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Abstract. The bioeconomy is a growing sector in both high- and low-income coun-
tries, closely linked to innovation. However, knowledge creation and innovation 
flows remain underexplored due to their complexity. This study aims to introduce 
the Knowledge and Innovation System for the Bioeconomy (KISB) to analyze sector 
dynamics. A systematic literature review examined its application, revealing the need 
for both technology- and collaboration-focused approaches. Key findings emphasize 
the importance of multi-actor and multidisciplinary strategies, with recent research 
prioritizing collaboration over innovation. Ethical and market challenges were noted 
in commercialization. Additionally, the concept of microKISB, operating at an organ-
izational level, offers potential in business and policy research. Ultimately, KISB and 
microKISB serve as tools for policymakers, businesses, and researchers to drive bioec-
onomy advancements.

Keywords:	 bioeconomy, innovation system, knowledge development, innovation flows.
JEL codes:	 D85, O31, Q57.

1. INTRODUCTION

The bioeconomy represents an important segment of the economy of 
both high-income and low-income countries (Johnson et al., 2022; M’barek 
and Wesseler, 2023), gaining increasing popularity in recent years (M’barek 
and Wesseler, 2023). As pointed out by the systemic literature review in Wei 
et al. (2022), four stages of bioeconomy research can be identified, namely: 
the Infancy stage (1998-2002); the Exploring stage (2003-2012); the Bloom-
ing stage (2013-2017); and the Mature stage (2018-to date). Hence, the bio-
economy research can be considered in its maturity. Moreover, even from 
a policy perspective, the bioeconomy is considered an established and no 
longer emerging sector, with more than 60 specific strategies around the 
world (GBS, 2024).

Despite this maturity, the concept of bioeconomy is still subject to 
debate, both in policy and research fields (Vogelpohl and Töller, 2021; Wei et 
al., 2022), with different points of view that hinder a common vision (John-
son et al., 2022; Lewandowski, 2018; Viaggi et al., 2021). The main issue is 
that, based on local characteristics, each country (but even each continent) 
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pushes for a different interpretation of the bioeconomy 
(M’barek and Wesseler, 2023). Several papers have tried 
to aggregate the main visions and approaches of the 
bioeconomy (e.g. Bugge et al., 2016; Vivien et al., 2019; 
Wei et al., 2022). However, regardless of the vision tak-
en, there are some elements that are transversal and 
accepted as intrinsic to the bioeconomy. One of these is 
innovation (Viaggi et al., 2021). Nevertheless, few stud-
ies have focused on the innovative processes that regu-
late the bioeconomy and, in most cases, they emphasized 
practical rather than theoretical implications (Bröring 
et al., 2020; Faulkner et al., 2024; Van Lancker et al., 
2016). Among the few examples of theoretical advance-
ment, one is given by Van Lancker et al. (2016), who 
identified five factors and outlined the key characteris-
tics of the innovation process. The five factors, called by 
the Authors “contextual factors” and defined as factors 
that “impact the implementation and management of 
innovation development processes in the context of the 
bioeconomy” (Van Lancker et al., 2016: 61) are: Radi-
cal Innovation (RI), Complex Knowledge Base (CKB), 
Fragmented Policy (FP), Challenging Commercialisation 
(CC), and Intense Cooperation (IC). These elements are 
considered by the authors as the basis on which innova-
tion development processes are established, but they do 
not describe the wholeness of the development processes. 
A methodological approach that allows us to analyse, at 
the same time, the contextual factors and the develop-
ment processes is that of Innovation Systems (IS). The IS 
perspective has its roots in the seminal works of Lund-
vall (1985; 1992), Nelson (1988; 1993) and Dosi (Dosi et 
al., 1988), who started to switch from a technology-based 
to a knowledge-based approach (Godin, 2006), replac-
ing, in this way, the firm-centred vision of innovation 
with a systemic vision. The concept of IS is nowadays 
well-established (Rubach et al., 2017), with extensive 
literature on the topic (Pyka and Scharnhorst, 2009). 
In this framework, the socio-economic context and the 
relationships among organisations are considered key 
areas of research (Beckenbach et al., 2009; Garud et al., 
2013). Consequently, with the inclusion of new economic 
and social variables within the innovation processes, the 
number of disciplines involved in the study of IS nota-
bly increased, moving the study of innovation into the 
domain of complexity science (Burmaoglu et al., 2019). 
Hence, in the last decades, following the varied back-
grounds and the different research interests of the schol-
ars, many different models to visualize innovation have 
been proposed. 

One of the first models, widely accepted was out-
lined by Lundvall (1992), who introduced the concept 
of National Innovation Systems (NIS), shading the light 

on the impact of national institutions on the develop-
ment of innovation processes (Russo and Rossi, 2009). 
Similarly, Cooke (1992) introduced the Regional Inno-
vation Systems (RIS), underlining the local aspects of 
innovation and the importance of proximity (Boschma, 
2004). Malerba (2002) focused on the Sectoral Systems 
of Innovation and Production. Merging the concepts 
of National and Sectoral Systems, Spielman and Birner 
(2008) developed a concept for a National Agricultural 
Innovation System, further developed by Klerkx et al. 
(2012) in the Agricultural Knowledge and Innovation 
System (AKIS). Instead, focusing on the typologies of 
actors that interact within the system, Etzkowitz and 
Leydesdorff (2000) identified three main categories, 
i.e. government, industry and academia, that establish 
mechanisms, more or less complex, of feedback and sup-
port for innovation. Referring to the double helix model 
of DNA, the Authors metaphorically called this three-
actor model Triple Helix. Afterwards, the diffusion of 
this model in the scientific and political fields brought 
scholars to consider new categories. Hence, Carayan-
nis and Campbell, first added the media and culture, 
affirming the Quadruple Helix model (Carayannis and 
Campbell, 2009), and then, introducing the natural 
environment, proposed the Quintuple Helix (Carayan-
nis and Campbell, 2010). 

Despite the academic debate toward these models, 
these theories have been favourably received by policy-
makers (Aragón et al., 2012). Indeed, in the field of inno-
vation policy, the systemic approach has found increas-
ing success, following and proceeding in parallel with 
the scientific debate (Aragón et al., 2012; Enger, 2018; 
Protogerou et al., 2010).

The aim of this paper is to identify if there is scope 
for a Knowledge and Innovation System for the Bioecon-
omy (KISB) framework and which may be its peculiari-
ties. To do so, we decided to first explore what types of 
IS were adopted to describe the bioeconomy, and then to 
outline the main common characteristics.

Indeed, to the best of the Authors’ knowledge, there 
are no specific literature reviews that assess the state of 
the art of IS framework in the bioeconomy. The origi-
nality of the present systematic literature review lies in 
its ability to assess, at the same time, the contextual fac-
tors of Van Lancker et al. (2016) and IS frameworks that 
mostly characterize the innovation literature in the bio-
economy. 

The final results highlight there is no unique IS for 
the bioeconomy – as it happens in other sectors, such 
as agriculture – and that the contextual factors of Van 
Lancker et al. seem to be deficient in describing the 
complexity of the current innovation context.
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The paper is structured in the following way. In sec-
tion 2, we present the material and methods adopted to 
carry out this study. In section 3, the results are report-
ed in three main subsections, namely: general informa-
tion about the papers; contextual factors identified; and 
categorization of the papers into four groups based on 
two dichotomies: collaborative-oriented vs. innovation-
oriented and business-centred vs. policy-centred. These 
categories were then related to the contextual factors 
and the type of IS approach. In section 4 we discuss the 
results under the lens of a possible unique Knowledge 
and Innovation System for the Bioeconomy (KISB), simi-
lar to what happens in agriculture with the Agricultural 
Knowledge and Innovation System (AKIS). Finally, some 
conclusions are outlined in section 5. 

2. MATERIAL AND METHODS

The present paper is conducted following the PRIS-
MA (Preferred Reporting Items for SysteMAtic reviews) 
approach (Moher et al., 2009). This approach foresees 
several consequential steps. First, the identification of 
what to investigate (research question), where (sourc-
es, databases, etc.) and how to start (keywords, search 
strings, etc.). Second, the Authors determine specific 

preliminary criteria for including or excluding studies, 
for example, based on the typology of items (articles, 
reviews, book chapters, etc.) or only publications in a 
specific range of years. After that, a screening phase is 
carried out, reading titles and abstracts and identify-
ing the match with the predetermined criteria. The final 
selection of the eligible articles is made by reading the 
full papers, rejecting the non-compliant ones that had 
passed the abstract-based selection. The last phase of the 
PRISMA approach is the qualitative review of the select-
ed papers and the presentation of results.

Our research was conducted in July 2024. Based on 
the research question, we conducted our search in the 
Scopus database1, using as a string:  “(bioeconomy OR 
bio-based AND economy) AND innovation AND (sys-
tem* OR network OR cluster)”. This first query returned 
209 documents (Fig. 1). 

Hence, we filtered by subject area, keeping “Social 
Sciences”, “Business, Management and Accounting”, 
“Economics, Econometrics and Finance”, and “Multi-
disciplinary.” Based on the document type, we kept only 
articles and reviews. Then, we excluded Chinese as a 
language. Finally, according to our research question 
and the explained background, we selected only papers 

1 Scopus, Elsevier B.V., https://www.scopus.com/, last seen 04/02/2025 

Figure 1. Overview of the process of document selection following the PRISMA method (Moher et al., 2009). 

https://www.scopus.com/
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from 2017 to 2024 – the so-called maturity stage of the 
bioeconomy (Wei et al., 2022). In this way, a subtotal of 
56 documents was found.

Based on the research question and the objective of 
this study, before starting to read titles, abstracts and, 
eventually, full papers, we defined some criteria:
–	 no papers with no focus/analysis of innovation pro-

cesses;
–	 no papers on business opportunities/product-orient-

ed (with no specific focuses on innovation systems);
–	 no papers on sustainability assessment;
–	 no papers on technology’s impact on sustainability;
–	 no papers on circular economy with no reference to 

bioeconomy.
After the exclusion of non-compliant papers based 

on abstracts or full-paper reading or because the docu-
ment was not findable, we conducted our qualitative 
research on the final number of 24 papers.

The qualitative analysis was conducted through four 
main steps:
i.	 Identif ication of general information, namely: 

Nationality of the Institution(s) of the Author(s);  
Paper’s Topic; Sector(s) or Subsector(s) of the Bio-
economy considered; Study reference Scale; Meth-
odology applied; Innovation Systems Framework 
adopted; and whether Case Study or not (if yes, 
where);

ii.	 Identification of the contextual factors (see Tab. 1 for 
the considered criteria);

iii.	 Classification of the papers based on four categories, 
contrasting on the vertical axis the collaborative-
oriented and innovation-oriented papers, while on 
the horizontal axis the business-centred and policy-
centred ones (Fig. 2). The assignment of a paper to 
one of the categories was concerned primarily with 

the paper’s research objective. If the research objec-
tive was not clear enough, and doubts persisted, the 
analysis moved to results, discussion and conclu-
sion. However, based on the main focus, none of the 
papers fell into multiple categories;

iv.	 Distribution of IS and contextual factors into the 
four previously identified groups.
In greater detail, the criteria listed in Tab. 1 are 

extrapolated by Van Lancker et al. (2016). Hence, to 
assign one factor to one paper, one or more than one of 
the criteria must be directly addressed in at least one of 
the sections of the paper. Thus, for example, to assign 
“challenging commercialisation”, in at least one section 
there must be the identification of difficulties related to 
the commercialisation or adoption of bio-based products 
by other companies (B2B), by the final consumer (B2C) 
or both.

The classification of papers based on the identi-
fied four categories represents an original framework 
developed by the Authors. This framework, taking up 
the original distinction between technology-based and 
knowledge-based approaches, broadens its scope and 
contrasts innovation-oriented papers with collabora-
tion-oriented ones. This choice was made to under-
stand whether, in the study of the bioeconomy, linear 
approaches to innovation persist or whether, given the 
relatively recent birth of this sector, the collabora-
tive and systemic model is prevalent in the analysis of 
the sector. Similarly, the contrast between firm/busi-
ness-centred research and policy-centred research was 
adopted to understand the main point of view of today’s 
research on the topic of innovation in the bioeconomy. 
The main scope of this contrast was to understand the 
distinctions in perspectives between two economic 

Table 1. Criteria for selecting contextual factors.

Contextual factor Criteria

Radical innovation ·	 Redesigned business models
·	 Reconfigured supply chains
·	 Setup new supply chains (new 

convergences of sectors)
Complex knowledge base ·	 Varieties of sciences and 

technologies
Intense cooperation ·	 Cooperation between different 

actors
Challenging commercialisation 
and adoption

·	 Challenging in B2B
·	 Challenging in B2C

Policy schemes fragmented ·	 Different policy schemes
·	 Different administrative levels
·	 Legal limitations for biobased/

biomass applications Figure 2. Papers grouped by main orientation (Collaboration vs 
Innovation) and research field (Business vs Policy).
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branches (namely, business economics and economic 
policy) and to identify which of the two prevails when 
it comes to innovation in the bioeconomy. Further-
more, given the importance of these two perspectives, 
the analysis of the current literature on the topic pro-
vides insights in terms of knowledge gaps and future 
research. Hence, by placing these two contrasts on two 
axes, four different quadrants were identified, and each 
of them was named depending on the two dimensions 
involved. The four quadrants are: I) Network Policy 
(collaboration-oriented and policy-centred); II) Business 
Environment (collaboration-oriented and business-cen-
tred); III) Innovative Business (innovation-oriented and 
business-centred); and IV) Innovation Policy (innova-
tion-oriented and policy-centred).Through these groups, 
it was possible to better understand the differences in 
IS framework adoption pathways and, focusing on the 
innovation process, the factors that characterise the bio-
economy context.

In the results section, after a general overview (sub-
section 3.1) and a description of the contextual factors 
identified (subsection 3.2), the four groups are used as a 
lens (subsection 3.3) to explore the relationship among 
them and IS frameworks adopted by scholars (subsub-
section 3.3.1) and among them and contextual factors 
emerging from the papers (subsubsection 3.3.2). 

3. RESULTS

3.1. General overview 

Considering the geographical location of the 
authors’ institutes, Europe has the most prominent role, 
with twenty papers out of twenty-four that involve only 
European institutes and two papers that involve Euro-
pean and non-European entities (however, in both cases 
the first Author belongs to a European country). Only 
in two cases, the Authors are not European, i.e. in one 
case from Brazil and in the other from Brazil and Aus-
tralia. At the country level, the most represented country 
is Germany with 10 contributions, followed by Finland 
with 5 papers. 

In terms of approach, the large majority of papers 
are applied research with eighteen of them that consider 
a case study. Lovrić et al. (2020) and Bueno et al. (2022) 
stand out as the sole studies where the Authors conduct-
ed practical research without analysing a specific case. 
Among the remaining three, two are literature reviews 
(Lang et al., 2023; Salvador et al., 2021) and one is a 
commentary (Losacker et al., 2023). Moreover, in terms 
of methodology, the most used methods are qualitative 
ones, namely focus groups, semi-structured interviews 

and questionnaires. Other methods comprise analy-
sis of research projects, social network analysis, system 
dynamics and innovation systems approaches.

Looking at the reference scale, the National perspec-
tive is the most addressed, with twelve papers, followed 
by the Global perspective with five papers. Other scales, 
such as Regional or Continental are addressed as well, 
but respectively in three and two cases. The Municipal 
and mixed scale (i.e. National plus Regional) are refer-
enced in one article each.

Regarding the bioeconomy sectors or subsectors 
considered in the papers, the main approach is that of 
considering the bioeconomy in its general complexity 
(Bogner and Dahlke, 2022; Chmielińskii and Wielicz-
ko, 2022; Hurtado and Berbel, 2023; Lang et al., 2023; 
Losacker et al., 2023; Salvador et al., 2021), followed by 
forestry or wood-based bioeconomy (D’Amato et al., 
2022; Giurca and Metz, 2018; Laasonen, 2023; Lovrić et 
al., 2020) and green chemistry or biofibre (Alfano et al., 
2023; Kamath et al., 2023; Korhonen et al., 2020; Loos 
et al., 2018). Less common is the propensity to consider 
various sectors at the same time (Pyka, 2017; Scheiterle 
et al., 2018; Torre et al., 2023).

3.2. Contextual factors identified

Identifying the contextual factors as outlined by Van 
Lancker et al. (2016), we found that the most common 
one is intensive cooperation, a concept that emerged in 
almost all the papers considered (Fig. 3). Even the com-
plex knowledge base is a widespread factor, discussed or 
addressed in almost 75% of papers. Radical innovation is 
covered in just over half of the papers, while slightly less 
than half examines the challenging commercialisation. 

Figure 3. Contextual factors identified, in relative numbers, in the 
papers considered. Legend: RI = Radical Innovations; CKB = Com-
plex Knowledge Base; FP = Fragmented Policy; CC = Challenging 
Commercialisation; IC = Intense Cooperation.
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Finally, the least explored factor is that of fragmented pol-
icy, with less than a quarter of the articles focusing on it.

However, we also found some elements or critiques 
that, moving away from Van Lancker’s definitions, may 
deepen the knowledge of the innovative context in the 
bioeconomy. These aspects are further discussed in the 
following sections.

3.2.1. Intense cooperation

This factor is the most addressed by different 
authors and no changes or modifications are reported 
in the concept: The idea of different actors that intense-
ly cooperate in the bioeconomy innovation processes is 
widely perceived as one of the main characteristics of 
the sector. Furthermore, this result may suggest that, 
nowadays, the multi-stakeholder approach is perceived 
as more distinctive than the multidisciplinary approach 
(see next section on CKB). Bogner and Dahlke (2022) 
underline the importance of empowering and educating 
heterogeneous actors (different in age, gender, social and 
educational background) to stay actively engaged and 
participate in the innovation process with an ex-ante 
approach rather than an ex-post acceptance approach. 

However, D’Amato et al. (2022) report the diffi-
culty in the Finnish Wood-based Bioeconomy (WBE) 
to engage in cross-sectoral and cross-discipline knowl-
edge co-production, pointing out the lack of collabo-
rative skills, and organisational differences. Similarly, 
Laasonen (2023) highlights the positive effects of well-
developed relational capabilities, and, on the other hand, 
the negative impact of their lack on the whole innovation 
system. A solution to these problems is pointed out by 
Alfano et al. (2023), which observe the role of clusters in 
aggregating different actors, that could act as intermedi-
aries and help to overcome the collaboration issues. 

Donner and de Vries (2023) underline the impor-
tance of small-scale initiatives in the circular bioecono-
my business models and the role of geographical embed-
dedness and the relational proximity of actors. In this 
vein, the local-based innovation and the importance of 
local actors are pointed out also by Torre et al. (2023), 
in their study on rural development, and by Taffuri et al. 
(2021) in their paper on the urban management of bio-
waste. In the former, the Authors underline the effective-
ness of knowledge exchange that the multi-level coordi-
nation (from national to local) made and the importance 
of long-term research programs to keep local actors 
embedded and aware of how collaborative research 
works. In the latter, the Authors highlight the complex 
web of stakeholders involved in the CBE paradigm even 
at the municipality level.   

However, in some cases, the difference between IC 
and CKB is blurred. This is the case with some emerg-
ing concepts, such as living labs, where, in the case of 
Losacker et al. (2023), they are interpreted as places of 
interdisciplinary interaction, while in the case of Don-
ner and de Vries (2023), they are seen, more in general, 
as “joint systemic co-creation approaches” (Donner and 
de Vries, 2023: 13). However, in both cases, the living 
labs are cited in the “future research” section, underlin-
ing the absence of studies in the direction of stable and, 
more or less, informal collaborations in the bioeconomy.

3.2.2. Complex knowledge base

Although the complex knowledge base of the bio-
economy is widely recognised (e.g. Bogner and Dahlke, 
2022; Loos et al., 2018; Scheiterle et al., 2018) and still 
remains one of the peculiarities of this sector, the papers 
considered a greater tendency to identify this concept 
with the terms multi- or interdisciplinarity emerges (see 
for example Chmielińskii and Wieliczko, 2022; Orozco 
and Grundmann, 2022; Torre et al., 2023). Chmielińskii 
and Wieliczko (2022) identify interdisciplinary as a way 
to catch the overall complexity of the bioeconomy and 
render a holistic vision. This complexity is also point-
ed out when addressing the issue of lacking knowledge 
or capacity. For example, the case of Loos et al. (2018) 
points out the lack of capacity of the national system for 
the implementation of a biomass-based value web that 
involves several professionals and different know-how. 
In particular, the authors underline the poor awareness 
and evaluation of by-products as a resource and the need 
for coordination and support from public institutions. 
The latter should facilitate innovation diffusion, support 
applied R&D, and align institutions toward the commer-
cialisation of plantain fibre (the byproduct analysed in 
the paper). Similarly, Drejerska et al. (2020), point out the 
lack of managerial know-how in implementing circular 
biowaste management. These two examples demonstrate 
how, through a systemic analysis, factors emerge that 
are difficult to identify in a mere technology-oriented or 
based on a linear approach. In this vein, in recent years 
some connected concepts are often addressed together 
with knowledge base, such as skills (e.g. Alfano et al., 
2023) or education (e.g. Chmielińskii and Wieliczko, 
2022; Hurtado and Berbel, 2023). 

3.2.3. Radical innovation

In their paper, Van Lancker et al. (2016) state that 
“although some existing products and processes may 



21Towards the knowledge and innovation system for the bioeconomy?

Bio-based and Applied Economics 14(2): 15-30, 2025 | e-ISSN 2280-6172 | DOI: 10.36253/bae-17326 

only need some incremental, gradual innovations, the 
transition [towards the bioeconomy] will mainly require 
diverse, radically new and disruptive innovations” (Van 
Lancker et al., 2016: 61). This contrast between a more 
radical and a more moderate approach to innovation 
often emerges in the papers analysed, although with 
varying terminology. For example, Taffuri et al. (2021) 
apply an “improvement” perspective, by introducing 
bio-waste valorisation possibilities within the current 
Metropolitan Solid Waste Management System of a city 
in northern Italy (i.e. Turin). Kamath et al. (2023) con-
trast the “path-modernisation” with the “path-creation.” 
The range of different types of innovation is also part of 
the work of Orozco and Grundmann (2022), who out-
line the variation from incremental to disruptive inno-
vations. This latter concept, gains a wide consensus. 
Indeed, also Lovrić et al. (2020), Bueno et al. (2022), 
and Losacker et al. (2023) use the term “disruptive” to 
identify the most radical innovations. However, it is 
important to underline that, although both radical and 
disruptive are concepts that imply a deep change, they 
slightly differ from each other. In fact, the concept of 
disruptive innovation implies a modification of market 
dynamics through novel business models and low-end 
market capture, while the concept of radical innova-
tion is more related to groundbreaking technological 
advancements (completely new ideas or products) that 
cause significant organizational transformations within 
companies (Hopp et al., 2018). 

Closer to the concept of “radical” is the concept of 
“transformative knowledge” explored by Bogner and 
Dahlke (2022) in their paper on the German bioecono-
my policy. Indeed, also in this case the main focus is on 
the policy side. However, the transition from “innova-
tion” to “knowledge” implies a broadening of the overall 
vision of the phenomenon, with further dimensions ana-
lysed, such as “system knowledge”, “normative knowl-
edge”, “techno-economic knowledge” and “transforma-
tive knowledge.” Furthermore, this approach reconnects 
the concept of RI with that of CKB. 

In the papers analysed, radical innovation is also 
seen from the business side, as emerged with the concept 
of disruptive innovation. In this field, Giurca and Metz 
(2018) consider the market formation, while Lazarevic 
et al. (2020) consider a niche market. Lang et al. (2023) 
underline the important connection between trans-
formative innovation and the involvement of consumers 
in bio-based business models. Hence, even from a more 
business-oriented perspective, the importance of a sys-
temic vision may help (e.g. the business model canvas 
developed by Salvador et al., 2021).

3.2.4. Challenging commercialisation

The aspect of how challenging is the commercialisa-
tion of innovations both for B2B and B2C is addressed 
both directly and indirectly in the papers considered. 
For example, Bogner and Dahlke (2022) indirectly 
address the problem by considering the projects that 
took place in Germany, documenting a strong focus on 
the market acceptance of products and processes related 
to the bioeconomy.

Chmielińskii and Wieliczko (2022) underline the dif-
ficulties that findings from research encounter in com-
mercialisation. However, in their statement, the authors 
do not only imply the importance of convincing potential 
buyers, but they also call for engaging stakeholders across 
business, scientific, governmental, and consumer sectors 
and for using better education at all levels. In this way, 
they mix business and policy recommendations to sys-
tematically enhance the national bioeconomy. 

Losacker (2023), more in line with van Lancker, 
refer to “technology legitimization.” However, this con-
cept encompasses social acceptability and broadens 
the discussion to a legal aspect. Moreover, Lang et al. 
(2023) discuss the active role of consumers in influenc-
ing business models, while, Korhonen et al. 2020 face the 
problem of the performativity of biomaterials compared 
to other materials and the importance of this issue in 
health risks for humans and the environment, stating 
that in some cases “it makes sense to use the most dura-
ble materials available, regardless of the material’s envi-
ronmental performance.” 

In other words, due to the large number of ethical 
challenges that the innovation processes have to face in 
the bioeconomy, it seems that the specific focus on the 
commercialisation side limits the capacity of this factor 
to describe the bioeconomy innovation context. 

3.2.5. Fragmented policy

Due to the sectors convergence that characterise 
the bioeconomy (Lazarevic et al., 2020) the optimisa-
tion of policies still represents an issue (e.g. Korhonen et 
al., 2020). Anyhow, in addition to the low rate of papers 
that directly address this factor, we found that three 
policy issues are perceived as more compelling. First,  a 
need for targeted policy interventions (Giurca and Metz, 
2018), that implement the nowadays well-established 
and structured strategies for the bioeconomy (Bog-
ner and Dahlke, 2022; Hurtado and Berbel, 2023). This 
is the case of the EU, where in addition to the strategy 
pointed out by the Commission (EC, 2018), almost all 
MS developed their own strategy (Joint Research Centre 
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European Commission, 2022). An example of successful 
policy intervention is outlined by Lovrić et al. (2020) in 
the case of Finnish WBE. In this context, the incremen-
tal change from a forestry to a wood-based bioeconomy 
policy has been perceived as a success for the stakehold-
ers involved thanks to the reduced policy fragmentation.    

The second policy issue is the lack of specific funds, 
considered under several aspects: D’Amato et al. (2022) 
indicate the limited funding opportunities for cooperat-
ing in cross-sectoral initiatives as one of the main ten-
sion factors in the Finnish WBE; in Laasonen (2023), the 
Finnish regional and business development agencies and 
the research and education organisations point out the 
need for external funding for R&D activities with other 
partners as one of the element to keep vital collabora-
tions;  Alfano et al. (2023) show that only a small per-
centage of the green investments made by Italian firms 
belonging to a biocluster is supported by public funds, 
with the highest percentage of investments financed by 
venture capital or traditional bank financing.  

The third policy issue is a lack of legal frameworks 
for new technologies or services in the field of the bioec-
onomy, as emerged in the challenging commercialisation 
(see specific section).

Based on these findings, the fragmented policy fac-
tor does not describe the overall complexity of policy 
frameworks in the bioeconomy.   

3.3. Papers classification

The highest number of papers belongs to the cate-
gory of Business environment, with nine papers, followed 
by Network policy with eight (Fig. 4). 

The Innovation Policy group and Innovative Business 
follow with, respectively, four and three papers. Hence, 
looking at the four dimensions considered, we found a 
higher number of papers directly focused on collabora-
tion (seventeen papers) rather than innovation (seven 
articles), while between business and policy-centred 
papers we found a balance of twelve papers each. 

3.3.1. Groups and Innovation Systems

Although the identification of the Innovation Sys-
tems (IS) Framework for each category did not yield 
significant results, some remarks can be made. In gen-
eral, there is a wide range of frameworks adopted by 
different authors . In the first period (2017-2020) we 
notice a greater diffusion of innovation systems most 
known in the literature on innovation, i.e. National 
Innovation Systems (NIS), Regional Innovation Sys-
tems (RIS) and Technology Innovation Systems (TIS); 
while in a second phase (2020-2023) we notice a 
decline in these systems in favour of other frameworks, 
such as knowledge-based systems (e.g. Bogner and 

Figure 4. The selected papers classified based on the four different groups.
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Dahlke, 2022; D’Amato et al., 2022) or stakeholders 
analysis (Taffuri et al., 2021). More in detail, looking at 
the several IS frameworks, the NIS was more adopted 
in the business-centred (Loos et al., 2018; Scheiterle 
et al., 2018), TIS in policy-centred papers (Giurca and 
Metz, 2018; Lazarevic et al., 2020) and RIS in collab-
oration-oriented studies (Hurtado and Berbel, 2023; 
Kamath et al., 2023). No specific IS are adopted on the 
innovation-oriented side.

Delving into the specific groups, no remarks emerge 
from the Innovative Business and Innovation Policy, 
while in the case of Business Environment and Network 
Policy, we notice two peculiarities. In the Business Envi-
ronment case, there is a tendency to focus with greater 
detail on sub-groups of the whole IS, adopting concepts 
like networks (Bueno et al, 2022) or bioclusters (Alfano 
et al., 2023; Kamath et al., 2023). Instead, the Network 
Policy group’s peculiarity is the broadening of the vision 
towards a systemic approach of both innovation and 
knowledge. Indeed, only in this group, the concept of 
knowledge is used as a discriminant. For example, Bog-
ner and Dahlke (2022) use different knowledge (i.e. 
transformative knowledge, system knowledge, normative 
knowledge and techno-economic knowledge) to identify 

the different types of policies, while D’Amato et al (2022) 
discuss the Knowledge co-production within the Finnish 
WBE. Finally, Chmielińskii and Wieliczko (2022) adopt 
the framework of Innovation and Knowledge Systems, 
which can be linked to the broad literature on Knowl-
edge and Innovation Systems (KIS). 

3.3.2. Groups and Contextual Factors  

Apart from Intense cooperation, which is the most 
addressed factor in each category, other contextual fac-
tors are mostly in line with the IS frameworks outlined 
above (Fig. 5). 

Indeed, Complex Knowledge Base is the most repre-
sented factor in collaborative-oriented research, in par-
ticular in the Network Policy group, where it is at the 
same level of Intense Cooperation and this confirms the 
aforementioned interest in the concept of knowledge in 
this group. Instead, in innovation-oriented studies, Radi-
cal Innovation has a prominent role in the Innovation 
Policy group, while in Innovative Business, it shares the 
same rate with Complex Knowledge Base and Challenging 
Commercialisation. In particular, this latter factor char-
acterises innovation-oriented research more than collab-

Figure 5. Contextual factors identified, in relative terms, in the four groups of papers considered.
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orative-oriented one. The Fragmented Policy is addressed 
almost only in the policy-centred papers.

4. DISCUSSION

The variety of frameworks applied to describe the 
IS in the bioeconomy hinders the identification of a sin-
gular and unified framework. While this abundance 
of methodologies allows for the analysis of innovative 
systems from multiple perspectives, moving toward a 
unique, widely accepted IS may provide some advan-
tages. An example might be provided by one of the most 
known and successful IS, the Agricultural Knowledge 
and Innovation System (AKIS) (Germundsson and Nor-
rman, 2023; Ingram and Maye, 2020; Klerkx and Bege-
mann, 2020). Rooted in the studies of Röling (Röling, 
1988; Röling and Wagemakers, 1998),   Arnold and 
Bell (2001) and Spielman and Birner (2008), the AKIS 
framework was supported by various supranational bod-
ies, such as OECD (2012), World Bank (Julio and Ger-
man, 2001), and EU (EU-SCAR, 2012, 2015, 2019). The 
latter, in particular, after a gradual introduction of this 
framework as a policy tool (EU-SCAR, 2012, 2015, 2019), 
decided to highlight the role of the AKIS introducing it 
in the Common Agricultural Policy (CAP) 2023-2027 
(European Parliament and the Council of the European 
Union, 2021) and asking MS to assess how the different 
actors that compose the national AKIS interact and sup-
port the production and use of knowledge and innova-
tion (EU CAP Network, 2023). Although this concept 
is still perceived by many political and administrative 
decision-makers as vague and there is difficulty in fully 
understanding it (Knierim and Birke, 2023), a well-func-
tioning AKIS is seen as a way to strengthen the impact 
of funds and policy interventions, avoiding duplica-
tions and saving costs (EU-SCAR, 2019). In this sense, 
a unique IS for the bioeconomy, as the Knowledge and 
Innovation System for the Bioeconomy (KISB) proposed 
by Esposti (2012), might represent a way to determine 
coherent fund allocations and policy interventions, ful-
filling the requests in this direction that we found in this 
review. In general, this vision might overcome the frag-
mented and sectorial policy framework that persists in 
the current bioeconomy. Furthermore, such a tool might 
be useful not only for policymakers but also for all the 
other components of the system (Knierim and Birke, 
2023). For example, through the analysis of the KISB, 
several gaps in the system may emerge (e.g. missed bro-
kers or missed technologies) and this may provide to 
extension services and firms interesting niche markets.  

Nevertheless, it is fundamental to keep in mind 
that some profound differences persist between AKIS 

and KISB. First, due to its modernizing mission and its 
focus on increasing the sustainability of the rural world, 
AKIS’s core components are practitioners, i.e. farm-
ers, foresters, fishers, and food processors (Knierim and 
Birke, 2023), seen as implementers of practices that have 
a direct effect on the environment (Schmidt et al., 2022). 
Instead, as we saw in our findings, the current bioecon-
omy implies a vision that even overcomes Van Lancker’s 
Complex Knowledge Base, incorporating knowledge-
intensive, high-tech and high organisational and imple-
mentation skills. In this sense, the different typologies 
of practitioners involved in the bioeconomy (e.g. bioma-
terial producers, bioenergy producers, etc.) expands the 
audience of stakeholders involved, each with particu-
lar needs linked to their own area of ​​interest and refer-
ence market. In addition, as we found in this review, the 
active role of primary producers in the innovation pro-
cesses of KISB is little explored and, therefore, consid-
ered marginal. 

Second, the current AKIS literature and the actual 
policy implementation are mainly focused on extension 
services (Amerani et al., 2024; Knierim and Birke, 2023), 
especially in their role as innovation brokers. Based on 
the papers we considered, this aspect cannot be focal of 
KISB nowadays because of the current lack of specific 
research on advisory services in the bioeconomy innova-
tion process. Indeed, to date, research is mainly based on 
the helix approaches (triple, quadruple and rarely quintu-
ple), considering only the main actors (e.g. business, aca-
demia and policymakers) and not connection figures. In 
this sense, it is not clear whether firms are directly linked 
to research institutions – with no need for intermediaries 
–, or if the high-tech innovations in the bioeconomy sec-
tor have equipped firms’ in-house R&D with the neces-
sary skills to avoid external advisory services.   

Third, AKIS can be considered part of KISB if we 
consider that agriculture is part of the bioeconomy. Any-
how, the study of the interactions between these two sys-
tems is still in its infancy (Chmielińskii and Wieliczko, 
2022; Vilkė and Gedminaitė-Raudonė, 2020), with sever-
al aspects to be further explored, such as the importance 
of the national AKIS within a national KISB or the inter-
actions between AKIS and the other IS to form KISB. In 
particular, can we consider one system overarching the 
other, or are they synergistic or complementary?

Fourth, the different roles and importance of con-
sumers. On this aspect, the KISB perspective gives a 
complexity that the contextual factors identified by Van 
Lancker et al. (2016) do not catch completely. Indeed, 
both the Challenging Commercialisation and Intense 
Cooperation do not focus directly on the challenging 
aspects that characterise the whole innovation process 
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in the bioeconomy. For example, sustainability and cir-
cularity concepts are nowadays considered paramount 
for the bioeconomy (D’Amato and Korhonen, 2021; 
Drejerska et al., 2020; Lang et al., 2023; Salvador et al., 
2021). In this vein, the use of biological resources inevi-
tably raises ethical dilemmas (Viaggi, 2018; Viaggi et 
al., 2021). An example of this is the possible contrast 
between food production and the production of other 
crops (e.g. for biofibres or bioenergy), which is known 
as the competing dilemma (Asada et al., 2020). Another 
example is the well-known debate around genetic modi-
fications (Hartung and Schiemann, 2014; Jacobsen et 
al., 2013; Weisenfeld et al., 2023), which strongly affects 
the biotechnological component of the bioeconomy (Wei 
et al., 2022). These two examples give an idea of the 
importance of stakeholders’ engagement in the innova-
tion development, in particular consumers, citizens and 
end-users. This could be also the reason why the Intense 
cooperation is the most accepted contextual factor as 
emerged from our results. However,  many aspects of 
this cooperation are still unclear. Just to cite some unan-
swered questions: What are, nowadays, the main drivers? 
What bottom-up mechanisms characterize cooperation 
for innovation in the bioeconomy? Is this cooperation 
market-pushed or policy-driven? How does consumer 
behaviour influence the whole system in the transition 
towards new bio-products? What is the role and how do 
local actors contribute to the implementation of new bio-
economic value chains? 

This latter aspect raises questions regarding the dis-
pute that we found among researchers around the issue 
of Radical innovation. As we saw, researchers are mainly 
divided between a more moderate and incremental vision 
of how to implement the bioeconomy (e.g. Taffuri et al., 
2021) and a more intense and radical one (e.g. Bogner 
and Dahlke, 2022). Although opposed, from a KISB per-
spective these two positions can be reconciled. Indeed, 
the path-modernisation and the path-creation (Kamath 
et al., 2023) are both part of the knowledge and innova-
tion processes, with their own actors, mechanisms and 
characterising factors. Hence, both these two streams of 
research can contribute to a better understanding of the 
complexity of innovation in the bioeconomy. 

Moreover, all the underlined aspects can benefit 
both from business-centred and policy-centred research. 
The business-centred research can largely contribute, 
through its attitude toward the stakeholder concept (Taf-
furi et al., 2021; Korhonen et al., 2020) and the sub-sys-
tems description (bioclusters, networks, etc.) (Alfano et 
al. 2023; Bueno et al., 2022; Kamath et al., 2023). Even 
in this case, the AKIS literature may provide a frame-
work to explore many of the aspects underlined in the 

previous questions: microAKIS (Sutherland et al., 2023). 
This framework focuses on the innovation subset of the 
whole AKIS that operates at the farm’s individual level 
or, using the description provided by Sutherland et al. 
(2022), “the sources of knowledge that farmers person-
ally develop to pursue innovations and to manage their 
farms” (Sutherland et al., 2022: 40). The possibility of 
exploring the microKISB opens the room to further 
analysis in the business research, such as new business 
models, business environment and market creation with 
a firm-centred systemic perspective. It also allows for 
considerations in the field of policy-centred research. 
This stream of research can benefit from the micro-
KISB perspective to draw conclusions about the role of 
local actors in the transition from national strategies to 
local implementations. Furthermore, the lack of analy-
sis of the mechanisms of knowledge transmission in 
the whole system and the pressing requests to combine 
policy interventions and funds allocations – short and 
medium-term perspective – with bioeconomy strategies 
– long-term perspective – also  questions the wider KISB 
perspective (more national-oriented). An example is pro-
vided by the emerging issue of education and training 
in the bioeconomy (Chmielińskii and Wieliczko, 2022; 
Hurtado and Berbel, 2023; Laasonen, 2023), which rep-
resents an interesting point of view for policy considera-
tions to optimize the system’s ability to absorb or gen-
erate knowledge (Buchmann and Pyka, 2015; Kurtsal 
et al., 2024). In this sense, the policy-centred research 
may merge Intense cooperation with Fragmented policy, 
showing that the system perspective can, at the same 
time, explain the mechanisms and propose pathways, as 
occurs in the study by Hurtado and Berbel (2023). 

Hence, both KISB and microKISB can contribute to 
answering the unanswered questions, combining differ-
ent levels of research (national, regional, local, etc.), and, 
at the same time, explaining the mechanisms that regu-
late all the contextual factors, taken both individually 
and together.

Finally, considering the least adopted contextual fac-
tors, i.e. CC and FP, we saw that in both cases they were 
limited in their ability to describe the overall complexity 
of the innovation development processes in the bioecon-
omy. This may partly explain why they are less explored 
by the papers considered. Hence, our suggestion is to 
enlarge both the concepts. The CC should become com-
mercialisation dilemmas (or ethical and market challeng-
es in commercialisation), extending the concept to the 
ethical aspects of the commercialisation of bioproducts. 
Instead, the FP should become a complex policy and legal 
framework, underlining the large mix of different levels 
of policies and norms that characterize the bioeconomy.



26

Bio-based and Applied Economics 14(2): 15-30, 2025 | e-ISSN 2280-6172 | DOI: 10.36253/bae-17326 

Giacomo Maria Rinaldi, Davide Viaggi

However, this study has some limitations. Exclud-
ing the linear approach of innovation from research cri-
teria, part of the innovation processes are excluded. In 
this sense, future research may include this approach 
to enlarge the vision of the innovation processes. Simi-
larly, future research may include contributions provid-
ed before 2017, the year we chose as the lower limit of 
our study. Indeed, earlier studies from the Infancy and 
Exploring stages of the bioeconomy literature may pro-
vide further insights for theoretical advancements in 
knowledge creation and innovation development in the 
field of bioeconomy.

Furthermore, no specific analysis has been conduct-
ed in terms of the current level of innovation in the field 
of the bioeconomy system. Specific research on this topic 
is deemed necessary in the future for a better knowledge 
of the sector and to understand how the bioeconomy fits 
into the main modern technological processes (e.g. digi-
talisation, nature-based solutions, etc.). 

Finally, consulting a single scientific database (i.e. 
Scopus) can be considered a limitation of this research, 
which future research on the topic could overcome by 
consulting more databases.

5. CONCLUSION

In this study, we conducted a systematic literature 
review to explore the application of the IS framework 
in the field of the bioeconomy. In particular, the aim 
was to identify the scope and the characteristics of a 
KISB framework. We found that a unique framework is 
nowadays missed. Several approaches were adopted, but 
rarely with the aim of a theoretical advancement for the 
whole bioeconomy literature. Indeed, often the approach 
adopted was the one best fitting for the purpose of the 
research, with rare examples of the opposite, i.e. to seek 
a holistic framework that describes innovation processes 
within the bioeconomy.

However, one of the main results of this study is the 
possibility of applying and benefiting from a specific KISB. 
In fact, the mechanisms and dynamics examined in this 
study go further beyond the simple technology-oriented 
or linear approach to innovation, as we saw considering 
the complex amount of skills and professionals needed to 
implement bioeconomy processes (e.g. in biowaste man-
agement). Hence, based on the examined papers, some 
peculiarities should characterise the KISB. First, based 
on the result that Intense Cooperation (IC) and Complex 
Knowledge Base (CKB) are the most common factors, 
we outlined how the multi-actor and multidisciplinary 
approaches are fundamental in the bioeconomy innova-

tion processes, and it is not possible to exclude them in the 
KISB. Second, we found a more intense stream of research 
in the field of collaborations rather than innovations. In 
this sense, the efforts made by scholars can strongly con-
tribute to outlining a KISB, for example including the 
analysis of knowledge development. Third, even if less 
represented, the innovation-oriented papers add insights 
in terms of challenging aspects of commercialisation in 
the bioeconomy. Finally, we found that there is a wide 
scope for KISB and the connected concept of microKISB 
(i.e. the innovation subset of the whole KISB that operates 
at the organisation’s individual level) in both business-
centred and policy-centred research. Therefore, KISB and 
microKISB must be designed in such a way that they can 
represent an interesting and useful tool for all the actors 
involved in the bioeconomy innovation process, mainly 
policymakers, business actors, and researchers.

Furthermore, similarly to AKIS in the current CAP, 
even KISB may become a policy objective transversal to 
all the sectors involved. This would make all the opera-
tors aware of the actors involved in the knowledge and 
innovation system, and, on the other hand, the bioecon-
omy would benefit from a more systemic promotion and 
sharing of knowledge. 

Moreover, looking at the contextual factors of Van 
Lancker et al. (2017), our suggestion is to enlarge the 
two less-represented concepts, i.e. challenging commer-
cialization (CC) and fragmented policy (FP). The CC 
should become commercialisation dilemmas (or ethical 
and market challenges in commercialisation), extending 
the concept to the ethical aspects of the commerciali-
sation of bioproducts. Instead, the FP should become 
a complex policy and legal framework, underlining the 
large mix of different levels of policies and norms that 
characterize the bioeconomy.
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