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1. Introduction

Transitioning to a circular bioeconomy is increasingly recognised as
essential for reconciling economic growth with environmental sustain-
ability. This transition requires a supportive and coherent policy eco-
system—one that aligns regulation, financial incentives, innovation
frameworks, and market mechanisms to enable the efficient use and
reuse of biological resources. In the European Union, key strategies such
as the European Green Deal, the EU Bioeconomy Strategy, and the EU
Circular Economy Action Plan seek to create such an enabling envi-
ronment, particularly in sectors like agriculture and food, where
biomass processing and organic waste management are central. Yet
despite strong rhetorical support, the effectiveness of bioeconomy policy
remains inconsistent. A core challenge lies in the fragmentation and
ambiguity surrounding what constitutes the bioeconomy itself. Diver-
gent interpretations across jurisdictions and sectors have led to over-
lapping mandates, poorly coordinated instruments, and variable
implementation practices (Toller et al., 2021; Meyer, 2017). Framed
internationally, circular bioeconomy transitions sit within the gover-
nance agenda of the United Nations, 2030 Agenda for Sustainable
Development, which foregrounds integrated action on resource effi-
ciency, sustainable production systems, and environmental protection
(United Nations, 2015). Within Europe, these ambitions are oper-
ationalised through the European Green Deal, the EU Bioeconomy
Strategy and the Circular Economy Action Plan, yet implementation
remains uneven across Member States. Recent comparative analysis
highlights persistent disparities in circular economy performance and
policy integration across the EU, with notable gaps linked to waste
management capacity, R&D investment, and the coherence of national
policy mixes (Castillo-Diaz et al., 2024). These disparities matter for
agri-food systems, where biomass flows, organic waste, nutrient cycling
and rural infrastructure create distinctive governance and investment
demands.

While scholarship has examined structural incoherence in EU and
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national bioeconomy frameworks, the practitioner-level experience of
these policy environments, particularly among small and medium-sized
agri-food enterprises (SMEs), remains under-specified. This is a material
gap because SMEs are frequently positioned as key actors in sustain-
ability transitions, yet their capacity to experiment, scale and stabilise
circular innovations is strongly conditioned by regime-level regulation,
funding instruments and coordination across agriculture-waste-energy
domains. Drawing on sustainability transitions theory, particularly the
multi-level perspective (Geels, 2002), and reflexive governance, this
paper examines how circular bioeconomy policies are interpreted and
navigated by Irish agri-food practitioners in an early-stage, live-
stock-dominated bioeconomy context.

Accordingly, the study addresses the following research questions: 1)
how do agri-food SMEs in Ireland interpret and operationalise circular
practice within their organisations and supply chains?; 2) how do these
companies experience and respond to circular bioeconomy policy in-
struments (regulation, finance, and innovation supports) in practice?;
and 3) what transition pathways do practitioners identify as viable, and
what policy—-governance conditions enable or constrain their develop-
ment? By answering these questions, the paper clarifies the policy-
—practice mechanisms shaping circular transitions and develops a
transferable lens for diagnosing implementation gaps in comparable
rural and livestock-oriented regions.

2. The bioeconomy/policy interface

Although the bioeconomy is often framed as an integrated system for
sustainable resource management, in practice its constituent ele-
ments—agriculture, waste, energy, and industrial biotechnology—do
not necessarily interact in a circular or coordinated way (de Vries et al.,
2021). A key ambition of circular bioeconomy models is the valorisation
of by-products and waste streams into secondary resources, reducing
dependency on fossil-based inputs while enhancing economic and
environmental efficiency (Sadhukhan et al., 2018; Caldeira et al., 2020).
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Agricultural residues, industrial by-products, and organic municipal
waste are thus recast as inputs for bio-based production (FAO, 2021;
Lange et al., 2021), supporting nutrient cycling, improved soil health,
and emissions reductions (Amoah-Antwi et al., 2020).

Despite this conceptual clarity, the operationalisation of circularity
in the agri-food sector faces persistent barriers. Central among these is
the economic feasibility of circular practices. From production to post-
harvest handling, circular approaches often entail higher transaction
costs, logistical complexity, and uncertain returns on invest-
ment—particularly for smaller producers and processors (Santagata
et al., 2021; Bedoi¢ et al., 2019). High transport and storage costs,
seasonality of inputs, and limited access to finance contribute to a weak
business case for valorisation unless underpinned by substantial public
support (Gottinger et al., 2020). This reinforces findings that economic
viability remains the overriding constraint, often outweighing environ-
mental or social considerations in operational decision-making
(Angouria-Tsorochidou et al., 2021). Policy support is therefore essen-
tial to overcome these structural constraints. However, regulatory am-
biguity and fragmented governance frequently undermine progress. For
example, the classification of useable materials as ‘waste’ under EU
regulations can preclude their reintegration into production cycles
(Stegmann et al., 2020), while divergent national policies on biowaste
and energy create inconsistencies that stifle innovation (Aznar-Sanchez
et al., 2020; Meyer, 2017). Even at the design stage, circularity remains
insufficiently incentivised: product stewardship is weak, extended pro-
ducer responsibility is inconsistently applied, and circular labelling
schemes remain voluntary (Suominen et al., 2017; Jarre et al., 2020).
Manufacturers face little accountability for end-of-life disposal, limiting
the uptake of circular design principles (Fraanje, 1997).

At a broader level, cross-sectoral collaboration is essential to enable
circular bioeconomy transitions. Unlike conventional linear supply
chains, circular models depend on coordinated relationships between
waste generators and re-users, as well as the logistical infrastructure to
facilitate resource flows (Donner et al., 2020). These interactions often
span independent sectors and regulatory jurisdictions, requiring
collaboration between primary producers, processors, waste handlers,
energy companies, and public authorities (Antikainen and Valkokari,
2016). The lack of institutional coordination—between, for example,
farming cooperatives and waste or energy regulators—has been
repeatedly cited as a structural obstacle to scaling -circularity
(Westerman and Bicudo, 2005; Arora, 2021). The literature thus high-
lights a fundamental tension between the promises of circular bio-
economy frameworks and the fragmented, under-resourced reality of
implementation. While policy is acknowledged as critical for enabling
transitions (Kardung et al., 2021), current governance structures often
fail to provide the clear rules, targeted incentives, and collaborative
infrastructure required. This study builds on these insights by empiri-
cally exploring how agri-food practitioners experience these barriers,
and what transition pathways they identify as viable within the current
Irish policy landscape.

3. Materials and methods
3.1. General approach and interview procedure

An explanatory qualitative case study approach was applied to
examine how agri-food practitioners experience and navigate circular
bioeconomy policies in Ireland. Semi-structured in-depth interviews
were chosen to allow a more flexible approach to data acquisition, e.g.
allowing for emerging themes. Interviews were between 30 and 120 min
duration and were conducted with representatives who managed sus-
tainable activities within agri-food businesses. A total of seventeen in-
depth interviews were conducted. While the sample size was limited,
it was considered consistent with the exploratory and context-specific
nature of the research, which prioritised depth over breadth, and
reflecting an emerging policy area within a small European country (i.e.
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Ireland). Additionally, data saturation was achieved with thirteen in-
terviews, indicating that the sample size was sufficient to capture an
adequate range of perspectives (Guest et al., 2006). This relatively small
sample reflects an emerging policy area within a small European country
(i.e. Ireland). Similar qualitative studies in the fields of bioeconomy and
circular economy have successfully employed comparable sample sizes
to generate actionable insights (e.g., Palsson and Sandberg, 2022).
While the findings are not generalisable to all contexts, they provide
valuable insights for policymakers and practitioners, particularly in the
Irish agri-food sector. The study's focus on depth and context-specificity
allows for a nuanced understanding of the challenges and opportunities
associated with transitioning to circularity, offering a foundation for
future research and policy development. In respect to ethics, all partic-
ipants were anonymised, and consent was obtained for data collection,
storage, and use in academic publications.

3.2. Ireland as a case study example

Ireland provides a useful model for examining circular practice in the
agri-food bioeconomy due to its unique yet representative agricultural
profile within the European Union. With approximately 72% of its land
dedicated to agricultural use, the highest proportion in the EU, Ireland's
rural economy is heavily embedded in primary production, particularly
livestock farming. The sector is dominated by specialist beef and sheep
enterprises, followed by dairy production, with only a limited share
devoted to arable crops or mixed systems (CSO Ireland, 2020). This
structure is broadly comparable to other EU member states with sig-
nificant livestock sectors such as France, Germany, Denmark, and
Belgium, which also grapple with challenges related to nutrient recov-
ery, biowaste management, and greenhouse gas mitigation.

The livestock-centric nature of Ireland's agri-food system highlights
the importance, and complexity, of developing effective (circular) bio-
economy practices, particularly in relation to organic waste valorisation,
nutrient cycling, and integrated supply chains. Such systems often face
structural challenges to circularity, including seasonal variability,
dispersed production, and relatively low levels of biomass stand-
ardisation, barriers common across Europe's pastoral regions. Ireland's
bioeconomy is also at a formative stage, thereby providing a valuable
opportunity to observe how policy, regulation, and stakeholder collab-
oration evolve in response to emerging circular imperatives.

3.3. Data collection approach

A two-stage sampling strategy was used to recruit agri-food enter-
prises with demonstrable engagement in circular and bioeconomy ac-
tivity, while maintaining variation in company size, subsector and
geography. First, an initial sampling frame (n = 28) was compiled from:
(i) an Irish bioeconomy company network analysis (Harrahill and
Macken-Walsh, 20221; and (ii) industrial partnership information from
Ireland's bioeconomy research institutes (Agriculture and Bioeconomy
Research Centre; Bioconnect; BiOrbic; Circular Bioeconomy Cluster;
Irish Bioeconomy Foundation; Nua na Mara; Shannon ABC). Second,
recognising that this selection was too small to support representation,
we expanded the sampling frame using the An Bord Bia Origin Green
certification register,” which provided a larger pool of companies with
explicit sustainability commitments and traceable supply-chain
relationship.

Companies were eligible if they: (a) operated within the agri-food
sector (processing/manufacturing and related value-chain activities);
(b) sourced a substantive share of raw material inputs from Irish primary

! Available at:
9eb9866dd262e5800e7.

2 Available at: https://www.bordbia.ie/industry/origin-green/members-dir
ectory/.

https://storymaps.arcgis.com/stories/d9a88a4515484
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production (i.e., direct farmer linkages); and (c) had plausible circular
practice relevance (e.g., by-product valorisation, waste reduction,
reuse/recycling initiatives, or circular innovation collaborations). To
improve transparency and ensure representation, the final interview
sample was selected using stratified selection across: (i) company size
(micro/small/medium/large as defined in EU Commission Recommen-
dation, 2003/361/EC):  (ii) subsector/activity profile (e.g.,
livestock-linked processing, dairy, beverages, ingredients/bioprocessing
and related services); and (iii) geography, ensuring coverage across
Ireland's major regions (NUTS2). In total, 17 interviews were completed:
13 SMEs (<250 employees) and 4 larger enterprises, reflecting the
general composition of the Origin Green population and the Irish
agri-food company landscape. Seven interviews were recruited from the
initial bioeconomy-network sampling frame and ten from the Origin
Green register. Recruitment was conducted via direct email/telephone
invitation to relevant sustainability/circularity leads or senior man-
agers, with informed consent obtained prior to data collection.

3.4. Developing the interview schedule

An interview schedule was developed based on several key themes
found in the foregoing literature. These key themes included: 1) the
application of circular practice in respect to by-products and waste re-
covery; 2) policy; 3) collaboration; and 4) logistics. An additional theme
found in the literature related to the promotion of public awareness.
However, once interviews occurred it became evident the theme was not
relevant. This may be because the bioeconomy is still in its infancy in
Ireland, with some practitioners unaware that agri-food is even associ-
ated with the bioeconomy. The theme was therefore removed. Table 1
outlines the applied interview schedule:

3.5. Analytical approach

Interviews were transcribed verbatim and analysed using NVivo
(QSR International). A reflexive thematic analysis was applied in a
structured, auditable sequence. First, transcripts were read in full for
familiarisation and analytic memo-writing. Second, an initial deductive
coding frame was developed anchored on the study's conceptual focus
(policy-practice interface; governance/co-ordination; finance/regula-
tion; collaboration; logistics/infrastructure; circular practice defini-
tions). Third, an inductive (open) coding was performed within and
across transcripts to capture unanticipated concepts, practices and
constraints expressed by participants. Fourth, codes were iteratively
refined through comparison across cases, collapsed where overlapping,
and organised into higher-order categories and themes (axial/thematic
structuring). Fifth, themes were reviewed against the full dataset to test
coherence, check for disconfirming evidence, and ensure that claims
were grounded in multiple accounts rather than isolated statements. The
resulting thematic structure was then used to interpret perceived bar-
riers and to synthesise practitioner-described transition pathways and
enabling conditions. To ensure traceability from data to claims, an audit
trail comprising coding memos, code definitions, and theme-
development notes was maintained. A summary coding frame is pro-
vided in Table 2 and an extended version within a supplementary ma-
terial document. Where feasible, peer debriefing within the author team
was conducted to review the thematic structure, challenge in-
terpretations, and refine theme boundaries.

As with most qualitative research, limitations included potential
selection bias, for example, companies visible through networks/certi-
fication schemes may differ from less-engaged companies, and there was
potential for social desirability extrapolation when discussing sustain-
ability performance. These risks were mitigated by assuring confiden-
tiality, encouraging discussion of challenges and implementation
failures, and probing for concrete examples and constraints (e.g., regu-
latory barriers, financing challenges, and infrastructure dependencies).
Findings should therefore be interpreted as analytically generalisable
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Table 1
Semi-structured Interview schedule.

Semi-structured interview

schedule
Identifying and o Contact details
quantitative
information
Open-ended questions o What does circular practice mean to you?

o Please describe your company's approach to circular
practice (if any)?

o Are there any ways you think circular practice can
be improved or extended in your company?

o Are there any ways you think circular practice can
be applied more generally to the entire agri-food
sector?

Open-ended probing o Please describe how your company deals with waste.
questions o How has this changed? What prompted this change?

=}

Please describe the supports, or any other
mechanisms, or actors, that enhance your circular
practice?

o Please describe the barriers, or any other challenges
or actors, that you think hinder your company's
circular practice?

o In your view, what are the governments priorities in
respect to circular practice and the bioeconomy?

o Do you have any opinions regarding the direction of
EU policy in respect to the bioeconomy?

o How does the state financially support your
company's circular practice, if at all?

o To what extent, if any, does this financial support
target scaling-up and technological development?

o To what extent, if any, does regulation support and/

or inhibit circular practice?

What are your views on Ireland's R&D capacity?

Please describe your relationship with primary

producers, how it operates, and how it functions in

respect to circular practice.

o Please describe the advantages associated with this
relationship.

o Please describe any other kind of collaboration
networks you are involved in. How were these
networks initially formed? What are the benefits of
these collaborations? How can these relationships be
improved? Do you have any future plans to extend
your current network of collaborators?

o Please discuss your views regarding public
awareness of your company's product, including
level of public demand, role of state, price
competitiveness.

o Please described the role of logistics in your
company's circular practice, including seasonality,
perishability, variability of materials, storage and
transportation costs.

o What is the approximate distance of collaborative
primary producers.

Probing questions o All of the above probed in terms of opportunities and

supports as well as challenges and barriers.

What does the bioeconomy mean to you?

How is the bioeconomy related to sustainable

development or is it related?

o Do you have any thoughts around how we should

develop the bioeconomy?

o o

Final question

o o

insights into mechanisms shaping circular practice and transition
pathways, rather than statistically representative estimates.

4. Results

Section 4 reports empirical findings from the interview material
(themes, frequency of mention, and illustrative excerpts). Section 5 then
interprets these findings using the sustainability transitions and reflex-
ive governance lenses and develops implications for policy and practice.
Where theme frequencies are reported (e.g., n/17), they indicate the
number of interviews in which the theme arose, rather than population
prevalence.
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Table 2
Coding framework and emergent themes (deductive & inductive).
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Table 3
Transition pathways.

Deductive
interview domains
(from interview
guide; used to
organise analysis)

Deductive sensitising
concepts (from
literature; used to guide
interview design and
initial coding)

Inductive themes (emerged from
transcripts within each domain)

By-products & waste Meaning of circular ~ Reuse/recycle materials;

recovery \n Policy, practice minimising waste/“zero waste”;
finance & regulation sustainability framing;
\n Governance & valorisation (by-products as
collaboration \n assets)
Logistics (storage, Meaning of Sustainability/renewable
transport, bioeconomy resource framing; environment/
seasonality, emissions framing; circularity
perishability) framing; biodiversity framing
(plus frequent uncertainty/low
familiarity with the term in some
interviews)
Transition Reuse/recycle pathway;
pathways initiatives & certification-led

pathway; by-product
valorisation pathway;
education/capability-building
pathway; anaerobic digestion
(AD)/organic waste pathway
Lack of guidance/clarity; farmer
inclusion/buy-in issues; finance/
investment uncertainty; limited
circular supports; policy
coherence/competitiveness
concerns; AD need
infrastructure/logistics
constraints; planning
constraints; overregulation/
administrative burden; lack of
public support/awareness;
research-implementation gap/
innovation constraints

Barriers to circular
practice

*See Supplementary Materials for more detail.

4.1. Transition pathways

When asked to describe company approach to circular practice, the
main topics of discussion included: 1) reusing and recycling materials; 2)
alternative uses for agricultural byproducts; 3) facilitating circular
practice through education; and 4) and use of anaerobic digestion plants
(see Table 3).

All participants (17/17) discussed efforts to reduce, recycle, or reuse
packaging and operational materials. These initiatives included
switching to compostable packaging, reducing plastic film thickness, or
segregating waste streams more effectively (See Table 3 Theme 1). A few
participants mentioned investment in reusable packaging systems or
trials of recyclable materials. However, they frequently emphasised that
these initiatives remain logistically and economically difficult to scale,
especially in the absence of cross-industry collaboration and govern-
ment incentives. Eleven participants reported efforts to transform agri-
cultural by-products into useable products, such as animal feed,
fertilisers, food bank donations, or secondary product lines (e.g. potato
gin) (see Table 3 Theme 2). Participants discussed initiatives such as
diverting unsuitable potatoes to cattle feed, donating to food banks, and
even processing products such as potato gin. These practices were
framed as both environmentally beneficial and economically pragmatic.
However, participants pointed to technical and cultural barriers,
including farmer reluctance to replace artificial fertilisers and the lack of
systems for coordinating by-product redistribution. Suggestions for
centralised management systems and deregulation efforts highlighted
potential strategies to address barriers and facilitate more efficient
resource utilisation.

Six participants highlighted the role of education in supporting
circularity (see Table 3 Theme 3). They referenced training through

Theme 1: The Reuse/Recycle Approach (17/17)

P12 ‘Our packaging is all fully recyclable. We have reduced levels of plastic, as in
thickness, to what we feel is a bare minimum. The level of plastic that's in them is the
same, but the film is thinner’.

P16  ‘We manage our mill bales, our carboards, our plastics. We segregate them and we
put them back into the market. We also have hard plastic reels. They were going into
the general recycling bin in the past. Now they're being collected and separated from
the rest of the packaging. We've backing paper from our labels that's going to a
different source’.

P11  ‘There's a lot of compostable packaging that we use, probably more so than I've seen
in other businesses that I've worked in’.

P2 ‘It's next to impossible for a single company to do a circular economy project. You
need collaboration with a load of companies. For example, we have certain ways to
suit the circular economy, like packaging. I'd love to take that package back, wash it
and reprocess it, but it involves too marny people to do that. If they're not engaging,
you're not going to get anywhere. You're not going to be able to develop projects like
that. So there needs to be incentives to do that as well’.

Theme 2: The Byproduct Approach (11/17)

P6 “Trying to find better use for the 30% of potatoes not fit for the potato market. We've
done different things along the way, started out just using them for cattle feed. We
diverted them then to community food banks. Then we started making chips’.

P12  ‘We've a gin brand which we've used as a byproduct of our potatoes, which is a nice
sister project’.

P8 ‘So all of the nutrients we produce from livestock we use as a fertiliser on this farm...
There's still a huge reluctance to see that as having potential to be a fertiliser, and it
comes from the convenience. The convenience of artificial produce, products that
can be dealt with very quickly with standard types of machinery and requiring little
planning. You can hop on the fertiliser spreader in a moment's notice and go
spreading, whereas it takes a lot more planning to manage farm waste better’.

P2 ‘We spread slurry from our animals on the land. It's a nice way to protect the land,
to fertilise the land...I kind of feel if there was a body set up that would take it all in,
if they were brought under the one umbrella. All those slurries come into this pot,
and then we can allocate it out then so the tillage farmers can buy it, or you can use
it on your own farm’.

Theme 3: The Education Approach (6/17)

P4 ‘So they're a good group of people, Base Ireland. It's all about regenerative Ag. and
circularity. They're models for farmers, teaching farmers’.

P16 ‘Courses like Climate Ready Academy or 2050 Partners are short but beneficial...
they provide high-level information to implement changes... However, online courses
might be more feasible for smaller businesses with limited time’.

P18  ‘Bord Bia's Origin Green run courses. But for me, I'm in [anonymised], the Midlands
Hotel was the last one in October. That's taken me from [anonymised] all the way
up to the Midlands, for maybe three or 4 h in a day when my time could be best
utilised if it was online’.

P12 ‘T only recently done a brief acres course, just kind of gives the outlines of the
scheme, but in fairness, they don't have an update on some of the topics that are in
our lives at the moment’.

Theme 4: Anaerobic Digestion (5/17)

P10  ‘Well, we have the AD plant, the blood and the sludge from the slaughter area goes
to the local anaerobic digester unit. It's only 5 km down the road. We're just
fortunate in that regard. But if it wasn't close to us, it wouldn't be feasible’.

P16  ‘All our waste goes to an anaerobic digester. We're nearly seven months at it. It took
a long time to organise because we're based in [anonymised]. Getting suppliers to
come this far south to collect that, it was a bit of work’.

P4 ‘We've AD plants in Northern Ireland. I'd say 15,000 tonnes of byproduct is going to
the North [Northern Ireland UK]. They're getting an incentive in the North so they're
mad for the material to generate electricity ....We saw it in Northern Ireland,
subsidies in AD, that's what's required. That's why there's no ADs in Ireland.”

P2 ‘And we do already have in Northern Ireland, the use of biogas that we generate
ourselves within our own factories ... But there's a limited number of businesses that
have AD plants that can survive on gate fees from waste, etc. coming in. You'll
support four or five of them in the country with stuff like that, but not on a large-
scale basis, and the only thing that's going to drive it on is incentivisation and clear
pathway to that like as in X amount of money per X amount of energy produced out
of the facility’.

*P = Participant.

initiatives like Origin Green, Base Ireland, and Climate Ready Academy.
While many appreciated the knowledge-sharing, the format and rele-
vance of the content were often criticised. In-person workshops were
said to be time-consuming and less accessible for smaller businesses,
while some courses were deemed outdated or lacking alignment with
current issues, suggesting the necessity for ongoing updates to maintain
relevance. Five participants were engaged in or connected to anaerobic
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digestion (AD) systems (see Table 3 Theme 4). These companies used
local AD plants to process blood, sludge, or other organic waste. The
viability of AD was strongly linked to proximity and policy support.
Participants contrasted the supportive environment in Northern Ireland,
where AD is more established, with the lack of clear incentives and
planning streamlining in the Republic of Ireland.

While initiatives across all four pathways show that circular practice
is gaining traction, participants consistently highlighted collaborative
and financial barriers that limit widespread implementation. Transition
efforts are often highly localised, dependent on the initiative of indi-
vidual companies, and hindered by a lack of policy coherence, logistical
integration, and economic viability. These findings underline the need
for system-level interventions to support scaling and replication.

4.2. Barriers to circular practice

In response to questions about challenges hindering the adoption or
expansion of circular practices, participants identified nine recurring
barrier types relating to governance and policy gaps, economic and
structural barriers, and knowledge and inclusion challenges. In respect
to governance and policy gaps, themes related to: 1) lack of guidance
and expertise; 2) barriers to anaerobic digestion (AD) development; 3)
policy uncertainty and governance critique; and 4) overregulation and
bureaucratic challenges (see Table 4).

In respect to economic and structural barriers, themes related to: 1)
financial barriers and limited incentives; 2) disproportionate support for
larger enterprises; and 3) lack of recognition for existing sustainable
practice (see Table 5).

Finally, in terms of knowledge and inclusion challenges, themes
related to: 1) farmer exclusion from bioeconomy policy; and 2) mistrust
in research and innovation systems (see Table 6).

To support visual comparison of the qualitative results, Fig. 1 sum-
marises the prevalence of the main transition pathways and barrier
domains across the interview dataset (n = 17), based on the frequency-
of-mention counts reported in Tables 3-6.

In respect to barriers, a majority of participants (12/17) expressed
frustration with the absence of clear direction, technical support, and
practical tools (see Table 4 Theme 5). They described current policies as
ambiguous or misaligned with industry realities, leading to confusion
and delays in implementing circular initiatives. A recurring critique was
the disconnect between policymakers and the realities faced by those
expected to follow these policies. This was said to result in impractical
solutions that failed to account for the lived experiences and specific
needs of stakeholders. The gap between policy ambitions and the
practical know-how needed to act on them was widely cited as a sys-
temic issue.

The necessity for increasing anaerobic digestion (AD) development
was another important finding (8/17) (see Table 4 Theme 6). Partici-
pants emphasised how planning bureaucracy, lack of infrastructure, and
poor financial incentives constrained development. Some farmers were
said to have abandoned projects due to delays or unclear pathways. The
overarching sentiment was that without government intervention to
streamline planning processes and provide financial incentives, the po-
tential for scaling AD development in Ireland remains limited.

Participants (8/17) raised concerns about the feasibility and realism
of EU and national targets, particularly around organics (see Table 4
Theme 7). They questioned how productivity demands could be recon-
ciled with ambitious environmental goals, often citing inconsistent
support for implementation. In respect to national (EU influenced)
policy, participants felt frustration with the uncertainty of current policy
and a perceived lack of support for transitioning to organic systems.

Participants (7/17) criticised excessive paperwork and the rising
complexity of compliance (see Table 4 Theme 8). Smaller companies felt
especially overwhelmed by regulatory requirements that lacked pro-
portional support. The complexity and volume of documentation was
perceived to create overwhelming challenges, with some indicating that

Table 4
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Governance and policy gaps.

Theme 5: Guidance and Expertise (12/17)

P1

P14

P10

P2

P4

P6

P18

P2

P1

P10

P3

P6

P14

P16

P12

P13

‘There's a lot of frustration amongst people with that lack of decision-making and
lack of clear guidance or clear timelines, you know, good decent timelines around
what's going to happen next’.

‘A lot of people that's making the policy wouldn't have any farm background or
knowledge at all, and that's the problem. Sometimes when the department releases a
policy on different programmes and schemes, etc, you'd scratch your head a lot of
the time’.

‘we're going around in circles somewhat, going, “how the hell are we going to do
this? And who are we going to engage with? And where can we get help?” And
because, obviously, that skillset is not within the company. Farmers and the IFA,
you know, everybody's kind of on the same hymn sheet going, where are we going to
get help for this?".

‘We haven't got there. There's loads of people out there saying, yeah, we can do it,
we can't, it's not proven. And the problem is we need demonstrations. Demonstration
science or demonstration technologies'.

Theme 6: Developing Anaerobic Digestion (AD) (8/17)

‘The government keep having conferences and doing projects, but at the end of the
day, it doesn't make financial sense in Ireland. And hasn't and won't. And no matter
how many people come and tell us that there's 844,000 AD plants in Denmark and
France, and how we should have them too, when the afternoon comes after the
conference starts and there's no money towards itt, it will all grind to a halt’.
‘There's a grower who put in for an AD plant just locally and he's just encountered
no end of difficulty from the planning process. We would be interested in sending
some of our byproducts to this guy because he's very close. It would suit us, but he
Jjust ended up not to even bother doing it because of the planning problems he was
encountering’.

It takes a long time to plan an AD. It took an awful long time, you've to go through
an awful lot of hoops to get the plant up and running. It's just that it must be
legislation or bureaucracy. Planning bureaucracy at each step. Whereas I think
maybe the UK and Northern Ireland don't have as many hoops to jump through and
they seem to be a lot more prevalent in those places'.

‘If you're very serious about making this happen [AD development]. There needs to
be government intervention, possibly something on the planning side of things to ease
the path there. It's all fine, you know, a dual carriageway from the town beside me to
Dublin is great until it goes within 50 feet of your house. If the government are
serious about rolling this out on a wide-scale basis, I would think they probably do
need to address planning as well’.

Theme 7: EU Policy and National Governance (8/17)

“The European Union is being questioned as well, is it trying to cut productivity?
Obviously, you're trying to look after the environment, but can't you do this without
compromising productivity?’

‘It's all very well, 25% organics. How are we going to possibly do that? I don't think
it's a realistic ... proposition. I think all these EU directives, and bioeconomy
strategies, they're all very positive, but how do we actually make it work.’

‘Well, the Green Deal has an aspiration of 25% organics. That's lovely for Denmark
and countries like that where there's an affluent society. Ireland has 2% organics.
To go to 25% organics. You're looking at the idea of carbon leakage and what are
we going to do? A lot of it's coming from that uncertainty, coming from government
and policy’.

‘Say like the organics, trying to convert 25% of all land to organic by 2030. I know
the EU loves all things organic, but we also have to feed a lot more people every
year...There's loads of people now that are signing up for organic schemes that have
livestock, and there's only one factory in the whole country that actually sells
organic and sells organic meat, and there's a waiting list a mile long. If they're going
to want to go organic, then they need to make sure that there's a support there that
primary producers are going to be getting the equivalent that makes it worth their
while’.

Theme 8: Overregulation (7/17)

‘Most of the job now seems to be like paperwork. And more stuff for the department
and more of this and more sanctions. I just think it's a very hard life to be in farming
at the moment’.

‘I see on the farm side, the fact that it’s coming more regulated. It's leading us to a
stretching point, that with the team we have, we're not getting any financial gain for
more work. After ticking all those boxes, we don't get any more for it, and somebody
in the system is literally regulating some more of this stuff’.

‘I think the EU are driving it [overregulation], and that seems to be a bit of a
problem. That we're behind in our targets, and it's piling more on farmers and
producers. I just don't know if their expectations are too high to be achieved in the
timeframe. We all have to agree to achieve certain goals to improve the situation,
but I don't know if piling more on the farmers is helping. I think it can be looked at
differently. It should be looked at differently’.

‘Yeah, so the corporate ... sustainability reporting directive where we'd have to
submit all of our information with regards to our environmental policies. Just how to
start gathering that information, and I know a lot of individuals in the same

(continued on next page)
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Table 4 (continued)

Theme 5: Guidance and Expertise (12/17)

position, that it's just, where do they start? It's putting the whole act together because
it's a thousand-piece jigsaw and there's a lot of pieces to put together to be able to say
that we're ready to submit our reports on time’.

Table 5
Economic and structural barriers.

Theme 9: Finance and Support (10/17)

P12  ‘We'vereceived help from a business side, more so than a sustainability side. If I'm to
be honest, from a sustainability factor, within that, it's been limited’.

P11 I don't know whether there was government incentives when they set up the wood
chip boiler. Yeah, and as far as I'm aware, we're not involved in any other
government incentives in terms of recycling, but it's something we'd be very
interested to learn about’.

P17  ‘We're not subsidised, and sometimes it costs more to do the right thing than the
wrong thing. We put out our own waste food into the certified food recycling facility.
And that has a cost. Whereas if we actually put it in the skip, it would be cheaper’.

P13 ‘To do with packaging that's more sustainable, I think that's where the company will
struggle. I think that's where a lot of companies will struggle. If there are options
there, they're a lot more expensive. I think the deterrent for a lot of companies is the
bottom line. That's the important thing. I think that's the biggest struggle that we'd
had, is that there's no alternative in regards to casing that would give you the same
quality. There's not enough investment in the area to make it financially viable. Even
to develop it. Companies don't have those types of resources.”

Theme 10: Supports for Larger Enterprise (7/17)

P14 ‘It [government supports] was designed for their larger client base. It's not fit for
purpose, the type of measurements they ask for. So, for instance, they would ask you
to appoint a sustainability manager to deal with it. We only have three employees,
we can't appoint somebody to deal with it’.

P15 ‘The [anonymised] scheme where banks are supposed to lend to smaller businesses.
They don't want to. They basically make you jump through a lot of hoops and waste
your time and then they don't give it to you anyway. We would be a lot leaner, a lot
more efficient if we could automate a lot of our processes. But we can't because we
don't have the funding, we don't have cash flow. Even with any state backed schemes
that are there, the banks don't want to lend to smaller businesses like ours. There's
no penalty for them, or there's no incentive for them’.

P17  ‘Twould say most SMEs would say that all the government regulations are for big
companies. There's very few SMEs supported by any government agencies. We
comply with the same regulations as the big companies, but the support is
disproportionate’.

P10  ‘The feasibility of implementing solutions like bio-incineration ... bureaucracy holds
things up, which can be more manageable for larger enterprises but stifles smaller-
scale farms’.

Theme 11: Current Sustainability (7/17)

P14  ‘We don't call it waste because we don't believe it's waste. We call it byproduct. The
Department of Agriculture and Board Bia, etc., we've been negotiating with them
trying to say that it's not waste, like don't call it waste, it's byproduct. We don't
believe it's waste. We make money off it. It's used for different products'.

P9 ‘The priorities of the government seem to be to keep a steady state with the beef
industry in particular. Statistically, we're ten times more sustainable than beef, but
they don't want us advertising that. They don't want that appearing on poultry
packaging’.

P11 ‘How then do we get government support to keep us up there as important to the
economy as a whole. We are more sustainable without doing anything, how do we
get support to keep us that way?’.

P12 ‘Tve been working with [anonymised] in Teagasc, and we had a chat about carbon
credits and about identifying that within our company. But we suggested why are we
not telling everyone we're carbon neutral?’.

procedural demands were so overwhelming that many bypass govern-
ment support altogether.

Financial viability was repeatedly raised as a key constraint (10/17),
with participants noting that circular options, such as sustainable
packaging or certified waste disposal, were more expensive than con-
ventional alternatives (see Table 5 Theme 9). Respondents described it
as challenging for companies to adopt circular practice on any large
scale. A desire was also expressed to learn more about potential in-
centives and assistance available for circular practice, with many
questioning the existence of such support.

SMEs (7/17) noted that supports often require resources they lack,
such as sustainability managers or large upfront investments (see
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Table 6
Knowledge and inclusion challenges.

Theme 12: Farmer Exclusion (12/17)

P6 ‘In terms of the bioeconomy, one important thing is to bring the primary producers
along the journey in order to make everything work and to get on-the-ground
feedback around how it could work. I just feel that we need to have a lot of buy-in
from the primary producers so that all the practical considerations that might not,
you know, that the people in labs, and whatnot, might not be aware of, are
considered’.

pP7 ‘Let's talk to farmers, bring them with us, because these are the guys, ultimately, that
are farming the land, they know best, and we should be more inclusive when we are
developing policy’.

P14  ‘The farmers know there's a problem and they want to try and help fix the problem.
Farmers get up early in the morning, and they look up into the sky and there's planes
flying around. Like it's not all the agricultural sector that's committing these
greenhouse gas emissions. But the agricultural sector has been tarnished as the worst
emitter. Agriculture does emit, but I believe that'd a PR stunt too. Other sectors,
construction, aviation, etc. are trying to get away with it. A lot of the news and
government response to climate change is that the agricultural sector is the biggest
emitter, but it's very hard to pinpoint that when they don't look at other sectors'.

P16  ‘There's too much pressure on farmers and people working in that area, and they're
taking a lot of the hit for what's being said that we're not hitting our targets. But yet
the demand is there for more food and more products. The expectation is there that
everything's handed to everybody, and we're so used to having everything when we
want it. And if it's not there, we're complaining. There's a massive demand for it so
we're over-farming. The expectation is there, yet we blame them for having to
increase their production. It doesn't make sense how all that pressure comes from
people who are demanding more and more’.

Theme 13: Research and Innovation (5/17)

P7 ‘We had financing in AD, it didn't work because of nitrogen. But the problem is that
they gave up at that stage. Whereas we should have looked at how do we remove the
nitrogen, how do we manipulate the system to get less than a thousand PPM
Ammonia in the digester. They should have looked at that, but instead the
technology was thrown away. It was Grant aid from Europe, but once they showed
that it didn't work, that was that. Universities love doing research. And any answer
they get is value to them. Even if it doesn't work’.

P5 ‘We don't avail of much government support. There's some things we'd have to be
careful of, that we don't lose IP. Irish based government support, they want to see it
being recouped in an Irish base, which is completely understandable, but then from
our team's point of view, we want to be careful with IP’

P2 ‘That's my biggest problem with the involvement of universities in research. They
take the IP, they take control, they take your money, and they don't listen to you.
They're dancing around the table because they've got the money off me. They've got
a load of finance off Enterprise Ireland. And I'm sitting there with my money gone
and they just go off. They were your best friend for the first six months of a research
project. But then they're gone’.

P1 ‘Sometimes in the agriculture sector I question the confidentiality around some of it
though. A processor might not have the confidentiality of exploring a technology
without it being inappropriately referenced by somebody within the research
community, as opposed to a more confidential approach, until proof of concept is
shown’.

Table 5 Theme 10). State-backed funding schemes were described as
ineffective, as banks reportedly avoid lending to smaller entities. SMEs
were also described as facing the same regulatory demands as larger
companies but without equivalent levels of support, further exacer-
bating disparities.

Some businesses (7/17) felt their current circular efforts were
ignored or even undermined by government frameworks, which were
seen to favour legacy industries or overlook newer sustainability models
(see Table 5 Theme 11). Frustration was expressed over the govern-
ment's focus on traditional industries like beef, which detracts from
promoting more sustainable alternatives. Other participants felt un-
supported in the pursuit of initiatives like carbon neutrality, with
insufficient guidance or acknowledgment of their efforts.

Farmers were frequently described (12/17) as excluded from
decision-making processes and undervalued in the circular bioeconomy
discourse (see Table 6 Theme 12). Participants emphasised that policies
often overlook the practical insights and constraints experienced by
producers. This exclusion was seen as a critical flaw undermining the
legitimacy and feasibility of policy objectives. Participants expressed
concerns about the pressure and expectations placed on farmers, pri-
marily regarding the demand for increased food production while
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Interview frequency by theme (N=17)

TP: The Reuse/Recycle Approach

TP: The Byproduct Approach

TP: The Education Approach

TP: Anaerobic Digestion

BD: Guidance and Expertise

BD: Farmer Exclusion

BD: Finance and Support

BD: Developing Anaerobic Digestion (AD)
BD: EU Policy and National Governance
BD: Overregulation

BD: Supports for Larger Enterprise

BD: Current Sustainability

BD: Research and Innovation

6 8 10 12 14 16
Number of interviews mentioning theme

Fig. 1. Number of interviews mentioning respective themes
*TP: Transition Pathway; BD: Barrier Domains.

simultaneously facing criticism for environmental impacts. An approach
involving meaningful engagement, recognition of farmer contribution,
and a broader perspective that considers the roles of other sectors in
environmental sustainability was advocated.

A minority (5/17) expressed scepticism about the alignment of ac-
ademic research with commercial needs (see Table 6 Theme 13). Par-
ticipants expressed a need to move away from research and innovation
towards a readiness to engage in direct action. A recurring theme was
the frustration with abandoned projects, indicating a lack of persever-
ance in problem-solving. Intellectual property (IP) concerns also de-
terred participants, as government-supported initiatives were said to
often require relinquishing control, causing apprehension regarding
commercialisation and profitability. Similarly, partnerships with uni-
versities were perceived to be exploitative in terms of funding and
control, lack of responsiveness to industry needs, and poor follow-
through. Concerns over confidentiality was said further complicate
collaborations, with participants wary of premature or inappropriate
disclosure of their efforts.

The findings show that while technical barriers (e.g. waste man-
agement infrastructure) persist, it is governance, economic, and insti-
tutional misalignment that most strongly impedes circular transition in
the agri-food bioeconomy. These barriers are especially acute for SMEs
and smallholder producers, who lack the capacity to navigate complex
regulations or invest in costly innovations without targeted, accessible
support. The results underscore the importance of policy coherence,
collaborative design, and financial support tailored to the diverse re-
alities of bioeconomy actors.

4.3. How transition pathways relate to barrier domains

The four transition pathways (Table 3) can be read as a spectrum
from low-to-moderate coordination and capital intensity (packaging
changes; on-site reuse/recycling) to high coordination and infrastruc-
ture dependence (anaerobic digestion and multi-actor nutrient recov-
ery). Across cases, participants’ descriptions of “what they do” (Table 3)
were tightly coupled to “what blocks scaling” (Tables 4-6). In particular,

pathways requiring cross-company coordination (e.g., packaging return
schemes, by-product redistribution, nutrient recovery) were repeatedly
constrained by governance gaps (lack of practical guidance; policy un-
certainty), uneven economic supports, and missing intermediary sys-
tems for logistics and collaboration. A second, more structural linkage is
that the most infrastructure-dependent pathway, AD, was discussed, not
only as a current practice for a minority of companies (Table 3) but also
as a broader system need, with participants emphasising planning de-
lays, weak incentives, and the absence of enabling conditions for scale
(Table 4). This suggests that the “transition pathways” reported here are
not discrete categories, but interdependent responses to a shared
implementation environment. Companies often start with what is
feasible internally (reuse/recycle), while more transformative circular
options remain contingent on multi-level governance alignment and
physical infrastructure availability.

4.4. Cross-case patterns: company scale, geography, and supply-chain
coordination

Across interviews, capacity constraints were most visible in how
SMEs described compliance and support mechanisms. Several partici-
pants noted that state supports implicitly assumed dedicated sustain-
ability staffing, which small companies could not provide, creating a
barrier even where willingness to act was high. In parallel, participants
describing regulatory requirements (including reporting burdens)
framed the challenge less as opposition to sustainability goals and more
as an administrative capacity problem, i.e., uncertainty over “where to
start” and how to assemble the required documentation. These accounts
indicate that “policy burden” is experienced unevenly. Similar obliga-
tions can be interpreted as manageable process work in larger organi-
sations but as a material barrier to entry for SMEs. In respect to
geography and infrastructural disparity, spatial context strongly
dictated circular feasibility, particularly for AD-related pathways. Par-
ticipants emphasised that AD becomes viable when infrastructure is
proximate, while distance increases transaction costs and coordination
time, especially for companies located in more peripheral areas.
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Participants also contrasted the Republic of Ireland with Northern
Ireland, describing a cross-jurisdictional incentive environment that can
effectively pull organic by-products northwards where subsidies are
perceived to make AD commercially attractive. This highlights an
infrastructural-and-policy interaction; even when companies have suit-
able feedstocks, scaling is contingent on where plants exist, how
collection markets operate, and whether incentives create stable de-
mand for material. In other respects, several of the most “circular” op-
tions described, such as closed-loop packaging returns and
redistribution of by-products for feed/fertiliser, were framed as supply-
chain coordination problems rather than technical problems. Partici-
pants stated that single companies could not deliver closed-loop out-
comes without aligned partners and incentives across chain, e.g., return
logistics, shared standards, and cost-sharing arrangements. This suggests
that supply-chain position matters because it shapes whether a company
can act unilaterally (internal reuse/recycle) or requires multi-actor
orchestration such as return schemes and/or nutrient recovery
networks.

5. Discussion and conclusions

The overly broad nature of national and European bioeconomy
policy, pointed out by Toller et al. (2021) amongst others, demonstrates
the need to develop targeted bioeconomy policy. In response to this
need, this research aimed to explore the bioeconomy/policy interface
from the user-side perspective of agri-food practitioners. The process of
how broad, yet also complex, policy affects circularity is manifest in
barriers and transition pathways to circular practice experienced by the
end-user. The emphasise on the recycle/reuse model in the findings
suggests that strategies such as transitioning towards more sustainable
food packaging should be integrated into the (circular) bioeconomy
policy agenda. Whilst Europe's Single Use Plastics Directive (Directive
(EU), 2019) is key, its generalised definition of plastic packaging fails to
account for food preservation (Trubetskaya et al., 2022), which is crit-
ical in the prevention of food waste. Like most aspects of bioeconomy
implementation, key challenges relate to complex collaboration
amongst multifarious policy, systems and stakeholders (ibid), as well as
and the lack of support mechanisms in place. Areas for attention include
approaches for the cross-sectoral alignment of practice, technology, and
organisation for a fully circular model (Trubetskaya et al., 2022), as well
as incentives for circular packaging (Palsson and Sandberg, 2022) whilst
ensuring that packaging experts are aware of the latest technologies
(Monborren-Benabdillah, 2015) and consumers appreciate the sustain-
ability benefits of such processes (Aday and Yener, 2015).

The interview results align with wider comparative evidence that
circular bioeconomy implementation varies substantially across juris-
dictions due to differences in policy mix design, infrastructural base-
lines, and investment conditions. Recent EU-wide comparison identifies
persistent disparities between Member States in waste management
capacity, R&D investment, and national policy integration, which in-
fluence the feasibility of circular pathways beyond company-level intent
(Castillo-Diaz et al., 2024). In parallel, cross-country work on biogas and
bioenergy governance shows that where stable incentive frameworks,
coherent planning regimes, and intermediary coordination mechanisms
exist, infrastructure-dependent pathways (e.g., AD/biomethane and
digestate valorisation) are more likely to scale; conversely, where
planning uncertainty and fragmented responsibilities dominate, diffu-
sion stalls even in contexts with abundant feedstock (Al Seadi et al.,
2018; Theuerl et al., 2019). These comparative insights support the
mechanism identified in this study whereby Ireland's transition path-
ways are not only shaped by organisational practice, but also by regional
enabling conditions. This is particularly the case in respect to infra-
structure availability, investment predictability, and cross-sector coor-
dination, and reinforces the need to interpret “barriers” as a
governance-and-systems problem rather than a purely technological
one.
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The interviews suggest that circular bioeconomy implementation in
Ireland is currently dominated by “feasible” company-level actions
(reuse/recycling and incremental packaging improvements) while more
transformative options remain contingent on multi-actor coordination,
enabling infrastructure, and predictable policy conditions. Accordingly,
the policy implications are presented here as prioritised implementation
lessons derived from interview data, followed by conditional options
suggested by participants that warrant feasibility assessment rather than
prescriptive adoption. As such, a dominant barrier across cases was the
absence of clear, operational guidance on what circular bioeconomy
implementation entails in practice, including where companies (and
primary producers) can obtain credible technical support and how to
navigate regulatory and reporting expectations. This points to a need for
more implementable, sector-specific guidance, demonstration-oriented
supports, and accessible advisory capacity that can translate policy
ambition into actionable steps for agri-food actors. Interviewees also
frequently described an uneven capacity landscape in which SMEs face
the same compliance expectations as larger companies, but without
equivalent staffing, time, or financial buffers. This suggests that policy
instruments and support programmes should be designed with propor-
tionality in mind (e.g., simplified application/reporting processes;
shared services or subsidised specialist support; and funding mecha-
nisms that account for limited cash-flow and administrative capacity). In
other cases, several of the circular options most frequently discussed
such as closed-loop packaging, redistribution of by-products, and
nutrient recovery, were framed less as technical problems and more as
coordination and logistics problems. Such interviews indicate that
without intermediaries, shared standards, and incentives that align
multiple actors, companies cannot deliver closed-loop outcomes
unilaterally. Policy that supports “orchestration capacity” (e.g., facili-
tated collaborations, co-funded pilots, and shared logistics solutions)
therefore emerges as an enabling condition for scaling beyond incre-
mental circularity.

A small number of participants also proposed the idea of a more
coordinated approach to nutrient flows, i.e., pooling and reallocating
slurry/digestate to better match supply and demand and to increase the
practical substitutability of organic fertiliser relative to artificial inputs.
While this suggestion aligns conceptually with circular bioeconomy and
biorefinery logics, the evidentiary base within this study is limited and
does not justify a prescriptive recommendation. Instead, the interviews
indicate this as an option for feasibility assessment, including gover-
nance arrangements, biosecurity requirements, farmer acceptability,
transaction costs, and infrastructural needs. In respect to AD, participant
discussion consistently emphasised that infrastructure-dependent
circularity is shaped by policy and planning conditions rather than
company-level motivation alone. While only a subset of companies re-
ported direct AD engagement, a larger group described AD capacity as a
missing enabling condition, constrained by planning delays, limited
infrastructure availability, and uncertain investment conditions. Par-
ticipants’ comparisons with Northern Ireland highlighted how incentive
environments can stabilise demand for organic by-products and shape
material flows across jurisdictions. In this context, mechanisms that
improve the predictability of AD revenues (including tariff-type ar-
rangements or equivalent revenue supports) could be framed as policy
instruments to evaluate, conditional on planning and permitting reforms
and a coherent infrastructure strategy, rather than as standalone
solutions.

While this analysis is anchored in agri-food circular practice, the
findings are also relevant in terms of the energy—food nexus, particularly
where organic by-products are framed as both a waste-management
challenge and a potential energy resource (Bazilian et al., 2011;
D'Amato et al., 2017). Participants' emphasis on anaerobic digestion
(AD), organic waste logistics, planning delays, and incentive uncertainty
emphasises how circular bioeconomy pathways can simultaneously
function as food-system waste reduction, renewable energy generation,
and nutrient recovery strategies. As such, some circular transitions
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described in interviews represent coupled food-energy-nutrient in-
terventions and relate to biomass and organic residues that can be
valorised into biogas/biomethane, while digestate can substitute for
mineral fertiliser in principle, creating linked environmental benefits
across emissions, waste, and soil nutrient management (Ward et al.,
2008; Moller and Miiller, 2012; Nkoa, 2014). Indeed, the energy—food
nexus perspective exemplifies why AD pathways are experienced as
infrastructure-dependent and coordination-intensive. For decentralised
rural contexts, AD and related technologies may offer opportunities, not
only for waste valorisation, but for local energy resilience where grid
constraints, fuel costs, or dispersed settlement patterns create vulnera-
bilities (Seyfang et al., 2013). This has direct relevance for emerging
concepts related to energy communities, where local actors coordinate
production and consumption of renewable energy to retain value locally
and support rural development (Bauwens et al., 2016). In
livestock-dominant regions, farm-linked biomass streams may provide a
basis for community-scale renewable energy projects, including heat
and power use on-farm or within local clusters, alongside opportunities
for local circular supply chains, e.g., shared collection, shared process-
ing, shared use of outputs (Weiland, 2010).

However, the interview material also cautions against assuming that
energy-community potential will materialise without enabling condi-
tions. Participants repeatedly described barriers that map directly onto
energy-community implementation challenges. These included planning
constraints, uncertain incentives, limited infrastructure proximity, and
difficulties coordinating multiple actors. Accordingly, the principal
implication from this study is not that off-grid or energy-community
solutions are immediately available, but that the governance condi-
tions identified here such as coordination capacity, predictable rules,
and fit-for-purpose supports, are likely prerequisites for any credible
integration of circular bioeconomy pathways into decentralised rural
energy systems. Future research could build on these findings by
explicitly comparing how different local governance models, including
community energy arrangements, affect the feasibility and distribu-
tional outcomes of biomass-based circular transitions.

Lack of guidance and expertise also emerged as another key finding.
Hence, specific regulatory instruments may be required to reduce un-
certainty and promote circularity. Initiatives like the BS 8001 guidelines
(BSI, 2017) and XP X30-901 standard (AFNOR, 2018) can serve as
reference points, and the forthcoming ISO standard for the Circular
Economy (ISO/WD 59004) should be used by policymakers to develop
guidance and expertise. Developing a common reference point for
measuring circularity and covering environmental, economic, and social
sustainability parameters is essential in this regard. This requires
generating a standardised suite of circular practice indicators for
agri-food to guide investment decisions and assist government and
companies in assessing production systems (Poponi et al., 2022).

Among the most salient findings, farmer exclusion emerged as a
critical, yet understudied, barrier to circular bioeconomy implementa-
tion, underscoring the need for participatory policy design that in-
tegrates the voices and lived experiences of primary producers. This
highlights a misalignment between policy design and implementation
realities, with implications for the success of transition pathways.
Educating farmers about the principles and practices of (circular) bio-
economy has the potential to empower stakeholders to play a significant
role in bioeconomy transition. Training programs should cover topics
like biotechnology, precision agriculture, and regenerative farming,
while also addressing economic and business aspects (Fava et al., 2021)
and should be flexible and accessible online. The issue of overregulation
was also emphasised, and in this respect, policymakers need to set
realistic targets and timelines for compliance with regulations, ensuring
they are feasible and achievable. Providing financial incentives or sup-
port to those who adopt circular practices can help bridge the gap be-
tween regulatory demands and economic sustainability (Sharma et al.,
2021). Streamlining administrative processes and offering training and
support on compliance can also alleviate burden and encourage greater
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participation in circularity (Bartekova and Borkey, 2022). Interestingly,
it was also found that government may need to take proactive steps to
promote existing circularity. This includes actively promoting and sup-
porting existing practice, recognising the value of agricultural byprod-
ucts, and encouraging sustainability branding and marketing across all
sectors (Anttiroiko, 2023), while leveraging carbon neutral credentials
as a competitive advantage (Boiral et al., 2024). For small and
medium-sized enterprise (SME), tailoring support programs to the spe-
cific needs and capabilities of SMEs is important. This includes simpli-
fying requirements, such as appointing a sustainability manager or
meeting extensive measurement criteria, to make criteria feasible for
SMEs, addressing challenges in accessing funding, as well as simplifying
bureaucratic processes and providing more accessible support services
(Costache et al., 2021). Financial support was unsurprisingly considered
crucial. However, challenges such as delays in processing grant appli-
cations were said to hinder timely implementation. In this regard, im-
provements are needed to enhance the accessibility, efficiency, the
streamlining of grant processes, and tailoring of support to diverse
agricultural operations.

It was also found that research needs to be more action-orientated
and strategic alignment is needed between research efforts and prac-
tical business goals to ensure meaningful outcomes. Clear agreements
and expectations regarding intellectual property (IP) ownership and
collaboration dynamics between industry and academic partners is
crucial. Creating frameworks that effectively address collaboration,
confidentiality, and IP protection is necessary to foster trust and facili-
tate productive collaborations between industry and research in-
stitutions (Daraojimba et al., 2023). Additionally, there is a need to
balance government support with the protection of valuable IP assets to
maintain competitiveness. Aligning funding sources with IP protection
goals and implementing appropriate measures to safeguard IP rights in
government-supported projects are vital steps in the process. Fostering a
culture of perseverance within research institutions is essential to drive
innovation and overcome challenges in transitioning to (circular) bio-
economy models.

Finally, findings emphasised the importance of addressing concerns
regarding EU policy and its impact on productivity, competitiveness,
and environmental sustainability. Accordingly, investments such as the
European Green Deal's Just Transition Mechanism are important in
offsetting socioeconomic impacts (Filipovi¢ et al., 2022). Policy mea-
sures like agricultural methane taxes, coupled with environmental
subsidies, can incentivise participation in circular practices and improve
income distribution (Hynes et al., 2009), while supporting organic al-
ternatives and recognising farmers' roles in environmental stewardship
and local economies remains imperative. However, Europe must also be
wary of global competitiveness as EU policies may lead to trade tensions
and carbon leakage (Droege and Fischer, 2020). Developing new trade
agreements and international engagement to encourage sustainable in-
vestment and development are necessary steps in navigating these
challenges, while promoting a circular bioeconomy globally (Leonard
et al., 2021).

While the themes identified here resonate with wider debates on
circular bioeconomy implementation (e.g. coordination deficits, uneven
capacity, and policy-infrastructure interactions), the empirical setting is
specific. Ireland's livestock-dominant agri-food economy, institutional
arrangements, and infrastructural baseline shape both the barriers
observed and the plausibility of particular transition pathways. As a
result, the contribution of this study is best understood as identifying
transferable mechanisms, such as how coordination dependence, ca-
pacity asymmetries, and infrastructure-policy misalignment condition
circular action, rather than offering directly generalisable policy pre-
scriptions for all EU regions. Future comparative work across EU
Member States (and relevant non-EU agri-food contexts) is required to
test which mechanisms hold under different governance, market, and
infrastructural conditions. The study also presents other limitations. As
intimated, but in a more general sense, findings are context-specific to
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Ireland's agri-food sector and may not be generalisable to other national
or sectoral contexts without adaptation. While the small sample size
allowed for depth and reached theoretical saturation, it limits quanti-
tative extrapolation. Future cross-country and mixed-method studies are
recommended to assess comparative dynamics and broader
applicability.
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