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Bioeconomy

Challenges and opportunities
SUMMARY
The bioeconomy refers to the production and extraction of renewable biological
resources and their conversion into food and feed, bio-based products and bioenergy.
Although primarily based on activities carried out, in some form, for centuries or
millennia (such as farming, fisheries or forestry), the bioeconomy emerged in the past
decade as a knowledge-driven concept aimed at meeting a number of today's
challenges. In the European Union (EU), the bioeconomy sectors have an annual
turnover of about €2 trillion and employ between 17 and 19 million people. They use
almost three quarters of the EU land area.
A stronger bioeconomy could trigger growth and jobs, and reduce dependency on
imports. It could contribute to optimising the use of biological resources, which
remain finite although they are renewable. However, it could also create competition
between uses and technologies at various levels. Besides, the amount of available
biomass remains disputed. A bioeconomy could contribute to reducing greenhouse
gas emissions and improving public health. However, it could also trigger new
greenhouse gas emissions and induce adverse impacts on the environment.
The EU policy framework for the bioeconomy is spread across a number of policies
(agriculture, forestry, fisheries, climate, circular economy and research). Although a
bioeconomy strategy from 2012 aims to ensure policy coherence, inconsistencies
remain. The EU provides funding to innovative bioeconomy activities through the
framework programme for research (Horizon 2020) and a range of other instruments.
The European Parliament has been supportive of the bioeconomy strategy, while
highlighting the need for sustainability and policy coherence.
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 Background
 Opportunities and challenges
 EU policy
 European Parliament position
 Stakeholders' views
 Main references

EPRS | European Parliamentary Research Service
Author: Didier Bourguignon
Members' Research Service
PE 595.890

EN

EPRS

Bioeconomy

Background
The bioeconomy as defined by the European Commission refers to the production and
extraction of renewable biological resources (known as 'biomass') and their conversion
into food and feed; bio-based products (such as timber, fibre, chemicals or bioplastics)
and bioenergy (for instance through firewood, biofuels or biogas). It includes a wide range
of sectors, in particular agriculture, forestry, fisheries, food processing, energy, pulp and
paper, chemicals, and biotechnology. Although primarily based on activities carried out
for centuries or millennia in some form, the bioeconomy emerged in the past decade as
a knowledge-driven concept aimed at meeting a number of today's challenges, in
particular creating jobs and growth, moving away from fossil fuels and feeding a growing
human population.1
The bioeconomy has a strong research and innovation dimension, which may be applied
to improve the production of food, feed and fibre as well as to develop new applications
and products in sectors such as pharmaceuticals, chemicals and energy. This dimension,
generally referred to as the 'knowledge-based bioeconomy', is in part driven by recent
developments in bioscience and biotechnology, related in particular to bio-based
materials and genetic engineering of crops.2 Recent applications include materials,
textiles, cosmetics, furniture and food. A variety of products could be produced in
integrated units, for instance integrated biorefineries producing fuels, chemicals, plastics,
heat and electricity.3
Figure 1 – The bioeconomy, its products and its goals

Source: European Parliamentary Research Service.

The bioeconomy accounts for a substantial share of the economy. The European
Commission estimates that the bioeconomy sectors in the EU have an annual turnover of
about €2 trillion and employ between 17 and 19 million people, with the 'food, beverages
and tobacco industry' generating over half of the turnover, and the agricultural sector
accounting for over half of the jobs. The knowledge-based bioeconomy was estimated to
have an annual turnover of €57 billion and employ about 305 000 people in 2009. The
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bioeconomy uses almost three quarters of the EU land surface: according to Eurostat
data, 42.3 % of EU land was used for agriculture and 32.4 % for forestry in 2012, down
from slightly higher figures in 2009.4
According to data compiled by the European Commission's Joint Research Centre,
biomass in the EU comes mainly from crops (63 %) and wood (25 %); it is mostly used for
animal feed (51 %), heat and electricity production (16 %), plant-based food (12 %) and
material for wooden products (11 %). Unused residues account for 17 % of the biomass
extracted in the EU. The EU imports about 15 % of all biomass consumed, and exports
almost the same amount. Eurostat data indicate that the EU has recently become a net
exporter of agricultural products.
Figure 2 – Biomass supply and consumption in the EU (% of total dry matter, 2013)

Data source: European Commission's Joint Research Centre, 2015.

Environmental aspects such as soil and water quality play a key role in the bioeconomy.
In this respect, a recent report by the Joint Research Centre notes that 'soil resources in
many parts of Europe are being over-exploited, degraded and irreversibly lost', whilst the
European Environment Agency indicates that, although freshwater quality has improved
significantly over recent decades, water pollution remains a concern.5 Regarding marine
resources, the European Commission reported in 2015 that 48 % of assessed fish stocks
in the north-eastern Atlantic, 93 % of assessed stocks in the Mediterranean Sea and 86%
of assessed stocks in the Black Sea are over-exploited.

Opportunities and challenges
Economy
The bioeconomy could be a source of growth and jobs, in particular in rural and coastal
areas. It could create new business and innovation opportunities in agriculture
(expanding the scope of the sector beyond food production to biomass production and
processing); marine and maritime sectors (through sustainable 'blue growth' in
aquaculture, marine tourism, blue biotechnology, ocean energy and seabed mining);
forestry (for instance through integrated biorefineries); and industry (for instance
through the production of high added value bioproducts such as biochemicals and
biopharmaceuticals). However, setting up a bioeconomy would require significant
investment to transform production processes and products.
A transition to a bioeconomy could have both positive and negative socio-economic
impacts including changes in the prices of food, commodities and land; changes in
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farmers' revenues; changes in trade balances (due for instance to the diversification of
energy sources and reduced reliance on fossil fuel imports); or land take (in particular
outside the EU, as a result of indirect land-use change).6 Developing the European
bioeconomy could also establish the EU as a knowledge and technology leader in the field.
Use of resources
Although biomass is renewable (typically over a timespan of years or decades), it remains
a finite resource whose availability is limited primarily by the amount of available land
and water. There is currently no consensus on the amount of available biomass in the EU,
as estimates vary depending on assumptions, models and the stringency of sustainability
criteria used.7
A bioeconomy could contribute to optimising the use of biomass, for instance through
the 'cascading-use principle', whereby biomass is used more than once, if technically and
economically possible, typically with material use(s) as the first step(s) and energy
conversion as the last step. In particular, it could help feed a human population of over
9 billion in 2050 without significantly increasing the land area devoted to agriculture, for
instance by developing crops which are more resistant to drought and pests, or which can
better assimilate nutrients. A bioeconomy could also, linking up with the circular
economy concept, optimise the use of biomass waste and residues, for instance by
turning them into advanced biofuels. A 2013 study for the European Parliament estimates
that food waste, crop residues and forest residues represent a potential energy output
equivalent to 3 to 12 % of total EU final energy consumption.
However, a bioeconomy implemented on a wide scale could create competition for
agricultural land and water resources, often referred to as 'food vs fuel', which may have
negative effects on food production and food security. Besides, there may be competition
between technologies and uses at other levels: fossil energy vs bioenergy (EU policy
creates incentives for the use of bioenergy compared to fossil fuels, which may increase
demand for biomass); bioenergy vs bioproducts (because of the support given to
bioenergy under EU policy, the production of bio-based products may be disadvantaged);
bioproducts vs petro-chemical products (bio-based plastics and chemicals are competing
against well-established and mass-produced conventional plastics and chemicals).8 A
2014 report by the OECD notes that ensuring equivalence between support measures for
biofuels and bioenergy, on the one hand, and biomaterials, on the other, would level the
playing field and increase the prospects of success for integrated biorefineries.
Climate, environment and human health
A bioeconomy could contribute to reducing greenhouse gas emissions, for instance
through bioenergy (which currently accounts for about 65 % of renewable energy in the
EU), improved practices in agriculture and forestry (which can act as carbon sinks) and
industrial biotechnology (which can replace plastics and chemicals with bio-based
alternatives). However, a shift towards a bioeconomy could also release additional
carbon emissions in a number of cases, such as direct and indirect land-use change (for
instance deforestation) and the use of forest residues (which contain, in temperate
regions, most of the carbon stored in forests). In this respect, the European Commission
notes that the role of forests as carbon sinks is expected to decline, both as a result of
natural cycles and increased biomass demand for energy. The overall impact of a stronger
bioeconomy on greenhouse gas emissions would depend on a wide range of variables.
A bioeconomy could contribute to improving public health, for instance by tailoring
plants to produce pharmaceuticals, by improving animal resistance to disease through
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breeding, or by developing new healthy and nutritious foods. However, a shift towards a
bioeconomy could induce environmental impacts, in particular on biodiversity and
ecosystems (for instance through deforestation or deep-sea mining); soil and water
quality (for instance through pollution associated with an increased use of fertilisers and
pesticides, or conversely through a reduction of organic matter in soils, associated with
an increased use of forest and agricultural waste and residues); and water availability (as
a result of additional demand).9

EU policy
The EU policy framework for the bioeconomy consists of a number of legislative acts and
policies from various areas which may be outlined as follows:
Figure 3 – Overview of the main EU policy tools for a bioeconomy
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Source: European Parliamentary Research Service.

 Agriculture and rural development: The Common Agricultural Policy (CAP) aims to
ensure viable food production, sustainable management of natural resources and
climate action, as well as balanced territorial development. With an annual budget of
€60 billion, the CAP finances direct payments to farmers, market-support measures
and rural-development programmes.
 Forestry: Although forestry is a national matter, the EU Forest Strategy provides a
common framework based on a series of general principles: sustainable forest
management; resource efficiency, rural development and economic growth;
sustainable production and consumption of forest products.
 Fisheries: The Common Fisheries Policy (CFP) manages fishing activities through a
range of measures (such as total allowable catches, restrictions on gear and number
of vessels) with a view to ensuring sustainable exploitation of fish stocks. The EU
promotes the development of sustainable aquaculture, in particular through the
European Maritime and Fisheries Fund.
 Climate: The Europe 2020 strategy sets a target of a 20 % share of renewable energy
in the final EU energy mix by 2020. To help reach this goal, EU legislation promotes
greater mobilisation of existing timber reserves, and sets a 10 % renewable energy
target (essentially biofuels) in the transport sector. EU legislation sets sustainability
criteria regarding biofuels. There are currently no binding sustainability criteria for
other biomass uses at EU level, although some exist at national and industry level. 10
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 Circular economy: An EU action plan for the circular economy aimed at reducing waste
to a minimum identifies 'biomass and bio-based products' as one of five priority
sectors. Furthermore, a legislative proposal on waste could make the separate
collection of biowaste mandatory in most cases.
 Research and innovation: The Commission identified biotechnology as a key enabling
technology that strengthens innovation and competitiveness in the EU. The
Horizon 2020 programme funds research and innovation in the knowledge-based
bioeconomy. In addition, research in innovative bioeconomy activities is supported
through joint EU-Member States mechanisms (including approximately 50 European
Research Area Networks established since 2002 and three Joint Programming
Initiatives).
At national level, several Member States have adopted their own bioeconomy policies.11
EU funding for the knowledge-based bioeconomy
Funds supporting a knowledge-based bioeconomy are provided by the Horizon 2020 framework
programme for research, and in particular its 'societal challenge 2' on 'Food security, sustainable
agriculture and forestry, marine, maritime and inland water research and the bioeconomy', which
has a budget of €3.85 billion over the 2014-2020 period. Horizon 2020 funds research projects on
topics such as blue growth, food security, rural development and bio-based materials. Horizon
2020's societal challenge 2 also funds the Bio-based industries (BBI) public-private partnership
(€1 billion, topped up by €2.7 billion in private investment), which aims to develop bio‐refining
technologies to turn waste and residues into bio‐based products, materials and fuels. The
Commission estimated in 2012 that bioeconomy-related research funding under Horizon 2020
could generate about 130 000 jobs and €45 billion in value added in relevant sectors by 2025.
Other support includes the European industrial bioenergy initiative (EIBI) (2010-2017) funded
from EU and Member State research programmes, which aims to build and operate
demonstration or flagship plants for innovative bioenergy value chains; the New Entrants'
Reserve innovation funds (NER300 for 2013-2020 – worth €2.1 billion – and NER400 for 20212030) fed from the sale of greenhouse gas emission allowances under the EU Emissions Trading
System, which aims to subsidise installations of innovative renewable energy technology and
carbon capture and storage; and guarantees provided by the European Investment Bank as part
of the Risk Sharing Finance Facility (RSFF), supporting projects related to key enabling
technologies.
Moreover, the EU may provide funds for bioeconomy-related initiatives under regional policy,
including investments in innovation drivers, infrastructure and skills. The common agricultural
policy may support bioeconomy investments and bio-based facilities, especially through rural
development programmes and some forest-related measures. Through the European Maritime
and Fisheries Fund, the common fisheries policy supports sustainable economic growth,
employment, innovation and competitiveness within maritime sectors and in coastal regions.

In 2012, the European Commission adopted a bioeconomy strategy building on the EU
framework programmes for research. The strategy aims to ensure policy coherence
between the various relevant policies and their goals, both at EU and national level, to
increase public funding and private investment related to the bioeconomy, and to set up
participatory governance models. The strategy lays down an action plan containing 12
measures grouped in three themes (investment in research, innovation and skills;
reinforced policy interaction and stakeholder engagement; and enhancement of markets
and competitiveness in bioeconomy). Measures include setting up a bioeconomy
stakeholders panel and a bioeconomy observatory, promoting new markets by
developing standards (including as regards sustainability), and providing the knowledgeMembers' Research Service
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base for sustainable intensification of primary production. The Commission is expected
to review and possibly update the strategy in 2017.
Some policy inconsistences remain despite the bioeconomy strategy. A 2014 study
carried out for environmental NGOs by the International Institute for Sustainability
Analysis and Strategy (IINAS) underlines the lack of consistency between EU bioenergy,
forest and waste policies. A 2016 study for the European Commission on the optimised
cascading use of wood notes that since energy and material uses of biomass are dealt
with under separate policies, an integrated approach is generally lacking. EU action is also
constrained by its limited powers, for instance on forests and soils, two key aspects
related to the bioeconomy.

European Parliament position
In its resolution of 2 July 2013 on the bioeconomy strategy, the previous Parliament
welcomed the strategy, and stressed the need for an environmentally, economically and
socially sustainable use of resources, and for support to innovation and investment in
new techniques and business models. It called for streamlining the various relevant EU
policies, and emphasised that bioeconomy policies must be better designed to ensure a
cascading use of biomass. However, in its resolution of 28 April 2015 on a new EU forest
strategy, Parliament opposed legally binding rules for prioritising the uses of wood, as
this would restrict the development of new and innovative uses of biomass.

Stakeholders' views
The European bioeconomy alliance, a coalition of 12 business associations from the
bioeconomy sectors, calls inter alia for adapting EU legislation to allow Member States to
promote the take-up of innovative bio-based products, for promoting a sustainable
increase in agricultural and forest productivity and soil fertility, and for removing barriers
to investment in new commercial operations such as biorefineries. It also highlights the
need for bold political moves, clarity of long-term strategy and policy stability.
Business associations active in segments of the bioeconomy have also voiced specific
views. European Bioplastics, representing the bioplastics industry, highlights the need for
a level playing field for all bio-based industries, to ensure the highest value creation and
the strongest environmental benefits. EuropaBio, representing the European
biotechnology industry, advocates inter alia introducing sustainability standards for
bioproducts, streamlining EU funding mechanisms, engaging more with civil society, and
developing a coherent policy for the bioeconomy. Biomass sector association AEBIOM
calls for defining sustainability rules based on biomass types and categories, adopting a
risk-based approach for forest biomass, and recognising voluntary schemes. EUSTAFOR,
representing European organisations managing state forests, opposes additional
sustainability criteria or limits on the amount of biomass extracted for the bioeconomy.
A coalition of 11 environmental NGOs calls for capping bioenergy use; banning the use of
some biomass sources for energy; protecting soil, water and biodiversity when harvesting
residues; and introducing restrictions on bioenergy to ensure other uses of biomass.
Friends of the Earth notes that the development of the bioeconomy as a substitute for fossil
fuels is taking place without a clear understanding and monitoring of impacts, and
overshadows the vital need for the EU to reduce its overall consumption. Fern, an NGO
focusing on forests, calls for establishing robust sustainability indicators and a monitoring
framework for the bio-economy before bio-based solutions are actively promoted.
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Endnotes
1

Bioeconomy is defined in different ways around the world. The Global Bioeconomy Summit 2015 noted that an
understanding of 'bioeconomy as the knowledge-based production and utilization of biological resources,
innovative biological processes and principles to sustainably provide goods and services across all economic sectors'
is shared by many. For an overview of various definitions, see N. Scarlat et al., 'The role of biomass and bioenergy
in a future bioeconomy: Policies and facts', Environmental Development, Volume 15, July 2015.

2

Mainly as a result of low public acceptance for genetic modification of crops in Europe, this aspect is largely absent
from the bioeconomy concept in the EU. Elsewhere in the world however, genetic engineering is a key dimension
of the bioeconomy. Some experts note that this could limit the EU in the transition to a modern bioeconomy (see
for instance I. Virgin and E.J. Morris, Creating sustainable bioeconomies, Routledge, London, 2017).

3

More information on integrated biorefineries can be found in this publication by EuropaBio, an association
representing the European biotechnology sector. Another example is Metsä's bioproduct mill in Äänekoski
(Finland), which is expected to begin operations in the third quarter of 2017.

4

In the EU, arable land has been falling out of agricultural use and is expected to continue to do so, while forest area
has grown by about 2 % over the past decade.

5

The European Environment Agency notes that discharge from urban wastewater treatment, industrial effluents
and losses from farming are the main sources of water pollution.

6

For more details, see M. Hasenheit et al., Summary report on the social, economic and environmental impacts of
the bioeconomy, Berlin, 2016.

7

To address this, the Commission's Joint Research Centre has recently been mandated to provide data and analysis
on biomass supply and demand.

8

For more details, see also M. Carus et al., Proposals for a Reform of the Renewable Energy Directive to a Renewable
Energy and Materials Directive (REMD), nova paper #4 on bio-based economy, Hürth, 2014.

9

Regarding the specific issue of marine litter, biomaterials such as bioplastics are not expected to contribute to a
solution. Although bioplastics are biodegradable under specific conditions in terrestrial systems, their rate of
degradation in oceans is extremely slow, according to a 2016 report by the United Nations Environment
Programme.

10

For more details on sustainability criteria for biofuels, see D. Bourguignon, EU biofuels policy: Dealing with indirect
land use change, EPRS, European Parliament, 2015. In a legislative proposal put forward on 30 November 2016, the
European Commission proposed to strengthen the existing EU criteria for bioenergy sustainability and to extend
them to cover also biomass and biogas used for heat and electricity generation.

11

For detailed information on national policies, see the European Commission's Bioeconomy observatory.
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