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Abstract. Current issue of bioeconomy development has been largely addressed on a linear or
interdisciplinary level, however holistic view of bioeconomy requires a transdisciplinary system
analysis. Developed methodology clarifies vision on bioeconomy definition, bioeconomy
disciplines and disciplinary definition in context of nexus interlinkage, in the result concept of
transdisciplinary approach connection to bioeconomy is determined as processes for sustainable
bioeconomy, that not only replace fossil resources with biobased resources, but strengthens
different disciplines, taken into account interlinkages, knowledge, and stakeholders and
limitations set by planetary boundaries, different dimensions should be included in transition
towards sustainable bioeconomy. Methodology bases on critical literature analysis. Different
bioeconomy disciplines are defined and the obtained results are represented graphically. The
obtained results can be used for further research as a transdisciplinarity basis of the bioeconomy,
studying specific systems, factors influencing them and evaluating potential scenarios and their
impacting tools. Results from implementing holistic vision would provide practical benefit to
policy makers and industry actors by providing an analysis how to improve industrial practice,
policy and how more effectively transfer to sustainable bioeconomy.
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INTRODUCTION

In 2013-2015 there were addressed a pathway for need to look on bioeconomy
from interdisciplinary point of view, mostly because of novel technologies and need to
use side streams, therefore engineering, environmental and socioeconomic challenges
affect products and processes (Golembiewski et a., 2015). Also integration of knowledge
from different disciplines is necessary (Golembiewski et al., 2015). In 2018 the vision
of bioeconomy pathway is determined more complex and one-dimensional approaches
are not suited, therefore more holistic and systemic perspective and sol utions are needed
(Schiitte, 2018). According to (Bugge et al., 2016) categories that has been researched
in bioeconomy are: biotechnology & applied microbiology, energy & fuels,
environmenta science, chemistry, multidisciplinary, environmental engineering, food
science & technology, chemical engineering, forestry, applied chemistry, agronomy,
agricultural engineering, plant sciences, social sciences, biomedical, multidisciplinary
sciences (Bugge et al., 2016). Three bioeconomy visions are set in this article —
bi otechnol ogy vision (research, application and commercialisation), bio-resource vision
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(RD&D, hiological materials in agriculture, marine, forestry and bioenergy) and
bio-ecology vision (potential for regionally circular and integrated processes and
systems) (Bugge et al., 2016). In 2009 OECD (Organisation for Economic Co-operation
and Development) has created an analysis of future developments of bioeconomy on
three sectors — agriculture, health and industry. It has been stated as interdisciplinary
research. Implementation pathways determined technology —based approach and socio-
ecological approach, where the second includes inter- and transdisciplinary approach in
research (Priefer et a., 2017). In other article multi-, inter- and transdisciplinary
environment is stated as ‘social process of knowledge production’ (Klein, 2008).

Current issue of bioeconomy development has been largely addressed on a linear
or interdisciplinary level. But the future development of the bioeconomy should be
viewed more widely, not as limited system. It involves many, sometimes very radically
different, disciplines, both tangible and intangible, which are interrelated and can have
an impact on the development of the bioeconomy, both directly and indirectly. For
example, natural science —chemistry and social science — economics are related, thus
increasing added value by creating new biochemical potential increases economic
development. Other example applied science — agriculture and humanities — history and
natural science — biology, were history about cultures and field research can improve
agriculture practices. Knowledge in physics can improve agriculture technology thus
improving efficiency. Including mutual interaction. The increasing demand of food and
feed, population growth and climate changes require new holistic vision on bioeconomy,
bringing together various stakeholders. It has been acknowledged that holistic view of
bioeconomy requires atransdiciplinary system analysis (Schiitte 2018). There are some
evident need for interdisciplinary approach for bioeconomy (Golembiewski et al., 2015),
so it isimportant to understand if there isreally a need for transdisciplinary approach or
interdisciplinary approach.

Systemic approach will be achieved by nexus thinking and the concept of
transdiciplinary approach in bioeconomy. Transdisciplinary research encompasses
broad, deep and equal opportunitieswith different interests, which usually do not evolve
in the study of policy. There is a need to align the principles of circular economy and
bioeconomy involving system approaches across sectors and macro regional nexus
thinking. This research gives acomprehensive view about holistic vision in bioeconomy
and clear concept with a graphical representation of transdisciplinarity nexus. It should
be noted that the development of the bioeconomy cannot be promoted in all regions at
the same structure, but it is essentid to understand the discipline and which factors
should be considered in the assessment.

The am of this study is to clarify the difference between interdisciplinary,
multidisciplinarity and transdisciplinary approach in bioeconomy and to develop the
concept of bioeconomy transdisciplinarity approach. Therefore, understanding is the
bioceconomy transdisciplinarity and what are the essential components of this system.
Therefore, critical literature analysis was carried out and holistic approach used to
analyse and aggregate the information. Different bioeconomy disciplines are defined and
the obtained results are represented graphically. The obtained results can be used for
further research as a transdisciplinary basis of the bioeconomy, studying specific
systems, factorsinfluencing them and eval uating potential scenarios and their impacting
tools.

2116



Hypothesis is that to achieve holistic approach in bioeconomy, transdisciplinarity
should be evaluated.

MATERIALSAND METHODS

First to have a clear vision on bioeconomy disciplines and transdisciplinary nature,
it is important to clarify bioeconomy definition, discipline definition and disciplinary
definition in context of nexus interlinkage, then it should be clear how the disciplinary
approach connects to bioeconomy. Therefore, a methodology algorithm was devel oped
for this study (Fig. 1).

Methodology is based on concept
development for transdisciplinary 1 Critical literature
bioeconomy nexus, where the result is ] analysis
graphical representation, that can be
easy understood and be basis and
framework for further studies. by 2. Planetary boundaries
Methodology bases on critica
literature  analysis (step1), to l
understand interlinkage from planetary 3. Definition of
boundaries (step2) to bioeconomy M ABoeconomy 19T peconomy [
(step 4) and definition of bioeconomy l
(step3), to understanding the
disciplines overal (step5) and in N Di;‘,f(‘g'igfm'fr:j's e 5-;:§;jfntj;jvi’;lgs°f -«
context of bioeconomy (step 6), as
well as nexus approach (step 7) and its l
linkage to transdisciplinarity approach
(step 8) and taking it al to account

B 8. Transdisciplinarity  [€—] 7. Nexus approach &

come with concept of transdisciplinary l
bioeconomy nexus (step9) with
graphical representation (step 10). 9. Concept of

10. Graphical

transdiciplinary > .
representation

bioeconomy nexus

In first stepclarifying that
everything should be based on critical
literature anaysis, it means not
quantity, but quality assessment of Figure 1. Methodology algorithm.
literature, in the second step, one of the
most important factor,that impacts the overall use of resources and limits is planetary
boundaries (step 2), that should not be exceeded and suppressed if dready is beyond
limits. Step three clarifies that bioeconomy has not one clear definition and can be
understood with variations, here the several definitions from different perspectives is
analysed. Step four elevates bioeconomy concept based on different bioeconomy
definitionsis created, to understand the complexity and include all the main factorsfrom
definitions. Next to build and understand the disciplines in bioeconomy, the overall
definition of disciplinesisgathered (step5). In step six clarifying the different disciplines
in term of bioeconomy is determined. As the last year devel opment shows (Muizniece
et a., 2018) that nexus approach should be considered and has strong interlinks with
transdisciplinary approach (step?).
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Therefore, in step 8 transdisciplinarity definition in terms of bioeconomy is
determined, to create concept of transdisciplinary bioeconomy nexus (step 9). In final
step, the concept is represented graphically that can be stated as future framework for
analysing bioeconomy transdisciplinarity (step 10).

The methodology algorithm is designed to take into account and critically analyse
the diversity of opinions. Common to capture links between views from different
industriesis recorded and compiled. Thus justifying transdisciplinary researched issue.

RESULTSAND DISCUSSION

In order to understand the meaning of bioeconomy on global scale (not only in
terms of international but also of ecosystems), it is necessary to identify the bioeconomy
area. According to the literature, there are nine planetary boundaries (Mace et al., 2014;
Heo et d., 2016; Stockholm Resilience Centre n.d.), which are close related to three
bioeconomy main pillars — resource scarcity, climate change and food security (Fig. 2),
(Lewandowski 2017). Planetary boundaries are not system that could show devel opment
of society, but it can clearly show the boundaries of safe development areaand risk zone.
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Figure 2. Planetary boundaries and bioeconomy pillars (Lewandowski 2017).

The nine planetary boundaries, that has to be taken into account in bioeconomy
development, are:

1) stratospheric ozone depletion;
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2) loss of biosphere integrity (functional and genetic diversity), that includes
biodiversity loss and extinctions;

3) chemical pollution and the release of novel entities;

4) climate change;

5) ocean acidification,

6) freshwater consumption and the global hydrological cycle;

7) land system change;

8) biogeothermal flows - nitrogen and phosphorus flows to the biosphere and oceans;

9) atmospheric aerosol loading.

Planetary boundaries interlink with bioeconomy pillars, that show the global
necessity for sustainable system development, taking into account safe devel opment
zone, therefore it shows complexity of the system required and bioeconomy
transdisciplinary nature is suspected, but there should be clear division between
disciplines and vision on development.
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Figure 3. Bioeconomy schematic representation.

From the definition of bioeconomy and the analysis of different understandings,
bioeconomy concept is summarized and graphically illustrated in Fig. 3. Bioeconomy is
stated as knowledge and technology driven (Golembiewski et al., 2015) and
biotechnology is set as first priority (Ahn, 2012). Bioeconomy covers different science
fields, that is, but not limited to — life sciences, agronomy, ecology, engineering and
management sciences (Golembiewski et al., 2015). According to OECD, bioeconomy is
an innovative approach of transforming knowledge into new sustainable and eco-
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efficient product that is also competitive (OECD, 2009). Bioeconomy knowledgedrivers
isnot only science, but also innovative companies with large knowledge on bioproducts
and services offer (Wozniak & Twardowski 2018).

Bioeconomy interconnect with different topics such as primary resources —
forestry, agriculture, fisheries and aguaculture, and sectors- industrial, such as food,
chemical, energy, ecosystem services of nature like recreation and wellbeing
(VTT, 2018). The main outputs from bioeconomy is sustainable bioproducts, economic
growth, energy supply, employment, services (such as health services) and ecosystem
services (Wozniak & Twardowski 2018). Bioeconomy also implies the sustainable
exploitation of biological resources to produce new bio-based products (Lainez et dl.,
2018), providing conditions for increased standard of living (Aguilar et a., 2013).

The main bioeconomy system is driven by three main flows — bioeconomy drivers,
inputs and outputs, which all are interconnected. It means that changesin one part of the
system would have an impact not only on each other, but aso directly on the
development of the bioeconomy. This demonstrates the crucial role of bioeconomy
extensive coverage, which has long exceeded the level of one industry or country.
Therefore, it is essential to understand how transdisciplinarity of the bioeconomy is
manifested. First of al, it is necessary to understand the essence of transdisciplinarity,
which, like the concept of bioeconomy, isinterpreted very differently.

Discipline relationsin nexus context

Nexus approach is generic-conceptual approach with the aim to find interactions
among different processes, that depends on the impact of various factors (Muizniece et
al., 2018). There are many illustration options on discipline levels, the onethat is closest
in order to understand nexus, is chosen.

Crossdisciplinary (Fig- 4,8
concept isviewing one discipline from

the  perspective  of another,
crossdisciplinary involves associative Qt"
relations between different methods
that are primarily comparative a) b)
(Stirling, 2015). Here one discipline,
for example agriculture farming
interacts with other discipline, for
example agriculture economics, to
find solution on one issue. Results are
solution — oriented.

Multidisciplinary (Fig. 4, b) is
where people from  different c) d)
disciplines working together, eachuse  Figyre 4. illugtration  of discipline  levels
their disciplinary knowledge. In (Stirling, 2015).
multidisciplinary, relationship isusualy
centralised and hierarchical — it uses the power to define ‘discipline’ in research, in the
language of this word. Thus, a particular discipline (in the academic terms, along with
related methods) investigation is a privileged devel opment of other methods of ordering
and the fina results of the general interpretation (Stirling, 2015).
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As for bioeconomy point of view, would be different discipline experts, that are
working on the same bioeconomy issue, for example, onissue of using agriculture waste,
microbiologist can give his knowledge and expertise on how to add value to agriculture
waste, engineer can find solutions for most effective equipment on various sol utions and
economist can give his expertise on solutions that he believes isthe most cost effective.
In this stage, they do not interact with each other. Or interaction is stated as weak link.
Results is more subjective.

Interdisciplinary (Fig. 4, c) integrates knowledge and methods from different
disciplines, using real-world approach of synthesis. In contrast, interdisciplinary has
more symmetrical relationship between disciplines, and different methods can be used
to addressthe contrasting aspects of the existing problem. However, even if participatory
practice is used in subsequent parts of the process, non-academic interests are often
excluded in the most important research, development and interpretation processes
(Stirling, 2015). Here the disciplines that interacts are from different basis, they
interaction are solution- oriented and with strong links, for example, issue on how to add
value on agriculture waste, is a policy question, will it give social benefits and improve
national economic situation and on what scale, microbiologist, that can help to find
solution, that would give highest added value, economics, that help to find the most cost
effective solution and computer science, that can perform modelling on different solution
scenarios and their impact to various economic, socioeconomic, heath and
environmental processes.

Transdisciplinary (Fig. 4, d) creates the integrity of intellectual systems beyond a
disciplinary perspective. Only in the field of transdisciplinarity, research or evaluation
engages in broad, deep and equal ways with different interests, which are usualy left
outside the formal processes of policy research. Transdisciplinary engagement not only
takes place in disciplines, nor is it the case that certain methods are implemented in a
way that is subject to wider involvement (Stirling, 2015). According to J.A. Bergendahl
et a., nexus projects are going to be more successful if transdisciplinary approach is
applied (Bergendahl et al., 2018). If previous disciplines focused only on academic
disciplines, this approach interacts with non-academic disciplines (society) as equals,
broadening the view of issue and solution. If we look at previous mentioned example, in
this case it would be supplemented with non-academic disciplines — different non-
governmental organizations, local communities, local people, industries and also
government agencies, etc. It means, we take into account opinions not only on previous
mentioned disci plines on agricultural waste management with high added value, but also
e.g. farmer’s opinion, local communities’ opinion, municipalities opinion and industries
opinion on different solutions and possibilities to create a new path for bioeconomy
development, in this case adding value to agriculture waste by new product production,
that is feasible not only in theoretical level, but also reaistic on implementation stage,
economic and environmental aspect and with market potential.

Transdisciplinary bioeconomy

In order to research, demonstrate and define transdisciplinary approach of the
bioeconomy, it is necessary to understand not only the bioeconomy on a largest scale,
but also understand what is transdisciplinary nature. Therefore, a broad analysis of the
scientific literature was carried out and various opinions on transdisciplinary definition
were compiled. Some of them are summarized in Table 1.
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Table 1. Evolution of transdisciplinary definition

Definition of transdisciplinary

Reference

‘Transdisciplinarity is the incorporation of a broad set of scientific and policy
disciplines, including industries and actors, for addressing broad and complex
problems, e.g., sustainability. Transdisciplinarity is meant to address concerns
of traditional scientific methods relying on reductionist, reasoned, studies that
investigate a phenomenon or research question typically from a single
disciplinary perspective.’

(Bergendahl
et al., 2018)

‘Transdisciplinary is the ontological specification of knowledge constructs on a
higher, boundary-transcending, level of abstraction.’

(Colpaert,
2018)

“The science of team science: assessing the value of transdisciplinary research
problems; meaningful collaborations, particularly between academic researchers
and non-academics.’

(Scholz, 2017)

‘Transdisciplinarity is seen as a specific methodology of efficient utilization and
a way to relay knowledge from practice and science to the management of
complex sustainable transitions.’

(Scholz et d.,
2014)

‘Transdisciplinarity is a reflexive research approach that addresses societal
problems by means of interdisciplinary collaboration aswell asthe collaboration
between researchers and extra-scientific actors; its aim is to enable mutual
learning processes between science and society; integration isthe main cognitive
challenge of the research process.’

(Jahn et a.,
2012)

‘Transdisciplinary studies incorporate interdisciplinary integration and add
additional research dimensions by (a) addressing problems that are user inspired
and context driven, (b) embracing complexity; and (c) acknowledging and
incorporating multi-stakeholder perspectives and values...’

(Roux et 4.,
2010)

‘TR deals with problem fields in such a way that it can: (a) grasp the complexity
of problems, (b) take into account the diversity of life-world and scientific
perceptions of problems, (c) link abstract and case-specific knowledge, and (d)
develop knowledge and practices that promote what is perceived to be the
common good [...] We define TR by these four requirements for knowledge
production.’

(Pohl &
Hadorn, 2008)

‘Transdisciplinarity is a new form of learning and problem solving involving
cooperation among different parts of society and academia in order to meet
complex challenges of society. Transdisciplinary research starts from tangible,
real-world problems. ... Ideally, everyone who has something to say about a
particular problem and is willing to participate can play a role. Through mutual
learning, the knowledge of all participants is enhanced ... The sum of this
knowledge will be greater than the knowledge of any single partner. In the process,
the bias of each perspective will also be minimized.’

(Zierhofer &
Burger, 2007)

‘Transdisciplinarity represents a move from science on/about society towards
science for/with society.’

(Scholz &
Marks, 2001)

All definitions show that transdisciplinary approach is the transition from science
to practice, seen as complex and sustainable way to meet complex challenges of society.
Transdisciplinary approach itself is complex and consists of four dimensions (Fig. 5).

2122



Knowledge integration, different interests of stakeholders
Transdisciplinary processes

Integrating different qualities (Intuition and analytic)
Complimentrary approach

Subdivisions into sub-systems
Comprehensive, holistic approach

Knowledge links from different disciplines (sciences)
Interdisciplinary approach

Dimensions

Figure 5. Transdisciplinary approach dimensions (Scholz & Marks, 2001).

Transdisciplinarity processes is way from unsustainable management moving
towards sustainable management, covering four dimensions with the aim to connect
science (disciplinarities) with practice (stakeholders) (Scholz et ., 2014). According to
(Scholz & Tietje, 2002), knowledge that has to be implemented to preceptors go through
four dimensions:

1% dimension — helix approach — this dimension brings together different fields
from natura — life sciences (biology, medicine, chemistry), economics, applied sciences.
It should ensure interdisciplinarity (Scholz & Tietje, 2002).

Different types of helix approach
could be implemented: triple helix,

guadruple helix or quintuple Helix
(Carayannis & Campbell, 2014), see
Fig. 6.

2" dimension — Systems: dividing
in subsystems, for example in
environmental study can separate
regions water, air, soil systems and
their interlinkages. For stakeholders it
is management, financia and
equipment as individual systems or
complex systems. Needs to be
integrated and related to the soft
factors — gives circumstances (Scholz
& Tietje, 2002).

Quintuple Helix

(context of environments
of society)

Quadruple helix
(context of society
for Triple Helix)

Triple helix
(basic
model)

Figure 6. Helix approaches (Carayannis &
Campbell, 2014).

3’4 dimension Interests: Interests of research or practical perspective. For example
different interests of farmers, residents, policy, different interests of stakeholders.
Methods are socially integrating and mediating (Scholz & Tietje, 2002).

4" dimension Modes of though; cognitive or epistemological perspecitve analysis
or understanding. M ethods that integrate different cognitive representations, for example
experience of afarmer and the expertise of ascientist (Scholz & Tietje, 2002).

Transdisciplinary processes connects science with society, adapted Brunswikian
Lensmodel (Scholz & Tietje, 2002) inFig. 7 (Scholz et al., 2014), to adapt this processes
for sustainable bioeconomy, that not only replace fossil resources with biobased
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resources, but strengthens different disciplines, taken into account interlinkages,
knowledge, and stakeholders and limitations set by planetary boundaries, different
dimensions should be included in transition towards sustai nabl e bioeconomy. Syntheses
is application of methods of knowledge integration (Scholz & O.Tietje, 2002; Scholz et
al., 2006).

Society ¢ — _

Exceeds planeta \ it
P y \Within planetary

boundaries ' boundaries

Unsustainable
management

Sustainable
bioeconomy

. perceptors Dimensions
(synthesis)

Science ¢~ 7

Figure 7. Transdisciplinary process towards sustainable bioeconomy (modified (Scholz et al.,
2014)).

The concept of how to view and should act in order to achieve atransdisciplinary
approach and outcome for sustainable bioeconomy development (Fig. 7). This type of
approach can be used as abasisfor devel oping the research issueinto quantitative results,
which would alow comparing the situation in different regions of the world and
evaluating different development of scenarios, taking into account the views and actions
of the various stakeholders. For example, this graphical representation can be used as a
basis for creating a system dynamics model.

CONCLUSIONS

By carrying out critical analysis of literature on various bioeconomy perceptions, it
was found that bioeconomy is essentially of transdisciplinary nature. An analysis of the
understanding of transdisciplinary bioeconomy was also carried out to prove this. By
interconnecting these two ideas that are not directly related to each other, an appropriate
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approach to expressing the bioeconomics through transdisciplinarity using the
Brunswikian Lens model was found.

Developed graphical representation is applicable to further case studies. Methods
that is applicableto use in order to achieve best possible result, still need to evaluate and
verify.

Further research in the context of bioeconomy should be carried out directly
through the prism of transdisciplinary and a solution should be found to quantify this
view.

It is clear that bioeconomy should be looked as complex system through
transdisciplinary approach, but obstacles have to be determined.

Results from implementing holistic vision would provide practical benefit to policy
makers and industry actors by providing an analysis how to improve industrial practice,
policy and how more effectively transfer to sustainable bioeconomy by taking into
account society opinion, easing practical implementation and transformation to
sustai nable bioeconomy.
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