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Abstract: The bio-based economy will be crucial in achieving a sustainable development, covering all
ranges of natural resources. In this sense, it is very relevant to analyze the economic links between the
bioeconomic sectors and the rest of the economy, determining their total and decomposed impact on
economic growth. One of the major problems in carrying out this analysis is the lack of information
and complete databases that allow analysis of the bioeconomy and its effects on other economic
activities. To overcome this issue, disaggregated social accounting matrices have been obtained for
the highly bio-based sectors of the 28 European Union member states. Using this complex database,
a linear multiplier analysis shows the future key role of bio-based sectors in boosting economic
development in the EU. Results show that the bioeconomy has not yet unleashed its full potential in
terms of output and job creation. Thus, output and employment multipliers show that many sectors
related to the bioeconomy are still underperforming compared to the EU average, particularly those
with higher value added; although, they are still crucial sectors for the wealth creation.

Keywords: bioeconomy; social accounting matrices; impact analyses; multi-sectoral models;
output multipliers; employment multipliers

1. Introduction

The bioeconomy comprises several economic sectors, academic disciplines, and areas of policy.
It encompasses the production of renewable biological resources and the conversion of these resources
and waste streams into value-added products such as food, feed, bio-based products, and bioenergy.
In this way, the bioeconomy is grouped into different sectors of the economy that produce, process,
and re-use renewable biological resources (agriculture, forestry, fishing, chemicals, food, bio-based
materials, and bioenergy). It is therefore of great interest to analyze the possible impacts of sectoral
policies at national or regional level, as well as cross-sectoral policies (environment, climate change,
the circular economy, waste, industrial policies, innovation and regional policies, etc.) related to
dealing with new social challenges such as increasing food demand and climate change.

It should be borne in mind that the bioeconomy is one of the last challenges to economic science.
Interest in it is starting to grow and the economic process is being considered as an extension of
the biological evolution. The objective is to integrate economic activities with natural resources,
because not only are the natural resources not always in line with the markets, but because its own
intrinsic potential may be a decisive factor in growth. In this way, the economy is defined more
widely and is allowing the development of a new bioeconomic model to reconcile public and private
interests with the common interest. The origins of this approach to the economy can be found in
Boulding [1] who compared the planet’s limited resources with an already-launched spacecraft, in order
to integrate the concept of circular economy with the use and care of natural resources. The work
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of Georgescu-Roegen [2,3] discusses when economic development is included in the energy flow of
the biosphere.

The relationship between the bioeconomy and the principle of circular economic flow [4] is clear
in so far as this is defined by a system of production towards the transformation of renewable biological
resources and waste streams into value-added food, feed, industry, and energy, etc. A bioeconomy
allows a competitive, circular, and sustainable industrial-based economy [5].

Hence, there is a growing interest in analyzing the bioeconomy, both at an academic level [6-9] and
a political and institutional level, such as in the European Union (EU) [5,10]. In this sense, the relevance
of the bioeconomy in the EU is growing. It is becoming a key subject in the development of policies
of sustainable development, as demonstrated by the development of a bioeconomy strategy by the
European Union [10,11]), and it is playing a role in different framework programs [12] and in ambitious
international consortiums with private sectors [4]). Also, individual policies are being developed by
the member states [13,14]. In this context of the growing relevance and interest in the bioeconomy
by European policymakers, research work such as that presented here acquire greater importance
because it provides significant information on the structure of these types of activities, their links
with the rest of the economy, and the ability to generate wealth and employment in a context of
sustainable development.

Empirically, the question is how can the economic potential of these activities be maximized in
a responsible manner and from a biological point of view, but also how can the impact on economic
growth as a whole be maximized. In this respect, it is interesting to know and quantify the contribution
of these economic sectors. Making the criteria and information for the development of these policies
available was one of the main aims of this work.

Furthermore, an analysis of the bioeconomy sectors should recognize the economic, environmental,
and social aspects for the implementation of a genuine and sustainable growth model on the development
of a single framework, as well as the implementation of a quantitative model for assessing its pillars and
the defined parameters. This should be underpinned by the quantification of the contribution to the
overall growth and the mechanisms activated to this end.

In a first attempt in this regard, the Joint Research Centre (JRC) of the European Commission
launched an ambitious project to identify the significant primary agricultural activities for the year
2000: The estimate of “AgroSAMs”, the social accounting matrices (SAMs), with a specific breakdown
of the primary sector for each member state for the year 2000 [15]. Using this database and multiplier
analysis, a first attempt at the structural classification and quantification of the potential for wealth and
job creation for the Spanish economy was realized by Cardenete et al. [16]. Subsequently, the database
was updated and enlarged to 2007 AgroSAM [9]. using statistical analyses to derive the structural
segmentation typical of the bio-based products sector for groups of the member states of the EU.
In general, both studies agree that the potential to generate wealth from bioenergy, as compared with
the average of all economic activities, was relatively limited.

The significant contribution of this work is the use of a new set of SAMs specifically designed
for studying the bioeconomy and natural resources, now called BioSAMs [17]. Improvement in the
studies referred to was made by incorporating additional biomass sources, biotechnology applications,
fuel, electricity, and chemical substances, and by adopting an approach similar to Philippidis et al. [9].
Following this work, the main objective of this paper was to analyze the activities of the bio-based
profile between both sectors and regions in terms of wealth and jobs, in order to better understand the
typologies of bio-based products in the member states of the EU in terms of wealth and job creation.

A social accounting matrix (SAM) is a database that contains organized economic and social
data for all transactions between economic operators in the economy at a given time. This matrix
provides for a certain period of time a coherent, comprehensive, and complete overview of all economic
transactions between institutions and production and markets, as well as on markets, savings and
investments, households, government, and the rest of the world. Each cell (i, j) describes both the
expenditure represented in column j and an income to the account represented in row i, equaling
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the totals of rows and columns by the principle of the double entry accounting. A SAM integrates
social statistics in the traditional input-output model, and includes the productive sectors and the
interdependence with institutional sectors and the final demand, as well as flows of income between the
factors of production and those institutions responsible of final demand components, thus completing
the circular flow of income represented in a matrix format. Since its inception by Stone [18] as integrated
production accounts in the form of input-output tables for the economy as a whole, and due to its
coherence, comprehensiveness, and flexibility in registration of data, the SAM approach (linear) to
pricing models in the last three decades has been applied to issues of economic growth [19], income
distribution and redistribution [20], the circular flow of income [21-23], pricing [24], structural policy
analysis of the agricultural sector in developed [25] and developing countries [26], and the effect of the
public policy and poverty reduction [27].

A major barrier to the use of a detailed SAM for analyzing the activities of a bioeconomy is the lack
of available data. More specifically, in the framework of the standard national accounts, bioeconomy
activities generally are represented as broad sectoral aggregates (i.e., agriculture, food processing,
forestry, fisheries, wood, and pulp) or even in their parent sectors (e.g., chemical industries, clothing,
energy). This study continues the sectoral breakdown of the agricultural and agro-food industries
used in AgroSAMs [15], but provides an explicit representation of the current uses of biomass in the
areas of bioenergy, biochemicals, and bio-based industries. The main contribution of this work is that it
is the most complete multisectorial database that, as far as we know, exists on the bioeconomy sectors
and their links with other activities and institutional sectors (households, government, corporations,
etc.), both for the EU as an aggregate and for each of its 28 member states, presenting here an intuitive
application, but with significant information on the structure and capacity of the sector.

2. Materials and Methods

2.1. Data Sources. The BioSAMs

The BioSAM estimation consists of two main phases, subdivided into several steps, each of
which has been repeated systematically for each member state. The first phase consists of designing
a standard SAM, distinguishing the activities and commodities according to the classification of
activities and products in Eurostat NACE2 Rev. 2 (Nomenclature statistique des Activités économiques
dans la Communauté Européenne Rev. 2—Statistical classification of Economic Activities in the
European Community, revised version 2) and CPA (Classification of Products by Activity), respectively.
As a first step, the macro-SAM was estimated, reflecting in a dual entry matrix the macro-magnitudes
of each national economy, considering 2010 as the reference year and using integrated accounts [28].
The objective of these first macro-SAMs was to serve as a benchmark in the process of constructing
the matrix and, above all, the calculation of the closure of the SAM (factors and institutions). On the
basis of these macro-SAMs for each member state, standard SAMs were obtained using the supply
and use tables (SUT) of 2010 [29] and solving when necessary minor differences in the allocation of
concepts that can arise between the two statistical operations (for example, consumption by residents
abroad, payments of indirect taxation, labor, etc.). The result of this procedure was a SAM with general
sectoral classifications that may be used not only for modeling or analysis, but also serve as a basis for
obtaining the much disaggregated BioSAMs. Finally, to complete this first stage, SAMs were adapted
slightly, incorporating and adapting certain accounts to the classification of activities carried on by
the Global Trade Analysis Project (GTAP) [30]. The reason for this was to facilitate the subsequent
use of databases on agriculture and biofuels, which are incorporated in the BioSAMs (in particular,
to calculate technical coefficients for activities related to bioenergy and bio-based chemicals).

The second main step in the construction of the BioSAMs was a breakdown of the agriculture
and food industries, as well as the sectors of bioenergy and bio-based industries. The division of
agricultural primary products and food industries was carried out using, as the main source of data,
the CAPRI database (Commom Agricultural Policy Regionalised Impacts) [31] in combination with the
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Economic Accounts for Agriculture (EAA) (Eurostat, 2016). The basis for breaking the sectors into the
biomass, bioenergy, and bio-based industries was obtained from the database for MAGNET (Modular
Applied General Equilibrium Tool), which is an advanced overall neoclassical general equilibrium
model (MAGNET Consortium is led by Wageningen Economic Research (WEcR) and includes JRC)
and the databases available at the European Commission [32] and Eurostat on employment and
turnover. Thus, a set of non-agricultural accounts on the bioeconomy are split from other groups
or matrices. More specifically, bioenergy and the new bio-industrial sectors are extracted from their
origins of “forest-based industries”, “chemicals”, “wood products”, and “electricity and gas”.

Once SAMs were unbundled in accordance with the information from the bioenergy and
agricultural production, food, and bio-industrial sectors, discrepancies between the accounts (expected
because of the use of different sources of data, which are not always directly compatible) were
eliminated using well-known adjustment methods such as the cross-entropy method or RAS [33-36].

The final result is a set of 29 BioSAMs for 2010 (one for each EU member state and one aggregate
for the European Union), which includes 80 activities and commodities in the accounts. There are
22 activities/commodities for cropping, 6 for livestock, 14 for food processing, 5 for bioenergy (biofuels
of first and second generation and bio-electricity), 3 for biomass supply (forestry biomass, energy
crops, and pellets), 3 accounts for bio-industrial (textiles, wood and biochemistry) and one for fisheries.
The remaining 27 accounts cover sectors such as fossil fuels (2), industry (11), and services (14).
In addition, the BioSAMs contain two factors of production (capital and labor), an account of trade and
transport margins, and three tax accounts (taxes and subsidies on production and consumption and
direct taxation). Finally, there is a single account for households, corporations, public administration,
saving-investments, and rest of the world.

2.2. Output and Employment Multipliers

The starting point for the analysis is the following equilibrium equation:
x=Ax+yex=(I-A)y=M 1)

where x is the vector of total gross output of endogenous accounts (N) and y is the vector of values of
exogenous variables (usually form final demand) for these accounts; A is the matrix of total coefficients
in the SAM framework where the representative element i, j =1, ..., N, shows the participation that the
payment Xj; of a sector j in another sector i has on the total payments of sector j (xj); M is the matrix of
SAM accounting multipliers. Adding in each commodity column of M (taking values from activities),
the output multipliers are obtained, showing the increase in output of the economy generated by
a shock in exogenous values (for example, exports) for the corresponding commodity.

An empirical decision refers to the choice of the endogenous variables. In this approach it is
assumed that the exogenous variables are government, saving investments, and ‘rest of the world’.
Thus, impacts from complete circular flow are reflected in the short run with government expenditure,
investment, and foreign trade acting as potential shock causes.

To obtain employment multipliers, a vector e is required that contains the ratios of the number of
jobs per million euros of output value. To populate this matrix, employment data from the Labor Force
Survey [37] are used, although for specific primary agricultural activities they are combined with data from
the Economic Accounts for Agriculture [38]. For non-agricultural bio-based sectors, estimates from JRC [32]
are used. This matrix E is multiplied by the part of the multiplicative decomposition called Ma, which
incorporates the rows and columns corresponding to the productive accounts plus the endogenous accounts
of labor, capital, and households. The expression of the employment multiplier, Me, is given as:

Me = e'M )

Each element in Me is the increment in the number of jobs of the account i when the account j
receives a unitary exogenous injection. Adding in the same way that for output multipliers, the effect
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on employment resulting from an exogenous shock is obtained. Also, using a diagonal matrix version
of e instead of €/, the decomposition of total impact multipliers is calculated [39].

3. Results

In order to analyze the results more clearly, the productive sectors considered in the BioSAMs
have been aggregated, first into coherent sectors of activity and then in subsectors related to the broad
groups of activities included in the bioeconomy. The description of these sectors is in Table 1.

Table 1. Description of the bioeconomy sectors !.

Broad Sector Code Aggregated Sector Code  Description

Cereal Cereals (paddy rice, wheat, barley, maize, other cereals)
Veg Vegetables (tomatoes, potatoes, other vegetables)
Fruit Fruits (grapes, other fruits)
Oilseeds Oilseeds (rape, sunflower, and soya seeds)
OilPlant Oil plants (olives, other oil plants)
Primary IndCrop Industrial Crops (sugar beet, fiber plants, tobacco)
agriculture (Agric) OCrop Other crops (live plants, other crops)
ExtLiveProd Extensive livestock production (live bovine; sheep, goats, horses, asses, mules ... )
IntLiveProd Intensive livestock production (live swine, poultry)
OliveProd Other live animals and animal products
RawMilk Raw milk
Fishing Fishing
AnFeed Animal feed, fodder crops !, biodiesel by-product oilcake
RedMeat Red meat (meat of bovine; meat of sheep, goats)
WhMeat White meat (meat of swine, poultry)
VegOil Vegetable oils
F Dairy Dairy
ood . .
. Rice Rice, processed
processing (Food)
Sugar Sugar, processed
OliveOil Olive oil
Wine Wine
BevTob Beverages and Tobacco
OFoodProd Other food products
. EnergyCrops Energy crops
sup}?ll;_(r]iij\s/lass) Pellet Pellets
Forestry Forestry, logging, and related service activities
BioElectricity Bioelectricity
Bioenergy (BioEne) Biofuell Biofuel 1st generation (bioethanol, biodiesel)
Biofuel2 Biofuel 2nd generation (biochemical and thermal technology biofuel)
Wood Wood products
Bio-industry (BioInd) Textile Textiles, wearing apparel and leather
BioChem Biochemicals
NatRes Natural resources (coal mining, petroleum, and coal, raw minerals)
Nonbio-based Energy Energy (electricity and gas)
activity (NonBio) Manu Manufactures
Service Services

! Adapted from Mainar et al. (2017).

3.1. Bioeconomy Sectors in the EU28 Aggregate

Starting with the aggregate of all 28 member states of the European Union, the sectors considered
as the bioeconomy show an expansion capacity of the total output in the economy through the
multiplier of the output as lower than the other sectors (see Figure 1). The aggregate multiplier of
the bioeconomy sectors is 1.91, compared to 2.09 for the other sectors. Unbundling the bio-based
subsector shows significant differences between those that are more linked to the primary sector and
those related to bio-industries or bioenergy. Thus, activities in agriculture and livestock (aggregated
in Agric) have a multiplier of 2.09, reaching 2.15 for biomass. However, the values for the bio-based
industries (textile, biochemicals, and wood products) and bioenergy are 1.67 and 1.84, respectively.
The agro-food industry (Food) has a somewhat higher multiplier, 1.93.

Regarding employment multipliers (Figure 1), the results are significantly different. As for the
bioeconomy as a whole, the multiplier is greater than that of the other sectors, with an average of 18.6 jobs
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per million euro of exogenous increase in final demand (compared to 17.8). Again, the sectors of agriculture
and biomass are the most relevant subsectors in this context with multipliers of 26.48 and 24.29, respectively.
The food industry (Food) again shows a similar capacity (17.08) to the bioeconomy;, as in the case of the
output. Bioenergy and Biolnd (bio-based industries) values are once more lower, mainly the former.

26.48

209 209 24.26
1.93 1
1.84 191
1.67
1857
17.08 17.80

1452

12.65 I

Agric Food BioMass  BioEne Biolnd BioEcon  NonBio Agric Food BioMass  BioEne Biolnd BioEcon  NonBio

Output multipliers Employment multipliers

Figure 1. Output and employment multipliers of the bioeconomy’s broad subsectors, and the
bioeconomy and nonbioeconomy aggregates. EU28, 2010.

Table 2 shows more disaggregated results for the EU28. Thus, in the primary sector, the values of
livestock activities and of raw milk stand out in both output and employment. In the case of livestock
farming, both extensive and intensive and raw milk, the output multiplier values are around 2.6.
The high values of the employment multipliers are particularly significant with 51.3 jobs per million
euro in extensive livestock farming and 31.5 in the production of raw milk. This is consistent with high
values that within the broad sector of food show red and white meat and animal feed. On the other
hand, it is also remarkable, regarding biomass, the high generation of output and employment (2.2 and
24.4, respectively) for forestry activities are again in line with high values for agricultural activities.

Table 2. Output and employment multipliers of the bioeconomy sectors of the EU28 aggregate, 2010.

Output Employment Output Employment
Multipliers ~ Multipliers Multipliers Multipliers

Cereal 1.91 19.20 AnFeed 2.09 24.59
Veg 1.58 23.19 RedMeat 2.13 23.08
Fruit 0.96 17.28 WhMeat 2.20 18.73
Oilseeds 1.70 16.33 VegOil 142 10.29
OilPlant 1.04 18.50 Dairy 1.97 14.53
Agric IndCrop 1.18 28.92 Food Rice 1.87 22.23
OCrop 2.36 27.68 Sugar 1.59 13.39
ExtLiveProd 2.67 51.26 OliveOil 1.59 10.81
IntLiveProd 2.62 25.81 Wine 1.51 11.16
OliveProd 217 20.38 BevTob 191 13.88
RawMilk 2.53 31.52 OFoodProd 1.85 16.97
Fishing 1.64 15.55 Biofuell 1.71 12.29
Forestry 2.15 24.37 BioEne Biofuel2 2.11 15.37
EnergyCrops 1.89 10.74 BioElectricity 1.97 11.72
BioMass Pellet 1.80 16.69 Textile 1.40 13.11
Biolnd Wood 2.09 18.49
BioChem 1.69 12.19

Focusing the analysis on the employment-generating capacity of the bioeconomy sectors, it is
interesting to see where (in which areas) new potential jobs might be allocated, after a hypothetical
external shock on demand. By using the distribution of the total impact multipliers (TIM) [39] described
above, the sectoral distribution of these impacts was estimated and is presented here in aggregated
form for ease of interpretation (Figure 2). Again, the primary sector (Agric) and the biomass show
similar behavior, being themselves the main recipients of the jobs created. Farming activities would
create more than half (51%) of the new jobs generated by shocks in these sectors, while in the case
of biomass this percentage rises to 55.4%. In the latter sector, however, the allocation of jobs in other
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sectors of the bioeconomy is lower (7.1% compared to 10.85% in agriculture). In both cases, one-third
of the new jobs created would correspond to the services sector.

At the other extreme is the subsector of bioenergy, receiving only 11% of jobs created, with about
14% being allocated in the other bioeconomy subsectors. It is very significant that around two-thirds
of the jobs would be created in the services sector. Food and bio-based industries suffer a similar
behavior with nonbio sectors having the main benefit from the creation of jobs in this subsector (56.4%
and 67.7% respectively), but with greater involvement of itself and other bioeconomic activities (29.3%
and 25.3%, respectively), in particular the food industry (14.3%).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Agric

Food

BioMass

BioEne

M Direct M Rest BioEconomy 1 Services M Others

Biolnd

Figure 2. Distribution of employment impact generated by the broad subsectors of the bioeconomy:.
EU28, 2010.

3.2. Disaggregated Results of the Member States

Results for each of the member states show a high volatility, although some patterns can be
observed. For multipliers of output (Figure 3 and Table 3), 11 countries are above the EU28 aggregate
value for the bioeconomy (1.91). Poland (2.34), Spain (2.33), and Italy (2.30) show the highest values,
followed by Latvia (2.17), Bulgaria (2.15), and France (2.14). In general, this indicates that the countries
above the average of the EU28 are those with a significant contribution to the primary sector, either by
their relative size (Poland) or by their important participation in social structure and income generation
(Spain, France, Italy, etc.). In the data according to country and subsectors (Table 3), some correlation
can be observed among the countries that are better than average in agriculture and biomass and,
to a lesser extent, with the highest values in bioenergy. As to the food industry, the highest values
are displayed by a small number of countries, mainly those where the food processing industry has
weight (Spain, France, Italy, Greece, Portugal, etc.).

Considering the employment multipliers (Figure 4), the pattern changes and those countries that
are above the EU28 average (18.6 jobs per million euro of exogenous shock) are now countries of
Eastern Europe. Thus, of the 13 member states that are better than average, 10 are countries of this area;
the only exceptions are Portugal (31.6), Greece (25.4), and Spain (18.7). Higher values correspond to
Romania (55.1), Bulgaria (53.8), and Poland (51.4). Latvia, Croatia, and Lithuania also have multipliers
higher than 40 jobs per million euro. These are countries with greater intensity in the use of labor,
which leads to higher levels of use of this factor with increases in production. Taking into account
that this factor is especially increased in the agricultural sector and given the important weight of
these activities in these countries, this change in the pattern is logical. There is, therefore, a clear
influence from the agricultural sector, which is a fundamental part of the bioeconomy. The weight of
the intensity in labor use is key in this behavior. As shown in Table 4, member states with high values
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of the multiplier for the bioeconomy, also presented this pattern in each of the subsectors and also for
the rest of the economy (NonBio).

0.8

Poland
Spain

Italy
Latvia
Bulgaria
France
Greece
Finland
Portugal
Czech Rep.
United Kingdom
EU28
Romania
Germany
Croatia
Estonia
Slovakia
Hungary
Austria
Sweden
Denmark
Netherlands
Lithuania
Ireland
Cyprus
Slovenia
Belgium
Malta

Luxembourg

1.0 1.4 1.6 2.0 22

24

2.6

2.17
2.15
2.14
2.08
2.04
2.02
1.96
1.92
191
1.86
1.85
1.85
1.81
1.79
1.73
1.72
1.71
1.65
1.64
1.61
1.58
1.54
1.54
1.52

1.12
0.90

2.34
2.33
2.30

Figure 3. Output multipliers of the bioeconomy aggregate sector. European Union member states, 2010.
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Figure 4. Employment multipliers of the bioeconomy aggregate sector of the European Union member
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Table 3. Output multipliers of the broad subsectors of the bioeconomy and the bioeconomy and
nonbioeconomy aggregates of the European Union member states, 2010 1

Agric Food BioMass BioEne Biolnd BioEcon NonBio

Austria 1.93 1.63 1.84 1.82 171 1.72 1.86
Belgium 1.66 1.58 1.50 1.23 127 1.52 1.72
Bulgaria 257 1.93 255 1.45 1.76 215 212
Croatia 2.37 1.63 201 145 148 1.85 1.89
Cyprus 1.72 1.47 1.71 0.48 1.40 1.54 1.82
Czech Rep. 2.39 1.80 233 1.67 1.87 1.96 2.08
Denmark 1.96 1.59 1.85 127 127 1.65 1.71
Estonia 2.19 1.42 591 561 1.87 1.81 1.76
Finland 2.64 1.74 201 1.87 2.13 2.04 1.98
France 242 212 257 2.14 1.64 214 216
Germany 1.97 1.90 1.97 1.79 1.66 1.85 2.06
Greece 2.44 1.97 201 1.58 1.52 2.08 2.20
Hungary 213 157 1.98 1.49 1.19 1.73 1.60
Ireland 1.75 1.51 1.86 1.72 1.62 1.58 1.39
Italy 237 935 1.86 231 291 230 243
Latvia 2.15 1.65 567 1.67 246 217 296
Lithuania 2,01 147 1.93 1.34 1.38 1.61 1.75
Luxembourg 140 0.70 0.74 141 0.96 0.90 1.40
Malta 1.49 0.99 0.81 091 0.76 1.12 1.39
Netherlands 191 1.61 1.1 1.72 1.06 1.64 1.69
Poland 2.74 224 254 2.96 2.01 234 228
Portugal 236 1.97 222 2.03 1.90 2.02 226
Romania 1.26 213 273 2.30 2.06 1.86 2.50
Slovakia 218 1.44 2.50 1.89 1.61 1.79 1.97
Slovenia 1.91 1.55 1.80 1.75 1.32 1.54 1.86
Spain 243 243 224 216 1.88 958 1.93
Sweden 1.89 1.49 1.71 157 1.95 1.71 1.81
United 245 1.84 2.84 2.24 1.62 1.92 5E0)
Kingdom
EU28 2.09 1.93 2.15 1.84 1.67 1.91 2.09

! Shaded cells: value greater than EU28 value.

Table 4. Employment multipliers of the broad subsectors of the bioeconomy and the bioeconomy and
nonbioeconomy aggregates of the European Union member states, 2010 1

Agric Food BioMass BioEne Biolnd BioEcon NonBio

Austria 21.13 12.12 11.14 9.50 10.63 12.94 8.81
Belgium 10.58 8.13 9.75 5.05 6.59 8.14 6.32
Bulgaria 70.69 41.76 71.59 27.12 45.92 53.77 33.16
Croatia 62.99 32.40 55.08 24.67 32.05 42.68 24.78
Cyprus 24.28 11.92 41.74 5.30 16.41 16.70 11.80
Czech Rep. 32.35 20.79 34.00 17.39 27.26 25.40 18.85
Denmark 11.02 7.95 11.10 5.72 7.75 8.78 6.85
Estonia 46.48 25.39 40.77 33.49 32.97 33.64 17.18
Finland 23.23 11.18 12.20 8.19 12.23 13.57 9.46
France 18.33 14.16 17.51 12.54 11.32 14.91 10.73
Germany 18.13 14.93 17.70 11.96 12.41 14.81 11.95
Greece 34.57 21.53 35.35 13.42 15.59 25.41 19.71
Hungary 52.98 32.09 56.15 22.78 23.43 38.96 22.29
Ireland 30.01 7.97 11.50 6.29 6.14 10.96 494
Italy 21.07 15.33 30.32 11.51 14.96 16.22 13.35
Latvia 57.24 38.20 57.49 30.89 49.85 48.36 25.37

Lithuania 57.16 35.40 51.65 21.91 32.02 41.04 22.06
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Table 4. Cont.

Agric Food BioMass BioEne Biolnd BioEcon NonBio

Luxembourg  10.87 221 1.37 2.81 2.43 3.37 2.89
Malta 17.07 8.07 425 6.06 7.60 10.94 7.40
Netherlands 12.60 9.11 8.06 8.17 6.61 9.88 6.30
Poland 7088  46.41 59.53 35.63 37.94 51.44 30.35
Portugal 4689 2838 30.20 20.79 27.93 31.58 20.63
Romania 50.73 5822 77.04 43.15 51.49 55.08 39.85
Slovakia 219 1155 13.01 10.33 9.93 14.11 7.04
Slovenia 5140 3801 52.16 29.89 30.23 38.39 24.75
Spain 2549 | 17.38 29.81 14.79 14.71 18.66 14.65
Sweden 14.17 9.61 10.20 8.03 11.18 10.69 7.27
United 2092 14.35 32.29 13.14 13.01 15.52 12.04
Kingdom
EU28 2648  17.08 24.26 12.65 14.52 1857 17.80

! Shaded cells: value greater than EU28 value.

4. Discussion and Conclusions

The bio-based economy, covering all ranges of natural resources, will be crucial for achieving
a sustainable economic development in the EU and globally. It is very relevant to analyze the current
economic links between bio-economic sectors and the rest of the economy, determining their total and
decomposed impacts on economic growth. This paper, thanks to a brand new database for the EU and
its member states, overcomes one of the major problems of the current literature on the topic, which is
the lack of data. In this sense, this is one of the main contributions of this work: providing a complete
multisectorial database on the bio-based sectors and their economic links with the rest of the activities
and institutional sectors for EU28. Also, this database allows a useful and informative linear multiplier
analysis (one of the few in the literature about this sector) to be computed to show the role of bio-based
sectors in the economic development of the EU.

Results for the EU member states in 2014 still show a low potential for creating wealth and a quite
low level of integration of the bioeconomy sectors—particularly those that are considered at higher
value added—with the rest of the economy.

Output multipliers show that many sectors related to the bioeconomy in the 2014 data were
still underperforming compared to the EU average. In particular, those that are considered more
innovative and with higher value-added content are not yet able to produce more than average wealth.
On the other hand, the primary ones are still crucial sectors for the EU process of wealth creation.
All sectors related to livestock, meat, and dairy production have a particularly higher than average
output multiplier.

Employment multipliers report a similar picture in the bioeconomy sectors. Agricultural and other
primary sectors are still highly labor intensive so in a purely quantitative assessment, an exogenous
shock of their demand will create more than average employment in the EU. Agricultural activities
(particularly intensive and extensive livestock) still look like a key generator of employment. On the
other hand and as largely expected in this type of static analysis, under the hypothesis of a linear
model that is of a very short run horizon, more capital-intensive industrial sectors generate relatively
less employment.

Nevertheless, these figures cannot say anything about the quality of these jobs, neither in terms of
qualification nor in terms of the wage level attached to them. Additionally, a longer term of evolution
in terms of both output and employment creation, which at least theoretically are in favor of the
more innovative sectors, cannot be captured by the current model and requires a different method
of analysis.
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It should be underlined that all these conclusions are in line with the current literature [9,17],
which adopted similar methods to analyze the structural patterns of the bioeconomy sectors in the EU.

The distribution of the total impact multipliers (TIM) methodology shows how the primary
sectors, which are still key in terms of output and job creation, exhibit a weak relationship with the rest
of the sectors. Where job creation is the greatest, most of the new jobs are mainly concentrated in the
same sector where the exogenous shock takes place (e.g., agriculture and biomass). On the other hand,
sectors that are creating more jobs for the rest of the economy and showing a better integration are
those with the lower employment multipliers. The exception is the second generation biofuels sector
with a job multiplier equal to the rest of the economy average. These results show how investing in
the latter type of sector (food industry and the less traditional ones such as bioenergy) would foster
a process of job creation that spreads over many sectors.

Looking at the member states’” results show that the capacity of generating output from
bioeconomic activities is highly heterogeneous across countries. Ten member states (Belgium, Cyprus,
Denmark, Germany, Ireland, Lithuania, Luxembourg, Malta, Netherlands, and Slovenia) show output
multipliers below the EU average in all bioeconomic subsectors. On the other hand, Poland, Spain,
and Portugal have greater than average output multipliers in all subsectors

The picture of the job multipliers is even more heterogeneous across member states than the
output multipliers. Again, it should be underlined that this is highly dependent on the level of labor
intensity linked to each sector in each member state. All Eastern member states show a very high
level of labor intensity (particularly high in all primary sectors as agriculture and biomass production)
and consequently of job multipliers. Again, these figures do not take into account any consideration
related to the quality and skills attached to these jobs or any other qualitative inference. As already
underlined by [9,17], these figures have to be interpreted with caution. In particular, in the agricultural
sector, typically less prosperous member states employ low skilled and less productive and/or lower
remunerated workers.

Regarding the caveats and limitations of the analysis, we must take into account the limitations
of the model and the database used. It is a linear model that gives valuable information about the
economic structure at a moment in time, but prices or effects of synergy on productivity, etc. are not
considered. On the other hand, the estimation of the BioSAMs is an important contribution to the
study of the bioeconomy. However, when analyzing the results, the difficulties in obtaining them and
the need to estimate some values must be taken into account.

Summarizing, despite the EU’s growing policy interest in renewable resources, supported by the
EU’s bioeconomy strategy, analysis of current data shows that the bioeconomy has not yet unleashed
its full, so far mainly theoretical, potential in terms of output and job creation. If the bioeconomy is not
seen as a niche area or as a concrete opportunity to create growth and jobs—and at the same time to
reduce fossil fuel dependence and improve the economic sustainability of primary production and
processing industries—then the final target is still not achieved by the EU member states. In this sense,
an intense interaction is necessary between industrial, academic, and socio-economic stakeholders.
Programs such as the EU’s Horizon 2020 (with close to 4 billion euros in support of bioeconomy-related
research) [5] or the Bio-Based Industries Consortium that mix sectors such as agriculture, agri-food,
technology providers, forestry/pulp and paper, and chemicals and energy [4] are good examples
for the way in which to develop the bioeconomy and exploit its possibilities. Market incentives
for commercialization of bio-based products, lower costs for intellectual property rights protection,
and an intensive mobilization of new investors could help the bioeconomy achieve its potential
capacity of generating wealth and employment.

To achieve the objectives that the EU bioeconomy strategy has set, the development of a coherent
European framework—under which all policies that encompass bioeconomy sectors can develop and
help improve its capacity to create jobs and growth—would be one of the keys.
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