables, the choice of
statistical test varied based on the number of groups being
compared (Fig. 2). The Independent-samples Mann—Whit-
ney U test was used to analyse differences between two
groups, such as the sector variable (private vs. public

www.kva.se/en

sector), with the significance level set at o = 0.05
(McKnight and Najab 2010). For comparisons involving
more than two groups, such as for region, bioeconomy
familiarity, gender, age, and area, Kruskal-Wallis tests
were applied (o = 0.05) (Cleophas and Zwinderman 2016).
The ordinal or scale-dependent variables included respon-
ses to Likert scale questions assessing barriers and sup-
porting conditions for the bioeconomy, as well as the
0-100 continuous scale (slider) questions gauging respon-
dents’ self-rated familiarity with the bioeconomy and
willingness to engage in bioeconomy development.

When significant differences between groups were
detected for ordinal or scale-dependent variables, post hoc
pairwise comparisons were conducted and reported. This
systematic approach allows for the detailed examination of
differences between specific pairs of groups within the
dataset (Fig. 2).

@ Springer



Ambio

100
B 9%
£ 80
= 70
E 60 71 73
> 50
S
s 40 44
g 30
o 20
(e}
A 10
0
e & & &
'& D ‘&’b &
S & S
& & & & N4
> & S
%’b Q}Q/‘Q (,’b

74
64 64

52

& & & &
\r &\/b, “’b\’ «& &
<© & & P
& &S
éoé §® "9‘
& $
SIS
&

Fig. 3 The respondents’ average familiarity with the bioeconomy in nine regions. The respondents could indicate their familiarity on a scale of 0
to 100 with O being not at all familiar and 100 being very familiar (Briers et al. 2024)

Additionally, the Wilcoxon signed-rank test was
employed to analyse the 0-100 continuous scale (slider)
questions concerning the allocation of responsibility for
promoting the bioeconomy between the public and private
sectors (Fig. 2). This test is suitable for paired differences
when data distribution is non-normal (Woolson 2008). A
midpoint value of 50, indicating equal responsibility
attributed to both sectors, served as the reference for this
analysis.

Tables 1-6 present aggregate (‘All respondents’) and
compartmentalised data, covering all key groups studied
(bioeconomy familiarity groups, sector, regions). Bold
cells in the tables represent values with a notable difference
(subjective classification by the authors) from the ‘All
respondents’ value. The definition of a ‘notable’ difference
is described in the table captions and does not reflect
information about statistical significance.

The study also examined barriers and supporting con-
ditions for bioeconomy development using a Likert scale to
measure perceived importance. The Likert scale employed
is as follows: (1) Not at all important; (2) Low importance;
(3) Neutral; (4) Important; and (5) Extremely important.
The methodology here adopts a more practical than theo-
retical approach to the analysis of Likert scale responses,
sidestepping traditional debates on their interpretation.
Despite the responses being confined to discrete values
from one to five, the mean is reported to one decimal place,
helping to provide a clearer, more interpretable view of
how respondents rate the importance of various barriers
and supporting conditions in fostering bioeconomy
development.
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RESULTS
Bioeconomy familiarity and information levels

The survey data provide insights into the self-rated famil-
iarity levels of the survey’s private- and public-sector
respondents and the perceived level of public information
about the bioeconomy.

Familiarity with the bioeconomy among the public
and private sectors

As a proxy to ascertain levels of familiarity with the
bioeconomy in the public and private sector, survey
respondents were invited to position themselves along a
spectrum ranging from ‘not familiar’ (at the value O on the
scale presented) through ‘somewhat familiar’ (at value 50)
to ‘very familiar’ (at value 100). In aggregate, this pro-
duced a mean value of 63.8 across all responses received,
which is within the ‘familiar’ range. Yet, it is important to
note that almost half (49.6%) of the individual responses
were located at the ‘high’ end of the spectrum (over 66 on
the scale) and more than one-third (37.3%) in the medium
range (between 33 and 66 on the scale). Only 13.1% rated
their familiarity as low (under 33).

With reference to the mean value, the following
comparison between the regions can be made (Fig. 3):
bioeconomy familiarity is highest in North Karelia (83.6),
followed by South Ostrobothnia (74.1), Castile and Ledn
(72.7), Basque Country (70.6), and Catalonia (68.7). It
falls in the upper mid-range in Flanders (64.2), Tuscany
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(63.6), and North Rhine-Westphalia (51.6), and the lower
mid-range in Central Bohemia (43.7). None of the regions
has a mean in the low-familiarity part of the spectrum.
Regarding statistical significance, familiarity in North
Rhine—Westphalia and Central Bohemia is significantly
lower than in the highly ranked regions such as North
Karelia, South Ostrobothnia, Castile and Ledn, the Basque
Country, Catalonia, and Flanders. Tuscany, which sits in
the middle of the ranking, does not differ significantly in
familiarity compared to regions ranked either higher or
lower.

The mean familiarity between the private and public
sectors is reported at very similar levels (65 and 63,
respectively); no statistically significant difference can be
observed. Nor are there significant differences between
different genders or age groups in these self-rated famil-
iarity levels. However, the location of respondents—whe-
ther rural, suburban/semi-rural, or urban—does affect
familiarity. The mean familiarity scores are 60 for rural
areas, 67 for suburban/semi-rural areas, and 65 for urban
areas. Initial analysis indicates significant differences
between these groups. Further testing reveals that while the
difference between rural and urban areas, and between
suburban/semi-rural and urban areas, is not significant,
there is a significant difference between rural and subur-
ban/semi-rural areas.

General public informed on the bioeconomy

Respondents were also asked whether, in their view, the
public in their region is sufficiently informed about the
bioeconomy. At the aggregate level, the vast majority of
respondents answered ‘the public is underinformed’
(77.7%), while only a very small proportion thought ‘the
public is sufficiently informed’ (3.4%), and 7.9% selected
‘I don’t know’ (Table 1). Just over one-tenth (11.0%) of
respondents did not answer this question.

There is a statistically significant difference in how
survey participants of different familiarity groups
responded to the question, with progressively higher-fa-
miliarity (low to medium to high) respondents ascribing
progressively higher information levels to the general
public. No significant difference can be observed between
private and public sector respondents’ answers to the
question. Regional divergence in answers has been shown
to be statistically significant. When comparing the pro-
portions of different answer options of the regional sub-
groups to those of all respondents, it is striking that in
North Karelia over a quarter of respondents think that the
public is sufficiently informed, the same proportion
selected ‘I don’t know’, and fewer than half think that the
public is underinformed.

Table 1 General public informed on the bioeconomy. Proportion of respondents (%) that find the general public is sufficiently informed on the bioeconomy, underinformed, didn’t know, or

didn’t answer. Reported for all respondents together, and separately for the nine regions, the two sectors, and the three familiarity groups. Bold cells indicate those proportions that differ 20% or

more from the ‘all respondents’ proportion. All figures are percentages
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Familiarity

Sector

Region

All

General public

respondents

informed on the
bioeconomy

High

Medium

Low

Tuscany Private Public

South

North North

Flanders
(BE)

Catalonia Castile

Central

Basque

familiarity familiarity familiarity

sector

sector

Ostrobothnia (IT)

(FD

Karelia Rhine-

(FD

and

Bohemia (ES)

(Cz)

Country
(ES)

Westphalia

(DE)

Ledn

(ES)

0.0 2.0 53

3.5

33

3.8

54

0.0 2.0 29 53 26.7 1.8

0.0

34

The public is

sufficiently
informed

74.9 80.0

78.1 77.1

77.2

80.8

82.2 80.6 79.4 72.4 46.7 82.6 67.9

77.7 82.9

The public is

underinformed

53
9.4

8.6 11.1
143

9.4
9.0

6.1

3.8
11.5

16.1

8.3
7.3

59 11.8 26.7

11.8

2.0
153

6.7

11.1

2.4
14.6

7.9
11.0

I don’t know

12.1

134

10.7

0.0

10.5

Did not answer
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Key characteristics of the bioeconomy and its
development

Regarding the bioeconomy itself, respondents highlighted
several important features and dynamics.

High-growth-potential value chains in the bioeconomy

In the next section of the questionnaire, respondents were
asked to indicate up to three top value chains within the
bioeconomy that they considered to have the highest
growth potential in their region. The top choice—selected
by over half (55.8%) of respondents—is the bioenergy
value chain (Table 2). This is the most prominent answer.
The next most frequent answers are wood construction,
which was selected by just under a third of respondents
(32.6%), green chemistry (29.8%), advanced new materials
(29.2%), and food and gastronomy (28.3%). Bioplastics are
mentioned by just under a quarter of respondents (24.0%),
and nature-based tourism and wood-based materials and
products are mentioned by nearly one in five (19.7% and
18.9%). Non-wood forest products and textiles and fashion
are mentioned by 10.5% and 8.1%, respectively, and the
pulp and paper value chain is seen as a high growth
potential by one respondent in twenty (5.1%).

Of these, only the substantive items on ‘food and gas-
tronomy’ and ‘non-wood forest products’ show a signifi-
cant difference across familiarity levels, with higher
familiarity corresponding to higher selection percentages in
both cases. No significant difference was observed between
private and public sector representatives. However,
between the regions, there were significant differences in
the rating of all the answer options. Differences in the
mean proportion of respondents who selected the value
chains in the individual regions, compared to the mean
proportion of all respondents, are visible in Table 2.
Bioenergy is selected by a comparatively low proportion of
Flemish respondents. Wood construction is selected by a
high proportion of respondents from the Basque Country
and North Karelia, while a low proportion of respondents
from Tuscany selected it. Green chemistry is considered to
have a high growth potential in the respective region by a
comparatively high proportion of respondents in Flanders
and Tuscany and low proportion of respondents in North
Karelia and South Ostrobothnia. Food and gastronomy is
selected by a comparatively low proportion of respondents
from North Karelia and North Rhine-Westphalia. Only a
few respondents from South Ostrobothnia see potential for
bioplastics in their region. A high proportion of North
Karelian respondents sees high growth potential for nature-
based tourism and non-wood forest products in their
region. Finally, ‘Textiles and fashion’ is considered to have
a comparatively high potential in Tuscany.

@ Springer

Barriers and supporting conditions for the development
of the bioeconomy

When asked to rate the importance of a number of prede-
fined barriers to the development of the bioeconomy on a
Likert scale from 1 (not important at all) to 5 (very
important), around one in ten respondents declined to do so
for each statement (ranging from 9.9% to 10.9%). For the
responses received, the following can be observed: ‘lack of
co-operation among different stakeholders (e.g. policy-
makers, business, research)’ is rated highest with a mean
value of 4.2, followed by ‘lack of a supportive policy and
legislative environment well-tailored to regional needs’
with a mean value of 4.1 (i.e. both between ‘important’ and
‘very important) (Table 3). With a value of 4.0, ‘lack of
profitability and market demand for bioeconomy busi-
nesses and products’ can also be considered an important
barrier. ‘Lack of technical feasibility and/or barriers to
innovation’ and ‘Lack of balance between different uses of
forest (e.g. economic, conservation, carbon sequestration,
etc.)’, both with a mean value of 3.8 are also approaching
the ‘important’ marker, while ‘lack of general social
acceptance’, with a mean value of 3.4, is closer to the
centre mark between ‘not important’” and ‘very important’.

Interestingly, there are no significant differences
between groups with different levels of familiarity. A
significant difference between the private and public sector
was found only for the assessment of a lack of a supportive
policy and legislative environment well-tailored to regional
needs (with the mean of private sector respondents being
slightly higher than that of public sector respondents), but
not for the other predefined barriers.

By contrast, the regional breakdown of the data showed
significant differences for all the barriers apart from ‘lack
of profitability and market demand for bioeconomy busi-
nesses and products.” For ‘lack of co-operation among
different stakeholders’, there is a statistically significant
overall difference among the regions, but subsequent
pairwise comparisons do not reveal significant differences
between specific regions.” With regard to ‘lack of sup-
portive policy and legislative environment well-tailored to
regional needs’, there is a significant difference for North
Karelia and South Ostrobothnia compared to all other
regions except between each other and with North Rhine-
Westphalia, as well as between North Rhine-Westphalia
and Catalonia. Whenever there is a significant difference
between the pairs of regions, respondents of North Karelia,
South  Ostrobothnia and North  Rhine-Westphalia

3 This phenomenon is not uncommon in statistical analysis and can
be attributed to several factors, a discussion of which would go far
beyond the space available here. Readers may familiarise themselves
with this topic by reading up on the relevant literature.

www.kva.se/en



Ambio

89 (4 7'l ¥'C 69 8¢ ¥'e 00 00 4 811 s 00 00 Sy Pyo
8¢ 09 I'L Sy LS STl 8’1 9Y L9 6'L vy 07c 00 9¥1 I's Toded pue ding
uorysey
09 I'rt I'L 08 18 9be 8’1 oY L9 ¥'81 vy 8 00 (7 '8 pue sa[xa],
sjonpod
9¢l '8 [ 01 901 L'L 96l oY 0°0r 6L gee I'L [ 6y G0l 1s210] poom-UoN
sjonpoxd
2 S[eLjew
ol 181 00C el L'81 'Sl 8'9¢ 8°¢6¢ el S0l 811 (Y 6'8 oYl 6'81 Paseq-poop
WISLINO}
0Ll 1'ee 6'CC TlIe 6Ll G'8¢ eyl I'ie L'99 9C §9¢ €Ll 6'8¢C 86 L6l paseq-aIjeN
9°CC ['¥C 98¢ L've (2 %4 ! 8’1 0c L9 8°9¢ gee 8'6¢ (4 g6l 0vc sonserdorg
Awouonses
6°0¢ 9°6C eVl 6C LT 69T 'or €8 L9 0°sC I'vv L'ee 6'8¢C L'1g €8¢ pue pooq
s[eLojew
09¢C (43 6'CE 8'8¢ L'6c 6'9¢ 8'9¢ 6'v¢ £'ee S'6¢ 9Ll 81 (4% £'6¢ T6C MU pAdUBAPY
(433 9°LT 6'CC 91¢ 9'LT 0°0s T'L 0'¢e 00 995 91 98¢ (44 I've 867 Ansiueyd usaln
UuonONISUOd
g'oe 98¢ 6°CE 'se £6¢ STI £'6¢ [4Y 0709 8¢l 1’61 gee 6'8¢ L'es 9Ce PooOM
G'8¢ 8'9¢ 6ty 9°¢¢ 1'9¢ ¢'8¢ 969 L'Ly 009 Tre 99 ¥0L 9°¢¢ 1'9¢ 8'¢¢ AS1oucorg
HO (s
(LD ereydisom (E)) uoa] (z2) (s
Auerruey  Lueriue) AJLRIIWe]  J0J0ds  10J09S (LD ewygoqonsQ -oUIY  BI[AIBY] 39 pue (SE) erweyog Anuno)
ySiH  wnipey MOT Olqng  Aeaud Aueosng, ynos YHON  YMON slepue[ 9[use) eluoer)  [enud)  onbseg
sjuapuodsax sureyo anjea
KyreriureJ 10309 uo13oy nv renuajod Y3ty

sagejuaorad ore sams3y
v ‘uoniodoid syuopuodsar [[e, 9y} WO} AI0W IO 9,07 JojJIp jeyy suoniodoid asoy) oyeorpul s[[90 plog ‘sdnoid Ajurerjiuiej 991y} Y} pue SI10J09s 0M] Y} ‘suoifar auu ay) 1oj A[ojeredos
pue ‘10y3a30) syuapuodsar [e 10j parrodoy ‘uordar 1oy} ur enualod YImoId 1seySIy oy YIm a1y) doy ay) Suowre SUTEYD IN[BA JUSIIJJIP PAjedIpur oym (9) syuapuodsar Jo uontodoig 7 d[qel,

pringer

A's

www.kva.se/en



Ambio

6¢°¢ 1v'e 8¢°¢ €v'e e 00°¢ we LEE 08¢ 8Y'e Ve 99°¢ (423 6v'¢ e 20ue)dadde [B100S [e10UdD)
(019 ‘uonensonbas
UoqIed ‘UONBAIISUOD OIUOUOID
69°¢ 6L'¢ €8¢ €L'e SL'e L€ L9'¢ oL'e €5 e 8L'¢ L6'¢ 00'% 6S°¢ pL'E "$'9) 15910 JO SOSN JUSIAYJIP USIMIAQ doUB[Rg
uoneAOUUL
SL'e 68°¢ e £8°¢ oL'E £8'¢ 88'¢ £9'¢ 00 S9'¢ el'y (459 S8'¢ 89°¢ 08¢ 0} s101LIRq Io/pue ANIQISEd) [EdIUYda],
s1onpoid pue ssaulsng Awou0d901q
66'¢ €0y €6’ €0y 96'¢ 8P'e ' 98°¢ L9€ 140 % vy SI'y 00t Iy 00y J10j puewdp JodIEW pue AN[IqeIgold
SPA9U [BUOISAI 0] PAIO[IL)-[[oMm
o1y SI'v L6t 66'¢ (9% 8Y'v 0S¢ 96'¢ €I'e (ay wy o'y ey (184 0I'f IUSWUOIAUD JAT[SISA] pue Adrjod aantoddng
(yoreasar ‘ssouisnq ‘s1oyewkorjod ‘3-9)
1Ty ol'y 96°¢ el'y 6l ey 96'¢ 90t el'y el'y 6l 8¢V SI'vy €0y oI’y sIop[oyayels Juateyip Suoure uonerado-0)
(1D Ha (D (s (/)] (s
Auerurey  Aueriuey  AJUeIIWe]  10J09S  J0JOJS (LD emuypoqonsQ ereydisopy  erjorey] (4g) uooT pue (sg) emuoyog — Anuno)
yStH  wmnipspy Mo onqng  eaug  Aueosny yInos  -ouryy YHUoN YUON  SIOpue[] J[mse)  eruoreIe) [enua) anbseg
sjuapuodsar
Kyrerjure,g 101098 uoI3oy nv (**"Jo YorT]) sioLeg

uonodoxd syuopuodsar [[e, 9y WO} 9IOW IO °() IJJIP IRy} SOSLISAL IS0}
Q1edIpul S[[99 plog "sdnoid AJLreI[Iuue) 92IY) 9Y) PUB ‘SI0}09S 0M] ) ‘SUOIFI dulu AY) J0J A[ojeredas pue ‘19y3030) syuapuodsal [[e 10J pajiodar a1e sanfea J[eds 1Y 95eIoAY “(Juentodwr A19A) ¢
03 (Tre e JuelIodwr JOU) | WIOIJ [BIS JIAYI] B U0 AWOU0I901q 2} Jo Juawrdo[oAap a3 0} sIoLireq Jo doueitodur oy) 91er 0) payse a1om sjuapuodsay Juawdo[oasp AWOU09301q 0) SIdLIRY ¢ dqe],

www.kva.se/en

pringer

A's



Ambio

considered the barrier less important than the respondents
in the other region in the pair. For’lack of technical fea-
sibility and/or barriers to innovation’, the only significant
differences observed are that Castile and Le6n respondents
consider it more important than respondents from Flanders
and from North Rhine-Westphalia. With regard to ‘lack of
balance between different uses of forest’, Flemish respon-
dents considered it less important than Catalan respon-
dents. ‘Lack of general social acceptance’ is considered
less important by respondents from South Ostrobothnia
than by those from Catalonia and Central Bohemia.

Asked about the conditions supporting the development
of the bioeconomy, the rate of declined responses also
hovers around one in ten, though it is slightly lower than
for the barriers (ranging from 9.4 to 10.3%). The top two
responses are firmly on the ‘important’ to ‘very important’
side of the scale: ‘Public/private investment in innovation’
has a 4.4, while ‘availability of scientific information for a
better-informed public and policymakers’ has a mean value
of 4.3 (Table 4). Although placed, in their aggregate,
between the central marker and the ‘important’ marker of
the scale, the remaining three options all tend towards
‘important’, too: ‘Adequate regulation to overcome possi-
ble negative impacts on ecosystems and local communi-
ties” has a mean of 3.9, ‘public procurement programmes,
to stimulate demand’ has a mean of 3.8, and ‘performance-
based payments for carbon sequestration’ has a mean of
3.7.

With regard to these supporting conditions, in contrast
to the barriers discussed above, bioeconomy familiarity
levels of respondents did make a difference for their esti-
mation of the importance of three out of the five items:
availability of information to inform the public and poli-
cymakers, investment in innovation, and public procure-
ment programmes to stimulate demand. Public
procurement programmes were rated significantly more
important by respondents of the highest familiarity group
in comparison with the two other familiarity groups.
Investment in innovation was rated significantly more
important by respondents in the high-familiarity group than
by those in the low-familiarity group. With regard to
availability of information to inform the public and poli-
cymakers, the high-familiarity group rated it significantly
more important than the medium-familiarity group, and no
significant differences were observed compared with the
low-familiarity group.

There were no significant differences observed between
respondents from different sectors on any of the items.
However, respondents from different regions had different
estimations of the importance of available investment,
relevant regulation, and public procurement programmes in
their region. With regard to investment in innovation,
Catalan respondents rated it significantly more important
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than respondents from North Rhine-Westphalia, Flanders,
and Central Bohemia, and Tuscany respondents rated it
more important than respondents from Central Bohemia.
‘Adequate regulation to overcome possible negative
impacts on ecosystems and local communities’ was rated
as significantly more important by respondents from Cat-
alonia compared to Central Bohemia, North Rhine-West-
phalia, and South Ostrobothnia; it was also rated of higher
importance by Tuscan respondents than South Ostroboth-
nia respondents. The importance of ‘public procurement
programmes to stimulate demand’ was rated significantly
less important by Central Bohemia and North Rhine-
Westphalia respondents, compared to North Karelia, South
Ostrobothnia, Catalonia, and Basque respondents.

Willingness and responsibility to develop
the bioeconomy

Finally, respondents were also asked several questions to
gauge their willingness to develop the bioeconomy and
whether they perceive the public or private sector, or both,
to be responsible for doing so.

Willingness to develop the bioeconomy was assessed
both in terms of abstract intentions and in terms of concrete
past actions, such as investments for private sector
respondents and regulatory efforts for public sector
respondents. It is important to note that the non-response
rate was rather high for these questions: just over one-third
among private sector respondents (35.0% and 33.7%,
respectively) and just under that value for public sector
respondents (29.5% and 31.9%).

Respondents gave an average score of 74.9 (on a slider
scale of 0-100) when asked about their willingness to
develop the bioeconomy (Table 5). Therefore, the respon-
dents seem rather willing to develop the bioeconomy.
When asked about their past actions to develop the bioe-
conomy, nearly two-thirds of respondents (62.8%) indi-
cated that they had been involved in such activities.

Subsequent statistical analysis of the reported willing-
ness showed that the high-familiarity group had a signifi-
cantly higher willingness to develop the bioeconomy
compared to the medium- and low-familiarity groups.

Looking at the two groups of public versus private
sector representatives separately, private sector respon-
dents were significantly more willing to develop the bioe-
conomy than public sector actors. The average willingness
scores of private and public sector respondents are 77.5 and
72.8, respectively (Table 5).

In a regional comparison, too, statistically significant
differences can be observed. Central Bohemian respon-
dents report a significantly lower willingness to develop the
bioeconomy than the respondents in North Karelia, Cat-
alonia, South Ostrobothnia, the Basque Country, Tuscany,
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Responsibility to invest in research,
development, and innovation

Responsibility to ensure positive
environmental and social impact

Responsibility for communi-
cation and promotion

Public sector
fully responsible

Equal responsibility

Private sector
fully responsible

Fig. 4 Responsibilities for three tasks for moving the bioeconomy forward, along a spectrum from full public sector responsibility to full private

sector responsibility

and Castile and Ledn. Respondents from North Rhine-
Westphalia report a significantly lower willingness than
respondents from Castile and Ledn.

With regard to past actions to develop the bioeconomy,
there is a significant difference between familiarity groups.
Looking at the data, a higher proportion of respondents in
the high-familiarity group (77.6%) indicated that they had
been involved in such activities, compared to the medium
(51.5%) and low (31.0%) familiarity groups (Table 5).
Here, it is interesting to note that even among the lowest-
familiarity group, nearly a third of respondents (31.0%)
had previously undertaken an activity to develop the
bioeconomy.

The difference between private and public sector
respondents is not significant, while there is a significant
difference between regions. Looking at the proportions of
respondents within the regions, a comparatively high pro-
portion of respondents from the Basque Country and
Castile and Ledn had previously been involved in activities
to develop the bioeconomy, while only a low proportion of
Central Bohemian respondents had.

The next question aimed at finding out where respon-
sibility for developing the bioeconomy lies. The statements
respondents were presented with were: Who is responsible
for ensuring the positive environmental and social impacts
of the bioeconomy? Who should invest in research,
development, and innovation? Who is responsible for
communicating and promoting the bioeconomy among the
public? It should be noted that a large proportion, more
than one in five respondents, declined to answer this
question for all three statements (21.9%, 23.4%, and
21.3%, respectively).

With all mean values below the central (i.e. equal
responsibility) marker, the results show that both groups
consider each of these responsibilities to rest more with the
public sector than the private sector (Fig. 4, Table 6). At a

@ Springer

mean value of 29.8 (29.7 among private sector actors and
29.8 among public sector actors), this is particularly true
for the responsibility for communication and promotion.
The result is less pronounced for the responsibility to
ensure positive environmental and social impacts (here, the
aggregate mean is 41.5, while the one for the private sector
is 40.7 and that of the public sector is 42.1) and even less
pronounced, i.e. approaching the centre value (aggregate
mean: 47.2, consisting of private sector 48.9 and public
sector 45.8) for the responsibility to invest in the bioe-
conomy. When looking at the aggregate data, the distri-
bution of values for all three tasks are significantly
different from the centre value (50), meaning that the
public sector is considered to be more responsible for all
three activities promoting the bioeconomy.

With regard to the different familiarity groups, there is a
significant difference between the groups for the respon-
sibility for communication and promotion, there is no
significant difference for the other two tasks. With regard
to communication and promotion, subsequent statistical
analysis shows that the low- and high-familiarity groups
attribute a significantly higher responsibility to the public
sector, than the medium-familiarity group. For none of the
three tasks is there a significant difference between how
public and private sector respondents or respondents from
different regions perceive the responsibilities. This means
that across sectors and regions, respondents agree that the
responsibility to develop the bioeconomy rests more with
the public sector than the private sector.

DISCUSSION

Looking at the aggregate of responses to specific questions,
as well as responses across various respondent groups by
familiarity, sector, and regional affiliation, two main
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themes emerge from the data as pivotal considerations in
assessing the trajectory or pathways of bioeconomy
development. The first is the overarching need to consider
regional specificity, as evidenced in all parts of the anal-
ysed survey. The second is the identification of specifics
regarding which actors should foster the bioeconomy
transition and how. These insights are summarised below,
with the aim of informing recommendations to regional
public sector institutions, governments, and administra-
tions, which are ideally positioned to take ownership of and
drive bioeconomy transition processes.

Regional specificities

Although much of the literature treats bioeconomy loca-
tions as coincidental, as pointed out by Briers et al. (2024),
it would be naive to assume that on-the-ground conditions
such as familiarity with the bioeconomy and availability of
bio-based resources do not influence bioeconomy practice.

Regarding familiarity with the bioeconomy, the data
presented in the study show that some regional differences
coincide with the comparative familiarity levels of those
regions (Fig. 3). Nevertheless, the regional specificity of
external circumstances, such as availability of bio-based
resources and practices, also plays a role. These take the
form of long-standing local value chains and traditional
cultural practices, as well as emphases on promising fields
for present and future economic activity. All these foci also
impact perceptions, the attribution of responsibilities, and
assessments of conditions for moving the bioeconomy
forward. Hence, a ‘one-size-fits-all’ approach does not
work, and the bioeconomy is regionally specific, or—
drawing on policy terminology— ‘place-based’ as also
found by Morales (2022).

The results demonstrate how regional conditions affect
the respondents’ perceptions of the bioeconomy and its
dynamics. For instance, regions with an established focus
on particular value chains, such as Tuscany in fashion and
textiles, or Tuscany and Flanders in chemistry, more
strongly select the corresponding bio-based value chains as
having high potential than other regions. Wood construc-
tion is selected by a comparatively high proportion of
respondents from the Basque Country and North Karelia.
Respondents in the latter also see high growth potential for
non-wood forest products in their region.

Regarding the identification of promising fields for
economic activity that are more recent or future-oriented,
North Karelian respondents’ frequent selection of nature-
based tourism as a value chain of high growth potential
(Table 2) is a case in point, as Ana (2017) found for other
European regions.

In five out of the nine regions, bioenergy is selected as
the top value chain with the highest growth potential

@ Springer

(Table 2). This may come as a surprise considering the
emphasis respondents place on sustainability and other
environmental benefits (Briers et al. 2024). This presents a
challenge, as the utilisation of resources for fuel contradicts
the principles of multiple use and circularity inherent in
other bioeconomy value chains (Lokesh et al. 2018;
Lewandowski et al. 2019; Sherwood 2020; Muscat et al.
2021). It may be that the high rating of bioenergy as a high-
growth-potential value chain resulted, in part, from the
skyrocketing energy prices during the period that the sur-
vey was open to respondents (autumn 2021 to winter 2022)
and which was also discussed in scholarly literature
(Winchester and Reilly 2015; Winchester and Ledvina
2017).

At the same time, this discrepancy between the
emphasis on sustainability and the prioritisation of bioen-
ergy highlights an ongoing tension within the evolving
bioeconomy narrative. Such contradictions could stem
from an overly optimistic or insufficiently critical inter-
pretation of the bioeconomy’s potential, reflecting a need
for a more balanced discourse. Left unaddressed, these
inconsistencies may risk undermining the credibility of the
bioeconomy framework itself, as previous studies have
warned (Birch 2017; Eversberg et al. 2022; Briers et al.
2024).

Two out of the four regions where bioenergy is not the
top selected value chain with high growth potential are
Flanders and North Rhine-Westphalia (Table 2). Both are
regions with a limited biomass availability per capita,
which can be a reason for increased awareness of the
effective and sustainable use of biomass. On the opposite
side, Catalonia and Castile and Le6n are the regions where
bioenergy was selected as a sector with high growth
potential by the highest share of respondents. Both are
Mediterranean regions coping with the challenge of
unmanaged forests, stemming from issues such as frag-
mented private ownership and low value of biomass
(Martinez de Arano et al. 2018). This has resulted in
landscapes increasingly dominated by continuous, high-
density, young forests, which pose an extreme wildfire risk.
In such regions, using biomass for energy can be a valuable
strategy to ensure increased forest management despite the
low value of biomass (Fernandes 2013; Madrigal et al.
2017).

Regarding the rating of barriers and supporting condi-
tions, variation can also be observed between the studied
regions. While generally rated high in importance as a
barrier to the bioeconomy across regions, lack of support-
ive policy and legislative environments well-tailored to
regional needs is scored as less of a barrier in North Rhine-
Westphalia and in the Finnish regions, North Karelia and
South Ostrobothnia, compared to the other regions
(Table 3). Interestingly, the Finnish regions have a long
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track-record of bioeconomy activities, and it plays an
important role in the regions’ GDP and employment (also
discussed in Simola et al. 2010; Refsgaard et al. 2021).
Therefore, policymakers are likely to have given more
importance to developing a supportive environment for the
bioeconomy. Both this particular case and the speculation
about general dynamics offered here should be investigated
further.

Regarding ‘public procurement programmes, to stimu-
late demand’, there are regional differences observable in
that Catalan respondents, together with those from the
Finnish regions and the Basque Country, rated their
importance higher than those from Central Bohemia and
North Rhine-Westphalia (Table 4). Simultaneously, Cata-
lan respondents also consider investment in innovation a
significantly more important supporting condition than
respondents from North Rhine-Westphalia, Flanders, and
Central Bohemia. In addition, Catalan respondents
emphasised ‘adequate regulation to overcome possible
negative impacts on ecosystems...” as more important than
respondents from North Rhine-Westphalia, Central Bohe-
mia, and South Ostrobothnia. While it is beyond the scope
of this study to fully interpret these differences—e.g. by
contextualising the findings with further information and
analysis of regional governmental and governance
approaches—further research in this field is needed to
inform successful place-based bioeconomy development.
This is particularly true as interventions such as the cre-
ation of a supportive policy and legislative environment,
public procurement, and adequate regulation fall firmly
into the remit of the public sector, whose responsibility for
the development of the bioeconomy is discussed below.

The current policy context in which regions operate is
another factor influencing regionally specific perceptions
of the bioeconomy, as demonstrated by Briers et al. (2024)
and exemplified by the current paper, that shows that
respondents from Castile and Ledn consistently selected
bioenergy as the value chain with the highest growth
potential (Table 2). This is consistent with the strategic
direction set by the Castile and Le6n Bioenergy Plan
(Government of Castile and Ledn 2011), which demon-
strates the influence of long-term strategic planning and
how it permeates the priorities of local stakeholders.
Similarly, in most of the regions discussed here, some
alignment is observable between the priority value chains
identified by survey respondents and regulatory activities
in their territory (Tables S1 and S2). Where this is not the
case, further research should explore to what extent this is
due to diverging terminology or a substantial misalignment
of policy and practical priority.

More generally, regional bioeconomy policies, strate-
gies, and implementation plans are sometimes the result of
bottom-up alignment with national counterparts, and
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sometimes a top-down necessity in the implementation of a
national government’s strategy according to the subsidiar-
ity principle. The latter is the case in North Karelia, which
was the first region in Finland to create a regional imple-
mentation plan for the National Bioeconomy Strategy
(Regional Council of North Karelia 2023). In the case of
the Czech Republic, a centralised country with regions
having limited autonomy and capacity, the absence of a
national bioeconomy strategy is seen as a key reason for
the inexistence of regional bioeconomy strategies (Rinn
et al. 2023). Here, the national level is seen as the crucial
intermediate link between regional and EU levels, and the
state is expected to adopt a national bioeconomy strategy to
create a model for individual regions, such as Central
Bohemia. As long as the Czech national strategy is miss-
ing, the influence and impact of the EU strategy at the
regional level are expected to be small.

On the other hand, there are regions with more auton-
omy and capacity among the analysed ones, such as the
Spanish regions (Catalonia, Basque Country, Castile and
Ledn), North Rhine-Westphalia, and Flanders. For such
regions, regional bioeconomy policies and strategies are
generally less influenced by the undertakings of the
national government. For example, Flanders published a
first regional bioeconomy strategy in 2013, while at the
national level in Belgium there is none to date, as the
development and implementation of bioeconomy policies
are managed at the regional level (Government of Flanders
2013; Van Kerckhove et al. 2023). Catalonia and Castile
and Ledn also mention the EU bioeconomy strategy as a
reference and inspiration for regional bioeconomy-related
policies and strategies, such as the Catalan Bioeconomy
Strategy (Government of Catalonia 2021), and the Sectoral
Habitat Plan from Castile and Leon (Government of Castile
and Leo6n 2022). This exemplifies how the policy context of
a region, including the (de)centralisation of decision-
making, affects the policies and strategies available at the
regional level, as well as their content, and the influence of
the European Bioeconomy Strategy at the regional level.

Who and how to foster the bioeconomy transition

Even aside from regional specificities, the development of
the bioeconomy is a complex process relying on different
pathways, dynamics, and actors—these may be based in
research or applied contexts (Hogarth and Salter 2010; De
Besi and McCormick 2015), economic or social endeav-
ours, etc., or in either of the two sectors discussed in this
study.

Respondents from the public and the private sector both
stated high levels of concrete past bioeconomy develop-
ment actions (Table 5). Also, resonating with previous
research on defining elements of the bioeconomy (Briers
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et al. 2024), the findings presented in this paper underscore
that representatives from the public and the private sector
generally share broad understandings of the bioeconomy’s
dynamics and well-placed actors. These findings can be
considered a very strong foundation for the further co-de-
velopment of the bioeconomy by the two groups.

However, the results presented here also highlight some
differences—particularly regarding the sectors’ roles in its
development—that need to be considered in applied con-
texts to avoid risks to its effectiveness. Both the reassuring
similarities and potentially risky divergences are discussed
in the following paragraphs.

Despite the similarity in past involvement in the bioe-
conomy, there is a significant difference between the two
sectors. Private sector respondents show a somewhat more
pronounced willingness than those from the public sector
to engage proactively in the development of the bioecon-
omy (Table 5), which has also been found by Kircher et al.
(2018). Conversely, lower willingness of public sector
actors may not only be viewed as a potential risk in view of
the high hopes attached to the public sector’s regulatory
function by analysts as outlined in the introduction (Thran
and Moesenfechtel 2022). The survey findings show that
respondents from both sectors also assign the public sector
more responsibility in developing the bioeconomy in all
areas offered for assessment: ensuring positive environ-
mental and social impacts; investing in research, develop-
ment, and innovation; and communicating and promoting
the bioeconomy among the general public (Table 6).

Incidentally, both sector groups agree not only in their
attribution of responsibility for communication and pro-
motion to the public sector (Table 6), but also on their
perception that lack of general social acceptance is a
somewhat important barrier to bioeconomy development
and that the general public is underinformed about the
bioeconomy (Table 1). The latter is in contrast with their
self-perception of being familiar with the bioeconomy.
This can indicate the need for more targeted and effective
communication strategies to raise public awareness and
understanding of the bioeconomy, as knowledge and
familiarity are identified in the literature and discussed
above as important preconditions for public buy-in and
support of bioeconomy activity and development (Stern
et al. 2018; Wozniak et al. 2020). Initiatives such as edu-
cational campaigns, community engagement programmes,
and the integration of bioeconomy topics into educational
curricula could help bridge this apparent knowledge divide
(Paris et al. 2023; Pink et al. 2024). Additionally, fostering
collaborations between governments (on regional and local
levels), industry, and the media may enhance visibility and
public information, creating a more supportive environ-
ment for bioeconomic development, as also discussed by
Refsgaard et al. (2021).
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However, while their agreement on responsibility for
bioeconomy development is reassuring, two important
divergences need to be highlighted. The first is between the
public sector’s stated willingness and its commonly per-
ceived responsibility: while this divergence is not glaring,
it may nevertheless pose risks to the effective development
of the bioeconomy that should not be overlooked—espe-
cially by public sector actors who might otherwise fail to
fulfil the role that both they themselves and the private
sector assign to them. Further conversation, collaboration,
precise definition of respective roles, and development of
additional public sector practice may be needed. Third
parties, such as research and policy organisations, may be
of use in providing platforms to facilitate these processes
and to identify and inform regulatory needs and
opportunities.

The second important divergence that emerges from the
survey is that when it comes to identifying important
potential barriers to the successful development of the
bioeconomy, private sector respondents express a signifi-
cantly higher concern about the lack of a conducive policy
and regulatory environment (also observed by Bugge et al.
2016; Dupont-Inglis and Borg 2018; Dietz et al. 2023).
Conversely, the public sector expresses a lower concern for
this potential barrier. Simultaneously, the public sector is
uniquely placed to prevent it from manifesting (because it
oversees creating policy and regulation) and perceived by
all actors to be prominently responsible for the develop-
ment of the bioeconomy. This means that there is a danger
that the public sector might overlook the importance of this
issue as well as misjudge its own role in creating or pre-
venting it. To ensure that a conducive policy and regulatory
context is created, public sector representatives will do
well to take into account the views and concerns of the
private sector. This will do justice to high-level economic
and environmental risks prioritised by the former and ‘on-
the-ground’ risks and benefits affecting individuals or
companies as prioritised by the latter (Briers et al. 2024). In
addition, further research may elicit the nature of sector-
specific practical and theoretical understandings as well as
any conflicting interests or dynamics, to facilitate con-
structive collaboration between both sector groups and to
mediate interests.

CONCLUSION

This paper examined the perceptions of public and private
sector stakeholders across nine European regions. Key
findings include the regional specificity of the bioeconomy
and its perceptions, and largely similar perceptions of the
public and private sectors, although some important dif-
ferences in perceptions must be taken into account for
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future bioeconomy development pathways. Specifically,
the following takeaways regarding bioeconomy develop-
ment should be noted: (i) both sectors assigned more
responsibility to the public sector; (ii) the public and the
private sector demonstrated high willingness; (iii) respon-
dents more familiar with the bioeconomy show a higher
willingness; (iv) access to investment and scientific
knowledge are the most prominent supporting conditions;
(v) limited cooperation among stakeholders and an inade-
quate policy and legislative environment are the primary
barriers.

Further research could deepen understanding of optimal
bioeconomy development by exploring governance roles,
key stakeholder information flows, and critical structures or
mechanisms (e.g. funding, research, intellectual property,
and public—private partnerships, etc.) needed to sustain
momentum and success. In parallel, comparative work on
how the bioeconomy is defined—both formally in policy
documents and informally by practitioners—would clarify
whether observed differences across regions stem from
substantive realities or merely from semantic variation, and
whether regulatory activities correspond to relevant actors’
priority value chains.

Various types of complexity of the bioeconomy also
warrant further study. In-depth regional studies are needed
to shift from treating place as incidental to recognising
place-based factors as decisive for meaningful analysis of
each region’s potential, status quo, barriers, and enabling
conditions. How to reconcile competing value chains or
uses of biomaterials and competing sectoral interests, and
how to ensure equitable access to the benefits produced by
the bioeconomy are questions to which research has a role
in contributing answers.

Recommendations for practical actions and approaches
can also be distilled from the analysis presented here. Most
obviously, potential barriers (e.g. lack of stakeholder col-
laboration and an unhelpful policy and legislative envi-
ronment) need to be addressed, and important supporting
conditions (e.g. access to investment and scientific
knowledge) maximised. The public sector should take on
the responsibility that it assigned as per consensus.

The divergence of practice from attitudes regarding
responsibilities and willingness for bioeconomy develop-
ment seems to necessitate further conversation, collabora-
tion, definition of respective roles, and additional public
sector engagement. Third parties, such as research and
policy organisations, may be of use in providing platforms
to facilitate these processes, and to identify and inform
regulatory opportunities in order to align stakeholder
perspectives.

Regional-level actors should be empowered to shape
their bioeconomy based on their unique assets and oppor-
tunities. Where there are similarities of place-based
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features, or of difficulties to overcome, inter-regional
knowledge sharing can foster mutual learning and prob-
lem-solving.

Finally, all actors involved in the bioeconomy should
take care to not pursue the bioeconomy as yet another
(extractive and exploitative) economic endeavour but to do
justice to the sustainability aspirations associated with the
term. This is important to the actors, as represented in the
present study, themselves, as well as crucial in retaining
and bolstering the general public’s trust in and support for
the bioeconomy.

Acknowledgements We gratefully acknowledge the financial sup-
port from the Bioregions Facility Multi-donor Trust Fund, which
made this research possible. We thank Natural Resources Canada
inspiration for the survey design drawn from a similar unpublished
project. Our sincere gratitude goes to the local partner organisations
that assisted with translating and disseminating the survey. These
partners include the Basque Government, NEIKER (Instituto Vasco
de Investigaciones Agrarias), Czech University of Life Sciences
Prague, Central Bohemian Innovation Center, Catalan Ministry of
Climate Action, Food and Rural Agenda, Junta de Castilla y Leon,
Fundacion CESEFOR, Red de Emprendimiento e Innovacion de
Castilla y Leon, B2BE Facilitator, Platform Oogstbare Landschappen,
Regional Council of North Karelia, Wald und Holz NRW, Regional
Council of South Ostrobothnia, and the Brussels Liaison Office of the
Regional Government of Tuscany. We also gratefully acknowledge
the valuable feedback provided by anonymous reviewers.

Author contributions Siebe Briers contributed to conceptualisation;
data curation; formal analysis; funding acquisition; investigation;
methodology; project administration; supervision; visualisation;
writing—original draft; and writing—review and editing. Anne
Ackermann contributed to conceptualisation; investigation; method-
ology; supervision; writing—original draft; and writing—review and
editing. Ivana Zivojinovic and Stefanie Linser performed investiga-
tion; writing—original draft; and writing—review and editing. Radek
Rinn performed writing—original draft; writing—review and editing;
and investigation. Inazio Martinez de Arano contributed to concep-
tualisation; funding acquisition; supervision; writing—review and
editing. Johanna Klapper contributed to methodology; formal analy-
sis; and writing—review and editing. Venla Wallius, Melanie Amato
Krijan, Leire Barafiano Orbe, Miriam Gonzalez Dominguez, Sari
Koivula, Gudrun Van Langenhove, and Stefanie Wieland performed
writing—review and editing; and investigation.

Funding Open access funding provided by University of Natural
Resources and Life Sciences Vienna (BOKU). This work was sup-
ported by the Bioregions Facility Multi-donor Trust Fund. Co-authors
from regions contributing to the Multi-donor Trust Fund collected
data in their respective regions and made sense of this data, inter-
preting it based on the regional context. Open access funding pro-
vided by BOKU University.

Declarations
Conflict of interest The authors declare that they have no known

competing financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

@ Springer



Ambio

adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/ .

REFERENCES

Albrecht, M., I. Grundel, and D. Morales. 2021. Regional bioe-
conomies: Public finance and sustainable policy narratives.
Geografiska Annaler: Series b, Human Geography 103:
116-132. https://doi.org/10.1080/04353684.2021.1921603.

Ana, M., 2017. Ecotourism, Agro-Tourism and Rural Tourism in the
European Union. Cactus Tourism Journal 15/2, 6-14. Retrieved
15 January 2025 at https://www.cactus-journal-of-tourism.ase.
ro/Pdf/vol16/1.pdf.

Banda, G., and F. Huzair. 2021. Introduction to special issue:
Innovation/governance interactions in the bioeconomy. Technol-
ogy Analysis & Strategic Management 33: 257-259. https://doi.
org/10.1080/09537325.2021.1883928.

Birch, K. 2017. The problem of bio-concepts: Biopolitics, bio-
economy and the political economy of nothing. Cultural Studies
of Science Education 12: 915-927. https://doi.org/10.1007/
$11422-017-9842-0.

Birner, R., 2018. Bioeconomy concepts. In Lewandowski, 1. (Ed.),
Bioeconomy: Shaping the Transition to a Sustainable, Biobased
Economy (pp. 17-38). Springer Nature. https://doi.org/10.1007/
978-3-319-68152-8_3.

Birner, R., 2021. MOOC: Concepts of Sustainable Bioeconomy.
Springer Nature iversity. Retrieved 25 August 2025 at https:/
iversity.org/en/courses/concepts-of-sustainable-bioeconomy.

Briers, S., A. Ackermann, S. Linsers, 1. Zivojinovic, I. Martinez de
Arano, J. Klapper, M. Amato, M. Aurell Osés, et al. 2024.
Shaping the bioeconomy: public and private sector perceptions
across european regions. Current Research in Environmental
Sustainability 8: 100264. https://doi.org/10.1016/j.crsust.2024.
100264.

Bryden, J., S. S. Gezelius, K. Refsgaard, and J. Sutz. 2017. Inclusive
innovation in the bioeconomy: Concepts and directions for
research. Innovation and Development 7: 1-16. https://doi.org/
10.1080/2157930X.2017.1281209.

Bugge, M., T. Hansen, and A. Klitkou. 2016. What is the Bioecon-
omy? A review of the literature. Sustainability 8: 691. https://doi.
org/10.3390/su8070691.

Central Bohemian Innovation Center, 2022. Circular Economy Action
Plan for Central Bohemia 2022+. Retrieved 26 August 2025 at
https://projects2014-2020.interregeurope.eu/fileadmin/user_
upload/tx_tevprojects/library/file_1666253322.pdf.

Central Bohemian Innovation Center. (2021). Circular scan of the
Central Bohemia Region [Cirkularni sken Stfedoceského kraje].
https://s-ic.cz/wpcontent/uploads/2022/05/Cirkularni-sken-SCK-
2021_final.pdf [in Czech language]

Chew, K., S. Chia, H. Yen, S. Nomanbhay, Y. Ho, and P. Show. 2019.
Transformation of biomass waste into sustainable organic
fertilizers. Sustainability. https://doi.org/10.3390/SU11082266.

Circular Bio-based Europe Joint Undertaking (CBE JU), 2024. A
competitive bioeconomy for a sustainable future. Retrieved 15
January 2025 at https://www.cbe.europa.eu/system/files/2024-

@ Springer

05/CBE%?20JU_A%?20competitive%20bioeconomy %20for%
20a%20sustainable%20future_2024_online.pdf.

Cleophas, T.J., Zwinderman, A.H., 2016. Non-parametric Tests for
Three or More Samples (Friedman and Kruskal-Wallis). In:
Clinical Data Analysis on a Pocket Calculator. Springer, Cham.
https://doi.org/10.1007/978-3-319-27104-0_34.

D’Amato, D., S. Veijonaho, and A. Toppinen. 2020. Towards
sustainability? Forest-based circular bioeconomy business mod-
els in Finnish SMEs. For. Policy Econ. 110: 101848. https://doi.
org/10.1016/j.forpol.2018.12.004.

D’Amico, B., F. Pomponi, and J. Hart. 2021. Global potential for
material substitution in building construction: the case of cross
laminated timber. Journal of Cleaner Production 279: 123487.
https://doi.org/10.1016/j.jclepro.2020.123487.

Dallendorfer, M., S. Dieken, M. Henseleit, F. Siekmann, and S.
Venghaus. 2022. Investigating citizens’ perceptions of the
bioeconomy in Germany — High support but little understanding.
Sustainable Production and Consumption 30:16-30. https://doi.
org/10.1016/j.spc.2021.11.009.

De Besi, M., and K. McCormick. 2015. Towards a bioeconomy in
Europe: National, Regional and Industrial Strategies. Sustain-
ability 7: 10461-10478. https://doi.org/10.3390/su70810461.

Deckers, J., Manshoven, S.m Mortensen, L. F. 2023. The role of bio-
based textile fibres in a circular and sustainable textiles system.
ETC-CE Report 2023/5. European Topic Centre on Circular
Economy and Resource Use. Retrieved 15 January 2025 at
https://www.eionet.europa.eu/etcs/etc-ce/products/etc-ce-report-
2023-5-the-role-of-bio-based-textile-fibres-in-a-circular-and-
sustainable-textiles-system/@ @download/file/ETC-EEA %20-%
20Bio-based%20Textile%20Fibres_FINAL.pdf.

Dieken, S., and S. Venghaus. 2020. Potential pathways to the german
bioeconomy: A media discourse analysis of public perceptions.
Sustainability 12: 7987. https://doi.org/10.3390/SU12197987.

Dieken, S., M. Dallendorfer, M. Henseleit, F. Siekmann, and S.
Venghaus. 2021. The multitudes of bioeconomies: A systematic
review of stakeholders’ bioeconomy perceptions. Sustainable
Production and Consumption 27: 1703—1717. https://doi.org/10.
1016/j.spc.2021.04.006.

Dietz, T., J. Borner, J. J. Forster, and J. Von Braun. 2018. Governance
of the bioeconomy: A global comparative study of national
bioeconomy strategies. Sustainability 10: 3190. https://doi.org/
10.3390/su10093190.

Dietz, T., K. Rubio Jovel, M. Deciancio, C. Boldt, and J. Borner.
2023. Towards effective national and international governance
for a sustainable bioeconomy: A global expert perspective. EFB
Bioeconomy Journal 3: 100058. https://doi.org/10.1016/j.bioeco.
2023.100058.

Ding, Z., and P. Grundmann. 2021. Development of Biorefineries in
the bioeconomy: A fuzzy-set qualitative comparative analysis
among European countries. Sustainability 14: 90. https://doi.org/
10.3390/su14010090.

Dupont-Inglis, J., and A. Borg. 2018. Destination bioeconomy — The
path towards a smarter, more sustainable future. New Biotech-
nology 40: 140-143. https://doi.org/10.1016/j.nbt.2017.05.010.

European Commission: Directorate-General for Research and Inno-
vation, 2018. A sustainable bioeconomy for Europe — Strength-
ening the connection between economy, society and the
environment — Updated bioeconomy strategy. Publications
Office of the European Union. Retrieved 15 January 2025 at
https://data.europa.eu/doi/https://doi.org/10.2777/792130.

European Commission, 2019. Directive (EU) 2019/904 of the
European Parliament and of the Council on the reduction of
the impact of certain plastic products on the environment.
Official Journal of the European Union L155/2. Retrieved 15
January 2025 at https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:32019L0904.

www.kva.se/en


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/04353684.2021.1921603
https://www.cactus-journal-of-tourism.ase.ro/Pdf/vol16/1.pdf
https://www.cactus-journal-of-tourism.ase.ro/Pdf/vol16/1.pdf
https://doi.org/10.1080/09537325.2021.1883928
https://doi.org/10.1080/09537325.2021.1883928
https://doi.org/10.1007/s11422-017-9842-0
https://doi.org/10.1007/s11422-017-9842-0
https://doi.org/10.1007/978-3-319-68152-8_3
https://doi.org/10.1007/978-3-319-68152-8_3
https://iversity.org/en/courses/concepts-of-sustainable-bioeconomy
https://iversity.org/en/courses/concepts-of-sustainable-bioeconomy
https://doi.org/10.1016/j.crsust.2024.100264
https://doi.org/10.1016/j.crsust.2024.100264
https://doi.org/10.1080/2157930X.2017.1281209
https://doi.org/10.1080/2157930X.2017.1281209
https://doi.org/10.3390/su8070691
https://doi.org/10.3390/su8070691
https://projects2014-2020.interregeurope.eu/fileadmin/user_upload/tx_tevprojects/library/file_1666253322.pdf
https://projects2014-2020.interregeurope.eu/fileadmin/user_upload/tx_tevprojects/library/file_1666253322.pdf
https://s-ic.cz/wpcontent/uploads/2022/05/Cirkularni-sken-SCK-2021_final.pdf
https://s-ic.cz/wpcontent/uploads/2022/05/Cirkularni-sken-SCK-2021_final.pdf
https://doi.org/10.3390/SU11082266
https://www.cbe.europa.eu/system/files/2024-05/CBE%20JU_A%20competitive%20bioeconomy%20for%20a%20sustainable%20future_2024_online.pdf
https://www.cbe.europa.eu/system/files/2024-05/CBE%20JU_A%20competitive%20bioeconomy%20for%20a%20sustainable%20future_2024_online.pdf
https://www.cbe.europa.eu/system/files/2024-05/CBE%20JU_A%20competitive%20bioeconomy%20for%20a%20sustainable%20future_2024_online.pdf
https://doi.org/10.1007/978-3-319-27104-0_34
https://doi.org/10.1016/j.forpol.2018.12.004
https://doi.org/10.1016/j.forpol.2018.12.004
https://doi.org/10.1016/j.jclepro.2020.123487
https://doi.org/10.1016/j.spc.2021.11.009
https://doi.org/10.1016/j.spc.2021.11.009
https://doi.org/10.3390/su70810461
https://www.eionet.europa.eu/etcs/etc-ce/products/etc-ce-report-2023-5-the-role-of-bio-based-textile-fibres-in-a-circular-and-sustainable-textiles-system/@@download/file/ETC-EEA%20-%20Bio-based%20Textile%20Fibres_FINAL.pdf
https://www.eionet.europa.eu/etcs/etc-ce/products/etc-ce-report-2023-5-the-role-of-bio-based-textile-fibres-in-a-circular-and-sustainable-textiles-system/@@download/file/ETC-EEA%20-%20Bio-based%20Textile%20Fibres_FINAL.pdf
https://www.eionet.europa.eu/etcs/etc-ce/products/etc-ce-report-2023-5-the-role-of-bio-based-textile-fibres-in-a-circular-and-sustainable-textiles-system/@@download/file/ETC-EEA%20-%20Bio-based%20Textile%20Fibres_FINAL.pdf
https://www.eionet.europa.eu/etcs/etc-ce/products/etc-ce-report-2023-5-the-role-of-bio-based-textile-fibres-in-a-circular-and-sustainable-textiles-system/@@download/file/ETC-EEA%20-%20Bio-based%20Textile%20Fibres_FINAL.pdf
https://doi.org/10.3390/SU12197987
https://doi.org/10.1016/j.spc.2021.04.006
https://doi.org/10.1016/j.spc.2021.04.006
https://doi.org/10.3390/su10093190
https://doi.org/10.3390/su10093190
https://doi.org/10.1016/j.bioeco.2023.100058
https://doi.org/10.1016/j.bioeco.2023.100058
https://doi.org/10.3390/su14010090
https://doi.org/10.3390/su14010090
https://doi.org/10.1016/j.nbt.2017.05.010
https://doi.org/10.2777/792130
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0904
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0904

Ambio

European Commission, n.d.-a. Bio-based plastics. Retrieved 16
January 2025 at https://research-and-innovation.ec.europa.eu/
research-area/environment/bioeconomy/bio-based-products-and-
processes/bio-based-plastics_en.

European Commission, n.d.-b. EU bioeconomy monitoring system
dashboards. Knowledge for Policy. Retrieved 16 January 2025 at
https://knowledge4policy.ec.europa.eu/visualisation/eu-
bioeconomy-monitoring-system-dashboards_en.

Eversberg, D., J. Holz, and L. Pungas. 2022. The bioeconomy and its
untenable growth promises: Reality checks from research.
Sustainability Science 18: 569-582. https://doi.org/10.1007/
s11625-022-01237-5.

Bioregions Facility, 2024. Government and industry’s bioeconomy
perceptions survey. Retrieved 15 January 2025 at https://
bioregions.efi.int/our-work/government-and-industry-
bioeconomy/.

Faulkner, J. P., E. Murphy, and M. Scott. 2024. Downscaling EU
bioeconomy policy for national implementation. Cleaner and
Circular Bioeconomy 9: 100121. https://doi.org/10.1016/j.clcb.
2024.100121.

Fernandes, P. 2013. Fire-smart management of forest landscapes in
the Mediterranean basin under global change. Landscape and
Urban Planning 110: 175-182. https://doi.org/10.1016/J.
LANDURBPLAN.2012.10.014.

Ferraz, D., and A. Pyka. 2023. Circular economy, bioeconomy, and
sustainable development goals: A systematic literature review.
Environmental Science and Pollution Research. https://doi.org/
10.1007/s11356-023-29632-0.

Franzini, F., R. Toivonen, and A. Toppinen. 2018. Why not wood?
Benefits and barriers of wood as a multistory construction
material: Perceptions of municipal civil servants from Finland.
Buildings 8:159. https://doi.org/10.3390/buildings8110159.

Frisvold, G., S. Moss, A. Hodgson, and M. Maxon. 2021. Under-
standing the US bioeconomy: A new definition and landscape.
Sustainability 13: 1627. https://doi.org/10.3390/SU13041627.

Gardossi, L., J. Philp, F. Fava, D. Winickoff, L. D’Aprile, B.
Dell’ Anno, O. Jgrgen Marvik, and A. Lenz. 2023. Bioeconomy
national strategies in the G20 and OECD countries: Sharing
experiences and comparing existing policies. EFB Bioeconomy
Journal 3: 100053. https://doi.org/10.1016/j.bioeco.2023.
100053.

Gawel, E., Purkus, A., Pannicke, N., Hagemann N., 2018. A
governance framework for a sustainable bioeconomy: Insights
from the case of the German wood-based bioeconomy. World
Sustainability Series, 517-537. https://doi.org/10.1007/978-3-
319-73028-8_26.

Gerdes, H., Kiresiewa, Z., 2018. Engaging stakeholders and citizens
in the bioeconomy. BioSTEP Research recommendations. Eco-
logic Institute. Retrieved 16 January 2025 at https://www.
ecologic.eu/sites/default/files/publication/2018/2801-biostep_
research_recommendations_final.pdf.

Giuntoli, J., Oliver, T., Kallis, G., Ramcilovic-Suominen, S., Mon-
biot, G., 2023. Exploring new visions for a sustainable bioecon-
omy. JRC132650. Publications office of the European Union.
https://doi.org/10.2760/79421.

Global Bioeconomy Summit, 2018. Communiqué of the Global
Bioeconomy Summit 2018: Innovation in the Global Bioecon-
omy for Sustainable and Inclusive Transformation and Wellbe-
ing. Retrieved 16 January 2025 at https://www.biooekonomierat.
de/media/pdf/archiv/international-gbs-2018-communique.pdf.

Government of Basque Country, 2019. Circular Economy Strategy of
the Basque Country 2030. Retrieved 26 August 2025 at https://
www.ihobe.eus/en/publications/circular-economy-strategy-of-
the-basque-country(030-3.

Government of Basque Country, 2021. Plan de Economia Circular y
Bioeconomia 2024. Retrieved 26 August 2025 at https:/www.

www.kva.se/en

euskadi.eus/contenidos/plan_gubernamental/08_planest_xiileg/
es_def/adjuntos/Economia-Circular-y-Bioeconomia-WEB.pdf.

Government of Castile and Ledn, 2011. Plan Regional de Ambito
sectorial de la Bioenergia de Castilla y Leon. Retrieved 6 August
2025 at https://economia.jcyl.es/web/jcyl/binarios/430/256/
Plan%?20Bioenerg%C3%ADa%20CYL.pdf?blobheader=
application%2Fpdf.

Government of Castile and Ledn, 2021. Estrategia de economia
circular 2021-2030. Retrieved 26 August 2025 at https://
medioambiente.jcyl.es/web/es/planificacion-indicadores-
cartografia/estrategia-economia-circular-2021.html.

Government of Castile and Ledn, 2022. Plan Sectorial del Habitat.
Retrieved 15 January 2025 at https://economia.jcyl.es/web/jcyl/
Economia/es/Plantillal00Detalle/1284250105595/Programa/
1285131640724/Comunicacion.

Government of Catalonia, 2021. EBC2030: Catalan Bioeconomy
Strategy. Retrieved 16 January 2025 at https://ruralcat.gencat.
cat/documents/20181/9479472/EBC2030_EN.pdf/51d819d9-
b139-4fb9-b297-278344bf72ea.

Government of Finland, 2014. The Finnish Bioeconomy Strategy:
Sustainable growth from bioeconomy. Retrieved 25 August 2025
at https://biotalous.fi/wp-content/uploads/2014/08/The_Finnish
Bioeconomy_Strategy_110620141.pdf.

Government of Finland, 2022. The Finnish Bioeconomy Strategy:
Sustainably towards higher value added. Publications of the
Finnish Government 2022:5. Retrieved 25 August 2025 at
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/
163969/VN_2022_5.pdf.

Government of Flanders, 2013. Bioeconomy in Flanders: The vision
and strategy of the Government of Flanders for a sustainable and
competitive bioeconomy in 2030. Retrieved 16 January 2025 at
https://publicaties.vlaanderen.be/view-file/13586.

Government of Germany, 2020. National Bioeconomy Strategy.
Retrieved 25 August 2025 at https://www.ptj.de/lw_resource/
datapool/systemfiles/agent/ptjpublications/
D4D3A930ABB81F29E0537E695E86FACA/live/document/
BMBF_Bioeconomy-Strategy_en_accesdible_n.pdf.

Government of Italy, 2019. BIT II. Bioeconomy in Italy: A new
Bioeconomy strategy for a sustainable Italy. Retrieved 25
August 2025 at https://cnbbsv.palazzochigi.it/media/1903/bit_
ii_en_2019_final.pdf.

Government of Spain, 2016. The Spanish Bioeconomy Strategy —
2030 Horizon. Retrieved 25 August 2025 at https://bioeconomia.
chil.me/download-doc/102159.

Government of Tuscany, 2022. Strategia di specializzazione intelli-
gente della ricerca e innovazione (S3) della Toscana 2021-2027.
Retrieved 26 August 2025 at https://www.regione.toscana.it/
strategia-di-ricerca-e-innovazione-descrizione.

Greer, R., 2022. Governing the transition to a circular economy: Key
dynamics, paradoxes, and implications for strategizing. Doctoral
Thesis, Erasmus University Rotterdam. Retrieved 16 January
2025 at  https://pure.eur.nl/ws/portalfiles/portal/54891529/
rachelthesisfinal_62911ee4b3892.pdf.

Haarich, S., Kirchmayr-Novak, S., 2022. Bioeconomy strategy
development in EU regions, Sanchez Lopez, J., Borzacchiello,
M.T. and Avraamides, M. editor(s), Publications Office of the
European Union. https://doi.org/10.2760/15613.

Hafner, M., L. Fehr, J. Springorum, A. Petkau, and R. Johler. 2020.
Perceptions of bioeconomy and the desire for governmental
action: Regional actors’ connotations of wood-based bioecon-
omy in Germany. Sustainability 12: 9792. https://doi.org/10.
3390/5u12239792.

Heimann, T. 2018. Bioeconomy and SDGs: Does the bioeconomy
support the achievement of the SDGs? Earth’s Future 7: 43-57.
https://doi.org/10.1029/2018EF001014.

@ Springer


https://research-and-innovation.ec.europa.eu/research-area/environment/bioeconomy/bio-based-products-and-processes/bio-based-plastics_en
https://research-and-innovation.ec.europa.eu/research-area/environment/bioeconomy/bio-based-products-and-processes/bio-based-plastics_en
https://research-and-innovation.ec.europa.eu/research-area/environment/bioeconomy/bio-based-products-and-processes/bio-based-plastics_en
https://knowledge4policy.ec.europa.eu/visualisation/eu-bioeconomy-monitoring-system-dashboards_en
https://knowledge4policy.ec.europa.eu/visualisation/eu-bioeconomy-monitoring-system-dashboards_en
https://doi.org/10.1007/s11625-022-01237-5
https://doi.org/10.1007/s11625-022-01237-5
https://bioregions.efi.int/our-work/government-and-industry-bioeconomy/
https://bioregions.efi.int/our-work/government-and-industry-bioeconomy/
https://bioregions.efi.int/our-work/government-and-industry-bioeconomy/
https://doi.org/10.1016/j.clcb.2024.100121
https://doi.org/10.1016/j.clcb.2024.100121
https://doi.org/10.1016/J.LANDURBPLAN.2012.10.014
https://doi.org/10.1016/J.LANDURBPLAN.2012.10.014
https://doi.org/10.1007/s11356-023-29632-0
https://doi.org/10.1007/s11356-023-29632-0
https://doi.org/10.3390/buildings8110159
https://doi.org/10.3390/SU13041627
https://doi.org/10.1016/j.bioeco.2023.100053
https://doi.org/10.1016/j.bioeco.2023.100053
https://doi.org/10.1007/978-3-319-73028-8_26
https://doi.org/10.1007/978-3-319-73028-8_26
https://www.ecologic.eu/sites/default/files/publication/2018/2801-biostep_research_recommendations_final.pdf
https://www.ecologic.eu/sites/default/files/publication/2018/2801-biostep_research_recommendations_final.pdf
https://www.ecologic.eu/sites/default/files/publication/2018/2801-biostep_research_recommendations_final.pdf
https://doi.org/10.2760/79421
https://www.biooekonomierat.de/media/pdf/archiv/international-gbs-2018-communique.pdf
https://www.biooekonomierat.de/media/pdf/archiv/international-gbs-2018-communique.pdf
https://www.ihobe.eus/en/publications/circular-economy-strategy-of-the-basque-country030-3
https://www.ihobe.eus/en/publications/circular-economy-strategy-of-the-basque-country030-3
https://www.ihobe.eus/en/publications/circular-economy-strategy-of-the-basque-country030-3
https://www.euskadi.eus/contenidos/plan_gubernamental/08_planest_xiileg/es_def/adjuntos/Economia-Circular-y-Bioeconomia-WEB.pdf
https://www.euskadi.eus/contenidos/plan_gubernamental/08_planest_xiileg/es_def/adjuntos/Economia-Circular-y-Bioeconomia-WEB.pdf
https://www.euskadi.eus/contenidos/plan_gubernamental/08_planest_xiileg/es_def/adjuntos/Economia-Circular-y-Bioeconomia-WEB.pdf
https://economia.jcyl.es/web/jcyl/binarios/430/256/Plan%20Bioenerg%C3%ADa%20CYL.pdf?blobheader=application%2Fpdf
https://economia.jcyl.es/web/jcyl/binarios/430/256/Plan%20Bioenerg%C3%ADa%20CYL.pdf?blobheader=application%2Fpdf
https://economia.jcyl.es/web/jcyl/binarios/430/256/Plan%20Bioenerg%C3%ADa%20CYL.pdf?blobheader=application%2Fpdf
https://medioambiente.jcyl.es/web/es/planificacion-indicadores-cartografia/estrategia-economia-circular-2021.html
https://medioambiente.jcyl.es/web/es/planificacion-indicadores-cartografia/estrategia-economia-circular-2021.html
https://medioambiente.jcyl.es/web/es/planificacion-indicadores-cartografia/estrategia-economia-circular-2021.html
https://economia.jcyl.es/web/jcyl/Economia/es/Plantilla100Detalle/1284250105595/Programa/1285131640724/Comunicacion
https://economia.jcyl.es/web/jcyl/Economia/es/Plantilla100Detalle/1284250105595/Programa/1285131640724/Comunicacion
https://economia.jcyl.es/web/jcyl/Economia/es/Plantilla100Detalle/1284250105595/Programa/1285131640724/Comunicacion
https://ruralcat.gencat.cat/documents/20181/9479472/EBC2030_EN.pdf/51d819d9-b139-4fb9-b297-278344bf72ea
https://ruralcat.gencat.cat/documents/20181/9479472/EBC2030_EN.pdf/51d819d9-b139-4fb9-b297-278344bf72ea
https://ruralcat.gencat.cat/documents/20181/9479472/EBC2030_EN.pdf/51d819d9-b139-4fb9-b297-278344bf72ea
https://biotalous.fi/wp-content/uploads/2014/08/The_Finnish_Bioeconomy_Strategy_110620141.pdf
https://biotalous.fi/wp-content/uploads/2014/08/The_Finnish_Bioeconomy_Strategy_110620141.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/163969/VN_2022_5.pdf
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/163969/VN_2022_5.pdf
https://publicaties.vlaanderen.be/view-file/13586
https://www.ptj.de/lw_resource/datapool/systemfiles/agent/ptjpublications/D4D3A930ABB81F29E0537E695E86FACA/live/document/BMBF_Bioeconomy-Strategy_en_accesdible_n.pdf
https://www.ptj.de/lw_resource/datapool/systemfiles/agent/ptjpublications/D4D3A930ABB81F29E0537E695E86FACA/live/document/BMBF_Bioeconomy-Strategy_en_accesdible_n.pdf
https://www.ptj.de/lw_resource/datapool/systemfiles/agent/ptjpublications/D4D3A930ABB81F29E0537E695E86FACA/live/document/BMBF_Bioeconomy-Strategy_en_accesdible_n.pdf
https://www.ptj.de/lw_resource/datapool/systemfiles/agent/ptjpublications/D4D3A930ABB81F29E0537E695E86FACA/live/document/BMBF_Bioeconomy-Strategy_en_accesdible_n.pdf
https://cnbbsv.palazzochigi.it/media/1903/bit_ii_en_2019_final.pdf
https://cnbbsv.palazzochigi.it/media/1903/bit_ii_en_2019_final.pdf
https://bioeconomia.chil.me/download-doc/102159
https://bioeconomia.chil.me/download-doc/102159
https://www.regione.toscana.it/strategia-di-ricerca-e-innovazione-descrizione
https://www.regione.toscana.it/strategia-di-ricerca-e-innovazione-descrizione
https://pure.eur.nl/ws/portalfiles/portal/54891529/rachelthesisfinal_62911ee4b3892.pdf
https://pure.eur.nl/ws/portalfiles/portal/54891529/rachelthesisfinal_62911ee4b3892.pdf
https://doi.org/10.2760/15613
https://doi.org/10.3390/su12239792
https://doi.org/10.3390/su12239792
https://doi.org/10.1029/2018EF001014

Ambio

Hogarth, S., and B. Salter. 2010. Regenerative medicine in Europe:
Global competition and innovation governance. Regenerative
Medicine 5: 971-985. https://doi.org/10.2217/rme.10.81.

TACGB, 2023. One Planet - Bioeconomy Solutions for Global
Challenges. Statement from the Hannover Symposium organized
by Volkswagen Foundation and the International Advisory
Council for Global Bioeconomy (IACGB), 6 pp. Retrieved 16
January 16 2025 at https://www.iacgb.net/Ilw_resource/datapool/
systemfiles/elements/files/Ocb0102c-4d6e-11ee-8305-
dead53a91d3 1/current/document/TACGB_Statement_Hannover_
August_2023.pdf.

Kircher, M., R. Breves, A. Taden, and D. Herzberg. 2018. How to
capture the bioeconomy’s industrial and regional potential
through professional cluster management. New Biotechnology
40: 119-128. https://doi.org/10.1016/j.nbt.2017.05.007.

Lange, L., K. O. Connor, S. Arason, U. Bundgard-Jgrgensen, A.
Canalis, D. Carrez, J. Gallagher, N. Ggtke, et al. 2021.
Developing a Sustainable and Circular Bio-Based Economy in
EU: By partnering across Sectors, upscaling and using new
Knowledge faster, and for the benefit of Climate, Environment &
Biodiversity, and People & Business. Front. Bioeng. Biotechnol.,
Sec. Bioprocess Engineering. https://doi.org/10.3389/fbioe.2020.
619066.

Lewandowski, I., E. Bahrs, N. Dahmen, T. Hirth, T. Rausch, and A.
Weidtmann. 2019. Biobased value chains for a growing bioe-
conomy. GCB Bioenergy 11: 4-8. https://doi.org/10.1111/gcbb.
12578.

Lokesh, K., L. Ladu, and L. Summerton. 2018. Bridging the gaps for
a ‘circular’ bioeconomy: Selection criteria, bio-based value
chain and stakeholder mapping. Sustainability 10: 1695. https://
doi.org/10.3390/SU10061695.

Macht, J., J. L. Klink-Lehmann, and J. Simons. 2022. German
citizens’ perception of the transition towards a sustainable
bioeconomy: A glimpse into the Rheinische Revier. Sustainable
Production and Consumption 31: 175-189. https://doi.org/10.
1016/j.spc.2022.02.010.

Madrigal, J., I. Fernandez-Miguelaiez, C. Hernando, M. Guijarro, D.
Vega-Nieva, and E. Tolosana. 2017. Does forest biomass
harvesting for energy reduce fire hazard in the Mediterranean
basin? A case study in the Caroig Massif (Eastern Spain).
European Journal of Forest Research 136: 13-26. https://doi.
org/10.1007/s10342-016-1004-5.

Maksymiv, Y., V. Yakubiv, N. Pylypiv, I. Hryhoruk, I. Piatnychuk, and
N. Popadynets. 2021. Strategic challenges for sustainable gover-
nance of the bioeconomy: Preventing conflict between SDGs.
Sustainability 13: 8308. https://doi.org/10.3390/sul3158308.

Marcinekova, L., P. Palatova, J. Vybost’ok, V. Jarsky, M. Riedl, B.
Giertliovd, R. Dudik, and J. Salka. 2023. Students’ perception of
bioeconomy as an important factor in communicating and further
development of the bioeconomy in Slovakia and the Czech
Republic. Scandinavian Journal of Forest Research 38:
265-274. https://doi.org/10.1080/02827581.2023.2211806.

Martinez de Arano, 1., Muys, B., Topi, C., Pettenella, D., Feliciano,
D., Rigolot, E., Lefevre, F., Prokofieva, 1., Labidi, J, Carnus, J.
M., Secco, L.; Fragiacomo, M.; Follesa, M.; Masiero, M.; Llano-
Ponte, R., 2018. A forest-based circular bioeconomy for southern
Europe: Visions, opportunities and challenges. Retrieved 16
January 2025 at https://efi.int/publications-bank/forest-based-
circular-bioeconomy-southern-europe-visions-opportunities-and.

Mastrucci, A., F. Guo, X. Zhong, F. Maczek, and B. Van Ruijven.
2024. Circular strategies for building sector decarbonization in
China: A scenario analysis. Journal of Industrial Ecology 28:
1089-1102. https://doi.org/10.1111/jiec.13523.

McCormick, K., and N. Kautto. 2013. The bioeconomy in Europe: An
overview. Sustainability 5: 2589-2608. https://doi.org/10.3390/
SU5062589.

@ Springer

McHugh, M. L. 2013. The Chi-square test of independence.
Biochemia Medica 23: 143-149. https://doi.org/10.11613/BM.
2013.018.

McKnight, P.E., Najab, J., 2010. Mann-Whitney U Test. In The
Corsini Encyclopedia of Psychology (eds I.B. Weiner and W.E.
Craighead). https://doi.org/10.1002/9780470479216.corpsy0524.

Meadows, D.H., 2008. Thinking in systems: A primer. Chelsea Green
Publishing. Retrieved 16 January 2025 at https://research.fit.edu/
media/site-specific/researchfitedu/coast-climate-adaptation-
library/climate-communications/psychology-amp-behavior/
Meadows-2008.-Thinking-in-Systems.pdf.

Morales, D. 2022. Spaces of the forest-based bioeconomy in Finnish
Lapland and Catalonia: Practitioners, narratives and forgotten
spatialities. Fennia International Journal of Geography
199:174-187. https://doi.org/10.11143/fennia.109523.

Muscat, A., E. De Olde, R. Ripoll-Bosch, H. Van Zanten, T. Metze,
C. Termeer, M. Van Ittersum, and I. De Boer. 2021. Principles,
drivers and opportunities of a circular bioeconomy. Nature Food
2: 561-566. https://doi.org/10.1038/s43016-021-00340-7.

Mustalahti, 1. 2018. The responsive bioeconomy: The need for
inclusion of citizens and environmental capability in the forest
based bioeconomy. Journal of Cleaner Production 172:
3781-3790. https://doi.org/10.1016/j.jclepro.2017.06.132.

Open Access Government, 2023. Boosting innovation in the Euro-
pean bioeconomy. Retrieved 16 January 2025 at https://www.
openaccessgovernment.org/wp-content/uploads/2023/08/
openaccessgovernment.org-Boosting-innovation-in-European-
bioeconomy.pdf.

Paris, B., D. Michas, A. T. Balafoutis, L. Nibbi, J. Skvaril, H. Li, D.
Pimentel, C. da Silva, E. Athanasopoulou, D. Petropoulos, and
N. Apostolopoulos. 2023. A review of the current practices of
bioeconomy education and training in the EU. Sustainability 15:
954. https://doi.org/10.3390/su15020954.

Pascoli, D., A. Aui, J. Frank, O. Therasme, K. Dixon, R. Gustafson,
B. Kelly, T. Volk, and M. Wright. 2021. The US bioeconomy at
the intersection of technology, policy, and education. Biofuels
16: 9-26. https://doi.org/10.1002/bbb.2302.

Pagnicu, D., Ghenta, M., Matei, A., 2019. Transition to Bioeconomy:
Perceptions and Behaviors in Central and Eastern Europe.
Amfiteatru Economic 21/50. Retrieved 16 January 2025 at
https://www.amfiteatrueconomic.ro/temp/Article_2787.pdf.

Pender, A., L. Kelleher, and E. O’Neill. 2024. Policy coherence
barriers and drivers: Perspectives from policy-makers and
policy-takers in Ireland’s bioeconomy. EFB Bioeconomy Jour-
nal 4: 100062. https://doi.org/10.1016/j.bioeco.2023.100062.

Pink, M., B. Kietbasa, V. Tamas, F. M. Dos Santos Maria Pereira, J.
C. Santamarta, N. Cruz-Pérez, J. S. Rodriguez-Alcantara, and L.
Luty. 2024. Perception and awareness of the bioeconomy: An
empirical study of chosen European academia. International
Journal of Sustainability in Higher Education 25: 1137-1155.
https://doi.org/10.1108/IJSHE-01-2023-0002.

Prochaska, L., and D. Schiller. 2024. Spatial distribution of bioecon-
omy R&D funding: Opportunities for rural and lagging regions?
European Planning Studies 32: 1552-1572. https://doi.org/10.
1080/09654313.2024.2316193.

Proestou, M., N. Schulz, and P. H. Feindt. 2024. A global analysis of
bioeconomy visions in governmental bioeconomy strategies. Ambio
53: 376-388. https://doi.org/10.1007/s13280-023-01958-6.

Ranacher, L., I. Wallin, L. Valsta, and D. Kleinschmit. 2020. Social
dimensions of a forest-based bioeconomy: A summary and
synthesis. Ambio 49: 1851-1859. https://doi.org/10.1007/
$13280-020-01401-0.

Refsgaard, K., M. Kull, E. Sldtmo, and M. Meijer. 2021. Bioeconomy
- A driver for regional development in the Nordic countries. New
Biotechnology 60: 130-137. https://doi.org/10.1016/j.nbt.2020.
10.001.

www.kva.se/en


https://doi.org/10.2217/rme.10.81
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/0cb0102c-4d6e-11ee-8305-dead53a91d31/current/document/IACGB_Statement_Hannover_August_2023.pdf
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/0cb0102c-4d6e-11ee-8305-dead53a91d31/current/document/IACGB_Statement_Hannover_August_2023.pdf
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/0cb0102c-4d6e-11ee-8305-dead53a91d31/current/document/IACGB_Statement_Hannover_August_2023.pdf
https://www.iacgb.net/lw_resource/datapool/systemfiles/elements/files/0cb0102c-4d6e-11ee-8305-dead53a91d31/current/document/IACGB_Statement_Hannover_August_2023.pdf
https://doi.org/10.1016/j.nbt.2017.05.007
https://doi.org/10.3389/fbioe.2020.619066
https://doi.org/10.3389/fbioe.2020.619066
https://doi.org/10.1111/gcbb.12578
https://doi.org/10.1111/gcbb.12578
https://doi.org/10.3390/SU10061695
https://doi.org/10.3390/SU10061695
https://doi.org/10.1016/j.spc.2022.02.010
https://doi.org/10.1016/j.spc.2022.02.010
https://doi.org/10.1007/s10342-016-1004-5
https://doi.org/10.1007/s10342-016-1004-5
https://doi.org/10.3390/su13158308
https://doi.org/10.1080/02827581.2023.2211806
https://efi.int/publications-bank/forest-based-circular-bioeconomy-southern-europe-visions-opportunities-and
https://efi.int/publications-bank/forest-based-circular-bioeconomy-southern-europe-visions-opportunities-and
https://doi.org/10.1111/jiec.13523
https://doi.org/10.3390/SU5062589
https://doi.org/10.3390/SU5062589
https://doi.org/10.11613/BM.2013.018
https://doi.org/10.11613/BM.2013.018
https://doi.org/10.1002/9780470479216.corpsy0524
https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/climate-communications/psychology-amp-behavior/Meadows-2008.-Thinking-in-Systems.pdf
https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/climate-communications/psychology-amp-behavior/Meadows-2008.-Thinking-in-Systems.pdf
https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/climate-communications/psychology-amp-behavior/Meadows-2008.-Thinking-in-Systems.pdf
https://research.fit.edu/media/site-specific/researchfitedu/coast-climate-adaptation-library/climate-communications/psychology-amp-behavior/Meadows-2008.-Thinking-in-Systems.pdf
https://doi.org/10.11143/fennia.109523
https://doi.org/10.1038/s43016-021-00340-7
https://doi.org/10.1016/j.jclepro.2017.06.132
https://www.openaccessgovernment.org/wp-content/uploads/2023/08/openaccessgovernment.org-Boosting-innovation-in-European-bioeconomy.pdf
https://www.openaccessgovernment.org/wp-content/uploads/2023/08/openaccessgovernment.org-Boosting-innovation-in-European-bioeconomy.pdf
https://www.openaccessgovernment.org/wp-content/uploads/2023/08/openaccessgovernment.org-Boosting-innovation-in-European-bioeconomy.pdf
https://www.openaccessgovernment.org/wp-content/uploads/2023/08/openaccessgovernment.org-Boosting-innovation-in-European-bioeconomy.pdf
https://doi.org/10.3390/su15020954
https://doi.org/10.1002/bbb.2302
https://www.amfiteatrueconomic.ro/temp/Article_2787.pdf
https://doi.org/10.1016/j.bioeco.2023.100062
https://doi.org/10.1108/IJSHE-01-2023-0002
https://doi.org/10.1080/09654313.2024.2316193
https://doi.org/10.1080/09654313.2024.2316193
https://doi.org/10.1007/s13280-023-01958-6
https://doi.org/10.1007/s13280-020-01401-0
https://doi.org/10.1007/s13280-020-01401-0
https://doi.org/10.1016/j.nbt.2020.10.001
https://doi.org/10.1016/j.nbt.2020.10.001

Ambio

Regional Council of North Karelia, 2018. North Karelian Smart
Forest Bioeconomy Strategy. Retrieved 26 August 2025 at
https://projects2014-2020.interregeurope.eu/fileadmin/user_
upload/tx_tevprojects/library/file_1539767691.pdf.

Regional Council of North Karelia, 2023. Pohjois-Karjalan bio-
talouden alueellinen toimeenpanosuunnitelma. Retrieved 16
January 2025 at https://pohjois-karjala.fi/wp-content/uploads/
2023/01/Kansallinen-biotaloustrategia-
toimeenpanosuunnitelma-Pohjois-Karjala_2023.pdf.

Regional Council of South Ostrobothnia, 2021. Regional Strategy of
South Ostrobothnia. Retrieved 26 August 2025 at https://epliitto.
fi/wp-content/uploads/2022/1 1/Maakuntaohjelma_ENG_
saavutettava.pdf.

Regional Council of South Ostrobothnia, 2022. Smart-Specialisation
Strategy South Ostrobothnia 2021-2027. Retrieved 26 August
2025 at https://epliitto.fi/wp-content/uploads/2022/11/
Maakuntaohjelma_ENG_saavutettava.pdf.

Rinn, R., P. Palatova, M. Kaldabova, and V. Jarsky. 2023. Forest
Bioeconomy from the Perspectives of different EU Countries
and its Potential for Measuring Sustainability. Forests 14: 33.
https://doi.org/10.3390/£14010033.

Rinn, R., M. Jankovsky, P. Palatova, S. P. Garcia-Jacome, A. Sharp,
P. Wangpakapattanawong, M. Lovri¢, M. Van Vu, M. D. Thi
Nhat, B. Ninchaleune, I. Chanthavong, and K. Doungmala. 2024.
Bioeconomy in countries of the Mekong region: Stakeholder
understanding and perceptions in Thailand, Vietnam, and Laos.
Forest Policy and Economics 162: 103190. https://doi.org/10.
1016/j.forpol.2024.103190.

Ronzon, T., and A. I. Sanjuan. 2020. Friends or foes? A compatibility
assessment of bioeconomy-related Sustainable Development
Goals for European policy coherence. Journal of Cleaner
Production 254: 119832. https://doi.org/10.1016/j.jclepro.2019.
119832.

Sherwood, J. 2020. The significance of biomass in a circular
economy. Bioresource Technology 300: 122755. https://doi.
org/10.1016/j.biortech.2020.122755.

Simola, A., Kinnunen, J., Tormd, H., Kola, J., 2010. Bioenergy
production in Finland and its effects on regional growth and
employment. IJAMO Forum 2010, 16-18 June 2010, Halle
(Saale), Germany. https://doi.org/10.22004/AG.ECON.90820.

Sinkko, T., E. Sanyé-Mengual, S. Corrado, J. Giuntoli, and S. Sala.
2023. The EU bioeconomy footprint: Using life cycle assessment
to monitor environmental impacts of the EU bioeconomy.
Sustainable Production and Consumption 35: 117-128. https://
doi.org/10.1016/j.spc.2023.02.015.

Stern, T., U. Ploll, R. Spies, P. Schwarzbauer, F. Hesser, and L.
Ranacher. 2018. Understanding perceptions of the bioeconomy
in Austria - an explorative case study. Sustainability 10: 4142.
https://doi.org/10.3390/sul0114142.

Thomchick, E., M. Jacobson, and K. Ruamsook. 2024. Bioeconomy
bright spots, challenges, and key factors going forward: Percep-
tions of bioeconomy stakeholders. EFB Bioeconomy Journal 4:
100068. https://doi.org/10.1016/j.bioeco.2024.100068.

Thran, D., Moesenfechtel, U., (Eds), 2022. The Bioeconomy System,
Springer Berlin, https://doi.org/10.1007/978-3-662-64415-7.
Toller, A. E., T. Vogelpohl, K. Beer, and M. Bocher. 2021. Is
bioeconomy policy a policy field? A conceptual framework and
findings on the European Union and Germany. Journal of
Environmental Policy & Planning 23: 152-164. https://doi.org/

10.1080/1523908X.2021.1893163.

Trigkas, M., and G. Karagouni. 2023. State/academia key stakehold-
ers’ perceptions regarding bioeconomy: Evidence from Greece.
Sustainability 15: 9976. https://doi.org/10.3390/sul15139976.

UNECE, 2024. The sustainable and circular bioeconomy in the EU.
Retrieved 16 January 2025 at https://unece.org/sites/default/files/

www.kva.se/en

2024-03/S2d_2_The%?20sustainable %20and%?20circular%
20bioeconomy%20in%20the%20EU.pdf.

Van Kerckhove, Y., R. Desmet, K. Peeters, S. Snellinx, J. Van
Meensel, J. Versyck, D. Cuypers, K. Van Broekhoven, et al.
2023. Monitor van de VIlaamse bio-economie: Update
2019-2020. ILVO and VITO. Retrieved 16 January 2025 at
https://ilvo.vlaanderen.be/uploads/images/MONBIO2.0_
rapport_FINAAL_2023-10-26-093333_wndy.pdf.

Winchester, N., and K. Ledvina. 2017. The impact of oil prices on
bioenergy, emissions and land use. Energy Economics 65:
219-227. https://doi.org/10.1016/J. ENECO.2017.05.008.

Winchester, N., and J. Reilly. 2015. The feasibility, costs, and
environmental implications of large-scale biomass energy.
Energy Economics 51: 188-203. https://doi.org/10.1016/J.
ENECO0.2015.06.016.

Woolson, R.F., 2008. Wilcoxon signed-rank test. In Wiley encyclo-
pedia of clinical trials (eds R.B. D’Agostino, L. Sullivan and J.
Massaro). https://doi.org/10.1002/9780471462422.e0ct979.

Wozniak, E., A. Tyczewska, and T. Twardowski. 2020. Bioeconomy
development factors in the European Union and Poland. New
Biotechnology 60: 2-8. https://doi.org/10.1016/j.nbt.2020.07.
004.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

AUTHOR BIOGRAPHIES

Siebe Briers is an Expert at the Bioregions Facility and Bioeconomy
Programme of the European Forest Institute, in Barcelona (Spain).
Siebe currently works together with regional governments to support
their transition to a forest-based circular bioeconomy through three
lines of action: 1) policies and strategies; 2) innovation; 3) awareness
and engagement. Siebe has a bachelor in bioscience engineering, a
master in agro- and ecosystems engineering (major in forestry) and a
postgraduate in innovative entrepreneurship. His main research
interests are innovation, financial instruments, governance, and
stakeholder perceptions related to forestry and bioeconomy.
Address: European Forest Institute, Yliopistokatu 6B, 80100 Joensuu,
Finland.

e-mail: siebe.briers@efi.int

Anne Ackermann is a Researcher at the European Forest Institute in
Joensuu, Finland, currently focusing on the bioeconomy, wildfire risk
mitigation, and forest soils. Her doctoral degree is in European
Studies. She also holds a master’s degree in International Relations
(MA) and undergraduate degrees in Communication & Cultural
Studies (BA) and International Forest Ecosystem Management (BSc).
Combining social and natural science perspectives, her research
interests span socio-ecological systems, human-environment inter-
actions, environmental and eco-psychology, sustainability, bio-based
and forestry-related innovation, and international and European for-
estry policy and governance.

Address: European Forest Institute, Yliopistokatu 6B, 80100 Joensuu,
Finland.

e-mail: anne.ackermann@efi.int

Ivana iivojinovié (<) is a senior researcher at the BOKU
University in Vienna (Austria). She is acting as well as a deputy head
of the EFI Forest Policy Research Network that is hosted by BOKU.
She holds a doctoral degree in social and economic sciences in for-
estry and double master degree in European forestry, both defended at
BOKU. Research interests of Ms. Zivojinovic are in forest policy and
governance, private ownership studies, and institutional and innova-
tion analysis of forestry and forest services. Furthermore, her research

@ Springer


https://projects2014-2020.interregeurope.eu/fileadmin/user_upload/tx_tevprojects/library/file_1539767691.pdf
https://projects2014-2020.interregeurope.eu/fileadmin/user_upload/tx_tevprojects/library/file_1539767691.pdf
https://pohjois-karjala.fi/wp-content/uploads/2023/01/Kansallinen-biotaloustrategia-toimeenpanosuunnitelma-Pohjois-Karjala_2023.pdf
https://pohjois-karjala.fi/wp-content/uploads/2023/01/Kansallinen-biotaloustrategia-toimeenpanosuunnitelma-Pohjois-Karjala_2023.pdf
https://pohjois-karjala.fi/wp-content/uploads/2023/01/Kansallinen-biotaloustrategia-toimeenpanosuunnitelma-Pohjois-Karjala_2023.pdf
https://epliitto.fi/wp-content/uploads/2022/11/Maakuntaohjelma_ENG_saavutettava.pdf
https://epliitto.fi/wp-content/uploads/2022/11/Maakuntaohjelma_ENG_saavutettava.pdf
https://epliitto.fi/wp-content/uploads/2022/11/Maakuntaohjelma_ENG_saavutettava.pdf
https://epliitto.fi/wp-content/uploads/2022/11/Maakuntaohjelma_ENG_saavutettava.pdf
https://epliitto.fi/wp-content/uploads/2022/11/Maakuntaohjelma_ENG_saavutettava.pdf
https://doi.org/10.3390/f14010033
https://doi.org/10.1016/j.forpol.2024.103190
https://doi.org/10.1016/j.forpol.2024.103190
https://doi.org/10.1016/j.jclepro.2019.119832
https://doi.org/10.1016/j.jclepro.2019.119832
https://doi.org/10.1016/j.biortech.2020.122755
https://doi.org/10.1016/j.biortech.2020.122755
https://doi.org/10.22004/AG.ECON.90820
https://doi.org/10.1016/j.spc.2023.02.015
https://doi.org/10.1016/j.spc.2023.02.015
https://doi.org/10.3390/su10114142
https://doi.org/10.1016/j.bioeco.2024.100068
https://doi.org/10.1007/978-3-662-64415-7
https://doi.org/10.1080/1523908X.2021.1893163
https://doi.org/10.1080/1523908X.2021.1893163
https://doi.org/10.3390/su15139976
https://unece.org/sites/default/files/2024-03/S2d_2_The%20sustainable%20and%20circular%20bioeconomy%20in%20the%20EU.pdf
https://unece.org/sites/default/files/2024-03/S2d_2_The%20sustainable%20and%20circular%20bioeconomy%20in%20the%20EU.pdf
https://unece.org/sites/default/files/2024-03/S2d_2_The%20sustainable%20and%20circular%20bioeconomy%20in%20the%20EU.pdf
https://ilvo.vlaanderen.be/uploads/images/MONBIO2.0_rapport_FINAAL_2023-10-26-093333_wndy.pdf
https://ilvo.vlaanderen.be/uploads/images/MONBIO2.0_rapport_FINAAL_2023-10-26-093333_wndy.pdf
https://doi.org/10.1016/J.ENECO.2017.05.008
https://doi.org/10.1016/J.ENECO.2015.06.016
https://doi.org/10.1016/J.ENECO.2015.06.016
https://doi.org/10.1002/9780471462422.eoct979
https://doi.org/10.1016/j.nbt.2020.07.004
https://doi.org/10.1016/j.nbt.2020.07.004

Ambio

interest lies in urban forestry policy issues, awareness and perception
studies, as well as nature-based solutions in urban setting.

Address: Institute of Forest, Environmental and Natural Resource
Policy, BOKU University, Feistmantelstrasse 4, 1180 Vienna, Austria
Address: European Forest Institute, Forest Policy Research Network,
Feistmantelstrasse 4, 1180 Vienna, Austria.

Address: Centre for Bioeconomy, BOKU University, Peter-Jordan-
StraBe 82/II, 1190 Vienna, Austria.

e-mail: ivana.zivojinovic @boku.ac.at

Stefanie Linser is a Senior Researcher at the BOKU University in
Vienna (Austria). She holds a PhD and a MSc in forestry sciences.
She has been working for 25 years in national and international forest
policy issues and is a recognised indicator expert. She has compiled
data and provided input and indicator expertise to national and
international organisations. Her research interests comprise the
development and improvement of scalable indicators for sustainable
forest management, bioeconomy, forest resilience, forest biodiversity,
and related monitoring, reporting and assessment.

Address: Institute of Forest, Environmental and Natural Resource
Policy, BOKU University, Feistmantelstrasse 4, 1180 Vienna, Austria
Address: European Forest Institute, Forest Policy Research Network,
Feistmantelstrasse 4, 1180 Vienna, Austria.

Address: Centre for Bioeconomy, BOKU University, Peter-Jordan-
Strale 82/I1, 1190 Vienna, Austria.

e-mail: stefanie.linser@boku.ac.at

Radek Rinn is an assistant professor at the Czech University of Life
Sciences Prague, Faculty of Forestry and Wood Sciences. Radek has a
master of International Relations and Economics and PhD of Forest
Economics and Policy. His research interests include bioeconomy,
forest policy, and governance and public perceptions. Hi provides
both teaching and research at his faculty.

Address: Faculty of Forestry and Wood Sciences, Czech University of
Life Sciences Prague, Kamycka 129, 165 00 Praha—Suchdol, Czech
Republic.

e-mail: rinn@fld.czu.cz

Inazio Martinez de Arano leads the Forest Innovation For Impact
Team at the European Forest Institute, in Joensuu, Finland. He has
extensive working experience in European Projects and coordinated
the H2020 INCREDIBLE project on non-wood forest products.
Moreover, Inazio coordinates EFI’s Bioregions Facility, a platform
connecting forward-thinking regions across Europe to work together
to unlock regional potential through international exchange on the
forest circular bioeconomy.

Address: European Forest Institute, Yliopistokatu 6B, 80100 Joensuu,
Finland.

e-mail: inazio.martinez@efi.int

Johanna Klapper is a Junior Researcher at the European Forest
Institute in Joensuu, Finland, as part of the Climate-Smart Forestry
Team. Her current work focuses on forest resource modelling, climate
change adaptation and mitigation of forest ecosystems, and the
analysis of international trade of forest products. She holds a bache-
lor’s degree in environmental sciences and a master’s degree in Forest
and Ecosystem Sciences with specialisation in Ecosystem Analysis
and Modelling. Her main research interests are in forest modelling,
ecosystem and spatial data analysis, climate change impacts, and
global trade data.

Address: European Forest Institute, Yliopistokatu 6B, 80100 Joensuu,
Finland.

e-mail: johanna.klapper @efi.int

@ Springer

Venla Wallius is a doctoral researcher at the University of Jyviskyld
(Finland), School of Business and Economics. She has a M.Sc. degree
in Economics and Business Administration and M.Phil. degree in
Environmental Science and Technology. Her research interests
include bioeconomy perceptions, bioeconomy innovations, and
business models in sustainability transitions.

Address: European Forest Institute, Yliopistokatu 6B, 80100 Joensuu,
Finland.

e-mail: venla.wallius@efi.int

Melanie Amato Krijan leads the BioCities team at Cesefor, where
they collaborate with cities to co-design and implement their decar-
bonisation plans through participatory methodologies. She is a pro-
fessional dedicated to climate adaptation and resilience, with a focus
on climate policy, strategy, and public management. Melanie holds a
degree in Political Science, a law degree, and an MSc in Urban
Economics. With over 9 years of experience in the Argentine
Government, she has worked in various areas, including the Chamber
of Deputies, the National Government, and the Government of the
City of Buenos Aires. She is also a member of EIT Climate KIC and
has contributed to research projects with the University of Barcelona
and the Universitat Politécnica de Valéncia.

Address: Cesefor Foundation, Pol. Ind. Las Casas, Calle C, 42005
Soria, Spain.

e-mail: melanie.amato@cesefor.com

Leire Barafiano Orbe is the CEO of NEIKER, a technology centre
that provides innovative solutions to the agri-food and forestry sec-
tors. In total, she has 20 years of experience spanning the food and
agri-food sectors. Leire holds a Bachelor’s in Business Administra-
tion and Management, a Master’s in International Trade, and a PhD in
Business Management. She leads the Basque Country’s forest bioe-
conomy strategy, which promotes new value-added opportunities
through sustainable use of biological resources and production pro-
cesses. Leire has vast experience serving on management boards.
Address: NEIKER - Basque Institute of Agricultural Research and
Development, Parque Tecnoldgico de Bizkaia, P.812, Berreaga I,
48160 Derio, Spain.

e-mail: Ibaranano@neiker.eus

Miriam Gonzalez Dominguez is a professional dedicated to circular
bioeconomy as a policy officer at the Department of Agriculture,
Livestock, Fisheries, and Food of the Government of Catalonia. She
has a Bachelor’s degree in Environmental Sciences from the Auton-
omous University of Barcelona. She is a Postgraduate in Waste
Management from the Polytechnic University of Catalonia and holds
a Master’s in Personal Development and Leadership from the
University of Barcelona. Miriam has 25 years of experience in
planning, environmental management, and evaluation of public
policies in both the private and public sectors.

Address: Ministry of Climate Action, Food and Rural Agenda,
Government of Catalonia, Gran Via de Les Corts Catalanes, 612-614,
08007 Barcelona, Catalonia, Spain.

e-mail: mgonzalezd @gencat.cat

Sari Koivula is a Forest and Climate expert at the Regional Council
of North Karelia. She works on development and interest supervision
in the region in forestry, forest bioeconomy, climate, and energy-
related issues. Sari is responsible for regional planning and general
coordination of the regional bioeconomy and climate and energy
programmes, as well as the supervision of bioeconomy, forest and
climate related projects funded by the Regional Council from national
and EU structural funds. She holds a PhD and her research interests
are forestry, forest bioeconomy, climate adaptation, climate mitiga-
tion, energy, and circular economy.

www.kva.se/en



Ambio

Address: Regional Council of North Karelia, Siltakatu 2, 80100
Joensuu, Finland.
e-mail: sari.koivula@pohjois-karjala.fi

Gudrun Van Langenhove is a policy officer and expert at the
Agency for Nature and Forests of the Flemish Government, Belgium.
Since 2015 she coordinates the following themes: bioeconomy, wood
production, and timber statistics. Gudrun has a master of bioscience
engineering (agro- and ecosystems engineering—major in forestry).
Her main research interests are: innovation, international and Euro-
pean forestry policy and governance, climate mitigation and adapta-
tion, and valorisation of woody and non-woody biomass.

Address: Agency for Nature and Forests of the Flemish Government,
Koning Albert II-Laan 15 Bus 177, 1210 Brussels, Belgium.

e-mail: gudrun.vanlangenhove @vlaanderen.be

www.kva.se/en

Stefanie Wieland is head of the wood-based industries team and
deputy head of the Center for Forests and Wood Based Industries at
Wald und Holz NRW. She holds a doctoral degree in wood science.
Stefanie worked in leading positions in wood research and in wood
industry companies for over 15 years. Current tasks include promot-
ing the Cluster Forestry and Wood and the forest and wood-based
bioeconomy in North Rhine-Westphalia as well as research and
technology transfer on innovative uses of new wood species for wood
building products and the synchronisation of the forest-wood value
chain based on the challenges and opportunities of a changing raw
material base ‘wood’.

Address: Wald und Holz NRW — Centre of Forest and Wood Industry
(FB V), Team Wood-Based Industries, Carlsauestr. 91a, 59939 Ols-
berg, Germany.

e-mail: stefanie.wieland @wald-und-holz.nrw.de

@ Springer



	Pathways to bioeconomy development: A multi-regional perspective from Europe
	Abstract
	Graphical abstract
	Introduction
	Literature on dynamics of bioeconomy development
	Governance as a factor in bioeconomy development
	Investment and public spending
	Public perceptions and engagement in the bioeconomy
	High potential value chains in the European bioeconomy

	Materials and methods
	Data collection
	Data analysis

	Results
	Bioeconomy familiarity and information levels
	Familiarity with the bioeconomy among the public and private sectors
	General public informed on the bioeconomy

	Key characteristics of the bioeconomy and its development
	High-growth-potential value chains in the bioeconomy
	Barriers and supporting conditions for the development of the bioeconomy

	Willingness and responsibility to develop the bioeconomy

	Discussion
	Regional specificities
	Who and how to foster the bioeconomy transition

	Conclusion
	Author contributions
	Open Access
	References


