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Propositions

1. Sustainable biomass use needs to be guided by human needs rather than economic value. 
(this thesis)

2. Embracing ambiguity is essential for successful governance of complex problems.  
(this thesis)

3. Sustainability science, like history, is doomed to repeat itself.

4. How we apportion scarce resources is fundamentally an ethical question. 

5. It’s ironic scientists ask politicians to break-up with infinite growth while scientists 
themselves are still expected to grow in publications, h-index, the number of students, 
funding etc.

6. Until animals learn how to use guns, violence against animals will continue.
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Abstract
Humanity’s growing demands for food, feed, bioenergy and biomaterials put pressure on 

agroecosystems and the biosphere. If these trends continue, the capacity of agroecosystems to feed 

the planet while also providing for humanity’s energy and material needs is at risk. These demands 

cause interactions and trade-offs between different biomass uses, competition for biomass and 

other natural and economic resources. Governing these interactions is difficult, because of the 

inherent complexity of these interactions but also due to the diversity of biomass resources, the 

diversity of policy domains and institutions that are needed to govern them. This thesis, therefore, 

aims to advance the theoretical and empirical understanding of the governance of biomass with 

the ultimate aim of improving the governance process at the science-policy interface, taking the EU 

as a case study. By conducting a systematic review, this thesis finds that, overall, the majority of 

the interactions between food, feed fuel uses of biomass found in the scientific literature are trade-

offs e.g. increasing bioenergy leading to increased resource use consumption as well as higher 

food prices and land rents. Furthermore, the solutions recommended to address these trade-

offs were diverse, addressing production or consumption of biomass, losses and wastes along 

supply chains or governance. Each set of solutions set different priorities for biomass, resulting in 

incoherencies. To dig further into these incoherencies, a policy coherence study was conducted 

across five policy domains (agro-food, bio-based industry, waste, energy and environment). 

Utilising a survey and focus groups, this thesis finds that policies are largely considered consistent 

or synergistic. However, there was considerable uncertainty and context dependencies in the 

scientific knowledge-base, particularly concerning waste and bio-based industry domains which 

arise from different incommensurable ways of framing a problem and vagueness which leaves 

concepts undefined. This thesis examined one such ambiguous concept:  the term ‘marginal land’, 

a solution that is recommended to overcome competition for biomass between food, feed and fuel 

uses. Through an analysis of European policies and debates, this thesis finds that the ambiguity 

around marginal land is a type of uncertainty that results from multiple ways of framing an issue, 

leaving no clear idea of what is the problem or what should be done about it. Issues of policy 

incoherence, ambiguity and vagueness can be handled in multiple ways. First, acknowledging the 

interactions between different policy goals across the different sectors and avoiding ‘silo-thinking’. 

Overcoming vagueness in policies, by having clear definitions where possible, such as having 

clear cascading guidelines for biomass. Where this is not possible, embracing ambiguity becomes 

essential. Deliberative approaches are needed where different scientific and policy frames around 

complex problems can form the starting point. To connect the different perspectives on biomass, 

this thesis suggests an integrated framework for biomass, based on five ecological principles: 1) 

safeguarding and regenerating the health of our agroecosystems; 2) avoiding the production of 

non-essential products and waste of essential ones; 3) using biomass streams for basic human 

needs; 4) utilising and recycling all by-products of agroecosystems, and 5) prioritising renewable 

energy and minimising energy use. By involving stakeholders, leaving room for ambiguity, having 

an ambitious vision for change and a mix of top-down and bottom-up governance approaches, 

these principles can be operationalised. 
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General
Introduction

Chapter 1 



1. Background 
Biomass forms the basis of agroecosystems. It is the basis of food systems and the bioeconomy. 

Humans do not just utilise biomass for food, but they also use biomass to produce feed for 

animals and bio-materials such as fibre, biochemicals, bioplastics and bioenergy. Over the last 

century, humans have appropriated more biomass than ever before, contributing to land-use 

change, biodiversity loss, climate change, water pollution and land degradation (Helmut Haberl 

et al., 2014a; Krausmann et al., 2013; Poore and Nemecek, 2018; Smil, 2012). Demands for 

biomass are growing due to population growth, a shift towards diets rich in animal-source food 

(ASF) (Foley et al., 2011) and bioeconomy policies pushing increased production of  bioenergy 

and bio-based products (European Environmental Agency (EEA), 2018). Given these increasing 

demands, pressure on agroecosystems will increase. The capacity of agroecosystems to feed the 

planet while also providing for energy and material needs is ultimately limited by its biophysical 

boundaries or ‘planetary boundaries’ (Erb et al., 2016; Smil, 2012; Steffen et al., 2015) and 

forms the option-space in which socio-economic goals must be achieved (Fischer et al., 2007; 

Raworth, 2017). In the next sections, we will look at how growing biomass demands cause 

pressure on and competition for resources, and how this poses a challenge for governance. 

 

1.1 Growing biomass demands 

Humans use biomass for a multitude of products and have been harvesting increasingly larger 

shares of biomass from the biosphere for some time. Over the last 50 years, the use of biomass 

has increased substantially, for the large part due to population growth and socio-economic 

development (Alexandratos and Bruinsma, 2012). As the global population is expected to 

increase to about 10 billion by 2050 (Melorose et al., 2015), upward trends in biomass demands 

are expected to continue. Three major drivers are associated with these growing demands. 

First, larger and richer populations will consume more food (Alexandratos and Bruinsma, 

2012). Since measurements started in 1961, the average calorie supply has increased globally 

(FAOSTAT, 2016), with large disparities between richer and poorer regions in calorie supply. 

Particularly, rising incomes and urbanisation have induced a ‘nutrition transition’ characterised 

by a shift from staple foods to increased consumption of ASF (Alexandratos & Bruinsma 2012; 

Drewnowski & Popkin 1997). Between 1950 and 2009, the average ASF consumption doubled. 

The consumption of fish follows a similar trend (FAO, 2012). Should these trends continue 

until 2050, the consumption of ASF will double compared to current levels (UNEP, 2012). 

To support this increased intake of ASF a greater amount of feed is needed to grow and maintain 

farm animals (referring to both livestock and fish). The demand for feed is expected to grow from 

about 7 Gton in 2010 to about 8.3 Gton in 2050 if ASF consumptions patterns are not changed 
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(Bos and Broeze, 2020). Despite this demand for feed crops may seem modest, in resource terms, 

feeding livestock currently requires approximately 77% global farmland (including both grazing 

and cropland) (approximately 40 million square kilometres), while producing only 37% of the 

world’s protein (Poore and Nemecek, 2018).

Second, in response to climate change and concerns around fossil depletion, governments 

around the world have pushed to increase the share of bioenergy in the energy mix. 

This is seen as an important step in the pathway towards a low-carbon future (European 

Commission, 2011; Executive Office of the President, 2013; Ros et al., 2011; Valentine 

et al., 2012). Bioenergy is a significant global energy source, accounting for over 70% of 

renewable energy production. Although renewable energy is expected to be supplied by 

other renewables, such as solar and wind, bioenergy is expected to continue to be an 

important part of the energy mix and thus demand is still expected to increase (IEA, 2017).  

Third, the shift from fossil to biomass is not likely to be limited to energy. Given the challenges 

of climate change, fossil depletion and plastic pollution (Chae and An, 2018; Eriksen et al., 

2014; Sarker et al., 2020), more products and sectors are expected to become bio-based 

(Bos and Broeze, 2020; European Commission, 2018; European Environmental Agency (EEA), 

2018). Bio-based materials can come in many shapes and formats; from traditional material 

uses, such as paper, pulp and furniture, to fossil-replacements, such as biochemicals, 

bioplastics and textiles. Many of these bio-based industries are expected to grow in the 

future, in comparable magnitudes to growth in food and feed (Bos and Broeze, 2020). 

Bioplastics, for example, currently representing approximately 1% of the total production 

of plastics are expected to grow further in the coming 5 years (Bioplastics Europe, 2019). 

 

1.2 Pressure on the planet’s biophysical boundaries

These growing demands for biomass put pressure on the planet’s biophysical boundaries and 

induce competition for natural and economic resources (Erb et al., 2016; Smil, 2012). Land-based 

biomass production is responsible for more than 30% of anthropogenic greenhouse gas (GHG) 

emissions (of which 5% for non-food products)(Poore and Nemecek, 2018). The food system 

alone is responsible for one-third of global terrestrial acidification and the majority of global 

eutrophication (Bouwman et al., 2002; Poore and Nemecek, 2018). Biomass production systems 

furthermore occupy about 43% of the world’s ice- and desert-free area (of which 5% for non-food 

products) (Poore and Nemecek, 2018). Competition for biomass refers to the tensions and trade-

offs between different alternatives uses of resources between different biomass end-uses, such 

as for food, feed, fuel, fibre etc. Particularly, competition has been observed between food-fuel 

uses (HLPE, 2013), food-feed (Mottet et al., 2017) and between bio-based products and other 

uses (Searchinger et al., 2020). 



The global food price crisis around 2007/2008 led, among others, to increased awareness of 

the competition between food and feed (Chakravorty et al., 2009). The crisis spurred scientific 

research and debate on the contribution of biofuel mandates, particularly in the United States 

and the European Union (EU) on the price of food and other agricultural commodities. Biofuels, 

such as ethanol and biodiesel, made from food and feed crops, such as corn and rapeseed, were 

thought to increase competition for land, water, and other resources by pushing out crops meant 

for food or feed (Chakravorty et al., 2009; Rulli et al., 2012). Additionally, the crisis highlighted the 

environmental effects of biofuels, such as increased GHG emissions through indirect land-use 

change (Ahlgren and Di Lucia, 2014; Don et al., 2012). This also spurred research on the pressure 

on water, energy and land, highlighting the ‘nexus’ between water, energy and food systems 

(Damerau et al., 2016; Gerbens-Leenes, 2017; Gerbens-Leenes et al., 2009; Mirzabaev et al., 

2015; Rulli et al., 2016). In response to this crisis, second-generation or advanced biofuels were 

put forward as a solution. Advanced biofuels are biofuels made from dedicated energy crops (e.g. 

grasses, short-rotation coppice) or wastes and residues (e.g. animal fats, unused cooking oil, crop 

residues). However, advanced biofuels do not entirely avoid issues of competition for resources; 

for example, biogas feedstocks can compete directly with animal feed uses (Styles et al., 2015; 

Tonini et al., 2016; Van Stappen et al., 2016). 

The competition for resources is also of concern for the food system (Willett et al., 2019) as many 

of the food system’s environmental impacts and resource burdens are largely related to the 

production of ASF (Poore and Nemecek, 2018). As mentioned in section 1.1, the contribution of 

the livestock sector versus the resources needed to produce ASF is imbalanced and can result 

in resource trade-offs between food and feed uses. The tensions and trade-offs between using 

crops and resources to feed animals as opposed to feeding humans directly are known as food-

feed competition (Banerjee, 2011; Ben Fradj et al., 2016; Mottet et al., 2017; Van Zanten et al., 

2016b). Competition can occur either directly or indirectly. Direct competition is when human-

edible crops or caught fish are consumed by farm animals rather than humans, while indirect 

competition is when the resources needed for their production, such as water, labour, capital and 

ecosystem services are used for growing feed for farm animals (Muscat et al., 2020). However, 

such resources are needed for more than just for humans or farm animals. Land, for example, can 

also be utilised for nature conservation, rewilding, urbanisation and renewable energy. In a world 

of limited resources, this can exacerbate competition even further.

As highlighted in section 1.1, due to bioeconomy policies formed in response to climate change 

and fossil depletion, biomass demands for chemicals and materials are likely to increase and put 

pressure on resources. This is already happening in the case of forest resources where the use of 

wood for bioenergetic uses over material uses induces additional GHG emissions (Searchinger et 

al., 2020, 2018).
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Studies highlighting the nexus across different resources (food, energy, water etc) have shown 

that pressure on these resources can lead to trade-offs between different goals. For example, 

increased energy production and GHG mitigation from biofuels can come at the expense 

of increased water demand (Holmatov et al., 2019). On the one hand, these trade-offs may 

sometimes be difficult to predict or to avoid due to the complex nature of the interlinkages 

between different systems. On the other hand, interlinkages may imply that synergies are 

possible, i.e. making progress towards one goal can improve the other. For example, the 

reduction of ASF in human diets may lead to both planetary and human health benefits 

(Willett et al., 2019). The interlinkages between different systems will nevertheless mean 

that careful governance is needed for trade-offs to be minimised and synergies increased.  

 

1.3 Governing biomass dilemmas

Achieving responsible governance of the dilemmas surrounding biomass competition comes with 

its own policy challenges. The concept of the bioeconomy has been utilised, particularly in EU 

policy, to attempt to address sustainability issues that cut across different agroecosystems and 

different economic sectors. However, the fact that the bioeconomy links primary sectors, such 

as the agricultural, aquaculture and forestry sector, with industrial and processing sectors, such 

as the chemical, energy and biotechnology sectors, poses a challenge for the governance of 

the bioeconomy (Kelleher et al., 2019) and can result in policy incoherence. To avoid this policy 

incoherence and mitigate trade-offs across different goals, a collective effort will be needed across 

different institutions in a diversity of policy domains (Ronzon and Sanjuán, 2020). Furthermore, 

governance is challenged by the complexity of biomass competition itself. Biomass resources 

are diverse (e.g. food, feed and energy crops, forestry felling), yet come from interconnected 

agroecosystems that can cause unexpected effects. Complexity or complex problems, such 

as biomass competition, are characterised by several features; namely uncertainty, ambiguity, 

open-ended systems, self-organisation and emergence (Orsini et al., 2019). These concepts 

are explained further in section 2. Complexity thus poses a challenge for governance systems, 

particularly because the science that can guide governance systems can only provide incomplete, 

uncertain or conflicting knowledge. This relates not just to how the problem is represented, as 

is the case of biomass competition, but also to how solutions are represented. In other words, if 

complex problems lead to a multiplicity of representations, then the solutions to these problems 

are also subject to such a multiplicity of representations. For example, the circular economy has 

been suggested as a solution to reduce or eradicate waste and reduce the pressure on resources. 

However, the circular economy is also vaguely defined and refers to different solutions to different 

stakeholders (Kirchherr et al., 2017; Kovacic et al., 2019b). Marginal lands, for example, are 

widely advocated as a solution to land-use competition and biomass competition dilemmas, 

by shifting any non-food biomass production to these lands. However, marginal lands are often 

ambiguously defined in scientific literature and represented differently in policy. Definitions of 



marginal lands may contain unexamined assumptions (Shortall, 2013), yet policy relies on such 

scientific definitions and assessments of the quantity and location of marginal lands. Ways 

forward are therefore needed for governance in the context of scientific ambiguity and uncertainty.  

 

1.4 Pathways to better biomass use 

The intractable dilemmas surrounding rising biomass demands and the ensuing competition for 

resources has led to calls for a systems-view of such dilemmas, whether in science (Al-Saidi and 

Elagib, 2017; van Berkum et al., 2018; Weitz et al., 2017) or in policy (European Environmental 

Agency (EEA), 2017a). The connections across different systems and the difficulty in balancing 

goals, minimising trade-offs and promoting synergies require a systems-perspective that can 

acknowledge these interlinkages. One such approach is the concept of the ‘nexus’, which looks 

at the interconnections of resource-use between different sectors. The concept of the nexus can 

refer both to the actual interdependencies between natural resources, such as water, food and 

energy and the integrated governance of these resources (Zhang et al., 2018). In particular, circular 

food systems have been put forward as a way to address a number of the issues mentioned 

above; namely food-feed competition, competition for resources and resource scarcity, and 

food security (Bos and Broeze, 2020; de Boer and Van Ittersum, 2018; Jurgilevich et al., 2016). 

Recommendations for food systems under a circular concept, for example, include, inter alia, 

feeding livestock only with by-products and biomass from marginal lands (Van Kernebeek et al., 

2016; Van Zanten et al., 2019), the utilisation of unused biomass residues (Bos and Broeze, 2020; 

Van Zanten et al., 2019) and the recycling of phosphorus from human excreta (Van Kernebeek 

et al., 2018). However, many biomass dilemmas face agroecosystems as a whole, not just those 

systems delivering food. Furthermore, to alter our relationship with the biosphere we will require 

a deep societal transformation. However, research around the social, cultural and economic 

elements to achieve such a transformation is largely missing. 

In conclusion, growing demands for biomass results in pressure on resources and competing 

claims for resources. The complex nature of biomass competition results in several debates and 

dilemmas. In many ways, Europe stands at the centre of a great deal of these dilemmas and 

debates. For one, the disproportionate consumption pattern of Europeans has a great effect 

on the resource demand in other countries (Erb et al., 2009; Mayer et al., 2015; Weinzettel et 

al., 2013). At the same time, the EU has sought to be a diplomatic leader in climate change, to 

improve policy coherence (Nilsson et al., 2012), to increase bioenergy production globally and 

has pushed for bioeconomy policies across its member states (European Comission, 2018). 

To illustrate, the bioeconomy is one of the largest components of the EU economy (Scarlat et 

al., 2015) and bioenergy is the biggest contributor to renewable energy in the EU and accounts 

for 64% of the total share of primary renewable energy production (Eurostat, 2016). Largely due 

to this role, the EU has also been at the centre of debates about bioenergy, the effects of land-
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use change and the conflicts around land use. The highly technical nature of these debates has 

meant studying the relationship between science and policy in dealing with these dilemmas is 

both inevitable and fruitful. Naturally, the challenge respecting planetary boundaries is global, and 

biomass dilemmas play out in different ways depending on geography and time (Dixon et. al, 2010). 

Below, I sketch out my theoretical frame, primary research gaps that this thesis addresses, where 

they lie in these dilemmas and how this thesis addresses them.

 

 

2. Theoretical framework
Governance under complexity
 
The competition for biomass is a complex problem. Complex problems are characterised by 

certain unique features which present challenges for governance. First, complexity implies open-

endedness or open systems, which means that systems interact with the wider environment. This 

means that policy has to operate in an increasingly networked, multi-scaled and interconnected 

world. However, these interconnections also come with increased unpredictability. A second 

characteristic is self-organisation, meaning there is no clear authority on these interconnections 

and non-linear interactions can create multiple feedback loops. A third characteristic is 

emergence, which is the emergence of unexpected processes and outcomes. Governing, and 

possibly finding solutions to biomass competition, therefore, is not straightforward. In this 

context, the traditional model of the science-policy interface as one where science ‘speaks 

truth to power’, where science can reduce reality to actionable facts, may not be up to the task 

(Kovacic et al., 2019a; Pielke, 2004).

 
Nexus and policy coherence

In response to this complexity, the concept of the ‘nexus’ became popular. As mentioned above, 

the concept of the nexus looks at the interdependencies between natural resources, such as the 

water-energy-food nexus. However, the nexus is not only a scientific heuristic but also a policy 

category. Particularly in light of a growing awareness of the complexity of governing issues, such 

as biomass competition and the adoption of integrative policies like the Sustainable Development 

Goals (SDGs), there was a call to overcome policy ‘silos’. Policy silos are isolated policies that 

deal with only one topic at a time and are a result of a history of institutional specialisation within 

governments. Due to this, ‘policy coherence’ also became an important governance goal, both 

internationally (OECD, 2004) and also for the EU (Nilsson et al., 2012). The call to move away from 

‘silo thinking’ to more integrative, systems or a ‘nexus’ way of thinking to solve policy coherence 

issues also became a subject of study in itself across several disciplines and fields (Weitz et al., 



2017). Policy coherence can be defined as reinforcing policy goals across government ministries, 

departments and agencies (OECD, 2004). It is ‘an attribute of policy that systematically reduces 

conflicts and promotes synergies between and within different policy areas to achieve the 

outcomes associated with jointly agreed policy objectives’ (Nilsson et al., 2012). On the one hand, 

the nexus and policy coherence are policy goals that everyone can agree on and bring different 

stakeholders to the table. On the other hand, it remains unclear how nexus policies and policy 

coherence can be achieved. This may invoke ambiguity. 

Ambiguity

Complexity can also lead to the proliferation of ambiguous ideas in policy-making. 

Ambiguous ideas in policy-making have been widely studied in the social science and 

governance literature under several theoretical umbrellas, particularly in the governance 

under complexity literature (Kovacic and Di Felice, 2019; Stirling, 2010) and are 

sometimes referred to as ‘polysemic ideas’ (Hannah, 2020). Examples of such ideas 

include ‘sustainability’, ‘circular economy’ or ‘energy security’. Ambiguity can emerge 

if the problem is urgent and, simultaneously, if there are unresolved (or irresolvable) 

uncertainties in the evidence base (Zahariadis, 2008). Ambiguous ideas fulfil several 

aims in the policy-making process, such as building coalitions amongst different 

stakeholders and opening the option-space when there is uncertainty which technology 

or policy intervention will work (Beck and Mahony, 2018; Hannah, 2020; Kovacic 

and Di Felice, 2019; Stirling, 2010). Such ambiguous ideas are crucial to understand, 

especially in their role in finding a way out of complex such as land-use competition.  

 

Framing

Given the importance of understanding ambiguous ideas, this begs the question of how such 

ideas are communicated. To understand this, we use the concept of ‘framing’ or ‘frames’. 

This concept has been utilised across several disciplines, including communication science, 

psychology and political science. While the exact definition of a frame can change depending 

on the discipline, frames, in general, can be defined as the selection of ‘some aspects of 

a perceived reality….in such a way as to promote a particular problem definition, causal 

interpretation, moral evaluation, and/or treatment recommendation’ (Semetko and Valkenburg, 

2000, citing Entman, 1993: p. 53). In short, frames are the structures that influence how reality 

is perceived and how it is then communicated. There are several reasons why such a concept 

is useful. On the one hand, how an ambiguous idea is framed can lead to a narrative that has 

‘performative power’ (Beck and Mahony, 2018). In other words, it can bring about technologies, 

pathways or solutions into being. Frames can have a considerable impact on the policy process 

and the institutionalisation of ideas (Béland and Cox, 2016; Felt et al., 2007; Hannah, 2020). 



1

The Battle for Biomass | Abigail Muscat
General Introduction

17

On the other hand, frames may also give the impression of action where there is none, thus 

obfuscating ineffectiveness (Candel et al., 2014; Hannah, 2020; Kovacic and Di Felice, 2019). 

 

 

3. Knowledge gaps and research aims
Understanding the food-feed-fuel-fibre debate as a complex problem, this section focuses on the key 

knowledge gaps and how the research aims of this thesis address them. this thesis aims to advance 

the theoretical and empirical understanding of the governance of this problem with the ultimate aim of 

improving the governance process at the science-policy interface in the European Union.

The scientific community has produced a considerable body of literature that explores various 

ways to achieve singular goals, such as food security (Godfray et al., 2010) and agricultural 

productivity (Tilman et al., 2011) or energy efficiency (Pelletier et al., 2011). Such assessments, 

which focus on the success of one goal, may miss on trade-offs that may occur between different 

goals (Obersteiner et al., 2016). Section 1 highlighted that biomass demands for food, feed, fuel 

and materials are growing and that these demands put pressure on natural resources. Above, we 

discussed some of the driving factors behind these growing demands, such as rising incomes and 

government policies. However, details about which key driving factors affect trade-offs between 

different biomass uses are not yet connected. Furthermore, we do not yet have a map of the 

trade-offs and possible synergies between food, feed and fuel uses; for example, how do rising 

demands for ASF affect bioenergy availability? 

Given the above our first research aim is to analyse how science looks at the problem of 

biomass competition and what solutions it recommends. This thesis connects these key factors 

with trade-offs and synergies. It furthermore looks at the solutions that science recommends in 

addressing these trade-offs and organises them into different scientific perspectives. We finally 

attempt to bring together multiple scientific perspectives in chapters 2 and 5. 

Given the complexity of balancing these different demands, the governance of biomass, particularly 

for the future bioeconomy will be challenging. However, we do not know whether policies and 

the scientific knowledge-base are robust enough to deal with this challenge. Trade-offs may be 

created between policy domains due to silo-thinking within policy institutions, while uncertainty and 

incommensurability in the scientific knowledge-base may arise to the complexity of the issue itself. 

This entails understanding the role of scientific knowledge in complexity as well as understanding 

the degree of policy coherence across different sectors of the bioeconomy, agriculture and food. The 

literature on policy coherence has so far focused on finding inconsistencies between stated goals in 

policy documents (Harahap et al., 2017; Kalaba et al., 2014; Kelleher et al., 2019) or finding out how 

goals are interconnected (Huttunen, 2015; Huttunen et al., 2014; McCollum et al., 2018). However, 



policy coherence studies do not yet focus on the role of scientific expertise in these assessments. 

To fill this gap, our second research aim is to assess the level of policy coherence in the 

governance of biomass competition. The study on policy coherence can be found in chapter 

3. This thesis addresses this using scientific expertise to map out uncertainties and confidence 

levels. Methodologically, this expands on the policy coherence literature by using the coherence 

score created by Nilsson et al. (2012), a seven-point Likert scale, in both a survey and focus group 

setting. The inclusion of both agreement and confidence of expert assessments is related to the 

governance under complexity literature (Kovacic and Di Felice, 2019). 

Ambiguous or polysemic ideas may arise at the centre of an intractable debate at the science 

policy-interface, particularly when there are uncertainty and incommensurability in the scientific 

knowledge-base. As mentioned in section 2.1, ambiguous ideas may both arise from complexity 

as well as provide the way forward when clear-cut solutions cannot be found. To understand the 

role of scientific knowledge in policymaking further and particularly the role that ambiguous ideas 

play in the policy-making process, we take the example of marginal lands. The literature has found 

that the multiple representations of marginal lands that exist can contain problematic assumptions 

(Shortall, 2013) and that landowners and farmers are rarely consulted about what they believe 

marginal lands should be used for (Shortall et al., 2019a; Skevas et al., 2016). However, we do not 

yet understand the role that marginal lands may play in the science-policy interface. In particular, 

the literature has not yet focused on how such ambiguous or polysemic ideas may follow a pre-

set narrative or frame. Examining how such concepts may fall into frames may reveal what role 

such ideas play and whether the solutions or policy interventions different actors suggest may 

be conflicting or coherent. This can help clarify the discussions around suggested solutions to 

biomass competition. 

Our third research aim is to examine the role of ambiguous ideas in the governance of 

biomass competition. This case study on marginal lands can be found in chapter 4. 

The need for a societal transformation to avoid exceeding the planet’s biophysical limits is widely 

recognised (Steffen et al., 2015). The circular economy and circular food concepts have been 

proposed to achieve this transformation (de Boer and Van Ittersum, 2018; Jurgilevich et al., 2016). 

However, an integrated framework is still required that prioritises biomass for basic human needs, 

including food, fibre (textiles), pharmaceuticals, functional biochemicals and bio-energy. Current 

frameworks for directing biomass rely on an economic and market-based theory of value (Bos-

Brouwers et al., 2012). This thesis suggests a framework for connecting biophysical limits to human 

well-being. This thesis emphasises the connection between natural and social systems further by 

identifying how transformation can be achieved. The literature so far has focused on identifying the 

social, economic, cultural barriers to the transformation to achieving circular systems (Kirchherr et 



1

The Battle for Biomass | Abigail Muscat
General Introduction

19

al., 2018), few address how these barriers may be overcome.

Our fourth research aim, therefore, is to develop a theoretical framework to guide sustainable 

biomass use from both a biophysical and socio-economic perspective. This thesis attempts to 

address that gap by suggesting best practices and by suggesting frameworks that can help create 

and measure progress. This theoretical framework can be found in chapter 5.

Chapter 6 synthesises the findings and insights of the previous chapters, placing them in a wider 

perspective and gives the conclusions of the thesis. 





The battle for 
biomass: 
A systematic review of 
food-feed-fuel competition

A. Muscata, E.M de Oldea, I.J.M de Boera, R. Ripoll-Boscha

aAnimal Production Systems group, Wageningen 
University & Research, PO Box 338, 6700 AH 
Wageningen, the Netherlands

Global Food Security, 25 (2020) 100330

Chapter 2 



 
Abstract
 
We review 75 studies on the competition for biomass and production resources such as land, 

water, labour and capital across food, feed and fuel production. We identified seven factors that 

are key to the availability and effective use of biomass and production resources. These ranged 

from ones related to production, such as crop yields to ones related to policy. Many of these 

factors resulted in trade-offs across different uses of biomass. Studies had different perspectives 

(e.g. economic, biophysical) on setting priorities for biomass and suggested different solutions 

to address competition (e.g. marginal lands). To connect these perspectives, we suggest a 

framework that prioritises biomass and production resources for the use of human food before its 

use as feed or bioenergy.
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1. Introduction
 

Humanity faces the challenge of feeding a growing population and supplying its energy needs 

without exhausting the biological and physical resources of the planet, as articulated in the 

Sustainable Development Goals (SDGs) of the United Nations (UN General Assembly, 2015). 

Achieving food and nutrition security is central to the SDGs. As the global population grows 

and becomes wealthier, the demand for food, especially animal-source food will increase 

particularly in developing countries (Alexandratos and Bruinsma, 2012). Increasing demand 

for animal-source food, moreover, is intrinsically associated with an increasing demand for 

feed (Thornton, 2010). 

Besides food security, clean and renewable energy is also central to the achievement of the 

SDGs (UN General Assembly, 2015). The European Union (EU), for instance, has launched 

ambitious goals to incentivise the use of renewable energies. The EU Renewable Energy 

Directive sets targets to achieve at least 20% of its total energy use with renewables by 2020, 

and 32% by 2030 (European Parliament and Council, 2009). Biomass is the most common 

form of renewable energy, and its demand is expected to increase further (IEA, 2017). About 

60% of EU renewable energy, for instance, originates from biomass, such as wood and biofuel 

crops (Scarlat et al., 2019).

A key question is whether we can produce enough biomass to produce all the food, 

animal feed and bioenergy needed for our future population. The capacity of the planet to 

produce biomass is limited by its biophysical boundaries (Erb et al., 2016; Smil, 2012) and 

by socio-economic and policy constraints (European Environmental Agency (EEA), 2017b). 

The challenge is, therefore, the competition between food, feed and fuel for biomass. 

About 40% of all global cropland is currently used to produce high quality feeds, some 

of which are cereals which humans could also consume (Mottet et al., 2017) resulting 

in feed-food competition.  Around 30% of the global cropland dedicated to cereals is 

used to grow livestock feed. Direct consumption of these cereals by humans is more 

resource-efficient than consumption of animal-source food produced by animals fed with 

these cereals (Garnett, 2009; Goodland, 1997). The use of biomass edible for humans or 

farm animals for bioenergy production further complicates the competition for resources. 

Currently, about 13% of global cropland is used to produce biofuels and textiles (Poore 

and Nemecek, 2018). 

There seems to be wide agreement that food, feed and fuel production compete intensively for 

limited resources, such as land, water, labour and capital (Persson, 2013; Rulli et al., 2016). To 

mitigate this competition for biomass and avoid increasing the pressure on natural resources 



and ecosystems, strategies are needed to manage the use of biomass more effectively (Garnett 

et al., 2015; Haberl et al., 2014b; Karlberg et al., 2015; Smith et al., 2010).

One strategy to manage biomass more effectively is based on the concept of circularity in 

agricultural production, as proposed in food systems research (de Boer and Van Ittersum, 

2018). This concept aims to reduce food losses and food waste, using biomass for human 

consumption first and then recycle any by-products back into the system. Livestock here 

plays an important role as converters of biomass not suitable for human consumption into 

food (Van Zanten et al., 2016a). In policy, various frameworks exist to guide the effective use 

of biomass. These frameworks differ in values underlying the cascading of biomass, (e.g. 

the Waste Hierarchy and Moerman’s ladder), such as economic benefits or resource-use 

efficiency (e.g. the Value Pyramid or cascading use) (Rood et al., 2017). Such frameworks 

have been applied to connect bioenergy policies to concepts of circularity or circular economy 

(European Environmental Agency (EEA), 2018). 

Despite this interest in managing biomass more effectively, we argue that a coherent 

framework that connects the ideas of circularity with the multiple goals for biomass, such 

as food, feed and bio-energy, is lacking. More importantly, we argue that a coherent 

discussion of these multiple goals is lacking, and it is important to discuss priorities for 

these goals. Similarly lacking is the examination of trade-offs when pursuing different 

goals for biomass and what factors influence these trade-offs. It is important to discuss 

what the most effective use of biomass is because setting priorities for one biomass use 

over another depends on different perspectives (Garnett et al., 2015). Some studies had a 

food perspective and prioritised biomass used for food production, whereas other studies 

had a bioenergy perspective and prioritised biomass use for bioenergy production. This 

sometimes resulted in competing claims for the same resource. Making these perspectives 

explicit is the first step to effective use. Furthermore, these perspectives are inherently 

limited by biophysical boundaries, especially in the context of increasing pressure 

on resources.

The aim of this paper, therefore, was to systematically review the state of the art of the use 

of biomass for food, feed and bioenergy production, and to what extent studies suggest 

strategies for effective use of biomass. To that aim, we first identified the factors that are key to 

the availability and effective use of biomass. Second, we mapped the trade-offs and synergies 

associated with changes in these key factors. Third, we explored whether solutions suggested 

to meet the increasing demand for biomass will mitigate or increase the competition for biomass 

and the resources needed for its production. While acknowledging that biomass can be directed 

to a wide range of uses, we choose to focus on the three main uses of biomass (food, feed, 

fuel) and exclude biomaterials and biochemicals. We argue that this is because food security 
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and renewable energy are the main challenges facing humanity in the short to medium-term. 

Finally, the scope of our paper is limited to the implications of European biomass demand 

in a global context. We finalise by summarising the main research gaps and uncertainties.  

2. Material and methods
We applied a systematic review approach (Boland et al., 2014) aiming to provide a complete 

summary and synthesis of the literature.  Our selection  was based on three phases: 1) 

an identification phase where records were obtained from three scientific databases, 2) a 

screening and eligibility phase where records were removed based on pre-selected criteria 

3) a final inclusion phase where records were read in full to determine eligibility. Once the 

screening process was complete, final records were coded in a database for a number of 

variables on methodology (i.e. objective, conclusion, study approach, name of model, method 

used, and spatial scale), content and outcomes, and solutions recommended. We chose to 

focus on Europe as the EU is an important global player in the demand for bioenergy (Banse et 

al., 2011), while simultaneously being dependent on land from outside the EU to feed livestock 

(de Visser et al., 2014; European Environmental Agency, 2017). The scope of our conclusions 

is therefore largely applicable to Europe.  Further information on our approach is presented in 

the supplementary material. 

3. Results
The final selection included a total of 75 studies. The studies spanned the years 1996 to 2017, 

with most studies included in the study being published in 2016 (Figure 1). The relations most 

examined in the studies was the one between food and fuel, representing 47% of the studies, 

followed by the one between all three uses, representing 32% of all the studies. This is not 

surprising, given the controversy surrounding the competition between food and biofuels 

sparked by the 2007/2008 world food price crisis (Nebehay, 2007). This controversy brought 

about a number of studies that explored the effects of biofuel policies around the world on 

agricultural commodity prices (Persson, 2015). Studies represented in Fig. 1 increasingly 

make a distinction between food and feed, reflecting greater concern for the role of livestock in 

food system sustainability. The inclusion of all three uses of biomass started appearing more 

frequently from 2009 onwards, indicating a shift towards more integrative studies. 



Fig. 1. The number of studies that look at the four relationships across years (1996 to 2017)

Figure 2 summarises the scale, methodology, biomass source and the competitions addressed 

by the different studies. Most studies (40%) were conducted at a global level, where Europe 

was included as a region. Many studies that looked at the competition between food and fuel 

uses of biomass were conducted at a global level. However, the majority of the studies that 

looked at all three uses of biomass were conducted at a country level, possibly indicating the 

higher level of detail required to understand the relationship between all three uses of biomass. 

The 75 studies encompassed a wide range of methodologies, from economic approaches 

to more biophysical approaches, reflecting the complexity of the problem and the need for 

different approaches. Most studies used a biophysical modelling approach.

With regard to competition around 27% of the studies focused on the direct competition for the 

biomass itself, i.e. the potential of that biomass to be used for another purpose. The majority 

of the studies (67%), however, focused on the competition for the land needed to produce 

the biomass and the fact that productive land is becoming a scarce resource. Although many 

studies employed economic approaches, such as general and partial equilibrium models, few 

studies looked at the effects of allocation of capital and labour to the production of food, 

feed or bioenergy. The majority of studies examining the general equilibrium effects were 

again concerned with direct competition for biomass and land use competition. Studies that 

included bioenergy mostly focused on 1st generation feedstocks, made up of starch, oil and 

sugar crops.  Studies looking at forest biomass were lacking. This was unexpected as around 

92% of bioenergy in the EU is generated by forest biomass and is used to generate heat and 

power, while the remaining 8% comes from agriculture to be used as biofuels in the transport 

sector (Gurría et al., 2017). One possible explanation is that there is no direct competition for 

biomass for food, feed and fuel uses, but indirect competition for land. In fact, 45% of studies 

considered competition for land between food, feed and fuel uses and forest conservation. 
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The majority of studies considered livestock in their study, especially to account for agricultural 

land use. Although 81% of all studies included livestock in their analysis, only 41% included 

information about livestock species and only 28% distinguished different livestock production 

systems (e.g. landless, grass-based, mixed or broiler chicken, laying hen). The majority (52%) 

of studies did not consider the effect of trade in their studies. Of those studies that did, 59% 

said demands for food, feed and fuel will have to be met by trade, with 90% of those saying 

either food, feed or bioenergy will have to be imported. Around 10% said demand will also 

indirectly depend on non-domestic water, land, capital or labour. 

3.1 Factors that determine the effective use of  
biomass and associated trade-offs
 
We identified seven factors that are key to the availability and effective use of biomass (Table 1). 

A specific factor can increase or reduce the availability of biomass for end- uses and can have 

positive implications (synergy) or negative implications (trade-off) for resource use or sustainability 

issues. Sustainability issues identified ranged across all three pillars of sustainability (Fischer et 

al., 2007), from environmental (e.g. land use, greenhouse gas emissions), economic (increase in 

food prices, high cost of subsidies) to social (decrease in food availability or energy security). Key 

factors identified were:

1) Increasing demand for bioenergy (n=37) has been associated with a number of sustainability 

issues, from higher food prices (Hertel et al., 2013) to increased water consumption (Damerau et 

al., 2016). In our review, the increased demand for bioenergy presented many trade-offs between 

bioenergy, and food and feed production.

The majority of implications reported in Table 1 are trade-offs. For “increased bioenergy 

demand”, for instance, current literature acknowledged 12 potential trade-offs, whereas only 

four synergies were reported. Increasing bioenergy demand would have negative implications 

for the use of biophysical resources (e.g. increased land use and land-use change, increased 

water consumption, increased nitrogen demand, etc.), for socio-economic aspects (e.g. increased 

food prices and agricultural commodities, higher land rents, increased shadow prices for irrigation 

water, competition  etc.) and for environmental performance (higher greenhouse gas emissions 

from land-use change, decrease in ecosystem services, such as habitat services, aesthetic values 

and carbon storage). In contrast, the synergies found were related to the utilisation of co-products 

from bioenergy production as livestock feed. Other synergies emerged from moving to advanced 

biofuels, which would decrease competition for land, and ultimately reduce food-feed competition, 

or eventually even improve ecosystem services. Some of the implications listed for this first factor, 
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however, can be perceived both as trade-off or synergy. For instance, the “need of high rates 

of technological improvement” was seen as synergy because it could generate new findings 

and solutions but was seen also as a trade-off because of the need for economic investment 

or the dependency on technology. Moreover, studies reported some contradictory findings in 

whether the increased demand for biofuels, whether 1st generation or 2nd generation,  would lead 

to deterioration or improvement of ecosystem services.

2) Increase in crop yields (n=7). Increasing crop yields on the same amount of agricultural land 

have been suggested as a strategy to meet the growing demand for biomass while avoiding further 

agricultural expansion (Godfray et al., 2010). 

Some studies found that increasing crop yields met food and feed demands, leaving land available 

for other uses, such as bioenergy. However, other studies found that even with high yields, land-

based bioenergy always hampered food availability. An additional trade-off showed that the 

advantages of yields can be reversed by climate change and increased competition for biomass.

3) Increase in the use of human-edible ingredients as livestock feed (n=7). The introduction of 

high-quality feed in livestock diets has been a common strategy to improve livestock productivity 

and efficiency (Van Zanten et al., 2018). However, most high-quality feeds are also edible by 

humans. Hence, this practice can trigger competition for natural resources between feed and food 

production and impair the contribution of livestock to global food security (Mottet et al., 2017). 

Increased number of human-edible components in livestock feed was associated with less 

food availability and poorer environmental performance, especially regarding land use Under a 

number of future scenarios considering different levels of ASF production, decreasing the number 

of human-edible feedstuffs led to synergies, by not only increasing food availability but also by 

having improved environmental performance (Röös et al., 2017; Schader et al., 2015). 

4) Increase or decrease in the share of animal-source food in the diet (n=7). The amount of animal-

source food in the diet and the livestock production system is key to determine the total amount of 

food produced and the resources needed for its production (Erb et al., 2016). 

Increased animal-source food resulted in a trade-off with bioenergy potential, as production 

resources such as land were used for livestock production. Decreased animal-source food in human 

diets brought synergies, such as a reduction in land demand and associated GHG emissions.

5) Increased efficiency of food supply chains (n=4). Gains in efficiency can be achieved through 

reduced losses and wastes throughout the chain and/or better integration between food and 

bioenergy supply chains. Reducing food wastage and food losses along the production chain 

have been identified as a promising strategy to increase the availability of food, use resources 



more efficiently and reduce the environmental burden of food production (Scherhaufer et al., 2018; 

Van Zanten et al., 2014).

“Increased the efficiency of food supply chains” was the only factor showing synergies only and 

no trade-offs. Reducing losses along the chain resulted in improved food security, enhanced self-

sufficiency of food production and reduced land use, which could be eventually used for the 

bioenergy sector. Furthermore, using co-products of  1st generation biofuel production, such as 

distiller’s dried grains with solubles, and maize stover as animal feed avoided the need to grow 

more feed and replaced feeds that were competitive with human consumption.

6) Type of feedstocks used for bioenergy (n=10). The choice of feedstock is an important 

determinant of the sustainability of bioenergy (Dale et al., 2011). This depends on a number of 

factors, such as whether the feedstock competes with food or feed production, what was the initial 

use of the biomass, where and how the feedstock was produced and whether the production of 

the feedstock and/or its conversion to bioenergy generates valuable co-products.

Studies in this group reported both trade-offs (2) and synergies (3) as resulting effects were highly 

dependent on the feedstock used and on whether the initial use of the feedstock changed. Trade-

offs were related to impacts from changing the initial use of biomass. When crops and by-products 

used for food and feed were shifted to energy, studies reported a higher environmental burden. 

However, the use of manure or 2nd generation feedstocks grown on marginal lands provided 

opportunities not just for improved environmental performance but also for increasing a country’s 

sufficiency on domestic feedstocks.

7) Land-use policies (n=13). Many land-based policies constrain the management intensity of the 

land and the total amount of land available for certain uses. For instance, regulations regarding 

lands for nature conservation, but also the sustainability criteria in the EU Renewable Energy 

Directive (European Parliament and Council, 2009), climate mitigation activities in the Land Use, 

Land-Use Change and Forestry (LULUCF) sector or limiting bioenergy to marginal lands.

In relation to the implementation of land-use policies, interventions resulted in synergies (4) as 

well as trade-offs (5). This may reflect the complexity of the food-feed-fuel competition in itself, 

the difficulty to design and implement efficient land-use policies with the current body of literature 

(with sometimes contradictory points of view) and the challenge to foresee all unintended effects 

(i.e. trade-offs) of any particular intervention.
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Table 1. Reported list of trade-offs [T] and synergies [S] organised by the main influencing factors. 

Citations are all 75 studies included in the review. Further details on the 75 studies are included in the 

supplementary material.

Influencing Factors                                  Ref

1. Increased bioenergy demand led to: 
[T] increased land use and consequently higher land rents 

and higher GHG emissions from land use change

[T] loss of forest and pasture converted to arable land

[T] increased food prices or agricultural commodity prices

[T] reduced food consumption in developing countries

[T] increased water consumption and increased shadow 

prices for irrigation water

[T] increased nitrogen demand

[T] countries unable to meet bioenergy targets with 

domestic feedstocks thereby reducing energy security

[T] a decrease in ecosystem services, notably food 

provision, but also habitat services, aesthetic values, and 

carbon storage

[T] less land available for livestock production

[T] higher competition for residues/wastes which are of 

high-value in countries with developed economies 

[T] intensification of agricultural production towards 

more high-input production systems (e.g. fertilisers and 

pesticides)

[T] production of bioethanol and biodiesel, which used land 

and water that competed with food production

[S] generation of bioenergy by-products suitable as feed 

for livestock, which dampened effects of land use and price

[S] planting 2nd generation bioenergy, which improved 

ecosystem services 

[S] planting 2nd generation bioenergy on non-competitive 

land, thereby reducing food-fuel competition

[S] opportunities for an increase in supply if energy 

efficiency is increased and energy demand is reduced

[S/T] need for high rates of technological improvement

[S/T] decreased animal-source food consumption

(Banse, M; Junker, M; 

Prins, AG; Stehfest, E; 

Tabeau, A; Woltjer G; van 

Meijl, 2014; Ben Fradj et 

al., 2016; Beringer et al., 

2011; Bryngelsson and 

Lindgren, 2013; Burgess 

et al., 2012; Damerau et 

al., 2016; Gardebroek et 

al., 2017; Gissi et al., 2016; 

Grundmann and Klauss, 

2014; Hertel et al., 2013; 

Hoogwijk et al., 2003; 

Ignaciuk et al., 2006; Konadu 

et al., 2015; Lajdova et 

al., 2016; Langeveld et al., 

2014; Larsen et al., 2017; 

Lotze-Campen et al., 2010, 

2014; Lywood et al., 2009; 

Nonhebel, 2012; Özdemir et 

al., 2009; Rulli et al., 2016; 

Russi, 2008; Scarlat et al., 

2013; Schmidt et al., 2012; 

Simon and Wiegmann, 2009; 

Smeets et al., 2007; Sorda 

and Banse, 2011; Steubing 

et al., 2010; Strapasson et 

al., 2017; Stürmer et al., 

2013; Taheripour et al., 

2010, 2011; Thrän et al., 

2010; Timilsina et al., 2012; 

Winchester and Ledvina, 

2017; Wise et al., 2014)



2. Increased crop yields led to:
[S] freed up land for bioenergy and reduced food-feed 

competition

However:

[T] even with high yields, scenarios with no bioenergy 

production fed more people

[T] yields will be hampered by climate change, increasing 

competition for land for food, feed, fuel and ecosystem 

services

 (Brinkman et al., 2017; Davis 

et al., 2014; Erb et al., 2012; 

Haberl et al., 2011; Hertel et 

al., 2013; Manceron et al., 

2014; Röös et al., 2017)

3. Increase of human-edible feed led to:
[T] increased food-feed competition

However:

[S] improved feed conversion ratio in livestock and 

reduced food-feed competition over time

[S] reducing human edible feedstuffs improved 

environmental performance

(Davis et al., 2014; Ertl et 

al., 2016, 2015; Mottet et 

al., 2017; Röös et al., 2017; 

Schader et al., 2015; Wirse-

nius, 2003)

4.a. Increased animal-source food in human diets led to:
[T] limited bioenergy potential because the production 

resources were used for livestock production

4.b. Decreased animal-source food in human diets led to: 
[T] no land available for crop-based bioenergy when the 

gap between the highest and lowest calorie diets was 

closed

[S] reduced greenhouse gas (GHG) emissions and 

reduced land demand

[S] more people fed when current uses of food and fuel 

were assumed and when the gap between the highest 

and lowest calorie diets was closed

(Davis et al., 2014; Davis and 

D’Odorico, 2015; Erb et al., 

2012; Fazeni and Stein-

müller, 2011; Haberl et al., 

2011; Röös et al., 2017; Van 

Kernebeek et al., 2016)

5. Increased efficiency of food supply chains led to:
[S] freed-up land for bioenergy without displacing other 

uses

[S] reduction of waste of animal-source food and thereby 

reduced food-feed competition which fed more people

[S] efficiency of the food sector combined with utilisation 

of wastes which increased domestic bioenergy potential

(Brinkman et al., 2017; Davis 

and D’Odorico, 2015; Röös 

et al., 2017; Welfle et al., 

2014)
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6. Promotion of certain bioenergy feedstocks led to:
[T] subsidies to promote maize for energy production 

which resulted in more competition between food and 

energy sector

[T] shifting use of industrial by-products from feed to fuel 

meant a higher environmental burden across all indicators 

such as deforestation and land use

[S] small biogas plants on farm fed with manure meant 

synergy between energy and livestock sector

[S] use of marginal lands for 2nd generation crops

[S] using 2nd generation crops, which increased 

countries’ self-sufficiency rate for bioenergy feedstocks 

and reduced imports to meet bioenergy demand

(Akgul et al., 2012; Bartoli 

et al., 2016; Demartini et al., 

2016; Nonhebel, 2004, 2007; 

David Styles et al., 2015; 

Tonini et al., 2016; Tufvesson 

et al., 2013; Van Stappen et 

al., 2016; Van Zanten et al., 

2016b)

7. Implementation of Land Use Policies led to:
[T] high sustainability criteria that account for indirect land 

use change reduced bioenergy potential

[T] continued expansion of cropland into nature, even with 

sustainability criteria

[T] high societal cost to incentivise producers to plant only 

on marginal, less productive land

[T] increased food prices and increase water scarcity 

when climate change mitigation through bioenergy and 

high forest conservation were coupled

[T] constrained future land and limited bioenergy when 

Land-Use, Land-Use Change and Forestry (LULUCF) 

strategies based on storing carbon in soil and vegetation 

were applied

[S] land zoning which protected high-value nature land 

from bioenergy expansion

[S] planting on marginal lands which avoided food vs fuel 

competition

[S] more efficient agricultural production when LULUCF 

strategies were applied

[S] high sustainability criteria that accounted for indirect 

land use change avoided food vs fuel competition

(Beringer et al., 2011; 

Brinkman et al., 2017; 

Bryngelsson and Lindgren, 

2013; Callesen et al., 2010; 

Elbersen et al., 2013; Erb et 

al., 2012; Forsell et al., 2013; 

Gielen et al., 2002; Gilling-

ham et al., 2008; Hertel et 

al., 2013; Popp et al., 2011; 

Treesilvattanakul et al., 2014; 

Warner et al., 2013)



The different studies analysed were performed at different spatial scales and study areas, used 

different methodologies, and adopted different assumptions and definitions of concepts (such 

as the definition of “marginal land”). Moreover, studies had a different starting point, research 

question or narrative to check. These differences determined the trade-offs and synergies 

presented. This also led to different solutions for the problem of biomass competition, which 

may be conflicting across studies. Such important differences between the studies are further 

explained in the solutions section below and placed in the larger context of scientific literature 

in the discussion.

3.2 Solutions

As a final step in this review, we tracked solutions suggested to avoid food-feed-fuel competition. 

Around 37% of papers did not recommend a solution. The rest recommended a wide range of 

solutions. Solutions fell into four categories: production-side solutions, governance solutions, 

consumption-side solutions and solutions addressing food losses and waste . Most solutions 

suggested were production-side strategies (Figure 3).

Fig. 3. The shares of recommended solutions 
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Production-side solutions

Production-side solutions urged to avoid competition for resources at the production level and 

often focused on minimising competition between food and bioenergy production. The options 

to solve the competition between food, feed and fuel reflected a sometimes difficult debate, in 

which some argue for intensive production whereas others suggest extensive production. For 

example, many papers considered it important to increase the lifetime productivity of the herd. 

(e.g. Burgess et al., 2012; Erb et al., 2012; Schader et al., 2015).  Other papers, however, suggest 

to feed livestock on leftovers from arable land (e.g. crop residues, industrial by-products) and 

grass resources, and avoid the use of human-edible feeds, such as grains, to mitigate competition 

with food production (e.g. Ertl et al., 2015; Nonhebel, 2004; Özdemir et al., 2009; Schader et al., 

2015). The availability of these biomass streams determines the boundary of livestock production 

and consumption (Van Zanten et al., 2018). These apparently contrasting solutions are based 

on differences in underlying values and assumptions. The first group argues that to meet the 

increasing demand for food, and especially animal-source food, we need to produce more with 

a lower impact on the environment and feed demand whereas the second group argues that 

livestock can contribute to net food security by converting biomass that is inedible for humans into 

valuable food.  Some studies in both groups suggested that these solutions would reduce overall 

land-use, thereby leaving room for planting bioenergy crops. 

Another option explored to alleviate the competition between food production and bioenergy 

production was planting bioenergy crops on land not suitable for food production or ‘marginal 

lands’. However, there is no consensus on the definition and characterisation of marginal lands, 

which also include grasslands (see further explanation in the discussion section). As such there 

might be an opportunity cost related to using marginal land for bioenergy production: not all 

biomass from marginal land can be considered “free” for bioenergy production. So far, however, 

there appears to be no agreement on the best use of marginal lands (grazing livestock, advanced 

biofuels or biodiversity conservation), or whether they can be used at all. 

Governance Solutions

Governance solutions were the second-largest group of recommended solutions after production-

side solutions. This shows the importance of addressing the competition for biomass from a policy 

perspective. The main governance solutions were 1) more equitable trade policies that would allow 

for better distribution of food (Davis and D’Odorico, 2015) 2) More emphasis on economically 

viable supply chains and market structures for bioenergy producers (Gissi et al., 2016) 3) Working 

with local stakeholders for better biomass management (Gissi et al., 2016; Steubing et al., 2010) 4) 

Being aware of the local context when making decisions about important trade-offs (Grundmann 



and Klauss, 2014; Van Stappen et al., 2016).

Consumption-side solutions

The impact of livestock production on the environment has received a lot of attention lately 

(Garnett, 2016; Poore and Nemecek, 2018; Willett et al., 2019). Hence, the most common 

solution suggested was to decrease the consumption of animal-source food in human diets in 

high-income countries  (e.g. Beringer et al., 2011; Fazeni and Steinmüller, 2011). Besides eating 

less animal-source food in high income countries, the solution to eat a balanced diet (Davis et 

al., 2014; Davis and D’Odorico, 2015), i.e. if all people were to consume enough nutrients but not 

more than they needed, would help to mitigate food-feed-fuel competition and enable feeding 

more people globally.  

Losses and waste solutions

Food loss and food waste are considered to be one of the critical issues affecting the sustainability 

of the global food system (FAO, 2011). Consequently, reducing food waste is also considered 

as an important strategy to ease the burden on production resources, such as land and water, 

to achieve food security and to attain ambitious bioenergy targets (e.g. Brinkman et al., 2017; 

Burgess et al., 2012; Davis et al., 2014). The emphasis of solutions within this category was to 

improve resource-use efficiency by combining cascade utilisation principles of biomass, waste 

management strategies and consumption-side strategies. 

4. Discussion 
Humanity faces the challenges of feeding a growing population and supplying its energy needs 

within biophysical boundaries (Haberl et al., 2013). Within a context of greater pressure on 

resources, meeting these two challenges will require the effective use of biomass (Haberl and 

Geissler, 2000). This means introducing greater circularity into how we use biomass, setting 

priorities for its use and making the values underlying these priorities explicit. We argue that 

a discussion that brings together the multiple goals for biomass is needed. In this paper we 

argue for ‘effective’ rather than efficient use of biomass following Garnett et al. (2015) to make 

explicit that directing biomass towards its most ‘high-value’ use is a matter of perspective. 

Directing biomass towards food may be a priority for one scientific domain while directing 

biomass towards bioenergy may be a priority for another. Societal values and contexts may 

also change these priorities. Increasingly the aim of the agricultural system is changing from 

producing as much food as possible to producing sustainable and nutritious food within the 
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boundaries of the planet (Willett et al., 2019).  Future developments may change these priorities, 

such as the proliferation of bio-based products in response to call for a circular bioeconomy 

(Zabaniotou, 2018) or future foods, such as cultured meat and insects that may shift diets away 

from traditional animal-source food (Parodi et al., 2018). We argue that effective use should 

direct biomass towards food first, and avoid losses and wastes before these are used for 

feed and/or fuel (de Boer and Van Ittersum, 2018). We do this following Fischer et al’s. (2007) 

‘hierarchy of considerations’, with biophysical limits representing the ultimate boundary of 

sustainability. We assessed how the literature takes  elements of effective use of biomass into 

account, particularly acknowledging competition for biomass within biophysical boundaries, 

suggesting more circular use of biomass and setting priorities for biomass. We looked at the 

factors that are key  determinants of biomass availability and effective use and looked at the 

ensuing trade-offs. However, as brought forward in this review, multiple perspectives on how 

to best use biomass exist. Below, we discuss the research gaps before moving on to our 

framework that connects these multiple perspectives. 

Overall, the number of studies looking at relationships across all three biomass uses shows 

the state of the art’s awareness of the complexity in directing biomass towards its most 

effective use. Over time, an increasing number of studies considered the inclusion of feed 

and its complex relationship with food and bioenergy. The key factors influencing biomass 

use are diverse and related to production (increasing bioenergy, crop yields, use of human-

edible feed), consumption (consumption of animal-source food), supply chains (losses and 

food waste) and policy (promotion of feedstocks and land use policy). A large number of trade-

offs shows the scale of the challenge in achieving effective use of biomass. Together, these 

present the best entry points for intervention for the effective use of biomass. However, while 

solutions suggested by studies were equally diverse, the overwhelming emphasis remained 

on the production side. Emphasis should be made on a more systemic approach to effective 

biomass use that goes beyond tweaking production (Willett et al., 2019). 

So far, only a few studies paid attention to the competition for socioeconomic resources, 

i.e. capital and labour, suggesting a gap in research. Only four studies included substitution 

between capital and labour in their models (Banse et al., 2011; Ignaciuk et al., 2006; 

Taheripour et al., 2011; Timilsina et al., 2012), but only the study by Ignaciuk et al. (2006) 

explicitly considered the competition for capital and labour between bioenergy, food and feed 

production. The most important socio-economic effects of increasing bioenergy production 

are the potential diversion of capital and labour away from other primary production sectors, 

such as agriculture (Persson, 2015), hence, impairing food production. Similarly, high levels 

of subsidies for bioenergy can divert capital from other agricultural sectors and may prove to 

be an overall social cost. Some studies expect that bioenergy production may displace more 

labour-intensive production, such as livestock rearing (Trink et al., 2010). The relative labour 



and capital intensity of a particular bioenergy system will determine whether it generates 

positive socio-economic effects or whether it displaces other sectors (Persson, 2013). Hence, 

it is important to better integrate biophysical models which consider environmental limits (i.e. 

availability of natural resources), with economic models which consider labour and capital (i.e. 

availability of economic resources). For a fuller picture, the different modelling approaches will 

need to be integrated to determine what is both environmentally and economically sustainable 

(Plantinga, 2015). For that, harmonisation and integration of different disciplines is a must, 

as well as the need to acknowledge that socioeconomic and biophysical limits exist under 

increased biomass demand.

The role of livestock and their potential to utilise low-opportunity-cost biomass also requires 

further research. Livestock can convert biomass with low opportunity for direct human 

consumption (e.g. grass products, crop residues, food processing by-products, and food 

losses and wastes) into valuable food and manure. Livestock then recycle nutrients into the 

food system (Garnett et al., 2015), and contribute to net food security. Reducing the amount of 

food-competitive feedstuffs in animal diets not only increases food security (Davis et al., 2014; 

Davis and D’Odorico, 2015), but also improves environmental performance in terms of land 

use (Schader et al., 2015; Van Kernebeek et al., 2016), nitrogen surplus, phosphorus surplus, 

greenhouse gas (GHG) emissions, non-renewable energy use, freshwater use, pesticide use, 

deforestation and water-induced soil erosion (Van Zanten et al., 2018). Hence, there will be 

a need to assess availability, safety and nutritional values of low-opportunity cost biomass 

as feed for livestock. We need better insights into questions, such as “which animal species 

or systems are most suitable to upcycle what low-opportunity-cost biomass’’ (Van Hal et 

al., 2019a) and “which biomass streams are most suitable for bioenergy production or for 

maintaining soil fertility”. Although a few studies explored the role of livestock to achieve more 

sustainable use of biomass, the majority of food-feed-fuel research lacks the detail to explore 

cascading of biomass use across food, feed and fuel production.   

Another research gap was the importance of trade on the competition for resources which 

poses a challenge for the effective use of biomass. The increasing scarcity of resources 

can trigger a global rush for the desired resources (e.g. biomass), but also for the resources 

required for its production (e.g. land, water, nutrients, capital or labour) (Rulli et al., 2012). 

The EU is dependent on land and water from elsewhere for its domestic production and 

consumption of food, feed and fuel (Tukker et al., 2014) and in an increasingly interconnected 

world, this dependency is expected to grow. This dependency on external resources can 

shift the environmental impact of biomass production to other regions outside the EU. This 

phenomenon has been described in literature as externalisation, burden-shifting, displacement 

or leakage effect (Giampietro et al., 2014; Meyfroidt et al., 2010) which can induce effects 

such as land displacement (Weinzettel et al., 2013), land grabbing (Rulli et al., 2012) and 
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negative impacts on  food security and ecosystem services (Naylor et al., 2005; Porkka et al., 

2013). This leads to the question at which spatial scale should effective use of biomass be 

adopted. The answer will largely depend on the priorities we place for biomass and resource 

use sustainability.

Critical uncertainties about some of the solutions, such as the use of marginal lands and 

advanced feedstocks remain. Studies from the livestock domain and the bioenergy domain 

had different perspectives on the aims of the agricultural system and therefore what were the 

best use of marginal land and of advanced feedstocks.   

From the perspective of studies within the livestock domain, marginal lands unsuitable for 

food crop production ought to be used for livestock production to ease competition with 

food crop production. Often, this means using them as grazing lands for livestock. While this 

may reduce the dependency of livestock on arable land, it may still come at the expense of 

GHG emissions (Garnett et al., 2017). From the perspective of studies within the bioenergy 

domain, marginal lands are a key solution to growing bioenergy crops without impacting food 

production. The viability of such a solution depends on the levels of productivity achievable 

in marginal lands. This remains uncertain since some authors link marginal lands to intrinsic 

low productivity (Bryngelsson and Lindgren, 2013) others suggest that marginal lands do 

not necessarily entail low productivity (Gopalakrishnan et al., 2011; Meehan et al., 2017). If 

marginal lands are defined as ones with low productivity, studies indicated that the solution 

could prove to be costly to the government or bioenergy consumers. This is because payments 

would be needed to keep farmers from planting bioenergy on more productive land or limiting 

the productivity of their land (Bryngelsson and Lindgren, 2013). However, both domains do not 

consider any other functions these lands may fulfil. For example, there is limited information on 

the potential natural value of these marginal lands (Immerzeel et al., 2014) and for the social 

and cultural functions of land which deliver important services for rural people’s livelihoods 

(Rossi and Lambrou, 2008). It should be said that these various claims on marginal lands 

are not necessarily mutually exclusive. However, to successfully utilise marginal lands it is 

important to consider their diverse uses to avoid unintended impacts on rural communities, 

livestock production and nature conservation. 

The potential of advanced biofuels to replace conventional biofuels is also uncertain. Many 

studies cited this is as a way to increase bioenergy without competing with food or feed 

production. However, currently, the contribution of advanced biofuels to energy production in 

the EU is marginal. Bioenergy is almost entirely produced from forest biomass or from energy 

crops in the agricultural sector (Gurría et al., 2017). The little penetration of advanced biofuels 

can be explained because the technology still lags behind 1st generation biofuels in terms of 

production, many advanced biofuels are still concepts or pilot studies, there are high costs for 



implementation and scaling-up, and they face challenges in commercialisation (Bourguignon 

and Vandenbussche, 2013). The uncertainty in devising which advanced biofuel will develop 

to a commercial-stage and which production efficiency might attain makes the estimation 

of its potential at large scale difficult. Defining what is a “second-generation” or “advanced” 

feedstock is also difficult. For example, the inclusion of “straw” as an advanced feedstock 

has accrued a debate of the multiple uses straw might have (e.g. as bedding for livestock 

or return to the soil as organic matter). The use of new second-generation feedstocks will 

require determining the most sustainable primary use of biomass. The application of biomass 

cascade principles could provide better management guidance on new feedstocks, such as 

food wastes (Dahiya et al., 2018). However, there is a need to assess which biomass uses 

should be prioritised to allow for more effective use.

To connect the various perspectives mentioned above, we propose a framework that connects 

ideas from food systems research (de Boer and Van Ittersum, 2018; Van Zanten et al., 2018) 

to broader ideas of circular biomass use (Figure 4). While biomass can be used for many uses, 

we consider food security to be the highest priority. From this priority, we propose a number 

of principles adapted from de Boer and Van Ittersum (2018). First, that biomass should aim 

for food for humans first. The same principle is  applied to the resources needed for biomass 

production, namely water, land, capital and labour. In other words, these resources should 

be used for biomass production for food for humans. Second, that by-products, wastes and 

losses should be avoided then recycled back into the system as food, feed and bioenergy, 

in that order (de Boer and Van Ittersum, 2018).  Third, that livestock can be used to valorise 

biomass that humans cannot or are not willing to eat. Our framework builds on top of that of de 

Boer and Van Ittersum, ( 2018) by expanding it from the food system to also include bioenergy. 

Secondly, we argue that competition does not only refer to competition for biomass or land, 

but also other production resources such as water, capital and labour. Third, as shown in Fig. 

4 opposite, we also expand it by explaining the factors that influence available biomass and 

create synergies and trade-offs across the goals we want to achieve with that biomass, such 

as achieving food and bio-energy security etc. These principles of circularity in combination 

with the production resources define what biomass can be most effectively used for food, 

feed and fuel.

Available biomass is determined by influencing factors, of which we have identified seven 

from the literature, and by production resources. As these resources are limited, there will be 

trade-offs as well as synergies. Circular principles set limits for biomass for more sustainable 

resource use, prioritising human consumption of biomass first.

From a circular perspective, using biomass, land, water, capital and labour for human consumption 

first will bring a number of benefits. Namely, that livestock will no longer consume large quantities 
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of human-edible food. In a zero human-edible concentrate feed scenario for 2050, Schader et al., 

(2015) find that greenhouse gas emissions could be reduced by 18%, land occupation by 26% 

and N-surplus by 46% compared to the reference scenario while still providing sufficient food. 

Fig. 4. Presents our framework for effective biomass use.  

This would also free up arable land rendering it available for other purposes such as nature 

conservation. Avoiding wastes and recycling by-products can provide equally powerful effects.  

Davis and D’Odorico, (2015) estimate that feed crop calories required to support global consumer 

waste of animal source food could feed an additional 235 million people. Finally, using livestock to 

valorise biomass that humans cannot and will not eat can reduce overall land use, even more than 



diets with no animal-source food. This is because livestock convert crop residues and by-products 

from crop production that would otherwise go unused into edible food (Van Kernebeek et al., 2016; 

Van Zanten et al., 2018). 

Many solutions suggested by studies are aligned with our framework, from using livestock to 

upcycling biomass, avoiding human-edible feedstuffs in feed, reducing consumption of animal-

source food, using by-products feedstocks for livestock feed or bioenergy and using marginal 

lands. However, there is no prioritisation over the best use of biomass and the resources needed 

for its production between these solutions. Prioritisation is important, particularly in the case of 

deciding the best use of by-products and co-products of the agro-food industry, which are seen 

as potential feedstocks for bioenergy. However, many of these feedstocks already have a use as 

animal feed. For example in the study of Van Zanten et al., (2014), using beet tails as dairy cattle 

feed instead of a feedstock for anaerobic digestion for the production of on-farm biogas, resulted 

in a reduction of 239 kg CO2 eq per ton beet tails and a decrease of 154 m2 land.  Similar results 

were observed with other agro-industrial products, such as oilseed cake and wheat middlings 

when use was shifted from feed to anaerobic digestion at farm-level (Styles et al., 2015; Tonini et 

al., 2016; Tufvesson et al., 2013; Van Stappen et al., 2016). This review, therefore, raises awareness 

of potential feed-fuel competition in the bioeconomy. 

An important finding of this review is that food, feed and bioenergy do not just compete for biomass 

and land but also for water, capital and labour. Therefore, our prioritisation framework should also 

apply here; this would help bridge perspectives between livestock and bioenergy domains on the 

best use of marginal land. Furthermore, it would help guide policy to prioritise food and material 

uses first and energy uses last, avoiding the negative knock-on effects of displacing capital, labour 

and resources away from food production.  

Inevitably relying on sidestream biomasses that do not compete with food production for feed will 

likely result in lower consumption of animal-source food and lower levels of bioenergy. Studies 

indicate that livestock fed with only such ‘low-opportunity cost feeds’ can provide 9-23g of animal 

protein per person per day, while the average animal protein supply in Europe stands at around 

51g of animal protein per person per day (Van Zanten et al., 2018).  However, this would potentially 

free up a quarter of global arable land (Van Zanten et al., 2018) besides providing benefits for 

human health and environment (Willett et al., 2019). ‘Food first’ estimations of bioenergy potentials 

using only crop residues and wasted crops show it is possible to produce 491 GL of bioethanol per 

year (Kim and Dale, 2004), where in 2017 global ethanol production was 127 GL per year (OECD/

FAO, 2018). However, such high estimations do not consider other potential uses of this biomass, 

besides other factors such as climate change and yields (Haberl et al., 2011). 

An important question remaining is at which scale should these circularity principles be pursued. 
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From our reviewed studies, 48% argued that domestic biomass would be needed to be supplanted 

with imports, whether of actual or virtual resources, if food, feed, fuel needs are to be met. So far, 

research has not provided a clear answer as to at which scale, nutrients cycles should be recycled,  

and wastes and by-products returned to the system. 

In future work, this framework can be expanded in two ways; firstly, by including other uses of 

biomass, such as incorporation into the soil for carbon sequestration, fertilisers, biochemicals and 

biomaterials. Secondly, the framework can be expanded by including other important functions 

of land associated with the production of biomass, such as nature conservation. We have so far 

focused on the three main uses of biomass (food, feed, fuel) because we argue that achieving food 

security and clean and renewable energy within planetary boundaries remain the main challenges 

facing humanity in the short to medium-term.

We believe such a framework setting priorities for the effective use of biomass is important 

because the various uses for biomass are inherently limited by biophysical boundaries, especially 

in the context of increasing pressure on resources (Fischer et al., 2007). This framework, therefore, 

argues that biophysical boundaries should be the guiding principles for effective biomass use, 

which does not necessarily entail directing biomass to its highest economically valuable use. 

Using such a framework is also useful to trigger new research questions, such as thinking about 

the availability and best use of biomass by-products that can be reused, the role of livestock in 

recycling these by-products and the role we give to trade in fulfilling these biomass uses. 

Conclusion
This review finds that food, feed and fuel do not just compete for limited land but also compete 

for other resources such as water, labour and capital. The key influencing factors that affect the 

amount of biomass available for food, feed, fuel purposes related to bioenergy demand, crop 

yields, amount of human-edible feed fed to livestock, amount of animal source-food in human 

diets and food supply chain efficiency. Availability of biomass was also particularly affected by 

which feedstocks policy encouraged to be used for bioenergy and which land-use policies were 

put in place to discourage food-fuel competition. Important gaps identified in the literature related 

to the competition or displacement of economic resources when biomass demand is changed, the 

role of livestock in valorising biomass with low opportunity costs and the role of international trade 

in the competition for resources. 

The reviewed studies had different priorities on how biomass should be directed, for food, feed 

or bioenergy. These different priorities resulted in contrasting or piecemeal solutions to solve 

competition for biomass, land and other resources, such as using by-products of the agro-food 



industry for livestock feed or bioenergy.  We set a framework with three principles for the circular 

use of biomass, using a systems approach and the findings from our review, to help overcome 

this. By setting priorities directing biomass and the resources needed for its production towards 

food first, a number of trade-offs across food-feed-fuel uses of biomass can be addressed. 
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Appendix 2.1

Material and Methods

This study applied a systematic explicit and transparent method to review the scientific literature 

(Boland et al., 2014). Literature searches were carried out using selected keywords and Boolean 

operators (AND, OR, NOT). Several iterations of scoping searches were tested in Scopus to ensure 

inclusion of relevant papers. Three queries were finalised to be used in three scientific databases: 

SCOPUS, Web of Science and CAB Abstracts. See below for the exact queries. The figure below 

shows the order and flow of our approach.

The queries were run on 15/10/2018  and yielded the following results: SCOPUS 2034 records, 

Web of Science 1823 records and CAB Abstracts 340 records. The citations were then exported 

into bibliographic software. Only peer-reviewed articles or reviews in English were imported. Book 

chapters, conference proceedings and grey literature were excluded from the review. See below 

for more details on the import procedure. 

Duplicates were removed following a systematic procedure. See below for details on the 

deduplication procedure. After the deduplication procedure was applied, 3001 records remained. 

Two rounds of screening were applied to the remaining records. The procedure was partially 

based on the recommendations of Bramer et al. (2017). We started by scanning titles and 

abstracts, and subsequently full records. The relevance of the papers was based on the following 

selection criteria:

First, the paper established a relation or interaction between at least 2 of the three uses of 

biomass (for food, for feed and for bioenergy). Based on this criterion, papers that address the 

direct competition for biomass are included (e.g. studies that quantify the amount of human-edible 

ingredients in livestock feed), as well as studies that address the indirect competition between 

production resources, such as competition for natural or human resources among feed, food or 

fuel production. In this study, we tracked the four most critical resources needed for the production 

of food, feed and fuel: land, water, labour or capital. We have defined these resources as natural 

resources (land and water) and economic resources (labour and capital). Modelling studies that 

included a ‘food first paradigm’ (setting aside land or biomass for food and feed production) as an 

assumption when calculating bioenergy potential were also included.

 

Second, this review aimed to explore the implications of competition between food, feed and 

bioenergy for the European context, therefore only studies with European countries as case 



studies, at European scale or global studies with Europe as a world region were included. The 

boundaries of Europe were confined to the European Economic Area, including Switzerland. We 

chose to focus on Europe as the EU is an important global player in the demand for bioenergy 

(Banse et al., 2011), while simultaneously being dependent on land from outside the EU to feed 

livestock (de Visser et al., 2014; European Environmental Agency, 2017b).

Third, the study quantified biophysical relations. This was set as a selection criterion as this 

review defines the problem of biomass competition as defined by inherently biophysical limits, 

such as limited land or limited sustainable harvestable biomass, even if resource allocation is also 

governed by economic drivers. Economic studies were included if they examined biophysical 

relations alongside economic ones.

 

Fourth, studies were excluded for other reasons, such as not having access to the full paper, the 

paper being retracted or the paper not having data on or not being clear on how the conclusions 

were reached. 

S1. An illustration of the selection process of our review. During the identification phase searches were 

tested in Scopus first, after which queries were finalised and used to identify the first three databases; 

during the screening and eligibility phase, duplicates were removed, and exclusion criteria applied, 

leaving the final selection of 75 papers
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studies, at European scale or global studies with Europe as a world region were included. The 

boundaries of Europe were confined to the European Economic Area, including Switzerland. We 

chose to focus on Europe as the EU is an important global player in the demand for bioenergy 

(Banse et al., 2011), while simultaneously being dependent on land from outside the EU to feed 

livestock (de Visser et al., 2014; European Environmental Agency, 2017b).

Third, the study quantified biophysical relations. This was set as a selection criterion as this 

review defines the problem of biomass competition as defined by inherently biophysical limits, 

such as limited land or limited sustainable harvestable biomass, even if resource allocation is also 

governed by economic drivers. Economic studies were included if they examined biophysical 

relations alongside economic ones.

 

Fourth, studies were excluded for other reasons, such as not having access to the full paper, the 

paper being retracted or the paper not having data on or not being clear on how the conclusions 

were reached. 

S1. An illustration of the selection process of our review. During the identification phase searches were 

tested in Scopus first, after which queries were finalised and used to identify the first three databases; 

during the screening and eligibility phase, duplicates were removed, and exclusion criteria applied, 

leaving the final selection of 75 papers

Once the screening process was complete, final records were coded in a database for a number 

of variables on methodology (i.e. objective, conclusion, study approach, name of model, method 

used, and spatial scale), content and outcomes, and solutions recommended. Papers were 

categorised based on food-fuel, food-feed, feed-fuel, food-feed-fuel links. See the Excel file in 

supplementary material for the full list of variables coded and for the full database of records in 

the final selection. 

To get an overview of the methods used in the papers, we categorised methods used into the 

following groups: a) biophysical modelling, b) economic approaches, c) ecosystem services 

approaches, d) food-feed competition studies that use measures of feed or land efficiency to 

assess whether feeding livestock is in contradiction with feeding the largest amount of people, e) 

other approaches not covered by the above. 

To gain insight into at which scale studies look at effective biomass use, we categorised studies 

into different spatial scales, these were:  a) global b) transboundary c) country d) regional e) local 

levels. The transboundary level included studies encompassing a range of EU countries or EU 

aggregates, such as the EU-25, EU-28 etc. Studies looking at the supply chain level of a product 

were also coded as transboundary.

Details about biomass generation, biomass source and bioenergy types were also collected. In 

this review we categorised biomass generation into 1st and 2nd generation, depending on whether 

the biomass source is a food crop (1st) or not (2nd) and included feedstocks, such as perennial 

grasses, short-rotation coppice, by-products and wastes. 

Livestock are an essential component to consider when looking at the appropriation of biomass as 

they are important consumers, producers and recyclers of biomass (Wirsenius, 2003). Livestock 

are also important when looking at competition for resources, especially considering that the 

production of meat, aquaculture, eggs and dairy use about 83% of agricultural land globally (Poore 

and Nemecek, 2018). In this study, we looked at whether the study included livestock, information 

on livestock species or types if aggregated, livestock farming system and feed.

Trade is another essential component when considering the effective use of biomass as the source 

of this biomass is increasingly disconnected from its point of consumption (Kastner et al., 2014; 

Tukker et al., 2014). This is also critical for the competition of resources, as the resource burden 

of such biomass is also disconnected from its point of consumption (Tukker et al., 2016). In this 

study, we gathered information on whether trade is considered and if there is a dependency on 

imports to meet demand.

We coded the main factors mentioned in the studies that influence the use of biomass and 



identified the implications (synergies or trade-offs) when pursuing different biomass uses or goals. 

The implications were categorised as a) trade-off, meaning that they are conflicting, and making 

progress on one goal decreases another, b) synergistic, meaning that making progress on one 

goal can aid another or c) neutral meaning that there is no effect (trade-off nor synergy) or the 

outcome is unclear. Examining trade-offs is critical to the problem of food-feed-fuel competition 

(Dixon et. al, 2010; Mirzabaev et al., 2015) since under current rates of resource consumption it 

will become difficult to balance the goals of food security, climate mitigation and energy security. 

Queries

SCOPUS

(

TITLE-ABS-KEY(AGRI* OR AGRO* OR LIVESTOCK OR CROP*)

AND TITLE-ABS-KEY(FOOD AND FEED)

OR TITLE-ABS-KEY(FUEL OR BIOENERGY OR BIOFUEL AND FOOD)

OR TITLE-ABS-KEY(FUEL OR BIOENERGY OR BIOFUEL AND FEED)

OR TITLE-ABS-KEY(FOOD AND FEED AND FUEL OR BIOENERGY OR BIOFUEL)

AND TITLE-ABS-KEY(BIOMASS OR LAND*)

AND TITLE-ABS-KEY(“TRADE-OFF”OR COMPET* OR IMPACT* OR RELAT* OR EFFECT*)

AND NOT TITLE-ABS-KEY (*ALGA*)

)

AND DOCTYPE(ar OR re)

AND LANGUAGE(ENGLISH)

AND SUBJAREA(AGRI OR ENV OR EART OR ENER OR SOCI OR ECON OR MULT OR ENGI)

WEB OF SCIENCE

#1 TS=(AGRI* OR AGRO* OR LIVESTOCK OR CROP*) 

#2 TS=(BIOMASS OR LAND*)

#3 TS=(“TRADE-OFF” OR “TRADE-OFFS” OR COMPET* OR IMPACT* OR RELAT* OR EFFECT*)

#4 TS=(*ALGA*) 

#5 TS=(FOOD)

#6 TS=(FEED)

#7 TS=(FUEL* OR BIOENERGY OR BIOFUEL*)

#1 AND #2 AND #3 NOT #4 AND ((#5 AND #6) OR (#5 and #7) OR (#6 AND #7) OR (#5 AND #6 

AND #7))

Excluded research areas: ETHICS OR GENETICS HEREDITY OR ENGINEERING INDUSTRIAL 

OR CHEMISTRY APPLIED OR COMPUTER SCIENCE INTERDISCIPLINARY APPLICATIONS 

OR GEOGRAPHY PHYSICAL OR FISHERIES OR BIOCHEMISTRY MOLECULAR BIOLOGY OR 

SPECTROSCOPY OR MANAGEMENT OR CHEMISTRY ANALYTICAL OR LAW OR TOXICOLOGY 

OR BIOCHEMICAL RESEARCH METHODS OR PHYSIOLOGY OR PUBLIC ENVIRONMENTAL 

OCCUPATIONAL HEALTH OR PARASITOLOGY OR PLANT SCIENCES OR MICROBIOLOGY 
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OR HUMANITIES MULTIDISCIPLINARY OR ENGINEERING MECHANICAL OR CHEMISTRY 

PHYSICAL OR ARCHAEOLOGY OR ZOOLOGY OR ENGINEERING CIVIL OR MEDICINE GENERAL 

INTERNAL OR GEOCHEMISTRY GEOPHYSICS OR IMAGING SCIENCE PHOTOGRAPHIC 

TECHNOLOGY OR ENGINEERING AEROSPACE OR URBAN STUDIES OR DEMOGRAPHY OR 

CONSTRUCTION BUILDING TECHNOLOGY OR OCEANOGRAPHY OR CELL BIOLOGY OR 

EVOLUTIONARY BIOLOGY OR HISTORY OF SOCIAL SCIENCES OR ELECTROCHEMISTRY 

OR HISTORY OR MARINE FRESHWATER BIOLOGY OR GEOLOGY OR NUCLEAR SCIENCE 

TECHNOLOGY OR ENGINEERING MANUFACTURING OR ENTOMOLOGY OR ENGINEERING 

ELECTRICAL ELECTRONIC OR ENGINEERING BIOMEDICAL OR ORNITHOLOGY OR 

EDUCATION SCIENTIFIC DISCIPLINES OR MECHANICS OR DEVELOPMENTAL BIOLOGY 

OR CHEMISTRY ORGANIC OR CHEMISTRY MEDICINAL OR NUTRITION DIETETICS OR 

LIMNOLOGY OR CHEMISTRY INORGANIC NUCLEAR OR BIOLOGY OR ARCHITECTURE OR 

CHEMISTRY MULTIDISCIPLINARY OR HISTORY PHILOSOPHY OF SCIENCE OR ALLERGY OR 

VETERINARY SCIENCES

AND EXCLUDED PROCEEDINGS PAPER OR BOOK CHAPTER

OVIDSP:CAB Abstracts

1 BIOMASS OR LAND*

2 “TRADE-OFF?” OR COMPET* OR IMPACT* OR RELAT* OR EFFECT*

3 ALGA*

4 FOOD CROPS/ OR EXP FOOD PRODUCTION/ OR FOOD SECURITY/ OR FOOD SUPPLY/

5 FEEDS/

6 BIOFUELS/ OR BIOENERGY/ OR FUEL CROPS/

7 1 AND 2 AND ((4 AND 5) OR ( 5 AND 6) OR (4 AND 6) OR ( 4 AND 5 AND 6)) NOT 3

8 Limit 7 to English language

9 8 and “Journal article” [Publication type]

Deduplication procedure

Recommended to Display in the EndNote library window before de-duplication:

ß	Author

ß	Year

ß	Title

ß	Secondary Title (Journal)

ß	Name of database

ß	Pages



ß	Date of search

ß	 Inclusion/exclusion

Follow in this order

A. Author | Year | Title | Secondary Title (Journal)

B. Author | Year | Title | Pages

C. Title | Volume | Pages

D.  Author | Volume | Pages

E. Year | Volume | Issue | Pages

F. Title 

G.  Author | Year

Import Procedure

When importing from SCOPUS we imported Citation information, Bibliographical information, and 

Abstract and Keywords. When importing from Web of Science we imported the Full record and 

Cited References. When importing from CAB Abstracts we imported the complete reference. 
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Abstract
 
The European Union (EU) envisions a shift towards a bioeconomy to address climate change, 

to reduce dependence on non-renewable resources, to manage natural resources sustainably 

and to achieve food and nutrition security. As a result, biomass will become an increasingly 

important resource in the bioeconomy and will require careful and sustainable management. A 

key challenge is how to balance the increasing demand for non-food materials with food security; 

especially because biomass comes from a wide variety of economic sectors and is governed by 

different policies. The bioeconomy will require coherence between many different policy domains. 

However, little is known how policy goals in these domains interact and how these interactions 

may play out in different contexts. Given the above, this study aims to assess coherence between 

bioeconomy and agro-food policies by assessing the interactions between bioeconomy and 

agro-food goals (i.e. trade-offs, synergies) and by unravelling key uncertainties and knowledge 

gaps underlying these interactions. We conducted a qualitative content analysis of 41 EU policy 

documents across 5 policy domains, namely agro-food, bio-based industry, waste, energy and 

environment. We explored how policies interact, using a survey and focus groups based on 

expert opinion across scientific fields. We find that bioeconomy policy goals and agro-food policy 

goals are largely considered to be consistent and that synergies outweigh trade-offs, both in 

quantity and in strength. However, all bioeconomy policy domains show some trade-offs with 

agro-food policy. We furthermore find uncertainty and disagreement in scientific knowledge-base, 

particularly concerning waste and bio-based industry. Disagreement surrounds the feasibility of 

some policy goals, such as decoupling economic growth from the environment. We conclude 

that a shift towards a bioeconomy will have to acknowledge the interactions between different 

policy goals across the different sectors and avoid ‘silo-thinking’. This can be achieved through 

overcoming vagueness in policies, such as having clear cascading guidelines for biomass.
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1. Introduction
Humans use biomass for multiple purposes, such as the production of food, livestock feed, 

bioenergy and bio-based materials (e.g. bio-plastics, cellulose fibres, pharmaceuticals). Due to the 

growth of the global population and changing patterns of consumption, humans are appropriating 

more biomass than ever before (Krausmann et al., 2013; Smil, 2012). Food demand is expected to 

increase by 50% between 2012 and 2050 (FAO, 2017) and the increasing demand for animal-source 

food will entail higher animal feed demands and will increase pressure on agricultural resources 

(Thornton, 2010). Bioenergy, already an important source of renewable energy, representing 

64% of all renewable energy in the EU (Eurostat, 2016) is also expected to increase as the EU 

seeks to meet 20% of its gross energy consumption through renewables. As economies shift to 

become more bio-based, demands will also increase for bio-based products such as bioplastics, 

biolubricants and biochemicals (Scarlat et al., 2015). If these trends remain unchanged, it will 

become increasingly difficult to meet growing demands without increasing pressure on water, land 

and other natural resources (Muscat et al., 2020). Competing uses for biomass pose a challenge 

of how to meet biomass demand while also managing natural resources sustainably (Godfray et 

al., 2010). Several studies have so far assessed the potential biomass available now and in the 

future to meet human demands (Daioglou et al., 2019; Scarlat et al., 2011; Verkerk et al., 2019). 

However, these studies often focus on only one or two biomass uses (for food, feed, fuel, materials 

etc.) without considering systems-level connections between food-systems, energy-systems and 

other bio-based systems (e.g. forestry).  This results in science recommending either piecemeal or 

inconsistent solutions that lead to several trade-offs (Muscat et al., 2020). 

In 2012, the European Union (EU) adopted the bioeconomy strategy to meet the challenges of 

mitigating climate change, moving away from non-renewable resources, managing resources 

sustainably and achieving food and nutrition security. The EU defines the bioeconomy as ‘the 

production of renewable biological resources and the conversion of these resources and waste 

streams into value-added products, such as food, feed, bio-based products and bioenergy’ 

(European Commission, 2012a). The bioeconomy encompasses all economic sectors where 

biomass is extracted and recovered, linking primary sectors, such as the agricultural, aquaculture 

and forestry sector, with industrial and processing sectors, such as the chemical, energy and 

biotechnology sectors (Kelleher et al., 2019). Biomass streams within the bioeconomy can range 

from food, feed and energy crops, to forestry felling, municipal solid waste and industrial residues. 

However, the diversity of biomass streams and the economic sectors where biomass is sourced 

poses a challenge for the governance of the bioeconomy (Kelleher et al., 2019). This is because 

it requires cooperation between several policy domains and a collective effort to mitigate the 

impact of trade-offs across different policy goals (Ronzon and Sanjuán, 2020). This will not just 

mean balancing demands for biomass for different uses but also implies balancing other goals; 



both within the bioeconomy (e.g. sustainable resource use) but also outside (e.g. maintaining and 

regenerating biodiversity)(European Environmental Agency (EEA), 2018). 

In light of the adoption of the Sustainable Development Goals (SDGs) and the need to overcome 

policy ‘silos’, policy coherence itself has become an important governance goal for the EU (Nilsson 

et al., 2012). The Bioeconomy Strategy (European Commission, 2012a) aims to facilitate coherence 

and synergies and attempts to address trade-offs emerging from the competing uses of biomass. 

Policy coherence has been defined as going beyond ‘do no harm strategies’ to fostering synergies 

across policy domains; identifying trade-offs across spatial scales and over time (OECD, 2016). 

The complexity involved in balancing goals has spurred research interest into policy coherence 

by looking at the interactions between policy goals and how likely they are to reinforce (create 

synergies) or cancel each other (create trade-offs) (International Council for Science, 2017). The call 

to move away from ‘silo thinking’ to a more integrative, systems or ‘nexus’ way of thinking to solve 

policy coherence issues has echoed across a multitude of disciplines and fields (Weitz et al., 2017). 

The prominent role of the agro-food system in the production, provision and utilisation of biomass 

means that the bioeconomy presents a unique opportunity to move towards a sustainable agro-

food system. This can be achieved by fostering new technologies, circular use of resources and 

moving away from fossil fuels. However, it may also create conflicts between sustainability goals 

and may place additional demands on natural resources (OECD and Diakosavvas, 2018). Studying 

the potential interactions between the bioeconomy and agro-food goals can find pathways to 

reduce conflicts and foster synergies. Given the bioeconomy is a relatively new concept, little 

is known how these interactions may play out, therefore finding knowledge gaps, highlighting 

uncertainties and disagreement is also key. 

The contrasting solutions recommended by science (Muscat et al., 2020) as well as the lack 

of integration between policy domains and governance bodies represents both a gap in the 

research and a challenge for governance and policy. It is, therefore, imperative that the complexity 

of interactions between policy domains is well understood. Previous policy coherence studies 

have addressed policy domains such as energy, climate change and forestry (Antwi-agyei et 

al., 2017; Harahap et al., 2017; Kalaba et al., 2014; Lindstad et al., 2015). To our knowledge, 

policy coherence studies have not yet addressed concepts such as the bioeconomy, particularly 

concerning its potential effect on agricultural and food goals. Furthermore, many do not consider 

key uncertainties in the knowledge-base by including measures of agreement and confidence 

between experts. Our aim for this study is to assess coherence between bioeconomy and agro-

food policies in the EU by assessing the interactions between bioeconomy and agro-food goals 

(i.e. trade-offs, synergies) and showing where key uncertainties and knowledge gaps lie regarding 

these interactions. We do this by measuring confidence levels, range of coherency scores and 

expand on survey results using focus groups to highlight uncertainties and other key aspects.
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2. Material and Methods
Policy coherence: definition

Policy coherence has been defined in multiple ways. It has been defined as reinforcing policy 

goals across government ministries, departments and agencies (OECD, 2004) and also across 

policy areas or domains (Gauttier, 2004). It has also been defined as ‘an attribute of policy that 

systematically reduces conflicts and promotes synergies between and within different policy areas 

to achieve the outcomes associated with jointly agreed policy objectives’ (Nilsson et al., 2012: 

396). In this study, we follow the definition of Nilsson et al. (2012) and define coherence as the 

promotion of synergies across policy areas or domains, rather than across institutional bodies 

such as government departments. Assessing the interactions, and their induced impacts and 

effects between various policy areas is possible across domains and spatial/administrative scales 

(Lenschow et al., 2018). In this study, we focus on horizontal and external coherence, which is the 

examination of coherence across one administrative scale (EU) but across different policy domains 

(bioeconomy vs agro-food). Furthermore, while many definitions have been provided for a policy 

domain, for our study we define it as a substantive topic such as environment or climate change 

under which policy goal-setting takes place, irrespective of the governmental institution. Studies 

focusing on policy coherence argue that incoherence can emerge from the tendency to make use 

of specialist policy knowledge within policy domains with little integration of knowledge from other 

domains (Tosun and Leininger, 2017). We define policy incoherence for the bioeconomy as not just 

emerging from a lack of integration but the complexity involved in balancing competing biomass 

uses with biophysical and ecological limits (Muscat et al., 2020). 

Selection of  documents and policy goals

The first stage of our analysis involved qualitative content analysis of policy documents. To find 

relevant documents, we utilised documents referenced in three key documents defining the 

bioeconomy: the 2012 Bioeconomy Strategy and the 2018 update to the Bioeconomy Strategy 

(European Commission, 2018) and the European Environmental Agency (EEA) report “The circular 

economy and the bioeconomy: Partners in sustainability”(European Environmental Agency (EEA), 

2018). We further conducted searches in EURLEX, using keywords such as “food”, “feed”, “fuel”, 

“bioenergy”, “biofuel”, “land”, “fisheries”, “waste”, “forest”, “biomass”, “bioeconomy”, “bio-based”, 

“agriculture”. We included several types of policy documents, such as regulations, directives and 

communications, but excluded non-strategic or goal-setting documents. Our selection included 

41 documents related to 5 policy domains: waste, bio-based industry, environment, renewable 

energy and agro-food (Supplementary Material). These policy domains were chosen based on 

their importance to the bioeconomy, particularly as they govern economic sectors that provide 



biomass, utilise biomass or contain important goals for the bioeconomy (European Environmental 

Agency (EEA), 2018).

From these 41 documents, multiple goals could be identified for each policy domain, as presented 

in Table 1. To make the final selection of goals, we conducted qualitative content analysis (Flick, 

2014), using the qualitative data analysis software Atlas.ti version 8.4.4 (Friese, 2012). EU policy 

documents were coded for goals as stated in the document. Goals were selected based on their 

relevance to the research questions, particularly policy goals needed to be related to biomass 

production, utilisation or consumption. Selected goals stated the objective or target clearly and 

were delineated as such to be the purpose of the policy within the document. Goals mentioned 

more than once in the same or different documents were excluded. This process resulted in an 

overview of EU policy goals domains from 15 policy documents (Table 1) and was used to assess 

the coherency. 

Table 1. Selected policy goals for presentation to experts across 5 policy domains. All domains were 

scored against EU Agro-food policy goals.

POLICy
DOmAIn

CODE             GOAL ExPLAnATIOn

EU Waste policy domain 

Waste1 Reduce waste Adhere to the waste hierarchy and reduce waste 
generation

Waste2 Cascade 
biomass

Encourage the cascading principle taking into 
account all biomass-using sectors utilising 
biomass in the most resource-efficient way

Waste3 Energy from 
non-recyclables

Recover energy only from non-recyclable 
materials

Waste4 Ban 
biodegradable 
landfilling

Ban landfilling of biodegradable waste by 2025

EU Bio-Based Industry policy domain

BIO1 Sustainably 
scale biomass

Develop sustainable scaling up of biomass 
supplies

BIO2 New bio-based 
products

Develop new bio-based products and materials

BIO3 Utilise unused 
residues

Encourage innovation to exploit currently 
unused crop residues and marine biomass

BIO4 Replace fossil-
with bio-based 
products

Replace fossil-based products with bio-based, 
recyclable and marine-degradable products
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BIO5 Develop 
biorefineries

Facilitate the development of new sustainable 
biorefineries

BIO6 Healthy and 
sustainable diets

Changes in consumption promoting healthier 
and more sustainable diets

EU Renewable Energy policy domain

Energy1 32% renewable 
energy

Achieve 32% of overall gross energy 
consumption by 2030 from renewable energy

Energy2 14% renewable 
energy in 
transport

Achieve 14% of transport (road and rail) from 
renewable energy

Energy3 More advanced 
biofuels

Incentivise biofuels made from advanced 
feedstocks through double-counting their 
energy content

Energy4 Halt indirect-
land use change

Halt ‘high indirect land-use change’ biofuels by 
2030

Energy5 Biofuels on 
marginal land

Encourage biofuels grown on abandoned, 
severely degraded and contaminated land

EU Environment policy domain

EnV1 Decoupling Decouple environmental impacts from a growing 
economy

EnV2 No net land take No net land take by 2050

EnV3 Water quality By 2020 achieve good status (quality, quantity 
and use) of waters in all EU river basins

EU Agro-food policy domain

Agro1 Food security Food security: access to safe, sufficient, 
nutritious food at all times

Agro2 Healthy soils Preventing soil degradation, restoring soil at 
least with consistent with the current or intended 
use 

Agro3 Domestic and 
organic fertiliser

Incentivise organic fertiliser production from 
domestic sources

Agro4 Domestic protein 
crops

Increase domestic protein crop production 
especially for livestock feed

Agro5 Reduce food 
waste

Reduce food losses and waste

Agro6 Resource 
efficiency

Resource efficiency and nutrient cycling

 



Assessing coherence

To assess the coherence between bioeconomy policies and agro-food policies we used 

expert opinion through an online survey followed by a round of focus-groups for each 

policy domain.

We first presented the selected policy goals (Table 1) in an online survey to obtain expert 

opinion on interactions (synergies, neutral or trade-offs) between bioeconomy vs agro-

food goals. Experts were chosen based on snowballing referrals. All experts were from an 

academic background and belonged to different scientific disciplines, aligned with the policy 

domains. The online survey was sent to a total of 40 experts. Experts were presented with 

the goals in Table 1. Experts were asked to score the effect of one policy domain of their 

expertise (waste, bio-based industry, environment, renewable energy) on agro-food policy 

goals. To assess the level of coherency between policy domains we employed the scoring 

framework used by Nilsson and colleagues, (see e.g. International Council for Science, 2017; 

Nilsson et al., 2018, 2012) (See Fig. 1 below).

Fig 1. Coherency Scoring system (adapted from Nilsson, 2017)

The coherency scoring system is a 7 point scale where interactions between policy goals 

can be scored as positive (+ 3 to +1), meaning that the goals can positively contribute to 

one another, negative (-1 to -3) meaning the goals negatively affect each other, and neutral 

(0), where two goals are independent of each other and no interaction is known. Inspired 

by the ‘NUSAP’ approach, a system for the communication of uncertainty in science, (Van 

Der Sluijs et al., 2005), experts were also asked to indicate the confidence level (i.e. low, 

medium or high confidence) in the assessment of each goal interaction. Further, additional 
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Assessing coherence

To assess the coherence between bioeconomy policies and agro-food policies we used 

expert opinion through an online survey followed by a round of focus-groups for each 

policy domain.

We first presented the selected policy goals (Table 1) in an online survey to obtain expert 

opinion on interactions (synergies, neutral or trade-offs) between bioeconomy vs agro-

food goals. Experts were chosen based on snowballing referrals. All experts were from an 

academic background and belonged to different scientific disciplines, aligned with the policy 

domains. The online survey was sent to a total of 40 experts. Experts were presented with 

the goals in Table 1. Experts were asked to score the effect of one policy domain of their 

expertise (waste, bio-based industry, environment, renewable energy) on agro-food policy 

goals. To assess the level of coherency between policy domains we employed the scoring 

framework used by Nilsson and colleagues, (see e.g. International Council for Science, 2017; 

Nilsson et al., 2018, 2012) (See Fig. 1 below).

Fig 1. Coherency Scoring system (adapted from Nilsson, 2017)

The coherency scoring system is a 7 point scale where interactions between policy goals 

can be scored as positive (+ 3 to +1), meaning that the goals can positively contribute to 

one another, negative (-1 to -3) meaning the goals negatively affect each other, and neutral 

(0), where two goals are independent of each other and no interaction is known. Inspired 

by the ‘NUSAP’ approach, a system for the communication of uncertainty in science, (Van 

Der Sluijs et al., 2005), experts were also asked to indicate the confidence level (i.e. low, 

medium or high confidence) in the assessment of each goal interaction. Further, additional 

space for qualitative comments was provided. We received a total number of 24 responses 

(n=4 for waste, n=5 for bio-based industry, n=10 for environment, n=5 for renewable energy). 

The online survey aimed to score a large number of policy interactions and consider each 

interaction thoroughly. A total of 108 possible policy interactions were scored by every 

respondent in the online survey.

 

After the survey, responses were gathered, the data was summarised with the median 

and range of the coherency score and the median of the confidence score (1 equal to 

‘low confidence and 3 equal to ‘high confidence’). These results were then presented to 

experts in a focus group. A separate focus group was held per policy domain with 3-4 

experts attending per focus group along with a facilitator and note-taker.  We presented the 

interactions from the survey where experts agreed or disagreed the most (highest range), as 

the interactions where experts agree or disagree the most are likely to be the most insightful. 

The focus groups lasted for 1 to 1,5h, were audio-recorded and notes were taken. The data 

was then analysed using thematic content analysis. The interactions between policy domains 

and agro-food policy, the result of the survey and outcomes of the expert workshops are 

presented in Figure 2, 3 and Table 2 overleaf.

 

3. Interactions between bioeconomy 
and agro-food goals
This section first presents the results of the online survey (Figure 2 and 3), before presenting 

the results from the focus groups. (Table 2). Figure 2 shows the results from the survey 

considering the median score for coherency only. In this case, results indicate that 

bioeconomy policy goals are perceived to be largely consistent (meaning two goals do 

not interact) or synergistic (meaning two goals interact positively) with agro-food policy 

goals.  While all four policy domains register synergies across all three possible synergistic 

scores (enabling +1, reinforcing +2, indivisible +3), trade-offs are weaker in strength. All 

policy domains have some trade-offs, with all policy domains having some goals that may 

be ‘constraining’ on agro-food policy. However, only the energy policy domain had some 

interactions that were counteracting. No two policy goals were found to be so incoherent 

as to be cancelling each other out. All policy domains also had many interactions that were 

considered to be consistent, meaning that the policy goals do no interact either positively or 

negatively. Waste policy has the largest potential for synergies with agro-food policy, while 

energy has the least potential.



Fig. 2. Interactions (trade-off, synergy or consistent) between policy domains and agro-food policy. Size 

of bars shows the percentage of interactions with a given score while colour shows strength (positive/

negative) of the coherency score. 

Figure 3 presents the results of the survey by presenting the coherency score, the range of 

scores and the confidence score for each pair of goals across the different policy domains. 

Figure 3 indicates that the agro-food goals of ‘Food security’, ‘Reduce food waste’ and 

‘Resource efficiency’ have the most synergistic effects, showing the more positive coherency 

scores than other agro-food goals. To reduce food waste, the waste goals ‘Reduce waste’ 

and ‘Cascade biomass’ have the most potential, with scores of 3 and 2.5 respectively. To 

improve resource efficiency, bio-based industry goals, such as ‘Ban biodegradable landfilling’, 

‘Utilising unused residues’, can have synergistic effects. Decoupling environmental impacts 

from a growing economy was also assessed to have a synergistic effect on resource efficiency 

in the agro-food system. The agro-food goals with the most trade-offs were ‘Domestic and 

organic fertiliser’ and ‘Domestic protein crops’. Both goals entail increasing domestic supplies 

of biomass i.e. within the EU. 

However, digging further into the results from the survey shows gaps and uncertainties in 

the knowledge-base. While the coherency scores show that bioeconomy and agro-food 

goals interact positively or do not interact at all, looking into the range of coherency scores 

(which measures expert disagreement) and the confidence scores (which measures expert 

confidence) gives a different picture. Figure 3 below shows that relying on the coherency 

score alone may be misleading. The coherency scores frequently had large ranges even for 

interactions and policy domains that were scored with high confidence, for example, the effect 

of cascading biomass (Waste2) on healthy soils (Agro2). The reverse was also true, where 
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Fig. 2. Interactions (trade-off, synergy or consistent) between policy domains and agro-food policy. Size 

of bars shows the percentage of interactions with a given score while colour shows strength (positive/

negative) of the coherency score. 

Figure 3 presents the results of the survey by presenting the coherency score, the range of 

scores and the confidence score for each pair of goals across the different policy domains. 

Figure 3 indicates that the agro-food goals of ‘Food security’, ‘Reduce food waste’ and 

‘Resource efficiency’ have the most synergistic effects, showing the more positive coherency 

scores than other agro-food goals. To reduce food waste, the waste goals ‘Reduce waste’ 

and ‘Cascade biomass’ have the most potential, with scores of 3 and 2.5 respectively. To 

improve resource efficiency, bio-based industry goals, such as ‘Ban biodegradable landfilling’, 

‘Utilising unused residues’, can have synergistic effects. Decoupling environmental impacts 

from a growing economy was also assessed to have a synergistic effect on resource efficiency 

in the agro-food system. The agro-food goals with the most trade-offs were ‘Domestic and 

organic fertiliser’ and ‘Domestic protein crops’. Both goals entail increasing domestic supplies 

of biomass i.e. within the EU. 

However, digging further into the results from the survey shows gaps and uncertainties in 

the knowledge-base. While the coherency scores show that bioeconomy and agro-food 

goals interact positively or do not interact at all, looking into the range of coherency scores 

(which measures expert disagreement) and the confidence scores (which measures expert 

confidence) gives a different picture. Figure 3 below shows that relying on the coherency 

score alone may be misleading. The coherency scores frequently had large ranges even for 

interactions and policy domains that were scored with high confidence, for example, the effect 

of cascading biomass (Waste2) on healthy soils (Agro2). The reverse was also true, where 

experts all scored the same score but with low to medium levels of confidence (e.g. Bio2 on 

Agro3). Concerning the range, there were only a few interactions where all experts converged 

to the same score, these were: Bio2 ‘New bio-based products’ on Agro3 ‘Domestic and 

organic fertilisers’, Energy4 ‘Halt indirect land-use change’ on Agro5 ‘Reduce food waste’ and 

Energy5 ‘Biofuels on marginal land’ on Agro 5 ‘Reduce food waste’. Nevertheless, ranges of 

scores for most policy domains were particularly high within the environment policy domain, 

particularly for Env1 goal of ‘Decoupling and for the Waste and Bio-based industry policy 

domains concerning Waste2 ‘Cascade biomass’ and Bio6 ‘Healthy and sustainable diets’. 

Hence, and despite the median would show a consistent coherency score, the ranges provide 

a wider and sometimes conflicting picture. This could be because there is a great deal of 

uncertainty around the feasibility of achieving some goals (e.g. decoupling) or to different 

interpretations of the goals and imaginaries on how to achieve those goals. This is further 

discussed below in Section 4.

Concerning the confidence score, the policy domains with the highest confidence were 

waste, energy bio-based industry, particularly when assessing the effects of such policies 

on food security and reducing food losses and waste. This may reflect that scientific 

knowledge surrounding these politically high priority goals may be higher than for newer and 

more specific goals such as Agro3 ‘Domestic and organic fertiliser. This may also reflect 

the large knowledge-base, particularly in the case of energy, regarding the conflict between 

bioenergy production and food security and conflicts around biomass more broadly. However, 

both waste and bio-based industry were the only policy domains that had interactions with 

low confidence; concerning the effect of promoting domestic and organic fertilisers. When 

speaking to experts, it became clear that this was because the knowledge-base concerning 

bio-based industry is still limited (Table 2)

To gain insight into possible explanations from experts about the ranges in coherency scoring and 

the certainty in the answers we organised focus groups that presented the interactions from the 

survey where experts mostly agreed (low range) or disagreed (high range). Table 3 presents the 

results of the focus groups. The focus groups revealed that a complex set of interactions is often 

taking place between two goals that could not be fully captured with the coherency score. As 

explained above and shown in Figure 2, overall interactions were synergistic or consistent when 

considering coherency scores only.
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However, digging into the interactions with experts revealed that some goals may interact in 

multiple, sometimes opposing ways. Even for pairs of policy goals that were scored as consistent, 

interactions were identified that could potentially change the coherency score if the context would 

change in the future. For example, in the case of the effect of the biobased industry goal ‘Changes 

in consumption promoting healthier and more sustainable diets’ on the agro-food goal ‘Increase 

domestic protein crop production especially for livestock feed’, was highly dependent on the 

degree to which sustainable and healthy diets could be achieved in the future. It furthermore 

depended on how a healthy and sustainable diet is defined and the amount of animal-source 

food in the diet. This revealed that coherency scores depended on several factors. Firstly, it 

revealed uncertainties, particularly about resource use or consumption patterns into the future. 

Other uncertainties concerned the feasibility of some solutions which remain, as yet, unproven or 

disputed. The focus groups furthermore revealed context dependencies: the agriculture practice 

or agricultural system, the temporal or geographical, or biophysical scale within which a policy 

is implemented. Furthermore, focus groups revealed some interactions were difficult due to the 

vagueness in the definition of policy terms. We address such wider issues in turn below.

Table 2. Results of the focus groups. Qualitative descriptions of the interactions assessed between 

each policy domain (waste, bio-based industry, environment, renewable energy) and its effect on an 

agro-food goal.

Goals Interactions identified

Effect of On

Waste1
‘Adhere to the waste 
hierarchy and reduce 
waste generation’

Agro4
‘Domestic protein 
crops’

Reducing waste might free up land that could be 
used for protein crops but only to a very limited 
extent. If the land is to be freed for protein 
crops, incentives are needed for efficient land 
use.

Agro5
‘Reduce food 
waste’

The waste hierarchy states that wastes should 
be avoided and reduced, therefore there is a 
strong synergy between adhering to the waste 
hierarchy and reducing food losses and wastes.



Waste2 
‘Encourage the 
cascading principle 
taking into account 
all biomass-using 
sectors utilising 
biomass in the most 
resource-efficient 
way’

Agro2
‘Healthy soils’

Cascading biomass may result in more by-
products being directed to livestock feed and 
bioenergy over composting. The resulting 
products, manure and digestate prove easier to 
transport back to the soils where nutrients are 
needed.

However, if a high market value is placed on 
a biomass stream such as crop residues, 
this could threaten soil conservation.  This is 
dependent on the practices applied to prevent 
soil degradation and under what type of farming 
system: organic, agroecological, circular etc.

Agro3
‘Domestic and 
organic fertiliser’

Cascading biomass may mean using more 
waste biomass as livestock feed and bioenergy, 
resulting in manure and digestate but at lower 
quantities and in a less stable state than 
composting.  
However, this is dependent on the priority that 
the cascading principle would place on organic 
fertiliser. 

Agro4
‘Domestic protein 
crops’

Reducing waste will free up land that could 
be used for protein crops but to a very limited 
extent. Freeing up land for protein crops 
requires incentives for efficient land use. In 
addition to above, protein-rich by-products 
should be directed to livestock feed under a 
cascading principle. If a cascading principle 
puts a priority on directing residual biomass 
towards feed, this may potentially improve feed 
security. It would also not be enough to address 
the current feed dependency.

Agro5
‘Reduce food 
waste’

Cascading biomass would mean that certain 
biomass streams will be utilised, translating into 
fewer food wastes and losses. There is a strong 
synergy between the cascading principle and 
reducing food losses and wastes.
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Waste3
‘Recover energy only 
from non-recyclable 
materials’

Agro2
‘Healthy soils’ This is dependent on whether biomass is 

considered a recyclable material. Since it 
is likely a recyclable material, this may limit 
bioenergy and incentivise the use of biomass 
for soil fertilisation. 

Agro3
‘Domestic and 
organic fertiliser’

Waste4
‘Ban landfilling of 
biodegradable waste 
by 2025’

Agro1
‘Food security’

Banning biodegradable waste may mean that 
there is an incentive for these biomass streams 
to be converted into food and feed, which may 
help food security. However, if these biomass 
streams are incinerated than there is no link to 
food security. 

Goals Interactions identified

Effect of On

BIO2
‘Develop new bio-
based products and 
materials’

Agro3
‘Domestic and 
organic fertiliser’

The development of new bio-based materials 
may compete with the production of organic 
fertiliser, particularly because in the initial 
phases of development of bio-based products, 
the more raw material is needed. 

BIO4
‘Replace fossil-based 
products with bio-
based, recyclable and 
marine-degradable 
products’

Agro3
‘Domestic and 
organic fertiliser’

The development of new bio-based materials 
may compete with the production of organic 
fertiliser, particularly because in the initial 
phases of development of bio-based products, 
the more raw material is needed. Developing a 
bio-based product that is marine degradable 
may also need more raw material in the initial 
phases of development.

BIO5
‘Facilitate the 
development of 
new sustainable 
biorefineries’

Agro3
‘Domestic and 
organic fertiliser’

The development of new biorefineries may 
create competition across different biomass 
applications, such as with the production of 
organic fertiliser, particularly because in the 
initial phases of development of bio-based 
products, the more raw material is needed. 



BIO6
‘Changes in 
consumption 
promoting healthier 
and more sustainable 
diets

Agro4
‘Domestic 
protein crops’

Given current consumption patterns, increasing 
domestic protein crop production while 
maintaining the same levels of animal-source 
food consumption will likely come with negative 
environmental effects. On the other hand, if 
the production of domestic protein crops is 
matched with lower livestock demand, such for 
example, feeding livestock only by-products of 
crop production, these goals may be coherent.

Goals Interactions identified

Effect of On

ENV1                   
‘Decouple 
environmental impacts 
from a growing 
economy

Agro1           
‘Food security’

Food production has so far been closely 
linked with environmental impact. However, 
food security encompasses more elements 
than production, such as access. Decoupling 
would, therefore, have no interaction with these 
elements of food security. 

Agro2       
‘Healthy soils’

Decoupling growth from environmental impacts 
would have a positive impact on soils as 
production, even if increased, would have a 
limited environmental impact. 

Agro5
‘Reduce food 
waste’

If the economy is to decouple from environmental 
impacts then a reduction in food losses and 
waste will be beneficial as this can mitigate 
several environmental impacts (e.g. water use)

Agro6
‘Resource 
efficiency’

If the economy is to decouple from environmental 
impacts then increased resource efficiency 
and improved nutrient cycling are essential. 
Economic development must come from the 
reuse and recycling of materials rather than the 
extraction of new materials. 
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ENV2                            
‘No net land take by 
2050’

Agro1           
‘Food security’

To feed a growing population, increased land may 
be needed, particularly if current consumption 
patterns do not change. However, food security 
is also about access and distribution, therefore 
no net land may not have a large effect on 
food security. Furthermore, if increased food 
production is needed, many avenues are 
possible to improve productivity. The protection 
of land may safeguard important ecosystem 
services, which may be more important in the 
long-run. 

Agro2        
‘Healthy soils’

If higher yields are needed on the same amount 
of land, this goal may negatively impact soils as 
this may imply land-use intensification. However, 
this is highly dependent on the current use and 
projected use of land. 

Goals Interactions identified

Effect of On

Energy1’                  
Achieve 32% of 
overall gross energy 
consumption by 
2030 from renewable 
energy’

Agro1                 
’Food security’

This depends highly on the renewable energy 
source. If the 32% target is met with bioenergy, 
the potential constraints on land and therefore 
food are very high. The trade-off is expected to 
be far less with solar or wind.

Agro3’     
Domestic and 
organic fertiliser’

It is likely that if organic fertilisers are produced 
from domestic sources, these will be the same 
feedstocks that could be used for biogas 
production to produce energy and reach the 
overall target and the transport target. This may 
limit the available option space for one goal or 
another. However, the use of agricultural wastes 
(e.g. forest felling) or organic fraction of municipal 
waste for biogas can have a dual purpose, for 
bioenergy and fertiliser.

Agro6
‘Resource 
efficiency’

This goal can be achieved by recycling 
resources by converting biowastes to energy. 
However, closing nutrient cycles will be difficult. 
For example, ashes can be returned to soil 
from burnt biomass or digestate from digested 
biomass. However, this may be bulky.



Energy2                 
‘Achieve 14% of 
transport (road and 
rail) from renewable 
energy

Agro5       
‘Reduce food 
waste’

Food losses and wastes may be utilised to 
produce biogas. 

Agro6      
‘Resource 
efficiency’

This goal can be achieved by recycling 
resources by converting biowastes to energy. 
However, closing nutrient cycles will be difficult. 
For example, ashes can be returned to soil 
from burnt biomass or digestate from digested 
biomass. However, this may be bulky.

Energy3            
‘Incentivise biofuels 
made from advanced 
feedstocks through 
double-counting their 
energy content’

Agro2      
‘Healthy soils’

If the transport target is met with advanced 
biofuels, removing residues to make these 
advanced biofuels will lead to soil degradation. 

 
4. Uncertainty, knowledge gaps and 
context dependencies
 
Despite finding that bioeconomy policy and agro-food policy is largely consistent or synergistic 

when considering the coherency score only (Fig 2.) It is also clear that there is significant uncertainty 

and disagreement amongst experts, particularly for some policy goals such as ‘Domestic and 

organic fertiliser’ and domains such as environment. This means that policies surrounding the 

bioeconomy are considered coherent for the most part in trying to balance the various biomass 

applications but many uncertainties and questions remain. 

The focus groups revealed three uncertainties; first the feasibility of decoupling environmental 

impacts from economic growth, second, the future use of land and third, future human diets. 

Decoupling can be defined as either relative when economies grow faster than the rate of resource 

use and environmental impact, or absolute, when resource use and associated impacts decline in 

absolute terms irrespective of economic output (Ward et al., 2016). The range of score reflected 

disagreement on the possibility and extent to which decoupling is feasible, particularly on the 

debate on whether relative or absolute decoupling is possible (UNEP, 2014). Experts believed 

that so far, economic growth, material use and environmental impacts have gone hand-in-hand 
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(O’Neill et al., 2018) and it is difficult to imagine a future where decoupling, particularly the absolute 

decoupling of environmental impacts from economic growth, would be possible. Such discussions 

reflect current scientific debates around the possibility of decoupling (Hatfield-Dodds et al., 2015; 

Ward et al., 2016), which have a long history in the wider question of whether environmental and 

economic goals can ever be reconciled. However, all experts agreed that if decoupling could be 

achieved, it would benefit all agro-food goals, particularly food security, soil health, reducing food 

losses and wastes and improving resource efficiency. 

The future use of land was another source of uncertainty, where experts cited that this depended 

on future consumption patterns and the possibility of sustainable intensification and improved 

crop productivity. Projected future land use is at the heart of many agricultural, energy and climate 

models (Alexander et al., 2017; Prestele et al., 2016). It is also often cited as a key uncertainty 

in these models as land use depends on several factors, such as socio-economic and political 

aspects, consumption patterns and crop productivity (Holman et al., 2017). In the case of 

sustainable intensification, experts argued that this could reduce overall land-use but could come 

with trade-offs, such as impacting soil quality. In the case of improved crop productivity, experts 

cited considerable improvements in crop productivity in past years (Ritchie and Roser, 2019) and 

questioned the degree to which such a trend could continue (Ray et al., 2013; Zhao et al., 2017).

Closely related to land use, the successful implementation of some goals depended to a large 

extent on future human diets and consumption patterns, particularly the amount of animal-source 

food (ASF) in human diets. The transition to sustainable and healthy diets and its relation to 

increasing domestic feed crops for livestock in Europe, for example, (Bio6 on Agro4), depended 

to a large degree on the amount of ASF in human diets. Diets high in ASF are associated with 

higher land use (Gerbens-Leenes and Nonhebel, 2002; Ranganathan et al., 2016; Van Kernebeek 

et al., 2016; Van Zanten et al., 2019, 2018) and would therefore likely reduce the amount of land 

available to plant protein crops. Meeting livestock feed demands with domestic resources would 

be particularly difficult because the EU livestock sector is dependent on feed imports (de Visser et 

al., 2014; Lywood et al., 2009). However, a key opportunity for synergy between these two goals 

could be achieved if consumption patterns shift away from animal-source foods. If livestock are 

fed with by-products from food production and grasses, this could reduce land use and provide a 

domestic source of protein for livestock (Van Zanten et al., 2019). 

It is difficult to overcome many of these uncertainties as they often depend on socio-economic 

and political drivers, particularly in the case of human consumption patterns, which may be 

difficult to predict. Nevertheless, these uncertainties point towards knowledge gaps in research. 

For example, it remains largely unknown how decoupling can be achieved, particularly in the 

context of the bioeconomy because it reintroduces increased dependence on natural resources 

(Giampietro, 2019). Moreover, knowledge is still limited on how the livestock sector can contribute 



to the bioeconomy; potential exists for scoping domestic sources of feed that improve nutrient 

cycling and reduce land use but further research is needed (Van Zanten et al., 2019). 

As governments around the world and international organisations aim for increased coherence 

to meet multiple sectoral goals, science will be called upon to provide a robust knowledge-base. 

However, this will mean that both science and policy will have to contend with increased complexity 

as they seek to govern systems that cannot be predicted by studying the components that make 

up these systems (Geyer, 2012; Kovacic et al., 2019a; Strand, 2002). This will entail dealing with 

uncertainty, of which we identify different types following Kovacic et al., (2016), namely technical 

uncertainty, which is uncertainty emerging out of practical issues, methodological uncertainty, 

having to do with how phenomena are analysed, and epistemic uncertainty, having to do with how 

knowledge is framed and defined.

The uncertainties presented in this study are linked to different context dependencies namely 

implementation, temporal scale, geographical scale, and definition which we relate to different types 

of uncertainty. The policy goals presented above are stated goals in policy documents, however, 

implementing these goals will require a range of different agricultural and environmental practices. 

The degree to which these practices are implemented points towards technical uncertainty, 

as there is no guarantee whether or how these practices may be implemented. To prevent soil 

degradation and restore soils, for example, many different practices may be employed, such as 

crop rotation and no-till practices (Bai et al., 2018). Experts also emphasised that the interaction 

between goals will operate differently depending on the agricultural system. While some goals may 

be conflicting under current agricultural systems this may not be the case in the future if systems 

move towards other forms of farming, e.g. organic farming, circular food systems or farming based 

on agroecological principles (de Boer and Van Ittersum, 2018; FAO, 2016). 

Temporal scale, that is the time over which two policy goals may interact, was also considered 

as important. Experts believed that some policy goals, such as preventing soil degradation, will 

become more important in the future, particularly if current rates of soil degradation continue 

(Gomiero, 2016). In the case of soils, experts believed that many other goals depended on healthy 

soils, particularly food security. The extent of soil degradation, currently and into the future, similar 

to projected land use, is a key source of uncertainty in predicting future food systems (Gomiero, 

2016). Temporal scale will be particularly important for those interactions that do not take place 

in the short-to-medium term but appear after a significant time lag. Policy interactions also 

depend on the geographical scale, both in terms of implementation and in terms of effects. Firstly, 

interactions depend on where the policy goals would be implemented. For example, experts 

argued that while the Netherlands may have enough manure available to meet both energy and 

soil fertility needs, this might not be the case elsewhere in Europe. Experts also doubted whether 

the effects of EU policies outside of the EU should be considered in the assessment. Experts 
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argued the production of food waste in EU countries and their notable role in food trade (Porkka 

et al., 2013), affects the food security of countries elsewhere by externalising the environmental 

impacts of food production (Chaudhary and Kastner, 2016; Lambin and Meyfroidt, 2011; Meyfroidt 

et al., 2010), thereby degrading agricultural resources needed to produce food for local markets. 

However, the knowledge base of the effect of food waste in developed countries on the food 

security of food-producer countries in the Global South is still under-researched but some studies 

indicate lower-food waste in developed countries may provide economic benefits in developing 

countries (Ishangulyyev et al., 2019). Furthermore, food that is unwanted in EU countries due to 

consumer preferences may be exported to developing countries where they disturb local markets 

(Murphy and Hansen-Kuhn, 2019). 

For some domains, particularly that of energy, experts felt that while policies could be coherent 

at a local level, once upscaled, any synergistic effects may be reversed. In the context of waste 

and residue-based biofuels, synergies could be observed at a local scale. For instance, waste 

and residue-based biofuels or ‘advanced biofuels’ have the potential to avoid sustainability issues 

associated with conventional, food and feed crop-based biofuels, such as land-use change, 

increased greenhouse gas emissions and induced higher food prices (Persson, 2013; Popp et al., 

2014; Steinbuks and Hertel, 2016). In the case of conversion of wastes, such as municipal wastes 

and manure, into biogas, this can have the dual advantage of providing both energy and organic 

fertiliser and offsetting greenhouse gas emissions from manure storage (Bidart et al., 2014; Parajuli 

et al., 2018; Tonini et al., 2016).  However, the degree to which the renewable energy target can 

be supplied by advanced biofuels is limited. This is due to several factors, such as the limited 

supply of wastes and residues, other competitive uses for these residues (David Styles et al., 

2015; Tufvesson et al., 2013) (e.g. feed, application to soil) and high energy and infrastructural 

requirements to collect wastes and residues. Furthermore, experts questioned whether bioenergy 

should be based on wastes and residues, given that following the waste hierarchy, the first 

incentive should be to avoid the production of wastes. 

We found a wide range of scores associated with terms with unestablished definitions, such as the 

‘cascading principle’.  Issues of definition point towards uncertainty of an epistemological nature 

where how the scientific analysis or policy goal is framed determines the knowledge acquired. 

This can be seen for example in the interaction between ‘Encourage the cascading principle 

taking into account all biomass-using sectors utilising biomass in the most resource-efficient way’ 

and ‘Preventing soil degradation’. While the general principle behind the cascading principle is 

understood as utilising biomass at its highest utility, there is uncertainty about what highest utility 

may imply, particularly which biomass use corresponds to the highest utility. The strong synergy 

between the waste hierarchy and the reduction of food losses and wastes  (Waste1 on Agro5) 

may indicate that having a clearly defined order for the utilisation of biomass (waste in this case), 

can have beneficial effects. This also points towards the vagueness in the definition of policy 



goals, which means that effects largely depend on context and implementation rather than the 

coherency between different policy domains. Confidence levels, for example, were particularly 

low for waste and bio-based industry policy domains when scored against Agro3 ‘Domestic 

and organic fertiliser’. The lack of clarity regarding what it means to cascade biomass (Waste2), 

sustainably scale biomass supplies (Bio1) or develop biorefineries (Bio5) led to low scores of 

confidence. Issues of scale, temporal, geographical and biophysical depend greatly on the nature 

of the analysis, particularly with the challenges of estimating interactions separated by time and 

space. Issues of scale, therefore, point towards methodological uncertainty.

 

5. Discussion 
The aim of our study was twofold: to assess the effect of bioeconomy policy domain on agro-

food policy by presenting whether they are coherent (trade-offs, synergies) and mapping out key 

interactions and uncertainties. Figure 2, 3 and Table 2 present the results of our survey and focus 

groups conducted with experts. The overall results indicate that when considering the coherency 

score, policies can be considered coherent and that synergies largely outweigh trade-offs. 

However, digging further into the range of scores and confidence levels by experts, the picture 

becomes more complex. The inclusion of both range of scores and confidence levels allowed us 

to see both where there are knowledge gaps and uncertainties (confidence) and where experts 

may have high confidence but disagree (range). We suggest that these measures of uncertainty 

and disagreement be included in future assessment of policy coherence. The knowledge base 

regarding policies is more certain around high-priority goals such as food security and the 

reduction of food waste, particularly between the waste, energy and bio-based policy domains. 

Our results show that key knowledge gaps remain in the waste and bio-based policy domains, 

particularly due to the gaps in the knowledge-base around biorefineries, bio-based products and 

how to increase domestic organic fertiliser. Experts particularly disagreed regarding the possibility 

of decoupling economic growth from environmental impacts and the possible impacts or benefits 

of healthy and sustainable diets. 

However, sometimes disparity in expert opinion could be explained through the lack of definition 

and vagueness of terms/goals. We have shown that this vagueness makes it difficult to assess 

the coherency of these policy goals as their coherence depends on several context dependencies 

such as temporal and geographical scale which will affect implementation. This raises the question, 

what does policy coherence mean in the context of this study? We argue that assessing policy 

coherence is not as straightforward as matching policy goals with scientific evidence (International 

Council for Science, 2017; McCollum et al., 2018). To this end, frameworks have been proposed 

such as the ‘water-energy-food’ nexus to overcome silo, top-down, linear governance models. While 

initiatives to break down silos and apply more integrative approaches such as the ‘nexus’ approach 
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should be lauded, initial evidence indicates that more will be needed to overcome these silos in 

institutional settings (Voelker et al., 2019). This indicates that overcoming such silos will require more 

than technical fixes (Voelker et al., 2019). As argued below, this will mean overcoming vague terms 

for better assessment. Other studies have shown how undefined terms in policy may aid the political 

process (Candel et al., 2014; Kovacic and Di Felice, 2019), however, a distinction needs to be made 

between ambiguity and vagueness. Our study has found both ambiguity rising out of uncertainty 

and vagueness; following Kovacic and Di Felice, (2019), we differentiate between vagueness in 

policy goals, which may serve political purposes, and ambiguity, which arises necessarily out of the 

complexity, uncertainty and incommensurable frames in scientific knowledge.  Vagueness should 

be overcome with better definitions. Ambiguity, on the other hand, may broaden the space for a 

multitude of stakeholders and innovations to take hold (Kovacic and Di Felice, 2019; Termeer and 

Metze, 2019).  However, this may go against the expectations of some institutional actors who 

may expect quick, deep, top-down transitions (Termeer and Metze, 2019) and may explain why 

‘overcoming silos’ has so far not been fully successful (Voelker et al., 2019). 

Insights and recommendations
for science and policy

The presence of trade-offs between bioeconomy policy domains and agro-food policy domains 

shows that scientists and policy-makers will need to overcome ‘silo-thinking’ to find integrative 

solutions. However, our results point towards silo-thinking being difficult to overcome since policy 

success will depend greatly on how goals are defined and particularly on context-dependencies 

such as temporal and geographical scale. Science is furthermore either replete with uncertainty 

regarding some issues (e.g. potential effects of bio-based industry) or with disagreement (e.g. 

decoupling). It is therefore imperative that specific policy domains are designed with potential 

interactions with other policy goals in mind. Furthermore, increased awareness is needed that 

overcoming ‘silo-thinking’ is more than a technical issue as argued above. The best way forward 

may be in overcoming vagueness, by better defining terms,  and embracing ambiguity, which 

allows for different stakeholders to take part in a transition towards a bioeconomy.

Vagueness, for example, can be overcome in the case of the cascading principle. While the EU  

has clear guidelines for the various uses of waste biomass, there are no such clear guidelines 

for biomass in general. The waste hierarchy, as defined in the Waste Framework Directive 

(Directive 2008/98/EC, 2008), states that waste biomass must be utilised for different purposes 

before being used for energy. The cascading principle, which aims to direct biomass towards 

its highest utility use to boost resource-use efficiency, does not yet have a clear definition. More 

importantly, incentives in renewable energy policy, particularly in the Renewable Energy Directive 

(European Parliament, 2009), direct biomass to energy use first. Furthermore, the double-counting 



mechanism, which double-counts the energy content of biofuels made from wastes and residues 

towards the renewable target, similarly incentivises biomass towards energy use before other 

uses (Birdlife Europe and European Environmental Bureau, 2014; Dammer and Essel, 2015). In 

practice, this may lead to competition issues between other uses of residues, e.g. crop residues 

could be utilised to maintain and improve soil health. There is a clear trade-off between making 

a goal-specific, allowing for clear implementation and assessment and making a goal broader 

to gain political agreement and allow space for various solutions (Candel et al., 2014; Kovacic 

and Di Felice, 2019). However, from this assessment, it is clear that some terms would benefit 

better definition and better integration between the various policy domains. The EU would benefit 

from having general guidelines for the cascading of biomass, beyond that specifically related to 

waste. Our results show, that if well implemented, proper cascading use of biomass could create 

synergies and improve soils, food security and reduce food losses and wastes. 

Furthermore, increased awareness is needed about the limitations of some solutions. While waste 

and residue-based biofuels, or ‘advanced biofuels’ have the potential to avoid sustainability 

issues associated with conventional biofuels the degree to which the renewable energy target 

can be supplied by advanced biofuels is limited. It is therefore imperative that the scale to which 

technologies can solve sustainability issues is communicated between science and policy.

Finally, our results have relevance for governance as policy shifts away from silo approaches and to 

more integrative policy-making, such as the Sustainable Development Goals or the water-energy-

food nexus. The multiple sources of uncertainty, spanning across different types of uncertainty, 

namely technical, methodological and epistemic, mean that the relationship between science and 

policy should not be treated as a puzzle-solving exercise. Instead, a more flexible approach should 

be taken to decision-making that adapts to difference scales, contexts and practices. The science-

policy interface under a ‘silo’ approach was characterised by a linear relationship between science 

and policy, where science presents the facts and policy defines goals accordingly. However, 

recognising the interlinkages between different policy sectors means that governance will have to 

take place under uncertainty and thereby complexity (Kovacic et al., 2019a).

 
6.  Conclusions
 Our research shows that considering the coherency score only, bioeconomy and agro-food policy 

could be considered either synergistic or not interacting by experts. Overall, the waste policy 

domain provided the most opportunity for synergies with agro-food goals. The agro-food goals of 

food security and reducing food waste have the most potential for synergies if other goals such 

as reducing waste, using underutilised residues and cascading of biomass are achieved. Our 

inclusion of experts’ disagreement, confidence, as well as focus groups, however, revealed that 



3

The Battle for Biomass | Abigail Muscat
Policy coherence across agro-food and bioeconomy policy domains in the EU

77

policy interactions may be more complex. The knowledge base is more certain around goals such 

as food security and reducing food waste but less so around the increase of domestic organic 

fertiliser. Particularly, our policy coherency analysis revealed key uncertainties such as projected 

future land use, future human diets and the feasibility of decoupling. This left room for ambiguity 

and vagueness. We argued that ambiguity was largely associated with the complexity of the 

issues, while vagueness with undefined policy terms. We conclude that vagueness in policy may 

be overcome through better definition of terms, particularly that of the cascading principle, which 

has a high potential for synergies with agro-food policy. However, “nexus” policy requires also 

working within uncertainty and adapting policy to different contexts, temporal and geographic 

scales, and implementation practices, rather than pursuing universal fixes.  
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Appendix 2.1. 41 documents across the 5 policy domains included in this study

EU Waste Policy 

1. Waste Framework Directive (Directive 2008/98/EC)

2. Commission Communication Towards a circular economy: A zero waste programme 
for Europe (2014)

3. Commission Communication Roadmap to a Resource Efficient Europe (2011)

4. Commission Communication Closing the Loop-An EU action plan for the Circular 
Economy (2015)

5. Commission Communication A European Strategy for Plastics in a Circular Economy 
(2018)

EU Bio-Based Industry Policy 

6. Commission Communication A lead market initiative for Europe (2007)

7. Commission Communication A Stronger European Industry for Growth and 
Economic Recovery (2012)

8. Commission Communication Innovating for sustainable growth: a bioeconomy for 
Europe (2012)

9. Commission Communication For a European Industrial Renaissance (2014)

10. Commission Communication A sustainable bioeconomy for Europe: strengthening 
the connection between economy, society and the environment (2018)

EU Renewable Energy Policy 

11. Commission Communication Biomass Action Plan (2005) [included for background 
info only]

12. An EU Strategy for Biofuels (2006) [included for background info only]

13. Cleaner fuels for road transport (Directive 2009/30/EC)

14. Commission Communication Energy Roadmap 2050 (2011)

15. Commission Communication Accounting for land use, land use change and forestry 
(LULUCF) in the Union’s climate change commitments (2012)

16. Commission Communication European Energy Security Strategy (2014)

17. Commission Communication A Framework Strategy for a Resilient Energy Union 
with a Forward-Looking Climate Change Policy (2015)

18. Indirect Land-Use Change Directive (Directive (EU) 2015/1513)

19. Commission Communication Accelerating Europe’s transition to a low-carbon 
economy (2016)

20. REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
 on the Governance of the Energy Union (2017)
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21. Renewable Energy Directive Final Compromise Text (2018)

EU Environment Policy 

22. Water Framework Directive (Directive 2000/60/EC)

23. Commission Communication Thematic Strategy on the sustainable use of natural 
resources (2005)

24. Commission Communication Our life insurance our natural capital: an EU 
biodiversity strategy to 2020 (2011)

25. Seventh Environment Action Europe ‘Living well, within the limits of our planet’ 
(2013)

EU Agro-food Policy

26. Commission Communication Thematic Strategy for Soil Protection (2006)

27. Commission Communication Tackling the challenge of rising food prices Directions 
for EU action (2008)

28. Commission Communication Addressing the challenges of deforestation and forest 
degradation to tackle climate change and biodiversity loss (2008)

29. Commission Communication The CAP towards 2020: Meeting the food, natural 
resources and territorial challenges of the future (2010)

30. Commission Communication An EU policy framework to assist developing countries 
in addressing food security challenges (2010)

31. Increasing the impact of EU development policy: an agenda for change (2011)

32. Commission Communication Reform of the Common Fisheries Policy (2011)

33. Commission Communication Blue Growth Opportunities for marine and maritime 
sustainable growth (2012)

34. Commission Communication A new EU Forest Strategy: for forests and the forest-
based sector (2013)

35. Commission Staff Working Document Multi-annual Implementation Plan of the new 
EU Forest Strategy (2015)

36. Joint Communication International ocean governance: an agenda for the future of 
our oceans (2016)

37. Joint Statement THE NEW EUROPEAN CONSENSUS ON DEVELOPMENT ‘OUR 
WORLD, OUR DIGNITY, OUR FUTURE’ (2017)

38. Encouraging the production of protein and leguminous plants in the European 
agriculture sector (2017/2116 INI)

39. Commission Communication: The Future of Food and Farming (2017)

40. Legislative Train Schedule, Review of the Fertilising Products Regulation, (2018)

41. CAP Strategic Plans –Proposal for a regulation COM (2018) 392
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Abstract
Appropriating marginal land is seen as a way to overcome a wide range of land-use debates such 

as food-feed-fuel competition, avoiding land abandonment, and preserving nature. As a result, 

there is growing interest in policy and academic communities to identify, define and measure the 

potential of marginal land to overcome these debates. However, multiple definitions of marginal land 

exist due to the various ways of framing the problems and solutions marginal land can address. To 

explore the competing claims on marginal land in these frames, we performed a framing analysis 

of EU policy debates about marginal land. Through this analysis, we find that different actors have 

conflicting ways of framing what problem marginal land can address and what course of action to 

take. These frames do not overcome but form part of contested land-use debates already present 

in Europe. Exact definitions or estimations of marginal land are unlikely to overcome land-use 

debates because land-use decisions are subject to the same competing claims and hence normative 

decisions as land-use decisions around productive land. These marginal land frames reflect a vision 

for how land should be used; for food, feed, fuel or nature. Given the potential policy impact of these 

visions, we argue that deliberative science-policy relationships are needed to deal with ambiguity. 
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1. Introduction

Land is a finite and scarce natural resource. Increased demands for food, feed, bioenergy and bio-

based products, as well as other competing claims on land, exacerbates this land scarcity (Giller 

et al., 2008; Muscat et al., 2020). Land is needed, for example, to preserve habitats, regenerate 

ecosystems and sequester carbon to address challenges such as biodiversity loss and climate 

change (Bryan et al., 2016; Usubiaga-Liaño et al., 2019). This, along with other drivers such as 

urbanisation or infrastructure development, results in many competing claims for land and causes 

competition with food production. This competition, in turn, is associated with sustainability 

issues, such as induced greenhouse gases through land-use change (LUC) and rising food prices 

(Fargione et al., 2010; HLPE, 2013; Lapola et al., 2010; Timilsina et al., 2012). These interlinked 

challenges have led to debates about the most sustainable use of land. 

Debates about more sustainable use of land in the European Union (EU) have centred on several 

issues. Since the 2008 food price crisis, where biofuel production was thought to be contributing to 

rising food prices and food insecurity (Rosegrant and Msangi, 2014), these land-use conflicts have 

taken centre stage in EU policy-making. The 2008 fears surrounding the effect of biofuels on food 

security and development, led to discussions of moving away from food-and-feed-crop-biofuels (e.g. 

maize-based ethanol) to dedicated energy crops and waste-based biofuels. This was thought to avoid 

competition with food production and avoid food price impacts. However, controversy remained 

around the potential effect of these biofuels on LUC and greenhouse gas (GHG) emissions, particularly 

in the revision of the Renewable Energy Directive (Di Lucia et al., 2012a). Besides moving away from 

food-based biofuels, incentives were introduced to grow bioenergy feedstock on marginal land. 

In the run-up to the release of the EU’s Green Deal and the Farm to Fork Strategy, debates also 

surfaced about the pathways to sustainable food systems, in both science and policy. Both 

scientists and policy-makers debated the relationship between food consumption, livestock and 

land use (Foote, 2020; Kollenda, 2020). Alongside these debates, other trends in Europe such 

as land abandonment in rural areas, biodiversity loss and climate change have reinvigorated 

debates about the need to preserve land for rural development, nature conservation or carbon 

sequestration, all while avoiding competition with food production (Benayas and Bullock, 2015; 

Garnett et al., 2017). Such issues resurfaced particularly in the context of how to align the Common 

Agricultural Policy (CAP) with the Green Deal (Schebesta and Candel, 2020). Marginal land often 

featured in these discussions as a solution.

In response to the competition for land, making use of marginal land is often advocated as a 

solution to achieve these bioenergy, biodiversity or carbon sequestration goals without impacting 



food production (Shortall, 2013). The importance of these issues in policy agendas, both inside 

and outside EU institutions, has sparked academic interest in defining, identifying and testing 

the viability of marginal land as a solution. Despite these efforts, marginal land remains poorly 

or ambiguously defined (Shortall, 2013). Furthermore, formulations around marginal land can be 

contradictory. For example, some definitions frame marginal land as ideal for bioenergy crops while 

others argue bioenergy crops are not suitable for such land (Andersen et al., 2005). Definitions may 

focus on biophysical limitations, such as soil quality or economic limitations such as distance 

from key markets. Furthermore, such definitions may include many different types of land, from 

abandoned agricultural land to degraded land or grasslands (Shortall, 2013). This ambiguity allows 

for different expert communities and policy stakeholders to lay claim to marginal land as a solution 

(Muscat et al., 2020). 

To this end, we are interested in understanding the role of marginal land at the centre of these debates 

by examining how different actors in science and EU policy-making frame this land. We particularly 

focus on the EU given its prominent role in land-use debates (Di Lucia et al., 2012b; Gamborg et al., 

2012). Our aim for this paper is to better understand the multiple frames of marginal land by analysing 

how different actors frame both the problems and solutions surrounding marginal land. 

Previous studies have highlighted the complicated assumptions that underlie definitions and 

spatial mapping of marginal land (Nalepa and Bauer, 2012a; Shortall, 2013) and focused on 

stakeholder views of marginal land (Helliwell, 2018; Shortall et al., 2019b; Skevas et al., 2016). 

However, these have so far not focused on analysing the ambiguous idea of marginal land around 

set narratives and related these to current policy discussions. This paper, therefore, contributes 

to ongoing discussions about the role of ambiguity and frames in policy-making. The paper is 

thereby organised as follows: in section 2, we delineate our theoretical framework focusing on the 

role of framing and ambiguous ideas in policy-making. Section 3 sets out the EU policy context, 

addressing the key policy debates in which the frames we present in section 5 are placed. Section 

4 sets our methodological approach and section 5 presents the results organised in eight frames 

surrounding marginal land. Finally, in section 6 we discuss our results and present our conclusions. 

We argue that exact estimations of marginal land are unlikely to fix controversies on land-use due 

to the inherent ambiguity of marginal land. We conclude with a critical reflection on the marginality 

of land and by discussing how to deal with contested frames and ambiguity in policy-making. 

2. Framing marginal land
The multiple framings and representations of marginal land that are produced by different actors 

reinforce the construction of land-use competition as a challenge to be governed. Despite the many 

attempts to define marginal land, the concept remains elusive (Nalepa and Bauer, 2012b; Shortall, 
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2013). According to Dewulf et al. (2005), ambiguity emerges from different ways of framing an 

issue; this makes it unclear what the problem is as well as who and how it needs to be addressed. 

Ambiguity has also been defined as a source of uncertainty or as a form of uncertainty itself. 

Ambiguity can be distinguished from other forms of uncertainty, such as variability uncertainty, 

which relates to the inherent changeability of a given system, and epistemic uncertainty relating 

to imperfect knowledge which can be reduced through better research practices (Brugnach et al., 

2008; Klinke and Renn, 2002; Walker et al., 2003). 

Ambiguous ideas in policy-making have been widely studied in the social science and governance 

literature under several theoretical umbrellas, particularly in the governance under complexity 

literature (Kovacic and Di Felice, 2019; Stirling, 2010). Ambiguity can be a problem in governance 

as much as serve multiple purposes. For example, ambiguous ideas may act as coalition builders 

(Hannah, 2020) or act as ‘consensus frames’ (Candel et al., 2014). This means that ambiguous 

ideas can build coalitions amongst different stakeholders when political solutions need to be found, 

leaving the option-space open when there is uncertainty about the appropriate  technology or 

policy intervention (Beck and Mahony, 2018; Hannah, 2020; Kovacic and Di Felice, 2019; Stirling, 

2010). Consensus frames are powerful concepts that can act as a rallying cry for collective action, 

even if they may hide disagreements (Mooney and Hunt, 2009). Additionally, ambiguous ideas may 

help find solutions in cases where science may not be able to provide clear-cut answers due to the 

complex nature of the problem, leading to uncertainty and incommensurability in the knowledge-

base, especially when there are equally valid but competing frames and values. 

Frames have been shown to have a considerable impact on the policy process and the 

institutionalisation of ideas (Béland and Cox, 2016; Felt et al., 2007; Hannah, 2020). Particularly, the 

role of ambiguous ideas as narrative or frame is important to understand given their ‘performative 

power’ (Beck and Mahony, 2018) in bringing about technologies, pathways or solutions into being. 

Such ambiguous ideas are crucial to understanding their role in finding a way out of ‘wicked 

problems’ such as land-use competition. However, they may also obfuscate inaction and 

ineffectiveness by giving the impression something is being done (Hannah, 2020; Kovacic and Di 

Felice, 2019).

The concept of frames has been utilised across several scientific disciplines, such as 

communication science, psychology and political science. While the exact definition of a frame can 

change depending on the discipline, frames, in general, can be defined as the selection of ‘some 

aspects of a perceived reality… in such a way as to promote a particular problem definition, causal 

interpretation, moral evaluation, and/or treatment recommendation’ (Semetko and Valkenburg, 

2000), citing also Entman, 1993: p. 53). Two approaches to framing can be distinguished: cognitive 

framing and interactional framing (Dewulf et al., 2009). While cognitive approaches focus on mental 

models or cognitive structures an individual may have of a given situation, interactional framing 



focuses more on the communicative and discursive process by which meaning is produced 

(Isendahl et al., 2009). In this paper, we focus on interactional framing. 

Frames can be operationalised by a frame package, which is a set of logical devices that serve 

as an identifier for that particular frame (Van Gorp, 2006). An entire frame package can contain a 

core frame, linguistic devices, such as vocabulary, metaphors or images, and reasoning devices. 

In this study, we were primarily interested in reasoning devices. Reasoning devices are the explicit 

or underlying statements that connect causes with consequences in order and essentially trace 

out causal reasoning (Van Gorp and van der Goot, 2012). These devices can trace the cause of the 

problem as well as potential solutions. 

3. EU policy and research context
Frames do not take place in isolation but often relate to wider scientific and policy discussions. 

The framings on marginal land found in this paper relate to four discussions which are taking place 

within the EU policy context, namely i) biofuels and indirect land-use change (ILUC); ii) the impact 

of biofuels on development; iii) land abandonment and rural development; and iv) livestock and 

sustainable food systems.

 
i) Biofuels and indirect land-use change 
 
The utilisation of marginal land has been suggested as one potential solution for the problem of 

indirect land-use change. In 2003, the EU established a biofuels policy, primarily to reduce GHG 

emissions in the transport sector. Critics accused the policy of inducing both direct and indirect 

land-use change (ILUC). Direct land-use change is when land is converted from one use to another, 

in this case, for bioenergy production. Indirect-land use change is when land-use changes take 

place due to bioenergy production, but the land-use changes are geographically disconnected 

due to a complex cascade of effects. These land-use changes are associated with the release of 

GHG emissions and may therefore reduce the climate mitigatory effects of biofuels (Berndes et 

al., 2015). However, while NGOs pushed the EU Commission to ban ILUC-inducing biofuels, the 

biofuels industry argued that it created many jobs in European rural areas (European Bioeconomy 

Alliance, 2020; Kent, 2016). In 2012, the European Commission presented a legislative proposal 

to address some of these concerns while preserving existing investments. It proposed capping 

food-based biofuels and promoting advanced biofuels (non-food and feed biofuels) made from 

wastes and dedicated energy crops. After several years of deliberations and controversies, the 

revised Renewable Energy Directive (The European Parliament and the Council of the European 

Union, 2018) entered into force in 2018, introducing caps on food-based biofuels and encouraging 

incentives for advanced biofuels, especially if grown on marginal land. The directive remains a 
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bone of contention between different stakeholders, with the bio-based industry arguing policy is 

too harsh and too changeable and environmental NGOs warning that not enough has been done 

to address the negative environmental effects of biofuels (Pilgrim and Harvey, 2010). Particularly, 

the question remains whether marginal land can prove to be a solution to ILUC.

ii) Biofuels and development

Another controversy surrounding bioenergy and land-use is the effect of biofuels on development, 

particularly on food prices, food security and rural development outcomes in low-income 

countries. Biofuels are thought to contribute to rural development in low-income countries by 

providing additional income to farmers and creating new jobs in rural areas. Incomes can be 

particularly improved in marginal land where lower-productivity means lower incomes. However, 

the increase of prices in agricultural commodity prices in 2007/2008 led to discussions about 

revisiting the EU 2003 biofuel policy and later on to the revised Renewable Energy Directive (RED) 

which contains caps for food-based biofuels. Many NGOs argued that there should be a complete 

ban on biofuels as in reality they do not bring rural development but induce a rush for land and 

land grabbing. While marginal land is considered a solution to avoid high food prices, some 

NGOs argued that marginal land is utilised to justify further land grabbing (Borras Jr et al., 2017).  

iii) Land abandonment and rural development
 
Marginal farmland in Europe is at increased risk of abandonment. Farmland abandonment has 

been a key issue in CAP discussions for many years and has been discussed in both policy 

and scientific circles. Land abandonment refers to the abandonment of land that was previously 

used for crops or pasture and has multiple causes, such as areas with natural constraints limiting 

economic viability or economic migration to urban centres (Munroe et al., 2013). It is assumed that 

in the EU, approximately 11% of all farmland is at risk of abandonment (Joint Research Centre, 

2018). The loss of farmland is seen as a problem given the impact on rural communities, where 

primary income from farming for people living in rural areas is lost, as well as traditional forms 

of farming which may be ‘High Nature Value’ (Lomba et al., 2020). High Nature Value farming is 

a term often utilised in this frame to refer to low-intensity farming systems spanning large rural 

areas and has become a term that is enshrined in EU policies such as the Birds and Habitats 

directives and the CAP. Policies and subsidies, such as Less Favoured Areas (LFAs) subsidies 

(LFAs-Regulation 1257/1999), have been designed to support farmers in marginal areas and 

prevent farmland abandonment. Others argue that rewilding in marginal land could be a solution 

to European farmland abandonment, which may yield additional benefits for biodiversity (Benayas 

and Bullock, 2015). 



iv) Livestock and sustainable food systems
 
Increasingly, there is an interest in food systems approaches, both in science and in policy (Fanzo 

et al., 2020; FAO, 2018). As part of a move towards looking at food and agricultural sustainability 

from a systems-wide perspective, a discussion formed about the role of livestock, particularly 

concerning land-use and GHG emissions (Van Zanten et al., 2018). Marginal land in such 

discussions often come up as a way to by-pass the high land use of livestock systems (Mottet et 

al., 2017; Van Zanten et al., 2018). 

Within EU policies, such discussions appeared in the EU Green Deal; particularly within the Farm 

to Fork Strategy (European Commission, 2020) which was released in 2020 to make food systems 

fair, healthy and environmentally-friendly. The strategy was released in part as a response to calls 

from NGOs and scientists to create a common food policy that looked at the entire food system 

and went beyond the CAP (De Schutter et al., 2020; Schebesta and Candel, 2020). The Farm to 

Fork Strategy was also a result of long ongoing discussions some of which centred around the 

role of livestock in a sustainable food system. The Strategy itself aims to direct consumers towards 

alternative proteins and strictly re-assess coupled support for livestock production, focusing only 

on the most sustainable forms of livestock production. Within food systems research, livestock 

systems are considered as a source of competition for resources between food for humans and 

feed for livestock (Mottet et al., 2017). Marginal land is largely recommended as a way to avoid the 

effects of food-feed competition while utilising biomass from marginal land.

These discussions may in turn reflect wider paradigms and themes that characterise discussions 

about land, food and agriculture in general (Sexton et al., 2019; Shortall et al., 2019a). In the 

results section, we place these frames in these wider discussions, looking at which actors utilise 

these frames while in the discussion we delineate how these frames reproduce wider paradigmatic 

discussions about land, food and agriculture. 

4. Material and Methods
4.1 Document Selection

To better understand how marginal land is framed in debates about land use, we collected policy 

documents from EU institutions and other important stakeholders such as NGOs and farmers 

groups as well as scientific documents. We utilised the keyword ‘marginal land’ for all databases 

used. For policy and stakeholder documents, we used the EU databases EURLEX and Knowledge 

4 Policy. As we were also interested in how marginal land is framed in broader EU policy debates, 
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not just within EU institutions, we also included news articles from LexisNexis and position 

documents from NGOs and lobby groups, which were searched via Google. Only the first 10 

pages of hits were included in the search. For scientific documents, we used Scopus as well 

as websites of EU-funded projects about marginal land from Google searches and snowballing 

technique (expanding document list by utilising references in original documents). In Scopus, we 

used the queries “marginal* AND land*”. Only the first 200 results were collected from Scopus, as 

in the course of document analysis (section 3.2) no new themes were being added beyond this 

point. We ordered these results based on the following criteria: only English, published after the 

year 2000, only results with a European location were displayed, only papers and book chapters, 

and results were ordered by relevance. Following data saturation guidelines for qualitative research 

(Saunders et al., 2018), we furthermore ensured data saturation by looking for data that we may 

have missed by looking at key citations in the field and diversifying our list of actors. Documents 

were selected based on the following selection criteria: a) must form part of EU policy debates by 

referring to EU land issues or policies; b) must contain a full causal narrative, i.e. identifies what the 

problem is that the use of marginal land is addressing, the proposed solution and proposed use for 

the land; c) contains some definition of what is marginal/why it is considered ‘available’; d) must be 

in English and e) must be after the year 2000. The final selection yielded a total of 82 documents 

across several actors (Table 1).

Table 1. Final selection of documents. Type of documents, number of documents and source of 

documents

     
Document   
 

Number Source

Scientific papers 37 Scopus

EU project communications 13 Google Search, Project websites

EU Commission Communications 12 EURLEX, Knowledge4Policy

Actor position papers groups websites, 10 Google Search, NGO/Farmer’s

News Articles 6 Google search, LexisNexis, News 
Websites

Consultancies research reports 2 Google search, EURLEX

European Parliament Resolutions 1 EURLEX

Court of Auditors reports 1 EURLEX



4.2 Document Analysis

To analyse the documents, we utilised a frame package analysis (Van Gorp and van der Goot, 

2012) and analysed them in qualitative analysis software, Atlas.ti (Friese, 2012). To achieve this, 

we coded the documents for the problem definition (what problems do marginal land solve or 

not solve), what land is considered marginal, which goals can using marginal land help achieve, 

how can these goals be achieved (e.g. which policy interventions or agricultural practices), non-

solutions (e.g. when an actor identifies a previous solution as not working) and who is making the 

statement. The coding structure used a combination of deductive and inductive coding through 

a preset codebook relating to the criteria mentioned above as well as emerging themes (Fereday 

and Muir-Cochrane, 2006). We furthermore assessed the solutions and non-solutions to address 

key conflicts between frames, using conflict matrices.

5. Results
In this section, we present the results of the framing analysis. Our analysis yielded a total of 

eight frames that are utilised to talk about marginal land in the European science and policy-

making arena. An overview of these frames and their associated actors are presented in Table 

2 below. We find that the proponents of the Sustainable Bioenergy frame represented the 

majority of the actors. Many frames had diverse actors, coming from both science and policy 

stakeholder groups. Only two frames (Marginal land Critique, Low-Cost Livestock) were used 

by scientific actors alone. 

Table 2.  Breakdown of actors by frame. Number and type of actors and percentage of the total amount 

of actors per frame

   

Frame Who How many (% of 
total actors)

Sustainable Bioenergy EU Commission (1), EU projects (1), 
Scientific papers (25), Nature and 
Environment NGOs (4), National Politician 
(1), Bio-Based Industry (1), Farmer’s 
groups (1), EU projects (4), Scientific 
lobby (1), 

41 (60%)
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Rural Development Farmer’s Groups (1), Social Enterprises 
(1), EU Commission (1), EU news portals 
(1), Scientific papers (2), European 
Parliament (1), Court of Auditors (1)

8 (12%)

Ecosystem Restoration EU projects (2), Scientific papers (4) 6 (9%)

Precautionary Principle Nature and Environment NGOs (1), 
Consultancies (2), Green MEP (1)

4 (6%)

Low cost Livestock Scientific papers (3) 3 (4%)

Marginal Land Critique Scientific papers (2) 2 (3%)

Food Security EU Commission (1), Scientific papers (1) 2 (3%)

Land Rights Nature and Environment NGOs (1), Land 
Rights NGOs (1)

2 (3%)

 

A more detailed insight into the frames is provided in Appendix 1. The eight frames found have 

different problem statements, different starting points and feed into different scientific and policy 

discussions. Below we describe each frame and the differences between them in turn. The frames 

are clustered into which wider policy and scientific discussions they feed into. Finally, we discuss 

the key conflicts between the frames where we look at conflicts between different solutions 

presented by the frames and between solutions and ‘non-solutions’.

I Frames that address the Biofuels and ILUC debate

Sustainable Bioenergy

The Sustainable Bioenergy frame revolves around the idea that shifting bioenergy to marginal 

land is one of the key solutions to addressing sustainability issues such as competition with food 

production and direct and indirect land-use change that has plagued bioenergy in the past. This 

frame defines the problem as concerning the definition, assessment and mapping of marginal 

land as well as the lack of its careful management. Advocates of this frame emphasised that 

overcoming this barrier may result in win-win-win situations, particularly in cases where marginal 



land is used for forest bioenergy:

In many of our semi-natural forest ecosystems, this unused potential reduces biological diversity 

and increases the risk of natural disasters such as fires and wind damage. The use of forest biomass 

will therefore create a “win-win-win” situation because the production of bio-energy decreases the 

risk of forest fires and increases producers’ incomes, which allows for further investments into 

sustainable forest management. (Joint position on the promotion of bioenergy from forests, CEPF 

and ELO, 2007)

The debates that surrounded the revision of the RED separated actors that advocated for a way 

out of these sustainability issues and those that would argue that the risk of ILUC may negate 

the benefits of biofuels altogether (see Precautionary Principle below). For the proponents of this 

frame, biofuels still have potential as a climate mitigation strategy. Actors within this frame were 

diverse, spanning from the EU Commission, the bioenergy industry to science and environmental 

NGOs. The majority of actors utilising this frame were scientific actors, either through scientific 

papers or, as in one case, through a temporary scientific lobby group, which lobbied for more 

sustainable bioenergy policy. The majority of actors within this study utilised this frame. 

The solutions recommended by this frame largely related to income support for farmers to plant 

bioenergy crops such as subsidies based on the farming area dedicated to bioenergy cropping. 

These solutions conflict with several other frames, particularly those frames that do not consider 

marginal land a solution (Marginal land Critique, Land Rights) or those that want to decouple 

payments from crop production (Ecosystem Restoration). Nevertheless, proponents of this frame 

consider subsidies do not take into account the variety inherent to marginal land as a non-solution.

Precautionary Principle

The Precautionary Principle frame is careful with recommending marginal land as a solution to the 

problem of ILUC and argues that demand for bioenergy itself may need to be reduced along with 

the utilisation of marginal land. Marginal land can be a solution to land-use change problems by 

avoiding land that would be used for food production but proponents of this frame are quick to 

point out that it is a limited solution. Proponents of this frame utilise, albeit indirectly, a form of the 

‘precautionary principle’; a philosophical and legal principle enshrined in Treaty of the Functioning 

of the European Union (European Commission, 2012b) that allows for decision-makers to adopt 

precautionary measures when scientific evidence is unclear and the problem being addressed 

is characterised by considerable uncertainty (Stirling, 2007). Proponents of this frame argue that 

given there is no clear way out of this uncertainty and that in practice biofuels have come with 

considerable impacts, precautionary measures are needed. The overall growth of the bio-based 
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sector should therefore be kept in check:

We cannot push for excessive growth in all bio sectors – bio-energy, biofuels, bio-based plastics 

and chemicals – without increasing land scarcity, competing with food supply and causing 

biodiversity loss. (Eickhout, 2015)

Proponents of this frame tended to be environmental NGOs or actors with green political 

credentials and were often pushing the European Commission to set strict criteria for avoiding 

ILUC. The solutions are therefore to reduce demands that cause land scarcity in the first place, 

such as reducing demand for bioenergy and utilising already biomass for higher-value uses such 

as chemicals and materials rather than energy. If bioenergy cropping on marginal land still has to 

take place then strict environmental safeguards are needed. Similar to the Sustainable Bioenergy 

frame, the main non-solution is undifferentiated subsidies to grow bioenergy on marginal land. 

Marginal Land Critique

The Marginal Land Critique frame outrightly rejects that marginal land could provide a pathway to 

sustainable bioenergy. The problem is seen to be inherent to the idea of planting crops on marginal 

land: growing crops on marginal land is theoretically possible but will always be too inefficient 

and expensive compared to growing crops on productive land. This is particularly the case for 

bioenergy. Critics of marginal land argue that bioenergy itself is an inefficient way to make energy 

on a large-scale and utilising marginal land would make it even more so. Under this definition, 

whether the land is marginal for economic or biophysical reasons, this will mean that planting 

crops on marginal land will always entail more resources, whether economic or biophysical, in 

comparison to productive land. The use of marginal land is considered inefficient for two reasons, 

firstly it would entail a great bureaucratic effort to monitor land use: 

Owners of land too productive for bioenergy production would have very strong economic 

incentives to cheat and grow bioenergy crops anyway, or to reduce the productivity of their land, 

to get access to the bioenergy market. There would be a need of a bureaucracy of monstrous 

proportions and with super national authority in order to control such a policy (Bryngelsson and 

Lindgren, 2013) 

And secondly, it would always be costly to use marginal land and would thus never reach industrial-

level production without significant environmental impacts. Proponents of this frame who largely 

took a combined biophysical and economic approach, do not dismiss the possibility of planting 

bioenergy on marginal land but rather the possibility of it being economically viable on an industrial 

scale. Proponents of this frame therefore present no solutions and consider utilising public funds 



to incentivise farmers to plant on marginal land as a waste of resources. This frame, therefore, 

conflicts with the Sustainable Bioenergy frame which suggests subsidies for crop cultivation.

II Frames that address the impact of  biofuels on 
development

Food Security

The Food Security frame considers marginal land as an opportunity for rural development in 

developing countries. It is, therefore, one of two frames (see Land Rights frame below) that is 

primarily focused on marginal land outside of the EU. It argues that biofuels could potentially bring 

incomes to marginal areas with challenges in food security by providing additional income. The 

2008/2007 food price crisis revealed biofuels could increase food prices and negatively affect 

food security, however, there was a disparity in food security outcomes between rural and urban 

dwellers (IFPRI-CGIAR, 2008; Kline et al., 2017). The food security frame argues that higher food 

prices could benefit farmers. In contrast to all other frames, this frame considers higher food prices 

from bioenergy as potentially good news for some rural producers in developing countries:

Rising prices offer new income-generating opportunities for farmers and could enhance the contribution 

of agriculture to economic growth, although several factors may slow down this adjustment. High 

agricultural prices provide incentives for public and private investments and programmes to improve 

productivity, reinforce infrastructure, spread production to marginal land and enhance the efficiency of 

agricultural markets. (Tackling the challenge of rising food prices, European Commission, 2008)

The problem is a lack of investment in these lands and the solution is, therefore, to find a way 

to make marginal land more productive by investing in infrastructure and on-farm machinery. 

Non-solutions are anything that may hinder these investments, such as distorted government 

incentives that may discourage rural producers from investing in production rather than moving 

towards urban centres. The Food Security frame stands in opposition to the Land Rights frame 

because it considers marginal land to be a pathway to development rather than a hindrance. 

This frame identifies the problem not as land-use competition or land scarcity but rather that 

populations living on marginal land in developing countries are often food insecure. 

Land Rights 

The Land Rights frame views marginal land as a way to obfuscate the land grabbing effects of 

biofuels. According to this frame, planning bioenergy crops on marginal land is unlikely to solve 
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issues of land grabbing as marginal land is already valuable resources. The Land Rights frame is 

one of two frames that does not consider marginal land to be a solution to land-use competition as 

the frame questions the idea of ‘marginality’ itself, arguing that so-called marginal land, particularly 

in developing countries, are vital resources for local communities:

Most land labelled as ‘marginal’ is in reality already being used by small-scale farmers, herders, 

hunters or foragers, often without official land titles. Such land provides vital functions for 

communities, and the loss of such land damages their food security and livelihoods. (Friends of the 

Earth Europe, 2010) 

The problem, according to this frame, is that the idea of ‘marginality’ itself is problematic and can 

cause unwanted consequences such as land grabbing: 

International Land Coalition (ILC) calls the assumption that abundant ‘unused’ land is available a 

“myth” often perpetuated by host governments trying to attract investors. Evidence suggests that 

there is very little genuinely ‘marginal’ land and that many communities have been displaced and 

their livelihoods destroyed (Friends of the Earth Europe, 2010)

Proponents of this frame were more likely to be from civil society organisations and were producing 

a counter-narrative to the story that Jatropha (a drought-resistant energy crop) can be planted 

on marginal land to produce energy, reduce carbon emissions, bring biodiversity benefits and 

improve rural development. Proponents of this frame did not recommend as many solutions as 

other frames and spent more time debunking frames that propose energy crops on marginal land. 

The solution recommended was to avoid using marginal land completely and instead intercrop 

drought-resistant energy crops next to food crops on a small-scale. This would avoid any 

incentives for land grabbing communal land. This frame potentially conflicts with the Food Security 

frame which encourages investment into marginal land areas that may cause land grabbing.

III Frames that address land abandonment and 
rural development 

Rural Development

The Rural Development seeks to improve the farmer livelihoods, maintain traditional forms of 

farming and maintain biodiversity by utilising marginal land. It considers land abandonment and 

a lack of rural development to be the primary problem. Land abandonment is seen to cause 

biodiversity loss and disintegration of the rural fabric via young people moving away from rural 



to urban areas. Another problem is minimal opportunities for farmers to gain viable livelihoods in 

marginal land. Marginal land, on the other hand, is seen as a way to preserve traditional modes 

of farming and rural landscapes. In this sense, marginal land lands are seen as both the problem 

and the solution. The challenge of land abandonment and rural livelihoods is well encapsulated in 

the following quote:

Traditional and extensive agriculture systems in areas with natural constraints and marginalised 

areas should be promoted throughout the EU, since they are hit hardest by the effects of land 

abandonment in rural areas. (COPA-COGECA, 2020)

Marginal land should therefore be used for, High Nature Value farming, planting bioenergy crops 

and afforestation (often for bio-based applications). This diversity of actors is reflected in this 

frame as farmer’s groups, the European Commission and scientists made use of this frame.

The primary solution to this is direct income support for farmers in marginal land areas and 

to help farmers adapt to marginal conditions e.g. through appropriate livestock breeds. The 

primary non-solution to this frame is for afforestation projects to be given to international 

investors rather than farmers. This is seen to defeat the primary purpose i.e. to ensure income 

to farmers for providing a service. This potentially risks land grabbing and may induce further 

land abandonment. This may potentially conflict with the Ecosystem Restoration frame as it 

recommends afforestation as a key goal, particularly if large afforestation projects are achieved 

through wide-scale non-farmer investment.

 

Ecosystem Restoration

The Ecosystem Restoration frame considers marginal land as an opportunity to deal with the global 

threats of biodiversity loss, climate change and soil degradation. It notes that land is being abandoned 

and considers this as an opportunity for rewilding and ecosystem restoration. The main aim for 

marginal land is therefore achieving environmental sustainability rather than rural development, 

though this can be a welcome effect. Proponents of the Ecosystem Restoration frame argue that 

abandoning land and ‘letting nature take over’ and rewilding may improve biodiversity. In this sense, 

it is the only frame where some actors suggested that marginal land be utilised for non-human 

purposes. Nevertheless, most actors in this frame suggested that increased biodiversity would also 

lead to benefits for humans through ecosystem services. Proponents of the Ecosystem Restoration 

frame reject common perceptions around land abandonment and the best use of marginal land:

contrary to the common perception, traditional agriculture practices were not environmentally friendly 

and that the standards of living of rural populations were low. We suggest that current policies to 
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maintain extensive farming landscapes underestimate the human labor needed to sustain these 

landscapes and the recent and future dynamics of the socio-economic drivers behind abandonment 

(Navarro and Pereira, 2012)

While the Ecosystem Restoration frame takes part in discussions on land abandonment and rural 

development, it also touches upon wider themes of the role of agriculture in improving biodiversity. 

For example, it addresses the so-called ‘land-sparing/land-sharing debate’: a debate that centres 

around whether agriculture should either intensify production with possible detrimental effects on 

biodiversity or extensify production and interweave agriculture and biodiversity. Multifunctionality of 

land and rewilding are presented as a way to connect these two approaches. 

The solutions suggested by this frame, besides rewilding, include low-input farming and afforestation 

to address these problems and this could be achieved through policy instruments such as 

payments for carbon storage or payments for farm-land abandonment. In terms of solutions, the 

Rural Development frame and the Ecosystem Restoration frame are at odds as one frame wants to 

pay farmers to stop abandonment and the other to increase it. This reflects calls to utilise financial 

support for Areas of Natural Constraints for rewilding (Merckx and Pereira, 2015) and a network of 

green areas and High Nature Value farms (European Commission, 2000). The Ecosystem Restoration 

frame also rejects the notion of the Rural Development frame that extensive farming system typical in 

marginal land are more biodiverse. It also rejects the notion that marginal land is:

A mere dormant natural resource waiting to be used, since it may provide multiple benefits and 

services to society relating to wildlife, biodiversity or carbon sequestration. (Gerwin et al., 2018a) 

This frame thereby rejects that land necessarily has to be used for renewable energy as a solution 

to climate change but argues that the aim should be achieving multiple benefits. The second 

difference is that while proponents of the Rural Development frame consider land abandonment to 

lead to biodiversity loss, the Ecosystem Restoration frame considers land abandonment to be an 

opportunity for restoration of the ecosystem.

IV Frames that address livestock and sustainable 
food systems

Low-Cost Livestock

The Low-Cost Livestock frame considers marginal land as a solution to the problem of food-

feed competition and as a pathway to produce sustainable animal-source food. This is largely 



achieved through the grazing of marginal land.

It argues that current food systems utilise resources, particularly land, ineffectively. It recognises 

that livestock production has so far caused considerable environmental effects. Particularly, 

it considers the phenomenon of food-feed competition as a key environmental issue and a 

misuse of agricultural resources. Food-feed competition implies feeding human-edible crops 

or fish to livestock and fish. It also refers to utilising land for the production of animal feed that 

could also be utilised for the production of human food (Mottet et al., 2017). To avoid food-

feed competition, livestock should be fed only leftovers from arable cropping and biomass from 

marginal land i.e. grassland that is not suitable for the production of food crops. The Low-Cost 

Livestock frame tends to emphasise a systems-oriented view and talks of livestock within a 

wider food system, arguing that resource-use should be as effective as possible:

If we want to use livestock for what they are good at, namely converting leftovers from arable 

and grass products into valuable food and manure, we suggest that we should no longer focus 

on reducing footprints of (animal) products per kg of product. …Instead, we should focus on 

improving the efficiency with which livestock recycle biomass unsuited for human consumption 

back into the food system. (Van Zanten et al., 2018)

The frame gains its name from the argument that livestock should be fed only with waste 

and leftover streams that are not edible or needed by humans and frame proponents often 

place themselves between two solutions to sustainability problems in food-systems: those 

who argue for making livestock production more efficient through ‘sustainable intensification’ 

(Petersen and Snapp, 2015) methods (getting more food with fewer inputs) and those who 

argue that consumption of livestock products should be reduced. Proponents of the Low-

Cost Livestock frame present themselves as a third way, arguing that both solutions are 

needed and that marginal land provides one way of leaving livestock in the food system while 

improving sustainability. As coupled support for livestock products may be questioned under 

the Farm to Fork Strategy, the Low-Cost Livestock frame presents itself as a way to produce 

livestock products while using resources sustainably. The Low-Cost Livestock frame is one 

of two frames along with the Marginal Land Critique frame that was only used by scientists. 

The solution under this frame is to utilise biomass from marginal land to feed livestock. 

Grazing these marginal land is also seen to provide additional benefits, such as maintaining 

biodiversity. Grazing may potentially conflict with the Ecosystem Restoration frame solution of 

rewilding if no space for domesticated animals is left in this vision.
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6. Discussion and conclusions
The use of marginal land is recommended as a way to overcome a multitude of land-use 

debates by both scientists and policy-makers; from the role of biofuels on land-use change to 

finding a balance between human use and biodiversity. However, marginal land is often defined 

ambiguously. Our aim for this paper was to better understand the multiple frames of marginal land 

by analysing how different actors frame the problems and solutions surrounding marginal land. 

We found a total of eight frames, each defined the key problems and solutions differently, and 

contributed to a variety of scientific and policy debates taking place in the EU. The fact that 

all frames had a different problem statement and addressed different debates shows the wide 

variability of frames being utilised around marginal land. Unlike consensus frames, which have 

the same starting point but may differ on the course of action, the frames found here addressed 

entirely different debates (Candel et al., 2014). This could be due to the diversity of actors and 

stakeholders that utilise these frames and the ideological differences between them (Emilsson et 

al., 2020). For example, the Rural Development frame was utilised by farmer’s groups while the 

Land Rights frame was utilised by development NGOs interested in land rights. The European 

Commission, on the other hand, featured in many of the frames, reflecting both the internal 

diversity between different Commission directorates but also reflecting the bridging role of the 

European Commission across other EU institutions such as the EU Council and the EU parliament 

(Skogstad and Wilder, 2019). This corresponded to the findings of Candel et al.(2014) who found 

that the EU Commission utilised a multitude of food security frames in the post-2013 CAP reform. 

This leads to a situation where multiple equally valid frames about marginal land exist, resulting 

in a state of ambiguity, i.e. a state in where it is not clear what the problem is, who should solve 

it or how it should be solved (Brugnach et al., 2011). Particularly for some frames, such as the 

Sustainable Bioenergy frame, this ambiguity produced by both the scientific and wider EU policy 

communities on marginal land continue to reinforce the idea of land-use competition as a challenge 

that can be solved using marginal land. This is because marginal land is seen by many frames as 

‘spare’ and ‘free’ and thus not subject to the same conflicts as productive land. In other words, 

the uncertainty surrounding challenges such as ILUC reinforced the idea of marginal land as the 

solution that needs defining. Some frames, such as the Land Rights frame, challenged this idea of 

marginal land as spare land. 

Based on our results we draw three conclusions. First, we conclude that as the frames have 

different starting points and problem statements, this creates ambiguity and we argue this is a 

type of uncertainty. Following research on uncertainty at the science-policy interface we claim 

that the various frames found in this paper can be due to different types of uncertainty: variability 

uncertainty, epistemic uncertainty (Walker et al., 2003) and ambiguity (Brugnach et al., 2008; 



Kovacic and Di Felice, 2019; Stirling, 2007). Variability uncertainty arises from the unpredictability 

of a system, which applies to complex issues such as ILUC, the relationship between biodiversity 

and agriculture, land abandonment and sustainability of food systems which are addressed by the 

frames found in this paper. For example, the uncertainty around whether biofuels on marginal land 

would successfully avoid ILUC led to three different frames largely due to the inherent complexity 

in modelling complex social and natural systems. Reviews of ILUC models show this difficulty in 

dealing with such uncertainty (Ahlgren and Di Lucia, 2014; Di Lucia et al., 2012a). Proponents of 

the Precautionary Principle advocated for careful management based on variability uncertainty. 

Epistemic uncertainty relates to imperfect knowledge, which may be reduced through more and 

better research or better research framing. Proponents of the Sustainable Bioenergy frame argued 

for more and better research on marginal land. However, the differing frames clearly show that a 

third type of uncertainty is playing out: ambiguity that arises from different ways of defining the 

boundaries of the problem. In this sense, marginal land frames represent a situation of uncertainty 

as defined by Brugnach et al., (2008) “the situation in which there is not a unique and complete 

understanding of the system to be managed”. With the various frames of marginal land, there was 

also disagreement about what exactly is to be managed: biofuels and ILUC, land abandonment, 

food security or biodiversity? Policy solutions will therefore likely need to be nuanced and locally 

adapted; for example, subsidies could both exist to preserve traditional ways of farming in areas at 

risk of land abandonment with rich cultural heritage (corresponding to the Rural development frame) 

and in some areas it might make more sense to incentivise abandonment where environmental 

values matter more (corresponding to the Ecosystem Restoration frame).

This leads to our second conclusion, which is that these frames ultimately lead marginal land-use to 

be subject to the same competing claims as for productive land, even though it is largely intended 

to avoid them. It is therefore unlikely that better definitions or accurate estimations of marginal 

land that attempt to reduce epistemic uncertainty will fix the problem, as they will inevitably fall 

into value-based and normative decisions about the best use of land. In this sense, marginal 

land is not ‘free’. There should also be an acknowledgement that marginality is itself a frame 

and we should recognise the inherent anthropocentrism and productivism in such a definition. 

This applied even to frames such as the Ecosystem Restoration frame, which was still based on 

the assumption marginal land should be used and any benefits from rewilding can be assessed 

in terms of ecosystem services. This acknowledgement of marginality as a frame is important if 

marginal land definitions contain problematic assumptions (Nalepa and Bauer, 2012a; Shortall, 

2013). Marginal land can be used to push paradigms of resource productivism that may ignore 

human-environment relationships and ecosystem services that currently remain undervalued 

(Nalepa and Bauer, 2012a) or ignore the wishes of farmers completely (Helliwell, 2018; Shortall et 

al., 2019a; Skevas et al., 2016). The overarching frame is that if land is available it should be used 

(otherwise it would be wasted) and that it should be used for human purposes and/or benefit. No 

frame outrightly denied this assumption, even when rewilding was suggested as in the Ecosystem 
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Restoration frame, rewilding was a way to get ecosystem services that ultimately benefit humanity.

Third, we conclude that making frames clear can be a way to deal with ambiguity by feeding them 

into deliberative processes in science and governance. As marginal land frames largely reproduce 

the contestations around land they are trying to avoid, ambiguity surrounding marginal land may 

need to be maintained to avoid the normative choice of some scientific facts over others, e.g. 

having singular definitions of marginal land that exclude its many potential uses. How can science 

and policy deal with ambiguity? Some have suggested different pathways that decision-makers 

may take to deal with ambiguity, such as rational problem-solving, persuasion and dialogue 

(Brugnach et al., 2011). However, others have suggested that leaving conflicting ideas or frames 

ambiguous may mean no concrete path of action is determined (Candel et al., 2014) and that 

emphasising too much inclusivity in frame-deployment may mean actionable ideas are ignored. 

Losers may have to be shut out and political bargains struck (Hannah, 2020). This is particularly 

problematic when ambiguity blocks legal definitions from being formed and progress slowed (de 

Olde and Valentinov, 2019). In these cases, authors argue that difficult trade-offs ought to be 

made. Nevertheless, while we agree that trade-offs need to be made to reach material gains, 

we argue that a democratic deliberative process is needed whenever there is uncertainty due to 

ambiguity, rather than variability or epistemic uncertainty (Stirling, 2010, 2007). This means that 

making differences as explicit and transparent as possible and revealing the underlying frames 

and how they conflict and contrast can be part of this process. These can contribute to more 

formalised methods such as participatory modelling or Quantitative Story-Telling (Saltelli and 

Giampietro, 2017) which can explore the biophysical and economic viabilities of different frames. 

In EU policy-making, this could mean plural and conditional advice at critical points where science 

interacts with policy (e.g. EU Horizon projects, EU scientific committees and working groups).

Future policy-making will therefore have to contend with these contested visions, as without this 

policies may be repealed (Shortall et al., 2019b). Given the EU’s push for a strong bioeconomy 

and the revision of the Renewable Energy Directive which encourages the use of marginal land 

for biofuels, the continued interest in defining marginal land is likely. Multiple EU projects have 

already sought to define and map marginal land (Gerwin et al., 2018b; Gomes et al., 2018), which 

are likely to come out with conflicting outcomes. The frames also have implications for the Farm to 

Fork Strategy and the CAP given some of the frames’ call for rewilding Europe, limiting livestock 

and using CAP rural development payments to support farmers and nature. While our results have 

shown how some frames contrast in their solutions or non-solutions, they are not necessarily 

mutually exclusive. The recognition that the option-space surrounding marginal land are frames 

rather than mutually exclusive ‘scientifically objective’ stories is the step needed to discuss what 

we want to do with land, whether marginal or not. In this sense, marginal land as a concept is not 

useful if utilised as a panacea concept to overcome wider land-use debates such as land-use 

change or food-feed competition.
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Abstract
Biomass is fundamental to human life. Humans utilise biomass to feed themselves and farm 

animals, to produce energy and, increasingly, to produce innovative bio-based products such 

as bioplastics. Rising global demand means more biomass is being harvested than ever before. 

Coupled with our current linear economic model, these demands will have detrimental effects on 

the earth’s ability to provide a safe operating space for humanity. A circular, bio-based economy 

could provide the pathway to ensuring a sustainable future. Here we present five ecological 

principles to guide biomass use towards a circular bioeconomy: 1) safeguarding and regenerating 

the health of our agroecosystems; 2) avoiding the production of non-essential products and waste 

of essential ones; 3) using biomass streams for basic human needs; 4) utilising and recycling 

all by-products of agroecosystems, and 5) prioritising renewable energy and minimising energy 

use. We also determine what is needed to stimulate the application of these principles to achieve 

the transformation towards a circular bioeconomy. Institutional, technological, organisational, 

behavioural, cultural and market barriers that may halt the required transformation are identified 

and opportunities for change indicated. By introducing an integrative view on biomass via five 

ecological principles and identifying barriers and opportunities, this perspective provides a basis 

for stimulating the essential transformation to a circular bioeconomy.
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1. Introduction
Biomass is the basis of our food system and our future bioeconomy. In addition to food and 

feed production, humans utilise biomass to produce bio-materials such as fibre, biochemicals, 

bioplastics and bioenergy. More biomass has been appropriated over the last century than ever 

(Haberl et al., 2014b; Krausmann et al., 2013), leading to land-use change, biodiversity loss, climate 

change, water pollution and land degradation. As demand for biomass grows due to population 

growth, a shift towards diets rich in animal-source food (Foley et al., 2011) and a desire to move 

towards a bioeconomy (European Environmental Agency (EEA), 2018), these problems are likely 

to worsen. 

The need to transform the economy to avoid exceeding the Earth’s biophysical limit is widely 

recognised (Steffen et al., 2015) and the circular economy is proposed as one of the ways to 

achieve this. While scholars have translated the concept of a circular economy to the food system 

(de Boer and Van Ittersum, 2018; Jurgilevich et al., 2016) existing work applying circular concepts 

to biomass has yet to address its use for functions other than food. An integrated framework 

is still required that prioritises biomass for basic human needs, including food, fibre (clothes), 

pharmaceuticals, functional biochemicals and bio-energy, within planetary boundaries. Addressing 

this gap is crucial given the competition for biomass between different uses (Muscat et al., 2020): 

direct competition for biomass between food, feed, fuel and materials production, and indirect 

competition for the resources needed for production, such as land, water, capital and labour 

(Muscat et al., 2020). 

While many studies touch upon the multitude of social, economic, cultural barriers to the 

transformation to a circular bioeconomy (Kirchherr et al., 2018), few address how these barriers 

may be overcome. Departing from an ecological food-systems perspective, this paper addresses 

these knowledge gaps and presents a circularity framework for food and non-food biomass use 

based on five ecological principles that can help guide policy-makers, businesses, communities 

and individuals. There are institutional, technological, organisational, behavioural, cultural and 

market barriers to implementing these principles, however. In discussing these barriers we identify 

opportunities to stimulate this transformation by placing solutions in the context of systems 

thinking (Meadows, 2009).  

2. Principles for guiding circular biomass use

Five principles are presented for circular biomass use based on the concept of circularity and 

its roots in disciplines such as industrial ecology (Saavedra et al., 2018), ecological economics 

(Giampietro, 2019; Korhonen et al., 2018), agroecology (FAO, 2016) and general systems theory 



(Bertalanffy, 1950). More recently circularity has been combined with concepts of regenerative 

design, cradle-to-cradle and biomimicry (Ellen MacArthur Foundation, 2015). In Figure 1 we 

define agroecosystems as any human-managed system of biomass production, encompassing 

land-based agriculture, fisheries & aquaculture and forestry, including both managed and natural 

elements of the ecosystems. 

The first four principles deal with biomass flows in these agroecosystems while the fifth 

acknowledges that a circular bio-based society cannot be achieved without addressing the role of 

renewable energy and thermodynamic limits.

Figure 1. Biomass flows in a circular bioeconomy. Biomass from aquatic, arable, grassland and 

forest production systems are processed or consumed. By-products and wastes are recycled back 

into the system.
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2.1 Safeguard 

Biomass is the basis of the circular bioeconomy, and its production depends on the health of 

our aquatic, arable, grassland and forest production agroecosystems. To safeguard the health of 

these agroecosystems, agricultural, fisheries and forestry practices are needed that utilise natural 

resources at a rate that does not exceed their regenerative and absorptive capacity. This means 

ensuring that natural resources remain completely and indefinitely available. 

Based on this, our first principle argues that production practices should contribute to the 

conservation and regeneration of the health of agroecosystems and the natural resources they 

provide. For example, humans should not harvest wood or fish at a rate exceeding the growth 

rate of the forest or fish stock and must maintain soil health. The safeguard principle also implies 

minimising or ideally halting the consumption of finite resources like phosphate rock or fossil fuels 

and stimulating the use of regenerative ones (solar and wind energy). 

Not exceeding the absorptive capacity means that waste or losses are emitted at a rate not higher 

than the assimilation capacity of agroecosystems. For instance, greenhouse gas (GHG) emissions 

should not exceed the sink capacity of our agroecosystems. Forests, for example, act as a carbon 

sink as well as a valuable source for paper and pulp, textile or bioenergy industries. The capacity 

of our agroecosystems to act as sinks should be protected. 

Biodiversity plays an essential role in providing a variety of buffering capacities (Jørgensen and 

Nielsen, 1996) and contributing to the ecosystem’s resilience now and in the future. In practice, 

goals to protect this role need to both conserve the natural ecosystems that are left (e.g. zero 

deforestation targets) and regenerate or restore degraded agroecosystems (e.g. regenerate soil 

health, encourage biodiversity-enhancing practices) (Willett et al., 2019). 

Moving towards a circular bioeconomy, therefore, entails more than a simple reduction of 

throughput flows of natural resources: it also implies continuous regeneration of resource quality. 

In the absence of technologies and strategies that reduce emissions or replace the absorptive 

capacity of ecosystems (e.g. carbon capture and storage systems that act as artificial sinks) a 

circular bioeconomy means a greater dependency on the speed of natural cycles.

2.2 Avoid 

Conserving and regenerating healthy agroecosystems also implies questioning wasteful production 

systems and focusing on essential products for humans that need to be produced. Our second 

principle, therefore, addresses the use and production of non-essential bio-based products, and 



the avoidance of losses and waste of essential ones. 

Avoiding non-essential products, losses and waste can prevent the exploitation of natural 

resources (Potting et al., 2016). Moreover, emissions to air, water and soil (Scherhaufer et al., 

2018; Van Kernebeek et al., 2018) are avoided by preventing the impact of production processes 

further upstream. The question then arises: what are essential and non-essential products and 

what is waste?

Food is essential and yet we currently throw away one-third of all food globally each year and 

discard a third of the global fisheries catch for not being the target species (FAO, 2011). These 

estimates do not even include consumption above nutritional requirements (van den Bos Verma et 

al., 2020). People in high to middle-income countries have a higher intake of calories than needed, 

resulting in more deaths linked to obesity than to being underweight (WHO, 2019). One may also 

question the value of ultra-processed foods with their low nutritional value and negative impact on 

health (Rico-Campà et al., 2019; Srour et al., 2019). 

Waste is paradigmatic around production systems for other human needs such as housing and 

clothing. Consumption patterns, in particular, have sped up and the lifetime of our products greatly 

reduced, generating more waste in shorter periods. The rise of fast fashion has reduced the average 

lifespan of a garment to around three years (Daystar et al., 2019). Determining which products 

are essential and non-essential and what is waste rather than a by-product will entail answering 

challenging questions within a discussion between different sectors of society (section 3).

2.3 Use 

As the growing demand for biomass means natural resources supporting production need to be used 

effectively, our third principle refers to the order of priority for its use. We argue that priority should 

start with basic human needs (food, pharmaceuticals, clothes) and sectors without sustainable 

alternatives like the chemical industry (PBL Netherlands Environmental Assessment Agency, 2014). 

Energy, for example, can be produced directly from solar, wind, hydro or thermal sources.  

Biomass is not currently used effectively to meet food requirements. Some 40% of global arable land 

produces high-quality feed for livestock, much of which is human-edible. Similarly, most fish that end 

up in fishmeal are of food-grade quality (Cashion et al., 2017). Direct human consumption of these 

human-edible feeds would be more resource-efficient (Garnett, 2009; Goodland, 1997). Livestock 

and farmed fish, however, can contribute significantly to a sustainable supply of nutrients, especially 

highly bio-available ones such as protein and iron, or nutrients largely absent in plant-sourced food, 

like vitamin B12 and long-chain essential fatty acids (Van Hal et al., 2019a; Van Zanten et al., 2018). 
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Following the use principle, these livestock and fish would only consume leftovers from arable land 

or fisheries and grass resources (recycle principle), not human-edible biomass. In the near future, 

biorefineries can also upgrade leftover inedible biomass streams like cultivated grass into proteins 

which humans can eat (Bos-Brouwers et al., 2012). People can also sustainably harvest and 

consume a larger diversity of aquatic foods from aquatic production systems, each in proportion 

to its natural production capacity (Zhou et al., 2019) (safeguard principle).

Biomass is also required for essential non-food biomaterials that cannot be produced sustainably, 

such as clothing. Availability and resource efficiency can be maximised through the biomass 

cascading principle (Haberl and Geissler, 2000), used multiple times before being converted to 

energy. Directing biomass towards material rather energy uses may sequester carbon for longer 

periods of time (Suominen et al., 2017) and prevent the appropriation of additional biomass (Vis et 

al., 2016). Here we argue for prioritising non-food materials like furniture and housing (Churkina et 

al., 2020) that also sequester carbon if used sustainably. 

Current policy incentives in the EU and US do not take such biomass cascades into account and 

direct biomass to bioenergy before material uses (Keegan et al., 2013). Such cascades should 

also be directed by social norms. We believe biomass cascades are best informed by frameworks 

of human needs (Doyal and Gough, 1991; Max-Neef, 1992) and resource efficiency rather than 

the economics that are leading to current cascade frameworks such as the value-pyramid (Bos-

Brouwers et al., 2012). The production of bioenergy, for instance, is then only desirable or effective 

for biomass streams that are not safe for recycling. Reframing biomass cascades will entail 

rethinking which products are essential for human development. 

2.4 Recycle 

Even if the waste of food and non-food bioproducts is avoided, the production and consumption 

of essential food and non-food bio-based products result in by-products such as manure and 

slaughterhouse waste from animal production. Our fourth principle sees inevitable and unavoidable 

nutrients and carbon in by-products recycled back into the bio-based system, prioritising basic 

human needs over other purposes. 

Based on the avoidance principle, the first priority is not producing human-edible by-products 

such as the middlings from white and brown bread. Inevitable and unavoidable by-products like 

straw or animal/human excreta do contain valuable nutrients and carbon. Recycling them into our 

agroecological systems (Fig. 1) can enrich the soil, fertilise crops, feed farm animals and produce 

bio-materials. 



As we’ve seen, such by-products are recycled back into the system following the cascade 

principle to meet basic human needs. But care must first be taken to ensure they are safe to 

recycle and do not cause harmful effects to humans, animals and the environment. Decisions 

as to what is inevitable, inedible and harmful will have to be taken on a case-by-case basis 

and be context-dependent. For example, while plant-based human-inedible food waste can 

be immediately fed to farm animals, animal-contaminated food waste must be heat-treated 

to deactivate potential diseases before being fed to pigs, poultry, fish and insects. That said, 

recycling may entail a trade-off between food safety and additional energy and transport (Sandin 

and Peters, 2018).

2.5 Entropy 

The driving force behind the recycling of nutrients and carbon in our agroecosystems is energy. 

While biogeochemicals, like nutrients and carbon, are cycled through ecosystems, energy 

flows and cascades from useful to less useful forms of energy(Korhonen et al., 2018) as during 

each energy transformation process, entropy, or disorder, increases. Increased circularity and 

recycling costs energy and a fully circular bioeconomy is difficult given the losses in each 

consecutive cycle (Castro et al., 2007; Korhonen et al., 2018). Our fifth principle advocates 

minimising energy use by working with nature, moving towards renewables and effectively 

utilising the rare metals on which current renewable technologies depend.

Following ecological engineering or design principles, a system can maximise the use of free-

flowing energy from natural sources, particularly the sun. This allows energy systems to be 

designed that ‘work with nature’ to minimise energy use (Bergen et al., 2001).  A good example 

is farming systems such as silvopastoral systems or multispecies aquaculture, which are 

based on ecological principles that minimise energy inputs and are still productive. They show 

how it is better to conserve energy in ecosystems by prioritising material uses over energy use 

(via the principle of cascading) than to increase the use of biomass for bioenergy.

Given the above, as well as the need to move away from fossil fuels, the future circular 

bioeconomy will need to be based on renewable energy. However, current technologies 

depend on finite metals and minerals to produce solar panels or wind turbines (Vidal et al., 

2013). This implies that technologies need to be designed in such a way that finite non-

renewable materials (e.g. lithium and cobalt) can be recycled easily (Grandell and Höök, 2015; 

Kovacic et al., 2019b).
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3. Pathways to transformation: barriers 
and opportunities 
Building a circular economy based on our five principles requires a deep understanding of both the 

main institutional, technological, organisation, behavioural, cultural and market barriers to change 

as well as the opportunities (Fig. 2). There is a clear gap between barriers and opportunities in 

terms of how solutions can be operationalised (Termeer and Metze, 2019). Bridging this gap will 

involve stimulating a transformation of societal behaviour and attitudes via an ambitious vision 

on the circular bioeconomy – such as our five principles – which all stakeholders involved can 

target. This can be achieved by maintaining some ambiguity and leaving room for bottom-up as 

well as top-down approaches (Termeer and Metze, 2019) (national policy strategies vs. citizen-

led initiatives). Possible strategies include the accumulation of ‘small wins’: radical initiatives with 

concrete results that can amplify and accumulate into transformative change (Termeer and Metze, 

2019).



Figure 2. Ecological principles and barriers that need to be overcome for a circular bio-based 

economy. Implementing the ecological principles highlighted here will not come without various 

types of barriers; identifying these barriers also helps open up opportunities for change.

3.1 Institutional

Institutional barriers are those set by political, governing and legislative bodies, including within 

the governance process itself. Recent experiences have shown the need for an integrated rather 

than a ‘silo’ perspective to governance if we are to move towards a circular, bio-based society. An 

integrative perspective that acknowledges interactions across institutions is particularly required 

for biomass as it is produced and used by many different economic sectors, interlinking primary 

production sectors with industrial sectors (e.g. processing, retail) and households (Fig. 1). 

At present, biomass is often governed by different policy domains at different stages of the supply 

chain, creating conflicting or incoherent claims on biomass. For instance, most biomass in the 

EU is directed towards energy first (Birdlife Europe and European Environmental Bureau, 2014; 

Dammer and Essel, 2015) due to renewable energy policies despite cascading principles being in 

place which favour material uses first. Following the above-developed use principles, resource-

efficient cascading can be applied to all biomass while removing distorted policy incentives.

Policy processes, however, are complex and the adoption of ambitious goals is often difficult 

(European Court of Auditors, 2017). This is why it is crucial to determine which policy measures 

are more effective from the perspective of the entire bio-based system and to aim for stronger 

‘leverage’ points that go beyond isolated fixes (Abson et al., 2017). Some policies that support 

increased circularity may find limited political support, such as interventions to reduce animal-

source food consumption (e.g. taxation) or feeding livestock with potentially health-hazardous 

animal-contaminated food wastes. This can result in vicious cycles that inhibit change (Nyborg et 

al., 2016).  

If we are to move beyond the ‘silo’ approach, change is also necessary in the governance 

system. Circularity can be achieved with systems thinking that combines top-down and bottom-

up approaches (Termeer and Metze, 2019; Villas-Bôas et al., 2002) and replaces top-down 

governance models. Policies will need a strong systems-perspective to maintain coherency 

across different sectors that govern biomass and protect against undesirable consequences. 

Policy will also require a vision to maintain stable market incentives and funding for innovation. In 

short, overcoming institutional barriers in the transformation to a circular bioeconomy also means 

transforming the governance model itself and involving diverse stakeholders with the production 

and consumption of biomass. 
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3.2 Technological

Technological barriers relate to the availability and rate of developments for solving or addressing 

key circularity issues. These can be technical bottlenecks, a lack of data and information or cost 

barriers which stop technology from reaching commercialisation.

A circular bioeconomy requires new technologies as well as the redesign of existing ones. 

These can reduce our dependence on the speed of natural cycles by lowering resource use and 

emissions or replacing the absorptive capacity of ecosystems. Examples include carbon capture 

and storage technologies, plants bred for improved photosynthesis and more effective solar power 

(see safeguard principle). The redesign of existing technologies and products is necessary for a 

circular bioeconomy (Sumter et al., 2020) to improve the lifespan, repairability (de Fazio, 2019) and 

recyclability of products. Environmental impacts can be greatly reduced if circularity is taken into 

account at the product design stage (Velenturf et al., 2019).

Currently, product redesign is inhibited by the widespread obsolescence of products (e.g. fast 

fashion) in combination with a lack of skills, investment and incentives for redesign, product 

recycling and remanufacturing infrastructure (Van Eijk, 2015). In addition, many bio-based products 

are coated or mixed with technical materials, such as construction wood, wooden furniture, and 

textiles, hindering their safe return to the biosphere (European Environmental Agency (EEA), 2018). 

Similar to conventional plastics, non-biodegradable bioplastics cannot be easily returned as this 

requires a complex collection and recycling infrastructure (Cho, 2017). This process could be sped 

up with open databases of tried and tested bio-based materials (“Materiom,” 2018). 

3.3 Organisational

Organisational or inter-organisational barriers are those that exist for an organisation, such as a 

business or NGO, and include issues related to supply chains, access to and supply of feedstocks, 

organisational culture and access to information.

A major organisational barrier to circular biomass is the inherent heterogeneity and seasonality of 

biomass. This leads to a dispersed and unstable supply base and swift degradation of biomass. 

Industries have to work together to produce, deliver and process biomass, especially streams 

such as inedible, unavoidable food waste from the food processing industry. This stream may be 

far more homogenous than feedstock streams further down the chain such as consumer waste 

(Teigiserova et al., 2019). 

While entailing many challenges, solutions include moving away from economies of scale, which 



prioritise increasing specialisation, volume and efficiency, to economies of scope, which can exist 

independently of volume and allow multiple products to be produced together. Economies of 

scope can create multiple sources of income, lower overall costs (Teigiserova et al., 2019) and be 

combined with multi-product cascading biorefineries, using waste from one process as feedstock 

for another. A network of biorefineries within proximity can create an economy that minimises 

waste by avoiding the risk of biomass degradation, overcoming the cost of transport and utilising 

wastes from nearby production processes (Teigiserova et al., 2019). 

Such an economy of scope may mean reconnecting areas where biomass is largely consumed 

(cities and urban environments) to areas where biomass is produced (rural and agricultural areas). 

Closing the gap between these areas could improve circularity, by potentially reducing food waste 

(Ackerman et al., 2014) or recycling waste such as human excreta – a rich source of mineral 

phosphorus that would reduce dependence on mineral fertiliser (Van Kernebeek et al., 2018). 

Organisational barriers also relate to end-of-life options for bio-based products. Safe collection 

of such products requires adequate labelling, consumer awareness, and infrastructure and clear 

definitions and standards for what is considered biodegradable under which conditions.

3.4 Behavioural and cultural

Behavioural barriers are values or biases inherent to individuals or institutions which prevent the 

implementation of desirable changes in their behaviour or conduct. Some are inherent to culture, 

related to attitudes, cognitive biases and social values. Cultural barriers halt any paradigmatic 

shift in a society’s culture usually due to a widely-held, ingrained cultural perspective. Research is 

increasingly recognising the role that behavioural and cultural factors play in sustainable behaviour 

(Gifford and Nilsson, 2014; Nyborg et al., 2016; Steg and Vlek, 2009). Access to information 

and knowledge about sustainable practises is not enough to change behaviour (Kollmuss and 

Agyeman, 2002). Behavioural and cultural barriers will have to be overcome to shift consumption 

patterns so they remain within planetary boundaries.  

High-demands for animal-source food, energy and plastics are often associated with behavioural 

and cultural factors such as gender, lifestyle and identity (Rothgerber, 2013; Shove et al., 2015) as 

well as psychological biases. For example, a ‘psychological distance’ bias may be created when 

plastic waste is exported to other countries. This can result in a perception that plastic pollution 

has been solved, increasing its use (Barnes, 2019). What is seen as waste is furthermore culturally 

and behaviourally mediated (Richter, 2017) and there is growing recognition that the causes of 

food waste, particularly at a consumer level, relate to cultural factors such as peer pressure and 

value-perceptions around waste (Aschemann-Witzel et al., 2015; Schanes et al., 2018). 
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Behavioural science studies in how to enact behavioural change on behalf of sustainability provide 

many avenues, including identifying social norms and their tipping points, vicious and virtuous 

cycles of behaviour (Nyborg et al., 2016), meaningful memories and emotional experiences 

(Maiteny, 2010), and appealing to social identities (Byrkjeflot et al., 2013). These can be coupled 

with formal institutional methods, such as streamlining food labelling (Priefer et al., 2016) or 

eco-labels, supermarket ratings and campaigns to normalise sustainable choices (Behavioural 

Insights Team, 2012). Changing the ‘choice environment’ may, in particular, be more effective than 

addressing internal aspects like values and identity (Ölander and Thøgersen, 2014). For example, 

sub-optimal foods such as ‘ugly’ fruit and vegetables that end up as food waste can be tackled in 

the ‘food environment’ via changes in retail practices and consumer awareness. 

Change is needed at the individual level as well as among communities, culture and society at 

large. The latter will, however, require a widespread paradigmatic shift. Structural change can 

be achieved through nudging strategies that alter individual behaviour and small wins such as 

community initiatives and socio-technological innovations (Geels and Schot, 2007; Velenturf et 

al., 2019). Upscaling, deepening and broadening these niche innovations can lead to widespread 

transformations (Termeer and Metze, 2019). 

3.5 Market

Market barriers reduce or block the economic viability of circular products or business models, 

including barriers to market access and environmentally harmful subsidies that inhibit competition.

These barriers are often considered some of the most urgent to overcome (Kirchherr et al., 2018). 

Investment costs to move from non-renewable to biobased products are high as competing 

products (often petrochemical-based) remain cheap compared to their bio-based alternatives due 

to environmental or social costs being external to prices.

As we’ve seen, there is considerable uncertainty of supply when biomass is the primary feedstock 

for production due to its heterogeneity. Other uncertainties around the raw material supply of 

biomass may come from changes in the market itself. For example, avoiding waste may ultimately 

disrupt business plans that rely on waste-biomass as a feedstock. Furthermore, using food waste 

and residues from the food processing industry may provide more stable feedstocks. Dietary shifts 

may, however, alter these biomass streams. 

Some products get locked in and retain their market value despite not being circular. The cost 

of virgin biomass materials currently remains low, while the cost of collection of waste biomass 

remains high. Changing this will require market incentives such as taxes on virgin raw materials 



(Söderholm, 2011). For a fair playing field between bio-based and petrochemical products – and 

internationally across different production areas – environmental impacts should be internalised 

within the final market price. Furthermore, bio-based alternatives can replace petrochemical 

products that already have an established market. These products are called ‘drop-ins’ and 

can be considered an example of a ‘small win’. In the case of bioplastics, products that are an 

improvement on their petrochemical counterparts are ‘smart drop-ins’ (Carus et al., 2017) which 

can help overcome the initial barrier of finding a niche in the market. 

4. Discussion 
Shifting towards a circular bioeconomy requires deep transformations, varying from how we 

cascade biomass and measure progress to the type of economic model we pursue.

Translating the concept of a circular economy into biomass use requires cascading frameworks 

that direct biomass towards its highest value to make the most effective use of the limited resources 

available (Haberl and Geissler, 2000). The principles presented above have various implications for 

existing bioeconomy cascading frameworks for biomass. We suggest that cascading frameworks 

be informed by human needs frameworks accounting for resource efficiency, implying that ‘higher 

value’ is determined by higher need value rather than economic value. Frameworks such as the 

value pyramid, for example, direct biomass towards higher economic value products such as 

cosmetics (Bos-Brouwers et al., 2012). 

Our principles also have implications for circularity concepts such as those of the Ellen MacArthur 

Foundation, which keep technical and biological cycles separate in theory (Ellen MacArthur 

Foundation, 2015). In practice, these two cycles are inherently intertwined as they both contain 

organic and inorganic elements. Complete separation of technical and biological materials is likely 

unrealistic (Velenturf et al., 2019).  

Once the right frameworks are in place, new metrics will be needed to measure progress. Circularity 

metrics for bio-based products, for example, will have to address their appropriation of virgin 

materials and natural resources, clear definitions of biodegradability and measures of toxicity for 

end-of-life options (Spierling et al., 2019). This will require clear definitions of biodegradability 

in different environments. Most importantly, circularity metrics must address the complexity 

and circularity of agroecosystems and the interlinkages in the system such as feed-food-fuel 

competition (Muscat et al., 2020; Van Zanten et al., 2019). Metrics have to measure resource-

efficiency and energy efficiency from the entire bio-based system, such as the land-use ratio (Van 

Zanten et al., 2016) or measures aimed at the most exergetically efficient energy use, such as 

combined heating and power systems (Korhonen et al., 2018; Odegard et al., 2012; Zabaniotou, 
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2018). Current product footprints fall short in addressing these aspects. 

Besides product-based metrics, metrics are needed that define the maximum amount of emissions 

that can be absorbed by (agro)ecosystems in each region. Such regional ceilings avoid collectively 

placing an excessive strain on the environment. A transition towards a circular system, therefore, 

requires a smart combination of metrics at different scales (e.g. product, farm and region). This will 

entail deciding the scale at which recycling should be pursued and nutrient cycles closed. This, in 

turn, involves regional considerations about agroecological conditions as much as a discussion on 

trade and global equity, since achieving increased sustainability in one country may come at the 

expense of another (Mayer et al., 2015; Mayer, 2005).

While circularity can contribute to all three pillars of sustainability (Korhonen et al., 2018), it mainly 

addresses staying within planetary boundaries. But a truly, sustainable circular bioeconomy 

requires us to respect the social foundation (O’Neill et al., 2018; Raworth, 2017). This foundation 

includes essential rights for humans and animals, such as the right to healthy and safe food, labour 

protections and the possibility for farm animals to express their species-specific behaviour. 

Together, the planetary and social boundaries of our food and bio-based systems define a safe-

and-just-operating space where human, animal and planet wellbeing are assured. Transitioning 

towards this space will require a change in the way we value products and services and how they 

are governed. This will likely mean a rethink of our definition of prosperity as we embrace new 

measures of social progress such as Gross National Happiness, Genuine Progress Indicator or 

Human Development Index (Costanza et al., 2009; Kubiszewski et al., 2013). It also opens up a 

series of questions about which economic model to pursue and how to achieve and measure it. 

It will require sustained effort to close the loop in our agroecosystems but achieving this potential 

could set humanity on a path towards socio-economic and planetary prosperity.
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1. Introduction

Humanity’s increasing demands for food, feed, bioenergy and biomaterials have induced 

considerable negative environmental effects on agroecosystems and the biosphere (Krausmann 

et al., 2013; Poore and Nemecek, 2018; Smil, 2012). If these trends continue, the capacity of 

agroecosystems to feed the planet while also providing energy and materials for humanity’s 

needs is at risk. This pressure on the planet’s biophysical boundaries causes competition for 

resources, unexpected interactions and trade-offs between different biomass uses. Governing 

these interactions is difficult because of the inherent complexity of these interactions, but also 

due to the diversity of biomass resources and the diversity of policy domains and institutions that 

are needed to govern them. This thesis, therefore, aims to advance the theoretical and empirical 

understanding of the governance of this problem with the ultimate aim of improving the governance 

process at the science-policy interface.

This discussion chapter is organised as follows: in section 2 I address the problem of biomass 

competition by looking at the central interactions, trade-offs and synergies between the various 

biomass uses found in this thesis. I defined interactions as neutral interconnections; trade-offs as 

when a goal has a negative impact on another goal and synergies as two goals mutually reinforcing 

each other. In section 3 I address how both science and policy can deal with the complexity of 

biomass use and competition. I end the section by suggesting different models of science-policy 

relationships that can deal with complex issues. Finally, in section 4, I discuss how to make a 

transition towards more sustainable use of biomass and a circular bio-based economy before 

providing the central conclusions of this thesis in section 5.

 

2. Battle for biomass: interactions, 
trade-offs and synergies
The interactions between different biomass uses is characterised by complexity. Multiple cross-

cutting interactions, trade-offs and synergies can be identified, as biomass use is both inherently 

connected with environmental as well as with socio-economic outcomes. For example, while 

utilising agricultural by-products for bioenergy can avoid competition with food, these by-products 

could also be used as livestock feed. More land is therefore needed to replace the displaced 

livestock feed (chapter 2). Governing this complexity is challenging for two reasons; first due 

to the interconnected nature of resource use and second due to these connections requiring 

coherence between policy domains and policy goals (chapter 3). Chapter 2 and 3 analysed the 

interactions, trade-offs and synergies across food, feed, fuel, fibre uses of biomass and revealed a 



wide number of interconnections. Three key findings, however, are essential for more sustainable 

use of biomass. First, that high demands, particularly for bioenergy and animal-source food (ASF), 

reduce the ‘biophysical option space’, thereby making it harder to meet other demands, such 

as for other food and fibre. Second, the findings of this thesis suggest that diverting biomass 

streams from high value uses (such as livestock feed) to lower value uses (such as bioenergy) 

lead to negative environmental impacts. This highlights the importance of considering a cascading 

principle, which I come back to in terms of policy trade-offs in chapter 3 and where I presented 

ecological principles to address cascading in chapter 5. Third, there is considerable disagreement 

and uncertainty around solutions, such as utilising marginal land (chapter 4) and advanced biofuels, 

which are recommended to avoid competition between biomass uses.

High demands reduce the option-space

Chapter 2 showed that the effect of the increased demands for biomass, for food, feed and 

fuel, has been extensively studied by the literature. The findings of chapter 2 indicate that high 

demands for bioenergy as well as diets with higher amounts of ASF can shape the ‘biophysical 

option space’. Increased bioenergy demand negatively affects food prices (Persson, 2013) as well 

as forest loss (Lapola et al., 2010), greenhouse gas emissions, nitrogen demand (Beringer et al., 

2011) and on ecosystem services (Burgess et al., 2012; Howe et al., 2014). Pressure on resources 

is also further increased with higher demands of ASF, particularly if this also means higher portions 

of human-edible products are included in animal feed (Schader et al., 2015). Increasingly, studies 

are looking to the ‘option-space’ and how these increased demands affect future scenarios for 

agroecosystems (Erb et al., 2016; Gerten et al., 2020). Three factors found in chapter 2 can help 

ease the pressure of increased demand, namely: higher crop yields, an improvement in the feed 

conversion efficiency and a waste reduction. However, not all factors are equally effective in 

easing this pressure.

Improving crop yields is considered preferable to putting more land into production (Foley et 

al., 2011) and globally, crop yields, particularly for major crops such as wheat, maize, rice and 

soybean have been steadily increasing since the 1960s. However, global agricultural production 

will have to increase between 60%-110% by 2050 if current trends in population growth and 

demands for ASF continue (Alexandratos and Bruinsma, 2012; OECD/FAO, 2018; Tilman et al., 

2011), making it unlikely to be an effective solution on its own.  As a rebound effect, higher crop 

yields may also increase demand for richer diets in ASF, thereby counteracting any land-sparing 

effects that increasing crop yields may have. Furthermore, while crop yields remain an important 

leverage point to ease pressure on resources, their estimation remains a source of uncertainty 

(Haberl et al., 2011).
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The efficiency with which animals convert feed into ASF has improved significantly in high-

income countries. However, these gains have been largely achieved by the increasing use of feed 

ingredients that could be consumed by humans also (Foley et al., 2011). Feed production requires 

around 40% of global arable land (Manceron et al., 2014; Mottet et al., 2017). Human-edible 

products in livestock feed create competition for land between food and feed. The findings of 

chapter 2 suggest it is more resource-efficient, especially in terms of land, to eat the crop directly 

rather than giving it to livestock, despite improved efficiency. Reducing the amount of food-

competitive feedstuffs for livestock may reduce land use (Schader et al., 2015; Van Kernebeek et 

al., 2016). A combination of reducing human-edible and reducing overall ASF consumption would 

result in less pressure on land and decreased competition for biomass resources (Erb et al., 2016). 

For example, taking optimal land use as a starting point, about one-third of dietary protein from 

ASF in the per capita diet would represent the optimal use of land (Van Zanten et al., 2018). Both, 

however, imply a reduction in shares of ASF in the diet from current levels of consumption in high-

income countries. It is now widely established that a reduction in ASF would bring considerable 

benefits to planetary and human health (Behavioural Insights Team, 2012; Willett et al., 2019).

Reductions in food waste along the food supply chains can create several synergies with the 

bioenergy sector (Muscat et al., 2020). Besides improving food security and self-sufficiency, 

reducing losses along the chain means a reduced burden on land thus freeing up of land other 

uses (Welfle et al., 2014). 

The above indicates that a combined approach of production and consumption-side strategies 

for addressing biomass competition is needed. Elsewhere, such strategies are effective in 

avoiding trade-offs across sustainability goals (Obersteiner et al., 2016) and can present a ‘no-

regret’ solution with minimal trade-offs with other policy goals (Van Zanten et al., 2019). Chapter 

5 therefore suggests combinations of production and consumption-side solutions by closing 

biomass and nutrient loops.  

The value and use of  a biomass stream

The results of chapter 2 and 3 emphasise the interlinkages between bioenergy, food and agricultural 

systems. They, for example,  interact through competition between feed and fuel uses. This means 

that bioenergy by-products and waste are used as animal feeds, while agricultural by-products 

and waste can be utilised as bioenergy. However, the use of waste and by-products for bioenergy 

entail trade-offs. Many studies find that switching the use of by-products of agricultural production 

from animal feed to bioenergy has negative environmental effects (Nonhebel, 2007, 2004; David 

Styles et al., 2015; Tonini et al., 2016; Tufvesson et al., 2013; Van Stappen et al., 2016; Van Zanten 

et al., 2014). These impacts are associated with the additional land to compensate for the lost feed 



as well as greenhouse gas (GHG) emissions as a consequence of land-use change. 

Trade-offs and synergies between feed and fuel are dependent on the rate and scale of resource 

use. This requires knowledge of the most resource-efficient solution, such as what the best initial 

use of waste, by-products might be and under what conditions. Integrating food and bioenergy 

chains can provide benefits. Using by-products of biofuel production, such as distiller’s dried 

grains with solubles, and maize stover as animal feed can replace feeds grown elsewhere. Results 

from chapter 2 indicate that utilising such by-products eased the burden on land as a resource 

and reduced the risk of indirect land-use change (Brinkman et al., 2017). While giving credit to 

biofuel by-products may reduce the land use impact of biofuels, this ignores the fact that using 

food crops for biofuels may nevertheless have considerable environmental and socio-economic 

impacts (Fargione et al., 2010; Persson, 2015) and that food crops should be used for food uses 

before biofuel uses from a food security perspective. Lack of consensus continues to exist on 

the extent to which the use of biofuel by-products as feed mitigates the impacts of biofuels 

(Malins, 2017; Shurson, 2017). This raises the question as to which uses (food, feed, fuel, material 

uses) should biomass be directed for effective resource use. This points towards a need for a 

cascading principle. The principle of cascading remains a concept under debate (Stegmann et 

al., 2020; Vis et al., 2016). There are several definitions which can be clustered in three ways: 

directing biomass towards its highest value use; making full use of a feedstock as possible via 

co-production of multiple products (e.g. as in an integrated biorefinery), and the sequential use 

of biomass (Stegmann et al., 2020). As defined in this thesis, cascading is defined as directing 

biomass towards its highest value use. However, this approach requires discussion of what uses 

can be considered ‘high-value’, particularly it raises the question of what is considered valuable 

for whom. In section 4 below I argue that asking these questions may open up much-needed 

discussions about the value in the bioeconomy.  

A cascading principle is set as a key goal of circular economy and bioeconomy policy in the EU 

(Stegmann et al., 2020), yet it remains without a clear definition. As set-out EU policy, cascading 

only means the processing of biomass into a bio-based product that is utilised more than once for 

material or energy use (European Commission, 2020). Despite the lack of definition or guidance, 

this thesis (chapter 3) identified possible interactions with other EU policy goals and showed where 

a better definition could be central to improve the coherency between the bioenergy and food 

systems and address some of the trade-offs between these systems. In chapter 3, the coherency 

between agro-food and bioeconomy policy goal was assessed utilising expert knowledge. For 

example, the cascading principle may affect the EU goal of healthy soils and increasing domestic 

and organic fertiliser. If the cascading principle does not include soil health as part of its definition, 

it may run the risk of diverting biomass streams to livestock feed and bioenergy rather than to 

composting or leaving residues on the field. This is particularly the case if a high market value 

is placed on these residues or incentives are put in place to utilise residues, such as straw, for 
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bioenergy. Currently, such incentives are in place in the revised Renewable Energy Directive 

(European Parliament, 2009) to utilise these residues for so-called ‘advanced biofuels’ or biofuels 

based on non-feed/non-food crops. Synergies are also possible. Chapter 3 shows that the goals 

of resource efficiency and reduce food waste could be potentially synergistic if waste streams 

are used for the production of biogas and digestate is used to close nutrient cycles. However, 

this would only be beneficial if these waste streams are not better used for other purposes before 

bioenergy. The combination of the cascading principle and the goal of reducing food losses and 

waste, however, have a strong synergy, as the cascading principle may lead to more effective use 

of these waste. 

As shown above, the findings of this thesis show switching from high-value (market and application 

value) agricultural by-products such as livestock feed, to lower value uses, such as energy, 

often entails environmental impacts. This points towards the need for a cascading principle 

and prioritisation framework for biomass. However, a cascading principle in EU policy remains 

without a clear definition. Without a clear definition, a cascading principle may result in policy 

incoherencies. I address how the vagueness of this concept can be addressed in section 4 below. 

Uncertain solutions

Two solutions are often recommended to overcome biomass competition issues (chapter 2 and 3); 

first, the use of advanced biofuels or biofuels made from waste, by-products and energy crops that 

are non-food and feed crops. Second, the utilisation of marginal lands, often defined as land that 

is less productive or economically viable for food production. In both cases, the principle lies in 

avoiding resources that might compete with food production. However, there is still considerable 

uncertainty around such solutions. 

It is currently difficult to estimate the potential of advanced biofuels to replace conventional biofuels 

(IRENA, 2019). Currently, advanced biofuel production in the EU is marginal and bioenergy is 

almost entirely produced from forest biomass or energy crops in the agricultural sector (Gurría et 

al., 2017). This may be due to technical barriers, many advanced biofuels are still concepts or pilot 

studies, as well as to economic barriers, such as high implementation costs for implementation 

(Bourguignon and Vandenbussche, 2013). Experts in chapter 3 questioned advanced biofuels due 

to several factors, such as the limited supply of waste and residues and technical difficulties to 

collect waste and residues. Some residues are also incorrectly classified as waste or value-less, as 

some residues are already used as livestock feed (David Styles et al., 2015; Tufvesson et al., 2013)

Marginal lands were often suggested as a solution to avoid land-use competition by planting 

bioenergy crops or utilising them for feed crops or grazing. However, as shown in chapter 2 and 4, 



there is no consensus on the definition of marginal lands as they were often framed from entirely 

different starting points and perspectives. The viability of marginal lands was questioned either 

due to the inherent uncertainty of future productivity and the potential costs involved (Bryngelsson 

and Lindgren, 2013) or due to the possible impacts on rural communities, and nature conservation. 

Furthermore, there was no consensus on which problems marginal lands can address. I discuss 

how the lack of consensus can be addressed in section 3.

To conclude, it is clear that there are considerable trade-offs but also some synergies between 

different biomass uses. Due to the inherent connections between biomass uses and agricultural 

production systems, this also presents a challenge for EU policy coherency. It is therefore not 

surprising that both science and policy provide a multitude of perspectives and solutions on what 

the problem is and how it can be solved. In the next sections, we focus on how science and policy 

can deal with this complexity.

3. How can science and policy deal 
with complexity, ambiguity and 
uncertainty?

The role of  complexity at the science-policy interface

In section 2 above, we highlighted some of the complexity that arises from biomass competition and 

the policy (in)coherencies that may arise. However, what role does complexity play at the science-

policy interface? In chapter 3, we found considerable uncertainty and context dependencies 

when experts were asked to assess policy coherence. Experts disagreed on the level of policy 

coherence between goals and had varying confidence in their scores. From a methodological 

point of view, it is clear that policy coherence studies in the future would benefit from clarifying 

where experts disagree and where experts are uncertain. This is important because defining i) the 

different types of uncertainty ii) and the difference between ambiguity and vagueness is key to 

better policy advice. 

Is it always possible or desirable to reduce uncertainty? This thesis has identified five types of 

uncertainty: technical, methodological, epistemic, variability and ambiguity uncertainty (Brugnach 

et al., 2008; Kovacic et al., 2016).  As defined in chapter 3, technical uncertainty emerges from 

technological viability, methodology uncertainty from the limitations of the methods used and 

epistemic uncertainty from a lack of knowledge. Between these different types of uncertainty, 
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some uncertainties may be reduced through technical breakthroughs (technical uncertainty), 

through methodological breakthroughs, such as more data or better models or framing the 

question that is appropriate for the problem (methodological or epistemic uncertainty). However, 

other uncertainties cannot be fully reduced (Ahlgren and Di Lucia, 2014; Di Lucia et al., 2012a; 

Kovacic et al., 2016), such as variability uncertainty, which has to do with the inherent variability 

of a system, and ambiguity, which largely arises from multiple incommensurable ways of framing 

a problem. I have argued, in chapter 4, that ambiguity requires a different approach and it entails 

making the frames surrounding these problems clear, rather than present frames as a sort of 

zero-sum game where only one is right or all are wrong. In this sense, the ambiguity emerging 

from the different ways of framing marginal lands in chapter 4 should not (or rather, cannot) 

be overcome by better and more accurate definitions of marginal lands, as each frame had 

a different starting point and set of causal reasoning. Moreover, local communities may not 

consider marginal lands to be free for use or are not willing to use them for bioenergy (Helliwell, 

2018; Skevas et al., 2016).

In chapter 3 we concluded that it is important to distinguish between vagueness and ambiguity. 

However, it is also important to identify the possible pitfalls of maintaining ambiguity. We defined 

vagueness as leaving policy goals undefined to serve political purposes, and ambiguity as arising 

from different frames (chapter 3). The vagueness of policy goals made it difficult to assess policy 

coherence as coherence depended on too many context dependencies such as temporal and 

geographical scale, which in turn may affect implementation. In this sense, vagueness stands as a 

barrier to adequate policy assessment. 

Ambiguity, on the other hand, is seen as serving advantageous roles in the policy process. 

Within the EU for example, Zahariadis, (2008) finds that rather than standing in opposition to 

policy-making, ambiguity is an integral part of the policy-making process, particularly when 

there are conflicting interests and fragmented bureaucracies. Ambiguous ideas have been 

referred to by a multitude of names in the policy literature, such as ‘polysemic ideas’ (Hannah 

and Baekkeskov, 2020), or ‘multidimensional ideas’ (Skogstad and Wilder, 2019). When utilised 

to form a narrative about an issue, they have been referred to as consensus frames (Candel et 

al., 2014; Mooney and Hunt, 2009) or normative, explanation and justification narratives (Cadillo-

Benalcazar et al., 2020). Ambiguous ideas have been shown to create coalitions between a 

diversity of stakeholders (Hannah and Baekkeskov, 2020), and to maintain openness to different 

kinds of solutions (Beck and Mahony, 2018; Stirling, 2010). They can also help find solutions 

when the scientific knowledge-base is uncertain or when solutions inherently involve trade-offs 

(Kovacic and Di Felice, 2019). Particularly when goals are ambiguous, this can limit conflict. The 

ambiguity of policy instruments or means can leave the option-space open; particularly if the role 

of organisations is unclear and it is difficult to determine who should take responsibility (Matland, 

1995). However, other authors argue that it is precisely this lack of clarity on responsibility that 



fails to bring material results, particularly if the institutional culture and set-up act as blocks 

(Hannah and Baekkeskov, 2020). Despite ensuring consensus, ambiguous ideas may halt a clear 

course of action is determined and block legal definitions from being formed (Candel et al., 2014; 

de Olde and Valentinov, 2019). 

What sort of  scientific advice do we need? 

It is now recognised that the traditional model of scientific advice needs to change (Felt et al., 

2007; Kovacic, 2018; Kovacic et al., 2019b; Stirling, 2010). Calls have been made that the model 

of ‘speaking truth to power’ (the process of finding facts and choosing the only logical conclusion 

based on those facts) can be replaced with other forms of science-policy relationships, ones that 

are more humble, deliberative and transparent (Stirling, 2007). Despite decades of suggestions 

to ‘make sense together’ (Hoppe, 1999) new policy ideas such as the circular economy or the 

bioeconomy are approached with the traditional model of scientific advice (Kovacic et al., 2019b), 

leading to misguided attempts to reach a definitive answer to halt controversial debates. There is 

also the danger that without communicating uncertainty or discussing alternatives, it may make 

scientific claims susceptible to political pressure (Beck and Mahony, 2018; Stirling, 2010). 

In chapter 2, our results showed that when science came to suggesting solutions to biomass 

competition, these were often wide-ranging and often came from a specific disciplinary 

perspective. Animal scientists and bioenergy modellers, for example, disagreed about what 

marginal lands should be used for. In chapter 4, we furthermore argued that making underlying 

frames behind policy solutions clear is one step in which scientific advice and policy discussions 

can be improved. This forms part of a wider call to make the narratives underlying policy more 

explicit (Cadillo-Benalcazar et al., 2020). The central role that scientific narratives play in shaping 

the problems studied, the solutions and interventions recommended and their impact on policy 

has been extensively shown (Candel et al., 2014; Howden et al., 2014; Kovacic and Di Felice, 2019; 

Lazarevic and Valve, 2017). Particularly, they have been shown in research on sociotechnical 

imaginaries (collectively held visions of how future technologies can be used) (Jasanoff and 

Kim, 2015; Verschraegen et al., 2017) and policy framing analyses (Candel et al., 2014). These 

narratives can have a ‘performative power’ (Beck and Mahony, 2018) in the sense that through 

studying certain technologies, pathways or solutions, policy-relevant science has the potential to 

bring these pathways into being. They may, however, exclude other solution pathways that may 

be available to policy (Beck and Mahony, 2018). Furthermore, by virtue of scientific assessment, 

scientific narratives may make explorations of solutions seem politically feasible even though 

feasibility itself may be contested (Low and Schäfer, 2020). More importantly, when narratives are 

not made explicit, the role of science in policy-making can become confused. Cadillo-Benalcazar 

et al., (2020) find with respect to biofuels in the Netherlands, the why (should we have biofuels), 
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the what (goals should be achieved through biofuels), and the how (which policy solutions are 

needed to achieve these goals) get jumbled up. In other words, the ‘solutions may end up chasing 

problems’ (Kovacic et al., 2019: pg. 54). 

So, given the potential potency of narratives and the problems they may engender, what sort 

of scientific advice do we need? At the most general level, it requires a science that embraces 

complexity and humility when the knowledge-base cannot be resolved to come to one singular 

answer (Stirling, 2010). On a more practical level, it can mean alternative roles for numbers and 

metrics in governance which are more reflexive, equitable and assessed for quality (Kovacic, 

2018; Voelker et al., 2019). It can also mean embedding the precautionary principle in scientific 

deliberation (Stirling, 2007) and not cutting out ‘uncomfortable knowledge’ (alternative framings 

of a policy solution) that may fall outside of the scientific narrative (Saltelli and Giampietro, 2017). 

Several methodological approaches have been developed to deal with this uncertainty, such as 

the NUSAP system (notational system for the management and communication of uncertainty 

in science for policy) that helps communicate uncertainty and risk (Van Der Sluijs et al., 2005). 

Another approach is Quantitative Story-Telling (Cadillo-Benalcazar et al., 2020; Saltelli and 

Giampietro, 2017), an approach where different frames or narratives are presented, along with 

associated measurements, rather than a singular way of looking at the problem. Particularly when 

the stakes are very high, such as with wide-scale deployment of bioenergy or other bio-based 

products, scientific outcomes may need to be held up to democratic scrutiny (Beck and Mahony, 

2018). The framings around marginal lands found in Chapter 4 led to ambiguity that could not 

be reduced as different actors disagreed on the problem (land-use change, land abandonment, 

biodiversity loss) as well as the solutions (subsidies for bioenergy on marginal land, rewilding). 

Rather than attempting to reduce these frames to a singular frame, I argue that deliberative 

processes are needed as these frames were largely ambiguous due to social and normative 

reasons. Deliberative processes that have long been used are stakeholder participation through 

interactive modelling, scenario workshops and GIS mapping (Stirling, 2010, 2007). Designing 

and embedding these deliberative processes presents new challenges in governance such as 

how to deal with input from a diversity of stakeholders as well as how to avoid the pitfalls of 

group dynamics and power struggles. 

Governing complex interactions will require a degree of adaptability. Kovacic et al., (2019) 

have suggested that governance needs to take place in complexity rather than governance of 

complexity. In essence, this means that actors recognise themselves as constantly adapting to 

changing processes rather than steering these processes. This aims for smaller, localised and 

context-based interventions. The benefits of such approaches are multiple: it ensures solutions are 

realistic and democratic as well as can better foresee or adapt to new developments. The small-

wins governance framework is one example of a framework that can operate within complexity 

and that can make productive use of ambiguity (Termeer and Metze, 2019). By energising actors 



with concrete examples, tempered ambition and embracing ambiguity that encourages multiple 

actors, it can overcome uncertainty paralysis while remaining realistic.

Scientific advice in times of  uncertainty

At the time of writing, many countries around the world are experiencing a second wave of 

coronavirus. Many people, even when infected with the virus, still deny its existence or its severity. 

Many also deny the existence of climate change despite overwhelming evidence. Talk of humility 

in science, ambiguity and uncertainty in science may therefore seem inappropriate or even 

risky when many are denying its claims (even when their health is at stake as in the case of the 

coronavirus). Nevertheless, while this distrust in science cannot be fully attributed to scientists’ 

themselves, I do believe that we, as scientists, have failed to communicate uncertainty and have 

not taken full responsibility for how science is utilised.

I would like to end with a short reflection on the role of science in society concerning sustainability. 

This thesis was not initially written with a Science and Technology Studies (STS) frame in mind, 

however many of the insights are inspired by this interdisciplinary field. Here I would reiterate what 

STS scholars have been saying for decades: that we all need to collectively accept that science is 

inevitably embedded in a political process and that scientists will have to take some responsibility 

for what is done with their results. Furthermore, science has so far had a very restricted vision of 

nature and has marginalised alternative visions of nature (as well as the people who hold them). This 

remains a huge stumbling block in achieving sustainable use of biomass and sustainability in general, 

despite efforts by many to include indigenous knowledge in ecological assessments (IPBES, 2019). 

As philosopher Bruno Latour has argued; if scientists were transparent about how science really 

functions as a social process in which people, politics, institutions and peer review play key parts, 

scientists would have an easier time convincing people of scientific claims (Latour, 2018).

4. Towards a circular bio-based 
economy
Given the challenge in balancing the complexity of biomass uses with varying policy goals, what 

practical steps can be made towards more sustainable use of biomass? As highlighted in section 

2 of this discussion and chapters 2 and 3, biomass trade-offs cut across the boundaries of food 

and energy systems as well as those of different policy domains. Given these interconnections, I 

argue the first step is to take a more integrated view of biomass that connects different biomass 

uses. Currently, resource accounting frameworks rely on semantic differentiation between flows, 

accounting, for example, for all waste or food in the system. However, if we are to move towards 
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a more sustainable and circular bioeconomy, where flows are (re)cycled, it will be important to 

make a distinction between flows depending on more relevant factors, such as virginity of material, 

stage in the supply chain, end-use or purpose of flow, resource and energy investments into a 

material flow, or the number of times a material flow has been recycled, amongst others. Flows 

may be distinguished into primary, secondary or tertiary flows, rather than whether it is food, feed 

or fuel. These can be defined depending at which stage flows enter the economy and the number 

of times a material has been recycled (Giampietro, 2019). In practical terms, this can also mean 

taking a nexus approach to resource assessment (Giampietro et al., 2013; Obersteiner et al., 2016; 

Zhang et al., 2018) and zooming out of product-based environmental assessments to system-level 

assessments (Van Hal et al., 2019b). 

As I argued above in section 2, a cascading principle is needed. I also pointed out that as it 

stands currently in EU policy, a cascading principle remains vague, resulting in trade-offs between 

agricultural and bioeconomy policy goals. In chapter 5 I, therefore, proposed five ecological 

principles for a more circular bio-based economy that can address the current vagueness of 

cascading principle found in chapter 3. Here I defined the order of ecological principles as 1) 

safeguarding and regenerating the health of our agroecosystems; 2) avoiding the production of 

non-essential products and waste of essential ones; 3) using biomass streams for basic human 

needs; 4) utilising and recycling all by-products of agroecosystems, and 5) prioritising renewable 

energy and minimising energy use. As these ecological principles are general, I delineate several 

practical implications if these principles are followed. First, it implies livestock is fed only biomass 

inedible or unsuitable for direct human consumption (Muscat et al., 2020; Van Zanten et al., 

2019). This, however, also implies that the quantity of production and consumption of ASF is 

determined by the availability of such biomass streams and the carrying capacity of ecosystems. 

Second, it implies that biomass is directed towards material use above bioenergy whenever 

possible. EU policy-incentives often direct biomass towards energy before material use; only once 

biomass is classified as waste, does it follow cascading principles (Birdlife Europe and European 

Environmental Bureau, 2014; Dammer and Essel, 2015; Keegan et al., 2013). This can be corrected 

if biomass is treated more integratively in policymaking by avoiding policy ‘silos’ and providing 

generalised guidelines for cascading use. Third, biomass streams that are currently under-utilised 

or wasted, such as grass, food by-products (e.g. beet leaves or wheat bran), insects and food 

waste, are used higher up in cascading frameworks (Van Hal et al., 2019a). Fourth, a differentiation 

between a processed product and one that is directly consumed would be helpful. A product may 

serve the same purpose, but processing will mean additional resources such as energy and water, 

both due to the processing and due to likely need for transportation (Adhikari and Ozarska, 2018; 

Giampietro, 2019; Giampietro et al., 2013; Milani et al., 2011). Fifth, as chapter 4 shows, marginal 

lands cannot be considered ‘free’ as they are ultimately subject to the same contestations as 

productive land i.e. arguments around whether they are best used for biodiversity, bioenergy, 

food production or whether they should be utilised at all. Given this, marginal lands should also be 



considered a resource that requires careful management. 

The second step would be to reimagine what are ‘valuable’ biomass uses in the context of 

sustainability. Sustainability elsewhere has been defined as formed by three equally important 

pillars: the economic, the social and the environmental. However, given that the capacity of 

agroecosystems to support our energy and material needs is ultimately limited by its biophysical 

boundaries or ‘planetary boundaries’ (Erb et al., 2016; Smil, 2012; Steffen et al., 2015), I argue, 

following Fischer et al., (2007) that these biophysical boundaries form the ultimate boundary of 

sustainability (chapter 5). The degree to which humanity respects these boundaries forms the 

option-space in which socio-economic goals must be achieved (Fischer et al., 2007; Raworth, 

2017). Resources should therefore be used more effectively than is currently the case. In the 

case of biomass, the cascading principle/hierarchy is utilised to direct biomass towards higher-

value uses and material uses before energy (Haberl and Geissler, 2000; Sirkin and Houten, 1994). 

As it has been utilised so far in the literature on bioeconomy, high-value uses are defined as 

‘higher economic value’ e.g. the value pyramid (Bos-Brouwers et al., 2012). However, as this 

framework may not address all three pillars of sustainability (environmental, economic and the 

social) I suggest that higher value uses should instead be defined by a framework of human needs. 

Given considerable pressure on the planet’s biophysical boundaries, the relationship between 

sustainability and human resource-use can be re-examined through a different frame: that of 

human-needs and ultimately, human well-being. It is important to look at human-wellbeing if human 

needs which rely on biomass resources are to remain balanced with planetary boundaries and the 

social foundation respected (see below). For this reason, along with the planetary boundaries 

concept, others have suggested the concept of the social foundation as a set of wellbeing criteria 

that must be met (Raworth, 2017). Little research has so far focused on human-wellbeing in 

resource-use assessments; traditionally allocation of resources is instead determined by market 

value. However, there is now a growing body of literature that is embedding discussions of human-

needs and human well-being into assessments of resource use (Brand-Correa and Steinberger, 

2017; Millward-Hopkins et al., 2020; Rao and Min, 2018). This forms part of a wider discussion 

to explore the meaning of value in our economies (Pirgmaier, 2021; Raworth, 2017), shifting to a 

definition where ‘use-value’ i.e. its contribution to human-wellbeing is separate from its exchange 

value. In other words, the economy serves human and ecological well-being rather than the 

opposite. Of course, what exactly human needs are, entails making normative choices and this 

will depend highly on what we value as a society. However, human societies are always engaging 

in these normative choices around value by how economies are structured (Pirgmaier, 2021). The 

emphasis  on human needs and value in directing biomass is a way to make these choices more 

explicit, in the hope that the perspective or frames (chapter 4) utilised by science and policy are 

made clear. It would also open up the question of whether such anthropocentrism is justified and 

whether animal wellbeing should also be considered. 
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Finally, even if we define the ultimate boundaries of sustainability as being biophysical, we need to 

pay more attention to the social foundation and the social processes that are needed to achieve it. 

The findings of chapter 2 indicate that there is still a need for biophysical disciplines to be married 

with social science disciplines. Social science can contribute in two ways, in understanding how 

the transition can be supported and in understanding how sustainability can be achieved while 

also providing for human-wellbeing. This is particularly important because so far planetary and 

human well-being have gone in opposite directions (O’Neill et al., 2018). It is also important to 

acknowledge, amid reports of severe biodiversity decline (IPBES, 2019) that the starting point that 

the focus on only human-wellbeing is anthropocentric. Given our impact on other species and the 

possibility that harvesting energy from the biosphere leaves little for other species (Haberl and 

Geissler, 2000), humanity can make room for other species’ wellbeing.

5. Conclusions
This thesis illustrates that the problem of biomass competition is characterised by interactions, 

trade-offs and synergies. In short, it is a complex problem that will require careful governance by 

using an integrated approach to biomass and an emphasis on policy coherence. The following 

conclusions can be drawn from this thesis:

•	 Biomass competition is a complex problem and leads to a multitude of interactions, trade-

offs and synergies. High demands for resource-intensive products, such as animal-source 

food and bioenergy, reduce the biophysical option space. Bioenergy and agricultural systems 

are closely interconnected and high-value biomass streams being diverted to bioenergy can 

cause negative environmental impacts. 

•	 Marginal land is subject to the same debates about the best use of land (e.g. should it be used 

for biodiversity, bioenergy or food production) as for more productive land. Marginal land is 

therefore not ‘free for use’ or ‘surplus’ land. Marginal land should therefore be treated as a 

resource that requires careful management like arable land

•	 When assessing policy coherence, it is not enough to only measure policy coherence; one also 

needs to measure disagreement and confidence of experts in assessing policy interactions

•	 The cascading principle is vaguely defined in the EU policy literature; we have defined five 

ecological principles, whose implementation could lead to potential synergies between the 

bioeconomy and the agro-food policy domains. 

•	 It is important to distinguish between different types of uncertainty when dealing with 

complexity as this determines the course of action one needs to take. This thesis distinguished 



between five types of uncertainty namely the technical, methodological, epistemic, variability 

and ambiguity. Ambiguity arises from incommensurable ways of framing the problem 

and this means that deliberative approaches in science and governance are needed, 

as opposed to accurate definitions. Vagueness and ambiguity should be distinguished. 

Vagueness of policy goals can be addressed while ambiguity needs to be embraced.  

•	 A transition towards a circular bio-based economy requires involving stakeholders, leaving 

room for ambiguity, having an ambitious vision and a mix of top-down and bottom-up 

governance approaches. 

•	 To achieve more sustainable use of biomass, it is important to take a more integrated 

view of biomass that connects different biomass uses. One should define what is a ‘high-

value’ biomass use through a human-needs framework directed towards human wellbeing. 
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Summary
Humanity’s growing demand for food, feed, bioenergy and biomaterials put pressure on 

agroecosystems and the biosphere. If these trends continue, the capacity of agroecosystems to 

feed the planet while also providing for humanity’s energy and material needs is at risk. This demand 

cause interactions and trade-offs between different biomass uses, competition for biomass and 

other natural and economic resources. Governing these interactions is difficult, because of the 

inherent complexity of these interactions but also due to the diversity of biomass resources, the 

diversity of policy domains and institutions that are needed to govern them. However, there is 

limited knowledge on the interactions between different biomass uses and how these may result 

in trade-offs and synergies. Furthermore, little is known how these trade-offs and synergies may 

affect policy coherence and what solutions are needed to achieve more sustainable biomass use. 

With its leading role in bioenergy and bioeconomy policy, the European Union (EU) plays a key 

role in debates surrounding biomass. This thesis, therefore, aims to advance the theoretical and 

empirical understanding of the governance of biomass with the ultimate aim of improving the 

governance process at the science-policy interface, taking the EU as a case study.

Chapter 2 provides an overview of the driving factors behind the growing demands for biomass 

as well as the trade-offs and synergies across different biomass uses. To do this, we conducted 

a systematic review of 75 studies that looked at competition between biomass uses and the 

resources that support them (i.e. water, land, labour and capital). We found seven factors that 

drive the availability of biomass and resources namely: increased bioenergy demand, increased 

crop yields, increase of human-edible feed, amount of animal-source food in human diets, 

efficiency of food supply chains, type of bioenergy feedstock and implementation of land-use 

policies. These shaped the biophysical option-space, determining which interactions (neutral), 

trade-offs (negative) and synergies (positive) between food, feed, fuel goals. We found that the 

majority of the effects implied trade-offs. For example, the factor of increasing bioenergy demand 

resulted in trade-offs with other natural resources such as increased land-use and land-use 

change, increased water consumption, and increased nitrogen demand. It also resulted in trade-

offs with economic resources, leading to increasing food prices and higher land rents. A diversity 

of solutions was recommended by the literature to deal with these trade-offs and these ranged 

from production-side, governance, losses and wastes and consumption-side solutions. We found 

that these different types of solutions came from different disciplinary perspectives, each setting 

different priorities for biomass. To connect these perspectives, we suggested a framework where 

priority is given to basic human needs for the consumption of biomass. 

Given the many trade-offs between biomass uses, it is difficult for policies to manage issues that 

cut across different policy domains. Given these trade-offs, biomass will become an increasingly 



important resource in the bioeconomy and will require careful and sustainable management. The 

bioeconomy will therefore require coherence between many different policy domains. In chapter 3 

we conducted a study of policy coherence between these policy domains. To do this we conducted 

a qualitative content analysis of 41 EU policy documents across 5 policy domains, namely agro-

food, bio-based industry, waste, energy and environment. Coherency was measured by using 

a survey and focus groups based on expert opinion across scientific fields. We utilised both a 

coherency score using a 7-point Likert scale and measures of confidence and disagreement. 

The results of the survey indicate that bioeconomy policy goals and agro-food policy goals are 

largely considered to be consistent and that synergies outweigh trade-offs, both in quantity 

and in strength. However, there was disagreement and mixed confidence among respondents 

on whether different goals were synergistic or conflicting. Digging further into the results using 

focus groups, we found uncertainty and context dependencies in the scientific knowledge-base, 

particularly concerning waste and bio-based industry. We categorised these uncertainties into 

five types, and distinguish between ambiguity, which arises from different incommensurable ways 

of framing a problem and vagueness which leaves concepts undefined. We conclude that a shift 

towards a bioeconomy will have to acknowledge the interactions between different policy goals 

across the different sectors and avoid ‘silo-thinking’. This can be achieved through overcoming 

vagueness in policies, such as having clear cascading guidelines for biomass.

Building on the findings of chapter 2, where we found that marginal lands was recommended as 

a solution to food-feed-fuel competition, in chapter 4 we conducted a framing analysis of the 

narrative frames surrounding marginal lands in EU science and policy-making. We wanted to know 

how different scientific and policy stakeholders looked at marginal lands and what problems and 

solutions marginal lands address. We found a total of eight frames utilised by a diversity of actors: i) 

the Sustainable Bioenergy frame ii) the Precautionary Principle frame iii) the Marginal Land Critique 

frame iv) the Food Security frame v) the Land Rights frame vi) the Rural Development frame vii) 

the Ecosystem Restoration frame and viii) the Low-Cost Livestock frame. We related these to 

four debates taking place in the EU related to land use; discussions about the effect of indirect-

land use change, biofuels, rural development and the sustainability of food systems. Rather than 

overcoming debates about land use, marginal lands are subject to the same competing claims as 

productive land. We argued that the ambiguity of the term ‘marginal land’ is a type of uncertainty 

that results from multiple ways of framing an issue, leaving no clear idea of what is the problem 

or what should be done about it. Deliberative approaches are needed where framing debates can 

form the starting point.  

Given the many trade-offs that arise due to growing demands, a sustainable way of utilising 

biomass is needed. In chapter 5 we suggested that a circular bio-based economy could provide 

a pathway to more sustainable use of biomass. Here we presented five ecological principles to 

guide biomass use towards a more circular bioeconomy: 1) safeguarding and regenerating the 



The Battle for Biomass | Abigail Muscat
Summary

177

health of our agroecosystems; 2) avoiding the production of non-essential products and waste of 

essential ones; 3) using biomass streams for basic human needs; 4) utilising and recycling all by-

products of agroecosystems, and 5) prioritising renewable energy and minimising energy use. We 

also identified institutional, technological, organisational, behavioural, cultural and market barriers 

that may halt the required transformation. For each set of barriers, we identified opportunities 

for change which were leverage points that can bring about transformative change. By involving 

stakeholders, leaving room for ambiguity, having an ambitious vision for change and a mix of top-

down and bottom-up governance approaches, these principles can be operationalised.

Chapter 6 brings the insights of the preceding chapters together by answering three questions. 

First, what are the key interactions, trade-offs and synergies in biomass uses in both science 

and policy? I argued that high demands, particularly for bioenergy and animal-source food, limit 

the biophysical option space, resulting in multiple trade-offs. Bioenergy and agricultural systems 

are closely interconnected and the diversion of high-value biomass streams to bioenergy can 

cause negative environmental impacts. Furthermore, the solutions recommended for biomass 

competition, such as marginal lands, remain unclear. By looking at policy coherence, I showed a 

policy of biomass cascading and renewable energy policies are a source of trade-offs as well as key 

synergies. My second question was, how can science and policy deal with complexity, ambiguity 

and uncertainty? Here I suggested that defining between different types of uncertainty can lead to 

understanding which uncertainties can be reduced and which require different approaches. These 

approaches include changing models of scientific advice and changing modes of governance. 

Third, what practical steps can be made towards more sustainable use of biomass? I suggested 

practical ways forward in relation to more sustainable use of biomass, such as taking a more 

integrated view of biomass and defining a cascading principle for biomass emerging from our 

ecological principles in Chapter 5. Moving towards a more sustainable use of biomass will not 

be easy and will require a societal transition. By redefining what we value, directing biomass 

towards human needs and paying as much attention to the social foundation as to the biophysical 

boundaries, humanity can change its relationship with the biosphere and continue to develop and 

thrive for generations to come.  
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