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Abstract: This study conducts a review of the current practices of bioeconomy education and training
in the EU; as well as the associated methodologies; techniques and approaches. In recent years;
considerable efforts have been made towards developing appropriate bioeconomy education and
training programs in order to support a transition towards a circular bioeconomy. This review
separates bioeconomy education approaches along: higher education and academic approaches,
vocational education and training (VET) and practical approaches, short-term training and education
approaches, and other approaches. A range of training methodologies and techniques and peda-
gogical approaches are identified. The main commonalities found amongst these approaches are
that they are generally problem based and interdisciplinary, and combine academic and experiential.
Higher education approaches are generally based on traditional lecture/campus-based formats with
some experiential approaches integrated. In contrast, VET approaches often combine academic and
practical learning methods while focusing on developing practical skills. A range of short-term
courses and other approaches to bioeconomy education are also reviewed.

Keywords: bioeconomy; bioeconomy education; bioeconomy learning; higher education; vocational
education and training

1. Introduction

In recent years the Bioeconomy has become a central topic in EU policymaking, espe-
cially in the context of the Green Deal which was approved by the European Commission
in 2020 and includes a set of policy-related initiatives supporting the transition to carbon
neutrality by 2050, and is expected to continue to receive increased national and EU-wide
policy support in the coming years [1]. In this context, the bioeconomy is expected to under-
pin the transition from a linear economic model that is based on non-renewable resources,
to a circular, low-carbon economy that relies heavily on the production and consumption
of renewable, organic-based resources. Such a transition requires both a mentality change
of the population and a practical transformation of its skillset; as the standards and the
needs change, new job types arise across entire value chains. In order to effectively support
such a transition, a comprehensive bioeconomy education and training system needs to
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be developed, one that will take into account the special needs and the interdisciplinary
approach that the bioeconomy entails. Such a system requires a transformation of existing
education methods and training approaches, as well as the development of new ones [2-5].

Considerable gaps exist in our understanding of the existing practices around bioeconomy-
related training and education. This can partly be explained due to the relevant newness
of the bioeconomy as a concept [6], but also because multiple educational practices and
approaches, that are clearly located within the bioeconomy conceptually, are not explicitly
labelled as such. A range of previous projects and studies have investigated bioeconomy
education programs and approaches [7-10], however a comprehensive review of training
methods and approaches across higher education (HE) and vocational education and
training (VET) is lacking. This is especially relevant as previous studies have highlighted
that education, training and knowledge development in bioeconomy sectors vary widely
across Europe. According to the European Commission, there is a particular lack of training
on bioeconomy for small enterprises and at low levels [2,6,11,12]. In addition, there is a
concern that the labour force is not trained adequately for this transition to a bioeconomy;
especially as it requires expertise that originates in different disciplines and combines a
variety of skills across and along value chains.

This paper aims to fill this gap by conducting a review of the current practices of
bioeconomy education and training in the EU, as well as the associated methodologies,
techniques and approaches. This will contribute to our understanding of how bioeconomy
education and training is conducted, evaluate the different approaches, and provide the
background for the development of additional and necessary bioeconomy curricula. Fur-
thermore, this study aims to conduct a review of current practices of bioeconomy education
and training in the EU as well as the associated methodologies, techniques and approaches.
By doing so this study provides an overview on and relevant categorisations of existing
bioeconomy approaches and also highlights where developments in bioeconomy education
and curriculum have been occurring and where they have been lacking in recent years. In
addition, this study facilitates a discussion on the main commonalities and differences be-
tween the various educational approaches currently used in the bioeconomy and identifies
various areas for future areas of research.

The paper is structured as follows: the rest of this section provides an overview of
previous studies on bioeconomy training and education; Section 2 discusses the method-
ology used in this review; Section 3 presents the results of this study; Section 4 provides
a discussion and macro analysis of trends in bioeconomy training and education in the
context of previous studies; and Section 5 provides concluding remarks.

2. Literature Review

There isa range of bioeconomy policies and strategies developed at the EU level
and country level that support related bioeconomy training and education processes. At
EU level, the 2012 European Bioeconomy Strategy, which was updated in 2018 with the
addition of a Bioeconomy Action Plan, which calls for the new education processes and
the testing of new HE and vocational training curricula [13]. Beyond this, the bioeconomy
is supported by other major EU policies and strategies, including the Green Deal, the
Circular Economy Action Plan and the Farm to Fork Strategy [14,15]. There are also a
few EU Member States with a national bioeconomy strategy, including Finland, Germany,
Latvia, France, Spain, Italy, Ireland, Austria and the Netherlands, while Norway and the
UK also feature their own strategies. Estonia, Hungary and Lithuania are in the process of
developing national strategies [16]. Similarly, all these policies tend to include and promote
relevant bioeconomy education and training in their strategies. In September 2022 the EU
released the report on ‘Promoting education, training and skills across the bioeconomy,’
which assesses expert insights on current bioeconomy education practices and the future
needs for bioeconomy related education until 2050 [17].

Various recent publications exist that investigate bioeconomy-related education and
programmes. Pubule et al. (2020) analyse 10 Master programmes in bioeconomy and high-
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light the interdisciplinary nature of the approaches used [6], while Kalnbalkite et al. (2021)
look more widely at education for the bioeconomy [1]. Ruxandra et al. (2018) investigate
the role of the University in developing human capital for a sustainable bioeconomy [18],
and Masiero et al. (2020) look into bioeconomy-related perceptions among 1400 students in
29 Universities [19]. Less recently, Watkinson et al. (2012) conducted a review of advanced
bioenergy education and training in Europe [11], and Ray et al. (2016) highlighted the
importance of linking bioeconomy development with education in developing countries,
emphasising the potential of e-learning courses [20].

A common theme among relevant journal publications is the importance of interdis-
ciplinarity in any method or approach with the bioeconomy education [21]. Sacchi et al.
(2021), investigate the educational processes required for a bio-based economy, and high-
light that the main challenge for education related to the bio-based economy is the develop-
ment of an effective framework that bridges the life sciences and the social sciences [22].
Onpraphai et al. (2021) argue for the importance of creating new education approaches
that are able to support the shift to a sustainable bioeconomy [23]. It is documented
that education for the bioeconomy is conceptually related to the attainment of the Sus-
tainable Development Goals (SDGs) and education for sustainable development (ESD).
Urmetzer et al. (2020) highlight that pedagogical approaches based on ESD that are inter-
disciplinary can support transformational bioeconomy education processes [3].

Lask et al. (2017), in looking at academic approaches to education for the bioeconomy,
find that most HE programs, in particular at university level, are designed with I-shaped
profiles whereby students specialise in one discipline and research field. However, bioe-
conomy programs are inherently interdisciplinary and aim to create a T-shaped profile,
i.e., where integrative professionals are ideally also disciplinary experts, educated to in-
corporate and connect different disciplinary knowledge domains and methods. Therefore,
the paper makes the case for a bioeconomy education that is multi- and transdisciplinary
as well as practice-oriented in order to create bioeconomy professionals who, although
specialised in one specific field, have an understanding of other related disciplines and are
able to manipulate scientific jargon [24].

Moreover, a range of European and national projects are focused on supporting
education and training in the bioeconomy. Examples of such projects include the Euro-
pean Bioeconomy Library [10], BIOEAST, The BRANCHES PROJECT [7], BE-Rural [8],
MPowerBio [9]. Many of these projects include knowledge exchange and capacity building
programmes for the bioeconomy. The ERASMUS+ project VET4BioECONOMY, which was
completed in 2021, focused on VET programmes on forest bioeconomy, while the ERAS-
MUS+ project FIELDS has a database on VET related programmes in the bioeconomy [25].
Extending the horizon beyond the EU landscape, the ERASMUS+ Capacity Building project
BBChina established a 120 ECTS equivalent Master Program on Bioeconomy in three Chi-
nese Universities through a cross-collaboration between European and Chinese Higher
Education Institutions [26].

In recent years, a host of platforms have already proliferated that support education
processes often by hosting and sharing relevant bioeconomy knowledge, including the
Rural Bioeconomy Portal, the European Bioeconomy Network, the European Bioeconomy
Library, the Bio-based Industry Consortium’s (BIC) bioeconomy platform, the European
Bioeconomy University, the European Bioeconomy Alliance, and the Circular Bioeconomy
Alliance. These platforms, at times overlapping, generally support bioeconomy knowledge
and information sharing and development, stakeholder collaboration, policy development
and provide tools and support for relevant stakeholders.

These publications provide relevant insight into bioeconomy education but none
of them conducts a comprehensive review of the entire bioeconomy education theme.
Additionally, as the bioeconomy is such a wide concept, there are many educational
programmes that are not labelled as ‘bioeconomy’ but clearly belong in this theme. For
instance, a range of studies investigate training and education within the bioeconomy
themes-the farming and agricultural sectors, water-based bioeconomy, forestry, bioindustry,
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bioenergy. However, these studies do not include courses in the bioeconomy per se-there
are few curricula that are focused on the bioeconomy but there are many more that are
related to the bioeconomy. This is an important finding, especially given the established
significance for interdisciplinarity within bioeconomy-related courses, potentially entailing
that bioeconomy education is inherently inter- and trans-disciplinary.

A common point between the relevant policies and strategies, the papers and the
projects is that existing education and training approaches need to be transformed and new
ones need to be developed to effectively train individuals for a sustainable bioeconomy—
the bioeconomists. Relevantly, a recent report by the Global Bioeconomy Summit 2020
investigates how to shape education for a sustainable bioeconomy and identifies the
relevant needs; “The expertise required in the [sustainable circular bioeconomy] SCB
workforce in the industry by 2030+ was identified as: Knowledge transfer from lab to
industry; critical thinking and problem-solving abilities, knowledge in business models
and project management; knowledge about the principles of sustainable development and
the circular economy; knowledge in bio-based markets and techno-economic expertise.”
This conclusion convincingly demonstrates the need for bridging theory with practice, life
with social sciences, and cognitive with technical skills [27].

3. Methodology: Materials and Methods
3.1. Conceptual Approach
3.1.1. The Bioeconomy

There are a variety of definitions and approaches to ‘bioeconomy’ ranging from a
broader, inclusive definition that focuses on biological resources and processes in general
to narrower and more specific definitions that focus on particular sectors. The European
Commission defines the bioeconomy as “using renewable biological resources from land
and sea, like crops, forests, fish, animals and micro-organisms to produce food, materials
and energy [28].” A more in-depth definition provided in the EU Bioeconomy Strategy
is that the bioeconomy includes all systems that are dependent on biological resources
(biomass, animals, plants, organisms), their functions and principles. This includes land
and marine ecosystems; primary production sectors (agriculture, forestry, fisheries and
aquaculture) and; all economic and industrial sectors using biological resources to produce
food, feed, biobased products, energy and services [13].

Considering this definition, the bioeconomy can be conceptually categorised along
5 themes, and in line with the EU bioeconomy strategy. These are:

e  Food/agriculture systems, which encompass the value chains related to farming, the
production of food and biological feedstocks within the 10.5 million farms in the
EU [29].

e  Forestry/natural habitats systems, which are a source of environmental public goods,
raw materials and services, and refer to processes of managing and utilising the EU’s
182 million ha of forests [30].

e  Water systems, which refer to all aquatic systems and respective economic activities
(such as fisheries, aquaculture, aquatic biomass production, etc.).

e  Bioenergy, which refers to all energy derived from organic sources, being the largest
RES in the EU (12% of total energy demand).

e  Biomaterials/bio-based products, which are derived from renewable biological feed-
stocks and are processed creating conventional products (e.g., timber and textiles) and
advanced products (bio-plastics and pharmaceuticals).

It is well documented that the bioeconomy is interdisciplinary [12] and both tran-
scends and interlinks between the themes (food/agriculture, forestry/natural habitats
and aquatic/water system bioenergy and biomaterials), sectors (primary, secondary, ter-
tiary) and the wider economy. The bioeconomy is inherently an inclusive concept as it
is a response to the unsustainability of current economic processes that are often based
on unsustainable production models and contribute to environmental degradation and
societal fragmentation [3].
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3.1.2. Educational Approaches and Methodologies

Bioeconomy education is generally distinguished by a number of characteristics. The
previously cited studies indicate that the bioeconomy needs to adopt interdisciplinary learn-
ing and teaching approaches that are often focused on bringing together and integrating
the STEM disciplines with the SSH (social sciences and humanities) disciplines.

This paper investigates training methodologies, techniques and approaches that are
prevalent within bioeconomy education within the EU. A range of labelling of methodolo-
gies exists by different projects and studies. For this study, we prefer a relatively simple
conceptual categorisation of educational approaches and methodologies, combining the
insights and expertise from the RELIEF consortium as well as the research outputs of the
Erasmus+ FIELDS project [31].

Training and education approaches are wide concepts that aim to broadly describe the
pedagogical approaches to teaching. Based on a variety of sources, and in the framework
of the RELIEF project, we categorise our research and findings along four main approaches:
(i) the higher education and academic approaches, (ii) the VET and practical approaches,
(iii) short-term approaches, and (iv) other approaches. Academic approaches are mainly
based on cognitive approaches to education and learning knowledge and theory. These are
knowledge-based approaches where the goal is to learn, integrate and apply knowledge in
academic disciplines. This approach is often central to higher education institutions, such
as universities, and teaching and learning generally occur over a number of years. Practical
approaches are mainly centred around ‘learning by doing” methods and are focused on
supporting the development of an individual’s skills, abilities and knowledge around
practical, real-life (as opposed to theoretical, hypothetical) issues. These are competence-
based approaches that are focused on supporting students in mastering specific skills and
competencies. This approach is often used in VET institutions and learning duration ranges
from a number of months to multiple years. This generally includes training in skills and
knowledge for a trade or occupation and may be part of secondary or tertiary education
programs or training for specific employment. Short-term approaches are time-bound,
ranging from less than a day to a couple of months. These approaches are generally
intensive, compressing large amounts of knowledge and learning in short time periods
and may adopt a academic, practical or hybrid approach. Other approaches refer to
other learning methodologies encountered in the literature, including do-it-yourself (DIY)
learning, lifelong learning and informal education.

These are conceptual categorisations and considerable overlap between approaches
exists, while each individual approach often adopts learning practices that are favoured by
another approach. The categorisation has been determined based on the ‘focus’ of the given
approach. For instance, in practice an academic bioeconomy University program may have
a focus on theoretical concepts but generally also includes parts that are centred around
problem or project or challenge based learning and also include practical learning and
training. In addition, education and training for a sustainable and circular bioeconomy is
closely related to education for sustainable development (ESD). ESD refers to incorporating
key sustainable development factors into education programs including topics focused on
climatic change, sustainable production and consumption and biodiversity. Similarly, it is
recognized that ESD is interdisciplinary and requires participatory teaching and learning
approaches [3].

Each approach adopts and favours a range of training methodologies and techniques.
Training methodologies and techniques refer to those used in designing and implementing
education and training, i.e., the pedagogical tools used to impart knowledge and skills in
the context of each educational setting. These methodologies and techniques are explored
as a sub-category of the four main training and education approaches identified. The
training methodologies and techniques that were identified and referred to in the existing
literature include: lecture and classroom-based formats, e-courses, virtual learning tutorials,
on-the-job training, work placements/traineeships, practical workshops, in-person class,
focus groups, panel discussions, mentoring, peer learning, participatory learning, on-site
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demonstration, gamification [31]. (See Figure 1). These methodologies and techniques are
not mutually exclusive, meaning that more than one can be used in one education setting
and overlap within one approach, while they are also not assigned specifically to any of the
main approaches. For instance, a lecture/classroom-based University course may make
use of participatory learning techniques, as can a VET course.

Bioeconomy education and training

Bioeconomy food and forestry and water and aquatic B biomaterials and bio-
themes agriculture natural habitats systems B based products
Identified
Training and Higher education and Vocational education Short term education O[h;; ag::;o:g;zs 2
Educational theoretical approach and training and training utrahl\ing
Approaches
Identified
lecture / e-courses and : @ work placements / ¢ ; :

: f | life-long learnin,
Methodologies  dlassroom based virtual learning on e fob vaning traineeships s e =
and techniques

OCUS groups panel discussions mentoring amification DIY
P | di \ i on site

demonstration

participatory

| eer learnin,
learning b g

Figure 1. Conceptual Educational Approach.

3.2. Data Sources, Selection Criteria, Search Strategy and Data Collection

This study conducts a review of the current practices of bioeconomy education and
training. Data was collected from a range of sources including peer-reviewed publications,
reports, results from previous projects, national policies. Our search strategy followed a
number of key steps: on the one hand, all partners of the RELIEF consortium were asked to
participate in the data collection process by providing relevant information and data on
educational approaches in their respective countries as well as the EU. On the other hand,
relevant studies were identified through key word searches through google scholar and
SCOPUS and desk-based research. Keywords used in these searches included ‘bioeconomy
education’, ‘bioeconomy training’, and ‘bioeconomy learning’, these searches identified a
total of 259 publications (175 in Scopus). The publications identified show considerable
increase in recent years until October 2022 (Figure 2).

The studies included here, and in particular journal articles, were screened for rele-
vance and applicability, the reports and projects used came from respected publication
sources, while the journal articles had to be published in well respected and peer-reviewed
journals. 72 studies were found relevant and selected for further analysis. These studies
were chosen as they contained a clear thematic focus on the bioeconomy and education
and training approaches in the EU. Information and data were extracted, compiled and cat-
egorised along a number of categories for each bioeconomy theme. Due to the descriptive
nature of the data and the goal of this study, data was analysed in a qualitative manner
whereby different educational approaches were compared and contrasted.
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Figure 2. Number of bioeconomy education publications in Scopus by year.

3.3. Bias Risk and Limitations

There are a number of key limitations to the present study. Bioeconomy is a gen-
eral concept with varying interpretations. In this sense, there is a risk of losing specific
answers/results when discussing the bioeconomy [4] as they might be found under dif-
ferent terms. In addition, and due to these variations, authors and studies mean different
things when they refer to ‘bioeconomy education’. Moreover, as the bioeconomy is a
relatively new concept there are relatively few studies and approaches that focus solely
on the bioeconomy or use the term ‘bioeconomy’. This is a limitation as some educational
approaches adopt lenses other than the bioeconomy. Due to this newness, there is relatively
little research available on existing bioeconomy education approaches and techniques and
there are considerable data gaps. Future research is needed on more specific aspects of
each education approach in the bioeconomy. There are also a number of bias risks when
conducting a review. As the study is based on data and knowledge that has been shared
with the authors and on keyword searches in google scholar and Scopus, the inclusion of
knowledge and data is at risk of bias.

4. Results
4.1. Higher Education and Academic Approaches

In recent years, many higher education programs centred around the bioeconomy and
its components have been developed throughout the EU. These exist at a range of higher
education levels, including at bachelor, master/post graduate and PhD level as categorised
in Table 1. Common characteristics amongst these programs include: (i) interdisciplinary
design, often bridging STEM and SSH disciplines, (ii) focus on the bioeconomy as a whole
and/or on one or more bioeconomy-related themes, (iii) priority is given on academic
approach, and (iv) teaching and learning approaches are predominantly classroom/lecture-
based formats. These programs tend to be geared around supporting the development of a
knowledge economy and have a strong sustainability-related dimension. This sustainability
dimension appears in many forms throughout the available courses, for example there
could be a focus on the study of the circular economy, the design of eco/efficient bio-
products or on sustainable practices in general [32].

Further, there is a variety of designs and focus attached to these programs and they
can generally be categorised along three main lines: (i) programs focused on a scientific
discipline that emphasise on specific bioeconomy themes (e.g., Bio-technology) [33-36]
(ii) general Bioeconomy programs that provide a general overview of the Bioeconomy and
all its components [32,37], and (iii) programs that give equal emphasis in two disciplines,
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usually combining a STEM and a SSH discipline [38], and that focus on the relevant aspects
of the bioeconomy (e.g., a course combining Bio-technology with Economics or with Ethics).
In recent years, there has been a rapid increase in all of these programs, and specifically the
interdisciplinary design, and this trend is likely to continue [24]. Such study designs are
increasingly accepted within academia and higher education programs, while inclusive
and interdisciplinary approaches are favoured as being paramount to the creation of a
circular and sustainable bioeconomy, which is inherently interdisciplinary. Such courses
approach the subject with a holistic and critical understanding in order to accommodate
the multidisciplinary character of the bio-economy which, as explained above, requires a
re-designing of the traditional educational methodologies which are fragmental.

Regarding bachelor level programs, several were identified in several countries and
can broadly be split into either general bioeconomy programs or specific theme-based
programs. The design of these general bioeconomy programs has a focus on learning and
education across the entire bioeconomy value chain, while some of them may include an
additional focus on particular aspects of the bioeconomy. These programs generally adopt
an academic approach; although the teaching approach somewhat varies, they appear
to use traditional approaches to higher education centred around an on-campus lecture
format combined with problem-based learning with some or limited access to field-work
and laboratory programs [32,37,39].

Regarding the bachelor programs that are focused on specific bioeconomy themes,
this study located several bachelors of science, such as biotechnology, biomaterials, bioen-
ergy, agricultural sciences and agricultural engineering, forestry and bioeconomy. These
programs are likely to incorporate more of a hands-on approach than the general programs
discussed above, with access and use of laboratory facilities and research infrastructure. In
many instances, these programs also have close links with industry and can provide rele-
vant work placements for the students. Course descriptions often mention approaches cen-
tred around problem-based or challenge-based learning or experiential learning, as well as
hands-on learning through lab experiments, field trips, and a capstone project [33,34,36,40].

Regarding Masters programs, these tend to have a closer focus on specific themes
of the bioeconomy and generally adopt a mixed education approach that combines aca-
demic and practical methodologies [11]. The course descriptions of such post-graduate
programs often appear to include a more general, foundational module focused on the
bioeconomy /bio-circular economy as a whole, followed by more focused modules on, for
instance, biobased industries, management of biobased feedstocks, etc. Often, in addition
to the course modules which are generally lecture-based and emphasise on theory, there is
a more practical component as part of the program. This practical component may include
carrying out experiments, either in lab or real-life conditions, or a work placement, or some
independent research [6]. Similarly, to bachelor programs course descriptions are also often
centred around problem-based or challenge-based learning [38,41-46].

Despite these commonalities bioeconomy Masters programs and their development
generally follow country specific developments. For instance, in Italy, Master degrees
are intended as in-depth thematic studies offered independently by universities. The
first example of a Master program related to the Bioeconomy was the “IMES Master in
Bioenergy and Environment”, set up in 2004 with the support of the “EU/US Programme
for Cooperation in Higher Education and Vocational Education and Training” [47]. The 60
ECTS equivalent course run in three US Universities and in two EU Universities and was
mainly focussed on the Biomass to energy chain. It was held in ten editions until 2019 at
the University of Florence, while at the Universidade Nova de Lisboa, it was transformed
into a Master Degree at the end of the 2010’s. In this Master, the multidisciplinary approach
was developed all along five different axes: Biomass Production (Agriculture, Forestry,
and Energy crops), Energy conversion (Renewable Energies and Bioenergy Generation),
Biofuels (Conventional and Advanced) and Biorefineries, Environmental Impact (modelling
and LCA), and Legislation & Economy. Another important example, started in 2016
and presently running, is the 2nd level Master “Bioeconomy in the Circular Economy
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BIOCIRCE”. It is an interdisciplinary program jointly offered by four Italian Universities
(University of Bologna, University of Milano-Bicocca, University of Naples Federico II,
and University of Turin), by 4 non-academic partners (Intesa Sanpaolo, Novamont SpA,
GFBiochemicals SpA, and PTP Science Park di Lodi), and 2 Italian Technological Cluster
(Cluster SPRING and Cluster CLAN agrifood) providing skills and expertise necessary to
deal with the full range of issues in the complex bioeconomy field [45].

Regarding PhD and further higher education programs, these are not prescribed
and they are variable depending on the topic, however, the general trend shows that
there are an increasing number of PhD programs around the bioeconomy [48]. Such
programs can be practical, academic or hybrid, including a mix of educational approaches.
They are research-focused with the goal of advancing bioeconomy-related research and
development, and they often go in-depth on one more specific topic within the sectors of
the bioeconomy [48-50].

Table 1. Current higher education practices for the bioeconomy.

Type of L. Typical Learning Time Period . . P
Program Description Method (Years) Geographical Locations Prevalence  Qualifications
lecture/classroom
based, e-courses and
Theory-based - .
General . . virtual learning, Germany [37],
. learning with . : . Undergraduate
Bioeconomy . participatory learning, 34 Finland [51], Norway [32], Several
some practical ; degrees
Bachelor some practical Poland [39]
elements. .
elements/on site
demonstration
lecture/classroom
based, e-courses and
Bachelor on - .
i . . virtual learning, Germany [33,34],
specific Mixed learning . : - . Undergraduate
. participatory learning, 34 Spain [40], Finland [36], Several
bioeconomy approach . degrees
many practical UK [35]
themes .
elements/on site
demonstrations
lecture/classroom
based, e-courses and Greece [38,41], UK [42],
Mixed learnin virtual learning, Austria, Ireland, Postgraduate
Masters approach & participatory learning, 1-2 France [31], Germany [43], Many certificates and
PP many practical Netherlands [44], degrees

elements/on site
demonstrations

Italy [45], Sweden [46]

PhD, Post-doc Research oriented

Ireland [49], Switzerland,
Self-learning, some Spain, Italy, Sweden,
lecture/classroom 2+ Netherlands, Germany, Several Degree
based Austria, Belgium [48],
France [50]

4.2. VET and Practical Approaches

The EC defines VET as “the training in skills and teaching of knowledge related
to a specific trade, occupation or vocation in which the student or employee wishes to
participate. Vocational education may be undertaken at an educational institution, as part
of secondary or tertiary education, or may be part of initial training during employment,
for example as an apprentice, or as a combination of formal education and workplace
learning” [52].

VET programs that are focused on specific themes of the bioeconomy are prevalent
across the EU. This study has located a multitude of agricultural courses, forestry courses,
energy/electrician courses. Relevantly, the EU ERASMUS + project FIELDS has created a
database on VET related programs in the bioeconomy [31]. VET programs are generally not
standardised across the EU in terms of education and training methodologies and there is a
wide range of approaches and learning methods used. In practice, different countries have
different approaches to VET education and the training is linked differently with secondary
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and tertiary education systems. For instance, it is common for VET education to be centred
around education institutions but in some countries VET education and certification can
also be achieved through apprenticeships, which is the case in France.

VET courses are predominantly focused on training and teaching of skills and knowl-
edge for employment. In this sense, in VET courses on the several bioeconomy themes,
the typical learning approach is centred around the teaching of practical skills, achieved
through experiential learning and hands-on practice [53]. A common VET course descrip-
tion is likely to include a short theoretical overview of the relevant topic/bioeconomy
theme, followed by a range of practical training directed towards the specific topic and the
practical skills attached to it. There is a large variation in the types of practical training
offered, which can come in the form of lab work, traineeship, apprenticeship, etc.

Common thematic focuses for the courses located (Table 2) are agricultural technicians,
digital /technological expertise combined with a bioeconomy theme and forest management
expertise. A commonality amongst all VET courses located is that they all involve some
level of practical training, usually done through on site/farm demonstration and learning
activities and students receive a certificate at the end of their studies. This may also be
combined with a work placement, generally towards the end of the program. Amongst
the VET courses located there are considerable differences in terms of the time period
of all courses ranging from a couple of weeks and/or hundreds of hours to 2+ years
and/or 2000 h [53-59]. Clearly rural extension services are also important methods for
providing training and education for rural stakeholders on the bioeconomy, however,
during this review no extension programs with a focus on the bioeconomy were located.
The development and integration of these is an important area of future research.

Table 2. Approaches and Methodologies in VET Education and Training for the Bioeconomy.

Course Title Description Typical Learning Time Period Location Qualifications
Methods
Training to become a
Smart Farming smart farming technician =~ Lecture/classroom and 800 h (400 on
and Bioeconomy following a range of on-farm demonstration site, 400 Italy Certificate
Technician [53] courses, field learning and activities classroom)
cv related training
Professional Ag.rotecl'}n.ology
. .. technician training for the =~ Lecture/classroom and
Higher Technician . .
. management of a on-farm demonstration 2 years Portugal Certificate
in Agrotechnology . o
[60] small-medium activities
agricultural enterprise
Focused on creating
ith
.. . entrep.r eneur wit Lecture/classroom and
Technicians in thematic focuses on . . .
. L . on-farm demonstration 1 year Spain Certificate
rural areas [54] innovation in agriculture, b
s ets activities
the viability of farms,
irrigation
Data-Driven
Agri-Food Online learning 10 weeks Netherlands Certificate
Business [61]
Vocational training with On-farm demonstration
Agrogardening [56] . 8 activities and job 2000 h Spain Certificate
job placements
Placements
.. Lecture/classroom,
Training on forestry use . .
Forest . on-site demonstration . g
and management with 2 years Spain Certificate

Harvesting [55]

associated job placements

activities and job
placements
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Table 2. Cont.

Course Title Description Typical Learning Time Period Location Qualifications
Methods
. Tec.hmcal training asan On-site demonstration
Environmental environmental technician . . . o
- .. - activities and job 2 years Belgium Certificate
Technician [57] through training and job
placements
placements
Technician in Technical training on Lecture/classroom and
agricultural producing agricultural on-farm demonstration 2000 h Spain Certificate
production [62] products activities
Technician in Technical studies for
Forest forestry and Lecture/classroom and
Management and environmental work in on-farm demonstration Spain Certificate
the natural mountainous areas and activities
environment [63] nurseries
Entrepreneur zri?;;?,?uizli SL;Z?E:;?EE Lecture/classroom and
Biodynamic gricuttura’ p . on-farm demonstration Netherlands Certificate
} technician integrated with R
agriculture [59] hi activities
igh school
. Techrucal training asan Classroom/lecture
Agricultural agricultural technician and participator Up to 6 years Belgium Certificate
Technician [58] through training and job participatoty P y &
learning
placements
Agricultural Training fpr Agrlcu‘lt'u ral Lecture/classroom and
. Production Technician . o
Production . on-farm demonstration 1 year Portugal Certificate
. Integrated with R
Technician [64] . activities
high school

Table 3. Short term education and training approaches for the bioeconomy:.

Category

Typical Learning
Approach

Methods

Description

Example Courses

Workshops

Mainly academic,
possible some
practical

Panel Discussions
Focus groups
Lecture based

Short events ranging from a few
hours to a few days.
Focused on specific themes
around the bioeconomy or
general bioeconomy.
Condensed knowledge transfer.
Often are organised in the
context of EU and/or national
bioeconomy related projects

Unlocking Regional
bioeconomy transitions.
State of the art and ways
forward [65]
Sustainable Production of
Biobased Products in the
Bioeconomy Era [66]

Short Courses

Mix between
academic and
practical

Lecture based
Tutorials
Practical teaching
E-learning courses

Range from a few days to
Some assessment. Students with
bioeconomy background or not.
Generally, a mix of lectures, lab

and field visits.
Online courses

Training course for farmers:
non-food crops (NFC) for
bioeconomy in Italy [67]
Summer School: Towards a
Biobased Economy [68]
Bioeconomy school [69]
ELLS Summer School on
Bioeconomy [70]

SME Training

Mentoring

Generally centred around
capacity building and
supporting SME developments
in the bioeconomy

Bioeconomy Ventures [71]
MPowerBio [72]
DigiCirc [73]
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With regards to connections between these more practical VET courses and the aca-
demic higher education courses described above, there seems to be a considerable overlap
between the two; the VET courses usually include a theoretical aspect, albeit smaller than
the practical part of the course, often in the introductory modules, while in the higher
education courses there often is a module that requires more practical skills, possibly in the
form of lab experimentation or work placement.

4.3. Short-Term Training and Education Approaches

Several short-term education and training approaches for the bioeconomy have been
located and are summarised in Table 3. They have been categorised according to workshops,
short courses and SME training. These categories generally adopt varying and mixed
learning approaches and methods, depending on the goal and the scope of the training,
they last for a short period of time and are generally knowledge-intensive. These courses
are run by several bodies and are supported through various funding modes, including
national and EU projects, universities, research institutes, NGOs and for-profit enterprises.
Most of these courses either focus on general knowledge sharing on the bioeconomy or the
development of specific skills for specific topics within the subject.

4.4. Other Approaches

A range of other bioeconomy education approaches is also mentioned by various
actors. These approaches are often informal and/or are not attached to educational insti-
tutes and are centred around individual and lifelong learning schemes, though are often
dependent on open-source data published by educational institutes. These approaches
are generally characterised as self-motivated and voluntary, for personal and professional
reasons, and can be practiced by a range of methods, including both academic and practical,
depending on the relevant scope and goals [24,27,74]. A range of education techniques
are practiced but are generally based around on the job training and participatory learn-
ing techniques, mentoring and self-learning through audio-visual material but can also
include learning appropriated through informal means such as through discussions with
other relevant stakeholders. Multiple authors argue that these self-motivated processes are
crucial for supporting a society wide transition towards a circular bioeconomy and need to
be supported by educational material and scientific research that is available to the general
public [20,27].

5. Discussion

The findings presented in this report illustrate that education approaches attached
to the subject of the bioeconomy vary considerably across the EU, with a range of aca-
demic, practical, hybrid, short term and other approaches. There are some important
commonalities in the methodologies used within these approaches; the education offered
is generally problem-based, interdisciplinary and combines academic and experiential
learning. Furthermore, the teaching methods vary, traditional lecture based and lab based
formats are popular while in recent years online-learning has also become popular [31]
replacing and/or adding to the more traditional lecture formats.

Courses focused around academic and higher education have proliferated, especially
in recent years. These have also been centred around creating increased collaborations
between existing institutions, for instance, In 2022 the European Bioeconomy University
was launched as a collaboration between 6 European universities to promote bioeconomy
education [75]. The main learning approaches used in these educational systems are based
around traditional, campus-based lectures and tutorials, sometimes with slight variations
in the format [24]. There is some focus on problem-based and experiential learning within
relevant courses. More specifically, there is a relatively high selection of masters’ courses
that combine bioeconomy with a thematic focus. Pubule et al. (2020) highlight that
bioeconomy master programs are designed around thematic focuses that aim to facilitate
long-term employment in the bioeconomy sector. They also highlight that most of these
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programs are currently concentrated in Western Europe though they predict a likely spread
to other areas around the world as the bioeconomy becomes more and more prevalent [6].

Regarding VET programs, in the research process of this study, it was relatively easy
to locate higher education courses but harder to locate practical VET courses. This is in
line with the study by Ciriminna et al. (2022) who highlight that in recent years university
courses on the bioeconomy have proliferated but that there is a need for more practical
courses [12]. However, the distinction between the various education approaches is not
always clear when it comes to VET programs, while the categorisations between VET and
HE programs appear increasingly blurred. On the one hand, this is likely to be due to
the newness of the bioeconomy as a concept but also due to the inherent interdisciplinary
nature of bioeconomy education that generally requires and includes a mix of academic and
practical approaches to education. The lack of data around specific design of VET courses
is a major data limitation this study, and as more practical courses become available, our
understanding of the approaches used and their effectiveness will become clearer. A key
recommendation coming out of various studies is that there is a need for considerably more
practical bioeconomy education approaches, especially vocational ones, that support the
development of relevant skills across a variety of economic sectors [76].

Given that a thriving bioeconomy is the foundation for the transformation towards
a circular economy;, there is a need for more bioeconomy programs [3]. It is clear, that on
a policy level, the importance of bioeconomy education is now widely recognised [12],
however our understanding of what transformative bioeconomy training approaches are
and how they fit into supporting the transition towards a circular economy remains limited.
There is a need for bioeconomy experts across the economy, within research, the public
sector and private sector [12]. Considerable attention is now being put towards mapping
and creating new approaches to training for the bioeconomy and these can build on the
research presented in this paper. Such programs, courses and modules are necessary to sup-
port knowledge-wise this transition and the training approaches and methodologies need
to also be transformative and need to combine higher education, VET and industry in each
of the themes of the bioeconomy, in order to approach the concept in an interdisciplinary
manner that supports an understanding of the complexities of a sustainable bioeconomy.
Indeed, various studies [3,11,27,77,78] argue that bioeconomy educational programs need
to be designed to create a knowledge-based economy and to provide the new skills needed
for the new and upcoming bioeconomy [17]. To fulfil this, relevant programs need to be
innovative, interdisciplinary, holistic and open to advancements.

This review indicates multiple areas for future research on bioeconomy training and
education. Overall, it is clear that, considering the size of the EU and the bioeconomy,
bioeconomy education programs remain relatively limited. As the development and
transformation to a sustainable bioeconomy is depended on new and relevant skills and
competences a unified EU bioeconomy training and education program is needed that
is both multidisciplinary and dedicated to the development of a sustainable bioeconomy.
For this to happen further research is needed on what skills are required for such a transi-
tion. Such research can be strengthened by EU wide initiatives that monitor and analyse
new bioeconomy learning approaches and identify and disseminate best practices. A
standardised methodology that carries this out could focus on first ‘identifying emerging
skills needs’, then ‘updating existing content and teaching methods” and then ‘adopting a
modular approach’ that allows for the development of tailor made education programs [79].

This review also suggests that there is a lack of current VET programs focused on
the bioeconomy, further research on how to develop and integrate them into existing
structures would facilitate their development. There are various ways to support this
including research on what long term skills and competences for the bioeconomy are
needed and how to better embed educational approaches in career guidance, this could
be then be followed by a process that integrates relevant educational recommendations in
relevant national and EU strategies. In addition, Kuckertz 2020 recommends integrating
and facilitating entrepreneurship, research on how entrepreneurship can aid bioeconomy
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training programs could be valuable [80]. This review also suggests that a focus on how to
integrate extension and advisory services would be beneficial for bioeconomy stakeholders.
Extensive research is needed on how bioeconomy extension services can be integrated in
existing extension services. This is particularly important as the remit of the bioeconomy is
considerably larger than existing services.

A considerable drawback of current bioeconomy related research is that there is
no concrete accepted definition of what bioeconomy education entails. A recent study
found that some programs still have a tendency to be discipline oriented and that this
can hinder the capacity of students to dealt with complex issues [81]. In the design of
educational programs and pedagogical practices ways need to be found to overcome
learning boundaries [81] whilst ensuring an interdisciplinary approach to bioeconomy
education [82]. Moreover, drawing upon D’Adamo’s et al. [83] remarks, it is important the
education aspects in bioeconomy to be investigated in relation with the EU Next Generation
Fund (as VET and skills consist major priorities) and its funding initiatives and outcomes.

6. Conclusions

This paper has conducted a review of the current practices of bioeconomy education
and training in the EU, as well as the associated methodologies, techniques and approaches.
It has provided an overview of education approaches for the bioeconomy, including higher
education and academic approaches, VET and practical approaches, short term training
and education approaches, and other approaches. The main commonalities amongst these
approaches are that they are generally problem based and interdisciplinary, and combine
academic and experiential. Higher education approaches are generally based around
traditional lecture/campus-based formats together with some integrated experiential ap-
proaches. In contrast, VET approaches often combine academic and practical learning
methods while focusing on developing practical skills. Various areas for future research
are identified in this study. In recent years, considerable efforts have been made towards
developing appropriate bioeconomy education and training programs. However, due to
the scale and complexity required for the bioeconomy transition it is clear that consider-
ably more bioeconomy education programs are required, especially focused on specific
bioeconomy themes.
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