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Abstract 
 
The essence of the «bioeconomy» concept as one of the modern vectors of economic and social 
systems has been examined in this paper. This concept is characterized by orientation to sustainable 
development, reducing the negative impact of economic activity on the environment by decreasing 
dependence on fossil fuels, as well as gradual «biologization» of economic processes. The development 
of this concept in EU countries has been analyzed. The selection of indicators for assessing the national 
bio-economies of EU countries has been carried out and followed by division of these indicators into 
five groups. For the first time, the importance of each indicator in the group has been examined and its 
weight coefficients have been calculated with the help of expert analysis. Further promising areas in the 
field of national bio-economies assessment have been highlighted, in particular, the methodology of an 
integral index of bio-economy, the importance of its calculation for European countries which can be 
the basis for the assessment of bio-economies development. 
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1. Introduction 

 
The development of the economic systems has historically been based on an extensive 

type of development, which is focused on increasing the quantitative indicators of measuring 
the welfare of national economies. But, the modern era dictates new rules of behavior for 
economic actors and confirms new type of development – intensive, which aims not at a 
quantitative, but at a qualitative change in economic activity. The 21st century marked the 
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growth of awareness of humanity in the field of global environmental problems, which are 
not in the distant future, but directly affect current generations. 

An increasing number of countries are shifting their vector of development towards 
more environmentally friendly types of economic activity. A linear economy is replaced by a 
circular, and a new type of economic system occurs – bioeconomy, which is focused on 
reducing dependence on fossil fuels, switching to alternative energy sources, and achieving 
sustainable development goals through «biologization» of the economic processes (Biber-
Freudenberger et al., 2018). 

This concept includes three main elements: biotechnology, bioresources and 
bioecology, the interaction of which should pursue the following objectives: sustainable 
economic growth, creation of new workplaces, the use of alternative bioresources, 
biodiversity and the preservation of the ecosystem (Bugge et al., 2016). 

The bioeconomy was actively developed in the countries of the European Union (EU), 
and is the basis of the modern EU development strategy, which is based on three main 
features: investment in research, innovation and skills; enhanced political engagement; 
development of biomarkets and competitiveness (Bell et al., 2018). At present, the most 
common elements of the concept are: biomass and renewable energy, agricultural policy in 
the EU, biotechnology in healthcare, biotechnology in materials science, supply and demand 
for biomass (D'Amato et al., 2017). Despite the active development of the bioeconomy 
concept, the selection of indicators for assessing national bioeconomies remains topical, as 
well as understanding the role of each indicator in the development of the system. 

A number of scientists (Bieber-Freudenbierger et al., 2018; Scarlat et al., 2015) offer 
indicators that can be used for assessing the level of bioeconomies development at the 
country level. However, the degree of importance of these indicators in bioeconomy has not 
been evaluated. This is one of the main tasks because not every factor has the same degree of 
influence. Respectively, for further research, the weight coefficients of each indicator should 
be determined, which will make it possible to use these indicators as the basis for integral 
bioeconomy index. In this paper, for the first time, it has been proposed to use expert 
analysis to calculate the weight coefficient of bioeconomy indicators. This type of analysis 
has already been used by scientists to determine the strategic priorities of social and 
economic development (Trakhtenberg et al., 2013), to substantiate climate change scenarios 
(Nordhaus, 1994), and the use of expert analysis to solve economic problems was justified 
(Alasgarova et al., 2008). Based on the successful application of expert analysis to solve 
economic issues, it has been proposed in this paper to use expert analysis to determine the 
key indicators of bioeconomy and calculate weight coefficients as reflection of their degree 
of influence. 

The main objective of this study is to identify key indicators that reflect the 
development of national bioeconomies and to calculate the weight coefficients of each 
indicator in a group. These indicators are aimed at application in the EU countries that have 
chosen a bioeconomy as a strategic development priority. At the same time, such countries 
need to create a quality system for assessing the development of bioeconomy that can be 
done on the basis of these indicators. Based on the purpose of the work, the main objectives 
of the study are: to identify a number of indicators for assessing the development of national 
bioeconomies of EU; to calculate the weight coefficients of each indicator and to outline the 
priorities for the bioeconomy strategies evaluation in the EU. 

The paper is divided into three parts: 
• identifying indicator groups for assessing national bioeconomies; 
• expert analysis of selected indicators and calculation of the weight coefficients of 

each indicator; 
• outlining the priorities for the development of the EU bioeconomies evaluation. 
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2. Materials and methods 
 

It is rational to select indicators for the bioeconomies of EU assessment by combining 
them into 5 groups that have been formed on the basis of scientific articles in this field 
(Bieber-Freudenbierger et al., 2018; Scarlat et al., 2015). Combining indicators into groups 
makes it possible to divide them by type of influence and simplifies the assessment. Five 
groups of indicators have been singled out: biobased economy, high-tech sector, 
bioproductive land, high-skilled labor, sustainability. 

Bioeconomy as a type of economic system includes the following types of 
production: agriculture, food and beverage, agro-industrial products, fisheries and 
aquaculture, forestry logging, wood-based industry, bio-chemicals, enzymes, 
biopharmaceuticals, biofuels, bioenergy (Scarlat et al., 2015). That is why the economic 
assessment of these types of production should be the basis of indicators of bioeconomic 
development, as it reflects its structure. 

The main indicators of the biobased economy are: value added, employment, annual 
turnover, world supply, number of enterprises. The high-tech sector is represented by the 
following indicators: high-tech export, patent applications, value added in high-tech sector, 
employment in high-tech sector, number of enterprises in high-tech sector. The 
bioproductive land should include the bioproductive area, biocapacity, land fertilizers use, 
agriculture area, woods area. The high-skilled labor includes employees with primary, 
secondary and advanced education, as well as a number of research institutes and scientific 
journal articles in the field of bioeconomy. The sustainability includes the Ecological 
Footprint indicator, as one of the basic indicators of environmental pressure from economic 
activity (Lin et al., 2018) renewable energy share in final consumption, waste from biobased 
industries, CO2 emissions from biobased industries, diseases connected with biobased 
industries. Each of these indicators has been identified on the basis of scientific works 
(Bieber-Freudenbierger et al 2018; Scarlat et al., 2015). 

For the assessment of groups of indicators, expert analysis has been applied, because 
it has already been used in research regarding finding solutions to economic issues. The 
analysis has been conducted on the basis of the Dnipro State Academy of Civil Engineering 
and Architecture. There has been created 10 expert groups, each of which consisted of 10 
scientists. Each group represented different departments that collectively covered different 
branches of science: international economics (1), accounting and auditing (2), economic 
theory and law (3), ecology (4), industrial and civil engineering (5), materials science (6), 
engineering geology and geotechnics (7), chemistry (8), building materials technology (9), 
system analysis and modeling in heat and gas supply (10). The main task of each group was 
to evaluate the proposed indicators of each group on a scale from one to five. One point gets 
the least important indicator of a group, five points gets the most important indicator of a 
group. The results of the expert analysis are shown in Table 1. 

 
Table 1. Expert estimation of importance of the indicators for national bio-economy evaluation 

 
Indicators Unit 

 
Experts 

1 2 3 4 5 6 7 8 9 10 
1. Biobased economy 

Value added  % of  
GDP 5 3 5 5 5 4 5 5 5 3 

Employment  % of 
population 2 2 3 2 1 2 2 1 4 2 

Annual turnover billion 
 $ 4 4 4 3 4 5 4 3 2 4 

World supply million  3 5 2 4 3 3 3 4 3 5 
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tones 

Number of  
enterprises thousands 1 1 1 1 2 1 1 2 1 1 

2. High-tech sector 

High-tech export 
% of 

manufactured 
export 

5 5 4 5 5 4 5 5 3 5 

Patent 
 applications 

per million 
people 4 4 5 2 4 5 3 4 4 4 

Value-added % of 
GDP 3 2 3 4 3 3 4 3 5 3 

Employment % of 
population 2 1 1 1 1 2 1 1 1 2 

Number of  
enterprises thousands 1 3 2 3 2 1 2 2 2 1 

3. Bioproductive land 

Bioproductive area % of 
total area 4 5 4 4 3 5 4 4 4 5 

Biocapacity ha  
per capita 5 4 5 5 5 3 5 5 5 4 

Land fertilizers 
 use kg per ha 2 3 3 3 1 4 3 3 3 3 

Agriculture area % of 
total area 3 2 1 2 4 1 2 2 2 2 

Woods area % of 
total area 1 1 2 1 2 2 1 1 1 1 

4. High-skilled labor 
Employees with 
primary education 

% of 
population 2 2 1 3 2 2 2 2 1 1 

Employees with 
secondary education 

% of 
population 3 3 2 2 3 3 3 1 3 3 

Employees with an 
advanced education 

% of 
population 5 5 5 4 5 5 4 5 4 5 

Scientific journal 
articles 

number per 
million people 1 1 3 1 1 1 1 3 2 2 

Research  
institutes number 4 4 4 5 4 4 5 4 5 4 

5.Sustainability 

Ecological footprint ha per 
capita 5 5 5 5 5 5 4 5 5 5 

Renewable energy 
share in final 
consumption 

% of energy 4 4 4 3 4 4 5 4 4 3 

Waste from bio-
based  
industries 

million  
tones 2 1 3 2 1 2 2 2 3 2 

CO2 emission from 
bio-based  
industries 

million  
tones 1 2 2 1 2 1 1 1 1 1 

Diseases connected 
with bio-based 
industries 

% of total 
diseases 3 3 1 4 3 3 3 3 2 4 
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To assess the degree of reliability of expert analysis, the coefficient of concordance 

(W) of Kendall (1970) has been calculated for each group of indicators, which shows the 
degree of consistency of expert opinions (Eq. 1): 
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N – number of experts; 
n – number of evaluation criteria; 

ir – the number of expert points of an indicator; 
r – group expert average. 
The value within W<0.2 indicates the lack of consistency of expert opinions, 0.2 <W 

<0.4 is a weak level of consistency of expert opinions, 0.6 <W – a high level of consistency 
of expert opinions. To determine the weight coefficients of each indicator in the group, the 
Fishburn formula has been used (Fishburn, 1965) (Eq. 2): 
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The calculation of weight coefficients for each indicator of the group and, accordingly, 

the ranking of indicators in order of importance were the results of the analysis. 
 
3. Results and discussion 

 
Based on the results of the expert analysis presented in Table 1, the concordance 

coefficients were calculated for each of the five groups of indicators: 
 
W1 = 0.704 
W2 = 0.756 
W3 = 0.774 
W4 = 0.814 
W5 = 0.832 
 
The experts showed the highest level of consistency in the evaluation of the fifth 

group of indicators, the least level – in the evaluation of the first group of indicators, but at 
the same time, the degree of consistency of all groups of indicators is high and gives grounds 
to consider the expert analysis to be reliable. The weight coefficients calculation of the 
indicators of each group is presented in Table 2. 
 

Table 2. Expert analysis evaluation 
 

Indicator Total 
points 

 

Deviation Deviation 
square 

Range Weight 
coefficient 

1. Bio-based economy 
Value added  45 15 225 1 0.333 
Employment  21 -9 81 4 0.133 
Annual turnover 37 7 49 2 0.267 
World supply 35 5 25 3 0.200 
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Number of enterprises 12 -18 324 5 0.067 
TOTAL 150 0 704 - 1 

2. High-tech sector 
High-tech export 46 16 256 1 0.333 
Patent aplications 39 9 81 2 0.267 
Value-added 33 3 9 3 0.200 
Employment 13 -17 289 5 0.067 
Number of enterprises 19 -11 121 4 0.133 
TOTAL 150 0 756 - 1 

3. Bioproductive land 
Bioproductive area 42 12 144 2 0.267 
Biocapacity 46 16 256 1 0.333 
Land fertilizers use 28 -2 4 3 0.200 
Agriculture area 21 -9 81 4 0.133 
Woods area 13 -17 289 5 0.067 
TOTAL 150 0 774 - 1 

4. High-skilled labor 
Employees with primary education 18 -12 144 4 0.133 
Employees with secondary education 26 -4 16 3 0.200 
Employees with an advanced education 47 17 289 1 0.333 
Scientific journal articles 16 -14 196 5 0.067 
Research institutes 43 13 169 2 0.267 
TOTAL 150 0 814 - 1 

5.Sustainability 
Ecological footprint 49 19 361 1 0.333 
Renewable energy share in final consumption 39 9 81 2 0.267 
Waste from bio-based industries 20 -10 100 4 0.133 
CO2 emission from bio-based industries 13 -17 289 5 0.067 
Diseases connected with bio-based industries 29 -1 1 3 0.200 
TOTAL 150 0 832 - 1 
 

The results of the analysis give a reason to rank the indicators of the groups according 
to their importance, the results are shown in Table 3. 

 
Table 3. List of indicators by importance 

 
Indicator Weight 

coefficient 
1. Bio-based economy 

Value added  0.333 
Annual turnover 0.267 
World supply 0.200 
Employment 0.133 
Number of enterprises 0.067 

2. High-tech sector 
High-tech export 0.333 
Patent aplications 0.267 
Value-added 0.200 
Number of enterprises 0.133 
Employment 0.067 

3. Bioproductive land 
Biocapacity 0.333 
Bioproductive area 0.267 
Land fertilizers use 0.200 
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Agriculture area 0.133 
Woods area 0.067 

4. High-skilled labor 
Employees with an advanced education 0.333 
Research institutes 0.267 
Employees with secondary education 0.200 
Employees with primary education 0.133 
Scientific journal articles 0.067 

5.Sustainability 
Ecological footprint 0.333 
Renewable energy share in final consumption 0.267 
Diseases connected with bio-based industries 0.200 
Waste from bio-based industries 0.133 
CO2 emission from bio-based industries 0.067 

 
The obtained weight coefficients not only give an idea of the importance of each 

indicator in the group, but can also serve as a basis for the further development of a 
methodology for assessing national bioeconomies. This assessment method makes it possible 
to integrate the indicators of the groups into one bioeconomy index. 

Since all indicators of groups are measured in different units, it is necessary to 
represent all indicators in similar units. This becomes possible when assessing a large 
number of objects using the coefficient of magnitude of variation (Pearson, 1896), which is 
equal to the ratio of the difference of the studied indicator and the minimum value in the 
group to the difference of the minimum and maximum values in the group. Based on this 
calculation, all the original data will take the form in the interval from 0 to 1. Thus, it will be 
possible to integrate the indicators into a single integral index, since all the data will become 
homogeneous. 

For calculating the Bioeconomy integral index, it is necessary to use weight 
coefficients, which have been calculated on the basis of expert analysis. It will help to take 
into account the level of influence of each indicator of the group. The first step is to obtain 
the integral indices of each of the five groups, which is possible with the use of weight 
coefficients. For example, the integral index of a biobased economy will have the following 
form (Eq. 3): 

 
067.0N133.0E200.0W267.0A333.0VI emstabbe ⋅+⋅+⋅+⋅+⋅=              (3) 

 
where: bbeI – biobased economy index, aV – value added, tA – annual turnover, sW – world 
supply, mE – employment, eN – number of enterprises.  

Thus, one group index will be obtained, which includes five indicators and takes into 
account the level of influence of each of them. Since input data will be preliminarily 
transformed ito single units of measure, using the coefficient of magnitude of variation, the 
overall group index will be in the range from 0 to 1. Similarly, the indicators of the 
remaining four groups should be calculated in the same way. 

After receiving the integral indices of the five groups of indicators, it is possible to 
obtain the total Bioeconomy integral index. It is proposed to calculate this index using the 
arithmetic mean method, since in this case all the groups of indicators are equal to each 
other. The integral Bioeconomy index can be calculated using Eq. (4): 
 

              
5
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where: BEI – integral Bioeconomy index, bbeI – biobased economy index, htsI – high-tech 
sector index, blI – bioproductive land index, hslI – high-skilled labor index, sI – sustainability 
index. 

The resulting index will also lie in the range from 0 to 1, which simplifies the 
comparative assessment of the objects of study. The calculation of weight coefficients for the 
selected indicators for bioeconomy assessment have been the result of expert analysis and 
became the basis for the integral index method. Therefore, as a further promising direction of 
development of the methodology for assessing the national bioeconomies of EU countries, 
the next fields can be singled out: calculation of the integral index for the EU countries, as 
well as the development of an assessment of the values of the Bioeconomy index for 
comparing the obtained numerical data. 
  
4. Conclusions 
 

The purpose of this study was to identify key indicators that can be used to assess the 
national bioeconomies of EU countries. These indicators have been divided into five groups 
based on the influence of the indicator and its role in the concept of bioeconomy. An expert 
analysis has been carried out, which made it possible to rank the indicators in order of 
importance in each of the groups and to calculate their weight coefficients.  

Results of the expert analysis showed that it is reliable, since the level of consistency 
of experts in each of the groups of indicators is high. These results have been made as a basis 
for an integral Bioeconomy index by the authors’ method. A further promising area of 
research is the calculation of the resulting index for EU countries and development of the 
evaluation methodology. 
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