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Abstract. The concept of ‘bioeconomy’ is receiving increased attention in policy and
business circles. The European Commission (EC) has initiated the Bioeconomy Strat-
egy which is a signal of intent that the EU seeks to meet the challenge of reconciling
responsible-resource usage respecting sustainability criteria, with wealth-generation.
To this aim, the EC’s Joint Research Centre (JRC) has been entrusted to implement a
Bioeconomy Information Systems Observatory within which the objective is to devel-
op an ongoing coherent picture of the activities of this sector, whilst developing for-
ward-looking tools of analysis to help respond to the aforementioned challenge. This
paper provides a discussion on the research activities which are currently under devel-
opment at the JRC. Whilst the scale of ambition of the Bioeconomy Observatory is
significant, it is recognised that much of the research conducted so-far remains work-
in-progress and is therefore only a starting point to fully capturing the nuances of this
diverse and complex sector.
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1. Introduction

As a reflection of the importance of the ‘bioeconomy’ in European Union (EU) pol-
icy circles, in late 2012 the European Commissioner for Research and Innovation led
an initiative known as the ‘Bioeconomy Strategy’, co-signed by the Commissioners for
Agriculture and Rural Development, Environment, Maritime Affairs, and Industry and
Entrepreneurship. Within this strategy, the EC defines the bioeconomy as, “the produc-
tion 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 bioen-
ergy” (EC, 2012, p. 3). Indeed, as a potentially important source of sustainable growth
within the EU, the European Commission (EC) definition of ‘bioeconomy’ encompasses
all kinds of biomass use whilst respecting three sustainability goals (economic, social,
and environmental).
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This holistic approach represents an opportunity for the EU to simultaneously recon-
cile responsible-resource usage and wealth-generation. On the other hand, existing Euro-
pean and global policies do not always provide a set of coherent objectives to be pursued
at the same time. To better understand these conflicts of interest, one must first have a
clear picture of the status quo.

According to the latest available official numbers for 2009, the bioeconomy in the
EU represents a market estimated to be worth over EUR 2 trillion, providing 20 million
jobs and accounting for 9% of the total employment (EC, 2012, p. 5). A more recent study
(Carus, 2012a) estimates a turnover of EUR 2.8 trillion and approximately 29 million
jobs for the year 2012. Nevertheless, both sources only provide broad estimates which are
highly uncertain.

The Bioeconomy Strategy aims at focusing the EU’s common efforts in the right direc-
tion to “help Europe to live within its limits. The sustainable production and exploitation
of biological resources will allow the production of more from less, including from waste.
The Bioeconomy will also contribute to limiting the negative impacts on the environ-
ment, reduce the heavy dependency on fossil resources, mitigate climate change and move
Europe towards a post-petroleum society” (EC, 2014a). Yet, the definition of right direc-
tion is open to interpretation.

Accordingly, under the auspices of the Bioeconomy Strategy, a European Bioeconomy
Panel has been set up to support interactions between different policy areas, sectors and
stakeholders, in order to get a global overview of the different components and dimensions
of the bioeconomy. The Bioeconomy Panel brings together, in one group, people with dif-
ferent perspectives and areas of expertise (EC, 2014b). In addition, an Expert Group for
Bio-based Products has been created to assist the Commission in the preparation of legisla-
tion or in policy definition in particular in the framework of the reviewed industrial policy
(Bio-based News, 2014). Furthermore, the EU Research and Innovation programme from
2014 to 2020, known as Horizon 2020, also includes research relevant to this sector (EC,
2014c). In addition to the EU strategy, several EU Member States have also designed their
own national bioeconomy strategies, which are linked in particular through the Standing
Committee for Agricultural Research (SCAR) to the European Commission.

On a separate front, the Bioeconomy action plan also foresees the establishment of
a Bioeconomy Information Systems Observatory “to regularly assess the progress and
impact of the bioeconomy and develop forward-looking and modelling tools” (EC,
2014d) The European Commission’s Joint Research Centre (JRC), entrusted to implement
the Bioeconomy Observatory, has proposed three main pillars which aim to: i) monitor
investments in research, innovation and sKkills; ii) reinforce policy interaction and stake-
holder engagement; and iii) enhance the knowledge of markets and competitiveness. In
this short paper, the focus is on the last of these pillars, which aims at the description,
quantification and analysis of the development of sectors in the bioeconomy from a socio-
economic point of view. More specifically, this paper provides some insights into ongo-
ing research activities within Bioeconomy Observatory of the JRC related to data and eco-
nomic assessment tools implemented in-house under the auspices of the integrated Agro-
economic Modelling Platform (iMAP) (M’barek et al., 2012).

The paper is therefore organized as follows. Section 2 describes the JRC state-of-the-
art data storing, comparing and visualisation tool for agriculture, markets and models,
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known as DataM. Section 3 deals with the description of bio-based sectors in each of the
EU Member States (MS), based on the application of a detailed set of Social Accounting
Matrices (SAM). Section 4 introduces a global simulation model for forward-looking sce-
nario analysis. Section 5 concludes.

2. Databases and Visualisation of the BioEconomy

Since 2010, the JRC’s in-house data management tool, known as DataM, has been
employed to streamline data related tasks when researching agricultural markets. More
specifically, it has been used as a source for economic modelling purposes, an easy to use
data validation tool when cross checking between different databases, and as a way of
analysing results. Using one interface only, users can rapidly access the main agricultural
and trade databases (as provided by Eurostat, FAOSTAT, FAPRI, USDA, OECD and oth-
ers) as well as the in-house model databases. The tool therefore addresses different needs,
ranging from data collection and data checks to advanced reporting with the possibility to
export data. The overall accessibility to DataM is extended through a web-based version,
which was inaugurated in January 20142 More information about this tool can be found
in Hélaine et al. (2013).

The lack of data for measuring bioeconomy is one of the main challenges of the Bio-
economy Observatory. Currently, relevant indicators can be found in varied databases
from different providers. DataM’s contribution consists of providing access to different
existing datasets collected both from publicly available sources, such as Eurostat and FAO,
and non-public and/or ad-hoc data and that can be used by researchers, policy makers
and general public to monitor bioeconomy figures in Europe.

To some extent, DataM already includes data relevant to certain areas of the bioecon-
omy, (e.g., agriculture, food, energy). For example currently available data for agriculture
refers to production, land area, prices, agricultural trade, population and employment.
Moreover, crops are more than just a source of food and feed (animal or human con-
sumption), but also a main provider of biomass. As one of the data sources already avail-
able in DataM, the FAO Food Balance Sheet database provides, among others, valuable
information for the bioeconomy as it also contains non-feed and non-food uses of crops.

In the future, the aim is to incorporate a comprehensive picture in relation to the
other main sectors providing biomass: forestry, fisheries and aquaculture, industries other
than food, biotechnology-based or not, and waste sectors. Since the objective of the Bio-
economy Observatory is to measure bioeconomic activity in the European Union, the
main public data provider used for this purpose will be Eurostat.

Biomass is an important product of the bioeconomy which, until recently, has only
received limited attention from statistical data providers. Very few databases include com-
prehensive data on biomass supply (such as production, market value); among those,
two could be mentioned: Eurostat Material Flow Accounts and Seri Global Material
Flow Database. To partly fill in the gap with respect to agriculture, the JRC in collabora-
tion with the NOVA Institute is working on a database with estimates of biomass supply
(fresh matter and dry matter). Using coeflicients found in the literature, biomass dry mat-

2 Accessible at http://www.datamweb.com/
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ter is extracted from harvested agricultural biomass (fresh matter). In addition, thanks to
the use of recovery coefficients, this dataset responds to the need of measuring used and
unused crop biomass at the EU level. Unused biomass can then be used as an indicator of
the scope of biomass available for recycling or fertilising activities. Further work will be
needed for other sources of biomass.

There are also significant data gaps regarding the total biomass flows (use of biomass
supplied), in particular concerning trade aspects, different uses between food, feed, fuel
and other industrial purposes, and waste. The Bioeconomy Observatory will seek to com-
bine information from various sources and datasets (such as, for example, industrial pro-
duction and structural business statistics) to portray as comprehensive a picture as pos-
sible of the EU biomass balance sheet.

3. Profiling the BioEconomy using SAM Multipliers

In the context of different projects, the AGRILIFE unit at JRC developed ‘Social
Accounting Matrices for EU27 with a Disaggregated Agricultural Sector’ (AgroSAM)
(Mueller et al., 2009) for each of the Member States. A description of the database build-
ing process and an example of its use in the examination of the bioeconomy for Spain can
be found in Cardenete et al. (2012). In their paper, the authors employ multiplier analy-
sis to examine the economic structure and relative influence of bio-based sectors relative
to the rest of the economy. Following this line of research, traditional multiplier analysis
is also employed as a vehicle to better understand the role of the bioeconomy across all
EU27 Member States.

Forward linkage (FL) and Backward linkage (BL) are relative measures of supplier-
buyer relationships within the economy under conditions of Leontief technologies. More
specifically, the FL measures the relative importance of sector X as a supplier to the
remaining industries in the economy whereas the BL measures sector X’s relative impor-
tance as a demander of goods from remaining sectors. Thus, if sector X has a BL or FL
greater than 1, then 1€ of intermediate input (BL) or output change (FL) in that sector
generates an above-average level (i.e., greater than €1) of wealth measured against the
remaining sectors. Those sectors which encompass FL and BL greater than 1 are identified
as key or strategically important sectors.

As an initial step, it was deemed necessary to improve the relevance of the study
by updating the AgroSAM tables for all of the EU27 members from the year 2000 to
2007.% The choice of update year is motivated by the availability of Eurostat Supply and
Use Tables (SUT) for almost all of the EU27 regions. Thus, the non-agrofood accounts
in the updated AgroSAM (i.e., industry costs, commodity supplies, exports, imports, final
demands, investment demands, margins and net taxes) are taken directly from EU27 SUT
tables. The agri-food sector accounts are updated to 2007 subject to additional second-
ary data targets from Eurostat (2013), whilst a further set of macroeconomic aggregate
demand targets for each EU27 Member State (Eurostat, 2013) are also enforced subject to
SAM balancing restrictions.

3 Given the data intensive nature of input-output tables, there is typically a time-lag in their construction. This
problem is further exacerbated when one is attempting to find a consistent year across 27 EU Member State.
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As noted above, the desired application for these data is the calculation of multipliers
for 45 designated bio-based sectors.* To aid the process of comparison and profiling of the
bioeconomic sectors across Member States, a series of statistical tests are envisaged. Thus,
employing a hierarchical cluster analysis, it is possible to identify regional clusters of EU
members employing BL and FL variables as segmenting variables. In this way, the origi-
nal 27 Member States are reduced to a smaller number of regional clusters, with a similar
identifiable set of bio-based structures. To identify which bioeconomic sectors are struc-
turally heterogeneous across clusters, one-way Anova tests can be implemented to focus
on comparing the differences in the BL mean multiplier by sector and the FL mean mul-
tiplier by sector, across the clusters, whilst further identification of key sectors (FL and BL
greater than 1) will pinpoint strategically significant sectors.

4. Simulating Macro-Economic Impacts of Biobased Technologies in the EU

To promote and monitor the development of the EU bioeconomy, the European
Commission launched a complementary project to the Bioeconomy Observatory, the Sys-
tems Analysis Tools Framework for the EU Bio-Based Economy Strategy project (SAT-
BBE®). The SAT-BBE project aims at developing an analysis tool for monitoring the evolu-
tion of the biobased economy based on both quantitative and qualitative analytical models
and tools.

There are already several models and tools that can be, and have been, used to eval-
uate certain aspects of the bioeconomy. For example, Plevin et al. (2013), Wicke et al.
(2011), Edwards et al. (2010), Laborde (2011) and Kim et al (2011) analyse the impacts
of first-generation biofuels on indirect land use change (ILUC). The first three aforemen-
tioned papers review existing models and highlight the modelling challenges when model-
ling ILUC. Laborde (2011) presents a detailed study using a customised computable gen-
eral equilibrium (CGE) model linking trade liberalization, ILUC, biofuels and greenhouse
gas (GHG) emissions. Employing a statistical analysis, Kim et al. (2011) detect evidence
for ILUC that might have been catalysed by United States biofuel production.

Other studies (Ciaian and Kancs, 2011; Rathmann et al., 2010) focus more on food
security and land use competition between food production and biofuels with the use of
statistical, time-series analytical mechanisms. While Timilsina et al., (2011) employ a CGE
for the same purpose, linking oil price, biofuel and food supply. Lastly, Tyner (2010) and
Banse et al. (2008) have focused on the link between biofuel policies and global agricul-
tural markets, the former with descriptive analytical tools and the latter with the use of a
customised CGE model.

In the context of the Bioeconomy Observatory, a collaboration involving the JRC is
currently underway which employs a customized recursive dynamic global CGE model

4 Only those sectors where a clear bioeconomic input is identifiable are chosen (based on an examination of the
intermediate input structure in the supply and use tables of the EU27. Other (aggregate) sectors such as chemi-
cals, textiles etc., where a bioeconomic sector is present, were discarded owing to a large non bioeconomic com-
ponent in the output of the sector, whilst a lack of information was available to disaggregate the bioeconomic
from the non-bioeconomic component across all 27 EU members.

5 http://www3.lei.wur.nl/satbbe/project.aspx.
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known as the MAGNET model (Modular Applied GeNeral Equilibrium Tool)®. This mod-
el has already been applied to analyse the behaviour of the bio-based sectors and their
inter-linkages with the rest of the economy (Van Meijl et al. 2012). One specific aim of the
current study is to understand the role of second generation biofuel technologies captur-
ing both the direct and indirect economic impacts of this bio-based sector.

From a data perspective, MAGNET principally relies on the well-known GTAP data-
base which describes bilateral trade patterns, production, consumption and intermediate
use of commodities and services. The current release of the GTAP database (Narayanan et
al., 2012) includes dual reference years (2004 and 2007) as well as coverage of 129 regions
and 57 GTAP commodities. The input-output tables of several countries, especially OECD
members, were adjusted in the GTAP 8 version, to match 2004 and 2007 agricultural
production statistics by sector. These are particularly important adjustments for the bio-
economy, given the large percentage that agricultural products contribute to the final costs
of bio-energy products. Within the SAT-BBE project, approximately 30 of the 57 sectors
are classified as bio-based or potentially bioeconomy sectors, while some sectors include
activities that are partially bio-based, such as food processing, wood and paper industries.

In terms of modelling, MAGNET builds on the standard GTAP CGE template by
including non-standard modules that can be activated depending on the relevance of the
policy question at hand. Thus, additional modules are activated to incorporate endogenous
land supply and land transformation between sectors, whilst a specific module encompass-
ing the activities of first generation biofuels and its interaction with (inter alia) agricultural
sectors, is also included. In addition, MAGNET characterises fertilizer as a separate activity,
considering the impact of this sector on crop yields and thereby on land use change. As
noted above, the JRC will be looking to further extend the work to analyse the potential
role of second generation biofuels, biochemicals and/or bio-electricity. The supply of bio-
mass from woody or grassy crops and from residues and waste are not considered yet, but
subject to data constraints, are important possible candidates for further research.

5. Conclusions

Before starting any analysis related to bioeconomy and partially incoherent objectives
this concept brings about, a clear picture of available data and methodologies is needed.
To this end, the European Commission established a Bioeconomy Observatory. Within
this framework, the JRC is extending its web-based data management tool (DataM) to
provide access to different datasets that can be used by researchers, policy makers and the
general public to monitor in particular the primary sectors of the bioeconomy in Europe.

An analytical and economic way to better understand the role of the bioeconomy
across all EU27 (28) Member States is performed through multiplier analysis. Updating
and employing the ‘Social Accounting Matrices for EU27 with a Disaggregated Agricul-
tural Sector’ (AgroSAM), developed at JRC, regional clusters of EU members, different
bioeconomic structures and strategically significant sectors can be identified. Indicating
significant and key sectors is already an important evidence for potential investments to

S-http://www.wageningenur.nl/en/Expertise-Services/Research-Institutes/lei/Research- Areas/International-policy.
htm.
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foster growth and/or create jobs. However, constituting new markets, and at least parts
of the bioeconomy are novel markets, as well as incentivizing investments, need a stable
and long-term policy framework. Capturing the influence of policies and other drivers in
a coherent framework can be achieved with the so-called general equilibrium models.

Within the Bioeconomy Observatory and in collaboration with other research insti-
tutions, the MAGNET model (Modular Applied GeNeral Equilibrium Tool) is used to
analyse the behaviour of the bio-based sectors and their inter-linkages with the rest of the
economy and Europe’s trade relationship with third countries. Providing a consistent for-
ward-looking economic framework, for instance the potential role of second generation
biofuels, biochemicals and/or bio-electricity under specific macro-economic and policy
assumptions, is quantified.

As an approach to steer biomass to its most beneficial uses for the economy, society,
and the environment, the “cascading principle” (EP, 2013; p. 6) could become the guiding
paradigm. As defined by the German federal Environment Agency, this framework pro-
vides a, “..strategy for using raw materials or the products made from them in chrono-
logically sequential steps as long, often and efficiently as possible for materials and only
to recover energy from them at the end of the product life cycle. It is based on the use of
so-called ‘cascades of use’ that flow from higher levels of the value chain down to lower
levels, increasing the productivity of the raw material” (Carus, 2012b, p. 2).

This definition places the use of biomass for energy generation at the end of the cas-
cade, which at present is not the case, and therefore would not provide a level playing field
for all actors (EC 2011) and equal access to — sustainable - biomass. Beyond these crite-
ria, it is ultimately up to the society (and policy makers) to decide on the use of biomass.
Choices are to be made.

To analyse the cascading use, a particular challenge from a modelling perspective is
to identify and disaggregate those bioeconomic components of existing industry classifica-
tions to form new subsectors. In this way, a more detailed quantitative approximation of
the importance of individual bioeconomy sectors on upstream suppliers and downstream
markets is plausible, which more closely captures the concept of the cascading use.
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