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article can be found at the end of the article.
Adopting a three-step approach, including a focus group, interviews,
and a final survey, we present a list of 31 barriers under six different
clusters: cultural, economic, environmental, governance, structural,
and technical hindering the transition to a CBBE.

Results

The literature findings validated through stakeholder engagement
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underline that the transition requires structural and governance
changes to steer the current economic model to a more circular and
sustainable one. The most prominent barriers include: Consumer
confusion and lack of trust due to generic sustainability claims and the
proliferation of certification schemes and labels; High investment
costs and risks for establishing circular bio-based industries; Concerns
over (local) biomass feedstock availability within the limits of carrying
capacity; Regulatory complexities and lack of support for the
transition at the government level; Lack of harmonized waste
collection systems and infrastructure and Incompatible and/or
insufficient infrastructure capacity for EoL product collection,
transportation, storage and management.

Conclusions

Stakeholder involvement is a critical element of the transition to CBBE,
to bridge the gap between scientific advancements and practical
implementation. This study aims to identify the most prominent
barriers to the CBBE transition with an extensive stakeholder
engagement strategy with representatives from the construction,
chemicals, plastics, and textile sectors. The findings in this study are
expected to feed into the further development of policy
recommendations to overcome these barriers in the transition.

Keywords
Barrier, circular bio-based economy, focus group, sustainable
transition, quadruple helix, validation.
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C D
1.{14%7 89 Amendments from Version 1

Major changes in the revised version:

1. Enhanced literature review on similar studies and how the current study differs from them.

2. Better representation of the methodology by providing a revised version of Figure 6.

3. More reflection on the discussion of results and how they align with or differ from the earlier findings.

4. A separate section regarding the implications on policy, practice and future research.

5. A clear description of the stakeholder recruitment process and potential barrier selection bias risk.

6. An explicit example showing how two of the cultural barriers evolved across different stakeholder engagement activities.
7. Better description of barrier inclusion/exclusion criteria after each stakeholder engagement step.

8. Revised conclusions including the implications, limitations and future work.

Any further responses from the reviewers can be found at the end of the article
A J

1. Introduction

Recently, there has been a global pursuit of sustainable and resilient economic models. This has prompted a paradigm
shift towards a circular bio-based economy (CBBE) at the intersection of circular economy and bioeconomy.'~* The
transition is vital for meeting the United Nations Sustainable Development Goals (SDGs) and reconciling environmental
protection with sustainable growth.® Additionally, achieving a net-zero emissions target for the European economy by
2050 requires a shift from a linear fossil-based economy to CBBE." This transition, at the same time, calls for a new
economic framework and policy priorities that are in line with the European Green Deal.” However, this transition is
complex and requires societal transformations, cutting-edge technologies, and multi-actor processes.

The shift is exceptionally required in the carbon-intensive sectors facing major challenges within the current linear
system, which are responsible for the most significant impacts. The sectors requiring a sustainable transition most
urgently are construction, chemicals, plastics, and textiles.®® Hence, they can benefit from numerous advantages
regarding this transition. For example, the chemicals sector can shift towards a bio-based and circular economy by
implementing regulatory measures and providing access to financing mechanisms.” The construction sector can improve
sustainability through designing for circularity, deep renovation, and market mechanisms for the widespread reuse of
products and materials’ as well as the use of circular bio-based building materials’. The plastics sector can benefit from
European environmental policies and commitments to reduce plastic waste and increase plastic recycling.'®'" Finally,
the textile sector can improve its environmental performance and profit margin by reducing the overproduction of fast
fashion items and switching to higher-quality garments made from natural fibres.'""'? In general, the transition in all these
sectors will require transdisciplinary collaboration among policymakers, educational institutions, industry associations,
environmental organisations and public opinion leaders to promote sustainable development.

The active involvement and collaboration of diverse stakeholders across sectors are crucial for the success of CBBE
initiatives. This helps to bridge the gap between scientific advancements and practical implementation.'” Stakeholder
engagement is critical to ensuring the inclusivity, acceptability, and effectiveness of CBBE initiatives. A variety of actors,
such as policymakers, industry leaders, research institutions, local communities, and non-governmental organisations,
play a key role in shaping the trajectory of CBBE. Stakeholders contribute unique perspectives, local insights, and
practical experiences that are invaluable in tailoring CBBE practices to specific contexts and optimising their impact.

The academic literature increasingly explores the importance of stakeholder engagement in identifying solutions to
overcome barriers in establishing CBBE.'* Some studies emphasise the need for a collaborative and interdisciplinary
approach that encompasses multiple sectors and engages stakeholders at various levels.'> These studies highlight the
multifaceted benefits of stakeholder involvement, ranging from increased resource efficiency and waste reduction to
enhanced social acceptance and equitable distribution of benefits.'®

'Le, D. L., Salomone, R., Nguyen, Q. T., Versele, A., Piccardo, C., & Nguyen, T. K. (2025). Circular bioeconomy in the Global South: The
case of circular bio-based building material use in Vietnam. Journal of Environmental Management, 376, 124437.
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Against this background, this paper aims to contribute to the ongoing discourse on CBBE for future research and policy
development by synthesising existing knowledge and presenting novel insights as a result of stakeholder engagement
activities, i.e., a focus group discussion, expert interviews, and a survey. An extensive list of barriers across four
carbon-intensive sectors — construction, chemicals, plastics, and textiles — was initially identified in an extensive grey
literature review by Dace er al.'” However, stakeholder engagement was considered crucial to validate the barriers
identified and their relevance across sectors. This study bridges the gap between the literature and actual CBBE practice
by presenting the results of a series of stakeholder engagement activities in which the barriers identified in the literature
were discussed, ranked and validated.

The paper is structured as follows: Section 2 provides the literature review on similar existing studies and how this study
differs from them, as well as the critical importance of stakeholder engagement in promoting the development, adoption,
and optimisation of CBBE strategies and policies. Section 3 presents the methodological basis for the organisation of
various stakeholder engagement activities. Section 4 summarises the results and elaborates on the evolution of barriers
across various activities. Finally, Section 5 concludes the study with insights and recommendations.

2. Literature review

The importance of integrating diverse stakeholder perspectives has been recognised by a growing number of studies
researching the transition to CBBE. However, stakeholder engagement is still not employed in studies that analyse the
hindering factors to CBBE.

Compared with circular-economy- and circular-bioeconomy-related research, relatively few studies explore barriers to
transitioning to CBBE. One of the first studies discussed management of agricultural waste and highlighted, among
others, the challenge of connecting stakeholders beyond the usual suspects (winery, livestock or cereal producers and
farmers’ associations) to engage, e.g. converters, end-users, waste management, Civil Society Organizations (CSO)
representatives, knowledge providers, regional and national policy makers, etc.” The study identifies other significant
challenges (environmental, economic, and technical); however, it stops at a desk research level. Similarly, Vishwakarma
etal i call for a systems approach to transitioning towards CBBE in rural regions using microalgal technologies, yet their
study is limited to identifying and addressing mainly technical challenges, without engaging with stakeholders.

Studies at the sectoral level™ " have focused on the transition in the plastics sector and have identified primarily
technical, economic and environmental barriers such as biomass feedstock sourcing, low cost-efficiency, scalability
issues, limited infrastructure for collection, recycling and resource recovery, water footprint and land use. These studies
have been conducted at a desk research level. To our knowledge, no previous studies were published with a specific focus
on CBBE transition barriers in the textile, construction and chemicals sectors.

Instead, there are two studies that explore barriers to developing CBBE across multiple sectors. Ferndndez Ocamica
et al."" have analysed six major sectors, including textiles, woodworking, and bio-based chemicals and materials
(including plastics), and concluded that the primary barriers hindering the CBBE’s development include demand-side
policy shortcomings such as inadequate incentives and market support, stakeholder perception challenges stemming from
limited awareness and communication of product benefits, and investment obstacles driven by regulatory issues, lengthy
return periods, and a lack of demonstrable product successes. Meanwhile, Dace et al.'” have focused on four sectors
(plastics, textile, construction and chemicals) and have provided a detailed list of barriers to transition to CBBE from an
industry perspective across six categories — cultural, social, economic, environmental, technical, and structural. Both
studies were conducted at the desk research level.

iGontard, N., Sonesson, U., Birkved, M., Majone, M., Bolzonella, D., Celli, A., ... & Sebok, A. (2018). A research challenge vision regarding
management of agricultural waste in a circular bio-based economy. Critical Reviews in Environmental Science and Technology, 48 (6),
614-654.

fityishwakarma, R., Dhaka, V., Ariyadasa, T. U., & Malik, A. (2022). Exploring algal technologies for a circular bio-based economy in rural
sector. Journal of Cleaner Production, 354, 131653.

i‘Singh, N., Ogunseitan, O. A., Wong, M. H., & Tang, Y. (2022). Sustainable materials alternative to petrochemical plastics pollution: A
review analysis. Sustainable Horizons, 2, 100016.

"Drishya, P. K., Reddy, M. V., Mohanakrishna, G., Sarkar, O., Isha, Rohit, M. V., ... & Chang, Y. C. (2025). Advances in microbial and plant-
based biopolymers: synthesis and applications in next-generation materials. Macromol, 5 (2), 21.

"iDissanayake, C. L. W., Shanmugam, S., & Kikas, T. (2026). Critical evaluation of 2, 5-furandicarboxylic acid (FDCA) production from
biomass: perspectives on reaction pathways, catalytic systems, and process optimization. Green Chemistry, 28 (11), 4715-4749.
Y"Ferndndez Ocamica, V., Bernardes Figueirédo, M., Zapata, S., & Bartolomé, C. (2024). Assessment of EU bio-based economy sectors based
on environmental, socioeconomic, and technical indicators. Sustainability, 16 (5), 1971.
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Therefore, studies with stakeholder engagement often stop at a desk research level, mostly focus on one industry or sector
and are limited to one country. Against this background, this paper engages stakeholders from across the EU using a
3-step grading system to assess the significance of barriers across four sectors of interest.

It is also worth mentioning that stakeholders hold the key to fostering collaboration, generating knowledge, and aligning
interests towards common goals in shaping policies, practices, and strategies.'*'® Stakeholder engagement shifts policy
recommendations from prescriptive, top-down measures to collaborative, adaptive, and systemic interventions that are
more likely to be effective in practice"''. However, some complexities and challenges related to stakeholder engagement
should be taken into consideration.

One of the major complexities lies in the lack of awareness and understanding of the bioeconomy as a whole, its benefits
and what roles stakeholders can take within the transition. Several groups, which are key to a thriving European
bioeconomy ecosystem, such as the primary sector, youth and financial actors, are currently underrepresented in terms of
the level of stakeholder engagement. These categories, which may not yet be fully aware that they could have a role in the
bioeconomy, should be involved in the debate and participate in stakeholder engagement activities’*. Secondly, the
perspectives of stakeholders are diverse, with often conflicting interests, values, and motivations.'’ Therefore, more
inclusively and transparently tailored approaches are required to balance out the diversity of stakeholders.?’ The principle
of stakeholder engagement, adopting a “comprehensive” approach, has also been highlighted recently by the European
Commission.'® Involving stakeholders from diverse fields and backgrounds allows the incorporation of perspectives
from various social groups and makes the strategy more forward-thinking and aligned with the needs and agendas of all
stakeholders, ensuring that CBBE innovation is relevant, acceptable and finally taken up by them all. Considering the
innovations usually occur in “protected spaces”, i.e., niches, there are also some stakeholders with concerns about the
upscaling of circular solutions.” Additionally, the inherent complexity of circular bioeconomy systems, characterised by
interconnectedness and uncertainty, further complicates stakeholder engagement efforts.>!

To overcome these challenges and to enhance stakeholder engagement in the CBBE, among others, co-creation strategies
have been actively employed. With the help of the co-creation process, e.g., focus groups or participatory workshops,
stakeholders collaboratively design and implement solutions, which also lead to fostering ownership and legitimacy.>>
This collaborative manner creates an environment of open dialogue and knowledge exchange, while facilitating mutual
learning among stakeholders.?® Consequently, transparent communication builds trust, empowers long-term partnerships
and assists in overcoming potential conflicts of interest.>*

From a governance point of view, involving stakeholders in the decision-making process, especially through tools like
life cycle assessment and multi-criteria analysis, amplifies the robustness and credibility of policy decisions.>® Further-
more, ensuring equitable participation and representation of marginalised groups promotes social justice and inclusivity
in the circular bioeconomy transition.?' Szarka e al.'® underline the significance of participatory processes in developing
regional bioeconomy strategies that align with local needs and priorities via engaging diverse stakeholders at the regional
level. Similarly, Leipold and Petit-Boix>® provide insights into the perspectives of European and German stakeholders on
the CBBE, highlighting varying stakeholder interests, priorities, and challenges, underscoring the need for tailored
engagement approaches at regional and national levels.

Stakeholder engagement can also be used to understand the market dynamics influencing the transition towards a CBBE
and to co-design transition pathways that increase resilience and mitigate potential risks associated with market
disruptions.?’” Ultimately, Lokesh ef al.>® mention the importance of stakeholder mapping to identify key actors and
their roles within bio-based value chains. Engaging stakeholders across the value chain is crucial for addressing gaps,
ensuring resource efficiency, and enhancing the viability of CBBE initiatives.

3. Methods

This paper presents a follow-up to a comprehensive grey literature review conducted by Dace ef al.'” as part of the
Horizon Europe project SUSTRACK.?® The original list of barriers was extracted from a literature analysis looking
beyond the theoretical background of pure research and identifying more practical solutions from the four sectors of
interest (construction, chemicals, plastics, textiles) of the project. A total of 193 different barriers were identified and

viiKaraca, F., Tleuken, A., Pineda-Martos, R., Cardoso, S. R., Askar, R., Salles, A., ... & Braganca, L. (2024, May). Analysing Stakeholder
Opinions Within the COST Action CA21103 CircularB and Beyond: Circular Economy Implementation in Construction. In International
Conference “Coordinating Engineering for Sustainability and Resilience” (pp. 335-345). Cham: Springer Nature Switzerland.

"Yilan, G., Bassi, A. M., Andreasson, E., Bianchi, M., Albertini, S., Vavassori, V., & Morone, P. (2026). Building an Inclusive Bioeconomy:
Addressing Gender, Age, and Socio-Cultural Barriers for a Just Transition. Societal Impacts, 100184.
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clustered into six categories: cultural, technical, economic, environmental, governance, and structural. We checked the
frequency of each barrier mentioned in the literature. Employing an analysis of the citations’ cumulative distribution
function and choosing at least 3 citations as the cut-off criterion, we reached a list of 51 barriers to be further validated
through co-creation activities.'”

To that aim, an online focus group entitled “Limits, barriers and solutions to boost the transition towards a circular bio-
based economy” was organised during the European Green Week>® (Section 3.1). Expert interviews were then conducted
with the primary objective of validating the previously identified barriers, as well as their allocation to the four selected
sectors (Section 3.2). The results of the interviews were compiled into a new list of barriers to feed an online survey as a
final validation step to produce a consolidated list of barriers hindering the transition to CBBE (Section 3.3).

Written informed consent was obtained from all participants prior to their involvement in the study, in accordance with
the SUSTRACK Data Management Plan and Horizon Europe ethical standards. Consent was collected via online
registration forms, which also addressed permissions for the use of photographs, video recordings, and other audiovisual
materials.

3.1 Step 1: Focus group

Focus groups have become a convenient and effective method for collecting qualitative data in a variety of academic and
applied research areas.>' A focus group (FG) is a group interview that involves a small number of participants with
experience in a specific topic of interest. The purpose is to collect qualitative data through interactive and directed
discussions with multiple individuals simultaneously.**> The participants are encouraged to interact with each other,
and group activation is key to exploring and clarifying their perceptions, opinions, and views.

To collect outcomes, the focus group was prepared and structured, adopting the Mobilisation and Mutual Learning
approach. According to the methodology developed by the BIOVOICES project,** the starting point is the definition of
the “what for — objectives”. This step is crucial, as it shapes and guides the three subsequent key questions: “what —
contents to be discussed,” “with whom — stakeholders to be involved,” and “how — formats and supporting tools for
engagement.” This approach has been widely validated, having already been applied in more than 300 workshops in the
context of EU-funded projects, and was originally developed through the BIOVOICES, Biobridges® and LIFT>®
initiatives. The systematic use of this approach has proven to be effective in structuring participatory processes and
ensuring targeted, meaningful dialogue across diverse stakeholder groups.

The SUSTRACK stakeholder engagement strategy is based on these experiences and methodological approaches to
ensure the engagement of the most appropriate stakeholders to achieve the intended objectives. Prior to the FG, a database
of relevant stakeholders was created to ensure the representativeness of the four dimensions defined by the SUSTRACK
stakeholder engagement model (Figure 1), namely the quadruple helix stakeholders, at different geographical levels,
sectors of interest, and expertise. The quadruple helix dimension refers to different types of stakeholders (research,
business, policy, civil society); the level dimension refers to the geographical scope of stakeholders’ activities (European,
national, regional, local); the sector dimension refers to the four SUSTRACK target sectors (textile, construction,
chemicals, plastic); and the expertise dimension refers to the relationship between the stakeholder engagement activity
and the expected outcomes (e.g., validation, prioritisation, co-creation, foresight).

It is also worth mentioning that the SUSTRACK model targeted engaged actors to bridge the gap between pure research
and actual CBBE practice. Although we aimed for broad representation, we acknowledge that certain groups crucial to the
bioeconomy, such as the primary sector, youth, and financial actors, are generally underrepresented in engagement
activities and this could create a bias risk for barrier selection. However, the three-step approach was designed to serve as
afiltering mechanism to overcome this bias with the help of using cut-off criteria to ensure the validity of the selection via
consensus among stakeholders.

The FG was organised online, building on the extensive experience gathered during the COVID-19 pandemic, including
the fruitful exploitation of online supporting tools such as the MIRO board.*” These tools, together with the FG recording,
upon appropriate authorisation in compliance with GDPR, facilitated the elaboration of the insights that emerged and
significantly reduced the risk of errors in transcribing comments verbatim in real-time.

The FG was structured in four main steps to guide the discussion: (i) setting the scene to facilitate a common ground for
discussion; (ii) identification of missing barriers to the transition (compared to the shortlisted list of barriers identified in
the literature review); (iii) prioritisation of the most relevant barriers; (iv) allocation of barriers to the four sectors of
interest for the SUSTRACK project.
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Figure 1. SUSTRACK stakeholder engagement model.

First, the SUSTRACK project was presented to stakeholders, and then each participant had the opportunity to introduce
themselves and share their expectations regarding the SUSTRACK project and the event itself. During the FG, a total of
25 external participants were engaged. In the research field, there were 3 stakeholders, each from the construction and
plastics sectors, accompanied by one from the chemicals and textiles sectors. The private sector was represented by
3 individuals from construction, 2 from plastics, and one from the chemicals and textiles sectors. NGOs and CSOs had
one representative in the construction and plastics sectors. Project-relevant representatives included one stakeholder from
the construction, chemicals, and textiles sectors. Additionally, there were participants from other fields, with construction
attracting 2, plastics 1, and the chemicals sector 2 people. In total, the construction sector had the highest engagement with
9 participants, followed by the plastics sector with 8, the chemicals sector with 5, and the textiles sector with
3 participants.

The results of the barriers identified in the literature review were then presented. 7 For this step, a total of 54 barriers,
including 7 cultural, 11 economic, 4 environmental, 14 governance, 9 structural and 9 technical, were presented for
discussion. Then, the interactive session started with the introduction of the online MIRO board, specifically designed to
support the process, facilitating the presentation and visualisation of the barriers (Figure 2). Stakeholders suggested
additional barriers based on their background and experience, adding them to the appropriate cluster on the MIRO board.

Stakeholders were then asked to use the voting tool to prioritise the most relevant barriers. They were given 10 votes to
select the most urgent barriers to be addressed, based on their opinion (Figure 2).

Finally, stakeholders were asked to allocate the barriers to the textile, construction, plastics, and chemicals sectors based
on their relevance to each sector (Figure 3). It should be noted that the same barriers may apply to different sectors.

3.2 Step 2: One-to-one interviews with sector experts
To further validate and complement the results obtained, 20 expert interviews were conducted online. The interview
process included eight steps, presented in Figure 4.

First, the objectives were defined to guide and fit the research objective, namely to validate the identified barriers and
allocate them to the four selected sectors. Second, a suitable interview method was selected in line with the aforemen-
tioned objective. The semi-structured approach was considered optimal given its versatility, as it accommodates both
closed and open-ended questions and allows for follow-up questions if needed.**-*

The next step was to design the interview questions and compile them into a Microsoft PowerPoint presentation that was
shared with the experts during the online interviews (Figure 5). Microsoft PowerPoint was chosen not only to present the
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Figure 2. The structure of the MIRO Board for identifying additional barriers and prioritising them.

Barriers to reach local or global SOGs

(OF 2O SWALCH LO CAarbon-Neutral of OrCular eCoONOMmy)

Figure 3. The structure of the MIRO Board to assign barriers to different sectors.

questions in written form to the interviewees, but also to allow the interviewers to take visible notes. This transparency
ensured that interviewees were able to review the wording of their responses, enabling them to articulate answers that
genuinely reflected their perspectives. Once the interview template had been created, the process was outlined, and
potential expert interviewees were identified and contacted. A total of 33 invitations were sent out to prospective experts
identified from the SUSTRACK stakeholder database and project networks, and 21 individuals accepted to be
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Figure 4. The methodological steps of the interviews.

Cultural Barriers i;id,g,;m;},\@:
a. Missing communication, misinformation, disinformation and lack of trust
b. Lack of technical skills, including mindset
c. Lack of systematic business model analysis
d. Low awareness of bio-based products
e. Consumers lack knowledge of the meaning of material markings/labelling
f. Lack of specialized knowledge, skills and expertise in bio-based production
g. Lack of incentives for consumer behaviour change
h. Lack of company's internal resources for initiating and maintaining transition
i. Lack of understanding of the potential economic advantages of implementing circular value chains
j. Inconsistent or partial application of industry targets
k. Regionally diverse consumer awareness of bio-based products
|. Lack of specialized knowledge, skills and expertise in closed loop systems
e Eropasn Union

Figure 5. An example PowerPoint slide from an interview for the textile sector, showing how cultural barriers
were validated (marked in bold).

interviewed. Participants included representatives from academia (n = 9), industry (n = 7), policy (n = 2) and NGOs
(n = 2). Interviews were scheduled for 45-60 minutes and conducted via online meeting platforms. One or two
interviewers from the SUSTRACK team conducted each interview using a standardised interview template (Figure 5).

The interviewees were asked to validate the barriers previously identified in the literature review and validated during the
FG, to allocate them to the sector of their expertise if applicable, and to add any missing barriers (Figure 5). Once all
interviews had been completed, individual reports were created for each interview, and all the findings were analysed and
aggregated.
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Table 1. The description of the barrier nature.

Nature of the barrier Description

Major barrier A critical obstacle to the transition to a circular bio-based economy. Addressing it
requires a coordinated effort and is crucial for the success of the transition

Moderate barrier A substantial challenge but does not impede the transition as significantly as critical
barriers. Addressing it is important, but not inevitable.

Minor barrier Arelatively smaller challenge that may slow down the transition but does not prevent
it. While addressing it is not urgent, it should not be ignored.

The process of compiling the results of the interviews into a new list of barriers was twofold. On the one hand, the
additional missing barriers suggested by the interviewees were reviewed and compared with the results of the literature
review and the FG. Accordingly, some of these barriers were eliminated, and others were used to edit or complement
existing barriers. On the other hand, to determine which existing barriers to retain, we applied a pre-defined validation
rule: barriers validated by fewer than 40% of interviewed experts were removed from the pre-final list. The 40% threshold
was selected to keep only those barriers that at least a meaningful share of experts agreed on, while avoiding the inclusion
of very individual or uncommon responses.

3.3 Step 3: Survey

The consolidated list of barriers emerging from the literature review, FG and expert interviews was used to build an online
survey implemented in LimeSurvey.*’ The survey was distributed through the SUSTRACK network, targeted mailing
lists, and social media. A total of 55 respondents representing institutions located in nine different European countries
completed the survey. Of these, 21 participants (38 %) represented one of the four specific sectors targeted by the project.
The majority, accounting for 20 participants, represented the bio-based sector as a whole, while the remaining
14 respondents represented “other” sectors such as the blue economy, environment, and recycling. The survey allowed
respondents to skip items they did not feel competent to answer.

The survey included a first section collecting respondent characteristics (stakeholder category, country, organisation size
and sector represented), followed by the barrier rating blocks categorised into the six clusters (i.e., cultural, economic,
environmental, governance, structural, and technical). For each barrier, respondents selected one of four options:
“major”, “moderate”, “minor”, or “not a barrier” (Table 1). A cut-off criterion was applied: barriers deemed major or
moderate by at least 75% of survey respondents were retained This threshold was chosen in line with the literature
findings* to ensure that only barriers with broad consensus were selected, while still allowing for moderate variability in
expert opinion. To reduce the risk that the results were overly dependent on this threshold, we conducted a brief sensitivity
reflection. Lowering the cut-off to 70% or raising it to 80% did not materially change the set of retained barriers, and the
relative ranking of barrier clusters remained stable. This suggests that the findings are robust to reasonable variations in
the selection threshold.

4. Results and discussion
This section outlines the results obtained through different steps of stakeholder engagement activities. A schematic
representation of the barrier identification and validation process is shown in Figure 6. The following subsections are

Figure 6. Evolution of barriers across the co-creation activities.

*Barrios, M., Guilera, G., Nufio, L., & Go6mez-Benito, J. (2021). Consensus in the Delphi method: what makes a decision change?.
Technological Forecasting and Social Change, 163, 120484.
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dedicated to the findings of different co-creation activities, i.e., Section 4.1 for the focus group results, Section 4.2 for the
interview results and Section 4.3 for the survey results.

4.1 The results from the focus group

Dace et al."” identified a total of 193 barriers across various sectors, including chemicals (63 barriers), construction
(62 barriers), plastics (116 barriers), and textiles (54 barriers). These barriers were mentioned with varying frequencies in
the literature. The top three barriers to the transition to a sustainable CBBE were identified as the cultural barrier “Lack of
incentives for consumer behaviour change”, which was mentioned in 11 different reports, followed by the structural
barrier “Lack of value chain stakeholder collaboration (including information exchange)” (10 reports), and the technical
barrier “Increasing complexity of materials and their combinations” (9 reports). These barriers underscore the multifac-
eted nature of the challenges facing the transition to a sustainable CBBE. To proceed with stakeholder engagement, we
applied a cut-off criterion, only considering barriers that were mentioned at least three times in different records. This
resulted in a total of 51 barriers, including 14 governance barriers, 11 economic barriers, 9 structural barriers, 7 cultural
barriers, and 9 technical barriers. Remarkably, only one barrier was classified under the environmental cluster.'’
However, underscoring the urgency and importance of addressing environmental concerns, we added three additional
environmental barriers from the literature review to initiate the FG discussion on the environmental cluster, despite their
initial exclusion based on the cut-off criterion.

During the FG, the list of 54 barriers resulting from the literature review, which served as the starting point for the FG
activity, was expanded to 82 barriers. Thus, 28 additional barriers across all clusters were suggested by the participating
stakeholders. These 28 barriers included 19 that were identical or similar to ones already identified in the literature review,
but did not meet the cut-off criterion and therefore were initially excluded from the presented list. The remaining 9 barriers
were considered “original” as they were not previously identified in any of the reviewed literature but rather proposed by
the experts participating in the FG.

Following the identification of missing barriers, FG attendees were asked to vote for the 10 most pressing barriers. They
were able to allocate their votes to any of the barriers, whether from the provided list or the additional ones they suggested.
During the FG, the environmental barrier that received the highest number of votes (10) was the “Lack of harmonised
methods for environmental, climate, and sustainability impact assessment of CBBE”, which was suggested during the
FG. It highlights the challenge of integrating universally accepted metrics and methodologies to evaluate the sustain-
ability impacts of establishing a CBBE, which leads to uncertainties related to potential benefits. The need for such
harmonisation is crucial for providing a reliable basis for monitoring progress towards sustainability goals, thus
enhancing transparency. The cultural barrier “Missing communication, misinformation, disinformation and lack of
trust” received 9 votes, making it the second most popular choice among stakeholders during the FG. 7 other barriers
received 6 votes each, sharing the third place. Of these, 3 are structural, 2 are technical, and 2 are related to governance. Of
the 7 barriers, 3 were proposed by stakeholders, while the remaining four came from the list presented (Table 2).

It is noteworthy to highlight that only one of the top three most cited barriers in the literature review, specifically the
structural barrier “Lack of value chain stakeholder collaboration (including information exchange)”, was prioritised as a
top barrier in the FG. The other two most cited barriers, “Lack of incentives for consumer behaviour change” and
“Increasing complexity of materials and their combinations”, received only two votes each. Out of the 82 barriers,
31 were voted for by at least three FG participants. Of the remaining barriers, 29 received only one or two votes, and
22 barriers received no votes at all.

The categorisation of the barriers into clusters was undertaken to find structure within the long list of barriers and group
similar barriers together, separating them from those that are dissimilar. It is important to acknowledge that such
classificatory activities are carried out on a subjective level, and there might be some overlap between categories.
However, these clusters still provide a useful framework for analysis. As demonstrated in the table above, none of the top-
rated barriers is economic. Of the three top-rated structural barriers, however, two can be viewed as economic, namely
“Difficulty to enter a well-established fossil-based market” and “Weak reconciliation between the need for economic
growth with the need for sustainable development”. A reallocation of the barriers to different clusters can be beneficial in
revealing underlying factors. For instance, “Difficulty entering a well-established fossil-based market” could be seen as
both a structural barrier due to the dominance of existing players and an economic barrier due to the lack of economic
incentives for new entrants.

After voting, stakeholders were asked to allocate the barriers to their respective sectors of interest. Of the barriers, 31 were

allocated to the plastics sector, 29 were relevant to both the textiles and construction sectors, and 25 were relevant to the
chemicals sector. Only 3 barriers were allocated to all four sectors, whereas 21 were not allocated to any sector at all.
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Table 2. Top-rated barriers resulting from the FG.*

Rating Barrier (Votes) Cluster Source

1 Lack of harmonised methods for environmental, climate, Environmental  FG participants
and sustainability impact assessment of CBBE (10)

2 Missing communication, misinformation, disinformation Cultural FG participants
and lack of trust (9)
Difficulty to enter a well-established fossil-based market (6) Structural Literature review

3 Lack of value chain stakeholder collaboration (including Structural Literature review
information exchange) (6)

3 Weak reconciliation between the need for economic growth  Structural Literature review
with the need for sustainable development (6)

3 Technical issues for scale-up (6) Technical FG participants
Lack of technical skills, including mindset (6) Technical FG participants

3 Competing political interests with “old” industries (big Governance FG participants
lobbies, etc.) (6)

3 Fragmented regulatory environment across European Governance Literature review

countries and at the national/regional level (6)

“Please note that the list of barriers in this table could be slightly different from the ones in the final list due to the revisions after each step
of stakeholder engagement activity.

Despite this, some of these barriers still received votes, including the technical barrier “Lack of technical skills, including
mindset”, which shared third place in the prioritisation exercise. The 3 common barriers allocated to all sectors are:
(i) Missing communication, misinformation, disinformation, and lack of trust; (ii) Lack of harmonised methods for
environmental, climate, and sustainability impact assessment of CBBE; and (iii) Weak reconciliation between the need
for economic growth with the need for sustainable development.

As the final step, we formulated a consolidated list of all barriers based on the feedback collected during the barrier
rephrasing process and the addition of newly identified barriers. Overlapping barriers were merged, resulting in a concise
list of 67 barriers for the follow-up project activities (Appendix A*'). No barriers were removed from the originally
provided list of 54 barriers.

4.2 The results from expert interviews

The resulting list of 67 barriers after FG was validated by experts during interviews and allocated to four key sectors:
textiles, construction, plastics, and chemicals. The most frequently cited barrier across sectors was “Missing commu-
nication, misinformation, disinformation, and lack of trust,” while “Lack of systematic business model analysis” was the
least cited.

For the textiles and plastics sectors, all 67 barriers were validated by at least one expert, though strong consensus was
limited. In the textiles sector, 10 barriers were unanimously validated, whereas the plastics sector achieved unanimous
agreement on only one: the environmental barrier “Lack of harmonised methods for environmental, climate, and
sustainability impact assessment of CBBE.” In contrast, chemicals sector experts demonstrated higher consensus,
unanimously validating 14 barriers, half of which fell under governance. However, two barriers, “Lack of systematic
business model analysis” (cultural) and “Insufficient investment in mature closed-loop recycling technologies” (eco-
nomic), received no validation from chemicals sector experts. The construction sector exhibited the greatest number of
unvalidated barriers (10), likely due to the limited representation of experts (n = 3).

During the interviews, participants identified 59 additional barriers, expanding the list to 126. These new barriers spanned
the six clusters: cultural (14), economic (12), governance (12), structural (8), environmental (7), and technical (6). Many
new barriers were duplicates, closely related, or not true barriers according to our definition of a barrier, i.e. “a problem,

rule or situation that prevents somebody from doing something, or that makes something impossible”.**

The process of compiling the results of the interviews into a new list of barriers was twofold. On the one hand, newly

proposed barriers were compared against the literature findings of Dace et al.,'” leading to the elimination or refinement
of some barriers. On the other hand, existing barriers validated by less than 40% of the experts were removed.
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The process culminated in a pre-final list of 53 barriers. Although some edits were made for clarity and precision, the
number of barriers remained unchanged, and the evolution of all barriers is presented in Appendix A. An example of the
evolution of two barriers is provided as follows. Cultural barriers “Consumers lack knowledge of the meaning of material
markings/labelling” and “Missing communication, misinformation, disinformation and lack of trust”, that have been
added after the FG discussions, were revised after the interviews such as “Consumer confusion and lack of trust due to
generic sustainability claims and the proliferation of certification schemes and labels” and “Missing communication,
misinformation, and disinformation” to provide better clarity for the external stakeholders. Both barriers stayed in the
final list after the survey.

4.3 The final list of barriers

The 53 barriers resulting from the interview step were prioritised through a survey, with the objective of identifying those
that most significantly hinder the transition to a CBBE. Survey respondents rated barriers as major, moderate, minor, or
non-barriers (Table 1). A cut-off criterion was applied: barriers deemed major or moderate by at least 75% of survey
respondents were retained. This process reduced the list to 31 key barriers (Table 3). Notably, four barriers were identified
as major by at least half of the respondents (28 out of 55), three of which belonged to governance, while one was an
economic barrier. Detailed survey results are provided in Appendix B.*'

Table 3. The final list of validated barriers.

Cluster Barrier
Cultural Missing communication, misinformation, and disinformation

Consumer confusion and lack of trust due to generic sustainability claims and the proliferation
of certification schemes and labels

Low awareness and knowledge of bio-based products
Lack of incentives for consumer behaviour change

Economic High investment costs and risks for establishing circular bio-based industries
Fluctuating prices and unstable supply of biomass and (processed) raw materials
Weak cost competitiveness: bio-based vs. fossil-based ingredients, materials or products
Difficulties in reconciling economic growth with sustainable development
High operating costs: bio-based vs. fossil-based production

Lack of funding and investment in End-of-Life (EoL) infrastructure and waste management
practices

Environmental  Concerns over (local) biomass feedstock availability within the limits of carrying capacity

Lack of harmonised methods for environmental, climate and sustainability impact
assessments

Lack of knowledge and data on impacts

Governance Regulatory complexities and lack of support for the transition at government level
Fragmented regulatory framework across European countries and at national/regional level
Competing political interests with fossil-based industries (big lobbies etc.)
Lack of alignment and consistency between different policies
Lack of market-based policies (e.g. subsidies or higher CO, prices) to stimulate the market
Limited long-term policy reliability

Lack of supportive policy framework for product-related inner circles of the circular system
(recycling, reuse, repair, redistribute, remanufacture, and refurbish)

Legislative limitations for applications of materials when classified as waste
Lack of clarity around policy targets and trajectories

Insufficiently ambitious targets and limited policy drivers
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Table 3. Continued

Cluster Barrier
Structural Lack of harmonized waste collection systems and infrastructure
Lack of established markets and value chains for by-products
Low data accessibility and lack of transparency and traceability
Lack of value chain stakeholder collaboration (including information exchange)
Social and technical lock-ins to the current linear system
Lack of mid- and long-term impact assessment and decision-making

Technical Incompatible and/or insufficient infrastructure capacity for EoL product collection,
transportation, storage and management

Increasing complexity of materials and their combinations

The results of the multi-stakeholder consultation have shown that the primary cultural barrier is the lack of communi-
cation regarding the advantages of bio-based products. This is closely followed by consumer confusion and mistrust
arising from ambiguous sustainability claims. As a result of these barriers, there remains a limited understanding of bio-
based products. Additionally, a significant challenge hindering the transition is the absence of incentives to encourage
changes in consumer behaviour. These cultural barriers are strongly shaped by governance-related gaps; in particular, the
absence of clear rules for sustainability claims and the lack of consumer-oriented policy instruments reinforce mistrust
and reduce the perceived benefits of transitioning to bio-based alternatives. This highlights how barriers interact across
clusters, especially the fact that weak governance frameworks contribute to consumer mistrust. Previous research has also
stressed the importance of stakeholder engagement and social acceptance.'*'® Our findings deepen this understanding by
identifying specific mechanisms, such as consumer confusion due to unclear sustainability claims and label proliferation
and by explicitly linking these cultural barriers to governance failures. The most challenging barrier within the economic
cluster is the high costs and risks involved in setting up circular bio-based systems. Furthermore, bio-based production
also incurs higher operating costs. These economic barriers are closely related to structural factors. Indeed, regulatory
uncertainty and the lock-ins in favour of the established fossil-based economy raise operational costs for bio-based
solutions. The results align with previous studies highlighting high costs, investment risks, and limited market incentives
as major barriers”""""Yii However, while earlier sector-specific research tends to emphasise cost-efficiency and
scalability, the present findings show that economic barriers are deeply intertwined with governance and structural
constraints, suggesting that purely market-based solutions may be insufficient.

The most pressing environmental challenge is the concern of (local) biomass within the limits of the carrying capacity.
Additionally, the lack of knowledge and data availability for assessing the impact on the environment of the different
steps of the life cycle of bio-based products, coupled with the lack of harmonised methods for environmental, climate, and
sustainability impact assessment, are seen as urgent concerns to be addressed. The concerns regarding biomass
sustainability and the lack of harmonised assessment methodologies reinforce existing discussions in the literature about
environmental trade-offs and life-cycle uncertainties. However, this study highlights more explicitly the role of data gaps
and methodological inconsistencies as critical bottlenecks.

The most challenging governance barriers are related to the lack of a supportive regulatory framework for establishing a
CBBE, characterised by complexity and conflicting policy goals. Additionally, the lack of a level playing field and the
existence of competing political interests between the fossil-based and the bio-based economy are emphasised. The
findings strongly confirm the literature identifying regulatory uncertainty, policy fragmentation, and demand-side policy
gaps as key obstacles*"'. However, this study advances the literature by empirically demonstrating through stakeholder
validation that governance barriers are perceived as the most critical in practice, rather than merely theoretical concerns.

Within the structural cluster, the most pressing barrier is the lack of harmonised waste collection systems and
infrastructure. In addition, the lack of established markets and value chains for byproducts is hampering the establishment
of circular business models, and this is related to the technical lock-ins to the current linear system. Experts also identified
the collaboration among value chain stakeholders as a challenge to be overcome to support the establishment of a CBBE.
The results are closely aligned with studies emphasising the importance of value chain coordination along with
infrastructure challenges”.'”*® Many studies tend to focus on technical, economic, and regulatory barriers, often relying
on literature reviews and expert assessments, which risks omitting key dimensions such as cultural resistance or lack of
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coordination essential for a successful CBBE transition""*"* In contrast, studies that engage stakeholders utilize
participatory methods which capture a wider range of barriers (e.g. social, cultural, structural), thereby providing a richer,
context-sensitive analysis and enabling the co-creation of actionable solutions™""*"¥. The identified lack of stakeholder
collaboration confirms prior findings but also extends them by demonstrating how these challenges are linked to
governance issues such as regulatory fragmentation and policy misalignment.

Immature technologies and insufficient capacities for EoL product treatments are considered the most challenging
barriers within the technical cluster. In addition, the increasing complexities of materials and their combinations were also
viewed as a major challenge, which in turn can affect both the production and the EoL treatment of these products.
Consistent with prior research, technological immaturity, scalability challenges, and limitations in feedstock and
processing are confirmed as relevant barriers™". Nonetheless, in contrast to earlier studies that position these as dominant
constraints, the current findings indicate that technical barriers are secondary to governance and structural issues when
assessed across sectors.

The list of 31 validated barriers indicates that the transition is asking for rather structural and governance changes to steer
the current economic model to a more circular and sustainable one. The dominance of governance, structural, and
economic barriers suggests that the challenges are systemic rather than isolated and related to only one category. In this
study, we highlighted the importance of adopting a joint approach combining literature review and stakeholder
engagement activities to improve the understanding of the problem and detect the hotspots to be taken into account in
developing solution strategies and policy recommendations.

4.4 Implications for Policy, Practice, and Future Research
The findings of this study have important implications for policy, industry, and future research on the transition towards
a CBBE.

From a policy perspective, the dominance of governance and structural barriers highlights the need for more coherent,
stable, and aligned policy frameworks. Regulatory fragmentation and unclear policy targets create uncertainty that
discourages investment and slows down the transition. Policymakers should prioritise harmonisation across governance
levels, strengthen long-term policy reliability, and introduce targeted market-based instruments (e.g., subsidies, carbon
pricing, green public procurement) to improve the competitiveness of bio-based solutions. In addition, clearer standards
and guidelines for sustainability claims are essential to address consumer mistrust and improve market uptake.

From an industry and managerial perspective, the results underline that firms cannot overcome transition barriers in
isolation. The lack of value chain collaboration, insufficient infrastructure, and limited data transparency call for stronger
partnerships across stakeholders. Companies should actively engage in collaborative platforms, invest in traceability and
information-sharing systems, and develop joint strategies for end-of-life management. Furthermore, improving com-
munication with consumers will be critical to reduce confusion and build trust in bio-based products.

From a research and methodological perspective, this study demonstrates the value of combining literature review with
multi-step stakeholder engagement to identify and prioritise systemic barriers. The proposed approach provides a
replicable framework for future research aiming to bridge the gap between theoretical insights and practical implemen-
tation. Future studies could extend this methodology to other sectors or regions, and further link barrier identification with
quantitative prioritisation methods and policy scenario analysis.

5. Conclusions

In the pursuit of sustainable and resilient economic models, a paradigm shift towards a CBBE has emerged as an
innovative approach. Stakeholder involvement is a critical element of this transition to CBBE, as it helps bridge the gap
between scientific advancements and practical implementation. This study aims to identify the most prominent barriers to
the CBBE transition with an extensive stakeholder engagement strategy with representatives from the construction,
chemicals, plastics, and textile sectors.

*Lotfian Delouyi, F., Ranjbari, M., & Shams Esfandabadi, Z. (2023). A hybrid multi-criteria decision analysis to explore barriers to the
circular economy implementation in the food supply chain. Sustainability, 15 (12), 9506.

*iNguyen, T. T., Do, S. T., & Nguyen, V. T. (2025). Investigating cause—effect relationships among barriers to circular economy adoption in
construction: a case study in Vietnam. Construction Innovation.

*ii Andrunik, M., & Smol, M. (2025). Navigating stakeholder dynamics and policy challenges in the circular economy: a focus on bio-based
soil improvers and fertilising products. Environmental Sciences Europe, 37 (1), 156.

*“yan Bruggen, A. R., Zonneveld, M., Zijp, M. C., & Posthuma, L. (2022). Solution-focused sustainability assessments for the transition to
the circular economy: The case of plastics in the automotive industry. Journal of Cleaner Production, 358, 131606.
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Upon a series of activities, adopting the SUSTRACK stakeholder engagement strategy, we reached a list of 31 barriers
that are hindering the transition to a CBBE. In summary, the most prominent barriers in each cluster include (i) Consumer
confusion and lack of trust due to generic sustainability claims and the proliferation of certification schemes and labels;
(i1) High investment costs and risks for establishing circular bio-based industries; (iii) Concerns over (local) biomass
feedstock availability within the limits of carrying capacity; (iv) Regulatory complexities and lack of support for the
transition at the government level; (v) Lack of harmonized waste collection systems and infrastructure and
(vi) Incompatible and/or insufficient infrastructure capacity for EoL product collection, transportation, storage and
management.

The findings of this study highlight that the transition to a CBBE requires coordinated action across policy, industry, and
research. From a policy perspective, greater regulatory coherence, long-term stability, and targeted market incentives are
essential to address systemic barriers and create a level playing field. For the industry, stronger value chain collaboration,
improved infrastructure, and more transparent communication with consumers are critical to overcoming operational and
market challenges. From a research perspective, the study demonstrates the value of stakeholder-driven approaches in
identifying and prioritising barriers, offering a replicable framework to support evidence-based policy design and future
transition studies.

Despite the structured and multi-step stakeholder engagement approach adopted in this study, some limitations related to
the implementation of engagement activities should be acknowledged. The findings of this study offer a consolidated
perspective on the critical hurdles facing the transition to a sustainable CBBE, yet their generalizability should be
considered within the scope of the four carbon-intensive sectors analysed: construction, chemicals, plastics, and textiles.
Although efforts were made to ensure a broad and balanced representation across sectors, geographical levels, and
stakeholder categories, the composition of participants was inevitably influenced by existing project networks and
voluntary participation. As a result, certain stakeholder groups, in particular financial actors, primary producers, local
authorities, and youth representatives, as well as representatives of less advanced countries in CBBE, were underrep-
resented. This may have limited the depth of certain insights. On the other hand, participation was inherently influenced
by self-selection mechanisms. Stakeholders who are already engaged or interested in CBBE topics were more likely to
participate in focus groups, interviews, and surveys, potentially leading to an overrepresentation of more informed or
proactive perspectives, while more sceptical, less aware, or resource-constrained actors may remain underrepresented.
The survey-based validation relied on self-reported assessments of barrier relevance, which reflects respondents’
professional backgrounds, institutional positions, strategic interests and levels of expertise with specific sectors or value
chain stages. While the applied cut-off criteria enhanced robustness, the perceived importance and prioritisation of certain
barriers may differ from their actual systemic impact on the transition. Overall, these limitations reflect common
challenges inherent to participatory and co-creation-based research. Acknowledging them is essential to correctly frame
the findings and to inform the design of future stakeholder engagement activities aimed at supporting evidence-based
policy development for the CBBE.

The findings in this study are expected to feed into the further development of sector-based policy recommendations to
overcome these barriers in the transition. To this aim, follow-up studies are planned to make a prioritisation of the list of
barriers across different sectors through analytical methods such as analytical hierarchy and analytical network processes.
Building on the analytical results tailor-made policy recommendations and roadmaps will be delivered to provide
actionable knowledge on how to remove the prioritised barriers for each sector of interest.

Ethical and consent

The SUSTRACK project (funded under the Horizon Europe programme Grant Agreement number 101081823) received
Ethics Clearance from the European Commission following an Ethics Check at the proposal stage (May 2022). The
project Data Management Plan, prepared in accordance with the European Commission’s recommended structure and
including ethics considerations, ensures compliance with the EU General Data Protection Regulation (GDPR) and
relevant national regulations. Since the European Commission’s Ethics Clearance is deemed sufficient for Horizon
Europe projects, no additional approval from any institutional review board was obtained.

The informed consent procedure is defined in the SUSTRACK Data Management Plan and complies with the standards
of the Horizon Europe programme. Written informed consent was obtained from all participants prior to their
involvement in project activities. Consent was collected through online registration forms (via third-party provider
within secure environment), which included specific sections covering participation in workshops and events, as well as
the use of photographs, video recordings, and other audiovisual materials. Participants were informed about the purpose
of data collection, the scope of data use, and their rights under the EU General Data Protection Regulation (GDPR). Only
individuals who provided explicit consent were included in the study.
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Zenodo: Dataset from the SUSTRACK project, available at: https://zenodo.org/records/17610017*!

The dataset includes:

* Appendix A. Evolution of barriers for review.xlsx (spreadsheets showing how the identified barriers under each
cluster were changed during the various stakeholder engagement activities).

* Appendix B. Ranking of barriers for review.xlsx (spreadsheets showing the survey results of how the identified

barriers under each cluster were ranked).
» Survey questions

* Interview presentation materials

* Supporting forms and templates (informed consent form and data subject form)

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CCO 1.0 Public

domain dedication).
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Transitioning to a circular bioeconomy could be considered one of the best solutions to reduce
reliance on virgin materials and support sustainable development. The paper presents some
interesting results, but it still needs substantial revision. Please see my comments below for more
detail.

> In the second paragraph of the Introduction, when mentioning the construction industry,
the authors should also discuss the use of bio-based, and especially circular bio-based
building materials. There are studies focused on the use of these materials for supporting
the transition of the economy to circular (bio)economy, which might be helpful for the
authors.

» The authors have not provided a comprehensive background on similar existing studies and
then critiqued their shortcomings to justify the need for this paper. Do any studies in this
domain exist? How does the present paper differ from them?

Since barriers to the transition to a circular bioeconomy are sector-specific, why do the
authors group them together as “umbrella” barriers for the whole economy? Does this
approach make sense —especially given that, in the Conclusions, the authors state they will
conduct follow-up studies focusing on specific sectors?

Section 2 (Literature Review) should be combined with the Introduction to better provide
background information and strengthen the rationale for conducting this study. Otherwise,
it needs to be deepened.

o Regarding the Methods section, it would be helpful if the authors could provide a
comprehensive figure illustrating all research steps. This might improve the logic and flow
of the paper. It is also unclear where and how the authors identified the original list of 193
barriers. Are these from a previous study? The authors should clearly explain this and
specify the methods used to analyse the data (both qualitative and quantitative).
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o The authors should deepen the Discussion by benchmarking their findings against existing
studies in the field.

o The implications of the research are underdeveloped. This is important to highlight the
value and relevance of the study.
The Conclusion heading should be “Conclusions” (plural). In this section, the authors should
also indicate the research limitations and outline how these limitations could be addressed
in future work. The implications of the research should also be briefly reiterated.

Is the work clearly and accurately presented and does it engage with the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

Are all the source data and materials underlying the results available?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: I am a senior researcher in circular economy in the construction industry at
the Finnish Environment Institute. My research areas are circular construction, sustainable
construction, and sustainability assessments in the built environment.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that I do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Gulsah Yilan

Comment from the Reviewer
Response
1 In the second paragraph of the Introduction, when mentioning the construction industry,

the authors should also discuss the use of bio-based, and especially circular bio-based
building materials. There are studies focused on the use of these materials for supporting
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the transition of the economy to circular (bio)economy, which might be helpful for the
authors.

The authors added the reference to a recent work highlighting the importance of the use of
circular bio-based building materials to support the transition.

2 The authors have not provided a comprehensive background on similar existing studies
and then critiqued their shortcomings to justify the need for this paper. Do any studies in
this domain exist? How does the present paper differ from them?

The authors enriched the literature review section by providing an overview of similar studies and
underlining their limitations in stakeholder engagement in the transition to CBBE, as well as a
clear description of how this paper is different from the literature.

3 Since barriers to the transition to a circular bioeconomy are sector-specific, why do the
authors group them together as “umbrella” barriers for the whole economy? Does this
approach make sense —especially given that, in the Conclusions, the authors state they will
conduct follow-up studies focusing on specific sectors?

This paper was structured to be the first step of the stakeholder engagement and barrier
screening process. For this reason, sector-specific insights were provided to a limited extent, but
not in detail. However, in the project, AHP and ANP methods have been implemented as the
follow-up steps for better understanding the sectoral dynamics. That is in the scope of another
paper in progress by the authors, and a clear reference has been added to the upcoming study in
the conclusions. This limitation has also been mentioned in the conclusions section.

4 Section 2 (Literature Review) should be combined with the Introduction to better provide
background information and strengthen the rationale for conducting this study. Otherwise,
it needs to be deepened.

The authors decided to deepen Section 2 with specific references to similar studies. Please see
comment #2.

5 Regarding the Methods section, it would be helpful if the authors could provide a
comprehensive figure illustrating all research steps. This might improve the logic and flow
of the paper. Itis also unclear where and how the authors identified the original list of 193
barriers. Are these from a previous study? The authors should clearly explain this and
specify the methods used to analyse the data (both qualitative and quantitative).

In the previous version, Figure 6 has been provided to summarise the method and the evolution
of the barriers. A revised figure has been inserted, providing more details from the methods
applied to enhance readability. VYes, the original list was already published in another work by
the same project. A clear reference has been provided to the work performed before, also
underlining the methods used to analyse the data.

6 The authors should deepen the Discussion by benchmarking their findings against
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existing studies in the field.

The authors provided more reflection on the discussion on findings in comparison with the
previously published studies, under section 4.3.

7 The implications of the research are underdeveloped. This is important to highlight the
value and relevance of the study.

The authors added a new subsection regarding the implications on policy, practice and future
research (Section 4.4)

8 The Conclusion heading should be “Conclusions” (plural). In this section, the authors
should also indicate the research limitations and outline how these limitations could be
addressed in future work. The implications of the research should also be briefly
reiterated.

The heading has been corrected. The research limitations have been indicated. The implications
were also briefly mentioned in the conclusions.

Competing Interests: No competing interests were disclosed.

Reviewer Response 20 May 2026
Linh Le

Many thanks for addressing my comments.

Competing Interests: No competing interests were disclosed.

Reviewer Report 29 December 2025
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?

George Banias
T Centre for Research and Technology-Hellas, Thessaloniki, Greece
2 Centre for Research and Technology-Hellas, Thessaloniki, Greece

Reading the title and having a first glance at the abstract, it initially appeared to be a promising
manuscript. The paper addresses a timely and policy-relevant topic in the domain of sustainability
transitions, focusing on barriers to the transition towards a circular bio-based economy (CBBE).
The manuscript reports the results of a multi-step stakeholder engagement process (focus group,
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expert interviews, and survey) aimed at discussing, ranking, and validating barriers initially
identified through an extensive grey literature review. I have carefully read the article.

The topic is well aligned with the scope of Open Research Europe, and the paper may be of
interest to its readership.

The manuscript's main strength lies in its systematic triangulation of evidence across three
engagement steps and multiple stakeholder groups and sectors (construction, chemicals, plastics,
textiles). The process is clearly described, and the final output—a consolidated list of 31 validated
barriers across six clusters (cultural, economic, environmental, governance, structural,
technical)—is relevant and potentially useful for subsequent policy work. However, several aspects
require clarification and methodological strengthening to ensure that the reported findings and
analytical choices are fully transparent and that conclusions are appropriately supported. I
therefore recommend Approved with Reservations.

I hope the following detailed comments will help the authors improve their work. My main
objections for indexing the paper in its current form are the following:

o The interview-stage exclusion rule (barriers validated by fewer than 40% of experts
removed) and the survey cut-off (=75% “major/moderate”) are stated, but the rationale
remains limited. A short sensitivity reflection would increase confidence that results are not
overly threshold-dependent.

» The construction sector has limited expert interview representation (n=3), which the
manuscript notes. However, the likely impact on sectoral comparability and on which
barriers survive the 40% rule should be discussed more explicitly.

> The results would benefit from deeper interpretation of why specific barriers dominate, and
how barriers interact across clusters (e.g., governance-economic linkages; structural lock-
ins shaping technical constraints). This would strengthen the contribution beyond a
catalogue of barriers.

> The manuscript describes how barriers expand (e.g., 54—82 in the focus group; 67 validated
in interviews; then reduced to 53 and finally 31), but it would help readers if the logic of
merging/rephrasing and the criteria for removing “duplicates / not true barriers” were
summarised more systematically in the main text (even if details remain in appendices).

> Within the Methods section mention using “statistical methods” to reduce 193 to 51 barriers
prior to validation, but the manuscript does not specify the exact procedure (e.g., frequency
analysis only; weighting by sector; handling of multi-sector mentions). The authors should
enhance this step to be more explicit.

o The study uses networks and stakeholder databases; this is reasonable, but a concise
discussion of selection bias risk (e.g., over-representation of actors already engaged in CBBE
initiatives) and its implications for generalizability would strengthen validity.

> Statements such as the transition “requires rather structural and governance changes” are
plausible and aligned with the prioritised barriers, but the authors should ensure that such
general claims are framed as supported by the stakeholder validation results (and not as
broader causal inference).

o Although several figures are included (e.g., interview steps and barrier evolution), the
authors should add a single concise schematic that shows the full pipeline (193—51—FG
expansion—interview validation—survey cut-off—31) with sample sizes and decision rules
would improve accessibility for readers.
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o Some barriers are phrased slightly differently across sections (e.g., communication/trust-
related cultural barriers). The authors should harmonise the terms between the narrative
and Table 3 would prevent ambiguity.

Is the work clearly and accurately presented and does it engage with the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

Are all the source data and materials underlying the results available?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Environmental Engineering, Circular (Bio-)economy and sustainability,
circularity and sustainability assessment measurement, DPP, biomass utilisation,

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Gulsah Yilan

Comment from the Reviewer Response

1 The interview-stage exclusion rule (barriers validated by fewer than 40% of experts
removed) and the survey cut-off (=75% “major/moderate”) are stated, but the rationale
remains limited. A short sensitivity reflection would increase confidence that results are not
overly threshold-dependent. The rationale for selecting 40% and 75% for the interview phase
and the survey phase, respectively, has been provided in Sections 3.2 and 3.3 with a scientific
reference to the survey respondents as well.

2 The construction sector has limited expert interview representation (n=3), which the
manuscript notes. However, the likely impact on sectoral comparability and on which
barriers survive the 40% rule should be discussed more explicitly. This is also one of the
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reasons we preferred expressing the results under an overarching approach rather than
providing deep sector-specific analysis. We highlighted this limitation in the conclusions
section.

3 The results would benefit from deeper interpretation of why specific barriers dominate,
and how barriers interact across clusters (e.g., governance-economic linkages; structural
lockins shaping technical constraints). This would strengthen the contribution beyond a
catalogue of barriers. More insight has been provided under the discussion of the final list
of barriers in Section 4.3.

4 The manuscript describes how barriers expand (e.g., 54—82 in the focus group; 67
validated in interviews; then reduced to 53 and finally 31), but it would help readers if the
logic of merging/rephrasing and the criteria for removing “duplicates / not true barriers”
were summarised more systematically in the main text (even if details remain in
appendices). We provided examples of barrier evolution, considering two barriers
o “Consumers lack of knowledge of the meaning of material markings/labelling” has
been reworded as “Consumer confusion and lack of trust due to generic sustainability
claims and the proliferation of certification schemes and labels”
o “Missing communication, misinformation, disinformation and lack of trust” has been
reworded to “Missing communication, misinformation, and disinformation”
5 Within the Methods section mention using “statistical methods"” to reduce 193 to 51
barriers prior to validation, but the manuscript does not specify the exact procedure (e.g.,
frequency analysis only; weighting by sector; handling of multi-sector mentions). The
authors should enhance this step to be more explicit. The authors provided a specific
reference to their earlier study where they applied the statistical method, along with a
citation of the method used.

6 The study uses networks and stakeholder databases; this is reasonable, but a concise
discussion of selection bias risk (e.g., over-representation of actors already engaged in
CBBE initiatives) and its implications for generalizability would strengthen validity. We agree
that selection bias is a risk in stakeholder-led research. In our revision, we have added a
concise discussion on this in Section 3 (Methods) and Section 5 (Conclusions). Specifically,
we acknowledge that our sample may lean toward actors already active in the CBBE
transition. However, to mitigate this, we employed a multi-dimensional stakeholder model.
Furthermore, our 3-step validation process utilised a conservative 75% consensus threshold
for the final barrier list. This ensures that the results represent broad, cross-sectoral
challenges rather than the specialised interests of a small niche. While this strengthens the
validity for these specific carbon-intensive sectors, we have added a note on the limitations
of generalizability to actors entirely outside the current bioeconomy ecosystem.

7 Statements such as the transition “requires rather structural and governance changes” are
plausible and aligned with the prioritised barriers, but the authors should ensure that such
general claims are framed as supported by the stakeholder validation results (and not as
broader causal inference). The statement has been revised as “The literature findings
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validated through stakeholder engagement underline that the transition requires rather
structural and governance changes to steer the current economic model to a more circular
and sustainable one”

8 Although several figures are included (e.g., interview steps and barrier evolution), the
authors should add a single concise schematic that shows the full pipeline (193—51—FG
expansion—interview validation—survey cut-off—31) with sample sizes and decision rules
would improve accessibility for readers. In the previous version, Figure 6 has been provided
to summarise the method and the evolution of the barriers. A revised figure has been
inserted, providing more details from the methods applied to enhance readability.

9 Some barriers are phrased slightly differently across sections (e.g., communication/trust-
related cultural barriers). The authors should harmonise the terms between the narrative
and Table 3 to prevent ambiguity. This is mainly due to the revision of barriers along the 3-
step methodology. It is also provided as an explicit example how the barrier “Missing
communication, misinformation, disinformation and lack of trust” (in Table 2) has been
reworded after the interviews and included in the final list as “Missing communication,
misinformation, and disinformation” while the part related to trust was included in another
barrier as “Consumer confusion and lack of trust due to generic sustainability claims and
the proliferation of certification schemes and labels” (Table 3). We also put a note on Table 2
to alert the reader about any discrepancies across tables.

Competing Interests: No competing interests were disclosed.

Page 28 of 28



