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Abstract

The use of renewable biological resources from the land and sea to produce food, materials and
energy is one of the potential solutions to implement the green transition. The bioeconomy is
developed in Europe, however it shows a different trend in several countries. The methodology
used in this paper is based on multicriteria decision analysis and considers three parameters as
criteria: workers, turnover and value added. This work investigates the bioeconomy sectors in 28
European countries using the socio-economic indicator for the bioeconomy (SEIB). We provide
useful data for all stakeholders and propose a quantitative analysis emphasizing the contribution of
each bio-based sector. The results show that Ireland is ahead of the Netherlands and Denmark in
the SEIB for all sectors and leads in the SEIB for manufacturing and bio-energy sectors followed by
Denmark. The differences with other European countries are significant. Some countries present

a rather weak situation (Slovakia and Malta). The values of the SEIB are mainly linked to
performance in two macro sectors: (a) agriculture and (b) manufacture of food, beverages and
tobacco. The decomposition analysis highlights the performance of each country according to the
socio-economic parameter and the bioeconomy sectors, and it is highlighted how performance
monitoring allows for the identification of corrective actions. Some policy implications are
proposed to support the development of bioeconomy sectors by targeting inter-connected

challenges that aim to foster sustainability.

1. Introduction

The issue of sustainability is on the agenda of many
countries and along with other phenomena such as
the pandemic and the conflict in Ukraine highlight
that the challenges of civil society are multiple. A
global challenge requires secure and cooperative part-
nerships among governments (Xu et al 2021). Sus-
tainability assessments of the G20, which account
for more than 80% of global consumption of mater-
ials, fuel, and food, allow for capturing relation-
ships among several key variables, such as renewable
energy, improved supply chains, and replacement of
high-impact materials (Cabernard et al 2022).

The theme of sustainable development goals
(SDGs) has gained prominence (Shuai et al 2021) and
within the literature, bioeconomy can contribute to
the achievement of some of these SDGs. Particular

© 2022 The Author(s). Published by IOP Publishing Ltd

attention should be paid to socio-economic targets
(Maksymiv et al 2021) in order to foster economic
development, access to basic services, and sustain-
able consumption (Calicioglu and Bogdanski 2021).
A high level of corporate social responsibility, the use
of sustainable biomass in the production process, and
the use of biotechnology are all identified as enablers
toward sustainability (Heimann 2019).

‘With its cross-cutting nature, the Bioeconomy
offers a unique opportunity to address complex
and inter-connected challenges, while achieving eco-
nomic growth’ (European Commission 2022b).

The bioeconomy is defined by the European
Commission as an economy that uses renewable bio-
logical resources from the land and sea (e.g. animals,
crops, fish, forests, and microorganisms) to produce
energy, food, and materials (European Commission
2018). Together with the 2018 EU Bioeconomy
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Strategy, the European Green Deal emphasizes the
relevance of the bioeconomy and the strong correla-
tion between the concepts of bioeconomy and circu-
lar economy (Kardung et al 2021). In this way, there
is need to underlie the strategic impact that the cir-
cular bioeconomy can play in achieving the SDGs
(D’Adamo et al 2021). The literature places great
emphasis on studying the bioeconomy in Europe (Ols
and Bontemps 2021), evaluating effects on land use
spill overs (Bruckner et al 2019), and the need to
conduct a systematic review of methods and results
(Hurmekoski et al 2021, Dima et al 2022).

The bioeconomy is a new industrial paradigm
that aims to address significant societal, ecological,
and economic problems such resource depletion,
food insecurity, and climate change (Wydra 2020).
The bioeconomy has tremendous potential to foster
sustainable economic growth and is capable of cre-
ating job opportunities in rural and industrial areas
(Vivien et al 2019). The bioeconomy is sustainable
when certain conditions are met: (a) sustainability
of processes and products; (b) sustainability of the
resource base and (c) circular processes of material
flows (Gawel et al 2019).

The bioeconomy can enhance the resilience of
bio-based, food, and energy systems in the post-
pandemic era (Galanakis et al 2022). The literat-
ure emphasizes the need for studies that focus on
the environmental contrast associated with bio-based
versus fossil-based products (Jander 2022) and the
calculation of the bio-based share (D’Adamo et al
2022a).

The literature has focused for some times on all
three dimensions of sustainability, both in a holys-
tic way (Egenolf and Bringezu 2019), or consider-
ing them separately—environmental (Brizga et al
2019), socio-economic (Jarosch et al 2020), and
economic-environmental (Jander et al 2020). How-
ever, a paradigm shift is needed, in which all stake-
holders make their contributions with a view to
developing a sustainable community (D’Adamo and
Sassanelli 2022).

The topic is particularly felt in Europe, and the
bioeconomy requires a broadening of vision beyond
stakeholder positions and policy debates (Eversberg
and Fritz 2022), but assessing the consistency among
different policies (Befort 2020).

The literature from which the gap emerges is one
that aims to identify metrics to monitor the devel-
opment of the bioeconomy (O’Brien et al 2017),
and socio-economic issues need to be explored
(Sanz-Herndndez et al 2019). The bioeconomy con-
sists of several sectors, and monitoring systems are
developed to assess their socio-economic progress in
Europe (Ronzon et al 2020). Specifically, these sys-
tems are based on three parameters: (a) turnover;
(b) value added and (c) workers (Ronzon and
M’Barek 2018). A socio-economic indicator for the
bioeconomy (SEIB) has been proposed to aggregate
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these parameters through multi-criteria decision ana-
lysis (MCDA) providing separate assessments for
primary and innovative sectors (D’Adamo et al 2020).

Given the relevance of the bioeconomy in
the European policy agenda, it is crucial to have
a transparent and consistent monitoring frame-
work that considers the socio-economic progress of
bioeconomy activities (Ronzon et al 2022), identify-
ing drivers and opportunities (D’Adamo et al 2022b).
This work aims to fill that gap. For this reason, the
SEIB is calculated at macro level by applying the latest
available data in Europe. It is calculated for all sectors
and for manufacturing and bio-energy sectors in both
baseline and alternative scenarios. A decomposition
analysis according to socio-economic parameters and
bioeconomy sectors is then provided in order to cap-
ture useful insights and policy implications.

The work is structured as follows: section 2 pro-
poses the methodology and the data used, section 3
concerns the results achieved and their implications.
Elements and perspectives for discussion are pro-
posed in section 4 and conclusions are presented in
section 5.

2. Materials and methods

The MCDA is an analysis that allows for the compar-
ison of different alternatives by means of certain cri-
teria. It is based on the product between the meas-
urement of a performance (scoring criteria) and one
of relevance (weighting criteria). The strength of this
methodology is also its flexibility and suitability to use
specific indicators as criteria (Kumar et al 2017). An
approach taken up by several authors to compare the
performance of different countries, useful not only
for ranking but also for identifying actions to be taken
(Antanasijevi¢ et al 2017, Vavrek and Chovancova
2019). In particular, the MCDA approach is suitable
for measuring, in a comparative way, developments in
terms of sustainability (Su et al 2020, D’Adamo et al
2022a).

2.1. A SEIB
The SEIB is an indicator that measures the impact
of the bioeconomy with respect to economic and
social dimensions, not directly assessing the envir-
onmental component (D’Adamo et al 2020). Thus it
cannot be included within the sustainability indicat-
ors. However, it makes its contribution to sustain-
ability because it measures the impact of bio-based
sectors that using environmentally friendly sources
(Capasso and Klitkou 2020).

Two forms of the SEIB were provided to define the
impact of both primary and innovative sectors, and
the SEIB was developed using MCDA:

o SEIB for all sectors.
o SEIB for manufacturing and bio-energy sectors.
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The difference is that the second version excludes
primary sectors, while the first includes all sectors
of the bioeconomy. This approach does not aim to
penalize primary sectors considered relevant (Asada
and Stern 2018), but to broaden the overview toward
all sectors by measuring performance at the level
of each individual country. The SEIB calculation is
based on two levels, in which we initially calculate
the value of the SEIB for a specific bio-based sector
(SK)—(equation (1)) and then aggregate all sectors
(equation (2)). The variable related to bio-based sec-
tors is K, which varies from 1 to N (number of sectors
considered) and a specific and dimensionless SEIB is
obtained for each alternative (country—C).

Thus the literature has identified two different
levels, where the first level allows for the compar-
ison of several alternatives by evaluating appropri-
ate criteria. The result is a ranking among alternat-
ives concerning a specific sector. This specific value
also depends on the weight that this sector has within
the bioeconomy. Finally, since the bioeconomy is
composed of N sectors, the second level of ana-
lysis involves aggregating the SEIBs of each sector in
order to have a unique result that identifies a rank-
ing among different alternatives. The SEIB can refer
to different territorial realities and in this work, 28
European countries are considered (considering that
a pre-Brexit period was considered).

SEIB is obtained by combining three variables.
The first concerns the value of the socio-economic
criteria for each sector (VP). The second regards the
weight of the socio-economic criteria for each sec-
tor (WP). Finally, it is proposed the weight of the
bio-based sectors among all sectors (WS). It should
be noted that the number of parameters (turnover,
value added and workers) considered is 3 (P1, P2
and P3) according to section 1. This choice aims to
consider the socio-economic values available in the
JRC-Bioeconomics dataset (European Commission
2019), without penalizing the environmental com-
ponent enhanced by the presence of bio-based sectors
(D’Adamo et al 2022a):

SEIBsk () = VPsk—(c)—p1 X WPsk—p1 X WSsk—p1
+ VPSK—(C)—PZ X WPSK—PZ X WSSK_pz

+ VPSKf(C)7P3 X WPSK_p3 X WSSK_p3
(1)

N
SEIB(c) =) SEIBs_ (o) (2)

in which SEIBgk_(c) is the SEIB calculated for the
bio-based sector SK and country C; VPgx_e—_p; is the
value of turnover in the bio-based sector SK and for
country C; WPsk_p; measures the weight of turnover
for the same bio-based sector SK and WSgix_p; meas-
ures the weight of turnover for the bio-based sec-
tor SK. Evidently, these last components cannot be
influenced by the country under consideration. The
product between these three components measures
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the impact of turnover (P1), and should be repeated
in the same way for the other two criteria: VPsx_c_p,
is the value of value added in the bio-based sector
SK and for country C; WPsk_p, measures the weight
of value added for the bio-based sector SK; WSsx_p
measures the weight of value added for the bio-based
sector SK; VPsk_c_ps3 is the value of workers in the
bio-based sector SK and for country C; WPsk_p3
measures the weight of workers for the bio-based sec-
tor SK; WSsk_p3 measures the weight of workers for
the bio-based sector SK. The sum of the contributions
associated with each of the three parameters makes it
possible to calculate the SEIB for a specific sector. The
sum of all these values determines the overall SEIB for
a specific country (SEIB(c)).

The sectors considered in this work follow the
guidance provided by the classification of economic
activities of the European Community (NACE rev. 2)
and are then grouped into ten macro sectors (Ronzon
and M’Barek 2018). In particular, the categories are
updated according to the JRC-Bioeconomics data-
set (European Commission 2019) including 18 micro
sectors:

e K =1 — Agriculture (A01);

e K =2 — Forestry (A02);

e K = 3 — Fishing and aquaculture (A03);

e K = 4 — Manufacture of food, beverages and
tobacco (comprising Manufacture of food (C10),
Manufacture of beverages (C11) and Manufacture
of tobacco (C12));

e K = 5 — Manufacture of bio-based textiles (com-
prising Manufacture of textiles (bC13), Manufac-
ture of wearing apparel (bC14) and Manufacture
of leather (bC15));

e K = 6 — Manufacture of wood products and fur-
niture (comprising Manufacture of wood products
(bC16) and Manufacture of furniture (bC31));

e K =7 — Manufacture of paper (bC17);

e K = 8 — Manufacture of bio-based chemic-
als, pharmaceuticals, plastics and rubber (exclud-
ing biofuels) (comprising Manufacture of chemic-
als (excluding biofuels) (bchem), Manufacture of
pharmaceuticals (bC21) and Manufacture of bio-
based plastics and rubber (bC22));

e K =9 — Manufacture of liquid biofuels (compris-
ing Manufacture of bioethanol (Bioeth) and Man-
ufacture of biodiesel (Biod)) and

e K = 10 — Production of bio-electricity (bD3511).

Finally, it should be pointed out that the differ-
ence between the two versions of the SEIB consists
in excluding three macro-sectors (K = 1, K = 2 and
K = 3) in the version SEIB for manufacturing and
bio-energy sectors.

2.2. Input data
The values used in this work were extracted from the
JRC-Bioeconomics dataset (European Commission
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Table 1. Socio-economic parameters of the European bioeconomy
in 2019. Adapted by (European Commission 2019). Workers
expressed as number of persons employed; turnover and value
added measured in million €.

Sectors Workers Turnover Value added
K=1 9188 740 470 003 205 372
K=2 536 800 50 989 25013
K=3 178 740 14 760 6387
K=4 5094 929 1277 664 270416
K=5 770 530 89271 26 571
K=6 1460 249 191 573 55430
K=7 696 283 204 485 52 309
K=28 522 837 213 986 71226
K=9 26 652 14 323 3145
K=10 34 329 35410 6349
Total 18 510 089 2562 465 697 205

2019) and the most up-to-date data for 2019 were
considered. In particular, 840 data were managed for
this year, obtained from the product of the 3 para-
meters, the 10 macro sectors and the 28 alternatives.
It should be pointed out that the values for EU28 were
calculated by adding the contributions from the indi-
vidual countries—table 1.

The estimated data show the number of work-
ers at 18.5 million, turnover at 2.56 billion € and
value added at factor cost at 697 million €. These
values show an increasing trend compared to 2017,
with turnover showing the most significant growth at
7.8%, followed by 5.6% associated with value added
and 4.9% of the number of workers.

2.2.1. The value of the socio-economic parameters for
each sector
All VPs were obtained by normalizing the absolute
values for the population (referring to the year 2019)
in order to make the data homogeneous according
to literature (Szopik-Depczyriska et al 2018, Barbier
and Burgess 2019). A 0-1 range approach was con-
sidered, in which values at the extremes were asso-
ciated with the worst and best performance, respect-
ively. In addition, intermediate values were calculated
by linear interpolation. Value analysis is conducted
at the macro-sector level. This represents a differ-
ent approach than the original SEIB (D’Adamo et al
2020), where an analysis of values was conducted at
the micro sector level. For example, for K = 1 consist-
ing only of the A01 code, no differences are recorded
between macro and micro level. Instead, if we use a
micro level both codes bC16 and bC31 are evaluated
individually, while they are aggregated in the macro
one.

Table 2 shows the top countries for each macro-
sector and socio-economic parameter.

2.2.2. The weight of the socio-economic parameters for
each sector

The weights associated with the parameters are
obtained by a survey among experts (academicians

4
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Table 2. Top position of European MSs.

Sectors Workers Turnover Value added
K =1 Romania Netherlands Netherlands
K=2 Latvia Finland Finland

K =3 Greece Malta Greece

K =4 Cyprus Denmark Ireland

K =5 Portugal Ttaly Italy

K =6 Estonia Netherlands Estonia

K =7 Finland Netherlands Finland

K =8 Denmark Netherlands Ireland

K =9 Finland Finland Finland

K =10 United Kingdom United Kingdom Denmark

Table 3. Normalized weights of the socio-economic parameters.
Adapted by (D’Adamo et al 2020).

Sectors Workers Turnover Value added
K=1 0.289 0.368 0.343
K=2 0.321 0.352 0.327
K=3 0.323 0.347 0.330
K=4 0.318 0.347 0.335
K=5 0.332 0.337 0.330
K=6 0.321 0.345 0.334
K=7 0.305 0.359 0.336
K=38 0.307 0.355 0.338
K=9 0.315 0.356 0.329
K=10 0.319 0.353 0.328

and researchers) with long-term expertise in the
bioeconomy. In order to compare the results of this
work with those reported in the literature (D’Adamo
etal 2020), it was chosen to consider the same weights.
Consequently, all WPs are identified by literature.
This choice is also justified since they were collec-
ted in a recent time frame and were identified by a
panel of experts—table 3. However, this work will
also consider an alternative scenario in which the
weight among the three parameters will be chosen the
same for all sectors.

The distribution of weights among the para-
meters in the order of the three parameters does
not see significant variations. In fact, turnover is
always placed as the most important and workers
as the least important (only in K = 5 is it better
than value added). However, it should be noted that
the reported numerical values show important vari-
ations. Turnover reaches its highest value (0.368) in
the K = 1 sector and the same is true for value added
(0.343). At the same time for this macro sector work-
ers has the lowest value (0.289). As highlighted earlier
the K = 5 sector is the one that workers has the highest
value with 0.332 and the lowest value of turnover with
0.337. In contrast, the lowest value added value is
0.327 in the macro sector K = 2.

2.2.3. The weight of the bio-based sector
The weight of sectors within the bioeconomy can
be calculated using statistical data. Starting from the
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Table 4. Percentage distribution of the European bioeconomy
sectors in 2019. Adapted by (European Commission 2019).

Sectors Workers Turnover Value added
K=1 0.497 0.183 0.284
K=2 0.029 0.020 0.035
K=3 0.010 0.006 0.009
K=4 0.275 0.499 0.374
K=5 0.042 0.035 0.037
K=6 0.079 0.075 0.077
K=7 0.038 0.080 0.072
K=28 0.028 0.084 0.099
K=9 0.001 0.006 0.004
K=10 0.002 0.014 0.009

overall values shown in table 1 we can see the decom-
position that shows the K = 4 macro sector in first
place for both turnover and value added parameters.
In contrast, the K = 1 macro sector prevails in the
workers parameter. Table 4 proposes WS of the bio-
based sector according to the parameter considered.

The data that emerges from the distribution of the
weights is the presence of these two sectors that affect
very significantly compared to all the others: (a) agri-
culture and (b) manufacture of food beverages and
tobacco. Their contribution is 77% considering work-
ers and 68% for the other two parameters (turnover
and value added).

3. Results

The main objective of a MCDA is to propose a rank-
ing among alternatives that can analyze performance.
The values obtained can be read in multiple ways in
order to capture the different points of interest.

3.1. The assessment of the SEIB for all
sectors—baseline scenario

The first step of our analysis is the calculation of the
SEIB in the baseline scenario, when all sectors are
included. It emerges that there are three countries that
have a very significant performance (table 5): Ireland
leads the ranking with 0.576 followed by Netherlands
and Denmark with 0.520 and 0.503, respectively. In
fact, Belgium, which ranks fourth, has a value 0f 0.358
and, together with six other countries, is above the
European average of 0.300. Below the average are 18
countries, among which the situation is very critical
for the United Kingdom, Luxembourg, Slovakia and
Malta (figure 1), with values ranging from 0.141 to
0.054.

3.2. The assessment of the SEIB for manufacturing
and bio-energy sectors—baseline scenario

The second step of the analysis is to calculate the
SEIB for manufacturing and bio-energy sectors and to
highlight any deviations from the previous version of
the SEIB. If the delta proposed in table 6 has a negative

P Morone et al

Table 5. SEIB for all sectors in 2019.

Ranking Country Value
1 Ireland 0.576
2 Netherlands 0.520
3 Denmark 0.503
4 Belgium 0.358
5 Spain 0.356
6 France 0.350
7 Austria 0.345
8 Lithuania 0.326
9 Ttaly 0.320
10 Greece 0.313

EU 28 0.300
11 Germany 0.291
12 Cyprus 0.288
13 Poland 0.281
14 Romania 0.277
15 Finland 0.275
16 Portugal 0.267
17 Bulgaria 0.264
18 Latvia 0.238
19 Estonia 0.237
20 Croatia 0.236
21 Hungary 0.234
22 Sweden 0.227
23 Slovenia 0.212
24 Czechia 0.198
25 United Kingdom 0.141
26 Luxembourg 0.134
27 Slovakia 0.089
28 Malta 0.054

Europe SEIB K=10

SEIB 10 -
0051 0315 0878

Figure 1. A graphical representation of the SEIB for all
sectors in 2019.

sign, it shows that the weight of the primary sec-
tors is very significant for that country. Ireland has a
value of 0.666 and confirms its first position, followed
this time by Denmark with 0.573. For this version of
the SEIB, we find the Netherlands again among the
first three countries, but with a value that is more
detached and close to the other ten countries which
are above the European average of 0.344 (figure 2).
Only three European countries show a reduction in
value. Among these, the Netherlands shows a slight
decrease, while the reductions in Greece and Romania
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Europe SEIB K=7

SEB7 =
0104 0385 0868

.

Figure 2. A graphical representation of the SEIB for
manufacturing and bio-energy sectors in 2019.

Table 6. SEIB for manufacturing and bio-energy sectors in 2019.
Delta measures the difference between SEIB for manufacturing
and bio-energy sectors and SEIB for all sectors.

Ranking Country Value Delta
1 Ireland 0.666 0.090
2 Denmark 0.573 0.070
3 Netherlands 0.519 —0.001
4 Belgium 0.488 0.130
5 Austria 0.474 0.129
6 Lithuania 0.437 0.111
7 Germany 0.430 0.139
8 Cyprus 0.412 0.123
9 France 0.391 0.041
10 Estonia 0.360 0.123
11 Spain 0.357 0.001
12 Croatia 0.351 0.114
13 Poland 0.346 0.065
EU 28 0.344 0.044
14 Portugal 0.330 0.063
15 Ttaly 0.329 0.009
16 Finland 0.315 0.040
17 Latvia 0.297 0.059
18 Bulgaria 0.274 0.010
19 Sweden 0.266 0.039
20 Czechia 0.264 0.066
21 Greece 0.259 —0.054
22 Hungary 0.241 0.007
23 Slovenia 0.228 0.016
24 Luxembourg 0.172 0.039
25 United Kingdom 0.172 0.030
26 Romania 0.144 —0.132
27 Slovakia 0.109 0.020
28 Malta 0.104 0.050

are much greater. Germany shows the most signific-
ant growth, allowing it to exceed the European aver-
age, along with four other countries (Cyprus, Esto-
nia, Croatia and Poland). The opposite is true for
Italy and Greece. In addition, the critical situation
that remains for the four countries defined in the ver-
sion of the SEIB for all sectors, to which Romania is
added, should be highlighted (figure 2).

0.550
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0.250

0.200 I l
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0.100 .
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Figure 3. A decomposition analysis of SEIB for all sectors in
2019 as a function of socioeconomic parameters.

3.3. A decomposition analysis of SEIB

The third step is to break down the analysis accord-
ing to parameters and sectors in order to understand
which has the greatest influence on final results. The
analysis is carried out only for the SEIB for all sectors,
since obviously the conclusions are specular for the
other SEIB version.

3.3.1. A decomposition analysis of SEIB referred to
parameters

The decomposition analysis referred to parameters
is proposed in figure 3. The weight of turnover and
value added is more significant than that of work-
ers (table 3), making the value of the SEIB associated
with the two economic parameters very significant
in most of the countries analyzed. The combined
sum of turnover and value added in terms of SEIB
is 87%, 89% and 93% for Ireland, Denmark and
the Netherlands, respectively. On the other hand,
this percentage is less than half in Latvia (49%) and
Croatia (46%), but above all Romania (31%) and
Bulgaria (20%) underperform with respect to the rest
of EU-28 countries.

3.3.2. A decomposition analysis of SEIB referred to
sectors
The decomposition analysis referred to sectors is pro-
posed in figure 4. The percentage weight of sectors
K =1 (Agriculture) and K = 4 (Manufacture of
food, beverages and tobacco) is very important in
the mix of all sectors (table 4) and, consequently,
the leading countries in these sectors will have excel-
lent performance at SEIB level. In fact, in 22 of the
28 countries examined, the most significant value is
the SEIB associated with K = 4. Exceptions are Bul-
garia, Greece, Hungary, Latvia, Romania and Slove-
nia, where K = 1 prevails; while the difference is min-
imal in Italy, Lithuania, Portugal and Spain.
Analyzing K = 1, it emerges that Romania is the
leader with 0.216, followed by Greece 0.184 and Neth-
erlands 0.180. Important performances are also seen
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Figure 4. A decomposition analysis of SEIB for all sectors in
2019 as a function of bio-based sectors.

for Ireland 0.172, Denmark 0.154, Bulgaria 0.151 and
Spain 0.140. As far as K = 4 is concerned, Ireland is
the leader with a value of 0.344, followed by Denmark
0.271, Belgium 0.248 and Netherlands 0.229. Import-
ant values are also found for Germany 0.190, France
0.183, Cyprus 0.174 and Spain 0.151. From these res-
ults it emerges that the Manufacture of food, bever-
ages and tobacco determines the first three positions
in the overall ranking, however it is worth highlight-
ing how the less significant performance of the Neth-
erlands in this sector compared to Ireland and Den-
mark is then compensated for by that in K = 1. If
Greece manages—thanks to 0.11 in K = 4—to be
above the European average, the same does not hap-
pen for Romania. We then have Belgium and France
which benefit from the K = 4 performance, while
Spain has similar values for the two sectors mentioned
above. The significant difference between the two sec-
tors also explains why Belgium, along with Germany
and Cyprus, has the most significant variation in the
SEIB for manufacturing and bio-energy sectors.

As far as the other sectors are concerned, the most
significant values are as follows: (a) K = 5 (Man-
ufacture of bio-based textiles) with Italy 0.032 and
Portugal 0.029; (b) K = 6 (Manufacture of wood
products and furniture) with Estonia 0.057 followed
by Latvia and Lithuania with 0.039; (¢) K = 7 (Manu-
facture of paper) Finland and Netherlands with 0.039
and (d) K = 8 (Manufacture of chemicals, pharma-
ceuticals, plastics and bio-based rubber) Ireland 0.042
followed by Netherlands 0.033.

3.4. The assessment of the SEIB for all
sectors—alternative scenario

The fourth step of the analysis is to calculate how
the SEIB varies under alternative scenarios, which are
obtained by varying the value of its variables. The first
is that relating to the weight of socio-economic para-
meters (table 7). As far as SEIB for all sectors is con-
cerned, the main change concerns Romania, which
joins the other ten countries above the European aver-
age. In fact, it presents the most significant growth
with 0.022, followed by Bulgaria with 0.020. The three
leading countries, on the other hand, show the most
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Table 7. SEIB values in 2019 considering an equal weight among
the parameters.

SEIB for manufacturing

SEIB for all sectors and bio-energy sectors

Country Value  Country Value
Ireland 0.566  Ireland 0.660
Netherlands 0.503  Denmark 0.569
Denmark 0.490  Netherlands 0.506
Belgium 0.351  Belgium 0.482
Spain 0.348  Austria 0.476
Austria 0.343  Lithuania 0.448
France 0.342  Germany 0.434
Lithuania 0.330  Cyprus 0.421
Greece 0.318  France 0.389
Italy 0.313  Estonia 0.366
Romania 0.299  Croatia 0.362
EU 28 0.297  Spain 0.354
Cyprus 0.289  Poland 0.352
Germany 0.289  Portugal 0.335
Poland 0.287  EU 28 0.327
Bulgaria 0.284  Italy 0.324
Portugal 0.273  Finland 0.314
Finland 0.271  Latvia 0.306
Latvia 0.243  Bulgaria 0.284
Croatia 0.241  Czechia 0.270
Estonia 0.238  Sweden 0.266
Hungary 0.235  Greece 0.264
Sweden 0.223  Hungary 0.250
Slovenia 0.216  Slovenia 0.234
Czechia 0.199  Luxembourg 0.173
United Kingdom  0.138  United Kingdom 0.168
Luxembourg 0.131  Romania 0.149
Slovakia 0.091  Slovakia 0.113
Malta 0.054  Malta 0.106

significant decrease: Netherlands —0.017, Denmark
—0.012 and Ireland —0.010. However, they remain
at the top three positions of the ranking. As far as
the SEIB for manufacturing and bio-energy sectors is
concerned, it is Portugal that exceeds the European
average. The most significant increases were recorded
for Lithuania and Croatia. It is confirmed that Ireland
and Denmark maintain the top two positions.

3.5. The socio-economic time performance of
European countries based on SEIB

A further alternative analysis is one in which the para-
meter values for each sector have changed and con-
sequently the weights among sectors also vary. Val-
ues that change over time can be considered, and
in accordance with the previous section, 2017 val-
ues are calculated from scratch by applying an ana-
lysis of values at the macro sector level. The delta
proposed in table 8 if negative indicates that 2019
performance is worse than 2017 performance. Spe-
cifically, the most significant reduction is associated
with Slovakia due primarily to the reduction in the
K =1 sector (—0.014) and the leading country (Ire-
land) due primarily to the reduction in the K = 8
sector (—0.020). Lower-performing results are also
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Table 8. SEIB for all sectors in 2017. The delta measures the
difference between SEIB values in 2019 and 2017.

Ranking Country Value Delta
1 Ireland 0.604 —0.028
2 Denmark 0.443 0.060
3 Netherlands 0.383 0.136
4 Austria 0.309 0.036
5 Lithuania 0.295 0.031
6 Belgium 0.284 0.074
7 France 0.281 0.069
8 Spain 0.279 0.077
9 Romania 0.275 0.002
10 Finland 0.273 0.002
11 Greece 0.255 0.058
12 Ttaly 0.254 0.067
EU 28 0.244 0.056
13 Portugal 0.243 0.024
14 Estonia 0.242 —0.005
15 Cyprus 0.237 0.051
16 Croatia 0.233 0.004
17 Poland 0.227 0.054
18 Latvia 0.227 0.011
19 Germany 0.216 0.075
20 Hungary 0.210 0.023
21 Bulgaria 0.198 0.067
22 Sweden 0.182 0.045
23 Czechia 0.178 0.020
24 Slovenia 0.161 0.051
25 Luxembourg 0.140 —0.006
26 United Kingdom 0.130 0.011
27 Slovakia 0.119 —0.030
28 Malta 0.045 0.009

associated with Luxembourg and Estonia. By con-
trast, the most significant growth is for the second-
ranked country overall (Netherlands) for increases in
several sectors (K = 1, K = 4, K = 6, K = 7 and
K = 8). Spain, Germany and Belgium show signific-
ant increases linked mainly to performance associated
with K = 4.

This last step analysis has shown that the choice
of values applied to macro sectors compared to micro
sectors quantifies more accurately the actual socio-
economic dimension of the bioeconomy and, also, the
ranking of countries can vary significantly.

3.6. A comparison among bioeconomy indicators
Finally, the last stage of the analysis involves a com-
parison of the different indicators. In the absence
of SEIB, indicators measuring turnover versus work-
ers and value added versus workers could be used
(Ronzon et al 2017, Ronzon and M’Barek 2018)—
figure 5.

An increase in workers has a positive effect on
the value of SEIB, while resulting in a decrease in
both ratios turnover/workers and value added/work-
ers. It is worth noting that the primary sectors (K =1,
K = 2 and K = 3) have lower values in turnover/
workers. The K = 10 (Production of bio-electricity)
has the highest value followed by K = 9 (Manufacture
of liquid biofuels) with 1031 and 537 thousand € per
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Turnover/Workers

1031

537
409
294 751

131 116 95 83 51

K=10K=9 K=8 K=7 K=4 K=6 K=5 K=2 K=3 K=1

Value Added/Workers

185

136
118

75
B4 38 3 3

K=10K=8 K=9 K=7 K=4 K=2 K=6 K=3 K=5 K=1

Figure 5. Ratio between turnover and workers and ratio
between value added and workers in function of sectors.
Both are expressed as thousand € per number of persons
employed. Adapted by (European Commission 2019).

number of persons employed, respectively (figure 1).
The ranking of sectors changes when we consider
value added/workers where K = 1 remains the low-
est but the other two primary sectors do not occupy
the last positions. K = 10 still leads the field, followed
this time by K = 8 (Manufacture of bio-based chem-
icals, pharmaceuticals, plastics and rubber (excluding
biofuels)) with 185 and 136 thousand € per number
of persons employed, respectively.

The next objective is then to compare the rank-
ing of these two indicators with the SEIB (table 9),
in which we show that increasing workers can only
improve a sustainable performance. Within the SEIB,
increasing this parameter acts in this direction. The
results show changes. The performances of the first
three countries are still significant, but it is Belgium
that prevails with 407 and 106 thousand € per worker
in terms of turnover and value added, respectively.
Growth is also evident in Sweden and Finland, while
among the countries occupying the last positions,
United Kingdom and Luxembourg present a value
above the European average in these indicators.

4. Discussion

Globalization has led to the idea of selling one’s
products all over the world and production has some-
times been concentrated where costs were lower.
However, long supply chain models can feel geopol-
itical risks, and in addition, climate change leads to
abrupt changes that can put the production chain at
risk (Ferndndez-Miguel et al 2022). Lack of materi-
als and components can cause production stoppages,
leading to socio-economic damage.

The use of short and integrated supply chains
and of bio-based resources produce not only envir-
onmental advantages but also social ones, since they
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Table 9. A comparison of bioeconomy indicators in 2019. SEIB is dimensionless, while both turnover/workers and value added/workers

are proposed as thousand € per worker.

SEIB Turnover/workers Value added/workers

Ireland 0.576 Belgium 407 Belgium 106
Netherlands 0.520 Ireland 338 Denmark 98
Denmark 0.503 Denmark 335 Ireland 94
Belgium 0.358 Netherlands 328 Sweden 86
Spain 0.356 Sweden 290 Netherlands 81
France 0.350 Finland 288 Finland 80
Austria 0.345 France 223 France 60
Lithuania 0.326 Austria 207 Austria 59
Italy 0.320 Germany 207 Germany 58
Greece 0.313 United Kingdom 206 United Kingdom 58
EU 28 0.300 Italy 168 Ttaly 50
Germany 0.291 Spain 164 Spain 48
Cyprus 0.288 Luxembourg 159 Luxembourg 47
Poland 0.281 EU 28 138 EU 28 39
Romania 0.277 Estonia 123 Malta 33
Finland 0.275 Malta 111 Estonia 31
Portugal 0.267 Czechia 99 Cyprus 30
Bulgaria 0.264 Cyprus 88 Czechia 28
Latvia 0.238 Hungary 85 Hungary 26
Estonia 0.237 Slovakia 79 Slovenia 23
Croatia 0.236 Slovenia 73 Slovakia 21
Hungary 0.234 Lithuania 67 Latvia 20
Sweden 0.227 Portugal 65 Lithuania 20
Slovenia 0.212 Latvia 65 Croatia 19
Czechia 0.198 Poland 62 Portugal 19
United Kingdom 0.141 Croatia 56 Greece 17
Luxembourg 0.134 Greece 51 Poland 15
Slovakia 0.089 Bulgaria 19 Romania 6
Malta 0.054 Romania 19 Bulgaria 6

generate job opportunities and allow consumers to
choose sustainable products (Vivien et al 2019, Ladu
and Morone 2021). By promoting the uptake of a cir-
cular bioeconomy a growing demand for new highly
skilled jobs will arise in several sectors such as agricul-
tural, forestry, fisheries, aquaculture, marine as well
as in the food, bioengineering and other bio-based
sectors. This will call for the supply of new skills and
training and education models, to march the grow-
ing and changing demand (European Commission
2022a). Indeed, the bioeconomy can redefine some
business models, the ways in which stakeholders talk
to each other, and if companies collaborate with each
other, models of industrial symbiosis are identified
that lead to the circular bioeconomy (Kardung and
Drabik 2021, D’Adamo and Sassanelli 2022). How-
ever, such a transformation may require higher costs
associated with the transition, which is why sup-
portive policies that are implemented by different
European countries are necessary.

The results of this work highlight that from the
socio-economic parameters (turnover, value added
and workers) it is necessary to identify indicators that
monitor the progress of the bioeconomy (Ronzon
et al 2020, 2022). The SEIB provides a snapshot of the
health of the bioeconomy (D’Adamo et al 2020).

SEIB in 2019 shows signs of growth compared
to 2017 data, and there are three countries (Ire-
land, Denmark and Netherlands) that show very
encouraging results in the updated ranking. Prob-
ably the bioeconomy policies implemented among
the first in Europe in these countries have pushed
this phenomenon, but the same has not happened for
example in Germany and Czechia. It should therefore
be emphasized that national strategies are import-
ant but not sufficient for effective development. The
key to these countries’ success lies in the use of the
resources they had and having made investments
that yielded their benefits in terms of both turnover
and value added. In addition, these countries also
gave attention to the socio-economic parameter of
the workers. If one looks at a framework based
solely on the turnover/workers and value added/
workers indicators (Ronzon and M’Barek 2018), it
emerges that Belgium occupies the first position,
while in SEIB there is a different situation. SEIB is
able to enhance the role of workers, although it is
regarded as the least relevant parameter. Some coun-
tries still make much use of the primary sector-based
economy on which, however, further observations
need to be made. It is worth highlighting how, in
terms of added value per worker, their results do
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not occupy the last positions in the ranking and
how the potential of agriculture is underestimated.
In fact, it is not only basic for food safety (Wydra
2020), but also for the quality of products that
affect human health. Moreover, it can be an ele-
ment of attractiveness for some territories that com-
bine the mix between industry and tourism activit-
ies. Additionally, there is a growing consensus ‘that
there are significant opportunities for employment
growth as a result of regulatory change, the avail-
ability of new technologies which affect production
processes, the capacity to develop new products |...]
and consumer preferences’ (European Commission
2022a). Examples of areas of expansion would include
novel foods, packaging, bio preservation, sensing and
biosensors.

Bio-electricity production ranks first among the
macro sectors in terms of the turnover/workers and
value added/workers indicators and thus emerges
among the innovative sectors. However, SEIB gives
a different indication as it assigns greater weight to
those sectors that most absolutely influence the devel-
opment of the bio-economy. Among these are two
sectors that have a very dominant position: (a) agri-
culture and (b) manufacture of food, beverages and
tobacco.

This work therefore allows us to identify some
policy suggestions. The first is that it is essential
to monitor the progress of the bioeconomy in dif-
ferent countries by identifying the areas in which
some countries are emerging. European funds could
be used in this direction to strengthen these realit-
ies, making them centers of excellence and to com-
pete globally. The second concerns the rediscovery
of primary sectors that too often are put on the
back burner because they probably provide fewer
economic opportunities. However, the employment
leverage is exceptional. The third direction is toward
innovation that leads not only to reengineering pro-
cesses but to bringing bio-based products into the
production cycle in order to make the production
process more environmentally friendly. This goal
requires investing in the use of local resources and
fostering industrial symbiosis among the different
actors in the production chain. The fourth direc-
tion involves consumers, for whom the degree of
knowledge toward bio-based products should be
strengthened by also assessing their willingness to pay
extra for such products. The introduction of incent-
ives is desirable in this regard. The fifth direction is
to encourage the development of active youth entre-
preneurial activities by using European funds directly
related to these issues, fostering collaboration and
information programs. The sixth direction is to tar-
get the manufacturing and bio-energy sectors where
it is necessary to push the sustainability-innovation
combination by identifying business models that can
intercept market needs. The quantitative approach of
this work provides insights for which participatory
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models are needed that show the benefits of these
inter-connected challenges.

5. Conclusions

This paper provides a socio-economic overview of the
performance measurement of different bio-based sec-
tors in Europe. The results show that three countries
(Ireland, Denmark and Netherlands) present very
positive performance. The opposite situation occurs
for four countries (United Kingdom, Luxembourg,
Slovakia and Malta).

The proposed approach is to harden the proposed
framework on an indicator used in the literature, the
SEIB, by identifying the following peculiarities: (a)
the two versions of the SEIB allow to evaluate the
incidence of primary sectors; (b) the decomposition
analysis allows to evaluate how much the paramet-
ers and how much the single sectors affect the res-
ult; (c) alternative scenarios in which the values and
the weights of the sectors and of the parameters are
changed allow to give stability or not to the results
obtained and (d) the comparison with classical indic-
ators provide insights. This model can be replied for
other geographical realities.

However, the work also has some limitations.
First, it is an indicator of the bioeconomy that does
not consider the environmental perspective, due to
the lack of data, and thus does not assess how
much different sectors can actually counteract climate
change. The second critical aspect concerns the avail-
ability of data, which is restricted and sometimes out-
dated. Therefore, there is a need to call for projects
that are directed in this direction.

The bioeconomy can provide support for sus-
tainable development, monitoring of socioeconomic
performance is useful for all stakeholders, and new
interventions, including policy, are needed. However,
change is first and foremost social, changing pro-
duction and consumption patterns. It requires inter-
connected challenges and it puts us at a crossroads: to
condemn future generations to obscurity or light.
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