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Abstract – This study is a follow-up to previous research on the use of a transdisciplinary 
approach in the analysis of factors that influence bioeconomy development and interactions 
between them. It is very important to consider the significance of public opinion while 
performing transdisciplinary research. This study integrates public opinion in the 
bibliometric analysis method by using grey data from information available in the public 
information space: mass media and social networks. The network of factors influencing the 
development of bioeconomy, created with the help of social network analysis method, was 
compared with the one obtained from bibliometric analysis of SCOPUS database in order to 
find out the difference between scientific tendencies and the overall atmosphere in the 
information space. Although the structure of these networks varies, there is a common 
tendency in literature to identify the following factors as the key factors in the development 
of the bioeconomy: research and innovations; technology; energy and energy consumption. 
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1.  INTRODUCTION  

Bioeconomy is rapidly becoming the backbone of economy and promotes a sustainable, 
knowledge and advanced technologies-based use of bioresources to produce higher value-
added products [1], [2]. Therefore, it contributes to the development and reaping of greater 
economic, social and environmental benefits, not only from the primary production of 
bioresources in agriculture, forestry and fisheries, but also from macroeconomics at the 
national level [3]. Biomass production cannot be increased in unlimited quantities, therefore, 
secondary use of bioresources in accordance with bioeconomy principles depends on the 
sustainable extraction of primary resources. In addition to biomass resources, agriculture, 
forestry and fisheries also provide non-material resources (biodiversity, ecosystem service 
and recreation) that can compete with or be complementary to primary resources [4]. It is 
expected that the development of bioeconomy will contribute to the sustainable development 
of economy and food security by creating new opportunities for entrepreneurship, 
employment and innovation, increasing the efficiency of natural resources and helping 
agriculture to adapt to climate change [5]. However, concrete empirical evidence on the 
overall economic, environmental and social impact of bioeconomy on agriculture, forestry 
and fisheries is still lacking [5]. 

There is a clear need for a transdisciplinary approach to this issue and to bioeconomy 
research as a whole and its further development [6], [7], involving experts from different 
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disciplines and using not only scientifically recognized methods but also involving society 
and considering public opinion [8]. Golembiewski et al. (2015) pointed out the need for 
interdisciplinary collaboration to create innovative solutions for the growth of the 
bioeconomy and to develop a standardized approach to increase traceability of bioeconomy 
implementation [9]. In turn, Haarich et al. (2017) concluded that support is needed for the 
development of interdisciplinary and specific bioeconomy competences and skills not only in 
science but also for entrepreneurs, as well as the activities aimed at raising public awareness 
of potential benefits of bioeconomy [10]. Schütte (2017) emphasizes that a one-discipline 
approach is not appropriate for bioeconomy research because disciplines compete with each 
other and sustainable bioeconomy can only be applied through systemic and holistic solutions 
[11]. To date, there have been few studies on bioeconomy that were positioned as 
transdisciplinary. For example, Konstantinis et al. (2018) used the method of bibliometric 
analysis to evaluate the articles published in scientific databases related to bioeconomy and 
created a bibliometric network [12]. Muizniece et al. (2018) used a fully connected mesh 
network to represent the bioeconomy idea of transdisciplinarity [13]. In addition, the 
fundamental principles of sustainability [8], [14] – environmental, economic and social [15], 
[16] – must also be incorporated in order to achieve sustainable bioeconomy development. 

Most research in bioeconomy has focused on natural sciences and engineering [17], but 
more and more researches are being conducted in the field of social sciences [18], [19]. Braun 
(2018) and Urmetzer et al. (2020) emphasize that public awareness of sustainability plays an 
important role in the development of bioeconomy [20], [21]. Regarding the social aspects in 
the context of bioeconomy, the research focus is set on the impact that the development of 
bioeconomy will have on social processes, less so – on how social processes, especially public 
opinion, influence the development of bioeconomy.  For example, Hasenheit et al. (2016) 
have assessed the impact of bioeconomy on three sustainable indicators – social, economic 
and environmental [22]. But Falcone et al. in their study established a social influence system 
with regards to the production of bioproducts [23]. Vainio et al. recognize the need for 
research into how citizens and stakeholders understand and perceive the bioeconomy and how 
their participation in the bioeconomy can be improved [24]. Wohlfahrt et al. (2019) in their 
study emphasized that the importance of interaction between human and technological 
components should be acknowledged when evaluating the functioning of a bioeconomy 
system [25]. For his part, Schütte (2017) has raised the question of what measures are the 
most appropriate to promote the interaction between politics, science, industry and society, 
which is so important for the realization of bioeconomy [11]. These and other findings in 
scientific literature confirm the need to integrate social aspects in further research on 
bioeconomy, involving a wider range of societies and viewpoints. This is directly related to 
the basic principles of transdisciplinary research. 

Given that different groups in society have different knowledge and interests in bioeconomy 
both among themselves and in comparison to other scientists [26], it is necessary to clarify 
and consider the views of both parties on the factors influencing the development of 
bioeconomy and their significance. Therefore, this study is conducted to determine what 
factors are important and how their influence on the development of bioeconomy is viewed 
in the public information space and how this view differs from that of scientists.  

Social media have a significant role in creating opinion and knowledge base in society [27]. 
According to the agenda-setting theory, created by McCombs and Shaw (1972) [28], the mass 
media are creating an opinion of the audience and make society believe that some topics are 
true and more important than others. Social networks are also an essential part of today's mass 
media. Choi et al. (2016) proved that the agenda-setting theory also works on social 
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media [29]. Klašnaja et al. (2017) pointed out that social media is increasingly being used to 
determine public opinion, and in this way, it is possible to obtain more, larger-scale and more 
objective data than using traditional sociological methods [30]. That is why this study uses 
social media to determine public opinion. 

Social network analysis method is used to determine public opinion and is then followed 
up with heat maps and the network visualization method to represent the results. Public 
opinion will be determined by 22 factors influencing the development of bioeconomy, 
selected based on a previous study by the authors [13]. The significance of each factor is 
expressed in quantitative terms, which makes the comparison process more objective. 
Another study previously done by the authors will be used to compare a specific point of view 
with scientists' opinion. In this study, the opinion of scientists on the significance and 
interrelation of 24 factors influencing the development of bioeconomy was determined using 
bibliometric analysis [31]. It was concluded that, in the opinion of scientists, such factors as 
“bioresources”, “energy, energy consumption”, “technology” and “research and innovation” 
play an important role in the development of bioeconomy. However, no significant 
relationship was found with factors: “behaviour”, “production”, “pollution” and 
“infrastructure”. 

The obtained results will be used in future research to apply a transdisciplinary research 
approach identifying primary and secondary factors influencing the development of 
bioeconomy, which should be integrated into bioeconomy development modelling and 
scenario analysis in order to evaluate different bioeconomy development scenarios and tools 
used for bioeconomy advancement. Thus, the most effective solution for sustainable use of 
bioresources is found. In addition, the results of this study can be used to determine whether 
and how information flows on the bioeconomy and its influencing factors coincide between 
scientific sources and the public information space, thus answering the question: How much 
are trends in bioeconomy science reflected in the information space available to the general 
public and whether it has an impact on public opinion. 

2. METHODOLOGY 

Tendencies observed in previous research suggest that a holistic and dynamic approach, 
best characterized by networked structures, is needed to implement a transdisciplinary 
approach to research. Social network analysis method is used to determine general public's 
perception of bioeconomy and that of the importance of its influencing factors. 

This method is commonly used in social sciences to analyse networks of individuals or 
organizations with common interests and their interactions using information from social 
networks [32]. This allows visualization of social networks, where interconnections between 
the actors are indicated by links and actors themselves indicated by nodes. The strength of 
the links and the significance of nodes is determined by weight. This study will use an atypical 
social network analysis approach, where the actors in the network are factors influencing the 
development of bioeconomy and keywords that characterize them, rather than individuals. 
Social networks and media will not be scanned to determine the relationship between 
individuals, but relationships between factors and the bioeconomy. The social network 
analysis method is not widely used in bioeconomy studies. For example, Giurca & Metz 
(2018) conducted a social network analysis of Germany's wood-based bioeconomy, where 
organizations related to bioeconomy are viewed as actors [33]. Konstantinis et al. (2018) have 
attempted to build a social network of bioenergy stakeholders as a case study for 
bioeconomy [12]. In turn, Bauer et al. (2018) analysed biorefinery innovation projects in 
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Sweden and networks of participating organizations using social network analysis [34]. To 
the authors' knowledge, no network analysis approach has been used so far to analyse factors 
that influence the development of bioeconomy. 
 

1. Keyword analysis

• bioeconomy, bio-economy, bio economy, bio-
based economy

• bioeconomy
• bioeconomy AND sustainability

2. Bioeconomy and  factor  
describing keywords 

analysis

• bioeconomy AND keyword 1 describing factor 1
• bioeconomy AND keyword 2 describing factor 1
• bioeconomy AND keyword n describing factor 1
• …
• bioeconomy AND keyword n describing factor 24

3. Bioeconomy and  factor  
describing keywords 
interaction analysis

• bioeconomy AND keyword 1 describing factor 1 
AND keyword 1 describing factor 2

• bioeconomy AND keyword n describing factor 1 
AND keyword n describing factor 24

• bioeconomy AND keyword 1 describing factor 2 
AND keyword 1 describing factor 3

• bioeconomy AND keyword n describing factor 2 
AND keyword n describing factor 24

• …
• bioeconomy AND keyword n describing factor 23 

AND keyword n describing factor 24

Weighting of factors

Adjacency matrix and weighting of factors

4. Social and media network building and analysing

5. Social and media network compare with similar network from the scientific 
publications in SCOPUS database

 
Fig. 1. Research methodology. 

In this case, data used for the analysis was obtained using the online tool MediaToolkit. It 
allows the monitoring of the information available on Internet resources, including social 
networks (e.g. Twitter, Instagram, Facebook) over a specific period of time by specific 
keywords and criteria. Because of the nature of data sources, the obtained data is considered 
grey data because it can include information generated by any member of society [35]. 
Therefore, the data obtained should not be interpreted as quantitative end results, but as an 
indicative source of information that needs to be processed and analysed in order for 
conclusions to be drawn. For an overview of the study, see Figure 1, which illustrates the 
research methodology. The methodology can be divided into five main steps. The number of 
mentions of the keywords and their combinations over a three–year period (2016–2019) was 
collected using MediaToolkit information. 
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In the first phase of the research, information on bioeconomy was analysed by looking at 4 
most common keywords [12], [26] used for its description – bioeconomy, bio-economy, bio 
economy, bio-based economy. Then, only for the keyword “bioeconomy” and for the 
combination of the two keywords “bioeconomy AND sustainability”, because the essence of 
bioeconomy should be sustainability-oriented [1]. 

In the second step, the number of mentions was fixed for a combination of two keywords, 
one of which was “bioeconomy” in each case, and the other – one of each of the factors 
characterizing the study. As mentioned above, the work with 24 drivers of bioeconomy 
development identified in previous studies is continued in this study: land, land use; waste; 
wellbeing; climate change; bioresources; non-renewable fossil resources; human resources 
and population; research and innovation; energy and energy consumption, education and 
knowledge; policy; health; behaviour; technology; water; environment; consumption; 
financial resources; economic growth; food and feed; production; pollution; infrastructure; 
primary renewable resources [13], [31]. A list of keywords related to each factor can be found 
in Muizniece et al. (2019) research [31]. The weight of each of the factors in this system is 
then determined. This step identifies which of the factors in the bioeconomy context are given 
more prominence in the widely available information space. 

The third step of the analysis is the determination of interaction between 24 factors 
influencing the development of bioeconomy and its importance in the context of bioeconomy. 
This is done by determining the information about two different factor keywords that are 
referred to simultaneously as “bioeconomy” at any given time, using MediaToolkit. By 
looking at all possible variations, an adjacency matrix of factor interactions is formed and the 
weight of each factor in the context of bioeconomy is determined in relation to the other 
factors. For the easier perception of the results, they are displayed as a heat map, with the 
higher value indicators in more intense colours. 

In the fourth phase of the study, a network of interactions between factors that influence 
the development of bioeconomy was created, using the program Social Network Visualizer 
2.5. and input data on interaction links from the third stage and their weight. The fourth stage 
was concluded with an analysis of the network structure. 

In the final stage of this study, two networks obtained by monitoring and analysing data on 
direct and indirect significance of the 24 factors influencing the development of bioeconomy 
were compared – (1) from the SCOPUS scientific publications database (done in previous 
research [31]) and (2) from the analysis of the media and social networks in phases 1 to 4 of 
this study. With this, we are looking for common and different trends in relation to the 
bioeconomy within the scientific research compared to the flow of information in the public 
media and opinions expressed in social networks on the internet. Network density, structure, 
weights of factors and links are used to compare networks. 

3. RESULTS AND DISCUSSION 

3.1. Media and Social and Network Analysis 

Assessing the number of mentions in the three-year period in web media and social 
networks for bioeconomy keywords, and separately for “bioeconomy” and “bioeconomy 
AND sustainability” it can be seen that the term “bioeconomy” is used primarily (see 
Table 1). Therefore, authors choose to put the keywords of the factors together with the 
keyword “bioeconomy” for the next step. The results demonstrate that nearly half of the cases 
where bioeconomy is mentioned is in the context of sustainability. It confirms that 
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fundamental principles of the bioeconomy are considered to be an essential way of achieving 
goals of sustainable development. The option of MediaToolkit tool, which allows 
determination of sentiment ratio of the published information, shows that more than 90 % of 
claims related to the bioeconomy have been positive, which demonstrate that publicly 
available information contributes to a positive social attitude towards the bioeconomy. 

TABLE 1. NUMBER OF BIOECONOMY MENTIONS IN MEDIA AND SOCIAL NETWORKS (2016–2019) 
Keywords Mentions Positive sentiment ratio 
bioeconomy, bio–economy, bio economy, bio–based 
economy 2440 92 % 

Bioeconomy 2373 92 % 
bioeconomy AND sustainability 1035 91 % 

In accordance with the method described above, number and weight of each of the 24 
factors related to the development of bioeconomy was determined, as well as the interaction 
between these factors in the context of bioeconomy. Results showed that in general, the 
positive sentiment ratio was similar. But in each case, the numerical values of factor weights 
vary significantly (up to 47.1 %). Both directly related to the bioeconomy and in interaction 
with other factors in the context of bioeconomy, the key factors from grey data sources 
appear: “research and innovation”, “technology”, “food and feed” and “production”. Then 
come factors “land, land use”, “waste”, “energy, energy consumption”, “education and 
knowledge”, “policy” and “environment”. The question of the relevance of the factor 
“bioresources” is still open, because it has the largest difference in weights, although it is 
particularly important in relation to the bioeconomy. 

Analysing the results on the interaction of factors in the context of the bioeconomy, it can 
be concluded that the strongest link is between the factors “research and innovation” and 
“technology” (1190 mentions in 3 years). Both of these factors are also leading factors that 
are mentioned in relation to the bioeconomy and in interaction with other factors. In order to 
select only significant interaction links, it is assumed that the interaction of factors is 
considered relevant if there have been at least 100 common mentions over 3 years. No direct 
links were found in the context of bioeconomy for five factors: “wellbeing”, “climate 
change”, “non-renewable fossil resources”, “behaviour”, “primary renewable resources”. 
Based on these results, these factors are not included in the network of factors influencing the 
development of bioeconomy. 

The network of interactions between factors affecting the development of bioeconomy 
resulting from the analysis of the media and social networks (Fig. 2) according to topology is 
similar to the partial mesh network. All nodes are connected directly or indirectly (through 
other points). It has no distinct central point and the interconnection network is dense. This 
means that this type of interaction network is stable and minor changes in one of its parts do 
not significantly affect the structure of the overall system. This doesn't mean that changes to 
any of the system's points or their interactions wouldn't have a significant impact on the 
development of the bioeconomy. To determine this, it is necessary to express the interaction 
of links with mathematical equations and to model this network in a dynamic way. Then it 
would be possible to identify how specific changes in one of the parts of the system affect the 
operation of the system as whole. 
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Fig. 2. Network of interactions between factors affecting the development of bioeconomy. Analysis of the media and 
social networks (2016–2019). 

The result shows that, in the opinion of the society, the development of bioeconomy is 
influenced not only by many factors directly but also by the interaction of these factors. The 
main impact and relationship with the bioeconomy was observed for factors “technology”, 
“research and innovation” and the interaction between these factors. 

3.2. Comparison of Networks 

In the study on the relevance and interrelation of factors affecting the development of the 
bioeconomy, using the bibliometric analysis method for the analysis of keywords from 
scientific publications in the SCOPUS database carried out earlier by the authors of this study 
[31], it was concluded that most studies in the context of bioeconomy are carried out in 
relation to factors “bioresources”, “energy, energy consumption”, and with the factors the 
weight of which is about two times smaller – “technology” and “research and innovation”. 
While the results of this study show that in the last 3 years the media in the context of 
bioeconomy has focused on such factors as: “research and innovation”, “technology”, “food 
and feed”, “production” and “energy, energy consumption” (Table 2). Comparing trends in 
scientific articles and information presented in the media shows that the weight of factors in 
media analysis is not as prominent as it is in scientific publications. 
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TABLE 2. COMPARISON OF FACTOR WEIGHT IN MEDIA ANALYSIS WITH WEIGHT IN SCOPUS 
BIBLIOMETRICS ANALYSIS 

  Factor Weight of factor from 
media analysis 

Weight of factor from 
SCOPUS analysis [31]  

Weights 
difference, % 

1 Research and innovation 0.179 0.118 34.0 

2 Technology 0.106 0.142 33.8 

3 Food and feed 0.093 0.019 79.5 

4 Production 0.075 0.000 100.0 

5 Energy, energy consumption 0.069 0.219 217.0 

6 Waste 0.060 0.017 71.7 

7 Education and knowledge 0.059 0.032 45.9 

8 Bioresources 0.054 0.226 321.2 

9 Policy 0.051 0.063 24.4 

10 Environment 0.051 0.024 52.6 

11 Land, land use 0.042 0.023 45.3 

12 Health 0.031 0.008 74.0 

13 Water 0.026 0.000 100.0 

14 Financial resources 0.021 0.008 61.8 

15 Infrastructure 0.019 0.000 100.0 

16 Human resources, population 0.014 0.000 100.0 

17 Consumption 0.012 0.007 40.5 

18 Pollution 0.010 0.000 100.0 

19 Climate change 0.008 0.042 418.5 

20 Economic growth 0.007 0.000 100.0 

21 Wellbeing 0.005 0.006 26.3 

22 Behaviour 0.004 0.000 100.0 

23 Primary renewable resources 0.003 0.042 1248.2 

24 Non–renewable fossil resources 0.003 0.006 92.6 

From the comparison of these two networks, it can be determined whether trends in science 
in relation to the bioeconomy have an impact on the flow of information and trends in the 
media and social networks. As shown in Figure 3, there is no correlation between these values. 
Apparently, scientific research does not have a direct influence on the opinion of the 
information pool, despite the fact that it forms part of the publicly available information in 
the network. It suggests that there is no successful knowledge transfer between scientists and 
society. 
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Fig. 3. Comparison of the significance of the selected factors in media and social networks with information from the 
SCOPUS database. 

Summarizing the interaction links of the factors influencing the development of 
bioeconomy from both networks (Fig. 4), it is evident that the most common links are for 
factors “research and innovation”, “energy, energy consumption” and “technology”. 

 
Fig. 4. Common interaction links in both networks. 

R² = 0.2241

0.00

0.05

0.10

0.15

0.20

0.25

0.00 0.05 0.10 0.15 0.20 0.25

In
fo

rm
at

io
n 

in
 m

ed
ia

. F
ac

to
r 

im
po

rta
nc

e w
ei

gh
t.

Information in SCOPUS database. Factor importance weight.



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
112 

 

Interaction links for the “behaviour” factor do not appear in any of the networks. The fact 
that there are no significant direct links between the factors in the context of bioeconomy 
does not mean that these factors have no influence on the development of bioeconomy. In 
order to better determine the quantitative values of direct and indirect interactions of the 
factors, it is necessary to involve industry experts and evaluate their opinion. It is not excluded 
that the bioeconomy may be impacted through other factors or indirectly. However, most of 
the links appear only in one of the networks, so there is still no clarity on the relevance of the 
interaction of all the factors in the development of the bioeconomy. 

In both types of analysis of factors affecting the development of bioeconomy, results 
showed that all the factors do not develop equally significant interactions and that some 
factors do not link to other factors at all. Therefore, there is a different density (Table 3) and 
structure for each network. The interfacing network resulting from the analysis of the media 
and social networks is moderately-dense, as approximately half of the potential links are 
significant. However, only 57 out of 190 possible links were relevant to the SCOPUS 
database analysis. 

TABLE 3. NETWORK DENSITY 
 Media analysis SCOPUS analysis 

Nodes 19 20 

Total possible edges 171 190 

Edges  89 57 

Network density 0.5 0.3 

Of the common trends of both networks, it appears that the most important factors affecting 
the development of bioeconomy are “research and innovation”, “technology” and “energy, 
energy consumption” and the interaction between these factors. Therefore, for further 
bioeconomy studies the authors recommend to focus on the role of these factors in the 
development of bioeconomy, as well as to assess the effectiveness of the implementation of 
different policy instruments and development scenarios. 

4. CONCLUSIONS 

Following the analysis of social networks and media, “research and innovation”, 
“technology”, “food and feed” and “production” were found to be the main factors directly 
related to the bioeconomy.  The strongest interaction link between the factors in the context 
of bioeconomy is the link between the factors “research and innovation” and “technology”. 
No significant links were identified in the context of bioeconomy for five factors: 
“wellbeing”, “climate change”, “non-renewable fossil resources”, “behaviour”, “primary 
renewable resources”. 

Comparing the social network and media analysis carried out in this study with the results 
of the previous similar study, in which scientific articles in the SCOPUS database were 
analysed, it can be concluded, that similar methods, while using data sources of a different 
nature, produce different results. Moreover, trends in scientific articles are not reflected in 
the generally available information stream. But there are common trends.  The key factor 
influencing the development of the bioeconomy is the interaction between factors “research 
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and innovation”, “technology” and “energy, energy consumption”. The interaction links with 
the factor “behaviour” were not determined in any of the networks. 

From the results it appears that so far social aspects have not been sufficiently addressed in 
relation to the bioeconomy. However, there is a growing emphasis on the need for a 
transdisciplinary approach to research and implementation in the bioeconomy sector. There should 
be an increased knowledge transition between science and society as the transdisciplinarity aim is 
to enable mutual learning processes between science and society, therefore integrating society in 
research processes.  As in the present study has concluded, there is presently no correlation 
between science and society's opinion in the context of bioeconomy. 
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