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Abstract: Over the last decade, bioeconomy policies, guided by integrated bioeconomy strategies,
have developed. This paper presents a systematic and comparative analysis of official bioeconomy
strategies of the EU, Germany, OECD, Sweden and the USA with regard to their context, visions
and guiding implementation principles. In an additional step, the relationship between these
strategies and important scientific and societal debates around bioeconomy is assessed. In conclusion,
five major stumbling blocks for the further development of the bioeconomy are worked out.
First, there is the risk of disappointment because far-reaching promises of the strategies are difficult to
achieve. Second, the bioeconomy is not the only way to a low carbon economy so alternatives could
impede the desired development. Third, persistent conflicts between the different uses of biomass
for food, material and energy production could lead to unstable policy support with short-term shifts.
Fourth, a broader success of new bioeconomy value chains could trigger new societal conflicts over
bioeconomy if efficiency gains, cascading use, residue use and sustainability certification are not sufficient
to ensure a sustainable supply of biomass. Fifth, the acceptance of bioeconomy could be compromised if
bioeconomy policies continue to ignore the on-going societal debates on agriculture and food.

Keywords: bioeconomy; bio-based economy; strategies; visions; transformation; sustainability;
biomass; vision assessment

1. Introduction

Over the last ten years, bioeconomy has become an important issue in research and innovation
policy making, especially in industrialised countries. However, the term “bioeconomy” was already
introduced in the early 1970s by Nicholas Georgescu-Roegen, in the context of his work on applying
the thermodynamic law of entropy to economic processes [1]. This first understanding of bioeconomy
was based on the insight that the economic process has physical and biological roots and cannot ignore
their limitations [2]. The current bioeconomy debates and activities have completely different roots.

Starting points are the mergers between international biotech, chemical, pharmaceutical and
agribusiness companies [3], tremendous advances in biological sciences [4], especially in genetics and
molecular technologies, and the increasing biomass demand for non-food applications in energy and
chemistry markets [5]. Not the limits of growth, but new growth possibilities are now in the focus.
The new idea of a bioeconomy was taken up early by the OECD and the EU [6]. Today, bioeconomy
policies are in different stages of development around the world. Many countries have a tradition of
biotechnology and biofuel policies, and bioeconomy policy in many of these countries is restricted to
strategies for these subdomains [7]. The number of countries with an integrated bioeconomy strategy
including all facets of the bioeconomy is restricted. In the EU, only Finland, Flanders, Germany and
Sweden have such an integrated strategy [8], and more recently also France and Spain.

The German Bioeconomy Council has provided a systematic overview and description of
bioeconomy activities worldwide, specifically of the bioeconomy-specific strategies and measures
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notified by governments and their agencies, based on publicly accessible documents and statements
and Internet information [9,10]. As part of the EU bioeconomy strategy, the Standing Committee
on Agricultural Research (SCAR) has conducted a survey on the status of bioeconomy policy
implementation in the Member States, based on a questionnaire filled out by 18 EU Member
States [8,11]. Furthermore, a restricted number of papers present a comparison of national
and international bioeconomy strategies [12] and of national, regional and industrial strategies
in Europe [13–15]. These analyses still have a strong descriptive component, while identifying some
strengths and weaknesses of the strategies.

The aim of this paper is to present a systematic and comparative analysis of important official
bioeconomy strategies as key instruments for structuring and promoting this new policy field.
A bioeconomy strategy is generally not a single and isolated document. In fact, it has a history
and is embedded in the overall research and innovation approach of the respective government.
Therefore, the paper will work out the development and context of the individual bioeconomy
strategies. In these strategies, bioeconomy is conceptualised in different ways, associated with
different expectations. In the following, they are analysed and compared, and the underlying visions
are identified. This is done by applying a vision assessment approach [16,17]. The next part of this article
looks at the principles and guidelines for the implementation of the strategies and for the development
of the bioeconomy. Based on these analyses, the relationship between key elements of the strategies and
important scientific and societal debates around bioeconomy is assessed. Furthermore, the relevance
of these debates for the future implementation of the bioeconomy strategies is discussed. The article
finally points out five major stumbling blocks for the future development of the bioeconomy.

2. Approach

The research on bioeconomy strategies included several steps: The first step was the sampling
and selection of strategies. An overview of existing bioeconomy strategies was obtained from
literature [8–10] and an Internet enquiry. Analysis was restricted to integrated bioeconomy strategies,
since it was aimed at analysing and comparing fully developed bioeconomy policies. The international
and European strategies of OECD and EU, respectively, all German strategies and, for further
comparison, the integrated strategies of Sweden and the USA were included (Table 1). The strategies
were approved and published over a period of four years, from 2009 to 2013.
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Table 1. Overview of analysed bioeconomy strategies.

Country Institution Title of the Document Publication Year Type of Strategy Sources

International
organisation

Organisation for Economic
Co-operation and Development

(OECD)
The Bioeconomy to 2030. Designing a policy agenda 2009 Innovation strategy

Policy strategy [18]

European Union European Commission Innovating for Sustainable Growth. A Bioeconomy
for Europe 2012 Research and

innovation strategy [19,20]

Germany Bioeconomy Council

Kompetenzen bündeln, Rahmenbedingungen
verbessern, internationale Partnerschaften
eingehen—Erste Empfehlungen zum
Forschungsfeld Bioökonomie in Deutschland
(Combine Disciplines, Improve Parameters, Seek
out International Partnerships.
First Recommendations for Research into
the Bio-Economy in Germany)

2009 Research and
innovation strategy [21]

Germany Bioeconomy Council Innovation Bioökonomie
(Bio-Economy Innovation) 2010 Research and

innovation strategy [22]

Germany Federal Government, Ministry of
Education and Research

Nationale Forschungsstrategie Bioökonomie 2030.
Unser Weg zu einer biobasierten Wirtschaft
(National Research Strategy Bioeconomy 2030.
Our way towards a bio-based economy)

2010 Research and
innovation strategy [23]

Germany Federal Government, Ministry of Food
and Agriculture

Nationale Politikstrategie Bioökonomie
(National Policy Strategy on Bioeconomy) 2014 Policy strategy [24]

Germany Federal state government North
Rhine-Westphalia

Eckpunkte einer Bioökonomiestrategie für
Nordrhein-Westfalen
(Basic Points of a Bioeconomy Strategy for North
Rhine-Westphalia)

no date Research and
innovation strategy [25]

Germany Federal state government
Baden-Württemberg

Bioökonomie im System aufstellen
(Bioeconomy in a systemic approach) 2013 Research strategy [26]

Sweden
Swedish Research Council for

Environment, Agricultural Science and
Spatial Planning (Formas)

Swedish Research and Innovation. Strategy for
a Bio-based Economy 2012 Research and

innovation strategy [27]

USA Presidential Administration National Bioeconomy Blueprint 2012 Research and
innovation strategy [28]
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The next step was the reconstruction of the process that led to the respective strategy.
Three aspects were addressed: changes in the understanding and focus of bioeconomy, connections
to other governmental strategies and policies, and participants involved in the drafting process.
Thereby, context and actors were analysed. Then, the definitions of bioeconomy used in the strategies
were assessed, and a categorisation of definitions was conducted. The different understandings of
bioeconomy influence the system boundaries and, for instance in economic assessments, what kind of
economic activities should be considered as part of the bioeconomy [29]. More generally, the definition
of bioeconomy has implications on the areas of activity.

Socio-technical visions have become an increasingly important element in innovation and
transformation processes and their governance. This is notably the case for complex and far-reaching
new and emerging technologies (e.g., nanotechnology), and for the transformation of well-established
large socio-technical systems (e.g., energy system transition) [17,30]. Visions are an instrument
of communication and coordination, addressing actors in the research and innovation systems.
At the same time, they intend to affect societal spheres and groups, promoting new objectives
and promising solutions for societal problems (e.g., climate change). Visions often present target
innovations as radical innovations or disruptive developments [31]. Visions also play—explicitly
or implicitly—an important role in the bioeconomy strategies. The vision assessment starts from
the specific set of expectations or promises made in each strategy, from which the overarching visions
are then deduced and clustered.

The following step was to analyse the principles and guidelines for the implementation
of strategies and the development path of the bioeconomy. These formulate requirements and
prerequisites. An example of such a principle is sustainability, which has become established in most
policy areas. In the context of bioeconomy strategies, principles and guidelines play a prominent role
in biomass use, on the one hand, and the organisation of research and innovation, on the other hand.

The assessment of the relationship between bioeconomy strategies and important scientific and
societal debates around bioeconomy was based on a review of the relevant literature. The aim
of this analysis was to identify divergent viewpoints regarding the opportunities and barriers for
the realisation of the desired bioeconomy development.

3. Analysis

3.1. Formation and Context of Bioeconomy Strategies

The concept of bioeconomy originates from the life sciences and biotechnology spheres [32].
The national and international policy-making processes leading to bioeconomy strategies were more or
less complex, partly with changing perspectives. This chapter gives a short overview of these processes
and a description of their relationship to overall governmental policies and actors involved.

3.1.1. International and European Strategies

The report “The Bioeconomy to 2030: Designing a Policy Agenda” [18] is the result of an
OECD foresight project as part of the OECD International Futures Programme (IFP), which examines
long-term futures. The work was overseen by a Steering Group with representatives from governments,
companies and international organisations, and was supported by experts from research and industry.
The report was drafted by the OECD Secretariat.

A common research policy and funding in the EU started in 1982 with the first research programme
on biotechnology (Biomolecular Engineering Programme (BEP)) of the European Commission.
A number of biotechnology research programmes followed over the next three decades [33]. In the year
2005, the term “Knowledge-Based Bio-Economy (KBBE)” was introduced by the Commission
in the context of the conference “New Perspectives on the Knowledge-Based Bio-Economy”
as the process of “transforming life science knowledge into new, sustainable, eco-efficient and
competitive products” [34]. The additive “knowledge-based” had its origin in the Lisbon strategy,
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which stated the strategic objective to transform the EU into “the most competitive and dynamic
knowledge-based economy in the world” until 2010 [35].

At the conference “En Route to the Knowledge-Based Bio-Economy” of the German Presidency
in 2007, the so-called Cologne Paper was presented. It was drafted by experts from industry and
research and is focused on perspectives of biotechnology until the year 2030 [36]. For the conference
“The knowledge based bio-economy towards 2020” in 2010 under the Belgian Presidency [20], a report
on achieved progress and outstanding challenges was prepared [37]. With this report, the focus
on biotechnology was abandoned, and new policy areas such as the Common Agricultural Policy
and sustainability criteria were addressed. The shift from biotechnology to societal challenges
was reinforced in 2011 by the White Paper “The European Bioeconomy in 2030” [38], which sets
out a vision for a smart, sustainable and inclusive European bioeconomy. The paper is the result of
a discussion process of experts from nine separate Technology Platforms covering different aspects of
the bioeconomy.

This process concluded with the approval of the EU bioeconomy strategy [19], accompanied by
a Commission staff working document [20] providing background information and a detailed action
plan. This strategy is embedded in the overall strategy “Europe 2020” [39], the successor of the Lisbon
Strategy. The bioeconomy should contribute to the two flagship initiatives “Innovation Union”
and “A Resource Efficient Europe” of the Europe 2020 Strategy [19,40]. In preparation of
the bioeconomy strategy, the European Commission organised a public consultation and received
over 200 responses [41,42]. An essential instrument for strategy implementation is the EU research
and innovation programme “Horizon 2020” [43] for the period 2014 to 2020, especially the part
“Biotechnology” in the section Industrial Leadership and the part “Food Security, Sustainable
Agriculture and Forestry, Marine, Maritime and Inland Water Research and the Bioeconomy”
in the section Societal Challenges, with a dedicated budget for the latter of 4.1 billion euros for
the period 2014 to 2020 [20].

3.1.2. German Strategies

The German policy development on bioeconomy started in 2009 with the appointment of the
Bioeconomy Council by the Federal Ministries for Education and Research and for Food and Agriculture
for a period of three years. In 2012, a new council was appointed with a broader composition of members
who should represent the areas of economy, science and society. The latter, however, is only covered by
social scientists. The Bioeconomy Council published its first recommendations for bioeconomy research
in Germany in 2009 [21], with a focus on research organisation. This first short strategic paper was
followed a year later by an extensive report [22]. The Council was supported in the drafting of this
report by external experts. The report works out three broad topics for German bioeconomy research
together with detailed recommendations for programming.

In the same year, 2010, the “National Research Strategy Bioeconomy 2030” [23] was released.
This strategy was drafted under the leadership of the Federal Ministry for Education and Research
in cooperation with six other federal ministries. There are clear analogies with the recommendations of
the Bioeconomy Council, without explicit reference to them. In the framework of the strategy, an overall
research funding volume of 2.4 billion euros until 2016 is assigned [44] (p. 2). This bioeconomy strategy
is part of the High-Tech Strategy of the Federal Government, which aims to initiate cross-ministry
innovation initiatives and is oriented on top priority societal challenges [45].

The “National Policy Strategy Bioeconomy” [24] was adopted by the Federal Government in 2013.
The policy strategy was prepared by the Federal Ministry of Food and Agriculture in cooperation with
four other ministries and the Bioeconomy Council. The structure differs from the research strategy due
to addressing different policy areas. The policy strategy is embedded in a number of other strategies
of the Federal Government, for example the sustainability strategy and the energy concept [24] (p. 16).

Additionally, two federal states of Germany have their own bioeconomy strategies. The federal
state of North Rhine-Westphalia started their bioeconomy activities with a study of potentials [46],
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which gives an overview of the potential of life sciences and their industrial applications in North
Rhine-Westphalia. The Ministry for Innovation, Science and Research of North Rhine-Westphalia has
formulated basic points for a bioeconomy strategy [25]. This short, five-page paper sketches objectives,
main application areas and the intended policy approach. It contributes to the implementation of
the overall research strategy [47]—a framework programme for all research activities of the state
government, aimed at research for sustainable development in key areas of societal challenges.

The strategy of the Baden-Württemberg Ministry of Science, Research and Art of 2013 [26]
was developed by a working group of scientists from a broad spectrum of disciplines relevant to
bioeconomy, in cooperation with partners from industry. The strategy includes an extensive assessment
of the current research landscape of Baden-Württemberg relevant to bioeconomy, including a SWOT
(strengths and weaknesses, opportunities and threats) analysis and the reasoning and description of
three research topics to be funded.

3.1.3. Strategies of Other Countries

The Swedish research and innovation strategy for bioeconomy was launched in 2012 [27].
The strategy was prepared upon request from the Swedish Government by FORMAS (The Swedish
Council for Environment, Agricultural Sciences and Spatial Planning), in consultation with VINNOVA
(Swedish Governmental Agency for Innovation Systems) and the Swedish Energy Agency. A dialogue
with representatives from research, companies and industry associations was conducted during
the drafting process. Bioeconomy research and innovation activities are divided among many
institutions and organisations in Sweden [48].

The US national bioeconomy strategy [28] from 2012 details administration-wide steps to
harnessing biological research innovations. The strategy was drafted by the Office of Science and
Technology Policy and the Executive Office of the President, under participation of different federal
agencies. Half a year before, a public consultation had been started [49]. Overall, 135 responses
were received from individual persons and institutions [50], predominantly from science and industry.

3.2. Definition of Bioeconomy

The applied definition of bioeconomy is strongly connected with the overall understanding of
bioeconomy in the respective strategy (Table 2). Two basic approaches can be distinguished:

• Bioeconomy in a narrower sense: Technology-oriented definitions, such as in the strategies
of the OECD [18] and the USA [28], restrict bioeconomy to the development and application
of modern biotechnologies and scientific findings from life sciences. In this understanding,
new applications in the health sector such as personalised medicine and biomedicine are part
of the bioeconomy. Biomass, as a resource, does not play a prominent role in these
strategies. The economic relevance of the bioeconomy results from its high innovation potential.
Bioeconomy is regarded as an already existing reality, which should be supported and expanded
to make optimal use of its economic potential.

• Bioeconomy in a broader sense: Definitions focussing on the resource biomass and the economic
sectors involved, partly with normative elements, are used in strategies which emphasise
the transition from a petroleum-based to a bio-based economy [19–27]. In this understanding,
the bioeconomy encompasses the production, processing or use of biological resources in whatever
form [21,22]. In some of the strategies [21,23,24,26], relevant sectors are listed, ranging from
agriculture and forestry to food, timber, chemical, pharmaceutical and energy industries as well
as their respective trade sectors, with slight variations from strategy to strategy. The current
economic relevance of the bioeconomy is increased with the inclusion of traditional economic
sectors such as, for example, agriculture and the food industry. At the same time, the health
sector is no longer addressed, except in one strategy [25]. With the envisioned transformation
of the economic resource base, the bioeconomy represents a development goal that can only
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be realised in the future. In this context, the term bio-based economy is used as an equivalent to
bioeconomy in some strategies [23,24,26,27]. Both terms are understood as synonyms.

The term “knowledge-based bioeconomy (KBBE)” was first coined in the EU and goes back to
the Lisbon strategy. The label “knowledge-based” has lost relevance at the EU level but is still
used explicitly in some national strategies, and resonates in others because all strategies place
emphasis on new scientific knowledge and technologies and their translation into economically
exploitable innovations.

Table 2. Bioeconomy definitions in the bioeconomy strategies.

Strategies
Definition Relating To

Resource Basis
Biomass

Involved Economic
Sectors

Technology
(Biotechnology)

International strategies

OECD 2009 [18] -
√ √

EC 2012 [19,20]
√ √

-

German strategies

Bioeconomy Council 2009 [21]
√ √

-
Bioeconomy Council 2010 [22]

√
- -

Federal Ministry of Education and Research 2010 [23]
√ √

-
Federal Ministry of Food and Agriculture 2014 [24]

√ √
-

Federal state government North Rhine-Westphalia [25]
√

-
√

Federal state government Baden-Württemberg 2013 [26]
√ √

-

Strategies of other countries

Sweden 2012 [27]
√

- -
USA 2012 [28] - -

√

3.3. Expectations and Visions

The strategies include a number of expectations placed upon the bioeconomy (Table 3).
All strategies share the expectation that the bioeconomy will make an important contribution to
economic growth and international competitiveness of the respective economic system. In addition,
the creation of new jobs is in some strategies explicitly expected as a consequence of economic growth.
The expectations of the bioeconomy thus stand in the tradition of past expectations of biotechnology,
which was attributed great implementation and commercialisation potential already at an early
stage [51] (p. 64). The strategies defining bioeconomy in a broader sense expand the promises of
economic growth to traditional sectors of the bioeconomy.
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Table 3. Visions and expectations in the bioeconomy strategies.

Strategies
Vision Expectations

Biotechnology-
Centred

Transformation-
Centred

Structural Change
of Resource Basis

Innovative
Knowledge Society

Answer to Global
Challenges

Economic Growth and
Competitiveness

Biotechnology as
Key Innovation

Global
BioEconomy

Revolution in
Health Sector

Societal
Acceptance

International strategies

OECD 2009 [18]
√

- - -
√ √ √ √ √ √

EC 2012 [19,20] -
√ √

-
√ √

-
√

-
√

German strategies

BÖR 2009 [21] -
√ √ √ √ √ √ √

(
√

) -
BÖR 2010 [22] -

√ √
-

√ √ √ √
- -

BMBF 2010 [23] -
√ √ √ √ √ √

- -
√

BMEL 2014 [24] -
√ √

-
√ √ √ √

-
√

NRW [25] -
√ √

-
√

-
√

- (
√

)
√

BW 2013 [26] -
√ √ √ √ √

- - - -

Strategies of other countries

Sweden 2012 [27] -
√ √

- -
√

- - - -
USA 2012 [28]

√
- - - -

√ √
-

√
-

Notes: OECD, Organisation for Economic Co-operation and Development; EC, European Commission; BÖR, German Bioeconomy Council; BMBF, German Federal Ministry of Education
and Research; BMEL, German Federal Ministry of Food and Agriculture; NRW, Federal state government North Rhine-Westphalia; BW, Federal state government Baden-Württemberg.
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The economic expectations are closely linked to the aim of playing a leading role in technology
development (explicitly in [23,26]). A common understanding in all documents is that new
scientific findings and technological developments shape the bioeconomy and should be supported.
In the German federal research strategy, the bioeconomy is also embedded in a more comprehensive
vision of a “free, dynamic and innovative knowledge society” [23] (p. 14). Biotechnology is a constitutive
element in strategies with a bioeconomy definition in a narrower sense [18,28], and is regarded as a key
innovation in most strategies based on a broader understanding of the bioeconomy (see also Table 3).
All strategies are characterised by a technic-centred understanding of innovation.

Almost all strategies expect the bioeconomy to make an important contribution to societal or
global challenges. Food security, preservation of resources, climate and environmental protection
and health problems are mentioned as examples. The finite nature of fossil resources and climate
change are the argumentative background for the aspired transition from an economy based on fossil
fuels to a bio-based economy [23] (p. 4). The strategies differ in the extent to which they envision
the replacement of fossil-based resources with bio-based resources. This ranges from an unspecified
bio-based economy [23,25,26] over reduced dependence from fossil resources [19] and moving towards
a post-fossil age [21] to conversion to an economy based on renewable resources in general [24].
The latter German policy strategy introduces a relativisation both in quantitative terms—only partial
replacement of fossil resources—and in qualitative terms—biomass as part of the overall renewable
resources. At the same time, the disruptive character of bioeconomy is highlighted as a far-reaching
and comprehensive societal transformation process that must be accompanied by social, economic,
political and ecological research [52]. Based on the transformation perspective, some of the strategies
address conflicts of objectives, side effects and governance issues [24,26,27].

Half of the strategies expect the bioeconomy to take on a global character, with two different
lines of argumentation: First, the bioeconomy is considered as part of a global strategy for
sustainable resource management [19]. The focus is on solving global challenges. The second
approach conceptualises bioeconomy as global phenomenon. Here, emphasis is placed on the global
interconnectedness of biomass resources, value added chains and technologies with international
division of labour in research, production and markets [18,22,24]. Two strategies expect fundamental
advances in the health sector in the context of bioeconomy [18,28]. It is expected that biotechnologies
will dominate the development of diagnostics, vaccines, drugs and therapies which will open new
possibilities for the treatment of diseases. The strategy for North Rhine-Westphalia includes the health
sector because of the regional relevance of the respective industries [25].

In the past, biotechnologies were sometimes the subject of controversial public debate, especially
in the case of green genetic engineering. Several strategies formulate expectations on societal
acceptance of bioeconomy in the future. The German research strategy expresses the expectation
that biotechnological progress and globalisation will be regarded positively as societal chances [23].
This is combined with a classical model of producing acceptance: Science and industry should
inform and convince the general public of the benefits of the bioeconomy. In the last years, there
has been a gradual shift to a stronger accentuation of participative dialogues in which citizens and
end-users should be given the possibility to articulate their needs and expectations of developments
in bioeconomy.

In summary, the set of expectations in the strategies can be clustered into two basic visions (Table 3):

• Biotechnology-centred vision: life science and biotechnology as drivers of innovation
• Transformation-centred vision: shift to a bio-based economy

The biotechnology-centred vision sketches a future where new findings in life science and
the resulting technologies and innovations lead to economic growth, improved international
competitiveness and additional jobs. This vision is a continuation of the promises and expectations
associated with biotechnology in the last decades. The expectation is that biotechnology will
contribute to a significant share of economic output, with applications across economic sectors
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and converging technologies. Scientific knowledge, technological developments and commercial
innovations are seen as drivers of the bioeconomy, influenced by government policies on public
research support, regulatory conditions, intellectual property rights and promotion of human resources.
Scientific breakthroughs (e.g., in synthetic biology) that lead to disruptive and radical innovations
with corresponding effects are considered possible in the foreseeable future. The main objective is to
achieve competitive advantages and a leading position in technology and markets.

The transformation-centred vision presents bioeconomy as an answer to global challenges such
as climate change, food security and the finite nature of and dependence on fossil fuels. At the heart
of the vision is a structural transition to a bio-based economy. The aspired shift ranges from
biomass as the new resource base in unspecified manner to biomass as part of total renewable
resources. Initially, the EU and Germany followed a biotechnology-centred vision; the current
transformation-centred vision is the result of a longer reshaping process. Expectations of economic
growth and enhanced international competitiveness are still of high relevance, but are now combined
with promises of improved sustainability. The strong focus on innovation through research and
technology development is maintained. Besides biotechnology as a key technology, a broad spectrum
of technology approaches is included. These strategies take into account conflicts of goals and
competition for land use that may arise from such a transformation. This vision corresponds with
an understanding of the bioeconomy in a broader sense, including all economic sectors dealing
with biological resources. However, the health sector and health biotechnology are now excluded.
The transformation approach requires various specific policy areas to be addressed as well as a coherent
policy framework.

3.4. Guiding Principles for Implementation

In regard to their implementation, the bioeconomy strategies have developed to a different
degree guiding principles for the supply and use of biomass and for the organisation of research
and innovation.

3.4.1. Guiding Principles for the Supply and Use of Biomass

Overall, sustainability is the most important guiding principle in the bioeconomy strategies
in regard to supply and use of biomass (Table 4). Different understandings of the relationship between
the bioeconomy and sustainability were identified in the scientific literature [53]:

• sustainability as an inherent characteristic;
• conditional benefits for sustainability;
• tentative criticism pointing out potential sustainability problems; and
• disadvantageous without positive impact on sustainability.

The understanding of sustainability in the bioeconomy strategies can be allocated to the first
two categories. Two strategies [18,28] do not explicitly mention the issue of sustainability, and one
strategy [21] more or less equates bioeconomy with sustainability. However, the prevailing view
is that the bioeconomy will have positive sustainability effects if the right conditions are created
and appropriate measures are taken. Consequently, sustainability is stipulated as a goal and
guiding principle.

Among the potential sustainability problems discussed in the strategies, primary production of
biomass takes a prominent place. This includes

• sustainable use of natural resources such as soil, water, nutrients, genetic resources and
biodiversity [19,22,24–27];

• sustainable agricultural production, mentioning plant breeding, crop production and agricultural
technologies (e.g., precision farming) [23,24]; and

• evaluation and improvement of different agricultural production systems in terms of
sustainability [22,23].
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Table 4. Guiding principles for the supply and use of biomass in the bioeconomy strategies.

Strategies Sustainability Priority for Food Prevention of Land
Use Conflicts

Priority for Residual
and Waste Biomass

Cascading Use and
Coupled Use

Consideration of Ecological
and Socio-Economic Impacts

International strategies

OECD 2009 [18] - - - - - -
EC 2012 [19,20]

√
- - - - -

German strategies

BÖR 2009 [21]
√

- - - - -
BÖR 2010 [22]

√
- - -

√ √

BMBF 2010 [23]
√ √ √ √ √

BMEL 2014 [24]
√ √ √ √ √ √

NRW [25]
√

- - -
√

-
BW 2013 [26]

√ √ √ √ √ √

Strategies of other countries

Sweden 2012 [27]
√

-
√

-
√ √

USA 2012 [28] - - - - - -

Notes: OECD, Organisation for Economic Co-operation and Development; EC, European Commission; BÖR, German Bioeconomy Council; BMBF, German Federal Ministry of Education
and Research; BMEL, German Federal Ministry of Food and Agriculture; NRW, Federal state government North Rhine-Westphalia; BW, Federal state government Baden-Württemberg.
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Only one strategy addresses the issue of sustainable forestry and fishery [24]. Sustainable design
of bio-based production processes and products, especially regarding biorefinery, is discussed in two
strategies [24,26]. Here, accompanying research on ecological and socio-economic effects is demanded
to achieve sustainability. In some strategies, the guiding principle of sustainability is supplemented by
additional guidelines (Table 4):

• priority for food;
• prevention of land use conflicts;
• priority for residual and waste biomass;
• cascading and coupled use; and
• consideration of ecological and socio-economic impacts.

Key approaches to implementing the guiding principle of sustainability and the additional
guidelines are to support technological innovation for more efficient production and use of biomass,
research on sustainability implications of the bioeconomy development, and development and
implementation of sustainability standards and certification. The ecological and socio-economic
research on sustainability is conceptualised in two settings: (1) as an integral part of the strategy and
its research clusters [26]; and (2) with separate concepts and as accompanying research. In the latter
case, a strong connection to the research on technology and innovation is demanded to ensure that
the strategy and the development of technologies can be adjusted. New bio-based products and
markets should be supported by the development of methodology, knowledge base, criteria and
standards for sustainability assessment, together with the introduction and application of certification
schemes and labels [19,20,23,24].

3.4.2. Guiding Principles for the Organisation of Research and Innovation

Seven guiding principles for organising bioeconomy research and innovation were identified
(Table 5). They are broadly similar, with some specific differences in design. A systemic or holistic
approach to the bioeconomy is an important guiding principle, especially in German strategies.
On the one hand, this approach is conceptualised as a systemic understanding of the bioeconomy,
following guidelines such as thinking in terms of value chains, systematic analysis of changes
and impacts [22–24,26]. Systemic research approaches also intend to solve conflicts of objectives.
On the other hand, a systemic structure of bioeconomy research is aspired, with integration of different
research areas and actors [21–23,26].

Beyond research, various existing and emerging policies are recognised in some strategies as
influencing the framework conditions for the bioeconomy and creating a complex, fragmented and
sometimes incoherent policy environment [19,24]. Consequently, the interlocking of various policy
areas and the building up of a coherent policy framework for the bioeconomy are guiding principles
in four strategies [18,19,24,25]. In the case of the federal government of Germany and the federal
state North-Rhine Westphalia, this is concretised by the establishment of an inter-ministerial working
group [24,25].

Most strategies call for interdisciplinary bioeconomy research, focusing on three aspects:
interdisciplinary competencies, interdisciplinary cooperation and interdisciplinary knowledge.
Only two strategies explicitly include transdisciplinary research approaches [25,26]. The majority of
strategies include proposals for building structures for high-quality vocational training and education
of young academics. Advancement of systemic thinking and development of interdisciplinary
scholarship are in some strategies emphasised [20–22,24,26] and seen as important preconditions
for the development of the bioeconomy [19,22,24,28]. In addition, advantages in the competition for
talents are intended to be achieved [22,24].
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Table 5. Guiding principles for the organisation of research and innovation in the bioeconomy strategies.

Strategies Systemic View Coherent Policy
Framework

Interdisciplinary
Research

International
Cooperation

Integration of
Actors

Education and
Training

Improvement of
Framing Conditions

International strategies

OECD 2009 [18] -
√

-
√

- -
√

EC 2012 [19,20]
√ √ √ √ √ √ √

German strategies

BÖR 2009 [21]
√

-
√ √ √ √ √

BÖR 2010 [22]
√

-
√ √ √ √ √

BMBF 2010 [23]
√

-
√ √ √ √ √

BMEL 2014 [24]
√ √

-
√ √ √ √

NRW [25] -
√ √

-
√

- -
BW 2013 [26]

√
-

√
-

√ √
-

Strategies of other countries

Sweden 2012 [27] - -
√ √ √

- -
USA 2012 [28] - -

√
-

√ √ √

Notes: OECD, Organisation for Economic Co-operation and Development; EC, European Commission; BÖR, German Bioeconomy Council; BMBF, German Federal Ministry of Education
and Research; BMEL, German Federal Ministry of Food and Agriculture; NRW, Federal state government North Rhine-Westphalia; BW, Federal state government Baden-Württemberg.
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Besides interdisciplinary cooperation, close cooperation between different actors is a guiding
principle in almost all strategies. Close interaction between research and economy is therefore a central
element. In particular, a better linking of commercial and public research is proposed, up to explicit
public–private partnerships. Involvement of societal actors is foreseen only in some of the strategies,
reaching from the provision of information to stakeholders [23] over user forums [27] to dialogue
processes [24–26]. These approaches correspond to the strategies’ expectations regarding societal
acceptance of the bioeconomy.

In most strategies, the development of international cooperation is an important guideline.
Only the US strategy includes only national activities. The desired international cooperation involves
different aspects such as exchange of information and knowledge transfer, international coordination
of research and innovation activities, and setting up of common multinational research and technology
activities. The call for international cooperation is in line with the vision of a global bioeconomy.

Finally, many strategies aim to improve the framework conditions for the bioeconomy.
This includes different issues. One point is the development of a coherent policy framework for
the bioeconomy (see above in this section). In the context of biotechnology, assumed legal uncertainties
and innovation obstacles are addressed and their reduction is demanded. This is an important
element in the strategies of the German Bioeconomy Council [22], the OECD [18] and the USA [28].
Finally, more classical instruments for the promotion of research and innovation in companies
are addressed in the context of improved framing conditions [21,24,27,28].

4. Discussion

The bioeconomy strategies have been already a success in terms of raising awareness, mobilising
funding and strengthening research networks. Besides international and national activities, a number
of regional bioeconomy initiatives have been started [14] and regional innovation networks have been
established. At the same time, a broad scientific and partly also societal debate on different aspects of
the bioeconomy strategies has evolved. Relevant arguments from these debates on the implementation
of the bioeconomy strategies and the realisation of the intended bioeconomy development are discussed
in this chapter.

4.1. Key Actors in Strategy Development and Claimed Democratic Deficit

Experts were the key actors in the development of the official bioeconomy strategies. Two groups
were identified that played a key role in the strategy drafting processes:

• expert group of scientists [26] or experts from research and industry [18,21,22]; and
• governmental administration [19,23–25,28] or subordinate governmental agency [27].

In the latter case, an explicitly documented or implicit involvement of experts from research and
industry has taken place. Public consultations were held only during the preparation of the EU and US
strategies [19,28]. However, the responses came almost exclusively from representatives of research
and industry, while responses from civil society actors remained an exception. This is in line with
the observation that civil society organisations have played a marginal role in the EU bioeconomy policy
process [54]. Consequently, bioeconomy was described as an elite master narrative that is entrenched
in EU-wide and national policy frameworks configured by particular research and innovation policy
elites and/or bureaucracies [55]. In this line, it is argued that dissenting opinions from NGOs and
trade unions have found no way to initiate a high-level debate, much less to challenge EU policy
frameworks on research agendas [56]. This is also described as a democratic deficit of the bioeconomy
policy [57,58].

Four arguments are raised for broader societal debate and stronger involvement of societal
stakeholders:
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• A bio-based economy will be associated with a broad spectrum of societal impacts.
Hence, it is a democratic imperative to base bioeconomy policy on broad societal debate [57],
which should also include overall visions and implementation pathways.

• NGOs are already deeply engaged in debates on biofuels for transport and on forest biomass for
bioenergy production. They are likely to become important opinion formers in the implementation
of the bioeconomy strategies [59]. The engagement of opinion formers such as NGOs is deemed
to be important for a successful bioeconomy policy.

• The focus on (business) opportunities involves the risk that potential barriers and resistances
are overlooked. The developing bioeconomy involves new actors and new branches of economic
activity. This process inherently creates resistance from actors that have vested interests
in the current system and try to defend the status quo [60]. Therefore, stakeholders from
the traditional bioeconomy and different economic sectors should be involved.

• Consumers are generally unfamiliar with bio-based products and have positive and negative
associations with “bio-based” as a general concept [61]. Positive consumer perception is seen as
a precondition for a successful transition towards a bio-based economy.

The observed gradual shift to participative dialogues in same strategies is reflected
in the establishment of stakeholder forums such as the EU Bioeconomy Panel [62] with members of
four stakeholder groups: producers, enterprises and industry; universities, research organisations and
the scientific community; public administrations; and civil society. However, the main objective of these
bodies is to support the implementation process of the strategies and to facilitate interactions between
different policy areas, sectors and stakeholders in the bioeconomy. Their influence on the alignment of
overall strategic goals is therefore unclear, and the involvement of end-users still needs to be developed.

4.2. Bioeconomy Strategies as Integral Part of Overall Research and Innovation Policy and Debated
Neoliberal Agenda

Bioeconomy is advertised as a new vision, but the analysis of strategies shows that the bioeconomy
strategies are, as a rule, an integral part of the respective overall research and innovation policy of
the governments and share important objectives with them. This is most pronounced in the EU
strategy with its strong reference to the Lisbon strategy and the Europe 2020 strategy, respectively.
However, the two German bioeconomy strategies of the federal government have links to other
federal strategies and are embedded in the overall research and innovation policies. Therefore,
they conceptualise the bioeconomy policy as a consistent part of the overall technology and innovation
policy. In the last years, the integration of research and innovation policies has gained political
importance. This is reflected in the bioeconomy strategies [33]. Besides the research topics, different
areas of action to improve framework conditions for innovation have become part of most bioeconomy
strategies, with the aim of promoting innovation. The integration of different policy areas is most
advanced in the German National Policy Strategy [24].

In view of the embeddedness of the strategies, a close connection of the bioeconomy to
neoliberalism as the dominant mode of governance is stated and discussed [63]. Neoliberal discourse
and policies are characterised by market expansion, deregulation respectively market friendly
re-regulation, privatisation of state-owned enterprises and services, and increasing influence of
corporate non-state actors [63,64]. Discourse and practice in this context are guided by the aim
of economic competitiveness, which is also a key element of all bioeconomy visions. Competitiveness
is defined as success in international markets and is linked to innovation in both policy and academic
debates [63]. The competitiveness agenda is driven by the threat of international competition
resulting from economic globalisation. Successful competition is seen to be dependent on innovation,
and innovation is seen to be stirred by new, science- and knowledge-based sectors such as life
science [55]. Knowledge labour is needed to turn biological material into commercial and profitable
products and, at the same time, is turned into an asset through intellectual property rights (IPRs).
Due to the latter, the bioeconomy is seen to be underpinned by a rentier regime in which financial assets
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are more important than revenues from the sale of bio-based commodities [65]. The criticism is that
the intensified commodification of biological matter [55,63] and of knowledge [66] is a key feature of
bioeconomy strategies. These observations and criticisms relate primarily to the biotechnology-centred
vision but also apply to the transformation-centred vision, because the relevant elements of the former
vision fostering neoliberal economics are maintained.

4.3. Definitions of Bioeconomy and Resulting Monitoring Approaches

A clear distinction can be made between two approaches in the strategies to defining bioeconomy.
These two types of definition are related to specific approaches to estimating the economic importance
of the bioeconomy. An understanding of bioeconomy in a narrower sense tends to limit the economic
assessment to the biotechnology industry or the emerging bio-based industry, for which economic
data are still very difficult to obtain. Here, the common approaches are questionnaire surveys of
companies or estimations based on corporate reporting and assessments of private consulting firms.
Such estimations of the economic importance of the bioeconomy have been conducted for the EU
bio-based industry [67], the US bio-based industry [68,69], the German biotech industry [70] and the US
biotech industry [71,72].

In the context of a bioeconomy definition in a broader sense, assessment approaches include all
sectors that produce, process or use biological resources, including traditional bioeconomy sectors
such as agriculture and food industry. While statistical data for the primary production of biomass
in agriculture, forestry and fishery are well established, the economic shares of downstream stages
in biomass-based value chains are not readily available. A first attempt to assess the economic
importance of the bioeconomy has been made for Germany, exploiting various official statistics and
including all economic activities based on biomass [29]. Figures based on such a broad understanding
have also been published for the EU [73–75]. Under this broad definition, the economic activities
around food and wood still dominate the bioeconomy.

Varying specifications of system boundaries or bioeconomy definitions, lack of coherent
cross-sectoral reporting systems, unreliability of international trade statistics, insufficient data on
the share of bio-based inputs in production processes, and lack of transparency in biomass supply
chains are the main obstacles for monitoring the economic development of the bioeconomy defined
in a broader sense [29,76,77]. Overall, the measuring and monitoring challenges result from
the cross-sectoral and dynamic innovations which the strategies intend to initiate. The development
of specific codes for bio-based products in the Statistical Classification of Economic Activities
in the European Community (NACE) or in the North American Industry Classification System
(NAICS) in the USA is considered unfeasible [78]. The EU, Germany and The Netherlands are therefore
undertaking modelling exercises to assess and monitor the bioeconomy by combining computable
general equilibrium and partial equilibrium models and adding new specific modules [29,52,79–81].

4.4. Transformation Perspective and Incremental Change Approach

During their strategy developing processes, the EU and Germany have shifted from
a biotechnology-centred vision to a transformation-centred vision. However, the approach of
the bioeconomy strategies is still based on a technological innovation school of transformation thinking,
recognising innovation in technologies as the central driver of societal change [82]. In particular,
the transformation-centred vision holds the promise of fundamental changes in industrial resources
and of solving global challenges. However, innovations are mostly sought in the technological
trajectories of the last years and decades. Research topics change only incrementally. The dominant
rationales and institutions are not questioned and the bioeconomy policies rely on a strong degree
of trust in innovation and existing innovation systems. This also applies to other policy areas
that are part of the strategies. For example, the European and German agricultural policy is not
really questioned. In the German National Policy Strategy, measures for sustainable development
in agriculture are restricted to the implementation of decisions already made on the Common
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Agricultural Policy, the National Action Plan for Sustainable Use of Plant Protection Products and so
on [24] (p. 36). This is in line with the observation that in the transformation debate, radical problem
diagnosis and promises of far-reaching change are combined with a rather incremental understanding
of the processes and steps of societal change required to cope with the problems [83].

4.5. Broadening Portfolio of Research Topics and Competing Value Chains

The strategies based on a broader understanding of the bioeconomy focus on three sectors of
biomass use: biomass for food and feed, industrial bio-based products and bioenergy. There is no clear
prioritisation of one of these sectors over another. In many cases, separate specific R&D programmes
are launched for each sector. In contrast, a value pyramid has been proposed in The Netherlands.
According to this pyramid, biomass is most valuable when used as pharmaceuticals or fine chemicals
in the interest of health and lifestyle. Food and feed comes in second, and chemicals in third place.
Using biomass as a source of energy is given the lowest priority [60,84]. The development of
high-value, innovative materials and products is an objective in most of the strategies. However,
the implementation of the strategies is predominantly focused on bio-based (bulk) chemicals or
materials and bioenergy.

The vast majority of countries with bioeconomy policies support bioenergy and biofuels [85],
the lowest level of the value pyramid. In the EU, the Renewable Energy Directive (RED)
(Directive 2009/28/EC) [86] and the resulting regulations in the Member States give strong incentives
for biofuel use and for electricity and heat production from biomass. Another example of such a policy
approach is the Renewable Fuel Standard (RFS) [87] of the USA. In contrast, there is no direct support
for bio-based materials, which yield higher value added, and policy support is limited to R&D. This has
raised concerns of a “non-level playing field” [88] that systematically prevents the development and
investment in higher value added applications, such as bio-based chemicals and materials, due to
higher prices and difficult access to biomass [89–91]. However, first assessments show that the abolition
of biofuel policies would only have a moderate lowering impact on world agricultural commodity
prices and no or only limited growth effect on the industrial use of biomass [80,92]. This indicates that
fossil fuel prices and production costs of competing petrochemicals, based on the well-established
and long-time optimised mass production of the chemical industry, are main determinants for
the development of bio-based chemicals and materials. Moreover, in some contributions to the debate,
advanced biofuels are considered an essential part of the future energy supply and bioeconomy [93,94].

For the transformation of the current chemical industry to a bio-based industry, competing
approaches are discussed [88,95]: a strategy of drop-in commodity chemicals can directly substitute
fossil-based chemical building blocks, use existing value respectively production chains, tap potentially
high market volumes and result in high GHG emission savings [85]. The drop-in strategy is also
associated with a number of disadvantages, such as low biomass utilisation efficiency, infancy
of cost-effective fractionation and conversion technologies, required large-scale production with
high biomass input as well as long-term incentives due to the higher production costs compared
to the substituted low-price petrochemicals [88,95]. As an alternative is proposed an emerging
strategy that fosters new bio-based building blocks, new value chains and pathways, with new
properties for special applications, better conversion efficiency and the possibility of achieving higher
prices [88,95]. This alternative approach also implies same drawbacks, such as restricted market
penetration, slower development of bio-based industries, and smaller contribution to changing
the resource base and to mitigating GHG emissions.

For developing bio-based products, the biorefinery plays a central role in the bioeconomy
strategies. However, the term biorefinery encompasses a number of competing concepts [96]:

• sugar and starch biorefinery;
• plant oil and algae lipid biorefinery;
• lignocellulose biorefinery;
• green fibre/green juice biorefinery;
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• synthesis gas biorefinery; and
• biogas biorefinery.

This represents a complicated research landscape. While some countries show some concentration
on a specific biorefinery concept, such as the USA on lignocellulosic ethanol biorefinery, research and
development of several biorefinery concepts is generally supported in parallel. The intention is to
avoid locking industrial development paths into specific sectors or technologies due to the uncertainty
of technological break-troughs and future economic feasibility. However, an economic assessment
of different biorefinery concepts demonstrates disparities in the economic robustness [97]. In other
words, an open approach is associated with a risk of misinvestment.

Some of the strategies intend to link the sectors using biomass by promoting coupled and
cascading uses (see Table 4). There is no general consensus on the definition of cascading use in both
the research literature and among EU policy documents [98]. The most common understanding
is that cascading use of biomass takes place when a bio-based final product is used at least once more
either for material use or energy production [99]. It is seen as a means to ensure that the growth of
biomaterials sectors does not increase the overall demand for biomass beyond sustainable limits [89].
However, establishing and increasing cascading uses is a difficult task. On the one hand, cascading use
is already well established in traditional wood and paper industries [100]. On the other hand, multiple
barriers exist to realise cascading. These include technical barriers, such as cleaning of recovered
waste wood; market barriers, such as the dependence on upstream products; and governance barriers,
such as waste status of recovered wood [101].

4.6. Technology Fix and Limitations in Biomass Availability

All bioeconomy strategies are focused on the development of technologies. They invest great
expectations for unlocking the productive potential of biological resources through innovation.
Current sustainability problems of biomass production and use are mainly framed as an efficiency
issue. Resource constraints of rising global biomass demand are expected to be alleviated by more
efficient processes, whilst organic waste will become a new resource. Specifically, biorefineries
are envisioned as a possibility for more efficient conversion of biomass—preferably non-food biomass
and bio-waste—into valuable products, thus providing substitutes for fossil-based products and energy
within the current infrastructure. This approach was characterised as a “techno-fix” [55,102].

However, more efficient production and conversion of biomass has its limitations. Besides efficiency
gains, the amount of biomass resources not yet exploited therefore becomes a key factor for the growth of
the bioeconomy. Many assessments of biomass potentials, originally conducted for bioenergy production,
are available at the global (comparison of studies in [103–105]), European (comparison of studies
in [106,107]) and national level (comparison of German studies in [108]), but the estimated potentials
vary widely. Scenarios with sustainable production considerations and environmental conservation
restrictions result in reduced potentials [109–111]. The lack of a harmonised methodological approach
covering minimum requirements for assessing biomass potentials is seen as a hindrance to evaluating
the chances of a bio-based economy [112]. However, due to the variety of applicable models [113],
the number of driving forces and their open future change [114,115], the multifunctionality of land [116]
and complex feedback mechanisms [117], forecast uncertainties in the context of future biomass potentials
and potential land use conflicts cannot be eliminated.

In contrast to the biofuel and bioenergy sector, the biomass demand of a future bio-based chemical
industry has rarely been assessed. The first assessments arrive at the optimistic conclusion that
the EU can supply enough biomass for a shift towards bio-based chemicals [118–120]. The demand for
biomass and land is considerably lower if, instead of a strategy of platform chemicals, a biorefinery
strategy for directly producing functionalised chemicals is applied, making it possible to use all crop
components [119].

The already high land footprint of agricultural products consumed in the EU is used as
an argument against a notable expansion of biomass uses [121,122]. Currently, the EU’s demand
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for agricultural goods requires the use of over 40% more agricultural land than is available within
the EU [122], and the per capita cropland footprint of 0.29 ha is well above the globally available
cropland per capita [121]. For the future, a decrease of the EU’s land footprint is advocated to ensure
equitable land use among global citizens and within planetary boundaries. An opposite proposal
is to generally encourage biofuel production and biomass for bioenergy in the tropical south for
consumption in the temperate north, based on sustainability certification and opening of markets.
The proposal is justified by available land reserves, higher productivity and beneficial impacts [123].
This would ultimately increase the external land footprint of industrialised countries. More generally,
it is argued that opportunities for positive synergies between bioenergy and food production should
be explored [124].

The bioeconomy strategies promote the use of organic wastes and residues in order to prevent
negative impacts on food supply and land use. Organic wastes and residues are composed of
primary residues from agriculture (e.g., straw and livestock manure) and forestry (e.g., logging
and forest residues), secondary residues from food processing, wood industry and other industrial
activities, and tertiary residues or wastes at the end of consumption such as municipal waste [104,125].
Biomass potentials from wastes and residues are in some cases included in overall assessments of
biomass potentials [103,104,107]. However, most of the secondary and tertiary residues and wastes are
already used [88]. A specific and detailed assessment of biogenic by-products, residues and wastes for
Germany shows that almost all untapped potential lies in cereal straw, livestock manure and logging
residues [125,126]. Two problems are associated with these categories of biomass residues: On the one
hand, the removal of crop residues (e.g., straw) can decrease soil organic carbon and induce additional
CO2 emissions [127]. There is no general agreement on the acceptable extent of sustainable extraction of
agricultural and forestry residues, and a wide range of availability factors are applied in the respective
studies [107]. On the other hand, the lack of appropriate supply chains for lignocellulosic feedstock
is identified as a main barrier to the establishment of biorefineries [128]. Technical problems and/or
cost of harvesting, transport, storage and pre-treatment are crucial upstream problems. In addition,
there are no real markets for lignocellulosic residues, and the establishment of supply chains is difficult
and costly [129].

The development and application of sustainability assessments and certification schemes are a key
implementation approach of the bioeconomy strategies. In recent years, a large number of sustainability
standards and certification schemes have been introduced, including mandatory and mostly voluntary
certifications from companies, organisations and multi-stakeholder initiatives. Such schemes include
feedstock and supply chains for bioenergy, but also for food/feed and biomaterials [130,131].
Sustainability criteria, indicators and evaluations differ depending on the goals, the context and
the values of stakeholders [132], and there are on-going scientific and stakeholder debates about
adequate sustainability criteria. Certification schemes are developed largely without coordination
among the organisations involved and are incompatible in many aspects [76]. Socio-economic aspects
of sustainability are not so well integrated, and certification has most potential to influence direct,
local impacts [130]. Supranational sustainability schemes face challenges due to different national and
local regulations and understandings as well as difficulties in establishing efficient monitoring and
auditing systems [133]. In addition, significant shortcomings of European biofuel schemes regarding
the impacts of intensive agriculture in industrialised countries such as Germany on agrobiodiversity
and soil fertility are criticised [134].

Voluntary initiatives have gained a considerable market share, but it is considered unlikely that
these alone will be able to further expand the sustainable market share and the desired sustainability
effects [135]. Mandatory global sustainability certification for all kinds of biomass is considered
desirable and a long-term goal [105] (pp. 250–252), [136]. Without such a general certification, existing
specific schemes cannot cover systemic effects such as indirect land use change (ILUC). ILUC caused
by biofuels has attracted considerable attention in the EU. However, ILUC effects can only be assessed
based on models, and the assessments come to variating results. The introduction of ILUC factors
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in the EU regulation is discussed controversially [137]. In the case of forest bioenergy systems,
it is questioned whether existing certification schemes are sufficient to counter already established
public doubts that forest bioenergy can contribute to sustainable development [138].

Finally, the technological focus of the bioeconomy strategies entails that approaches to changing
consumer behaviour and reducing the demand for bio-based products are addressed only marginally,
if at all. Consequently, critics call for a stronger orientation of the bioeconomy towards sufficiency,
longevity and circular economic processes [57]. Changes in consumption patterns are of particular
relevance in the food and feed sector due their high share in total biomass demand: 72% of
global biomass demand [139], 59% of EU biomass demand [74], and 50% of German biomass
inputs in the manufacturing sector [29]. The discussion focuses on two points: reduction of food
losses [140,141] and changed diets with reduced consumption of animal products [142,143].

4.7. Contested Bioeconomy Visions

Besides the two identified visions of the official bioeconomy strategies, an alternative vision
has emerged from the scientific and societal debates about the bioeconomy. This alternative vision
is called agroecology vision [54,144–146], alternative agriculture vision [147], bio-ecology vision [148],
eco-economy vision [149] or socio-ecological approach [150] and is formulated with slight variations.
The alternative vision has not only been developed in criticism of official bioeconomy strategies but
also as a fundamental alternative to the currently dominant model of industrialised agriculture or
agro-industrial regime, respectively. The differences to the visions of the official strategies are much
stronger than differences among the two strategy visions (Table 6).

The agroecology vision is based on the diagnosis that profit-driven agro-industrial systems make
farmers dependent on external inputs, undermine their knowledge and distance consumers from
agricultural producers [146]. Instead of biotechnology and/or conversion technologies for new value
chains, the technical focus is on agroecological techniques and methods such as increasing plant
genetic diversity, improving nutrient recycling, enhancing biodiversity and improving health of soils,
crops and livestock [54]. The aim is to minimise the need for external inputs and to rely on ecological
interactions [151]. It is not unified land use for multipurpose biomass, also discussed under the term
flex crops [152], that is being sought but multipurpose land use, also named multifunctionality of
land [147]. Farmers are seen not only as commodity producers but also as providers of quality food and
managers of the ecosystem. Therewith, the vision calls for a public goods-oriented bioeconomy [153].
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Table 6. Comparison of bioeconomy strategy visions with the alternative vision.

Issue
Visions of Bioeconomy Strategies Alternative Vision

Biotechnology-Centred Transformation-Centred Ecology-Centred

Problem diagnosis
Untapped potentials of biotechnology for economic growth;

Radical innovations

Inefficiencies of farming practices, processing
methods and outputs;

Competition for techno-scientific advances

Intensive, agro-industrial systems disrupting resource cycles,
making farmers dependent on external inputs, undermining

their knowledge and distancing consumers from
agri-production knowledge

Technological focus Biotechnology and genetic engineering Interdisciplinary, process-oriented development of
technologies for value chains

Agroecological techniques and methods for sustainable use
of scarce natural resources

Knowledge focus

Knowledge from life science;
Capital-intensive knowledge production;

Scientific knowledge for intelligent
production systems;

Farmers’ collective, experimental knowledge;
Scientific knowledge on agroecology;

Privatisable knowledge Public–private partnerships Open source exchange of information and biological
materials

Economic focus

Capitalising on biotechnology; Capitalising on bio-resources; Capitalising on ecosystems;

Application of biotechnology in various sectors;
Proprietary knowledge (e.g., patents);

Conversion of biomass into new products via new
value chains;

Minimising organic waste production and
cascading use;

Emphasis on quality of food and food culture;

International competitiveness International competitiveness Provision of public goods such as biodiversity, landscapes,
rural development

Sustainability framing Economic growth and claimed inherent sustainability Economic growth and weak sustainability Integrated, strong sustainability

Spatial focus
Globalised economy; Linking agriculture with industrial and

energy production; Relocalising agro-food-energy production and consumption;

Limited number of leading innovation regions National to global value chains;
Rural regions development

Place-based local/regional networks of value chains;
Territorial identities—terroir

Land use understanding - Land use for multipurpose biomass—flex crops Multipurpose land use—multifunctionality of land

Agricultural production approach Genetically modified crops

Sustainable intensification with higher yields, more
efficient input use;

Science- and data-based (external)
management systems

Agroecological production with closed loop nutrient and
energy cycles, enhanced soil fertility, high diversity and

biocontrol agents;
Minimising external inputs

Product focus Industrial products, biofuels, health products Industrial products, bioenergy Food products

Product quality approach

New qualities through biological research and emerging
technologies such as synthetic biology, proteomics and

bioinformatics

Compositional qualities of biomass: identified,
quantified, standardised, extracted, decomposed
and recomposed components for market value;

Comprehensive qualities of biomass: characterised by
cultivation methods, cultural value and/or

territorial identity;

Sustainability certification Food certification schemes (e.g., organic certification, PGI 1)

Up-stream resource utilisation approach - More efficient use of biomass resources via new
conversion technologies and multiple products

Reduced biomass resource demand via circular economy and
social innovation (e.g., sustainable consumption)

1 PGI, Protected Geographical Indication; Source: Own compilation based on [54,144–149,153].
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In the alternative, ecology-centred vision, knowledge production is based on farmer’s knowledge
and knowledge networks integrating scientific knowledge on agroecology [145] as well as open
source exchange of information and biological materials [54]. The importance of local knowledge
for enhancing local capabilities is highlighted [153]. According to the vision, agricultural
residues and waste should be converted into bioenergy in on-farm, small-scale units [54,147].
However, most importantly, shorter food supply chains, relocation of food production and
consumption and place-based local and regional networks of value chains are promoted. High-quality
products with territorial identity are expected to provide opportunities for rural growth [145,148,149].
Qualities of biomass are conceptualised in a comprehensive way, depending on cultivation methods,
tradition and terroir. In addition, social innovations are addressed to reduce biomass resource demand.

Overall, there is a strong asymmetry in the societal debates around bioeconomy visions:
the alternative vision places far-reaching changes in agriculture and food production at its heart,
whereas visions of official bioeconomy strategies imply a continuation of the current trajectory for
these sectors. Vice versa, official strategy visions focus on new value chains for new bio-based
industrial products and bioenergy while the alternative vision ignores the sector of bio-based chemicals
and products.

Bioeconomy in the sense of the official strategies and agroecology are regarded as competing
and contesting visions with rival stakeholder networks [145], with the former dominating research
and innovation policy and being supported by powerful stakeholders. However, ecology-centred
approaches are not generally excluded from research agendas and have gained some influence [54,146].
Some research topics and activities of the bioeconomy strategies incorporate elements of
the agroecological approach, even the biotechnology-centred US Bioeconomy Blueprint, which includes
research on organic agriculture [28] (pp. 20–21). However, these elements are still of minor importance
and are constrained by limited financial resources.

5. Conclusions

Bioeconomy strategies conceptualise the intended future development as without alternative and
their aims as more or less reachable. However, the discussion of the bioeconomy strategies has revealed
a number of obstacles and uncertainties, conflicting interests within the bioeconomy and contested
visions. In conclusion, five major stumbling blocks to the intended development of the bioeconomy
can be identified.

First, there is a risk of disappointment. Both the biotechnology-centred vision and
the transformation-centred vision have far-reaching expectations of, for example, radical innovations,
transformation of the industrial resource base and strong economic growth effects. However, challenges
such as the acquisition and transport of biomass, difficult conversion due to variable quality within
and among different types of biomass, and competition of the sophisticated, integrated and long-time
structure of the oil-based industry will hinder the transformation and slow down the development
of new bioeconomy applications. For example, the emerging strategy proposes the creation of new
value chains and new products for emerging markets instead of drop-in platform chemicals [88].
However, the recommended approach is associated with lower production volumes and would enable
only a slow transition to a bio-based economy due to its incremental nature. Ambitious transformation
goals would be brought back down to earth, and this might have an impact on political support and
research funding of the bioeconomy. On the other hand, the non-realisation of the high ambitions
also means avoidance of risk. More generally, there is a large discrepancy between the time it takes to
develop new technologies and the perishability of expectations. Such a divergence of expectations
would not be the first in the history of renewable resources policy [154]. Probable disappointments
would not lead to the abolition of bioeconomy research, policy and economic activities but to
a normalisation and refocusing of activities.

Second, the bioeconomy is not the only way to renewable carbon supply for the chemical
industry and renewable energy systems. There are several non-bio-based alternatives with different
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pathways of carbon recycling and carbon capture from combustion or atmospheric CO2 which
will further developed in the future [155]. In the context of the transformation to a renewable
energy system, bioenergy options compete with numerous alternative renewables and are dependent
on the future energy system arrangements. Consequently, the development of the bioeconomy
desired in the strategies could be restricted in the future, depending on the technological progress of
alternatives, the momentum of alternative narratives and the setting of political framing conditions.

Third, continued conflicts between different sectors of the bioeconomy and their use of biomass
for food, material and energy production can be expected. For example, some strategies postulate
a “food first” approach, but the operationalisation of this guiding principle remains unclear.
Moreover, the strategies focus on research and innovation for material and energy uses of biomass,
pursued in parallel. As long as no high taxes on fossil resources or high charges on climate
gas emissions have been introduced, many new material and energetic uses of biomass will not
be competitive and will continue to depend on political decisions about support and framework
conditions. In the past, political support was unstable and changed within short periods of time,
as for example shown for the German biofuel policy [156]. Probably, the definition of level playing
field and decisions on what biomass uses to support will remain contested. Some strategies aim
at better policy coordination, for example by inter-ministerial working groups, in order to achieve
a coherent policy framework for the bioeconomy. However, crossovers between bioeconomy sectors
and cross-sectoral policies are still missing [11], and coordination of policies across government
ministries remains a challenge [18]. In addition, coordination does not protect against short-term
policy shifts. In conclusion, there is susceptibility to a seesaw in the concrete arrangement of support
policies, and investments are faced with high vulnerability.

Fourth, societal conflicts about the bioeconomy will only become apparent with a broader success
of new bioeconomy value chains. The biofuel debates of the past indicate that opposition and societal
debate will not begin until there is a noticeable increase in the production of new bio-based products
and/or bioenergy production with a corresponding biomass demand. While food crops for energetic
or material use, such as cereals, oilseeds or sugar cane, compete directly with food on the consumption
side, the production of feedstock crops without possible use as food competes also for scarce resources,
especially land [114]. As discussed for biofuels, sustainability challenges and controversies of first
generation biofuels could be potentially relevant for second generation biofuels [157], and this could
also apply to the aspired transformation towards a bio-based industry. It remains uncertain whether
efficiency gains, cascading use, residue use and sustainability certification will be sufficient to avoid
new conflicts. In addition, potential conflicts depend on future spatial arrangements and assessment
of global biomass commodity chains [158]. Finally, events not directly connected with the activities
in the framework of the bioeconomy strategies, such as the food crisis in 2007/2008, could in the future
trigger new opposition.

Fifths, bioeconomy strategies do not reflect the on-going societal debates on agriculture and
food. However, biomass produced in agriculture is subject to on-going debates about the future
of agriculture [147]. These debates have led to an alternative, ecology-centred vision, based on
a fundamental critique of the current dominant model of industrialised agriculture. The alternative
vision places far-reaching changes in agriculture and food production at its heart whereas visions
of official bioeconomy strategies imply a continuation of the current trajectory for these sectors.
The official bioeconomy strategies are thus challenged by the alternative vision. Ignoring the debates
on agriculture and food could have the potential to compromise the acceptance of bioeconomy.

Early recognition, scientific evaluation, societal discussion and adequate consideration of these
stumbling blocks are important prerequisites for a successful bioeconomy policy and a thriving
development of the bioeconomy.
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