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d Alumni, University of Helsinki, Finland 
e Institute for Advanced Sustainability Studies (IASS), Potsdam, Germany   

A R T I C L E  I N F O   

Keywords: 
Bioeconomy 
Circular economy 
Forest 
Science-policy 
Sustainability transformations 
Sustainability transitions 

A B S T R A C T   

The circular bioeconomy is a highly scrutinized concept in Finland and internationally, with a high degree of 
polarization regarding forest utilization rates and distrust between certain actors. This offers an interesting case 
for an exploratory analysis of issues associated with knowledge co-production. Knowledge co-production entails 
the integration of different knowledge types and collaboration across multiple societal actors with potentially 
conflicting viewpoints and agendas. We interviewed key organizations operating at the nexus of science and 
policy in the processes of knowledge co-production regarding the circular bioeconomy in Finland, including 
representatives from ministries, universities, research institutes, innovation promoters, and interest organiza
tions. Using qualitative content analysis, we assessed the actors’ tacit knowledge and perceptions regarding 1) 
their role in knowledge co-production across knowledge types; 2) elements enabling knowledge co-production; 
and 3) tensions and needs/opportunities of knowledge co-production. To frame our data collection and analysis, 
we particularly draw from recent sustainability science literature on knowledge types in co-production. The 
findings reveal that the three main knowledge types – lay, expert, and scientific – are acknowledged by all actors, 
but are dealt with, to different extents, according to the roles played by different actors in the process of 
knowledge generation. Collaboration was reported to be largely project-oriented, enabled by funding, similar 
mindsets, and organizational/individual networks. Tensions included conflicting ideological positions held by 
various actors in the circular bioeconomy, mainly hampering the co-production of normative/target knowledge; 
funding-induced gaps and risks in inter-actor cooperation, mainly affecting process/system knowledge of the 
circular bioeconomy; and gaps and difficulties in cross-sectoral and cross-discipline engagement, mainly 
affecting predictive/transformative knowledge. Knowledge synthesis, policy-supporting knowledge, and trans
formative knowledge were perceived by several interviewees to be important avenues towards improving the 
sustainability potential of the Finnish forest sector.   

1. Introduction 

The circular bioeconomy is a globally relevant sustainability concept 
that combines and refines the individual concepts of circular and bio
economy (Carus and Dammer, 2018; European Environmental Agency, 
2018; Hetemäki et al., 2017; Stegmann et al., 2020). In its more general 
definition, the circular bioeconomy promotes economic development 
and industrial renewal through the substitution of fossil resources in a 
number of sectors (e.g. forest, agri-food, construction, packaging, 

textile, chemical, energy) through the development of bio-based prod
ucts and services. Innovation at the product, process, and organizational 
levels fosters such a shift, which is also coupled with an efficient and 
circular use of material and energy. However, several scholars have 
raised concerns about the concrete contribution of the circular bio
economy to pursuing ecological and social sustainability goals (El-Chi
chakli et al., 2016; Kröger and Raitio, 2017; Pfau et al., 2014). The 
potential for such a contribution is dependent on ensuring the sustain
able sourcing and use of biomass and on the regional and global 
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distribution of resources and prosperity (Issa et al., 2019). 
Sustainable biomass sourcing means addressing the expected trade- 

offs between increased biomass requirements and biodiversity conser
vation (which underpins the delivery of key regulating and cultural 
ecosystem services). The sustainable use of biomass pertains to the 
competition between biomass uses such as food, feed, biomaterial, and 
bioenergy. Technical avenues for solving these problems include 
improvement of land-use practices, prioritizing food and higher value 
fibre-based products, cascading of material and energy, and deployment 
of residues and biowaste along with alternative biomass sources (e.g. 
algae, fungi) with a lower land-use footprint (European Environment 
Agency, 2018). 

Value redistribution in the bioeconomy includes a domestic and in
ternational dimension. The circular bioeconomy is expected to create 
‘modern jobs in rural areas, thus counteracting both the limited geo- 
graphical distribution of accessible fossil resources and the current 
concentration of job and income opportunities in urban areas’ (Lew
andowski et al., 2017, p. 14). However, concerns remain regarding the 
circular bioeconomy replicating power structures and creating new 
forms of extractivism, nature commodification, and inequality (Ramci
lovic-Suominen and Pülzl, 2018). In the context of European forest 
systems, for example, the political arena is characterized by interest 
coalitions, such as those leveraging the bioeconomy to frame economi
cally profitable forestry (with forest-rich northern countries playing an 
important role) against those advocating for a ‘gentler’ version of the 
circular bioeconomy, inclusive of environmental intangible values 
(Wolfslehner et al., 2020). 

The circular bioeconomy has also been criticized as an insufficiently 
radical and transformative solution against complex sustainability 
challenges. Some scholars have pointed out the technocratic and 
market-driven nature of the circular bioeconomy, which places exces
sive responsibility on governments and industries (with agro-food and 
pulp and paper incumbents as key players) against the role of smaller 
actors and citizens (Befort, 2020; Holmgren et al., 2020; Leipold et al., 
2019; Mustalahti, 2018). The circular bioeconomy – as currently 
mainstreamed – embraces the growth paradigm, although scholars have 
attempted to advocate compatibility with degrowth and post-growth 
ideas (Giampietro, 2019; Vivien et al., 2019). 

While national (circular) bioeconomy policies are being imple
mented in several countries worldwide (Dietz et al., 2018), the concept 
has gained particular significance in Finland, both in public and private 
decision-making, and in academia. This emphasis is reflected, for 
example, in the critical mass of scientific research produced in Finland, 
especially in the context of a forest-based (circular) bioeconomy 
(D’Amato et al., 2020; Holmgren et al., 2020; Lovrić et al., 2020). The 
Finnish bioeconomy comprised approximately 13% of the total value 
added to the economy in 2019, with a contribution of 26 billion euros 
and over 300,000 people employed. The forest sector represents nearly 
40% of the total output of and value added to the Finnish bioeconomy 
(LUKE, 2019). Bioeconomy policy and strategies in Finland are closely 
related to industrial long-term competitiveness and renewal, especially 
for the forest industry (Holmgren et al., 2020; Näyhä, 2019). Product 
diversification, high value added, and customer sustainability aware
ness are the expected leverages and opportunities of change for the pulp 
and paper industry in the bioeconomy (Toppinen et al., 2017). Gov
ernment institutions, such as ministries, have a catalyst role in imple
menting the bioeconomy in Finland (Korhonen et al., 2018a), and large 
and smaller firms are increasingly aligning with the concept (Antikainen 
et al., 2017; Näyhä, 2019; Toppinen et al., 2020). 

The development of the Finnish circular bioeconomy, however, im
plies several unresolved issues that persist in the public discourse and 
affect how knowledge in the field is generated, collated, and synthesized 
collaboratively by multiple actors. These particularly regard the use of 
harvested wood in bio-based value chains (including use in energy 
production, which is another currently debated issue) versus the main
tenance of Finnish forest resources for climate regulation. Forest 

utilization levels are an ongoing debate in Finland, and a growing divide 
exists among forest policy actors as to the desirable and appropriate 
pathway towards sustainability (Kröger and Raitio, 2017). Existing 
policies favour increasing timber production and forest bioenergy 
(Makkonen et al., 2015). However, forest management is also viewed as 
having multiple objectives such as carbon storage (Makkonen et al., 
2015) and biodiversity conservation (Eyvindson et al., 2018). The need 
to reconcile diverse objectives in Finnish forest management highlights 
policy conflicts between the circular bioeconomy and conservation in
terests (Eyvindson et al., 2018; Kröger and Raitio, 2017; Makkonen 
et al., 2015; Norton et al., 2019). In addition to competing and con
flicting agendas and objectives, a lack of trust among actors has been 
identified as a main characteristic of forest policy in Finland (Rantala 
and Primmer, 2003). 

In summary, developing and implementing knowledge concerning 
the circular bioeconomy requires high interdisciplinarity and cross- 
sectoral collaboration (Knierim et al., 2018; Winkel, 2017), and – 
given its highly controversial nature related to economic growth and 
sustainability – also requires multiple actors to cohere from conflicting 
viewpoints towards a shared understanding. The aim of our study is to 
explore the emerging phenomenon of the Finnish circular bioeconomy 
and its implementation by focusing on inter-actor dynamics in knowl
edge co-production at the nexus of science and policy. Knowledge co- 
production refers to the collaboration of academic and non-academic 
actors (Mauser et al., 2013) to achieve scientific and social impacts 
(Moser, 2016). ‘Co-production is an inherently political act’ and requires 
individuals and organizations to ‘acknowledge their role in motivating 
social and political change and attend to the tensions and tradeoffs 
therein’ (Wyborn et al., 2019, p. 339). 

To our knowledge, little to no empirical studies exist exploring such 
dynamics in the circular bioeconomy. Our research questions for this 
study are as follows.  

1. How do actors perceive their role in knowledge co-production, and 
what types of knowledge (i.e. lay, expert, scientific) are co-produced 
and dealt with?  

2. What elements enable knowledge co-production and thus influence 
outcomes?  

3. What are the tensions and needs/opportunities of knowledge co- 
production among actors? 

2. Conceptual background 

Research on co-production has emerged at the intersection between 
public administration, science and technology studies, and sustainabil
ity science, and the issue of power has been a central element in un
derstanding co-production from all three scientific perspectives (Miller 
and Wyborn, 2020). In the context of public administration, co- 
production referred to the contribution and collaboration of citizens 
with governmental agencies to deliver public goods and services, 
including the co-production of environmental policies and outcomes 
related to the management of common pool resources (e.g. Ostrom and 
Ostrom, 1977; Parks et al., 1981). Power manifests for instance in the 
relations between governmental agencies and multiple societal actor
sKey authors in science and technology studies, such as Jasanoff (2004) 
and Latour (1990), have further suggested that knowledge is inseparable 
from the context where it is produced, and that there is interdependence 
between knowledge and action. Science is thus seen as the product of 
research as well as politics. In sustainability science, the focus of co- 
production is on adaptive socio-ecological system research, where co- 
production is a means to engage scholars and stakeholders in defining 
problems and exploring solutions. Questions of power and legitimacy 
are central to stakeholder engagement for knowledge co-production 
(Cash et al., 2003; Turnhout et al., 2020), a process during which 
different kinds of tensions can emerge (Ojanen et al., 2021). 

In this manuscript we particularly refer to the literature rooted in 
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sustainability science. According to Forsyth (2003, p. 104), co- 
production is ‘the processes by which knowledge, including scientific 
knowledge, is framed, collated, and disseminated through social inter
action and change, and how such knowledge also impacts upon such 
change’. He continues: ‘the important principle of co-production is that 
it is a dynamic process, in which knowledge and society continually 
shape each other’. Miller and Wyborn (2020, p. 320), suggest that ‘co- 
production encompasses many ambitions, namely to involve multiple 
participants (scientists, policymakers, civil society, etc.) to produce 
multiple outcomes, including new knowledge, new ways of integrating 
knowledge into decision-making and action, and, most importantly, new 
outcomes in the world’. 

Co-production of knowledge entails the integration of various 
knowledge types (Stepanova et al., 2020). Strategies for successful 
integration include, inter alia, creating a shared understanding of the 
problem, setting common research objectives, collaborative knowledge 
production processes, and joint synthesis, implementation, and 
communication of results (Lang et al., 2012; Polk, 2015). The require
ment of commitment and trust between actors, both individual and 
institutional, is central to creating productive integration processes and 
going beyond the cognitive dimension towards including diverse ways 
of acting and building a group identity (Chapman and Schott, 2020; Pohl 
et al., 2021; Stepanova et al., 2020). Integration, intended as collating 
and synthesizing ‘various knowledge pieces into something new’ also 
implies the recognition of power relations between various groups of 
actors (Apetrei et al., 2021, p.12). 

To frame the data collection and analysis in this study, we refer to the 
conceptualization proposed by Stepanova et al. (2020). The authors 
propose a typology of knowledge based on three analytical levels: 
context (informal/experiential, formal), actors (e.g. individuals, pro
fessionals, decision makers, academics with lay, expert, or scientific 
knowledge), and practice (normative/target, process/system, predic
tive/transformative). Formal knowledge, in opposition to informal/ 
experiential knowledge, is deposited in written documents, norms, and 
procedures. Along the informal–formal spectrum, lay knowledge is 
based on observation, practice, or experience; expert (including 
administrative, managerial, indigenous) knowledge is used in formal
ized decision-making; scientific knowledge is formalized by scientific 
methods. Normative/target knowledge regards appropriate goals for 
planning, process/system knowledge concerns current states and pro
cesses, and predictive/transformative knowledge involves the investi
gation of future trends. 

3. Method 

Our findings are drawn from the content analysis of interview data 
with representatives of key organizations involved in knowledge gen
eration concerning the circular bioeconomy in Finland, with a focus on 
the science–policy interface. The sampling process was based on a social 
network analysis by Korhonen et al., (2018a). According to that study, 
the Finnish forest sector or wood-based bioeconomy network is char
acterized by high density, with 57 key actors. A ‘brokerage triangle’ of 
three organizations forms the central nodes consisting of the Natural 
Resources Institute Finland (LUKE), the Ministry of Economic Affairs 
and Employment of Finland, and the Chemical Industry Federation of 
Finland. All actors within the network are predominantly from the 
research, government, and industry categories. Periphery actors include 
researchers, non-governmental organizations, and consultancies. Based 
on Leventon et al. (2016), we considered the following recommenda
tions to identify relevant stakeholders for our qualitative study: opening 
up pre-existing networks, considering the role stakeholders play in the 
specific context, and considering the sector, composition, interests, and 
ownership of each stakeholder. 

We selected seventeen organizations to narrow the focus on actors 
operating at the science–policy interface in the context of forest man
agement. Interviews were conducted with representatives from fifteen 

of the seventeen key actors identified (Tables 1 and 2). At least one key 
representative for each organization was interviewed between 
November 2019 and January 2020. All interviews were conducted by 
one of the authors, lasted approximately 45 min, and were audio- 
recorded and transcribed by a professional service. The limitations of 
the data collection method used in the study are related to the elicitation 
of self-reported information and other opinions and perspectives from 
the interviewed actors. Typically, information that is familiar and 
desirable or less sensitive is more likely to be actively disclosed in in
terviews (Grimm, 2010), even though this is mitigated by the confi
dentiality guaranteed during the interviews. 

At the beginning of the interview, a brief definition of the circular 
bioeconomy was provided. The circular bioeconomy was defined as 
having value chains (1) where input materials are predominantly bio
logical and renewable; (2) where the material lifecycle is closed loop or 
cradle-to-cradle, i.e. material flows are circular; (3) at local and/or 
global scales with a single actor or multiple actors; and (4) with the key 
aim of creating or co-creating value-added propositions. This definition 
was purposefully broadly framed, in line with current understandings of 
the circular bioeconomy (Carus and Dammer, 2018; D’Amato et al., 
2018), and it created a contextual background for the interviewees to 
discuss their personal and their organizations’ perspectives on the cir
cular bioeconomy. 

The interviews were conducted using a semi-structured question
naire, organized in three parts, and largely based on the notion of co- 
production by Stepanova et al. (2020) described in Section 2. Accord
ingly, interviewees were also provided with definitions for knowledge 
co-production and knowledge types. In the first part of the question
naire, actors were asked to self-identify their organization on a contin
uum ranging from knowledge producer to knowledge user. The term 
‘user’ was explained to each actor as inclusive of knowledge brokerage 
and integration. Interviewees were also asked to self-identify their or
ganization’s independence in both the production and utilization of 
knowledge. Actors were also requested to identify how their organiza
tion produced and utilized formal and informal knowledge, including 
scientific and expert knowledge, and lay knowledge (definitions in 
Section 2.1). Data in the first section were collected on a 7-point Likert 
scale. In the second part of the questionnaire, interviewees were asked to 
identify other key actors with whom their organization had collaborated 
with concerning the circular bioeconomy. This bound the time period to 
be within the year range when this concept was pertinent, including the 
last two national Government Programmes (2015–2019; 2019–2023). 
For each actor, the interviewees were asked to discuss the reasons, na
ture, and implications of collaboration. The third part of the question
naire was future-oriented, focusing on gaps, barriers, and opportunities 
for collaboration on the circular bioeconomy. Despite the three-part 
structure of the questionnaire, respondents often answered freely, 
without prompting from the interviewer. Probing and follow-up ques
tions were asked at all stages of the interview to explore certain topics or 
actor-to-actor relationships in greater detail. 

Table 1 
Categorization of interviewed actors based on their societal role. At least one key 
representative was interviewed for each organization.  

Actor category Interviewed organizations included in the sample 

Ministries Ministry of Agriculture and Forestry, Ministry of Economic 
Affairs and Employment, Ministry of the Environment. 

Universities Aalto University, University of Eastern Finland, University of 
Helsinki. 

Research 
organizations 

European Forest Institute (EFI), Finnish Environment Institute 
(SYKE), Natural Resources Institute Finland (LUKE), 
Technical Research Centre of Finland (VTT). 

Innovation 
promoters 

Business Finland, The Finnish Innovation Fund (Sitra). 

Interest 
organizations 

Central Union of Agricultural Producers and Forest Owners, 
Forest Industry Association, Forest Stewardship Council 
(FSC).  
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The qualitative analysis was supported by the software ATLAS.ti v. 9. 
To improve reliability, each author read and coded a sub-sample of the 
interview material, and the codebook was developed iteratively with 
inputs from three authors. The whole material was eventually read 
through thoroughly and coded by a researcher with previous experience 
of content analysis (Lyytikäinen et al., 2021). The analysis was abduc
tive and largely based on the knowledge typology described in Section 2, 
which was used to code part of the data (i.e. findings in Sections 3.1 and 
3.3). 

4. Findings 

4.1. Actors’ roles and knowledge types in co-production 

Ministerial representatives were coherent in interpreting the role of 
ministers as knowledge ‘users’ (i.e. more oriented towards the integra
tion and brokerage of existing knowledge), while universities and 
governmental research institutes self-reported themselves to be con
cerned with the production of new knowledge. Innovation promoters 

and interest organizations fell in between. All representatives suggested 
their respective institute to be more collaborative than independent 
concerning knowledge production, except for the two industry/owners/ 
producers/associations. Opinions were divergent regarding the level of 
collaboration in knowledge integration and brokerage for ministries, 
universities, and research institutes, while innovation promoters and 
interest organizations saw themselves as more collaborative in that 
regard. 

Across all actors, lay knowledge was the least produced or used, 
while expert knowledge was the most produced, and scientific and 
expert knowledge were the most used (Fig. 1). Research institutes and 
interest organizations dealt more with lay knowledge compared to the 
other actors. Universities and research institutes dealt more with sci
entific knowledge, while ministries were self-reportedly the actors that 
produced and used less scientific knowledge compared to the others but 
relied more on expert knowledge. One ministerial representative noted 
that ‘we are users of [knowledge] because we need all the best infor
mation and scientific knowledge to make good decisions or prepare good 
decisions for politicians. That is our role.’ Innovation promoters and 
interest organizations were more involved in the production and use of 
expert knowledge. Some ministerial representatives and representatives 
of governmental institutes, for example, mentioned interest organiza
tions as important knowledge producers delivering statistical 
information. 

Based on our analysis, the role of research institutes in co-producing 
knowledge about the circular bioeconomy differed slightly from the role 
of universities. University representatives perceived themselves to have 
fewer opportunities to collaborate with the ministries compared to 
research institutes. Innovation promoters saw themselves as brokers of 
knowledge, particularly helping the forest industry to innovate and in
crease its value. One interviewee explained that forerunner small and 
medium enterprises (SMEs) follow what larger companies do in the 
context of the energy sector and circular bioeconomy metasector, but a 
large part of SMEs is currently unaware of this concept (i.e. the circular 

Table 2 
Categorization of interviewed actors based on their attitudes towards the 
bioeconomy.  

Pro-bioeconomy 
attitude 

Interviewed organizations included in the sample 

Cautiously 
interested 

Aalto University, Forest Stewardship Council (FSC), Ministry 
of the Environment, University of Eastern Finland, University 
of Helsinki. 

Cautiously 
supportive 

European Forest Institute (EFI), Natural Resources Institute 
Finland (LUKE), Technical Research Centre of Finland (VTT). 

Highly supportive Business Finland, Central Union of Agricultural Producers 
and Forest Owners, Forest Industry Association, Ministry of 
Agriculture and Forestry, Ministry of Economic Affairs and 
Employment, The Finnish Innovation Fund (Sitra).  

Fig. 1. Conceptual framework used for data collection and analysis (own representation adapted from Stepanova et al., 2020).  
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bioeconomy), which emphasizes the need for the brokering role of 
innovation promoters. 

4.2. Elements enabling knowledge co-production among actors 

The interviews revealed a multifaceted situation regarding elements 
enabling knowledge co-production, which is fundamentally interlinked 
with the nature and strength of relations among actors. Enabling ele
ments that emerged from the interviews were related to financial re
sources (i.e. project-oriented joint funding), similar agendas, and 
mindsets, and official institutional relations or individual professional 
networks. 

Collaboration was in most cases based on research projects with joint 
funding, particularly cooperation among universities and between uni
versities and research institutes. However, the importance of similar 
formae mentis also emerged as a prevalent element in the interviews, as 
co-production, at least at the organizational level, appeared to be more 
consistent between actors with similar agendas. One interviewee rep
resenting a research institute explained: ‘it’s not just that you decide that 
we are now partners. A few projects must be completed together and, of 
course, by sharing a [common] target.’ Similarly, a representative of a 
university shared that ‘[m]aybe often the collaboration is based on 
getting money. And that is, of course, a good reason to collaborate, but I 
have found that it’s even better if you first have the willingness to do 
something together, and that is not so much based on money.’ 

Organizational relations were also mentioned as key channels of 
collaboration. Knowledge co-production between ministries and orga
nizations with whom they have institutional relations (e.g. govern
mental research institutes, innovation promoters) appeared to be more 
continuous, while co-production between universities, innovation pro
moters, and interest organizations was more based on ad hoc working 
groups and research projects. The representative of the Ministry of 
Agriculture and Forestry highlighted the close ties with LUKE, which is a 
part of their administrative branch. Similarly, the representative of the 
Ministry of Environment emphasized SYKE as a partner in co- produc
tion: ‘they are experts, and you can call them and they give you an 
answer quickly, or then they put together some summary of what is 
known at the moment or they then do actual research’. The represen
tative of the Ministry of Economic Affairs and Employment reported 
collaborations with several actors, including interest organizations and 
the forest industry. Ministries and interest groups collaborated with 
universities, for example, as members of steering groups or guest lec
turers in university teaching. 

Individual professional networks emerged as straightforward means 
for information seeking and as a motivator for cooperation. For example, 
the representative of one of the innovation promoter organizations 
mentioned collaborations with SYKE and LUKE, ‘due to the fact that I 
have very good networks in these institutes, because of my background 
so […] for example I can ask for their expertise in some kind of 
collaboration projects’. Personal networks flagged by the ministries 
included researchers in governmental research institutes and represen
tatives of interest groups, although universities were also mentioned. 

4.3. Tensions, needs and opportunities in co-production 

A variety of tensions, needs and opportunities emerged from the 
interviews in relation to knowledge co-production. We organized these 
around the three types of knowledge proposed by Stepanova et al. 
(2020): system, normative and transformative (Table 3). 

4.3.1. Tensions in co-production 
Three main types of tensions in knowledge co-production emerged 

from the interviews: limitations in funding opportunities for cooperation 
beyond specific areas of study; lack of shared understandings and 
ideological positions regarding the circular bioeconomy; and difficulties 
in cross-sectoral and cross-discipline engagement (including differences 

in personal and organizational modes of operation, a gap between sci
ence and industry and academia and ministries, and mismatching time 
horizons). 

As funding was among the main motivations for collaboration 
(Section 3.2), limitations related to funding were perceived as a major 
barrier for co-production. According to the interviewees, funding in
struments favour projects with narrow objectives. Competition for the 
same funding among actors, with international competition considered 
toughest, was perceived as a barrier to knowledge exchange, not only 
between various organizations, but also within the same organizations. 
Some interviewees suggested that cooperation often focuses on planning 
rather than implementation, while some representatives of research 
institutes and ministries felt that the limited timeframe of the funding 
could also be problematic for the continuity of cooperation. 

One ministry representative also highlighted the need to coordinate 
national and European funding processes to foster partnership and 
cooperation: ‘I think we should have some kind of [national] plan for the 
next framework programme, Horizon Europe, because the commission is 
driving really strongly this kind of partnership type of ideas and missions 
and all. The idea is that the European countries should align their re
sources together for solving these big problems.’. 

The lack of a shared understanding of the circular bioeconomy was 
perceived as problematic, as multiple ideological positions were recog
nized to affect knowledge co-production and collaboration. Difficulties 
in reconciling various visions and ambition levels was thus a recognized 
tension in collaboration. A representative of a research institute 
explained that ‘[i]n general, circular economy is currently accepted by 

Table 3 
Summary of tensions and needs/opportunities in co-production, as highlighted 
by the interviewees.  

Knowledge types 
(analytic level of 

practice) 

Tensions in co-production Needs and opportunities in 
co-production 

System System knowledge suffers 
from funding scarcity- 
driven competition between 
and within organizations, 
with risks to the temporal 
continuity of cooperation, 
along with knowledge gaps 
outside of narrow project- 
level objectives. 

Further knowledge 
exchange and synthesis 
beyond project-by-project 
considerations. 

Normative Conflicting visions and 
expert opinions and agendas 
result in an unclear 
definition of the circular 
bioeconomy and its 
potential and realm of 
action, including a gap in 
circularity ambitions 
between industry and other 
actors. 

Clarifying (as far as possible) 
the definition of circular 
bioeconomy and aligning it 
to the sustainability targets 
for the forest sector. 

Transformative Knowledge concerning 
future trends and 
developments is affected by 
difficulties and gaps in 
cross-sectoral and cross- 
discipline engagement, such 
as differences in personal 
and organizational modes of 
operation and institutional 
frameworks, knowledge 
gaps between science and 
industry, and mismatching 
timescales between science 
and policy cycles.a 

Collaboration on policy- 
supporting and 
transformative knowledge, 
leveraging the political 
momentum of the circular 
bioeconomy.  

a Based on the interview material, cooperation across organizations relies on 
personal networks. While this was presented as a generally neutral phenomenon 
by the interviewees, excessive parochialism may be detrimental to long-term co- 
production of knowledge. 
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almost all. Mainly because it’s so widely framed. Everyone can under
stand it in their own way and it’s easy to accept […].Then if you go for 
more concrete actions and try to analyse them then there is of course 
more potential for conflict because the aims of the circular economy are 
conflicting.’ Overall, the interviewees were aware that the field is con
tested, and actors have different ideological or conceptual positions. 
Some interviewees discussed the difficulties of managing information 
from multiple sources and stakeholders, and recognized that navigating 
this is important. A representative of an interest organization explained: 
‘we are actually making a lot of effort to try to base our work on sci
entific knowledge, rather than going along with these different, 
opposing [sides]’. However, there are challenges in discerning what is 
considered to be scientific knowledge and who counts as an expert: ‘who 
is the expert is also contested because different companies have their 
own experts’. One ministerial representative explained: ‘the Forest In
dustry Association. I call them and ask to tell me the statistics behind this 
fact. Collaborate with them quite much because they have the industry 
data […] I trust the numbers that they create […] but again the numbers 
always come with the text [i.e. a storyline, a message]’. 

Related to the abstract conceptualization of the circular bioeconomy, 
the circularity of the bioeconomy in Finland was perceived by some 
interviewees (e.g. representatives of universities and ministries) to lag 
behind, and the industry has been suggested to lack the means and in
centives to advance the transformation of its practices. Some in
terviewees criticized the promotion of Finland as a forerunner in the 
circular bioeconomy by innovation promoters. One ministry represen
tative explained: ‘They [innovation promoters] have created quite a nice 
blue sky with the circular economy and giving that Finnish brand that 
we are the leader as in circular economy. Now that we are the ones that 
tried to make it happen in practice and it doesn’t work. The companies 
are not there yet’. 

All interviewed actors recognized tensions with respect to cross- 
sectoral engagement, as described by one university representative: 
‘there is a lot of development going on under the circular bioeconomy, 
but somehow it does not reach across these sectoral boundaries so 
easily’. Some interviewees often described knowledge co-production as 
project-oriented, striving to find answers to specific research questions, 
funding being one of the main enabling elements. Some interviewees 
also suggested the need for more transformative knowledge, for 
example, regarding more circularity-oriented practices. Interviewees 
pointed out how differences in the forma mentis across organization 
types hindered cooperation between organizations as well as internally, 
especially regarding the gap between science and industry. Some in
terviewees representing research institutes explained how tensions in 
the cooperation with industry actors often relate to how the industry’s 
improvements are only marginal and small in scale. On the other hand, 
an innovation promoter organization representative explained: ‘on the 
innovation side […] I feel that Finns are far too modest, and we tend to 
research some topics, till the end of the world, without understanding 
that this would be, making great added value to companies’. One uni
versity representative explained that ‘it might be so that the universities 
don’t understand the business world well enough, and then the business 
world is too much looking at the business and not thinking […] forwards 
like maybe it would be good to have more this kind of financial support 
for something that in future could benefit them.’. 

Notably, representatives on both the ministerial and university levels 
recognized that little cooperation was occurring between policymaking 
and academia. A university representative explained: ‘We have been 
sharing the information yes but […] I don’t think that there has been so- 
called co-production of knowledge between ministries policymakers and 
the universities. Several actors recognized that the University of Eastern 
Finland and Aalto University were more involved in the circular bio
economy compared to the University of Helsinki, especially given the 
broader strategic profile of Helsinki University. Ministry representatives 
noted difficulties in contacting university researchers: ‘I don’t believe 
for a moment that this third task for universities [i.e. providing 

knowledge to ministries] would happen without any […] incentives, 
and I don’t think it would be right. None of us work for free. You can’t 
get away from that unless you work with the small number of re
searchers who are really enthusiastic and do it for the good of society 
[…] which is nice, but we are 25 000 researchers here in Finland and 
that’s just Finland’. 

Interviewees also reported that the differences in timeframes across 
the actors hindered collaboration, as scientific processes are slower than 
policy cycles. One ministry representative explained: ‘If we start off a 
research project, like I said, it can sometimes take a year from the 
conception of the idea or the need to the beginning of the project, which 
could [then] take a year or half a year. So, then the results are 18 months 
late from the moment [we began]’. From the university and research 
institute representatives’ perspective, cooperation with ministries was 
also demanding because their knowledge needs were seen as rigid. 

4.3.2. Needs and opportunities 
Interviewees perceived knowledge co-production to be an important 

opportunity for knowledge exchange, and they recognized that coop
eration is needed to enable a transformation towards more sustainable 
forest sector practices. For example, one university representative 
commented that despite tensions, cooperation was worth pursuing: 
‘even though we may have some troubles, we want to collaborate, 
because what we get is more valuable than these small troubles’. Across 
the network, actors suggested that co-production is very much needed in 
summarizing knowledge from isolated initiatives. Knowledge synthesis 
was also perceived to be important with respect to clarifying ideological 
stances, as one representative of a research institute argued: ‘in the 
science field, messages are not clear because you can have exactly 
opposite views coming from high-level scientists’. The importance of 
basic research was, however emphasized by one university representa
tive: ‘If you are working with for example, chemistry or you work with 
the health sciences, as some of our bioeconomy researchers do. I think 
that it’s good that they concentrate. They work, and that should be 
respected as well. It’s not that all of us need to do it in the co-production 
way’. 

Interviewees recognized that ministerial knowledge needs differ 
from the knowledge needs of academia, as ministries rely on summa
rized policy-oriented knowledge. Therefore, interviewees saw opportu
nities for future collaboration towards policy-supporting knowledge, in 
the light of the increasing policy and societal interest taken in the cir
cular bioeconomy. One representative of a research institute explained: 
‘I think there have been several reasons, mainly climate change. I think 
that has given more room for us to operate, and what is more, these 
issues are politically more in the top agenda than they were maybe 
15–30 years ago.’ In the same interview, a colleague added: ‘That need 
for transformative type of knowledge is constantly increasing and the 
need for, not only producing knowledge, but knowledge that can really 
be fed into the policy system […] and that would be rightly timed and 
able to nourish the policy cycle so that a transformation can happen. I 
think the pressure for that and the need for us to work on new manners 
are increasing constantly’. A third researcher, however, criticized that 
decisions in certain conditions are made at the ministerial level to pro
mote certain policies, although research may point in another direction: 
‘the ministries were more willing to believe maybe those numbers that 
were more suitable for their own targets and aims related to how they 
would like to use forests in the upcoming years’. Representatives of 
innovation promoters and one interest organization also perceived the 
increasing political demand for the circular bioeconomy as an oppor
tunity, one that particularly forestry companies would benefit from. 

5. Discussion 

While the results from this qualitative study cannot be generalized 
beyond the Finnish context, reflections can be advanced regarding the 
critical dynamics of knowledge co-production in the context of the 
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circular bioeconomy. In particular, this study explores the issue of 
knowledge co-production from the perspective of different knowledge 
types. As suggested by Urmetzer et al. (2019), the knowledge base a 
sustainable knowledge-based bioeconomy ‘cannot be a purely techno- 
economic one’, but must leverage system knowledge, normative 
knowledge, and transformative knowledge. The empirical analysis in the 
manuscript thus examines issues in the co-production of these three 
types of knowledge, as well in the co-production of lay, expert and sci
entific knowledge Stepanova et al. (2020). Although this framework 
does not address directly the issue of power, power and politics emerged 
indirectly from the interviews. Power manifests in particular in the re
lations between governmental agencies and multiple other societal ac
tors, and these power dynamics were also visible in the knowledge 
process of co- production, for example manifested in tensions related to 
cross-sectoral engagement. 

The findings reveal that all lay, expert, and scientific are recognized 
by the interviewed actors, but are dealt with in different ways according 
to their role in the process of knowledge co-production (Section 3.1). 
Knowledge co-production among various actors is enabled by project- 
driven funding, similar agendas and forma mentis, and organizational 
(e.g. dependencies between governmental research institutes and min
istries) and individual professional networks (Section 3.2). Externally 
perceived authority and reputation were not directly mentioned in the 
interviews. They emerged, however, as an underlying issue in navi
gating ideological positions and the legitimacy of information sources 
on the circular economy (presented in Section 3.3). 

In line with our findings, Korhonen et al., 2018a reported that the 
relationships between actors in the Finnish bioeconomy network are 
partially driven by formalized agreements and the proximity of central 
offices. Those authors also note that the tight network structure may be 
detrimental towards the aims of innovation and inclusive knowledge 
transfer. In our interviews, this phenomenon did not emerge as a chal
lenge or threat to co-production, but it was presented by the in
terviewees as a neutral observation. The question thus remains whether 
tight networks and reliance on personal networks may restrict the 
transformative knowledge on co-production (e.g. entrant individuals or 
organizations cannot participate effectively). It should also be noted that 
during the past decade, key organizations in the Finnish circular bio
economy network have been subject to deep changes and restructuring 
at the organizational level. This no doubt has an influence on intra- and 
inter-actor relationships and co-production dynamics. 

Three main themes emerged regarding the tensions of co-production 
(Section 3.3): lack of shared understandings and ideological positions 
regarding the circular bioeconomy; limitations in funding opportunities 
for cooperation beyond specific areas of study; and difficulties in cross- 
sectoral and cross-discipline engagement. Such tensions affect process/ 
system knowledge, normative/target knowledge, and predictive/trans
formative knowledge (i.e. the practice analytical level outlined by Ste
panova et al. (2020). 

Funding emerged from the interviews as both a catalyst and a tension 
for collaboration, in particular in the context of process/system knowl
edge (i.e. knowledge regarding current states and processes), in that 
funding scarcity may cause competition between and within organiza
tions, hamper the temporal continuity of cooperation, along with pro
ducing knowledge gaps beyond narrow project-level objectives. While 
funding competitiveness and scarcity is a physiological issue in any field, 
Finland, following Germany and France, is reportedly among the Eu
ropean countries with the highest levels of resources for research in the 
forest-based bioeconomy (Lovrić et al., 2020). This raises the question of 
whether space can be made for further refining of the overarching 
purposes of funding. 

Conflicting visions and ideologies concerning the meaning and aim 
of the circular bioeconomy were perceived by the interviewees to be an 
obstacle to collaboration. In other words, this challenges the conver
gence of various actors on co-producing normative/target knowledge, i. 
e. knowledge about appropriate goals for the circular bioeconomy. The 

same problem is reported by a number of articles examining the chal
lenges of implementing the forest-based circular bioeconomy in Europe, 
published in a recent editorial by Toppinen et al. (2020). Literature on 
the (circular) bioeconomy widely acknowledges the diversity of ideo
logical interpretations associated with the concept (Giampietro, 2019; 
Holmgren et al., 2020; Stegmann et al., 2020), which in fact has been 
suggested to be an umbrella concept, with various actors using it to 
frame and legitimize their work and agenda (in the Nordic countries, e.g. 
Hodge et al., 2017; Korhonen et al., 2018b). While it is important to 
stress the need to reconcile these visions to the extent that is possible, the 
elastic nature of the concept likely allows for cooperation between ac
tors with different or even conflicting interests. This raises the questions 
such as, to what extent is it possible and desirable to crystallize the ‘true’ 
ethos of the circular bioeconomy economy? who would be responsible 
for this process (i.e. legitimacy)? would it improve collaboration or 
further exacerbate tensions? In this regard, an important outcome in 
knowledge co-production is learning in and strengthening of institu
tional networks, where ‘[t]he assumption is that a diversity of per
spectives provides a more complete picture of the whole system’ 
(Apetrei et al., 2021, p. 11). Moreover, a recent study by Chambers et al. 
(2021) suggested that in addition to researching solutions, co- 
production can also be leveraged to navigate differences between 
stakeholders and knowledge types, empower voices, broker and reframe 
power, and reframe agency. 

Our study recorded that collaboration is normatively accepted by all 
interviewed actors as one of the means of achieving the sustainability 
goals of the circular bioeconomy. In particular, knowledge synthesis, 
policy-oriented knowledge, and transformative knowledge were valued 
by several interviewees. This places high stakes on the prerequisites, 
quality, and effectiveness of collaboration. However, gaps and diffi
culties in cross-sectoral and cross-discipline engagement emerged as 
problematic in the context of knowledge co-production for the circular 
bioeconomy. These included differences in organizational modes of 
operation and institutional frameworks, the knowledge gap between 
science and industry, and mismatching timescales between science and 
policy cycles. We interpreted such tensions to mainly affect predictive/ 
transformative knowledge (i.e. future trends and developments) because 
collaboration is inherent to, and almost a sine qua non condition for, 
realizing the circular bioeconomy, as reflected by its very ethos (Knierim 
et al., 2018; Winkel, 2017). 

Knowledge co-production is a notion in its infancy, and this typically 
affects other sustainability domains such as energy transitions and 
climate change (Binder et al., 2015; Cvitanovic et al., 2019; Muccione 
et al., 2019). The development of interpersonal and communicative 
capacities, and collaborative competencies at large, is thus highly rele
vant, as is also acknowledged in other domains, starting first with the 
interdisciplinary field of sustainability education (Caniglia et al., 2016; 
Schank and Rieckmann, 2019; Wiek et al., 2011). These meta- 
competencies are all the more useful for attaining a transdisciplinary 
integration beyond the mere cognitive dimension towards a balance of 
styles of thinking, acting, and ultimately being (Pohl et al., 2021). 

6. Conclusions 

The circular bioeconomy presents a set of solutions deemed pivotal 
at the policy, industry, and academic levels, from the implementation of 
the European Green Deal, and more generally, to fostering global sus
tainability transformations (Marchetti and Palahí, 2020). The concep
tual development and concrete operationalization of the circular 
bioeconomy, however, relies deeply on knowledge co-production, 
which requires the coordination and collaboration of various societal 
actors. This study performed an exploratory analysis of issues associated 
with co-production in the context of the Finnish circular bioeconomy by 
eliciting tacit knowledge from representatives of organizations in be
tween science and policy. 

Knowledge co-production was acknowledged and deemed important 
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to support policymaking and transformative processes towards 
improving sustainability in the forest sector. Three areas of improve
ment were identified, and accordingly, recommendations are provided 
to actors and organizations co-producing knowledge or fostering 
knowledge regarding the circular bioeconomy. The first area is 
acknowledging and reconciling (to the extent possible) different visions 
and meanings of the circular bioeconomy, including ones that are more 
sustainability-oriented. The second is improving the effectiveness of 
funding in reference to the specific issues raised by the interviews. This 
includes targeting gap areas in interdisciplinary research; fostering 
organizational intra- and inter-collaboration; guaranteeing the conti
nuity of cooperation beyond project-specific goals (especially between 
academia, innovation promoters and interest organizations, which 
appear to collaborate more on ad hoc projects); and further aligning 
national funding plans with European-level ones. The third area is 
supporting the development of collaborative skills across actors, thus 
providing the necessary resources (in addition to the financial ones) for 
knowledge co-production concerning the circular bioeconomy. 
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