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a b s t r a c t

The bioeconomy emerges as a new economic model to help address issues related to environmental care
and focus on a more sustainable economy. In the last decade, it has become a global priority and many
countries have published their own strategies that clearly refer to the development of the bioeconomy.
The symmetric social accounting matrix with basic prices was constructed, including the breakdown of
biobased accounts belonging to the bioeconomy to determine which sectors of the bioeconomy are most
strategic to promote sustainable economic growth. This constructed matrix was used to analyse the
economic influence of the bioeconomy products and their impact on job creation. The analysis was
carried out using the diffusion and absorption multipliers, which enabled the interpretation of the
linkages between the different economic agents. The results were analysed in depth and the multipliers
decomposed into their different effects, own, open and circular, and complemented with the calculation
of the employment multiplier to evaluate the most important sectors for employment generation. The
analysis was applied to the case of Spain. The results of this research enabled the identification of the
strategic sectors where economic policies can be applied since these are the ones that increase economic
growth and activities within the bioeconomy and create jobs. The conclusions indicated that the Spanish
bioeconomy is still focused on traditional sectors and has not yet developed its potential in more
innovative biobased products, demonstrating that the bioeconomy in Spain still has a long way to go.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In recent years, the debate has emerged about the need to
reconsider the current economic model and challenge issues
related to food security, resources scarcity, environmental pres-
sures, and climate change. A new economic paradigm has emerged
as one of the main instruments to tackle global sustainability
problems: the bioeconomy, defined as an economy which com-
prises all economic activities related to the use of biological prod-
ucts and processes to produce food, feed, biological products and
bioenergy. Its significance and potential benefits have been recog-
nized globally through the promotion of related policies. By early
2018, nearly 50 countries were trying to incorporate the bio-
economy into their policy strategies (German Bioeconomy Council,
2018). Several articles have analysed some of the published bio-
economy strategies, highlighting among them the lack of
r Ltd. This is an open access article
instruments to measure their progress (Staffas et al., 2013), the
need for a solid scientific base, and greater collaboration among
academics, companies, and the government (Dietz et al., 2018;
Koukios et al., 2018).

Despite the increase in publications related to the bioeconomy
in recent years, it remains a concept that must be analysed in
greater depth in terms of evaluating its economic, environmental,
and social impacts (D’Amato et al., 2017). The main problems when
analysing activities related to the bioeconomy are the lack of
available data and the failure to disaggregate the accounts related
to bioproducts in the national accounts (Mainar et al., 2017; Ronzon
and M’Barek, 2018). There is currently no established international
methodology to measure progress of the bioeconomy. Considering
that there are many bioeconomy policies around the world, this
type of unification methodology is needed to compare its impact.

Several studies attempting to measure the bioeconomy using
different methodologies and databases have emerged in recent
years (Wesseler and von Braun, 2017). Most of the research has
been focused on Europe and the EU member countries or the USA
and has been carried out using multisectoral models based on
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1 Chosen due to the lack of data complementing a combined correction of
methodologies. According to the Spanish statistics institute, it is better to use a
combination method know as “hybrid” (INE, 2014).
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Input-Output analysis, the Social Accounting Matrix (SAM), and the
computable general equilibrium model (Bracco et al., 2018; Smeets
et al., 2014). The Input-Output model has been used to analyse the
bioeconomy and its sectors with national, regional, and multire-
gional tables in countries like Poland (Loizou et al., 2019), the USA
(Joshi et al., 2012), the Netherlands (Heijman, 2016), Japan (Wen
et al., 2019), Nicaragua (Zúniga and Trejos, 2014), Germany
(Budzinski et al., 2017), China (Song et al., 2015), Finland (Lehtonen
and Okkonen, 2013), the Baltic Region (Brizga et al., 2019), and for
many other countries in Asia, Europe, and the Americas (Asada
et al., 2020; Bruckner et al., 2019). The SAM, which extends the
information contained in an input-output table, has been used to
analyse the bioeconomy and related sectors in Turkey (Ça�gatay
et al., 2017), Mexico (Becerril and Albornoz, 2010), Brazil
(Machado et al., 2019), Spain (Cardenete et al., 2014; Mainar, 2019),
Uganda (Nakamya and Romstad, 2020), and the EU (Fuentes et al.,
2017; Philippidis et al., 2014; Philippidis and Sanju�an, 2018).

At the European level, almost all the countries have bioeconomy
strategies or similar initiatives either already published or currently
under development (Lusser et al., 2018). The bioeconomy is
considered a current priority, which is why the strategy published
in 2012 was updated in 2018 to focus on accelerating the deploy-
ment of a sustainable European bioeconomy and meeting global
goals (European Commission, 2018). Furthermore, the European
Green Deal published in 2020 emphasizes the significant contri-
bution of the bioeconomy to achieve a climate-neutral Europe by
2050 (European Commission, 2019). To this end, the official data-
base BioSAM (Bioeconomy Social Accounting Matrix) published by
the Joint Research Centre of the European Commission for 2010was
an important contribution to the analysis of the bioeconomy for
each European country, which included a detailed breakdown of
the bioeconomy accounts (Mainar et al., 2018).

A SAM facilitate the description of the economic reality of a
country and are used as databases for linear multiplier models,
enabling the linkages between sectors to be analysed which is
useful for studying the impact of different policies. The significance
of the SAM as a database and the influence of the linear SAM
models is evidenced in their consistent use in global research over
the years, including to analyse the bioeconomy, as was mentioned
previously. Consequently, this type of model and the BioSAM
database was used in this research.

The aim of this paper was to carry out an analysis of the bio-
economy in Spain as, one of the countries that has promoted a
Bioeconomy strategy (2016) while lacking a deeper, updated anal-
ysis of its impact (Lainez et al., 2018).

First, a new version of the BioSAM was constructed to facilitate
the application of multisectoral analysis and interpretation of the
results. To this effect, this paper outlined the construction of the
bioeconomy matrix for Spain for the year 2010, with a symmetric
product-by-product framework and valued at basic prices. The use
of a matrix valued at basic prices is more suitable for analytical
purposes (Eurostat, 2008; Rueda-Cantuche, 2011) and constructing
a symmetric matrix is recommended for macroeconomic analyses
(Eurostat, 2008).

The main objective was to discuss the economic importance of
the Spanish bioeconomy, quantifying and analysing the contribu-
tion of the bioeconomy products to the economy, thus revealing the
products on which the variation of the final demand produces the
greatest impact. The diffusion and absorption multipliers were
calculated and the effects of both multipliers were decomposed,
enabling the identification of the channels through which the ef-
fects of income can be produced and transmitted throughout the
economy. This type of information is extremely useful to establish
the origin of income shocks on economic agents and institutions.
Last, the calculation of the employment multiplier facilitated
2

knowledge of the capacity to generate employment of each of the
bioeconomy accounts in Spain.

The contribution of this paper is to apply a methodology that
facilitates the analysis of the bioeconomy products with the
greatest impact on an economy in terms of growth, while also
analysing their impact on employment generation. This method-
ology was applied specifically to the Spanish case to demonstrate
its application and validity. The results provide a complete analysis
of the bioeconomy in Spain, which will be useful to promote pol-
icies that focus on the future development of the bioeconomy.

2. Materials and methods

2.1. Data sources: SAM with bioeconomy accounts

A SAM is a matrix database that compiles economic and social
information on every transaction made between agents in an
economy over a period of time, generally one year, the origins of
which are set out in the pioneeringworks by Stone (1978,1962) and
Pyatt and Round (1979), among others.

If the aim is to study the bioeconomy, it is essential to work with
a SAM that separates the accounts related to biobased products
from those that are not. Hence, the BioSAM were produced for the
European Union (Mainar et al., 2018). For a better analysis, this
work outlined the conversion of the BioSAM to a symmetric
product-by-product matrix valued at basic prices, following the
Eurostat Manual of Supply, Use and Input-Output Tables (Eurostat,
2008).

2.1.1. Construction of the symmetric bioeconomy social accounting
matrix for Spain
2.1.1.1. Conversion to a supply-use matrix at basic prices. The
supply-use matrix at basic prices must be obtained to be able to
construct the symmetric product-by-product matrix. The valuation
at basic prices values each product without considering its indirect
net taxes and trade and transport margins. It is more suitable for
analytical purposes given that it provides a more homogeneous
valuation for a better interpretation of the technical coefficients
and an accurate allocation of the trade and transport accounts
(Eurostat, 2008; Rueda-Cantuche, 2011).

Considering that the original BioSAM has a supply-use frame-
work, the transformation implied that the columns for trade and
transport margins and net taxes on products were now irrelevant in
the supply table, so the margins and non-deductible taxes minus
subsidies on products were deducted from the use table. Given that
the valuation matrix was not available, the transformation was
based on the supply and use matrix for the Spanish economy
published by the National Statistics Institute of Spain and was
complemented with indirect information about the desegregation
of the bioeconomy products. This information identified the taxes
and margins associated with each product. Furthermore, the RAS
method for balance was applied where there were small redistri-
bution differences (Miller and Blair, 2009).

2.1.1.2. Conversion to a symmetric product-by-product matrix.
A symmetric matrix has the advantage of being easy to handle and
suitable for macroeconomic analyses (Eurostat, 2008). Converting
model B was chosen among the different option because it enabled
the conversion to a product-by-product table under the assumption
of industry technology (Eurostat, 2008).1 A product-by-product



Fig. 1. Integrated supply-use matrix framework to explain the conversion to a sym-
metric matrix with product-by-product framework.
Source: Eurostat (2008).
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matrix describes the quantities of products used to produce each
product, regardless of the sector that generates them (ten Raa and
Rueda-Cantuche, 2013). The European System of Accounts (ESA)
1995 recommends their use because they are considered to be
more homogeneous in their description of transactions and in
practice they are more suitable for many types of analyses (�Alvarez-
Martínez and L�opez-Cobo, 2018; Eurostat, 2008).

Industry technology considers that every product produced by
one industry is produced with the same technology, which is
characterized by its inputs and a cost structure common to all its
outputs (ten Raa and Rueda-Cantuche, 2013). The input structure
assigned to each industry in the use table at basic prices needed to
be combined with the supply table to convert the matrix (Rueda-
Cantuche, 2011).

Hence, considering the basic example of a supply-use matrix
(Fig.1), thematrixD ¼ V � ðdiagðqÞÞ�1 was obtained from themake
matrix at basic prices V and the column vector of product output q,
representing each industry’s contribution to the output of each
product.2 Matrix Z ¼ U � ðdiagðgÞÞ�1 represented the product
input needed produce one unit of industry output, with U the use
matrix for intermediates at basic prices, and g the column vector of
industry output. The value-added matrix W , L ¼ W � ðdiagðgÞÞ�1

was also obtained, which represents the value-added inputs
required to produce one unit of industry output.

The intermediates product-by-product matrix will be S ¼ ðZDÞbq
and the value-addedmatrix E ¼ ðLDÞbq. Last, the rest of the accounts
included in the BioSAM were added since they did not need to be
converted, obtaining the SAM matrix for the bioeconomy at basic
prices with its symmetrical product-by-product structure for Spain
for the year 2010 (Fig. 2).

2.1.2. Description of the Spanish bioeconomy SAM
The symmetric bioeconomy SAM obtained above was presented

with a partial aggregation of 36 products, of which 32 are part of
the bioeconomy. Table 1 lists the accounts and details the total
products and their aggregation.

The data analysis of the bioeconomy matrix for Spain for the
year 2010 painted a picture of the characteristics of the Spanish
economy and the bioeconomy sector, starting with total product
supply (2,327,107 million euros), 10.5% of which belongs to the
bioeconomy. Of the total product supply, production accounted for
2,038,315 (million euros) and imports represented 12.4%, of which
2.3% were bioeconomy products. Bioindustry imports stood out at
43% of supply. Focusing on productive factors, employment and
capital represented 55% and 45%, respectively. Within the final
demand, households and exports stood out at 24% and 12%,
respectively. Considering exports within the bioeconomy, the food,
2 diag(q) [diag (g)]: diagonal matrix nxn, with the elements of a vector q (g) on its
main diagonal and all other entries equal to zero.
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bioindustry, and agriculture sectors stood out at 7%, 4%, and 5%,
respectively. Focusing on demand, intermediate consumption and
final demandwere 44% and 56%, respectively. The food sector stood
out with its total supply destined mainly for intermediate demand,
but with large values towards final demand. In the case of the
bioindustry, the flow towards final demand was larger and was
mainly destined for households and exports. The detail of product
flows from supply to demand is show on a Sankey diagram in Fig. 3,
clearly showing the importance of imports in the food, bioindustry,
and agriculture sectors.

2.2. Methodology

2.2.1. The linear SAM model and multipliers
The linear SAM models are a simple way to analyse the infor-

mation provided by a SAM regarding the structure of an economy.
They show the separate effects being generated in the economic
activity of different agents due to the relationships of the circular
flow of income.

The exogenous and endogenous accounts of the matrix were
defined to explain the model. Exogenous accounts are the ones that
can be used as potential economic policy instruments given that
they are determined outside the economic system (the govern-
ment, savings investment accounts, and the foreign sector). The
endogenous accounts are the production sectors, factors (labour
and capital), and private consumers. The starting point was Leon-
tief’s equilibrium equation, but applied to the case of a SAM (Pyatt
and Round, 1985).

Thus, the initial equation was obtained:

Yn ¼ðI � AnnÞ�1Xn ¼ MnnXn (1)

Where Yn is the column matrix of endogenous income in each ac-
count, I is the identity matrix, Ann is a matrix of technical co-
efficients, and Xn is a column matrix that represents the exogenous
injections received by each endogenous account. Mnn ¼ ðI � AnnÞ�1

is the matrix of accounting multipliers of the SAM model, whose
number of rows and columns is determined by the endogenous
accounts used. This matrix shows the overall effects on the
endogenous accounts, of the unitary exogenous changes in the
exogenous income of accounts. It is used as a tool to evaluate the
capacity of each account to generate wealth in the rest of the
economy through the analysis of two multipliers: the diffusion
effect and the absorption effect.

The diffusion effect is obtained using the sum of each element in
column Mnn. This multiplier indicates the income expansion effect
generated in the endogenous accounts as a result of a unitary
exogenous injection of income into the account in the column. A
high value of this multiplier indicates an account with a large
backward income expansion influence on the rest of the economy,
given that its input requirements to cope with the increase when it
receives an exogenous shock are transferred to its suppliers (Pulido
and Fontela, 1993).

U:j ¼
Xn
i¼1

mijcj ¼ 1;2;…n

The sum of the rows of multipliers in matrixMnn represents the
absorption effect. This quantifies the increase in income in each
sector due to a unit-income exogenous injection in the economy.
The value obtained in the sum of row i indicates how much this
sector must produce due to an increase in one exogenous monetary
unit in final demand over all the other endogenous accounts.
Therefore, a high value occurs in accounts that have a greater
impact on the other accounts in the economy, absorbingmost of the



Fig. 2. Database basic structure: Bioeconomy SAM symmetric product-by-product.
Source: based on Mainar et al. (2018).

Table 1
Description and classification of the accounts in the Bioeconomy SAM database for Spain.

Account Aggregated sectors Partial disaggregation Account Aggregated sectors Partial disaggregation

Products Agriculture Cereal Products Biomass Pellet
Vegetables Energy crops
Fruits Forestry
Oilseeds Bioindustry Bioelectricity
Oil plant Biofuel- 1st generation
Industrial crops Biofuel- 2nd generation
Other crops Bioenergy Biochemicals
Extensive livestock and products Textiles
Intensive livestock and products Wood
Other live animals and animal products Non Bioeconomy Natural resources
Raw milk Manufacture
Fishing Energy

Food Animal feed Service
Beverages and tobacco Others accounts Factors of production Labour
Red meat Capital
White meat Taxes Net production taxes
Olive oil Net products taxes
Vegetable oils Direct taxes
Dairy Private and public agents Households
Processing of rice, milled or husked Enterprises/Corporations
Sugar Government
Other food Capital account Investment-savings
Wine External relations Rest of the world

Source: based on Mainar et al. (2018).
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global increase in income (Pulido and Fontela, 1993).

Ui: ¼
Xn
j¼1

mijci ¼ 1;2;…n
2.2.2. Decomposition of the matrix of accounting multipliers
The first works on the decomposition of the multiplier matrix

were by Stone (1978) and Pyatt and Round (1985, 1979). The
starting point is matrix Ann with the average propensity of the
endogenous accounts ordered by products, productive factors, and
private institutions, represented by subscripts 1, 2, and 3, respec-
tively. Matrix A11 has input-output coefficients; A13 contains the
consumption coefficients of private institutions in the productive
sectors; A21 includes the coefficients of the production factors of
production; A32 contains the coefficients of the income consumers
received from the factors; and A33 includes the transactions be-
tween households.
M2nn ¼

2
64
I ðI � A11Þ�1A13ðI � A33Þ�1A32 ðI � A11Þ�1A13

A21 I A21ðI � A11Þ�1A13
ðI � A33Þ�1A32A21 ðI � A33Þ�1A32 I

3
75
Ann is decomposed into:

Ann ¼
2
4A11 0 A13
A21 0 0
0 A32 A33

3
50 ~Ann ¼

2
4A11 0 0
0 0 0
0 0 A33

3
5 and Ann

� ~Ann

¼
2
40 0 A13
A21 0 0
0 A32 0

3
5

M3nn¼

2
664

h
I�ðI�A11Þ�1A13ðI�A33Þ�1A32A21

i�1
0 0

0
h
I�A21ðI�A11Þ�1A13ðI�A33Þ�1A32

i�1
0

0 0
h
I�ðI�A33Þ�1A32A21ðI�A11Þ�1A13

i�1

3
775
Based on both matrices, Pyatt and Round (1979) proposed a
methodology for the decomposition of matrix Mnn between
different interdependence circuits.3

Yn ¼
�
I � A*

nn
3
��1�

IþA*
nn þA*

nn
2
��

I � ~Ann

��1
Xn

with A*
nn ¼

�
I � ~Ann

��1�
Ann � ~Ann

�

Three sub-matrices with different economic meanings (Holland
and Wyeth, 1993) are obtained (equation (2)), representing the
3 For the details of the calculations see See Pyatt and Round (1979) and Stone
(1978).
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interrelationships between the endogenous accounts.

M1nn ¼
�
I � ~Ann

��1
M2nn ¼

�
IþA*

nn þA*
nn

2
�
M3nn ¼

�
I � A*

nn
3
��1

Yn ¼M3nnM2nnM1nnXn (2)

Matrix M1nn, has the following elements:

M1nn ¼
2
4 ðI � A11Þ�1 0 0
0 I 0
0 0 ðI � A33 Þ�1

3
5

It is called the matrix of own effect and includes the effects of
internal transfers among themselves in group accounts that belong
to the same block as a consequence of an exogenous increase in
income in some of the endogenous accounts.

Matrix M2nn has the following structure:
M2nn contains the open effects caused by the accounts
belonging to a group on the accounts of the remaining groups. It
captures the effects produced by an initial exogenous injection into
an account from a certain block, which is transferred towards the
endogenous accounts of another block, but without completing the
circular effect.

Matrix M3nn has the following structure:
M3nn represents the circular multipliers. This matrix reveals the
circular effects of an exogenous shock on the accounts due to their
interdependence. It represents the effects of a group of accounts on
themselves, considering the impact of an initial shock that com-
pletes the circuit passing through the three groups of accounts and
culminating in the original account.

For a better interpretation, Stone (1978) suggested an additive
decomposition, equation (3), which leads to the total net multiplier
effect.

Mnn � I¼ðM1nn � IÞþ ðM2nn � IÞM1nn þ ðM3nn � IÞM2nnM1nn
(3)

In this new expression (3), I represents the injection of income



Fig. 3. Flow of bioeconomy total supply towards demand. Starting with the total production and imports for each bioeconomy product, towards each product group account, and
ending with its distribution between intermediate and final demand.
Source: own elaboration with Raw graphs (Mauri et al., 2017).
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that starts the multiplier process. In ðM1nn � IÞ, own net effects
derived from internal transfers were then shown, ðM2nn �IÞM1nn
quantifying the open net effects, and ðM3nn �IÞM2nnM1nn repre-
senting the net circular effects.

This SAM decomposition of multipliers enables the channels
through which the effects of income can be produced and trans-
mitted throughout the economy to be identified, while also
showing the relevance of each effect. This type of information is
obviously very useful to establish the origin of income shocks on
economic agents and institutions.

2.2.3. Employment multiplier
The employment multiplier explains the effect of an exogenous

demand side shock on employment in a sector. The transformed
employment vector e contained the ratios between the number of
jobs and the total output of each product (per million euros of output
value).4 The employment matrix Enn is a diagonal matrix whose
elements are the vector e and is multiplied by the multiplier matrix
(Mnn).

MEnn ¼ Enn �Mnn

Each element in MEnn, meij is the increment in the number of
jobs in sector i when there is a unit exogenous injection into the
endogenous account j. The sum of the columns in the matrix show
the global effect on employment produced by the exogenous in-
crease in demand.

3. Empirical application for the bioeconomy in Spain

3.1. Matrix of accounting multipliers

After obtaining the matrix of accounting multipliers of the
4 See: https://datam.jrc.ec.europa.eu/datam/mashup/EU_SAM_JOBS/index.html.
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bioeconomy symmetric SAM for Spain for the year 2010, with order
40� 40, the diffusion and absorption effects for each account were
calculated (Table 2). The calculations in this section were per-
formed using the Python software developed by the University of
Illinois (PyIO).

The results indicated that the diffusion multipliers are higher
than the absorption multipliers for most products. The latter had
very low values, which are even below those belonging to the non-
bioeconomy group.

Taking the diffusion multipliers into account, the food and
biomass groups showed a higher backward income generation
capacity than the economy average.While the figure for agriculture
was average, on removing two products with low diffusion multi-
pliers (oil seeds and industrial crops) the results were above
average. Therefore, the accounts related to the livestock, meat and
dairy sector mainly stood out. Food stood out with above average
results for most of the products, especially beverages and tobacco,
read meat, white meat, vegetable oils, dairy, and other food and
wine, which had multiplier effects greater than four. Within the
biomass group, both forestry and energy crops had a greater than
average diffusion effect, with energy crops standing out at 4.71.
Regarding agriculture, extensive livestock and products, intensive
livestock and products, other live animals and animal products, raw
milk, and other crops had a multiplier higher than four, meaning
that for each euro of income received the expansion over the whole
economic activity will be greater than four.

The group of accounts that include bioenergy and the bio-
industry had a below-average income diffusion effect, but
bioelectricity and wood stood out, both with an approximate value
of four. Of the 36 accounts belonging to the bioeconomy, 13 had a
below average diffusion multiplier effect, whereas 5 had similar
values to the average (vegetables, oil plant, sugar, pellet, and
biofuel-2nd generation). The accounts with a low diffusion effect of
below three were cereal, oil seeds, industrial crops, biochemical,
and textiles.

https://datam.jrc.ec.europa.eu/datam/mashup/EU_SAM_JOBS/index.html


Table 2
Results of diffusion and absorption multiplier effects by products for Spain 2010.

Diffusion effects Absorption effects

Agriculture Cereal 2.89 1.28
Vegetables 3.43 0.21
Fruits 3.73 0.28
Oilseeds 0.80 0.31
Oil plant 3.41 0.16
Industrial crops 1.57 0.13
Other crops 4.71 0.79
Extensive livestock and products 5.09 0.42
Intensive livestock and products 5.42 0.70
Other live animals and animal products 4.90 0.10
Raw milk 5.14 0.40
Fishing 3.13 0.16

Food Animal feed 3.82 2.14
Beverages and tobacco 4.29 0.81
Red meat 4.88 0.30
White meat 5.20 0.53
Olive oil 3.05 0.90
Vegetable oils 4.15 0.12
Dairy 4.67 2.56
Processing of rice, milled or husked 3.80 0.20
Sugar 3.45 0.14
Other food 4.18 3.11
Wine 4.05 0.44

Biomass Pellet 3.49 0.00
Energy crops 4.71 0.00
Forestry 3.96 0.16

Bioenergy Bioelectricity 3.94 0.01
Biofuel-1st generation 3.07 0.02
Biofuel-2nd generation 3.45 0.00

Bioindustry Biochemicals 2.99 0.28
Textiles 2.13 0.95
Wood 4.02 0.46

Non Bioeconomy Natural resources 1.37 3.06
Energy 4.36 3.47
Manufactures 3.08 9.17
Services 4.59 31.62

Labour Labour 4.18 16.64
Capital Capital 2.62 21.04
Private institutions Households 3.18 28.88

Corporations 0.88 13.87

Average 3.64 3.64

Note: Each value of the diffusion effect shows the income expansion effect generated in the endogenous accounts due to a unitary exogenous shock of income into the account.
Each value of the absorption effect quantifies the increase in income in the account as a result of a unit-income exogenous injection in the economy. The average is represented
to compare those below or above the average. Source: own elaboration.
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The diffusion effect analysed showed significant differences
between products related to agriculture, biomass and food, and the
newer, more innovative sectors such as the bioindustry and bio-
fuels. Regarding the latter, the results showed that they were not
yet able to generate wealth above the overall economy average, but
that the products bioelectricity and wood had a diffusion multiplier
close to four (Philippidis and Sanju�an, 2018). Outside the bio-
economy, services and energy had substantially above average
values.

Continuing with the analysis of the multiplier matrix, the ab-
sorption multiplier did not stand out for the bioeconomy sectors,
showing extremely low values for the accounts related to biomass
and bioenergy. The food and bioindustry groups had the highest
absorption impact. Within food, dairy, animal feed, and other food
had values greater than two, and were the only ones in the bio-
economy accounts. Additionally, cereal had the highest value
within agriculture and textiles had the highest value within the
bioindustry.

The main sectors not belonging to the bioeconomy were ser-
vices and manufacturing, private institutions (households and
corporations), and labour and capital. The significant impact on the
labour and capital accounts and services was explained by this
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multiplier analysing the impact of a supposed increase in all the
other accounts in the economy. Therefore, given that these ac-
counts are part of the inputs of almost every sector, a one-unit
increase in each of them will generate a greater impact.
3.2. Decomposition of multipliers

Only the accounts that generate higher and lower effects on the
rest of the economy and those that benefit most can be identified
using the matrix of accounting multipliers. The decomposition of
the multiplier matrix was carried out to obtain the impact of each
effect and to be able to analyse the own, cross, and circular multi-
plier effects.

The analysis of the diffusion multiplier decomposition (Fig. 4)
showed that the weights of the circular effects and the open effects
stood out at 39% and 38%, respectively, demonstrating that the
internal transfers in a group represented only a percentage of the
total exogenous injection effect, and that the circular effect based
on feedback predominated in most sectors.

Two situations with an above average diffusion effect were
identified in the decomposition of the bioeconomy account. First,
the accounts related to livestock, other food products, raw milk,



Fig. 4. Additive decomposition of the diffusion multiplier, illustrating the contribution (%) of each decomposition effect by products.
Source: own elaboration.
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animal feed, beverages and tobacco, meat products, dairy, other
food, and to a lesser extent vegetable oils, rice, wine, and the wood
bioindustry, distributed their multiplier impact among the three
effects in a similar way. And second, there were some accounts that
also had an above average diffusion effect but different decompo-
sition effects. The main differences were identified in agriculture
(other crops and fruits), biomass (energy crops and forestry), and
bioelectricity, whose own effects were low and, in some cases,
whose open effects stood out, indicating that the intersectoral
relationship between the accounts is very low, and highlighting the
influence of labour and capital.

This behaviour effect was also identified in the decomposition of
some products with below average diffusion effects such as pellets,
vegetables, cereals, industrial crops, and oil plant. However, the rest
of the accounts with below average diffusion effects including
biofuels, biochemicals, and textiles had a similar distribution be-
tween the three effects. The open effects were greater, mainly in the
capital factors.

Like for the diffusion multiplier, the circular and open effects
stood out in the absorption multiplier decomposition (Fig. 5).

However, a deeper analysis showed that these effects pre-
dominated for productive factors and private consumption and that
in the rest of the accounts, with some exceptions, their own effects
stood out. Therefore, the internal transfer effect is important to
8

determine the income absorbed by each account. Moreover, inmost
of the bioeconomy products the absorption effect focused almost
entirely on their own effects, implying that these are products
whose outputs are in high demand by other sectors and whose
demand will also increase if there is an increase in the final pro-
duction of each of the accounts. However, vegetables and fruit,
meat, beverages and tobacco, biofuels, bioelectricity, textiles, and
biochemicals distributed their absorption effect between their own
and circular effects, due to the importance not only of their inter-
sectoral intermediate consumption, but also of their final
consumption.
3.3. Employment multiplier

The employment multiplier indicated the number of jobs
generated per million euros of additional output (Fig. 6). The
highest values were in the agriculture and biomass group given
that they are labour-intensive sectors. Within the agriculture group
extensive livestock, industrial and other crops, oil plants, and raw
milk stood out. In the biomass group, energy crops and forestry had
an employment multiplier of approximately 32, meaning that an
average of 32 jobs will be generated in the sector per million euros
of additional output (exogenous injection). In the case of food, only
meat and rice could generate an above average number of jobs. The



Fig. 5. Additive decomposition of the absorption multiplier, illustrating the contribution (%) of each decomposition effect by products.
Source: own elaboration.

V. Ferreira, L. Pi�e and A. Terce~no Journal of Cleaner Production 298 (2021) 126752
wood bioindustry was also highlighted to a lesser extent, the re-
sults indicating that the more innovative products such as
bioelectricity, biofuels, and biochemicals had below average
employment multipliers, which can be explained by the fact that
they are capital intensive sectors.

On comparing the employment multiplier with products that
have a higher diffusion effect it can be observed that within the
agriculture group, extensive livestock, other crops, and raw milk,
and within the biomass group, energy crops, and forestry, had high
employment and diffusion multipliers. This was similar to the case
of red meat within the food industry. However, the other accounts
with a high diffusion effect had below average employment mul-
tipliers. Additionally, within the agriculture group, vegetables, fruit,
oil plant, and industrial crops had a low diffusion multiplier but a
high employment multiplier because they are intensive in the work
factor. In the case of bioenergy, although its diffusionmultiplier was
slightly above average, its employment multiplier was very low,
like for biofuels.

Notably, the results did not take social variables such as the
quality of employment into account. Besides, the results should not
be interpreted as an exact forecast of job creation due to exogenous
shocks. Nonetheless, they are useful as an indicator of the economy
accounts with a greater potential to generate jobs (Philippidis et al.,
2014).
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4. Discussion

The results showed the significance of many products that use
various inputs of other products for their own production,
measured by the diffusion effect. Among the most prominent were
the food sector, biomass, and agriculture. Within these sectors, the
accounts with the highest diffusion multiplier (greater than five)
belonged to agriculture and food. This fact can be explained by the
large consumption of inputs needed to meet certain standards due
to production needs and legal requirements (Philippidis et al.,
2014).

The diffusion effect decomposition showed that products with a
significant diffusion effect also had an important influence onwork
and capital factors, mainly for the products related to livestock,
meat, and energy crops due to their labour intensity. This was
demonstrated by the fact that these products stood out for their
employment multiplier.

The results also indicated that the non-traditional bioeconomy
sectors, such as the bioindustry and bioenergy, had a low diffusion
effect for most of their products. This situation was also observed
when the employment multiplier was analysed, possibly because
these sectors are capital intensive.

Regarding the absorption effect, the results showed low values
for bioeconomy products with the focus on the intersectoral link-
ages due to the higher own effect. This meant that demand for



Fig. 6. Employment multipliers for bioeconomy products in Spain 2010. Number of people employed per million euros of output value.
Source: own elaboration.
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bioeconomy products was concentrated in a few sectors, which
could be due to the characteristics of different products with little
potential use as suppliers of other products given that they had
hardly been processed and so had limited alternative uses, and also
because they needed fewer of the other sectors to process and
distribute a unit of product for the final users (Mainar et al., 2017).
However, there were some cases within food, such as bioenergy
and the bioindustry, where not only the importance of intermedi-
ate consumption stood out, but also the final demand mainly on
households and exports.

According to the results, some sectors are important to promote
the bioeconomy in Spain and, by promoting their final demand,
they also can influence the rest of the economy. This study enabled
the policies directed at these accounts to be analysed. Considering
the linkages between the accounts and the most important output
value, the bioeconomy in Spain is dominated by the food and
agriculture sector. Additionally, low value multipliers in sectors
that are partially bio, such as bioenergy and the bioindustry,
determined the need to promote policies focused on these sectors.
Furthermore, considering the output of each group, the accounts
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included in bioenergy had low values compared with the rest of the
Spanish economy, probably because they were recently innovative
products with low market penetration (Fuentes et al., 2017; Loizou
et al., 2019). Overall, this demonstrated that the Spanish bio-
economy is still focused on traditional sectors and has not yet
developed its potential in more innovative sectors.

This research suggested that to achieve the Spanish bioeconomy
strategy goals, the target sectors of the proposed strategy should be
taken into account and strengthened through innovation and
research, even if they are not considered relevant in this research.

Accordingly, the transition to a biobased economy requires
knowledge creation, research, and innovation (Van Lancker et al.,
2016). The main factor is the development of products that allow
fossil-based products such as petrol to be replaced by renewable
and plant-derived resources. To this end, several publications refer
to the approach to be taken for innovation in the bioeconomy
(Golembiewski et al., 2015; Lovri�c et al., 2020; Van Lancker et al.,
2016; Wydra, 2020). To promote the bioeocnomy it is mainly
important to focus innovation on new (biobased) production
methods and value chains that can produce new (biobased)
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products (Golembiewski et al., 2015; Lovri�c et al., 2020; Wydra,
2020). This involves redesigning business models and reconfigur-
ing supply chains (Golembiewski et al., 2015; Van Lancker et al.,
2016). However, there must also be a focus on the commercializa-
tion and adoption of new bioeconomy technologies and biobased
products that allow an increment in demand for biobased products,
both in a business-to-business context and towards final con-
sumers (Br€oring et al., 2020; Golembiewski et al., 2015; Van
Lancker et al., 2016). Further development of the bioeconomy
must take new ways of stakeholder collaborations involving aca-
demic institutions, public authorities, industry and citizens into
account (Br€oring et al., 2020; Van Lancker et al., 2016).

Due to the growing concern about environmental issues and
climate change, the progress of the bioeconomy and the develop-
ment of other biobased sectors will gradually show more visible
results (Heijman, 2016). The impact of innovation in the production
of biobased products will be reflected in the multipliers of both the
diffusion and the absorption effect. The diffusion effect takes the
backward linkages (suppliers) of the product analysed into account,
so new products or using new rawmaterials involved new chains of
production. That will be reflected on the use of inputs from other
sectors suppliers and employment. The absorption effect can be
understood as a measure of forward expansion because it indicates
the relationship with its customers, due to the distribution of its
products in the rest of the economy. Thus, innovation will also
impact on the market with more biobased products and conse-
quently on the intermediate and final demand structure. This can
serve as a guide for researchers, policy makers, and administrators
for future research paths focused on design innovation strategies.

5. Conclusions

In recent years, there has been notably increased in concern
about issues broadly related to environmental impact. The bio-
economy emerges with the main objective of focusing on a more
sustainable economy.

To date, the BioSAM are the only official databases for the EU
countries that detail the bioeconomy accounts. Considering this
database, the first contribution of this paper was to construct a
symmetrical bioeconomy database for Spain valued at basic prices.
The bioeconomy was then studied using this matrix, by applying a
multisectoral model. The bioeconomy products and their links with
the rest of the accounts of the Spanish economy were analysed
through calculating the multipliers. Some of the conclusions drawn
in this paper are in line with results published previously for the EU
and the member countries using similar methodologies (Fuentes
et al., 2017; Mainar, 2019; Philippidis and Sanju�an, 2018).

The empirical application enabled the most important accounts
in the bioeconomy in Spain to be identified, along with their im-
pacts on economic growth and employment and the decomposi-
tion of each effect. The results showed the significance of many
products that use various inputs of other products for their own
production, mainly within food, biomass, and agriculture. In
contrast, the accounts grouped under bioindustry and biofuels
showed that the diffusion of income in the economy was below
average.

One of the main conclusions of this research is that many bio-
economy products have the potential to promote the rest of the
economy and employment and can be considered strategic to
receive incentives through public policies aimed at promoting a
positive impact on the economy and especially on biobased sectors.
This type of analysis is a useful tool for policy makers in their
decision-making processes related to the evolution of the Spanish
bioeconomy. Taking into account that the analysis in this article is
based on a macroeconomic approach, some aggregate products
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could not stand out. However, it would be interesting to re consider
the scale applying the concept of two-scale featured in Ain and He
(2019) and He (2020). In order to be able to analyse whether these
macroeconomic impacts could have other implications if the scale
were microeconomic. As this study is beyond the scope of this
article, we consider an interesting proposal for future research.

The bioeconomy in Spain still has a long way to go. It must
promote sectors with future potential, encouraging research,
innovation and capital investment (Lainez et al., 2018). The fact that
the sectors with the greatest influence on economic development
are not necessarily the most appropriate ones at the environmental
level must also be considered. Since the goal is sustainable devel-
opment, the bioeconomy must find a balance between analysing
not only the economic but also the social and environmental
impact (Ramcilovic-Suominen and Pülzl, 2018). From this
perspective, and to be able to make complete policy recommen-
dations, future lines of research should focus on evaluating the
bioeconomy, while also considering the environmental impact
(Fuentes et al., 2017).

The caveats and limitations of this research must be considered.
Regarding the database, the conversion to a symmetric matrix at
basic prices involved some difficulties and estimations. As for the
linear SAM model, the limitations include the linear behaviour of
economic agents, constant technical coefficients, fixed prices, and
excess capacity (Defourny and Thorbecke, 1984). Furthermore, the
employment multiplier analysed only considers the generation of
jobs without considering their quality (Fuentes et al., 2017). Last,
the matrix used has data for the year 2010, which was the last
official database, published in 2018. Therefore, the results may be
undervalued with respect to those obtained using more current
data due to the growth in the bioeconomy sectors in recent years.
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